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INTRODUCTION.

It is designed that this work shall include all the or-

ganic and inorganic chemicals employed in medicine, and

which may be required of pharmacists. These chemicals

are practically investigated, as well as the processes by

which they are made. The principal impurities or adul-

terations that may exist in them are named, and proper

tests are given for their detection. Poisons are specified,

and with each noxious article the treatment and antidotes

for injurious doses. Under the head, " synonyms," with

each compound will be given the various names by which

the article is known to chemists, as well as to commerce.

The atomic weights, specific gravities, solubilities, etc.,

herein given, are the results of the investigations of the

most careful scientists. Names of experimenters are sel-

dom given, and this would seem to be an act of injustice

towards men who have labored to bring our science to its

present condition, but the necessity for condensation, very
much to the author's regret, has rendered it necessary for

him to omit this act of courtesy, and to simply acknowl-
edge his indebtedness at this place, in general terms.

Prof W. L. Dudley kindly reviewed that portion of the

manuscript embracing chemical philosophy, for which the
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thanks of the author are hereby offered. The aim of the

present work is to present the theory more generally

adopted by the majority of chemists of this day, and at

the same time to avoid extremes. In that part of the

work devoted to chemical philosophy the endeavor is

made to define the terms, abbreviations, etc., that have

been, and still are in use. Many of these have been

handed down from the past, and should be expunged from

our books. They are often ambiguous, burdensome to

the study of chemistry, and can not be clearly and exactly

defined. Usage, however, has made them fixtures, and

it becomes a necessity to understand their application in

order to be well prepared for the every-day work of the

physician and pharmacist. From necessity I have noticed

light, heat, and electricity. These subjects, however, as

well as the sections of chemistry embracing organic com-

pounds, analysis, animal chemistry, theory, etc., are

studies in themselves, and are thoroughly treated of in

works devoted to these subjects. In the body of the book

I have endeavored to avoid all unnecessary expressions,

and to give an explanation of each reaction in the simplest

possible manner consistent with clearness. It has been

thought best to give the prominent characters of all ele-

ments, that have been indisputably accepted as such,

regardless of their use in medicine. In studying com-

pounds, however, I have noticed, as the rule, only such

as are used in medicine or by pharmacists, or that are

dangerous poisons. The exceptions are certain combina-

tions of non-metallic elements, and metals with oxygon,

which are of general interest. In most cases, it will be

found that not only are explanations of chemical reactions

clearly made in the text, but in addition, equations have

usually been introduced as accompaniments. The student
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should remember that formulse and equations only repre-

sent compounds and chemical changes ; they are simply an

aid to the study of facts, and much valuable time may be

lost by attempting to memorize unnecessary formulse and

long lines of equations. By introducing only medicinal

chemicals, I have been enabled to give, in most instances,

quite thorough descriptions of the important ones. My
laboratory and commercial experience have been drawn

upon to render the work as complete and practical as

possible, and my aim has likewise been to make it of in-

terest and value to students, physicians, and druggists.

That it may accomplish these purposes is the sincere

desire of the author.

J. U. LLOYD.



PREFACE TO SECOND EDITION.

The fact that the first edition of this work was entirely

disposed of within a month from the time of its publica-

tion, taken in connection with the many complimentary

and favorable notices of it from the foremost medical and

pharmaceutical journals of our country, as well as from

numerous teachers of medicine and of pharmacy, has led

me to hope that it may meet with a more extensive cir-

culation, and prove of greater utility, than I could at first

reasonably anticipate. I have therefore been induced

to present this second and improved edition.

The student should constantly keep in view the fact

that the study of medicinal chemicals is simply an appli-

cation of general, well known chemical laws to such

agents and compounds as are employed in medicine. A
partial instruction in these laws may be sufficient for the

manner of teaching in many schools ; but during all such

special teaching, and even during the study of any one

remedial agent or compound, reference should invariably

be made to the general laws L.

(6)
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APPARATUS, WITH DIRECTIONS FOR USE.

In making chemical preparations, and in trying ex-

periments in chemistry, a certain amount of apparatus is

necessary. Often the student will purchase a line of

apparatus that can not be adapted to tlie experiments and
work which is to be performed. Again, he will labor

under disadvantage from not understanding how to han-

dle and use the ware. In view of the above, and to

familiarize the student with most of the apparatus men-
tioned in this work, it has been thought advisable to in-

troduce cuts of the more important pieces with appro-

priate remarks. It is possible to perform many experi-

ments with the most simple forms of apparatus, and it

Fig 1. Beaker Glass.
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will be noticed that the directions we give for making
most of the compounds in the work to follow require very

little beyond a Mask or a dish, etc. ; therefore the student

must not infer that it is necessary for him to purchase

the entire outfit at once. Let him consider the experi-

ments which he proposes to try, and from time to time

procure the apparatus necessary.

Beaker Glasses.—These are represented by Fig. 1.

They are thin, cylindrical glass vessels, and are very use-

ful for mixing liquids, and especially for the purpose of

producing precipitates. They are also convenient for

filtering into, and as they are made of very thin glass,

they will stand the change of tem-j

perature caused by hot solutions.!

They may be purchased singly of I

any size, from one ounce capacity

to half a gallon. A nest, which
contains from ten to twelve glasses,

one within the other, and holding

severally from one ounce to two
pints, may be obtained, and this is

|

desirable if many are required,
p

There are two forms of the beaker
|

glass, one icith Up, as our cut re]ire-
[:

sents, the other is plain. Use the
f:

beaker glass with lip, U

Mouth Blowpipe.— This is a !"*

very convenient little instrument
|

(fig. 2) in testing for the presence '

of certain elements, or for the pur- [

pose of oxidizing or deoxidizing a

substance. The point of the blow-
pipe is to be inserted into an alcohol

flame, or a gas jet, and a gentle

current of air tiieu blown through
it. This produces a hot double

flame having the shape of two long

pointed cones, the inner of which is | I

1)1 ue, the outer yellow. If a body yj^ 2.

be placed at the tip of the outer Mouth Blowpipe.
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flame it will be oxidized. If it be placed withiu this

flame and at the tip of the inner flame, deoxidation (re-

duction) takes place. In consequence of this fact the

outer flame is called the oxidizing flame, and the inner

the reducing flame. The blo'\vpi|)e, as far as ex[)eriments

in synthesis are concerned, is seldom employed, but it is

very useful in analytical operations.

Cork Borers.—These are cylindrical tubes

of brass (fig. 3) with a knob upon one end of
each, the opposite end being sharpened to an
edge. In using this instrument the sharp

end is placed against the cork, and by means
of a twisting push the tube is thrust through
it, thus cutting a cylindrical hole the size of

the borer. Cork borers reach the market in

sets of from three to twelve, nested and of
different sizes. In })raetice we ])rcfer a rat-

tail file for boring holes through coiks. AVith

two or three sizes of this file, regular and
even holes of any diameter can be quickly

drilled.

Crucibles.—Fig. 4 represents the common
Hessian (sand) crucible. There are plum-
bago crucibles and porcelain crucibles in ad-

dition, but for ordinary purposes the Hessian

crucible will answer, and it is cheapest. Cru-
cibles are used where a high heat is required,

as for example, in making monosulphide of

calcium (see index). In certain cases j)^^di'

num crucibles are used, but this is not neces-

sary in the practical work of the pharmacist,

although for many analytical operations pla-

tinum is indispensable.

Evaporating Dishes. — Evaporating dishes are

made of porcelain a!ul of glass, but the jiorcelain dish

only is of practical value. Porcelain evajiorating dishes

are of many qualities, and of different shapes. Our fig-

ure 5 represents the most desirable pattern, especially for

the large sizes. These have a heavy rim around the top,

as shown in the engraving. Small sizes are plain. The

Fig. 3.

Cork Borer.
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ware known as Berlin porcelain is most reliable, and if

properly mannioed will stand considerable heat. These
dishes shonld be thin and of an even thickness, as may
be shown by holding them before a window or other

Fig 4. Hessian Crucible.

strong light. In heating an evaporating dish, if the dish

be cold the heat must be gradually raised by means of a

sand or a water bath, or by passing the dish backward

and forward over a flame until it is warm. Porcelain

dishes will stand the action of strong acids, but caustic

Fig. 5

alkalies corrode them

Evaporating Dish.

They may be obtained of any

cnpacitv between one fluid ounce and four gallons. Let

it be remembered that in all cases where a "dish "or
" basin " is referred to in this work, without furthers] ec-

ification, the porcelain evaporating dish is intended. The
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term " capacious" is often used by chemists with refer-

ence to the vessel that shall be employed. In such cases

the vessel should have a capacity of two or three times

that of the material it is expected to contain.

Funnel.—This should be of glass, and of the shape

represented by our engraving (fig. 6.) Many funnels of

the market are unfit for use by reason of the rough, bun-
gling exit tube. Some of these are of thick, heavy glass

so large in diameter that they can not enter the mouth of

an ordinary bottle, and yet the glass is so thick as to

permit the passage of only a very small stream of liquid.

In selecting a funnel choose that in which the exit tube

is slightly tapering, of light glass, and rather small. The
conical part of the funnel should incline at an angle of
60°. It is well to have several sizes of funnels.

Fig. 6. funnel. Fig. 7. Alcohol Lamp.

Lamp. — The alcohol lamp (fig. 7) is all that may be

requii'cd in experiments, but for practical work on a large

scale the gas stove is hardly to be dispensed with. Alco-

hol lamps produce a hot tiame at moderate expense, and

they are perfectly safe. The glass cover which fits ovtr

the wick should always be in place when the lamp is not

burning, as it prevents the evaporation of alcohol. Do
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not place cork around the tin tube which enters the lamp,

a.'i this must tit loosely, in order that air may enter the

himp as the alcohol is used.

Sa,Ild Bath.—The sand bath (fig. 8) is sim])ly a thin

iron or copper vessel partly tilled with sand. The sand

bath distributes heat evenly to any vessel that requires a

regular temperature. In using the sand bath, place a

layer of dry sand half an inch in thickness upon the bot-

tom of the vessel, and upon this place the vessel which is

to be heated. Now fill vv^ith dry sand the space between

Fig. 8. Rand Batb, with Beaker Glass.

the two vessels. Place the apparatus upon the ring of a

filter-stand, and apply heat to the bottom of the outer

vessel ; or place the arrangement u})on a gas stove, or even

an ordinarv stove. It must be observed that the sand

bath shoul'd be prepared for use while cold, as hot sand is

liable to crack an evaporating dish or a flask.
_ _

Wat?r Bath (or expanded steam bath).— This is

used imou the same principle as the sand bath and for the

same pnr])oses. The water bath has the advantage, how-

ever, of an even temperature and a temperature that can

not rise above 100° C. (212° F.) The water bath is sim-

plv made bv placing a pan of water upon the ring ot a

retort stand and covering the top of the pan with a sheet
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of tin tlironoh which a hole is cut. The vessel to be
heated is placed in position over the opening. It is not

necessary that it enter the water, as the heat imparted by

I!

Fig. 9.

Test.Tube.

the steam will be as great as that of the

water. Indeed it is best that tl>e vessel to

be heated sliould not touch the water. The
heat inijiarted by a water bath averages
about 180° F. The water bath is very con-

venient in evaporating liquids that decpra-

pose above 100° C. (212° F.), or for apply-
ing heat to a retort where a low even tem-
perature is desirable.

Test-Tubes —The test-tube (fig. 9.) is

simply a very thin glass tube closed at one
end, with a turned edge upon the opposite,

as shown by onr engraving. It is of great

use in chemical exj^eriment^. The test-

tube should be thin and of good glass. As
an aid for hokling tiie tube in the flame
of a lamp, fold a piece of ]>aper into a strip

of three or four thicknesses, and then wrap
it about the top of the tube, twisting the
ends as represented by fig. 9. The ojierator
must always incline the test-tube, when in
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use, so that the month is directed away from his person.

This is to avoid the chance of a spurting Hquid which is

sometimes thrown from the tube with considerable vio-

lence when boiling commences. This is especially liable

to occur when the heat is applied at once directly to the

bottom of a tube which contains a heavy solution. Ex-
])erience will teach the student that it is best to first pass

the tube backward and forward through the flame of the

lamp, and when its contents are warm to incline the tube

sliglitly, with the mouth away from his 'person. By this

means the flame of the lamp heats the entire solution

evenly, and boiling begins about the same time through-

out the entire liquid. Test-tubes come in nests of four

(usually), and are sold at a reasonable rate.

Fig. 10. Test-Tube Rack.

Test-Tube Rack.—This is represented by fig. 10. It

is a wooden rack, the holes of each shelf being so arranged

that the tubes pass through and rest upon the shelf below.

Test-tube racks (or stands) are very convenient, especially

whore it is desirable that liquids shall stand a few hours

for future observation. They are not indispensable, how-
ever, and the beginner may employ a row of wide-mouth

bottles as test-tube holders with entire satisfaction.
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Chemical Flask.— This we represent by fig. 11. The
chemical i^ask is a thin gh\ss vessel, shaped as the cnt repre-

sents and intended for heating liquids, although it may be

used in many other chemical operations This flask is some-

times called the Florence flask, a name derived from the

fliot that some years ago olive oil was imported from Italy

in flasks somewhat resembling the foregoing. These were

Fig. 11. Chemical Flasks.

employed, when empty, by chemists for the purpose filled

by the chemical flask of the present day. Chemical flasks

are found in the market with round bottoms and with
flattened or concave bottoms. The concave-bottomed flask

is to be preferred in all cases, as they will stand upright
upon the table. Chemical flasks also have two patterns of

lil>s, one, (fig, 11), sim]-)ly turns outward, and this style is

preferable either for pouring into or from the flask. The
other lip is made by passing a heavy rim of glass around
the top of the neck and afterward grinding the top evenly.
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Thirf style is preferable where corks are to be inserted.

Let it be reuieaibered that all chemical flasks should be
made of thin glass,t and that in heating them the temper-

ature at first must be gradually raised in the manner we
have directed for evaporating dishes.

Fig. 12. Ketort connected with a Condenser.

Retort.—Fig. 12 represents a retort connected with a

condenser. This retort is known as the " tubulated and
stop])ered retort," and fig, 13 represents the " plain re-

tort." It will be noticed that the distinguishing feature

is the absence of a neck and stopper from the toji of the

plain retort. For all ordinary purposes tubulated and

Fig. 13. Plain Retort.

stoppered retorts are to be preferred and the experimenter

will seldom have use for the plain retort. In selecting a

retort observe that the exit tube is regular and drawn
rather small, so as to fit into the adapter without trouble.

tin selecti-ig chemical ware to which heat is to be applied, whether
the vessel be glass or poi'celain, select that which is light and thin.

The chemist is expected to be careful and not to breaU vessels by
rough treatment. Contraction and expansion from variation of tem-
perature is a matter beyond his control, and this will sooner or later

fracture thick ware. It will also be found a matter of economy to

purchase the best quality of glass and porcelain.
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Tlie body of the retort should be of thin glass and free

from bubbles. Retorts are intended for the purpose of

distilling, and should be warmed by means of a sand or a

water bath. The liquid is to be introduced at the tubu-

lure of the retort, and it is usually advisable to con-

nect the retort with the condenser, and this with the re-

ceiver, before charo-ino- the retort.

Ml

:,65i

J^'io. 14. Ketort Stand.

Retort Stand.—Fig. 14 represents the common, ringed
retort stand. It is arranged so that the rings may be
moved up or down. The retort stand is used for holding
a retort, or, indeed, any piece of apparatus, such as a tiask,

a sand-bath, a funnel while filtering, etc. In using the

retort stand, the vessel to be held in position is placed
upon one of the rings which is then moved into proper
position aiid secured by means of the thumb-screw. Re-
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tort stands are also made with clamps upon their arms by
means of which test-tubes, glass tubing, etc., may be fixed

in any desirable position.

Condenser.—A familiar example of the condenser is

an ordinary worm, such as is used in distilleries. When
heat is applied to the retort, the liquid changes into vajior,

and passes into the condenser which is surrounded with

cold water. The vapor consequently parts with its heat

and is resolved into liquid, or in common language co7i-

denses, hence the name, " condenser." We present (fig. 15)

a drawing of a condenser which is known as "Liebig's

condenser." It consists of a tin or copper tube, two and
one-half or three inches in diameter and two feet long,

Fig. 15. Liebig Condenser.

corked at both ends. A glass tube passes through the

center, extending beyond either cork. The outer tube
(tin or copper), has attached near one end a half-inch

metal tube; this inclines at an angle as represented by onr
engraving, and bears a funnel upon the top. At the

other end of the large tin or copper tube another half-

inch metal tube is affixed, and this passes around one side

of the condenser and downward, as shown by our figure.

Cold water is either poured into the funnel from time to

time, or is permitted to flow into it in a steady stream.

The water warmed by the heated vapor, consequently

escapes at the exit. The retort is connected with the

glass tube at the npper end of tlie condenser (see figure

12), and thus the tube through which the vapor passes

is constantly surrounded with cold water.
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Adapters.—These are shown by figures 16 and 17.

They are designed to connect tubes of different sizes, to

connect a retort with a condenser, or to connect the con-

denser with a receiver. It will be observed (fig. 16) that

the straight adapter is simply a section of flaring glass

tube. When tubes of different sizes are to be connected,

the end of one is inserted into the large end of the

adapter, and the other end of the adapter is to be inserted

Fig. 16. Straight Adapter.

into the opposite tube, as illustrated by fig. 16. Curved
adapters are bent as shown by fig. 17. They are used

mostly to connect condensers with the receiver. A sheet

of soft rubber should be wrapped closely around each

joint and secured with string, as the adapter alone will

not prevent the escape of vapor, or even of a liquid.

Receiver.—This is simply a bottle on a flask, unless

the experimenter chooses to purchase the globular re-

ceiver. For ordinary purposes such is unnecessary, as a

Pig. 17. Curved Adapter, connected with a Condenser.

condenser is used to liquefy the vapor of the distilling

liquid. In this case the tip of a curved adapter inserted

into an ordinary bottle will conduct the liquid to a place

of safety. Refer again to fig. 17, which represents the
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curved adapter attached to the exit of a condenser. If a

bottle be placed beneath this, it will represent the exit of

a distiHiiiL'' apjiaratus prepared for work, the bottle being

the " receiver." In connecting an adapter with the re-

ceiver, the joint can scarcely ever be made air tight with

safety. It is usually best to insert the tip of the ada})ter

into the neck of the receiving bottle, and then to stuff

cotton between the neck of the bottle and the receiver.

Glass Tubing.—This can be purchased of any size

and weight. For all ordinary purposes it is best to select

the weight which is employed in making homoeopathic

vials, or that whicli is a little heavier. The size of the

tube must be determined by the M'ork which the experi-

menter intends to perform, and the connections to be

made. Glass tubes should always have their ends fused

(after being cut) by means of the heat of an alcohol lamp
or a gas flame. This is to prevent cracking, and to make
it safe to handle them, and to insert them into corks, rub-

ber tubes, etc.

Fia. 18. Bending Glass Tubing.

Bending Glass Tubes.—Often it is necessary to bend

glass tubing—a feat easily accomplished as follows : Hold

the tube across the flame of aii alcohol lamp until it gives
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at the heated portion ; then slowly slide the ttibe through

the flame, l)ending it gradually as represented by fig. 18,

the dotted line showing the intended beiul of the tube.

This will give a smooth, even curve, shown by fig. 19.

Fig. 19. Tube properly Bent.

If the flame be ap[)lied at one place, and the tube be then

bent at this point, it flattens upon the outer side of the

point of curvature, and the inner part of the curve often

bulges upward. Such a bend will often almost com-
pletely close the bore of the tube, as we rejiresent by fig.

20. The student will do well to experiment a little upon
the bending of tubiu";.

Fig. 20. Tube imperfectly Bent.

Cutting Glass Tubing.—Glass tubes may be cut at

any place, by first filing a notch upon one side with an
ordinary file, and then gently straining the tube between
the fingers as though a stick were to be broken. The
notch should be upon the side of the tube furthest from
the operator, and against which the strain is directed.

After the tube has snapped, burn each end in the lamp
to smooth the edges.

Connecting Glass Tubes.—AYe have described the

adapter. In addition to this chemists employ rubber
tubing to connect glass tubes. For tliis purpose the soft

rubber is used, and "black rubber" is more flexible tiian

the white, and therefore to be preferred. If the rubber
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Woulfe's Bottle.—This is a bottle provided with
either two or three necks. The Woulfe bottle is used for

washing gases, or for holding a liquid while a gas passes

into it. For this purpose one of the necks is fitted with

a cork through which a glass tube extends and reaches

nearly to the bottom of the liquid, and through this tube

the gas is passed. If it be intended that this bottle be

used simply for washing gases, the other neck is provided

with a perforated cork, and through this cork a glass tube

is inserted. In this manner several Woulfe's bottles may
be connected together.

It is not necessary that the experimenter provide him-
self with Woulfe's bottles, as a wide-mouth bottle may be

usually substituted in their stead. Through two holes in

the cork the tubes may be passed, as we show by fig. 24.

Fig. 25. Graduate.

Graduate.—The vessel to which the name "graduate"
(fig. 25) is applied, is marked by a scale cut in the glass.

This scale is graduated so that the operator may accu-
rately measure either small or large amounts. For small
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amounts the minim measnre is employed. This hohls

one tiiiitl (h'achm, and is gradnated into fractions ol" tliis

amount. The " graduate" proper will hold from half a

fluid ounce to thirty-two fluid ounces, and is graduated

from the drachm or half-drachm to that amount. Minims
are marked m; drachms, 5 ; ounces, .3.

Spatulas.—These are slender, knife-like steel blades,

(fig. 26,) and are used for mixing powders, etc. There
are three styles upon the market, metal handled, riveted

wooden handled, and spatulas in Avhich the blade is sim-
ply stuck into a wooden handle by means of cement.

Always purchase the riveted wooden handled spatula.

Q M:MSSk,im^iih

Fig 26. fipatula.

Mortars are familiar to all. The ordinary wedge-
wood mortar answers best for ordinary jiurposes. They
are not fitted for concussion, however, therefore an irou

mortar must be used for brcakino- hard bodies.



CHEMICAL THEORY, OR CHEMICAL PHILOSOPHY.

The origin of the word "chemistri/" is involved in

obscurity. Some believe it to have reference to the soil

of Egypt, and to denote something which is dark or

black. Thus we hear the early science spoken of as "the

black art." Otlier and equally good authorities believe

that the word cJiemistry was derived in early days from a

word which signified heat, and this also seems probable,

inasmuch as the majority of chemical operations require

the aid of heat.

Chemistry at the present day may be defined as that

branch of natural science which treats of the properties

of sim])le and of compound matter; of the relations of

the various elements ; of the compounds which may be

formed of primary matters, and of tlie laws which influ-

ence combination (synthesis) and decomposition (analysis).

Matter.—Whatever has weight or occupies space is

matter. Thus we may include in the same class hydro-
gen gas, the lightest, and osmium, the heaviest of known
elements. All the material of this world is a form of
matter, and its characteristic property is its indestructi-

bility. Man admits that he can not destroy the smallest

partide of matter, neither can he by any known power
create. He has never noted the production of matter by
an act of Nature, and Nature has never been known to

annihilate. Man can bring no scientific evidence to dis-

prove the assertion that all matter existed from the be-
ginning, and will continue to exist forever.

Forms of Matter.—AVhile it is admitted that matter
is imperishable, we all know that many forms of matter
exist. Thus we have iron, copper, gold, silver, lead, etc.

These are primary forms of matter. They are classed

under the general name, matter, but each differs from the

(25)
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other. The several substances have distinct properties,

and this immutability man has never been able to over-

come.f
Primary Forms of Matter, or the Elements.—

All bodies that have never been decom[)osed into sim])ler

forms of matter are called prbnarii bodies, or eleuiods.

There are at present sixty-four known elements (see table).

Allotropy.—When this word is applied to an element

we understand that the element is capable of existing in

two or more distinct conditions. There is no change in

composition, but the chemical and physical properties of

the various modifications differ to a more or less extent.

As an illustration we ask the reader to refer to phospho-

rus. This element may be made to assume three distinct

forms, each of which differs from the others in a remark-
able manner. The diamond, plumbago, and ordinary

charcoal, are all carbon. Sulphur exists in several allo-

tropic conditions, yet each form is sulphur. When an
element assumes an allotropic form, we consider it simi)ly

a modification of the original body, regardless of the

change in both chemical and physical properties. This
change in the condition of an element is generally ac-

cepted as the result of a difference in the arrangement of
its atoms.

Constitution of Primary Matter.—We have re-

ferred to the elements as though they were homogeneous
bodies. We must now go further and assume that any
perceptible amount of an element is ca])able of subdivi-

sion, until a given point is reached. This we consider

the smallest ])article of an element

—

the atom—and we
accept that each form of primary matter is composed of

atoms.

tit must be remembered that we speak with the light which is

now biifore us. At one time some of our common salts were called
elements. The knowledge of a few years may prove that our ele-

ments are compounds. Indeed, the indications are that chemists
may yet possess tho power to decompose many of our so-called ele-

ments. However, if this should be so, and if all matter should be
proven a modification of force, the chemist and theorist will be con-
fronted with the problem as to the origin oi force.
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TABLE OF ELEMENTS,

WITH THEIR SYMBOLS, ATOMIC WEIGHTS, AND LARGEST
. QUANTIVALENCE.

Aluminium.,
Antimony, I

Stibium, I

Arsenicum .

Barium
}3erynium. .

Bismuth ....

Boron.
Bromine
Cadmium ....

Caesium
Calcium
Carbon
Chlorine
Cerium
Chromium ..

Cobalt
Copper,
Cuprum
Didymium
Erbium ...

Fluorine..
Grallium. ..

Gold, )

Aurum, |

Hydrogen.
Indium....
Iodine
Iridium...
Iron,
Ferrum,
Lanthanum
Jjead,

Plumbum,
Lithium ....

Magnesium...
JManganese ...

Molybdenum

Symbol

"ai^

Sb^^'

As'''

Ba"
Be"
Bi'"

Br'
Cd"
Cs'
Ca"
C'^

CI'

Ce"
Cr^i

Co"

Cu"

D"
Eb"
F'
Ga

Au'"

H'
In^'

I'
Iriv

Fe^i

La"

Pb'^

Li'
Mg"
Mn^'
Mo^i

Alotnie
Weight.

/Mum (!

ISymboI Weight.

27

122

74
136

9
210
11

79
111
132
39
11
35

141,

52
58.

Mercury,
|

Hydrargyrum, |
Nickel..'.'

Niobium
Nitrogen
Osmium
Oxygen
Palladium.

63.0

147,

169,

19.

69.

196.2

1,

113,

126.

196,

55,

139,

206,

7,

23,

54,

95.

75 Phosphorus.
Platinum... .

Potassium, 1

Kaliura, J

Rhodium
Rubidium...
Ruthenium..
Selenium
Silver,

Argentum,
Silicon

Sodium,
Natrium,
Strontium. ..

Sulphur
Tantalum—
Tellurium ..

Thallium.....

Thorium
Tin,

I

Stannum, |

Titanium
Tungsten, ]

Wolfram, |

Uranium
Vanadium....
Yttrium

94'Zinc....

8 1 Zirconium...
6 L

Hg"
Ni^''

Nb^-

Os'v
0"
Pdiv
pv
Pti^

K'

Rhiv
Rb'
Ru'^
Se^'

Ag^

Si'^

Na'

Sr"
gvi

Tav
Te^i

Tl'

Th"

Tiiv

Wvi

Uvi
yv
Y"
Zn"
Zi'v

199.8

58.6

94.0

14.01

198.6

15.96
106.2

30.96

196.7

39.04

104.1

85.2

103.5

78.0

107.66

28.0

22.99

87.2

31.98
182.0

128.0

203.6
231.5

117.8

48.0

184.0

240.0
51.2

93.0

64.9

90.0
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Atoms.—An atom is nnderstood to be the smallest

particle of an element capable of taking part in a chemi-
cal reaction. We have no means of jndging of the size

of atoms. We simply assume that such bodies exist and
consider that each perceptible jnirt of an element is made
up of an innumerable number of atoms. Copper is sup-
posed to be made up of atoms which have properties

that distinguish the mass of copper from any other
form of primary matter. This is true of gold, silver,

oxygen, and the entire list of elementary bodies. We
thus accept the old, old theory, that all matter is made np
of atoms. We may to-day accept for the definition of the

atoms, and perha])s not improve upon it, that made by
Demokritos, 460 B. C, viz: "The atoms are invisible

by reason of their smallness; indivisible by reason of
their solidity ; impenetrable and unalterable."

Atomic Weight.—In all works u])on chemistry at

the present day, we find after each element a number
which expresses the atomic weight of that element, and

which might be mistaken by the student for the actual

weight of the atom of the element. The atomic weight

of an element is accepted by chennsts as the weight of an

atom of that element, compared with an atom of hydro-

gen, but we have no means of detei-mining the absolute

weight of an atom of hydrogen, and we therefore do not

know the actual weight of an atom of any element. As
examples of atomic weight we give:

Antimony 122.

Uranium 240.

Copper. 63.

The above indicates that an atom of antimony is 122

times as heavy as an atom of hydrogen. An atom of

uranium is 240, and an atom of copper 63 times as heavy

as an atom of hydrogen. Hydrogen is the lightest known

body, the atom of hydrogen is accepted as unity (1). We
may then define atomic iveight, as the weight of the atom

of anv element, com]iared with an atom of hydrogen.

Combinations of Atoms (Molecules).—Tiie atoms

of elementary bodies are not believed to be in a free state.

We consider that a bond (chemism) unites a certain num-



CHEMICAL THEORY. 29

ber of atoms and this coniLination of the atoms of an ele-

ment is called the elementary molecule. This molecule,

then, is a combination of atoms which are alike.f The
elementary molecule is supposed to be the smallest particle

of »n element that can exist iii a free state.

Breaking up of the Molecule.—The atoms of au

element are the indivisible constituents of its molecules.

We have said that atoms do not (according to our present

view) exist in a free state, excepting the few which are

said to ])lay the part of molecules. (See note below.)

The breaking up, then, of the molecule of the element tends

to mask the properties of the element. Example: The
molecule of chlorine consists of two atoms of a kind, and

the molecule of hydrogen also consists of two atoms thus:

HH represents the hydrogen molecule.

ClCl
" " chlorine

The above combination of atoms are elenientary mole-

cules, because they are formed in the one case by atoms

of hydrogen, and in the other case by atoms of chlorine.

Let us bring any even number of these molecules together

in the sunlight and the positions of the atoms will be

altered. An atom of chlorine unites with an atom of

hydrogen, the result being two molecules in which the

atoms are wn/i'/;<', HCl. and HCl. Each of these molecules

is a compound molecule, and the properties of the original

bodies will have disappeared.;!:

Compound Molecules, may be then defined as the

smallest particle of a compound, and all compounds are

composed of atoms that are unlike. We have, for ex-

ample :

t According to rather recent investigations the molecule of mercury
and of nitrogen, each consists of one atom. Accepting this view we
may say that the elementary molecule is the sniallest particle of an
element that can exist in a free state and perform the part of the

element. This particle consists of one or more atoms, united in the

latter case, Ly chemism.

X Some speak of compounds containing elements. Elements enter

into compounds and may bo again obtained from the compound. The
eh-ment.however, loses its iudividuiility when it passes into combi-

nation with another.
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Chloride of Podium XaCl.
Chloride of Potaj^tiiuui KCl.
Chloride oi" llydrogea IICI.

and each molecule contains an atom of two difFerent ele-

ments. We thus pass from the study of the primary form
of matter to the study of:

Compound Matter.—The smallest particle of com-
pound matter is a molecule. Tliere can be no atom of any
compound, for all compounds contain two or more kinds

of })rimary matter, and therefore, the smallest conceivable

portion of a compound must contain at least two atoms.

As an exam])le, we refer to bramide of potassium. Into

anv given amount of this compound the element bromine
and the element potassium must enter. If we imagine

that we have one hundred molecules of bromide of

potassium, each molecule must contain one atom of

bromine and one atom of potassium. AVe can separate

the piece of ])otassium bromide into two parts, but each

)>art will consist of uioleeules. We nv.iy theoretically sub-

divide the fragments into the one hundred molecules, and
each molecule will have the properties of the original

article, and further division would result in the produc-
tion of atoms of bromine and atoms of potassium.

Primary Matter and Compound Matter Defined.
Frirnanj Mattn'. Compound Matter.

Atoms of one kind of pri- Atoms of different kinds of
mary matter unite to form primary matter unite to form
elementary molecules. compound molecules.

Primary matter consists of
Compound matter consists of

atoms that are alike, united ^^"^'"^ ""^ ^^^« ""^ '"•^''^^ kinds of

bycliemi.m. IV''"''-"' '"^"•''' ''"''''^ ^^
•' chemism.
The smallest ]iortion of pri- The smallest portion of com-

mary matter is the atom. pound matter is the molecule.

Cliemipm.—There is an intimate connection between
cheuiism, heat, electricity, and other forces, which is thor-

oughly discussed in works on physics. Chemisra is a name
-which is given to the force which we believe produces

the changes in the position of atoms. Chemical attrac-

tion, chemical affinity, and chemical force, are terms em-
ployed by chemists, denoting the same object, and all re-
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fer to this force. Cheniism is known l)y its effects. The
constitutional transformation which is constantly takino;

place in matter, we credit to the action of this force. All

forms of matter are subservient to it. The changes which
it produces are infinite in number. Our very bodies

grow and waste in obedience to this power, and yet the

real force which we denominate chemism is unknown.
Effects of Chemism.—Chemical force destroys the

distinctive properties of bodies, producing new substances.

When elements unite, the resulting compound is different

from either of the elements. For example, oxygen and
hydrogen gases unite to form the liquid, water. If we
heat sulphur and iron together, an entirely different sub-

stance results. In neither of the foregoing cases could

we judge of the properties of the compound by the char-

acter of the elements which enter into it.

The antithesis of combination is decomposition; both

depend upon the action of chemical force. Thus it is that

from substances which are decomposed, bodies entirely

different from tlie original may arise. Place, for exam-
])lc, a jiiece of sugar in a spoon, and hold it in the flame

of an alcohol lamp. The sugar is decomposed, and the

result will be a number of substances, none of which re-

semble sugar in the least. When a candle burns the tallow

changes by combination with oxygen into (mostly) water
and carbon dioxide, both of which are colorless gases, and
differ from tallow and the oxygen of air in every way.
Let it be, remembered then tlrat the result of chemical

action, is altering of the properties of the snbstances con-

cerned, with production of new bodies which have char-

acters entirely distinct from those of the original.

f

Mechanical Mixtures and Chemical Com-
pounds.—When bodies are simply mixed, the properties

of the component parts remain unimpaired. If for ex-

ample we mix sand with peas, there is no alteration of the

2)roperty of either substance. Each particle of sand re-

t It seems tbiit elements which resemble each other^ may form

bodies of somewhat similar character. Especially is this apparent

in some allocs if we accept them to be distinct combinations.
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mains intiict and may be separated from the mixture in

full possession of the orioinal characteristics. If we mix
powdered iron with ])owdered sulphur, the mixture will

consist of particles of iron and particles of sulphur. The
iron may be separated in its purity by means of a magnet,

or the sulphur may be dissolved from the mixture with

carbon disulphide. The foregoing are mechanical mix-
tures, and by the term we understand that bodies are

simply in contact, with full possession of their natural

properties. We take now the mixture of iron and sulphur,

place it in a crucible and apply heat to it. Chemical ac-

tion ensues and the particles of iron and of sul})hnr disap-

pear. Neither the magnet nor carbon disulphide cau

extract or detect either of the original elements. In their

stead we have the compound sulphide of iron. Thus we
define and distinguish between substances M'hich are

simply mixed, and substances which are combined by
cheniism.

Equivalent Amounts.—The fact that elements unite

to form compounds has been heretofore mentioned in

general terms. The student might suppose that such

combinations may result between any amount of the dif-

ferent elements. This is not the case. Combination en-

sues between definite quantities of the constituent elements.

This fact has been long recognized, and thus the term
equivalent amounts or proportions came to be used by
chemists. The expression referred to the weight of one

element of a compound as compared with the weight of

another. Thus, it is found that 35.37 parts by weight of

chlorine gas unites exactly with one part of hydrogen gas

to form hydrogen chloride (hydrochloric acid). Therefore,

the equivalent amount by weight of chlorine necessary to

form hydrochloric acid by combination with one part of

hydrogen gas is represented by the number 35.37. Again,

it is found that 35.37 parts of chlorine by weight unite

with 39.04 parts by weight of potassium. The equivalent

amount, then, of potassium necessary to combine with

35.37 parts of chlorine is 39.04 parts. As an example of

the practical application of the term equivalent we will

say that the equivalent of iodine is 126.53, and the equiva-
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lent of potassium is 39.04. Therefore, in making iodicle

of potassium, 126.53 ounces (or parts) of iodine must be
employed for 39.04 ounces (or parts) of potassinnT. The
foregoing is sometimes called the law of constant 'propor-

tions.

Atomio Theory.f—This is based upon the theory of

the atomic constitution of matter. According to this

hypothesis chemical combination ensues between two or

more atoms. One atom of hydrogen will unite with an
atom of chlorine to form a molecule of hydrogen chloride.

One atom of bromine will unite with one atom of potas-

sium, the result being one molecule of bromide of potas-

sium. The atoms of many elements unite in diiierent

proportions, tluis : One atom of oxygen and two atoms
of hydrogen unite to form a molecule of water. Two
atoms of oxygen and two atoms of hydrogen unite to

form a molecule of hydrogen peroxide.

Again: One atom of oxygen M'ill unite with one atom
of carbon to form one molecule of carbon monoxide. Two
atoms of oxygen will unite with one atom of carbon to

form one molecule of carbon dioxide, etc. According to

the atomic theory all compounds, however complex they

may be, are combinations of a definite number of atoras-

Molecular Weight.—The molecular weight of a body
is the sum of the wciglit of all the atoms in the molecule.

This we must accept when we acknowledge the correct-

ness of our definition regarding the unalterable property

of the atom and the indestructibility of matter. If 39.04

ounces of potassium are made to combine with 126.53

ounces of iodine, the resulting compound will weigh the

t Some Fpealc of '• tlio now Chemistry." The student should ever
bear in mind that tlie act of chuuiical combination is to-day as it has
been since man commenced the study of chemistry, and as we be-

lieve it always will le. Oxy2;en and hydrogen unite to form water in

the manner they did when Lavoisier experimer.ied upon the problem
of tlie transformation of water into earth. There is no change in

choniical facts. The term new chemistry simply refers to our theories.

Jt)l]n Dalton resuscitatt^d the atomic theory of the ancient Greek
Philosophers and adapted the atom to his observations regarding
chemical clianges. This was the foundation for the work we now
accept as the '• New Chemistry."
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sum of the two, viz: 165.57 ounces. If we imagine that

the number 39.04 rej^resents tlie weight of one atom of

potassium, and tliat the number 126.53 represents the

weight of one atom of iodine, the weight of one mole-
cule of iodide of potassium must be 165.57. The
molecular weight of a compound represents the combined
weiglits of all the atoms tohich enter into one molecule of that

compound. Thus, a molecule of chlorate of potassium
will contain :

Potassium, one atom 30.04
Chlorine, one atom 35.37
Oxygen, three atoms, 15.96x3 47.88

122 29

The molecular weight of chlorate of potassium, then, is

122.29, since this re[)resents tlie combined weight of the

live atoms which enter into its composition.

Combination by Volume.—We can not estimate the

number of atoms in a given amount of any substance.

The atom is a consideration beyond our senses as regards

size and actual weight. lu 1811 Avogadro, an Italian

physicist advanced the hypothesis, that equal volumes of

ant/ form of matter in the state of vapor, contain the same

number of molecides-\ (temperature and pressure equal).

AVhile we can not estimate the number of atoms or of

molecules in a given bnlk of hydrogen gas, we can

compare the weight of equal portions of different gases

under like conditions, temperature, pressure, etc., with

hydrogen. If we acce])t the hypothesis of Avogadro, we
must accept that there should be the same relation between
the molecular weights of the elements, that there is be-

tween the weights of different volnmes of the elements

while they are in the state of vapor. This is true, for

accepting the weight of a given volume of hydrogen gas

as 1, we find the weight of the same bulk of

t Avogadro inado use of tlio term moloculo, but in his day tlie

distinction now drawn between tiio molecule and the atom was un-
known. At that time the term atom and molecule were used iridis-

criminatcly to cxjircss theoretically the smallest particle of either

fiiraple or compound matter.
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Nitrogen tc be 14.01

Oxygen to be 15.96

Bromine to be 79.75

and so on with the other gaseous elements. This corres-

ponds exactly with the atomic weights of our table. It

has been ascertained that whenever gases unite to form
one substance the resulting compound in the form of gas

or vapor measures two volumes. Thus :

One volume of chlorine and one volume of lij-drogen form two
volumes of hydrochloric acid.

One volume of oxygen and two volumes of hydrogen form two
volumes of vapor of water.

One volume of nitrogen and three volumes of hydrogen form
two volumes of ammonia.

Thus it is a rule that whatever the volume of the gases

before combination the result is always tico volumes.

Symbols.—Chemists employ either the first letter of

the name of an element, or the first letter and another

letter of the same word, as an abbreviation for the atom of

the particular element. This is for convenience in writ-

ing and to facilitate the study of chemistry. Instead of

writing the entire word carbon, the first letter, C, is used

to denote tliat element, and whenever the student finds

the letter C in a formula, he should understand that

carbon is intended. The names of many elements com-
mence with the same letter, thus : cadmium, ctesium, cal-

cium, carbon, chlorine, cerium, chromium, cobalt, copper.

To abbreviate these (exce])ting carbon) the first letter is

associated with another letter of each word, and usually

the Latin name is chosen, thus:

riadmium Cd. Cerium Ce.
Caesium Cs. Chromium Cr.

Calcium Ca. (.obalt Co.
Carbon C. Copper Cu.
Chlorme CI.

Of the above it will be noticed that the u of the sym-
bol for copper is not present in the common name. The
symbol Cu is derived from cuprum, which is the Latin
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name for copper, and which does not agree with the

English.

f

Our table of the elements on ]>age 27, gives, in the sec-

ond cohinin, the symbols of all the elements, and it will be

noticed that there are several exceptions of that nature, as,

Antimony, Sb from Sfibium.
Gold, Au "

Aiiriim.

Mercury, Hg "
IJydrargyrum.

Lead, Pb " Plumhum.
Silver, A,£r

"
Argentum.

Sodium, Na "
Natrium.

Potassium, K "
Kalium.

We understand, furthermore, that each symbol repre-

sents one atom, therefore it is only necessary to see the

symbol to recognize the element and the amount of the

element. If we wish to indicate two atoms of })otassium,

we write a small figure 2 after the symbol, thus, K.j, three

atoms would be expressed by Kg, four atoms, by K4; etc.

This is true of all the elements, for example:

One atom of oxygen 0.
Two atoms of chlorine 0!-.

Three atoms of bismuth Bis.

Four atoms of carbon C4.

Some chemists prefer to place the figure at the upper right
hand side of the symbol, or even, occasionally (when the
symbol is alone in an equation) to place a large figure in

front of the symbol, thu.s, C^, or 2C, and these, in reality,

amount to the same. In all cases a single atom is indi-

cated by the symbol, and this is multi[)lied in accordance
Avith the figure. The figure after the symbol refers only
to that one symbol, and when several symbols are in a
line the number of atoms of each separate element is

represented. Thus, H0SO4 indicates, two atoms of hy-
drogen, one atom of sulphur and four atoms of oxygen.

tWe give the Latin names tho preference in our table, making
the Enolish name secondary. This, we believe, will be acceptable to
the majority of students. The author is of the opinion that the Latin
names should be the names of our pharmacopoeia, and indications
point to the attainment of this object at some future day.
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Chemical Formulas.—A chemical formula repre-

sents the composition of a molecule, and is an association

of the symbols of tiie elements which enter into the

molecule. Thus, HCl impresses upon us the fact that

one atom of hydrogen is united by chemism with one
atom of chlorine, to form a molecule of hydrogen chlo-

ride (liydrochloric acid). H.^O is the formula for one
molecule of water, and we see that in it two atoms of

livdrogen are combined with one atom of oxvocn,

H_,S04 re])resents the composition of a molecule of sul-

phuric acid.

If we desire to represent more than one molecule,

either a large figure is placed in front of the formula, or

the formula is enclosed in parenthesis and a small figure

placed after, thus:
2H,S0, or (H,S0,)2

represents two molecules of sulphuric acid. In such

cases the small figure after the parenthesis which incloses

the formula, or the large figure in front of the formula,

multiplies the entire formula or the atoms of each ele-

ment in the formula. Examples:

(BaO.H.04 or 4BaO.,H2
(K0H)3~ or BKOH.
(HoO)io or lOH.O.

Occasionally only a part of a formula is enclosed in the

parenthesis. This multiplies the atoms which are repre-

resented by the enclosed symbols according to the fore-

going rule, thus

:

Ba(OTI) , is the same as BaO.H., or Ba20fl.

Ca(0H)2 is the same as CaO.,Hj or Ca20H.

If we enclose a formula, part of which is in a parenthe-

sis, in another parenthesis, part of the formula is multi-

plied in accordance with the figure after the outer jiaren-

thesis, and the part enclosed in the two parentheses is

multi])lied by the figures which follow both parentheses.

Thus, (Ba(OH)o).2 represents two molecules of barium

hydroxide: Barium, 2 atoms; oxygen, 4 atoms ; hydro-

gen, 4 atoms. It is preferable, in expressing such for-

mula, to place a large figure in front, as

:
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2Ba(0H)., instead of (Ba(OH)0.>.
2Ca(0Jl)o'' iiibiead of (Ca(OR).)o.

We understand, then, by the formula of a molecule,

that the number of atoms of the different elements, as

expressed by the symbols, enter into the composition of

that molecule.

t

Empirical Formulse simply show us the elements

which are in combination, with the amount of each. Tliis

will answer iu many instances, but in actual work it is

advisable that the formulse of many molecules should im-

part an idea of certain characteristics of the molecule In

nudving salts from organic acids, for example, it is best

to show the number of atoms of basylous hydrogen.

This is done by se[)arating the liydrogen ot the entire

molecule, so that the number of atonis of basic hydrogen

are separated from the hydrogen which is a ])art of the

acidulous radical. When molecules are represented in

this manner, instead of the term empirical formula, the

term

—

Primary Rational Formula is employed. As an

example of the difference between the two modes of ex-

pression, we cite the following as illustrations:

Empirical Pvimnvy Rational
Koi-imila. Foiimila.

Tartaric acid H,C\0...... H.,C,H,0,
Citric acid HgC^O, HgCrH^O^
Malic acid HgC.Os HgC.PIsO.,

In all cases the number of atoms in the empirical for-

mulae and the primary rational formulse is the same.

Graphic Formulae are intended to represent the ac-

tual position each atom occu})ies iu the molecule. Mole-

cules are understood to have length, breadth and thick-

ness. The graphic formuhie must always be expressed

fit must be remembered that the individunlitj' of the eleinents

(lisiippears when compounds are formed. The formiilii of a mole-

cule expresses the fact that definite amounts of certain elements

entered into the molecule, and that by the destruction of thisniole-

cule the identical amounts of the same elements may be again ob-

tained.
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upon a plain siirflice, therefore gra])liic formulae must be

taken with this consideration. As an example of a graphic

formula we give that of acetic acid.

Empirical formula of acetic acid, CoH^Oo.
Primary rational formula of acetic acid, HC^HgO^.
GraiDliic formula of acetic acid,

H O
I IIH-C—C—0—

H

I

H
Graphic formulae are not used in this work.

Equations.—The equation is an arrangement of sym-
bols to express any given chemical reaction. Equations

are real chemical problems in which the signs +, —, and
=

, are employed exactly as they are in mathematics. If

we wish to express the formation of iodide of potassium

we write

—

K.+I.=2KI.
Thus we see that one molecule (two atoms) of potassium

unites with one molecule (two atoms) of iodine to form

two molecules of iodide of potassium. The equation,

H.T+ Clo= 2HC1, represents that when we add two
atoms (one molecule) of hydrogen gas to two atoms (one

molecule) of chlorine gas, after they combine two mole-

cules of hydrogen chloride (hydrochloric acid) will ex-

ist. Sometimes equations are very complex, but all

are formed upon the principle of those we have given.

The chemical equation is simjdy a symbolical expres-

sion to show the composition of bodies and the results

which follow their decomposition.! In every equation

t Decomposition does not necos=arilj- portend the separation of a

.compound into its elements. Tlius, suliiliuric acid is decomposed
when we separate the characteristic acid radical (SO4) from the hy-

drogen, which in this case acts as a base.

Double decornpogition is a term often employed by chemists, and it

denotes the re-arrangement of the atoms of two compounds, with

the formation of other compounds. Thus when we mix solution of

sodium carbonate with solution of calcium chloride, botli salts are

decomposed, and in their turn two new salts result (sodium chloride

and calcium carbonate). Double decomposition often results in the

formation of an insoluble substance, or one of difiicult solubiUty in
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there are always as many atoms after the sign of equality
as there are before it. In the present work this shouhl
be the case in all instances, if the equation is correctly

stated. Examples :

—

Na, + CI., = 2NaCl.
Sodium. Chlorine. Sodium Chloride.

4HC1 + Zn2 = 2ZnClo + 2H2. '

Hjdiochloric Zinc. Zinc ~ Hydrogen
acid. cliloride.

H.C,H,06 + 2KOH= K,C4H,0,.+2tl20.
Tartaric Potassium rotassiuni Wuter.
acid hydroxide. tartrate.

The parenthesis is used with equations in the same
manner as with foriuulse. Thus, (Zn4- 2HC1)2 is the same
as 2(Zu+ 2HCl), and in both instances all tlie atoms en-
closed are multiplied by 2.

Quantivalence, or Valence, is the property of an
atom or power to hold in combination one or more atoms
of other elements. Experiments show that all atoms do
not po.ssess the same comV)inin2; power. An atom of
hydrogen will combine with or take the place of an atom
of chlorine, but it requires two atoms of chlorine for one
atom of zinc. Hydrogen is taken as unity in this case,

as heretofore, and is the standard.
If one atom combines Avith, or takes the place of

One atom of li.ydrogen, it is lovvalent.

Two atoms of hydrogen, it is hradad.
Three atoms of hydrogen, it is trivalent.

Four atoms of hydrogen, it is quadrivalent.

Five atoms of hydrogen, it is quinquivalent.

Six atoms of hydrogen, it is sexivaleut.

It is customary to speak of the element as a

—

Monad element, if univalent.
Dyad element, if bivalent.
Triad element, if trivalent.

Tetrad element, if quadrivalent.
Pentad element, if quinquivalent.
Ilf'xad element, if sexivaleut.

the solution employed. The formation of salts from acids and alka-

lies, or acids and hydroxides, may be considered as examples of dou-
ble decomposition

; thus :
—

H,804 + 2K0H = K.,SO, -f 2H.,0.
Sulphuric Potassium Potas-^ium Water.

aeicl. hydroxidii. sulphute.
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The quantl'valence of an atom Is noted in a chemical

formuki or an equation, by j)h\cing a dash at the upper

rioht hand corner of the symbol, or by Roman numerals.f

One dash represents a monad, two dashes a dyad, etc , as

follows :

—

Potassium is a monad, K'.

Calcium is a dyad, Ca'^

Boron is a triad, W^\
Platinum is a tetrad, Pt'^.

Niobium is a pentad, Nb'*'.

Molybdenum is a hexad,.. Mo^^

It has been found that one atom of any monad ele-

ment has the power to replace one atom of any other

monad element in combination. Thus, one atom of po-

tassiurti will displace one atom of hydrogen from the mo-
lecule of hydrochloric acid (HCI). One bivalent atom

will generally disjilaee two univalent atoms from com-

])Ounds, or it will combine with two univalent atoms ; for

example :

—

Ca"+2H'Cl'= Ca"Cro+H'.,.

One bivalent atom will generally displace or combine
with one atom of any other dyad element, and so on.

In accordance with the foregoing, we find that

—

Two univalent C) atoms saturate one bivalent (^0 atom.
Two bivalent ('^) atoms saturate one quadrivalent ('y) atom.
One trivalent ('^0 atom saturates three univalent (') atoms.
Twotrivalent (^^'') atoms saturate three bivalent ('') atoms.
One quadrivalent ('^) atom saturates four univalent (^ atoms.
One quadrivalent ('^) atom saturates two bivalent (") atoms.
One quinquivalent ( '*' ) atom saturates five univalent C) atoms.
One sexivalent (^'j atom saturates six univalent ('') atoms.
One sexivalent (''') atom saturates three bivalent C) atoms.
Ohe sexivalent (^') atom saturates two trivalent C') atoms.

Variation of Quantivalence.—The atoms of some
elements have several combining powers. We can not

offer an explanation of this fact. Sometimes the atom of

f The full quantivalence of each element, as we understand
the matter at present, is given with each symbol of our table of
elements (page 27). Atoms whoso equivalence is odd are called

pcrissacJs ; atoms whose equivalence is even are called ardads.
Thus, hydrogen. H', gold. Au'"", and nitrogen, N'' are ppris-

sads; barium, Ba'', lead, Pb'^, and nickel, Ni^', are artiads.
4
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nitrogen is univalent, X' ; again it is trivalent, N'"; and
in otiier cases it has qninquivalent properties, N^ . This

variation of valency always increases or diminishes by
two, thus :

—

Manganese M'^ M^^ M^'.
Phosphorus P'^ Pv.

Arsenic As''^ As^'

.

Nitrogen N^ N^^ N^.

The student must be careful to distinguish between
the marks which denote the quuntivalence of an atom,

and the Arabic numerals which designate the number of

atoms iu the molecule.

Analysis and Synthesis.—When two or more ele-

ments unite, they do so in exact and definite atomic pro-

portions, and the properties of the original substances

disappear. In their stead a new substance is found. The
combination of elementary atoms to form compound mol-

ecules is synthesis. When compound molecules decom-

pose, we have an anahjt'ical operation. Examples:

—

1. Place a fragment of iodine in half a fluid ounce of

warm distilled water, and add to the mixture a few iron

filings. The iodine will disappear in a short time, and a

colorless solution of iodide of iron (ferrous iodide) will be

formed. This is a synthetical operation.

2. Place a small piece of l)right copper in a solution of

corrosive sublimate ; the copper becomes coated at once

with mercury and appears like silver. This is an analyt-

ical reaction for the corrosive 8ul)limate is decomposed and

mercury is determined.

We desire to call attention to the fact that the second

example may also l)e classed with synthetical operations,

for chloride of copper is formed as the mercuric chloride

is decomposed. In actual work it is impossible to sepa-

rate the two branches (analysis and synthesis). Chemists

who prepare chemical compounds for commerce constantly

decompose other compounds, and analytical chemists are

continually forming new combinations.

Radical (root) chemical compounds are generally spo-

ken of as though containing two parts, and each of these

parts is known as a radical. This answers very well as
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an aid to the stiuly of chemistry, although such an ar-

rangement may be only apparent. When one of the

parts is an element, it is known as a simple radical. When
a group of atoms takes the part of a single atom, we call

the cluster a compound radical. Liebig defines the rad-

ical as follows:

"It is a never-varying constituent in a series of compounds.
" It can be replaced in these compounds by other simple bodies.

"In its compounds with a simple body this latter may be easily

separated or replaced by equivalent quantities of other simple
bodies."

Basylous Radicals.—These are usually metals, al-

though hydrogen (see acids) and certain compounds of

non-metal Hcelements act as such. To these the acididous

radicals attach themselves and the result is known as a

salt. Examples of basylous radicals:

—

Hj^drogen.- H.
Potassium Iv.

Sodium Nn.
Ammonium KII_,.

Calcium Ca.

Matriiesium.. Mif,

Acidulous Radicals are usually non-metallic ele-

ments or combinations of non-metallic elements, although

certain metallic oxides act as acids in presence of strong

bases. Examples of acidulous radicals:

—

Chlorine CI.

Nitric acid radical ^O...

Acetic acid radical 0211302.

When acidulous radicals unite to .saturation with basylou.s

radicals, the pro])erties of each disaj)i)ear and a salt re-

mains. Some bodies, as for example hydrogen, act aS

basylous radicals, and a part of compound acidulous rad-

icals. In such cases it performs entirely different func-

tions. Thus in H0SO4 it acts as a ha.sylous radical, to

Avhichthe acididous radical (SO^) is attached. In acetate

of potassium (KC.H3O0) hydrogen is a part of the acid-

ulous radical, and in acetic *acid (HC.H3O.,), hydrogen

is the basylous radical, and a part of the acidulous radical.

The combinations of atoms known as radicals, have a
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qmntlvalence entirely independent of the quantivalence
of the original elements, thus the acid radical of

Nitric acid, NO3, is univalent.

Acetic acid, C.^H.O^, is univalent.
Sulphuric acid, SOj, is bivalent.

Salts.—When the hydrogen of an acid (salt of hydro-
gen) is replaced by.an element, or by a compound radical,

the product is called a salt. Thus:

2H,S04 + Zn, = 2ZnS04 + 2Ho
Sulphuiic Zinc. Zinc Hydrogen,

acid. sulphate.

When two elements unite in atomic proportion, the com-
pound which results is generally known as a salt. Thus:

Na. + Clo = 2NaCl.
Sodium. Chlorine. Sodium

chloride.

When an oxide or a hydroxide unites with an acid,

double decomposition ensues and both a salt and water are

always formed. Thus:

—

KOH + flCl = KCl -f H,0.
Por„- s-ium Hj'diocliloric 1 otiissiiiiu Water,
hydroxide. auiil. chloride.

NaOII + H.SO,, = NalLSO, -f H._,0.
Solium Suipluiric Acii|>olium Water,

hydroxide. acid. sulpliite.

M.gO + H2SO4 = MgSO, + H,0.
Magnesium ' Suli)huric ilsignesiutn Water,

oxide. acid. sulphate.

Salts may be liquid or solid ; soluble or in.soluble ; crys-

tallizable or uncrystallizable. In fact, a large part of the

definite chemical compounds may be included under the

indefinite name, salt, and even water is a salt of hydrogen.

It is customary to speak of two or three classes of salts.

Normal Salts contain no hydrogen which may be re-

placed by a metal; they are those in which the acidulous

and ba.sylous radicals, whether simi)le or compound, ex-

actly balance each other. Thus, K.,S04 (sul})hate of

potassium) is a normal salt, for two atoms of monad po-

tassium are combined with one molecule of the dyad sul-

phuric acid radical. Normal salts are often designated as

neutral salts. We do not admire that term, as many nor-
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mal salts in solution give an acid or an alkaline reaction.

Thus, solution of zinc sulphate (ZuSO^) changes the

color of blue litmus paper to red, although the acid radi-

cal is saturated and all of the basic hydrogen is displaced

by zinc. Solution of potassium carbonate reacts alkaline

although it is a normal salt. We shall employ the term

normal instead of neutral in this work.

Basic Salts —When a part of the acid radical of cer-

tain normal salts is replaced by hydroxyl (OH) the result

is known us a basic salt. Thus, if the normal nitrate of

lead Pb(N03).. be boiled with lead monoxide (PbO) the

basic salt Pb(X03)0H is formed as follows:

—

PbCNOg)., -f-
PbO + H.,0 = 2Pb(N03)OH.

Basic salts may be also considered as combinations of nor-

mal salts with hydroxides, thus:

—

PbCNOg), + Pb(OH)., = 2PbX03(OH).

A basic salt is often insoluble, or much less soluble than

the normal salt.

Acid Salts.—When a part of the basic hydrogen of

an acid is replaced by a simple or by a compound basylous

radical, the resulting salt usually possesses acid properties.

Thus :

—

K. -f (H.SOJ.^ = 2KHSO4 + H.,.
Potaisiuin. Sulphuric Acid 'ulphate Hydrogen,

acid, of potassium.

Many prefer to employ a term in these cases which ex-

presses the fact that basic hydrogen is present. Thus, as

examples :

—

Acid potassium sulphate (KH SOj) is called hydrogen
potassium sulphate.

Acid sodium sulphate (NaHS04) is called hydrogen
sodiu7n sulphate.

Solutions of acid salts usually redden blue litmus paper.

They take up an additional basic radical, under favorable

circumstances, forming normal salts. In such cases the
entire amount of basic hydrogen is displaced. Examples :

—

2NaHS04 -f Na., = 2Na.,S0^ + H.,
Acid sodium Sodium. Normal sodium Hydrogea
sulphate. sulphate.
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The ordinary '' acid cakes," a product of the manufac-
ture of nitric acid from potassium or from sodium nitrate,

are acid salts (KHSO^ and NaPISO^).

Haloid Salts.—Each of tlie haloid group (fluorine,

clilorine, bromine and iodine,) of non-metallic elements

will combine with hydrogen to form acids, thus :

—

Hj^droflnoric acid IIP.

Hydrochloric acid HCl.
Hydrobrom i c acid H Br.

Hydriodic acid = , HI.

When the hydrogen is displaced by a basylons radical,

salts result, free from oxygen, and of which common salt

(XaCl) is typical. This class of salts is sometimes dis-

tinguisiied as the haloid salts. Some authorities designate

all of the salts which are free from oxygen as haloid salts,

thus including such salts as pota.ssium cyanide (KCN) and
calcium sulphide (CaS). The term Mas originally derived

from .sm salt. The meaning (a likeness to sea salt) is

rather favorable to the compounds of, or with, the chlo-

rine group of elements. There is little use for the term

at the present day.

OxysaltS or oxyacid salts, are terms once used, but

now, deservedly, almost obsolete. Besides the haloid salts

at one time a class of salts was recognized as being com-
posed of an oxide of a metal and an acid. Thus:

—

Sulphate of potassium was called the sulphate of potash.

Sulphate of magnesium was called sulphate of magnesia.

Ferrous sulphate was called the sulphate of protoxide of

iron, or protosulphate of iron, etc. At this day there is

no necessity for such a division. All of the metallic salts

are considered as direct derivatives from the metals. The
terms haloid sa//5 and oxysalts should be dispensed with.

Compound Salts or double salts, are such as contain

an acidulous radical in combination with two or more ba-

sylons radicals. We may also define double salts as those

in which the basylons hydrogen of an acid is displaced

by two or more basylons radicals (usually metals).

Thus, KNaS04 is sulphate of sodium and potassium
;

KNaC4H40„ is tartrate of sodium and potassium, the or-

dinary " Rochelle salt.
"
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Ate and Ite are terminations applied to salts which are

made iVom acids which terminate respectively in ic and

ous. Thus: Sulphuric acid forms sulphates; mtric acid

forms u'ltmtes ; sulphurous acid forms sulphides ; nitro/<.s'

acid forms nitrites.

There are exceptions to this rule, as for example :

—

Hydrochloric acid gives rise to chlorides ; hydrobrom?'c

acid give rise to bromides. The names of salts from these

acids follow the rule that two elements united give rise

to a salt terminating in the syllable ide. Thus:

—

HCl 4- KOH = KCl + R.O.
Hydrochloric Potassium Potissium Water,

iicid, hydroxide, chloride.

HBr -f KOH = KBr + H,0.
Hydnbromic Potassium Potissium Water,

acid. hydroxide. bromide

It will be noticed that the bromide of pota.ssium (KBr)
and the chloride of potassium (KCl) are composed each

of only two elements, although produced from acids which
terminate in the syllable ic.

Ic and Ons are terminations which are applied to

acids derived from the same element and containing sev-

erally more {ic) or le.ss (ous) oxygen. Thus :

—

Sulphuric acid , H.^SO^
Sul|jhurows acid H.^SOg
NiLric acid HlSTOg
NiLrou.s- acid HNO^

At the present day the terminations in and ous are u.sed

in a somewhat similar manner to distinguish classes of

higher or lower oxides or salts, which are derived from a

single metal. The class ending with ie contains more
oxygen than the class ending in ous. Thus:

—

Mercuric oxide (higher oxide) HgO.
Mercurows oxide (lower oxide)., Hg.,0.
Ferric oxide (higher oxide) Fe.jO,.
FerroMs oxide (lower oxide) FeO.

In like manner the class of salts which corresponds with
the higher oxide terminates in ic, and the class of salts

which corresjponds with the lower oxide terminates in ous.

Thus

:



48 CHEMISTRY OF MEDICINES.

Mercun'c eliloride (HgCl.,,) contains more chlorine than
mercuroas chloride (HgoCl.). Ferric chloride (Fe^Cl^)

contains more chlorine tlum t'errow.s chloride (FeCl.,).

Owing to the changes which have followed thestndyof
chemistry, and to the many names which have from time

to time been applied to componnds and to classes of com-

ponnds, a certain amonnt of confusion exists at the pres-

ent day when we refer to the works of various writers.

Ide.—This termination indicates usually the combina-

tion of two elements, but occasionally denotes an element

united to a radical such as cyanogen. Thus :

—

Bromine and potassium form bromiV/e of potassium.

Iodine and iron form iodiV/e of iron. Bromine and ammo-
nium (XHj) form hvomule of ammonium. Cyanogen (CN)
and potassium form cyanide of potassium.

The syllable uret was at one time used in place of the

syllable ide, and occasionally is met with even now. As
examples we name—sulphwjT^ of potassium, now^ known
as sulpluV/e of potassium. Qy-Awurd of potassium, now
known as cyan/c/e of potassium.

Base.—" We may define a base as a metallic oxide or

hydrate capable of saturating acids." (Tilden.) The term
base originally referred to the metallic oxide which was
supposed to unite with the acid to form the oxysalt.

The alkaloids are often called bases, but they differ from
metallic oxides in their manner of forming salts w'ith

acids. They do not give rise to water as a product of the

reaction.

Alkalies.—The name alkali, from al (the) and kali

(a plant), was first applied to soda. At present, the

hydroxides of all the potassium group of metals are

called alkalies, and ammonia in addition thereto. Alka-

lies have the })ower of turning reddened litmus to blue,

of neutralizing acids, and as a rule they are caustic in

their action upon animal meml)ranes. Ammonia is some-

times known as the volatile alkali, in contradistinction to

caustic potash, soda, etc., which do not volatilize, and are

called Jixed a Ikalies.
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Solution.—Water is the great solvent. When we
speak of dissolving a substance, and do not name the

liquid, water is always undei'stood. We know very little

about this phenomenon beyond the fact that certain sol-

ids, gases, and liquids will diffuse themselves to a fixed

degree through liquids. For example, oxygen ga<?, sugar
and sulphuric ether, will dissolve in water. Solution
seems to differ from chemical combination, from the fact

that the change is gradual and continuous, and not in

definite proportions, as during chemical action. The
liquid which dissolves the other substance is called the

solvent. There is no known law regulating the act of

solution, excepting the law of Dalton and Henry regard-

ing pressure and the solubility of gases.f Some speak
of dissolving zinc in dilute sulphuric acid, or of dissolv-

ing iron in hydrochloric acid, etc. Such ex]>ressions are

improper, as the iron and the zinc do not dissolve, but
form chemical compounds which are soluble.

Saturated Solutions.—A liquid is said to be satu-

rated when it has taken up the solid liquid or gas to the

fullest extent. The point of saturation is infl.uenced by-

temperature. Most solids (a few exceptions, such as cal-

cium citrate) dissolve to a greater extent in hot than in

cold liquids. There is no law regarding the saturation

of liquids. A liquid may dissolve one substance freely,

and refuse to dissolve another of very similar chemical

composition. Consequently the solubility of bodies in

various liquids must be determined by direct experiment.

The term saturate has a similar meaning when it is ap-

plied to the coinbiiuUi()ii of an acid radical with a basy-

lous radical or with an element. The term neutralize is used

with the same meaning, and it is customary to speak of

saturating (neutralizing) an acid with an alkali.

When we endeavor to more than saturate the bonds of

t"The weight of a p:as dissolved by a liquid is directly proper,
tionate to the pressure." (Law of Dalton and Henry.) Gases are

more soluble in cold than in hot liquids (hydrotyen excepted), and
it is necessary to bear in mind that this is the reverse of the effect

of heat upon the solution of most solids.
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affinity, one substance is in excess, and remains un-
cluinged. In this work the term " slightly in excess^^ will

ot'ten be used. In such cases there is to be of one article

a larger amount than is necessary to saturate the substance
to which it is added. Thus: "Add diluted sulphuric
acid to ammonia water until the acid is in slight excess,"

conveys the idea that the ammonia must be saturated

with the acid, and the liquid afterward be of an acid re-

action, from the effect of the free acid which is present.

Effervesce.—If a piece of marble or chalk, or a crys-

tal of potassium bicarbonate, be covered with dilute hy-
drochloric acid, bubbles of gas (carbon dioxide) will

escape, and the mixture is said to effervesce. If a bottle

of carbonic acid water have its cork lemoved, efiferves-

cenco at once takes ])lace.

Fluorescence.—It is accepted that this phenomenon
results from the change of highly refrangible dark rays

of the solar spectrum into the less refrangible visible rays.

If, for example, a few grains of sulphate of quinine be

dissolved in a glass of slightly acidulated water, the solu-

tion will present a peculiar bluish cast. Some vegetable

substances present this character to a wonderful degree.

Gelseminic acid in minute proportion will render alkaline

solutions fluorescent That product of the coal tar series

which is known as "uranine" is one of, if not the most
fluorescent of known bodies. One grain of this will

render three hundred gallons of water distinctly fluores-

cent (greenisli). The color produced by fluorescent

bodies ranges from blue to preen.

Effloresce.—When salts part with water of crystalli-

zation they are said to effloresce. Usually they fall into

a dry powder under such circumstances. If a crystal of

carbonate of sodium (NaoCOg.lOH.X)) be exposed to dry

air, it parts with nine molecules of water, a M'hite ])ow-

der, the mono-hydrate remaining (NaoCOgHoO). Car-

bonate of sodium is thus said to be an efflorescent salt.

When a substance absorbs wntev from the air and lique-

fies, it is deliquescent (see deliquescent, page 80).
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Isomerism.—When bodies contain the same elements,

in the same pro}3ortion by weight, they are said to be

isomci-ic. Thus, dextrine and starcii are each C,;H,oO^-i.

Ammonium eyanate and urea are each CHjN.^O When
isomeric bodies have tiie same constituents united so as

to form molecules of diHerent weight, the term 2ioIymeric

is employed. Examples: acetylene, C;jHo, and benzine,

Heat. I"—This is said to be the effect of molecular mo-
tion. Its general action is to expand simple matter, or

even to destroy the attraction of its molecules. In this

manner most simple bodies assume according to tempera-
ture a liquid or a gaseous state.

Heat is one of the most important of agents; it is

indispensable to our existence, and is employed in most
experiments in chemistry. By the ])rojier application of
this force the chemist is enabled to decomjiose most forms
of compound matter, and to overcome the cohesive at-

traction of solids.

Effects of Heat.—Solids usually expand, liquefy, and
then change into vapor, or pass at once from the solid

to the state of vapor. Some substances, as for exajuple

iron, have an intermediate or pasty state ; others, as lead,

pass at once from the solid to the liquid. It seems that

all forms of elementary matter might become solid if

the temperature could be sufficiently reduced, and the

pressure pro])erly increased. Even the so-called perma-
nent gases, as hydrogen and oxygen, may thus be consid-

ered vapors of solids, for recently both have been lique-

fied and frozen.

Latent Heat.—When a solid passes into the liquid

form, a certain amount of heat disa])pe:irs. This is pop-
ularly known as latent heat, i\ud when the liquid again as-

tThe doctrine of a fluid "caloric, or heat," once believed, is now
discjirded. Heat is no longer considered to be a materi;tl fluid, Imt
a result of molecular motion. The stuiiy of the hypothesis as at
present accepted belongs properly to works upon chemical pliiloso-

phy and physics. In this work we shall necessarily refer to heat
as though it were a tangible body, but the student is requested to
bear in mind that such is not believed to be the case.
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sumos the solid form, tliis lieut becomes apjiarent. The
amount of heat thus consnmed in bodies which change
from the solid to the liquid state varies with the element
or the compound. The absorption of heat, or we may
more properly say the heat consumed in overcoming the

attraction of cohesion of the molecules of solids, may be

illustrated by placing a thermometer in a vessel of mixed
ice and water. If heat be a})plied, as long as the ice re-

mains the temperature of the mixture can not rise above
0° C. (32° F.), and this is the original tem})eratuie of the

mixture. As a rule, the change of state from solid to

liquid is accompanied by absorption of heat. Freezing

mixtures illustrate this, and a familiar exam})le is a mix^
ture of snow and salt, when, as both solids liquefy, a

large amount of heat becomes latent.

Sources of Heat.—The great natural source of heal

is the sun. Combustion always ])roduces heat. Chemi-
cal combination, whereby a liquid assumes the solid form
is accomj)aiiied by the liberation of heat, as in slaking

lime, in which case the water em])loyed combines with

the calcium monoxide. Intense chemical action results

usually in the liberation of much heat, and often in com-
bustion, as for example when a drop of sulphuric acid b
placed ujion a mixture of powdered sugar and powdered
potassium chlorate. If sulj)huric acid and water are

mixed, heat results from the combination. When a body
in motion is arrested, heat is evolved, thus we say that

mass motion is changed into motion of molecules ; ex-

amj)le, strike a nail with a hammer, and the tem])erature

of the nail is at once increased. Friction is a modifica-

tion of the above, for force is continually being arrested

by the moving substances which are in contact, and in

proporti(ni to the amount of friction th.e temperature of

the surfices rises.

Specific Heat.—In raising equal weights of different

substances through the same number of degrees of tem-

jK'ratnre, different amounts of heat are required. Thus :

—

It requires 32 times the amount of heat to raise the tem-
perature of one pound of water a certain number of de-
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grees, that is required to raise a pound of mercury the

same number of degrees. The " specific heat " of any
body is the quantity of heat which is required to raise a

pound of that substance one degree centigrade, water be-

ing taken as the unit. A very simple relation has been

found to exist between the speciiic heat of elements and
their atomic weights. This has given rise to the Laic of
Dulong and Petit, viz. :

" The specific heats of the solid

elements are inversely proportional to their atomic
weights." This law then peruiits the deduction of the

atomic weight of an element from a consideration of the

specific heat of the element, and such calculations agree

very nearly with the atomic weight as obtained by other

means.

Measurement of Heat.—Thermometers are instru-

ments designed to take the temperature of bodies. Tlioy

are usually capillary glass tubes connected with bulbs of

mercury. When the mercury expands it rises m the

tube; when the mercury contracts, the column in the

tube falls. We have said that heat expands solids and
liquids, consequently the mercury of the bull) exj^ands

and contracts, as the temperature increases and dimin-

ishes. The measurement of lieat by means of the ordi-

nary thermometer is sim])ly a register of the expansion

of a liquid, as shown by the movement of the liquid in

a capillary tube.

Centigrade Thermometer.—This is graduated so

that the freezing i)oint of water is zero (0°) and the boil-

ing point 100°. This thermometer is accepted as author-

ity by most chemists of Europe, but in this country the

—

Fahrenheit Thermometer is usually employed by
manufacturers,although scientists recognize the Centigrade.

With the Fahrenheit scale the freezing point of water is

32° above zero (0°),and the boiling point of water is 212°

above zero (0°). There certainly can be no excuse for

this arbitrary scale, but such is the force of habit that it

seems impossible to make general the ado]ition of the

Centigrade scale in this country. In our work we gener-
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ally give both scales ; C. representing Centigrade and F.

Fahrenlicit.i;

For chemical operations a cylindrical thermometer is

used, the scale of which is enclosed in a glass tnbe. This
can be employed for taking the temperature of liquids.

Temperature.—The temperature, accepted by chem-
ists when none is mentioned, is 60° F. (15.5° C.) and that

degree is understood unless otherwise noted. During the

evaporation of liquids, and in other operations, the term
"gentle heat" or "warmed," is often employed. This
usually denotes a heat less than the boiling point of water,

from 150° F. to 200° F. Where the term evaporotc sim-

ply is used the heat of a water- bath is to be understood.

Evaporate until a pellicle forms, siguifios that the

evaporation is to be continued until a scaly substance or

a skin forms ujion the surface of the liquid. This maybe
illustrated by dissolving one part of bromide of potassium,

or other salt, in water, then evaporating the solution until

it is concentrated to saturation, when further evaporation

results in the formation of a skin of the salt upon the

surface of the liquid in the form of small imperfect crys-

tals. This skin in i\\e. pcUkle.

Light.—At present it is su])posed that this agent is

simply the undulatory movement ol a medium which fills

all space and pervades all matter. This medium is called

ether, and it has been accepted as infinitely thin and
elastic. Luminous bodies are supposed to cause this ether

to vibrate, and these vibrations strike upon the eye and
produce the sense of sight upon the same principle that

waves in the air strike upon the ear and ])roduce sound.

The student should consult works u])on optics and phi-

losophy, as we can not enter into the details of the sulyect

in this work.

Actinic Rays.—Besides the rays upon which burning
bodies depend for their luminosity, known as luminous

tTo convert Cenligrade into Fahrenheit, multiply by 9, divide the

product l)y 5, and add 31. To convert Fahrenheit into Centigrade,

fcubtract 32, multiply by 5, and divide by 9.
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ras's, and besides the heat rays, a third radiant force exists,

known as actinio rays, or chemical rays. These are invisi-

ble, and they accompany natural and artificial light rays.

The art of pliotograpin- and tlie changes which take place

in certain forms of matter by exposure to light, result fi'om

their iniiuence.

Spectrum Analysis.—All objects emit light if heated

sufficiently. If a ray of ordinary light be passed through,

a prism it is refracted and dispersed, forming the colors,

violet, indigo, blue, green, yellow, orange and red. These
colors merge one into another and are not separated by
dark intervals. If an incandescent gas be examined by
the aid of an instrument ])repared for the purpose, certain

bright lines generally appear separated by dark bands.

The position and color of these bands differ with the

element or compound. An observance of the variations

of this and connected facts has given rise to the means
for detecting,elenients, known as spectrum analysis. The
lines j)roduced by the incandescent body is the spectrum

and the instrument employed is the spectroscope. This

instrument is carefully described by woiks upon chemical

philosophy and phvsics, and by its use the constituents of

the sun and stars have been determined. It is one oi

the most valuable and certain means for detecting small

amounts of elementary matter, and the study of the spec-

troscope has given us several elements that otherwise could

scarcely have been discovered.

Electricity.—When amber, glass, v/ax, shellac and
certain other substances are rubbed with a dry cloth each

body acquires a new property and has the power of attract-

ing light objects, such as bits of cork, feathers, etc., and is

said to be in a state of electrical excitation, or el&trifed.

The force, which produces the attraction is known as the

electrical force, or as electricity.

^

It has been found that there are tw^o states of electrical

excitability, or as some choose to say, " two kinds of elec-

tTt is cnstnmfiry for convenience to speak of the electrical fluid.

This is improper, for the force which gives rise to the electrical

State is unknown to man. We note the effects only of this agent.
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tricity." That excited by rubbing glass is positive (or

vitreous) ; that excited by rubbing wax, resin, etc., is

negative (or resinous). The sign + always denotes posi-

tive electi-icity ; the sign — denotes negative electricity.

Bodies negatively electrified repel each other, and bodies

positively electrified repel each other ; but bodies in op-

posite electrical states attract each other.

Conductors.—Some bodies permit the ready passage

of the electrical force; metals, water, etc., are examples,

and are called conductors. Others, such as glass, resins,

etc., are not capable of conducting electricity, or conduct

it imperfectly, and are called non-conductors. Dry air is

a non-conductor, air charged with vapor is a conductor.

The ordinary electrical machine is simply a glass plate or

cylinder, which is made to revolve against an amalga-

mated cushion and a strip of silk. The electricity ex-

cited is drawn from the opposite side of the revolving

cylinder by means of brass points, and conducted to a

Levden jar. This form of electricity is often designated

by the name frictioncil electricity, in contradistinction to

—

Fig. 27.

t

t The chemical action at the surface of the zinc is thought to

supply negative electricity to the zinc, and positive electricity to the

acid. In practice but one current is recognized (positive) and
when the two metals are connected at the top the "current ' is de-

Bcribed as passing from the copper to the zinc at the place of con-

tact, and from Iht; zinc to ihe copper throu^^-h ihe solution \Fig. 2 7).
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Voltaic Electricity, or Galvanism.— This was
discovered by Galvaui, and carefully considered by Volta,
after both of whom it has been named. If a strip of
zinc and a strip of copper be placed in a beaker glass

partly filled with dilute sulphuric acid, and the two strips

be connected with wire, or be brought in contact at the

top, the zinc will dissolve, and bubbles will rise from the

Fig. 28. Voltaic Battery.

copper. This chemical action is attended with the flow

of an electrical current and the production in solution of

zinc sulphate. If a number of such vessels be connected
together by copper wire, the copper of one with the zinc

of another (fig. 28), a voltaic battery is produced, and the

electrical efl'ect is intensified in accordance with the num-
ber of cells, for the current increases in strength with
each additional cell. Tlie opposite or end wires are

known as poles, or electrodes ; the wire which connects with
the copperplate is the positive pole, while the term nega-
tive pole is aj)pHed to the wire which terminates the zinc.

There are many forms of the galvanic battery, all based
upon similar considerations, but the metals and the solu-

tions employed are variable and numerous, as are the

forms of arrangement. A simple illustration of galvanic

electricity may be shown by placing a silver coin beneath
the tongue, and a strip of clean, bright zinc upon the

tongue. If the edges of the metals are brought together

over the tip of the tongue, a sharp metallic effect follows

(some liken it to a burning taste), which ceases as soon as
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the metals are separated. In this case the saliva of the
mouth is the exciting liquid, and the sharp sensation re-

sults from the jiassage of the current of electricity through
the tongue, ^vhich forms a part of the circuit.

Galvanism at the present day is often employed by
physicians, and many forms of the galvanic battery are

manufactured expressly for their use. Fig. 29 represents

the very complete and cheap battery designed by James
Foster, jr., & Co., of Cincinnati.t The form of battery

represented by fig. 30 is such as can be carried in the

pocket; it is known as the Gaiffe battery.

Fig. 30.

Electrolysis.—If the poles of a moderately strong
galvanic battery are made of platinum wire and are

placed near each other in a glass of dilute sulphuric acid,

tThis is a form of the Faradic, or broken-current battery. We
can not consume space with the principle of its action, and refer
the reader to works devoted to electricity.
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the current decomposes the water at the ends of the wires,

and the operation is termed electrolysis. In this case it is

found that pure oxygen escapes from tlie positive pole

(electrode), and pure hydrogen escapes at the negative

pole (electrode). If glass tubes are suspended over each

])ole, the two gases may be collected in the proportion of

two volumes of hydrogen to one volume of oxygen.

Compounds which are capable of such decomposition are

called electrolytes.* The process (electrolysis) is apj)lied

to the analysisof certain salts in solution, or in the molten

state. By this means several rare elements have been

obtained, as will be stated in this work when elementary

substances are individually considered.

Electro-Negative and Electro-Positive Ele-
ments.—In the electrolysis (analysis by means of elec-

tricity) of water, we have said that oxygen escapes at

the positive pole, and hydrogen at the negative pole of

the battery. Oxygen is thus the electro- negative element,

and hydrogen the electro -positive element. As a rule, oxy-

gen, chlorine, sulphur, etc., when combined with metals,

appear at the positive pole, and are electro-negative.

Hydrogen and the metals appear at the negative pole of
the battery, and are known as electro-]iositive elements.

These distinctions are to a certain extent relative, for

under certain circumstances, dependent upon the elements
combined, the order of liberation may be reversed. The
following table of the electro-chemical elements (by
Gore) is arranged so that " each substance is usually
positive to all those following it, and negative to those
preceding it."

*Tho?e bodies only are electrolytes -which are composed of a con-
ductor and a non-conductor. Generally ppeiikinsr, the i^reater the
chemical opposition between the elements of a compound, the more
readily it yields to electrolysis.

—

Miller.
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Potassium, Hydro«:en,
Sodium, Aiitimoii}',

Magnesium, Carbon,
Zinc, Tellurium,
Iron, Phosphorus,
Aluminium, Sellenium,
Lead, Iodine,

Tin, Bromine,
Bismuth, Chlorine,

Copper, Nitrogen,
Silver, • Sulphur,
Mercury, Pluorine,
Platinum, Oxygen.
Gold,

We shall employ the terms electro-negative and elec-

tro-positive occasionally in this work, and in such cases

the student is to understand that when the compounds
named are submitted to electrolysis the electro-positive

element is deposited, or escapes from the negative elec-

trode or pole, while the electro-negative element is depos-
ited upon or escapes from the positive electrode or pole.

Heat and Light by Means of Electricity.—The
obstruction of a current of voltaic electricity results in the

production of heat, or both heat and light. If the poles

of a working battery be connected by a fine platinum wire
the current of electricity is retarded, and in proportion to

this obstruction heat and light are ])roduced, the wire be-

ing heated to whiteness or even melted. If the poles of a
strong galvanic battery be each connected with a carbon
point, and after the circuit is completed the points be
slightly separated, the result is a dazzling bright light.

This is kncnvn as the electric light, or electric arc.

Magnetism.—Loadstone is a natural magnet. If a
piece of loadstone be suspended by a fine thread one part
will point to the north, and from whatever position it may
be placed will settle into that direction. The portion
which points toward the north is called the north pole of
the magnet, and that toward the south is called the south

'pole. If a piece of steel be rubbed upon one pole of a
loadstone the steel becomes magnetic. That part which
was in contact with the pole of the magnet becomes the
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opposite pole of the artificial magnet. The magnet thus
])r()duced will have poles the reverse of the magnet used
U) j)roduee it. If the north ]>oles of two magnetic

needles be brought together a repelling force is exhibited

and they fly from each other. This is true of the south

poles of two needles. Upon the contrary the south pole

of one needle attracts the north ])ole of the other, and if

they are permitted to come in contact they adhere with

considerable force. Thus we find that like poles repel, and
unlike poles attract. In this work we occasionally refer

to an element as capable of being magnetized, and in such

cases it is to be understood that such a body Avill readily

assume the character of a magnet. The force Avhieh gives

rise to the property of polarity is unknown. AVe study

its effects, sometimes speak of it as the viogniiic fuicl,

but can not accept it to be a tangible body. It seems that

most substances are more or less susceptible to the influ-

ence of magnetism.

Electro-Magnetism.—AVhen an electric current is

passed through an insulated wire wrapped about a bar of

iron or steel, the bar becomes magnetic. TV' hen the cur-

rent is cut off, if the bar be of soft iron, the magnetism
immediately disappears ; if the bar be of steel it remains

a permanent magnet. This magnet has all the ]iroperties

of the natural magnet and it is by this method that

the ordinary "horse-shoe" magnets of commerce are

prepared.

Specific Gravity.—The effects of gravitation are

familiar to all. The force is unknown. All natural bodies

have more or less weight, and it is customary to ascribe

this property to gravitation. Specific gravity is " the

weight of a definite volume of any solid, liquid, or gas,

compared with the weight of a standard." We accept as

the standard for solids and liquids water at the tempera-
ture of 60° F. (15.5° C.) If a given bulk of any body
is heavier than tiie same bulk of water, we say its specific

gravity is greater than that of water. If it be less than
the weight of the same bulk of water, we say its specific

gravity is less than that of water.
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Specific Gravity of Solids Heavier than Water.
Weigh the body in tlie air, tlien weigh it in water by sus-

pending it by means of a hair from the arm of a balance,

permitting the solid to enter the water. Divide the

weight in air by the loss of weight in water, tlie result

Avill be the specific gravity of the body under consideration.

The specific gravity of solids lighter than water is

found as follows :

—

Attach the light substance to a heavy body, such as a

piece of brass, and find the difference of their combined
weights in water and in air, which will equal the Mater
displaced; subtract from this amount the weight of water
displaced by the heavy body, (found by weighing it in air

and then subtracting its weight in water,) and the result

is the weight of water displaced by the lighter substance.

Divide the weight of the light substance in air by the

weight of water that it displaces, and the quotient is the

specific gravity of that body. Where substances are

soluble in water other liquids must be employed and the

difference of their specific gravity noted.

Specific Gravity of Liquids.—For this purpose a

bottle holding exactly 1000 grains of distilled water, at

the temperature of 60'' F. is filled with the liquid under
consideration and the weight of the liquid is taken. This

is the specific gravity of the body ; thus :

—

If the bottle be filled with sulphuric ether U.S. P. this

will only weigh 750 grains, and its specific gravity is

0.750, (water being 1000).

If it be filled with chloroform this will weigh 1490

grains, therefore, chloroform has the specific gravity 1.490.

If it be filled with mercury, the weight of this sub-

stance will be 13560 grains at 60° F. and consequently

mercury has the specific gravity 13.5.

The hydrometer is a very convenient little instrument

and is emploved for taking the specific gravity of liquids

where exact gravity is not required. Hydrometers are tubes

of glass blown into a bulb at one end, into which a little

mercury is introduced. When this instrument is placed in

pure distilled water at 60° F. the heavy end sinks, the
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tube remaining upright. The point at which the surface

of the water comes into contact with the tube is marked
1 or 1.000, and is taken as unity. If now the tube be
placed in a liquid of greater specific gravity than water, it

will not settle so deeply; if it be placed in a liquid

which is lighter than water it settles belorv the 1.000 mark.
Hydrometers are provided with graduated scales within

Fig. 31. Fig. 32.
Uvilrometer Hyilrometer
lor liqiiifls for liqui'ls
heavier than lighter than

water. water.

Fig. 33.

Hvdroraeter tube
with hydrometer.
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the tube, and if the hydrometer settles to a given number
upon this scale, that is the specific gravity of the liquid.

Tliis principle is derived from the fact that any body will

displace its weight of a liquid, and if the liquid be dense

(or heavy), the body floats higher than in a lighter liquid.

Hydrometers for heavy liquids have the scale graduated

from above downward, the 1.000 mark being at the top.

Hydrometers for liquids lighter than water are graduated

from below upward, the 1.000 mark being at the bottom
of the scale. There is a narrow cylindrical glass made
expresslv for holdins; the liquid, which is known as the

hydrometer tube.-f (Fig's. 31, 32, 33.)

FiG.34. B, faces of crystal; C, edges of crystal; A, angles of crystal.

Crystallography.—AVhen a chemical compound
passes from the liquid to the solid state it usually assumes
a definite geometrical form. If for example a solution of

common salt be evaporated to dryness it will be found

that the residue is made up of a number of cubes or frag-

t Hydrometers are made and sold for use in the arts, under differ-

ent names, such as Saccharometer, Lactometer, Urinometer, etc. Such
are designed for particular liquids, and thfi scale is made with refer-

ence to each, but the ijjeneral principle is that which we have named.
We advise the use of hydrometers which recognize the true specific

gravity of the liquid, instet^d of such gradations as are given by
Baume'j Cartier, Twaddell, etc.



CHEMICAL THEORY. 65

ments of the cube. Such a substance is said to crystaUlze.

It is found that every chemical substance iu the crystalline

state possesses a distinct form.

Crystals are bounded by plane surfaces and these are

called faces. AVhere the laces meet straight lines are

formed and these are known as edges. The incidence of

the faces forms angles, (Fig. 34,)

Crystals are bounded l)y either similar faces in which
all the faces resemble and have the same relative position

(figs. 35, 36), or they are bounded l)y dissimilar faces which
occupy ditfereut positions and are of unequal size (fig. 37).

Similar Faces.
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supposed to be built up about these Hues (axes), and thus
the position and the length of the axes determine the
position of the faces of the crystal.f (Fig's 38, 39.)

Fig. o8. Fig. 39.

Heavy white lines show the axes of the crystals.

Cleavage of Crystals.—Most crystals split more
readily in certain directions than in others. This is

termed cleavage. Ferrocyanide of potassium illustrates

this fact most admirably, and the student is requested to

examine a crystal of this substance. Our figure 40 shows
the lines of cleavage whereby this salt may be split into

thin slices.

Fig. 40.

Systems of Crystallography.—There is an im-

mense number of crystalline modifications, all of which
are compo.sed of combinations of six systems or groups.

The forms of each system are closely related as regards

t From the fact that surfaces are real, and axes imaiiinary, it woulu
poem natural to suppose tlvit the hotter plan would be to assume that

the surfaceK and angles of a crystal determine the position and the

lensjth of the axe.s, and that the axes are imaoinary skeletons upon
which the faces are supposed to be constructed.
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the length and position of their axes, and each system
has a i)riniaiy or fundamental form.

1. Regular or Cubic Systera.—This has three eqnal

axes at right angles and of equal length. The funda-
mental form of tills system is the regular octohedron and
the next simple form is the cube (fig's 35, 36).

2. The Hexagonal System has four axes, three

situated in one phme and of equal length, cutting each
other at angles of 60°. The fourth axis is longer than
the others, and intersects them at right angles to their

planes (fig. 41).

Fig. 41.

3. The Quadratic or Square Prismatic System.—
These crystals have three axes, all of which are at right

angles to each other, but only two are of the same length
(fig. 42).

Fig. 42. Fig. 43.

4. Rhombic System.—In this there are three axes

of unequal length, all at right angles (fig. 43),
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5. The Monoclinic System bus three nncqnal axes,

two of which are at right angles to each other, the third

being inclined so as to be oblique to one of these and at

right angles to the other (fig. 44).

6. The Triclinic System has three axes, all unequal
in length and all oblique to each other. The crystals of

this system are very irregular and difficult to study

(fig. 45.)

FiQ. 44. Fig. 45.

Determination of Crystalline Forms.—The form
of a crystal is determined by means of an instrument
named the goniometer. This gives the measurement of the

angles formed by the faces, from which data the crystal is

identified by simple calculation.

Permanent Crystals.—This term is often employed
l)y chemists, in contradistinction to crystals which absorb

moisture from the air and deliquesce, or which give off

water of crystallization and effloresce. As examples of

permanent crystals we may name bromide of potassium

and chloride of sodium, either of -which remains un-

changed in ordinary air. U]>on the other hand carbonate

of sodium will effloresce, and acetate of potassium will

deliquesce, therefore, these substances are not permanent.

Some crystals undergo chemical decomposition, and such

can not be called permanent.

Isomorphism.—When bodies have the same crystal-

line form, and agree in chen)ical composition to the extent

that aualoccous elements or oron]is of elements can re]>lace

each other in such compounds, they are said to be isomor-
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phous. Thus it has been found that many entirely differ-

ent compounds have the same crystalline form, as for

example the alums, and that they may be made to crystal-

lize over each other without affecting the angles and faces

of the crystal. In such cases the salts have, atom for

atom, identical compositions. Examples:

—

Potash Alum KAl(SO,).IT..O.

Soda Alum XaAl(SO^):H;0.

Dimorphism and Trimorphism are terms apjdied

to substances which have two or three distinct crystalline

forms. Thus, if sulphur be allowed to crystallize from

the molten state, it assumes the form of oblique rhombic

prisms, while from solution in carbon disulphide, rhombic

octohedra are formed. Many salts as well as many
natural minerals have this property. If an element or a

compound is capable of assuming three distinct crystal-

line forms it is said to be trimor^jhous.

Water of Crystallization.—Many crystals contain

definite amounts of water in definite chemical proportions,

and this water is known as icaier of crystallization. Water
of crystallization often varies with the temperature at

which the salt is crystallized, and the same salt may
contain different amounts of water. Thus: Manganous
sulphate (MnS04) crystallized at a temperature beh)w 6°

C. has the composition MnS04+7HoO; between 7° and
20° C. it has the composition MnS0t + 5H,0; between
20° and 30° C. a salt of the composition MnS04+HoO
forms. Water of crystallization (saturated with the salt)

often separates at ordinary temperatures, and during sum-

mer it is not uncommon to observe it running in quanti-

ties from barrels of sodium sulphate (Glauber salt). The
temperature of 100° C. (212° F.) will expel tiie water of

crystallization fi'um most substances. (See effloresce.)

Experiments in Crystallization.—Dis-olve nitrate

of })otassium in any given amount of hot distilled water

until the salt ceases to dissolve. Place the solution in a

cool place, and shortly crystals of ])otassium nitrate will

appear, which will continue to increase in size until the
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solution is dejileted of the excess of tlie salt. This ex-

periuicut may be performed with alum or bromide of po-

tassium in the same manner and with tiie same result,

excepting that each salt will assnme a different crystalline

form. After the solution has cooled it should be decanted

from the crystals. The solution after crystallization of

the salt is known as the mother liquor, a term often em-
])loyed by chemists. If a saturated solution of most salts

be permitted to evaporate spontaneously, crystals of the

substance formerly in solution will remain. This is the

princi})le applied in salt-making where the evajioration is

jjerformed by exposure to the sun's rays. Woiks upon
chemistry usually state that it is necessary in order that

large crystals be produced, to have the solution evaporate

spontaneously. The author admits tliat large crystals

may be made by slow eva]>oration, but he has nuule

crystals of potassium bromide and other substances, of

many ounces each in thirty-six hours, and many pounds
in a few days.

Precipitates.—In chemistry the term precipitate is

applied to an insoluble substance, which separates from a

liquid, or which results when solutions are mixed. If we
mix a little dilute ammonia- water with a little dilute

solution of a ferric salt (ferric cldoride, for examjtle), a

brownish substance Avill separate and settle to the bottom
of the vessel. This is the precipitate. It does not neces-

sarily follow that precipitates should settle (as the name
signifies). Sometimes they rise to the surface, or even

remain suspended in the liquid, in all cases being called

bv chemists precipitates.

Washing the Precipitate.—If the substance settles

easily this operation is best performed by pouring off the

supernate-.it liquid, filling the vessel Avith water, and after

again ]iermitting the preci])itate to settle, jiouring off the

liquid as before. This 0]ieration may be re^ieated as often

as is necessary to vmsh from thepreci]>itate the substances

held in solution by the original liquid, and the operation
is known as "washing the preciju'tate by decantation."
If the original mixture of precipitate and liquid be
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poured upon a filter paper or a innslin strainer, the solu-

tion passes thro u lib and the insoluble matter (precipitate)

remains within the paper or strainer. It' water be now
poured upon the precipitate the soluble matter will be
carried through, and the precipitate will be purified. This
is called " washing a precipitate upou a filter or a strainer."

Filtering.—There is a form of paper made expressly

for filtering j)ur[)Oses. This is porous and when the object

is simply to jilter a solution, the operator is expected to

pass the liquid through this paper. The act of filtration

through paper simply separates insoluble or suspended
matters from the solution, as these cau not pass through
the interstices of the pa})er. In some cases animal char-

coal is employed for the ])urpose of filtration, especially

with colored solutions. This results in the separation by
absorption of some soluble constituent of the liquid.

Dialysis.—It has been found that crystallizable bodies
in solution will pass through certain septa, as bladder and
otiier animal membranes, gelatinous substances, etc., and
that uncrystallizable bodies, as gums, can not do so. The
application of this princii)le has led to the dialyses or

sej);iration of such as pass through the membrane (crystal-

loids) from those (colloids) incapable of doing so. This
is known as dialjjsis. At the ])resent day " dialyzed iron "

is used in medicine to a considerable extent. This prejia-

ration is in reality a very basic solution of oxy-chloride
of iron incapable of dialyzing and which remains inside

the dialyzer, while the crystalline salts pass through.
Dialysis has been applied to the separation of crystalliza-

ble poisons from organic mixtures.

Catalysis.—This term is sometimes employed by
chemists in cases where a body induces chemical action
and is itself unchanged. " Contact action " is occasion-
ally used in the same manner. An illustration of cata-
lytic action is that wherein finely divided platinum induces
at ordinary temperatures the combination of oxygen and
hydrogen, the platinum remaining unchanged. Some
prefer to consider the liberation of oxygen from potassium
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chlorate at a low temperature, if manganese dioxide be
present, as an exhibitioa ot'catalytic action induced by the

manganese dioxide. In this ease the dioxide remains
unchanged, all of the oxygen being liberated from the

potassium chlorate. If tlie chlorate alone be used a very

high heat is necessary to effect the liberation of oxygen.
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NON-METALLIC ELEMENTS.

The elements have been divided into two classes

—

nori'metaUic and metallic. This division is for the sake of

convenience and is entirely arbitrary. A line can not be

drawn between the two classes, and chemists are not

agreed npon the position of some of the members, as for

example arsenic, which is cUissed by many as a metal and
by others as a non-metallic body. The term metalloid

has been given to the non-metallic elements, but at pres-

ent is seldom used. The non-metallic elements are usu-

ally electro-negative in combination with metals, there-

fore, most of their compounds are to be found in this

work with the metals.

Non-Metallic Elements.—Hydrogen, oxygen, phos-

phorus, chlorine, sulphur, arsenic, bromine, selenium,

boron, iodine, sellurium, carbon, fluorine, nitrogen, silicon.

Chlorine, bromine, fluorine and iodine, are sometimes

called Halogens. Each of the halogens can combiue

directly with bases, and the salts to which they give rise

are often designated as haloid salts.

HYDROGEN.
Symbol, H. Atomic weight, 1.

Hydrogen is of peculiar interest to the chemist. It is

the lightest known body and is taken as unity .f It was

among the last of the so-called permanent gases, consti-

t It must be remembered tbat the actual weight of any element

isunkown to us. We simply call hydrczen unity (1), and calculate

the weight of other bodies by comparison with this accepted

standard.

7 (73)
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tutes a large share of all organic substances, both vegeta-

ble and animal, and forms about one-ninth part of the

Mcight of the water of the Globe. Hydrogen seldom
appears free, but a few volcanic emanations contain it in

small proportion, and it has been found in meteoric iron,

and in the gas of oil wells. Pure hydrogen may be ob-

tained from water by electrolysis, but for ordinary pur-

poses it is made by the action of dilute sulphuric acid

upon metallic zinc. In this case it is contaminated with

various foreign substances which give color to its flame,

and an odor to the gas. Hydrogen may also be made by

passing steam through a rnetal tube filled with iron turn-

ings and heated to redness ; black oxide (magnetic) of

iron, known as ferroso-ferric oxide, FcgOj, being also

formed, thus :

—

3Fe^ + 8H,0 =2Fe30^ -\- 8H.,
Iron.- Water. iJlack oxide Hydrogen,

of iron.

To make hydrogen conveniently the following experi-

ment is readily performed. (Fig. 46). Into the 16 oz. cheni-

ical flask A, place two ounces of sheet zinc cut into small

pieces. Cork the mouth of the flask with a cork fitted

Fig. 46.
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with a glass tube, the bore of which is not less than one-
fourth of an inch, and which is connected with the 4 oz.

bottle B. This bottle (B,) is to be half filled with dis-

tilled water, and the tube from the flask A. is to extend
through the cork to near the bottom of the water. From
the wash bottle B, a glass tube leads to the bottle 0, fiUed

with water, and which is inverted over a basin of water
(pneumatic trough). Remove the stopper and pour \u{o

the flask A, a mixture of water seven fluid ounces, and
sulphuric acid three fluid ounces. Replace the sto[)p('r

and permit the gas to flow for a few minutes and escape

from the exit of the tube, but not into the bottle C Theu
move the terminus of the tube so that the flow of gas

passes into the bottle (C) as indicated by our figure (4G)

until the water is displaced. The cork of the generator

A, may be replaced by a cork with a straight glass tube,

and after a few minutes from the commencement of the

reaction the escaping gas may be ignited. Care vnist be
taken that this gas is not lighted when the reaction be-

gins, else a serious explosion may be expected. Hydrogen
is colorless, tasteless and odorless, and was until 1877
classed among the permanent gasesf. However, during
the latter part of that year it was condensed bv a pressure

of 300 atmospheres accompanied by a low temperature.

The apjiaratus employed need not be depicted here, but
we take pleasure in referring the honor of this experiment
to the simultaneous and independent work of M. Cailletet

(France), and RaoLd Pictet (Switzerland). The combining
weiglit of hydrogen is less than that of any other body.

Hvdrogen will not support ordinary combustion, but it

burns wdien a stream is lighted in the air or in oxygen,

and the product is the vapor of water, thus :

—

H4 + O, = 211,0.
IlydiOijen Oxygen AVutcr.

The heat produced by one gram of hydrogen combin-

ing with oxygen, as explained by the foregoing formula, is

suincient to raise the temperature of 34.4G2 grams of

t rcrmaneni gas is a term which was once applied to ,t:n?e« which
had never hccn liquelied. Oxygen and hydrogen are examples.
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water from 0° C. (32° F.) to 1° C. (33.8° F). The
following simple experiment will illustrate the production
of hydrogen gas from water. Fill a test tube v.ith water in

a vessel of water, and raise it with the mouth down unti?

the mouth of the tube is near the surface. Then ])lace

a }iellet of sodium on the })oint of a penknife blade and
quickly introduce it below the mouth of the tube. It will

immediately fuse and rise into the tube and float upon
the surface of the water, which wnll be decomposed (see

sodium) with liberation of hydrogen. At last the tube
will be filled with gas which will show the characteristics

of hydrogen burning on the surface when a lighted match
is thrust into it Hydrogen w'ill not support animal life

when inhaled, but if the gas is jierfectly ]nire it is said

that a few inspirations may be drawn without danger.

Hydrogen gas is sparingly dissolved by water and almost

alike by water of all temjieratures. This gas has the

power to ]>ass through many red-hot metals, such as ])la-

tinum, palladium and iron. Oiled silk and india-rubber

bags retain it but a short time. The absorption of hy-

drogen by hot metals has been termed occlusion. Many
metals absorb and hold, at red-heat, large quantities of

hydrogen, and such combinations have been likened to

alloys. This form of hydrogen is by some supposed to

be solid, and the term hydrogeriium has been given it. The
experiments of Troost and Hautefeuille, however, with

palladium indicate that a real chemical compound is pro-

duced, and to such the composition PdH was ascribed.

If hydrogen be mixed Avith oxygen gas or with atmo-

spheric air and then ignited a violent explosion results.

For this reason we have advised the experimenter to per-

mit the gas to pass from the generator some little time

before collecting it.

Experiment.—Thrust a lighted taper into a jar of hydro-

gen gas, the flame of the taper will be extinguished, but

the surface of the hydrogen will burn with a ])ale blue light.

Into an inverted tin tube, sealed at one end and pierced

with a hole over which the thumb is held, pass hydro-

gen gas until the tube contains a mixture of air and hy-

drogen in about equal proportions ; then cork the open end
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and apply a flame to the orifice, a violent explosion re-

sults, (Fig. 47). In this instance the combustion is instan-

taneous throughout the tube, accompanied with formation

of vapor of water. When a glass tube of one-half inch

in diameter is held over the flame of a jet of hydrogen

gas, a peculiar noise is produced. This, when in opera-

tion, is called the musical tube.

Fig. 47.

Hydrogen gas is used in medicine only in combina-
nation, but in this form it is of vital importance to both

animal and vegetable life. The oxy-hijdrogen blow-pipe

flame is dependent on combustion of mixed jets of oxygen
and hydrogen gases, and is of great importance in the

arts and in chemical analysis as a source of intense heat-

Hydrogen gas is sometimes employed for filling balloons,

but for economy's sake coal gas is usually used. Hydro-
gen combines with elements to form hydrides. Tlie acids

are salts of hydrogen.

Hydrogen Monoxide (Water).—Formula, H^O. Mo-
leculiir weight, 17.9H.

The molecule of water is composed of two atoms of hy-
drogen united by chemism with one atom of oxygen, or,

two volumes of hydrogen in combination with one vol-
ume of oxygen. We have shown that water may be de-

composed by sodium, yielding hydrogen gas as one of
the products. If it be decomposed by electrolysis, two
volumes of hydrogen gas rise from the negative pole for

one volume of oxygen from the positive pole, and it will

be found that the weight of the oxygen as comj^ared with

the hydrogen is as oxygen 16, hydrogen 2. The bulk,

however, of the hydrogen, and the number of hydrogen
atoms, are each hvice that of the oxygen.
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Pure water is seldom to be procured in our large cities,

even by distillation. Most natural waters contain organic

matter, either volatile or which decomposes by the heat

of distiUation, and thus contaminates the distillate with
certain products wiiich distill and condense with the steam.

The air ot" cities and of" dwellings, more especially of
chemical laboratories and of manufactories, swarms with

organic matter, germ cells, etc. If, during the act of dis-

tillation in these places, the condensed water is permitted

to fall through the air, even from the condenser to a re-

'ceiver, the result is a liquid which contains all that is

necessary for the propagation of the lower classes of or-

ganic vegetable life. This fact is exemplified by the

"slimey" contents of our phamnacist's bottles of distilled

water, after a little time. Distilled water (not absolutely

pure, but such as will answer all ordinary j->urposes), should

be made by connecting a retort with a Liebig condenser,

the exit of which connects with a bent glass tube which
enters into a bottle through a plug of cotton placed

in the neck. The retort should be two-thirds filled with
fresh spring w^ater, of which one-fifth is distilled and
thrown away. The receiving bottle should now be con-
nected with the condenser, and distillation conducted un-
til three-fifths have passed. The distillation is now to be

discontinued and the receiver securely stopped. The wa-
ter of many mountainous lakes is very pure, especially as

regards organic matter, and so we may say of some North-
ern springs.

Water is tasteless and odorless. It is colorless if in

small body, but if in large quantities is bluish-green.

This is particularly noticeable in the waters of certain pure

lakes which are fed by springs or mountainous streams.

Water is almost incompressible and is a bad conductor of
heat and electricity. It is remarkable, as being an ex-
ception to the general rule that bodies contract upon cool-

in<i' and expand when heated, for when water is heated

from 0° C. to 4° C. (32° F. to 39.2° F.) it contract^, and
when it is cooled from 4° C. to 0° C. (39.2° F. to 32° F.)

it expands. This is a fact of the utmost importance to

man, inasmuch as upon this principle ice forms upon the
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surface of \yater and remains there instead of sinking. In
the act of cooling, from the snrface, water constantly sinks

and is replaced by warm water from below, until the en-

tire body is reduced to the temperature of 4° C. (39.2° F.)
Then it congeals on its surface, and the loss of heat from
that time must be by conduction, and, as we have said,

water is a poor conductor. Therefore it is that our lakes

and rivers seldom freeze to a very great depth.t The
freezing point of water is usually 0° C. (32° F.) but under
certain conditions it may be reduced as low as—24° C.

(11.2° F.) without solidifying. Snow and frost are forms

of ice crystals.

Water boils at 100° C. (212° F.) at the level of the sea.

As the pressure of the atmosphere is lessened (as in as-

cending a mountain) the degree at Avhich it boils becomes
proportionately less. Water is the universal solvent. In
all cases in this work where the direction is to make a so-

lution, no liquid being designated, water is understood.

Water combines chemically Avith many l)asic oxides, to

form a class of compounds termed hydroxides, hydrates, or

hydrated oxides. In these the elements of water (HoO) are

present, but they do not exist as water. Examples :

—

K.O + H.O = 2K0H.
Potas>lum Water. I'otassinm
nionoxidu. hjdroxiUe,

CaO + H..0 = Cn(OH),.
Calcium Water. Cakhim
monoxide byilroMde.

t In Northern countries a kind of ice forms m exceedivgly cold

weather upon the rocks upon the bottom of rapid ripples, while run-

ning water is above and no surface ice. This ice is known under the

name of anchor ice. It, in appearance, resembles masses of need.es

with their points up, and attached at their bases to the rocks. A\ e

can account f..r this ice bv the fact that the mass of the water of the

ripple is almost at the ffeezincr point. The rocks conduct the heat

of the bottom of the ripple to the bank and thus actually reduce

the temperature of the rockv bottom to less than 0° C (32 t .) 1 his

is followed by congelation upon the bottom in crystals which shoot

upward into* the stream in the manner we observe crystals shoot

acrossthe surface of water in theroadside puddles. It is well known

in the North, that anchor ice portends very cold weather, and it is

customary to sav. in order to make the impression of severely low

temperature, anchor ice is forming . Anchor ice is lighter than water

ami floats when it is broken from the rocks.
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Some of the hydroxides (hydrates) hold the elements

of water with great force, a very high heat being required

to dissociate them.

Hygroscopic substances are those which absorb

moisture from the atmosphere, and retain it as water. This

is true to au extent with most dry powders in a moist at-

mos{)here, but the term hygroscopic is applied in this work
to such bodies only as have a positive attraction for

moisture in ordinary air.

Deliquescent.—If a body absorb moisture in suffi"

cient amount to dissolve in the water so taken from the

air, it is said to deliquesce. All deliquescent bodies are

hygroscopic, but it does notfollow that a hyiri'oscopic sub-

stance is deliquescent. As an exanij^le of deliquescent

substances, we can name acetate of potassium, or chloride

of calcium, either of which will absorb moisture from the

air npon exposure to it, and dissolving in this water will

form a liquid.

Anhydrid.—Oxides which will unite with water to

form acids are called anhydrides. Thus:

—

SO, + H,0 = H,S03.
Sulphurous Water. Siirijluuous
anhydrid. acid.

N,05 + H,0 = 2HXO3.
Nitric Water. Nitric
anhydrid. aoid.

CO., + H,0 = HXO3.
Carbon Water. Carbonic

anliydrid. acid.

The anhydrid of sulphuric acid is in reality SO,. This

will unite with hydrogen dioxide (H,0,) to form sul-

phuric acid, thus:

—

SO, + H,0, = H,SO,.
Sulphur Hvdrogen Sulphuric
anhydiiJ. dioxide. acid.

Owing to the fact that the real anhydrid of sulphuric

acid can not form the acid by combination with water, it

is customary to S2)eak of sulphur trioxide (SO3) as the

anhydrid, thus:

—
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SO3 + H.,0 = H.SO,
Sulphuric Water. Sufphuiic
anliydrid. acid.

Anhydrous bodies are those Avliicb do not contain
water. Salts are hydrous Avhen they contain water that
may be driven off without altering the chemical proper-
ties of the compound to any considerable extent.

Hydroxyl, OH. This is the foundation of all hydrox-
ides. We may consider the molecule of water H.,0 to

consist of hydroxyl (OH) united to hydrogen forming
hydroxide o^ hydrogen, or water, H.OH. The atom of basic

hydrogen may be displaced by other univalent atoms, and
thus from the molecule of water the combination OH
may be carried and serve as the foundation for a compli-
cated series of conijiounds. The formation of the hy-
droxides from hydroxyl may be illustrated as follows:

—

20H + H, = 2H0H:.
Hyd:oxyl. Hydrogen. ITyilroxide of

hydrogeu (vsaier.)

2H0H -I- Na, = 2XaOH -f K,,
Water. Sodium. Hydroxdeof Hydrogen,

sodium.

The term free hydroxyl has been applied to hydrogen
dioxide (peroxide of hydrogen) H^Oo. Such a term,

however, is not accepted by chemical writers. Com-
pounds like calcium hydraxide, Ca(OH)2, are considered

as two univalent molecules of OH (hydroxyl), in combi-
nation with one bivalent atom.

Hydrogen Dioxide, or Peroxide of Hydrogen.
Fuimula, H^O^.

This M'as discovered by Thcnard in 1818. It mav be
made by acting upon barium dioxide (})eroxide of barium)
with hydrochloric acid. It is a oolorle.ss, caustic liquid,

soluble in ether, and the ethereal solution may be distilled

without decomposition. Hydrogen dioxide is of no prac-

tical importance in medicine, but it has been used as a

bleaching agent, and is said to be the liquid which is em-
ployed by some women to change the color of their hair

to yellow (blonde).
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ACIDS

—

Salts of Hydrogex.

In 1816, Diilong propounded the theory that all acids

are combinations of hydrogen and an element or a group
of elements. This is now tlie accepted view of the majority

of chemists, consequently we shall consider acids in this

place, as they proi)erly belong to the hydrogen com]ionnds.
From necessity we introduce the organic acids which are

used in medicine, as well as the inorganic acids.

Acids.—Acids are a class of compounds which are

generally sour to the taste, hence the name acid, a word
derived from a Latin root denoting an edge. At one time

it was supposed that all acids were sour, reddened litmus

and certain other vegetable blues, and neutralized alkalies.

Lavoisier considered all acids to be compounds of oxygen,
w'hich idea has since been refuted, although at the present

day only about six acids are known that do not contain

oxygen. The element common to all known acids is

hydrogen, and at this time it is customary to speak of

acids as salts of hydrogen; thus :—acetic acid is known as

acetate of hydrogen, sulphuric acid as sulphate of hydro-
gen, etc. This definition of an acid seems reasonable as

we now view the science of chemistry, for each acid con-

tains a fixed amount of hydrogen which is capable of

being replaced by a metal. Thus, sulphuric acid (suljihate

of hydrogen) H0SO4 is decom])osed by zinc, Zn, to form
sulphate of zinc, ZnSOj, the hydrogen H., being liberated.

The radicals of acid molecules ai'e bodies linked by
chemism with the hydrogen, which (hydrogen) is ex-

changable for metals, (page 43). Sometimes the acidulous

radical is an element, thus:

Hydrochloric acid. ..(Chloride of hydrogen). ..HH,
llydi-obromic acid. ..(Bromide of iiydrogeii)...HBr,

Hydriodic Mcid (Iodide of hydrogen) HI,

are acids, in each of which the hydrogen is united with

one atom of the res]>ective element, which element, in

this case, is the acldnlotis radical. Usually, however, the

acidulous radical is a combination of elements which have

a strong affinity among themselves, but are loosely at-

tached to the basylous hydrogen, thus :

—
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Sul|)hui'Ic acid, H.SO^, and Carbonic acid, H^COg,

contain respectively in eaeli moleenle two atoms of hydro-

gen capable of being i'e})laced by ruetals, the remainder

of the molecule constituting the ac«/M/oM.s radical; conse-

quentlv SO4 is the acidulous radical of sulphuric acid
;

and CO3 of carbonic acid.

Basylous Hydrogen.—In the foregoing illustrations

the entire amount of hydrogen in each molecule is re-

placeable by metals. This hydrogen acts the part of a base

to which the acidulous radicals are attached. Many of

the organic acids, however, contain hydrogen as parts of

the acidulous radical. We may mention

—

Citric acid HXgHsO-,
Tartaric acid ... .H.X'^H^Og,
Acetic acid HC2H3O0,

and in all such the hydrogen entering into the acidulous

radical can not be removed without destroying the mole-

cule, and the properties of the compound. Thus, replace

one atom of hydrogen of the molecule of acetic acid

with an atom of patassium, and we have a molecule of

acetate of ])otassium KC0H3O0. Remove now by means
of heat another hydrogen atom or atoms and the charac-

teristics of the compound are utterly destroyed. From
acetate of potassium we may re-obtain the acetic acid

radical, but from the result of the decomposition by heat

it is impossible, for this acidulous radical no longer exists.

We may thus define basvlous hydrogen in these instances

as that portion of the hvdrogen in the molecules of acids

which is capable of being replaced by a metal without

destroying the properties of the acidulous radical. (See

radicals, page 43).

Quantivalence of Acids.—Some acids contain one

atom of hydrogen capal)le of being replaced by metals,

others two, three, etc. Thus, hydrochloric acid (HCl),

and acetic aeid (HCoH,Oo), each contains one replace-

able atom of hydrogen in each molecule, and is univalent

)

sulphuric acid (H.,S04), and tartaric acid (H.^C\H40,.),

liberate two atoms of hydrogen, and are bivalent ; citric acid
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(HoCijPIsO-;) contains in each molecule, ilirce atoms of
liydrogen that may be displaced without destroying the
properties of the acidulous radical and is hence trivalent.

The terms mono-basic, dil)asic and tribasic, are applied to

acids in accordance with the number of atoms of basylous
hydrogen, thus :

—

Formic acid HCHOj is monobasic.
Tartaric acid H.^C^ll_,0^ is dibasic.

Citric acid H^CgU-O- is tribasic.

Formtllse of Acids —We have shown that acids may
W'itli propriety be called salts of hydrogen. f In view of

this fact we prefer, when possible, to express their com-
position by means of formuke in such a manr;er as to show
their quantivalence. Thus, the actual composition of

formic acid, (empirical formula), is H.COo ; but experi-

ment has demonstrated the molecule of the formic acid

radical to be iinivalenf; therefore, chemists separate the

atoms of hydrogeu and re])resent the molecule HCHOo.
This latter mode of expression is called n prima ry rational

formula. (See page 38). In illustration of this we call

attention to the fornuiloe of the following acids, a glance

at the primary rational formulae of which will show the

acidulous radical united with th.e hydrogen that may be

displaced by metals, while the empirical formulae as ex-

pressed by the second column is comparatively useless :

Primarr Rntional Empirical
Foimiilii;. Fonmilre.

Acetic acid, HC.H.O.,. H.CoO.,.
Tartaric acid, H.C.H.O,. H,C:;o;.
Citric acid, H:c:H-07. HgC^O^.
Malic acid, H^C.IIsO.. H.C.O^.

Medicinal Acids.—There are many hundred known
bodies classed among the acids, but of these 42 only are

to anv extent used in medicine either in substance or in

combination, unless it be as parts of plants or fats.

t Diilong in 1816 Wi!S the fir?t to make this definition, althoiisjh

Davy and Gny-Lussac had previously sliown that hydrochloric acid

and hydriodic acid are free from oxygen.
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ACIDS OF INTEREST IX MEDICINE.

Acetic,
Arsenic,
Arsenious,
Benzoic,
Boric ( Boracic),

Carbazotic,
Carbolic,
Carbonic,
Chloric,
Chromic,
Chrysophanic,
Citric,

Formic,
Grallic,

Hydriodic,
Hydrobromic,
Hydrochloric,
Hydrocyanic,
Hyd rOS u 1 ph uric,

Hypophosphorous,
Lactic,

Malic,
Nitric,

Nitro-muriatic,
Nitrous,
Oleic,

Oxalic,
Phosphoric,
Meta-phosphoric,
Phosphorous,
Pyrogallic,

Pyroligneous (mixture),
Pyrophosphoric,
Salicylic,

Silicic,

Succinic,
Sulphocarbolic,
Sulphuric,
Sulphurous,
Tannic,
Tartaric,
Valerianic.

Acetic Acid.— Formula (Glacial), HC^HsOg. Molecular
Weight, 59.86.

Synonym.—Acidum aceticuni.

Acetic acid is formed when fruits and saccharine sub-

stances pass through the acetic fermentation, vinegar
being impure dilute acetic acid. Acetic acid exists in

the juices of many trees and phuits, and results from the

destructive distillation of wood and other oroauic sub-
stances.

Glacial Acetic Acid is the most concentrated form
of this substance. It is colorless, liquid at a temperature
above 16° C. (60° F. ), very mobile, and has a violently

penetrating and pungent odor. Its si^ecific gravitv is

1.063, boiling point 120° C. (248° F.) (Fowne),and freez-

ing point 15.5° C. (59.9° F.) It is made by distilling

finely powdered anhydrous acetate of sodium with three
times its weight of concentrated sulphuric acid, accord-
ing to the following equation :

—

NaC.HjO., -f H^SO^ = NuHSO^ + HC2H3OJ.
It mixes with ether, water or alcohol, in all proportions.



86 CHEMISTRY OF MEDICINES.

Dissolves many resins, oils, eainjihor and other substnnces

which are insoluble in water and in other acids. It should

be ])reserved in glass stoppered vials.

Acetic Acid of commerce is of the specific gravity 1.047.

It may be prepared upon the principle suggested for

making glacial acetic acid, water being added to the con-

tents of the retort before distillation. It is ])ractically j>ro-

duced by fermentation, and at present much vinegar (im-

])ure dilute acetic acid) is thus made. The larger j)ortion

of the acetic acid, however, that is used in the arts, and even

in medicine, is the result of the dostructivedistillation of

wood (see pyroligneous acid). This latter form is often

very impure, and then is positively objectionable as a

medicine. The salts of acetic acid contain the radical

CoHjOo and are acetates.

Properties and Tests.—Acetic acid should be of specific

gravity 1.047, and if so, 100 grains diluted with half an
ounce of water will exactly neutralize 60 grains of crys-

tallizedbicarbonate of ])otassium. It should have a sharp,

penetrating odor free from empyreuniatic contamination,

and when dihited with seven parts of water should yield

an agreeable odor of vinegar, with the absence of a

smoky smell. The solution shoidd not decolorize when
it is faintly tinged with ])ermanganate of potassium, even
if previously neutralized with hydrate of potassium. If
it produces a preci])itate with solution of nitrate of ba-

rium, sulphuric acid or a soluble sulphate is present.

f

If it produces a precipitate with a solution of nitrate of
silver, hydrochloric acid or a soluble chloride is present.

If a black precipitate results when a current of sulphide

of hydrogen is passed through acetic acid, either copper
or lead is present. The other impurities likely to be

found in acetic acid are unimportant. Acetic acid is

fit must be borne in mind thai vinei^ar which is made from
molasses conUnns soluble sulphates and v/\]\ give precipitates with solu-
lile barium salts. The writer is cognizant of one instance where a
large amount of vinegar was returned to a manufacturer when it

was perfectly free from sulphuric acid, the analyst having taken it

for granted that the production of barium sulphate indicated free
sulphuric acid.
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sometimes designated as acetic acid number 8, a name
doul)tless, derived from the fact that one part of acetic

acid mixed with seven parts of distilled water forms the

officinal

Diluted Acetic Acid, often called distilled vinegar.

This has a specific gravity of 1.006, and one hnndred
grains will nentralize 7 6-10 grains of crystallized bicar-

bonate of jiotassinm. Acetum of the Pharmacopceia is

])ropcrly distilled vinegar, and is made by the distillation

of vinegar.

Arsenic Acid.—Formula, HoAsO^. Molecular weight,
14:174.

If powdered arseuious acid of commerce As^O,, be dis-

solved in hot hydrochloric acid and niiric acid be gradu-
ally added until red vapors cease to appear, and then the

solution be carefully evaporated to dryness and the resi-

duum heated to redness, arsenic oxide, As^Os, is produced.
This dissolves in water to form a solution which deposits,

u])on evaporation, crystals o? arsenv; acid 2H3ASO4.H0O,
which when heated" to 100'' C. (212° F.) parts with'its

water of crystallization, H3ASO4 remaining. Arsenic
acid is white, ]ioisonous, and is used considerably in the

arts as an oxidizing agent. Tlie salts of arsenic acid are

called arsenates. Arsenic acid yields a precipitate with
solution of nitrate of silver, of a reddish brown color.

For the detection of this substance see arsenic.

Arsenious Acid.—Formula, HgAsO,. Molecular weight,
125.78.

The above is the true arsenious acid, although the phar-
macopoeia recognizes under the name arsenious acid the
white arsenic of commerce, which in reality is arsenious
anhydrid, As.^Oo. When arsenious anhydrid is dissolved
in water an acid solution, said to have the above composi-
tion (H3ASO3), is formed. It is very unstable and can
not be evaporated without decomposition.

Arsenious Acid of Commerce.—Formula, As.Og.
Molecular weight, 197. GS.

Spionyms.—Arsenic. Arsenious oxide. Arsenious an-
hydrid. White oxide of arsenic. White arsenic.
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When the element arsenic is heated in contact with air

it oxidizes, forming arsenioas oxide, AsoOg, generally

known as arsenic, being the arsenious acid of our phar-

maco})ceia. It is practically ])roduced in immense quanti-

ties as a by-product in roasting the ores of iron, nickel,

and cobalt, which contain appreciable amounts of arse-

nides of these elements. Arsenious acid is in the form

of transparent or porcelain-like fragments. When
freshly prepared it is transparent and glassy, but by age

becomes opaque without chemical alteration. It is very

heavy, odorless, and is said to have a sweetish taste. The
opaque form dissolves in about nine parts of hot water,

the glassy, in less proportion. It dissolves freely in hot

hydrochloric acid, being deposited upon cooling in the

form of octohedral crystals. Alkaline solutions dissolve

it, arsenifes being produced ; these salts are unstable.

The arsenite of potassium is nsed in solution as a medi-

icine, under the name Fowler's Solution.

Detection.— (See also detection for arsenic). Sulphide

of hydrogen throws down from a solution of arsenious

acid acididated with hydrochloric acid, a bright yellow

jirocipitate of sulphide of arsenic. This precipitate is

dissolved by ammonia and reprecipitated by acids Sul-

phate of copper precipitates solution of arsenious acid in

alkaline solution as a green precipitate. This is soluble

in ammonia.
Marshes Test is dependent upon the fact that metallic

arsenic unites with hydrogen to form arseniuretted hy-
drogen, from the flame of which the metallic arsenic is

deposited as a brilliant film upon a cold porcelain or glass

plate. This result is also obtained by means ofantimony,

but the two films may be easily distinguished. Arsenious
acid and all preparations of this acid are frightfid jioisons.

The usual antidotes for arsenious acid are hydratcd per-

oxide of iron in a fresh, pulpv state; or calcined magne-
sia. The solution of oxychloride of iron known as di-

olyzed iron has also been recommended as an antidote in

connection with bicarbonate of sodium, the soda serving

to precipitate the ferric hydrate.
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Benzoic Acid.—Formula, 110^11.0 ,. Molecular weight,
121.71.

Benzoic acid exists in many balsams and gum-resins.

It is abundantly obtained from benzoin by simply beat-

ing, and is the result of the oxidation of certain organic

bodies, as toluene. It is formed when hippuric acid is

boiled with strong hydrochloric acid, and as the urine

of herbiverous animals contains hippuric acid in a large

amount, it may be readily prepared from the urine of

horses and cows.

Preparation.—Spread a thin layer of benzoin upon
tlie bottom of an iron vessel, and invert over it a paper

cap. Upon applying heat the acid will sublime and crys-

tallize in silky needles, condensing upon the inner sur-

face of the paper. This is true medicinal benzoic acid,

and should be employed in medicine at the present day,

although it is largely superseded by that made from urine,

which is cheaper.

Properties.—Benzoic acid from benzoin, is in the form
of white silky needles or [)lates, and is of a pleasant bal-

samic odor (odorless when l)ure), due to the presence of
tracesof essential oil. It evaporates freely, melts at 121°

C. (249.8 F.), dissolves in about 200 parts of cold or 25
parts of boiling water, in 10 parts of glycerin, and is very
soluble in most essential oils, alcohol or ether. It forms
salts with alkalies mostly quite soluble ; these are known
as benzoates.

Examination.—This acid is often made from uriHc, and
when such is the case has generally a powerful, pungent
and disagreeable odor, the sense of smell alone being usu-

ally sufficient to show the substitution. When made from
urine it is generally in larger crystals than from benzoin,

and of a satiny luster. According to Hoffmann, hippuric

acid is detected by heating a mixture of 20 grains of the

acid, 50 grains of hydrate of potassium and 50 drops of

water, in a test tube, hi])puric acid being indicated if the

mixture gives off the odor of ammonia or produces white

vapors when a glass rod moistened with acetic acid is held

over the mouth of the tube, or if under like conditions it

blackens a strip of unsized paper previously moistened
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with a solution of nierciirons nitrate. Cinnamic acid

may be present in benzoic acid produced from gum ben-

zoin, but is of little consequence from a therapeutical

})oint. It may be detected by heating a concentrated

aqueous solution of benzoic acid with permanganate of

potassium, when, if cinnamic acid is present, an odor of

oil of bitter almonds will be evolved.

Boric Acid.—Formula, H3BO3. Molecular -weight, 61.38.

This is also known under the name boracic acid and
occurs free in the waters of certain volcanic districts of

Tuscany, from which it is obtained by evaporation and
crystallization. It may be easily produced artificially by
dissolving borate of sodium (borax) to saturation in boil-

ing water and adding an excess of hydrochloric acid,

W'hen upon cooling an abundance of boric acid will sepa-

rate in crystalline form. Boric acid is transbicent, of a

beautiful satin-like, pearly appearance, resembling fish

scales. It is soluble in three })arts of boiling water, and
di.-i;.solves considerably in alcohol, the solution in alcohol

burning with a green flame. It is almost tasteless and
slightly reddens blue litmus ])ai)er. Boric acid is scarcely

liable to adulteration, but has been u.sed for the purpose

of adulterating santonin. One specimen of santonin (?)

examined by the writer contained 85 per cent, of boric

acid. It can be readily detected by means of chloroform

which freely dissolves the santonin without affecting boric

acid.

Carbazotic Acid.—Formula. HC,H.(X0.)30. Molecu-

lar weight, 228.57.

Si/nonyms.—Picric acid, Tri-nitro-phenic acid.

This is made by acting upon carbolic acid with nitric acid.

It may also be prepared in the same manner from indigo,

silk, wool and many other organic bodies, especially resins

and gums. The most economical process is from car-

bolic acid, but the reaction is often violent and even

dangerous ; therefore, as carbazotic acid is made in large

amounts by manufacturers, with facilities for the pur]>osc,

it is better to purchase it for medicinal use and purify if
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necessary. Picric acid is in the form of bright lemon
yellow crystals, melts at 122.5° C. (252.5° F.), dissolves

slightly in cold water, to a considerable extent in boiling

water, and quite freely in alcohol. It is very bitter to the

taste, stains organic substances yellow, and for this reason

caution must be observed in handling it, as the color pro-

duced can not be removed from the nails and hair, a new
growth being necessary. Carbazotic acid unites with
alkalies to form salts, the ammonium salt being quite

soluble and considerably employed in medicine. The
salts of carbazotic acid are called carbazotatcs (ov picrates)

all the soluble salts being exceedingly bitter. Carbazotate
of potassium is a dangerous compound, exploding with

violence when heated. Carbazotic acid unites witli alka-

loids to fn-m salts which are mostly insoluble. Carba-
zotic acid is largely emj)loyed in the arts as a dye-stutf.

It imparts a fine yellow color.

Carbolic Acid.—Foniiul;i, IIC II^O. Molecular weight,

93.78.

Si/iionyms.—Phenol. Phcnic acid. Phenyl alcohol.

Phenylic hydrate. Coal-tar creasote.

Carbolic acid is practically obtained from coal-tar,

although it may be made by way of experiment by heat-

ing salicylic acid quickly in a glass retort, carbolic acid

distilling. When crude coal-tar is agitated with milk of

lime and permitted to stand some days, the aqueous liquid

which rises', if decanted and neutralized with hydrochloric

acid, will yield an oily substance. This is crude carbolic

acid, and may be partially purified by subsequent frac-

tional distillations, although the pre])aration oi' pure car-

bolic acid is most tedious and ditficult, seldom being

accomplished excepting on a manufacturing scale.

Carbolic acid is usually met with in crystalline masses,

colorless, of a strong penetrating odor and caustic burn-
ing taste. The crystals melt at about 42° C. (108° F.),

producing a colorless liquid that may be often reduced
much below this temperature without crystallizing. Under
such circumstances a crystal of carbolic acid added will

cause the mass to solidify, and even a sharp blow upon the



92 CHEMISTRY OF ^fEDICINES.

container will acconi])lish the same result. The crystals

absorb moisture upon exposure, and form a hydrate

(HC,jH-,O.H^O), which melts at a much lower tem])era-

ture. Carbolic acid of commerce is often of a reddish

color, and frequently becomes red by age. If specimens

of such are melted and poured into a glass funnel stopped

at the exit, and crystallized by reducing the temperature,

then placed in a moderately warm room and the cork

removed, as the acid slowly melts the red color passes

away with the first liquid, leaving the mass of crystals

pure white. Carbolic acid is an antiseptic and is much
employed as a disinfectant. It is soluble in glycerin, and
carbolic acid mixed with glycerin, bulk for bulk, will mix
with water in all proportions. When permitted to come
into contact with the skin it acts as a caustic, turning the

cuticle wliito, benumbing the jvart exposed to its action,

and producing a ])ainfid sore. Olive or linseed oil applied

at once will generally neutralize its serious effects. Car-
bolic acid in overdoses is an active poison, burning the

throat and stomach, death often following in a short time.

The antidotes are oils, milk, or white of egg, to be freely

administered. Evacuate the stomach as soon as possible.

Carbonic Acid.— Formula, II.XO,. Molecular weight,
61.85.

^

When carbon is burned in air or in oxygen a colorless
gas results, composed of two atoms of" oxygen united
with one atom of carbon. This gas is carbon dioxide,

Q0.2, often called carbonic acid gas, and sometimes im-
properly designated as carbonic acid. When this gas
passes into cold water one molecule unites with a mole-
cule of water to form a molecule of true carbonic acid,
thus :

—

C0^ + H,0= H,C03.

Carbonic acid is usually made, however, by decompos-
ing limestone, CaCO,, by'meansof sulphuric"acid.

CaC03 + H,SO, = CaSO,-f-H,C03.

In thi.s case, however, the carbonic acid decompo.ses into
carbon dioxide and water as follows :

—
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H^C03=HoO+CO..

It is therefore necessary to pass the carbon dioxide, as

it is formed, througii a pipe and into cokl water, when
combination again ensues in proportion to the pressure.

This is practically the process employed in making effer-

vescing waters. Carbonic acid is always dissolved in

water, not being known free, and is found in the waters

of many springs. It imparts a distinct acid reaction,

changing blue litmus to red, and has a sharp agreeable

taste. If carbon dioxide be passed into lime water a

turbidity results, consequent upon the formation of car-

bonate of calcium. If diluted acids are poured upon a

carbonate, decomposition ensues, carbon dioxide being lib-

erated. The salts of carbonic acid are called carbonates.

Cllloric Acid.—Formula, HCIO.,. Molecular weight,

84.25.

This acid has never been obtained in a pure state owing
to its ready decomposition. It has been produced as a

syrupy liquid by decomposing chlorate of potassium with
a solution of hydrofluosilicic acid, and separating the ex-

cess of hydrofluosilicic acid with silica, then evaporating.

It is very explosive if permitted to come into contact

with many organic bodies, and will even inflame paper, so

easily is it deoxidized. This acid is never u.sed in medi-
cine, but the salts of it are known as chlorates and the

chlorate of potassium (KCIO3) is consumed extensively.

Chromic Acid.—Formula, H.Xr04. Molecular weight,

118.24.

When one and one-half parts of concentrated sulphuric

acid are slowly, and with constant stirring, poured into

one part of a cold saturated solution of bichromate of

potassium, and the mixture permitted to cool, beautiful

red crystals of trioxide of chromium (CrOg) separate.

Tliese crystals drained upon a soft brick inadry atmo-
sphere, and quickly ]ilaced in glass stoppered bottles,

constitute the so-called chromic acid of the U. S. P.,

although to form the true chromic acid it is necessary to

dissolve the above preparation in water, thus :

—
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Cr03-fH,0= H._,CrO^.

Trioxide of chroiniuni (officinal chromic acid) is of a red

color and deliquesces in a moist atmosphere, forming a

yellow solution of true chromic acid. It is a powerful
oxidizing; aoent and should never be mixed with organic

bodies. It rapidly decomposes flesh and by some is con-

sidered among the most valuable of caustics, being exten-

sively employed to remove warts and similar growths.
The salts of chromic acid are called chromates.

Chrysophanic Acid.—Formula, CjjHjj^O^. Molecu-
lar weight, 253.39.

Synoni/ms.—Parietin. Rhein. Rhabarbaric acid. Ku-
miciu, etc.

This substance was discovered in the lichen ParmeUa
parictina, and has been prepared from rhubarb, yellow

dock root and araroha.\. It occurs in the form of yellow

needles or powder, has little taste, and no odor. It slightly

dissolves in cold water, and more freely in warm water,

im[)arting to the latter a yellow color. Alkalies dissolve

it freely, yielding deep red colored solutions. Some doubt
has recently been expressed regarding the ]n'esence of

chrysophanic acid in araroba, and it is now acce}>ted that

araroba contains a substance which by oxidation produces

chrysophanic acid.

Citric Acid.—Formula, 11,0^11,0^. Molecular weiirht,

191.54. Crystallized, ilgCgHsO^.H.O. Molecular

weight, 209.50.

Citric acid is found in the juice of many fruits, although

the acid of commerce is made from the juice of lemons

and limes. If lemon juice be boiled and then saturated

with milk of lime, citrate of calcium (Ca32C„H50_7) Avill

precipitate and must be strained from the hot liquid, for

it will dissolve upon cooling. The addition of water and

sulphuric acid now forms sulphate of calcium and citric

acid according to the following equation :

—

t Araroba is obtained from a South American tree. See puppli-

ment toKin-^'s American Dispensatorv by King and Lloyd, and tlni

National Dispensatory by Stille and Maisch.
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Ca32C,H,0, + 3H,S0, = 2H3C6H,0, + SCaSO^.
Citrate oi' Sulp*iuirio (Jitiic Sulphate
Calcium. acid. acid. of Calcium.

By evaporating the filtered liquid, crystals of citric

acid may be obtained after exposui-e to low temperature.

Citric acid is consumed in medicine in large quantities. It

forms transparent crystals, very soluble in hot water,

freely in cold water, slightly in alcohol, and insoluble in

ether. A peculiarity of citric acid is the fact that its

calcium salt is quite soluble in cold water, and is scarcely

dissolved by hot water. It is very sour to the taste, is

not poisonous, and forms salts which ave known as citrates,

several of its salts being of value as therapeutical agents.

Formic Acid —Formula, HCHO.,. Molecular weight,

45.89.

Formic acid derives its name from the red ant (Form-
ica rufa), from which it was tii'st obtained. These ants,

and some other insects, contain considerable amounts of

formic acid, as do some plants, like the nettle. Formic
acid is made artificially by heating equal weights of ox-

alic acid and glycerin together for about fifteen hours,

at a temperature slightly above that at which water boils,

and afterwards distilling the residue with water. The
glycerin is not altered but the oxalic acid decomposes,

forming formic acid and carbon dioxide, thus:

—

n.C,0, = HCHO., + CO,.
Oxalic Formic ( arlion
acid. acid. dioiide.

Formic acid is a (ilear liquid of s])ecific gravity 1.235,

crystallizing, if pure, below the freezing point of water.

It attacks the skin and has a sour taste and odor. It

reduces the salts of the noble metals (gold, etc.) and of

mercury. The salts of formic acid are known as forinates.

Gallic Acid.— Formula, H^C^HgO^jHoO. Molecular
weight, 187.55.

Gallic acid is found in some vegetable substance.s, but
not in sufficient amount to repay extraction. It is pro-
duced from oak-galls, bv the deconqiosition of the tannic
acid they contain so abundantly. This is accomplished
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by moistening powdered gall-nuts with water and expos-

ing to a warm temperature some weeks, occasionally add-

ing water to replace that whicli evaporates. This pulp

is then exhausted with boiling water, filtered and cooled,

and the crystals of impure gallic acid are again dissolved

in water, and if necessary, are decolorized by means of

animal charcoal, when upon cooling pure gallic acid crys-

tallizes. There has been much dispute regarding the

chemistry of this conversion of tannic into gallic acid,

but, perhaps, the most acceptable ex]ilanation of the re-

action is afforded by Messrs. H. Schiff, Sac and J. Lowe,
upon the theory that tannic acid is an anhydrid of gallic

acid, and that the conversion of tannic acid into gallic

acid maybe explained as follows:

—

C,,II,,0, + H,0 = 2C,H,30,.
Tannic Water. Two molecules
acid. of gallic acid.

Gallic acid crystallizes in small needles of a light fawn

color, often approaching white. It dissolves in three

])arts of boiling water and in 100 parts of cold water

;

dissolves freely in hot alcohol; sparingly in ether and in

glvcerin. It does not precipitate solution of gelatin,

(distinction from tannic acid), but with solution of acetate

of copi)er produces a precipitate insoluble in water, but

very soluble in ammonia water.

Hydriodic Acid.—Formula, HI. Molecular weight,

127.53.

This acid (gas) may be made by allowing iodine and
phosphorus to react upon each other under water.

Preparation.—Mix one part of amorphous phospho-

rus with fifteen parts of water in a tubulated retort con-

nected by means of a rubber tube with a glass tube, the

exit of which is plunged into water. Xow surround

the retort with ice water and gradually add iodine through

the tubulus of the retort until tM'enty parts of iodine

have been used. When the gas cea.ses to pass, warm the

retort gently until the reaction ceases. The gas which is

evolved '\s hyfriocJi.c acid and the solution of it in the wa-
ter is the hydriodic acid of commerce. This gas may be
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made otherwise, as by heating iodide of potassium with

phosphoric acid in solution, or by passing sulphide of hy-

drogen into a mixture of powdered iodine and water.

Hydriodic acid gas is colorless, strongly acid in reac-

tion, fumes in the atmosphere, and is very suffocating if

inhaled. It liquefies at 0° C, (32° F.) under a pressure

of four atmospheres (Faraday,) and freezes at —55° C.

(—67° F.) to a mass resembling ice. The specific gravity

is 4.37, air being the standard of unity.

The solution of hydriodic acid resembles hydrochloric

and hydrobroraic acids. It decomposes by exposure to

the atmosphere, becoming reddish-brown, from liberation

of iodine which remains dissolved in the acid solution.

Hydriodic acid forms salts known as iodides.

Hydrobromic Acid.—Formula, HBr. Molecular weight
80.75.

Hydrobromic acid (bromide of hydrogen) contains

eighty parts of bromine, by weight, to eighty-one parts

of the acid. This is a larger percentage of bromine than

is afforded by any other salt of bromine. It may be made
by several indirect processes and by the direct combina-
tion of its elements. A few drops of bromine should be

placed in the bottom of a long eo/cZ test-tube and the tube,

filled to the height of two inches with small fragments

of glass upon which is placed a few grains of phosphorus,

and above this two inches of broken glass as before, the

upper portion of the last layer of glass being wetted.

Now apj)ly a gentle heat, the bromine vaporizes, unites

with the phosphorus, and forms bromide of phosphorus

(PBg) ; this is decomposed by the water upon the Avet glass,

forming phosphoric and phosphorous acid.s, and hydro-

bromic acid gas, which latter may be led through a gla.ss

tube and condensed. The hydrobromic acid used in med-
icine is a solution of this gas in water, and is made by
passing the gas into cold water. The foregoing experi-

ment can not be conducted upon a large .scale, as the re-

action between the bromine vapor and phosphorus is

violent and dangerous (not more than ten grains of bro-

mine and phosphoru.-i should be experimented with), there-

9
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fore other })rocesses are used in practice^ usually by dis-

tilling a mixture of bromide of potassium solution with

sulphuric acid, and passing the gas into water, thus :

—

2KBr + H.^SO^ = 2HBr + K^S04.
Bromide of Sulphuric Hydrobromic Sulphate of
potassium. acid. acid. potassium.

Hydrobromic acid gas is colorless, pungent and irritat-

ing, and fames in the atmosphere. Hydrobromic acid of

commerce should contain 34 per cent, of anhydrous acid,

and 95 parts should saturate 20 parts of dry carbonate of

potassium.! If sulphuric acid be present it will giye a

precipitate with solution of chloride of barium. Hydro-
bromic acid should perfectly evaporate. The salts of

hydrobromic acid are bromides, some being extensively

used in medicine.

Hydrochloric Acid.—Formula, HCl. Molecular weight,

36.37.

Synonyms.—Muriatic acid gas. Hydrochloric acid gas.

Hydrochloric acid gas is composed of equal volumes of

hvdrooen and chlorine united by chemism, thus:

—

H,+ C1., = 2IIC1.

It is made for use in the arts by heating in a retort, equal

parts of sulphuric acid and chloride of sodium. The
reaction is expressed as follows :

—

2NaCl -f Ho SO,, = Na.,SO_, + 2HC1.
Sodium Suliihuiic Sodium Ilydrooliloric
chloride. aeid. sulphate. acid.

In this case normal sulphate of sodium also is formed.

At a temperature of less than 200° C. (392° F.) only half

the hydrochloric acid is liberated and the result is a resi-

duum of acid sulphate of sodium, thus :

—

2NaCl + H.2SO4 = KaHSO, + NaCl + HCl.
Chloride Sulphuric Ac'd sulphate Chloride Hydrochloric

of boaium. acid. of sodium. of sodium. acid.

When the temperature rises above a certain point the

molecule of free sodium chloride and the molecule of acid

tReport of the committee appointed hy tlie American Pharma-
ceutical Absocialion, for the revision of the TJ. S. P.
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sulphate of sodium are mutually f!ocom])ose(l, resulting in

the formation of another nioleeule of hydrochloric acid :

—

NaHSO; + NaCl = IS^a.SO^ + HCl.
Acid Sulphate Chloride Sulphate Hyilroehloric
of sodium. of sodium. of sodium. acid.

Hydrochloric acid gas is jDungent, irrespirable and ex-

tinguishes llanie. A pressure of 40 atmospheres at 10° C
(50°F.), condenses it into a transparent liquid. It reddens
l)lue litmus pa])er, and when permitted to escape into the

atmos])here, seizes upon the moisture jiresent with such
avidity as to form heav^' fumes. When (conducted into

water it is dissolved, a solution of 30 to 33 per cent, of

the gas in water constituting

Officinal Muriatic (Hydrochloric) Acid.

Synonyms.—Acidum Hydrochloricum. [Spirit of salt.)

This has the specific gravity of 1.160 and should be

perfectly transparent, although often yellowish from the

presence of impurities. It has a suftbcating odor and a

sharp, sour, corrosive taste. It fumes in the air and
evolves chlorine when heated with dioxide of manganese.

Tcsf.s.—If a residue remains npon evaporation, fixed

impurities are present, likely salts of sodium. If diluted

with four times its bulk of water sulphide of hydrogen
should not produce a turbidity (absence of metals) ; with

chloride of barium a precipitate will follow if sulphuric

acid or a soluble sulphate is present. Arsenic is some-
times present in hydrochloric acid and may be detected

according to the German Pharmacopoeia as follows: " Put
a few small pieces of pure zinc into a rather long test-

tube, and introduce the hydrochloric acid, diluted with
two parts of water, which should fill about one-tenth part

of the tube ; into the up])er portion of the tube is placed

a pellet of cotton-wool saturated with a solution of acetate

of lead, and the mouth of the vessel is covered with a

piece of white bibulous jiaper moistened with a solution

of nitrate of silver. After an active evolution of gas,

for half an hour, in the absence of sulphurous or arseni-

ous acid, neither the cotton (sulphurous acid) nor tlie

paper (arscnious acid) should be blackened." Ilydrochlo-
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ric acid in concentrated form is a corrosive poison, only

less violent in its action than sulphnric and nitric acids.

The eflf'ects upon the tissues are similar, and the antidotes

are the same as those named for sulphuric and niti'ic acids.

Diluted Muriatic Acid of the U. S. P. is made by
mixing four troy ounces of hydrochloric acid with suffi-

cient distilled water to make sixteen fluid ounces ; this

has a specific gravity of 1.038. The salts of hydrochloric

acid are called properly chlorides, a^^though they are

familiarly known in commerce as muriates or even hydro-

chlorates.

Hydrocyanic Acid.—Formula, HCN (or HCy). Mole-
cular Weight, 26.98.

Synonym.—Prussic acid.

When the salt known as cyanide of mercury is heated

it decomposes, the metallic mercury being liberated aud a

gas esca]ung which has the composition CoN^ (cyanogen

ga.s). This gas contains, in each molecule, two molecules

of the acidulous radical (CN) of hydrocyanic acid. This

acidulous radical is often called cyanogen and represented

by Cy, therefore, we have the formula HCy, for hydro-

cyanic acid meaning cyanide of hydrogen. Anhydrous
hydrocyanic acid may be obtained by passing dry sulphide

of hydrogen over cyanide of mercury heated gently in a

gla.ss tube, the gas being led into a freezing mixture M'here

it condenses as a colorless liquid. This is very volatile,

possesses a feeble acid reaction and a powerful odor re-

sembling bitter almond oil or peach kernels. It is one of

the most fearful of known poisons, the inhalation of its

vapor being almost instantaneously fatal to animal life;

therefore, the utmost care must be used in experimenting

with it,t few being willing to run the risk of its produc-

tion. When largely dihited it constitutes the

—

Officinal Diluted Hydrocyanic Acid.—This con-
tains two (2) per cent, of anhydrous acid,;}; and is made by

t Scheele who discovered this acid died suddenly while conducting
some investigation, and it is supposed that he was poisoned by the
vapor of the acid.

I Scheele's acid contains from 3 to 5 per cent.
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distilling a mixture offerrocyaniJe of potassium, sulpluiric

acid and water, the reaction being mostly as follows :

—

2K,reCy6+ SH.SO^ = 6HCy + KoFe^Cy^ + SK.SO^.
FeiTo cyanide Sulpiuiric Hydrooyaaic Potassio-ferrous Potassiuiu
of potassium. acid. acid. ferro-cyanide. sulpliate.

The distillation must be conducted slowly owing to the

tendency of the contents of th.e retort to " bum])," often

with sufficient violence to break the retort. This acid is

liable to decompose and turn black even though securely

sealed and })rotected from the light. This trouble, accord-

ing to experiments, may be overcome by adding alcohol

instead of water to the distillate, for the distillate is con-

centrated and must be reduced to the percentage required.

Hydrocyanic acid may be obtained by the decouii)osition

of several cyanides. The U. S. P. recommends that 50|
grains of cyanide of silver be added to a mixture of 41
grains of hydrochloric acid and one fluid ounce of water,

and after being well shaken together, permitted to settle,

when the clear solution may be decanted from the chloride

of silver which precipitates.

Tests.—In cases of poisoning by hydrocyanic acid the

characteristic odor of the acid is said to be usually dis-

tinct and unmistakable about the mouth and nostrils of
the deceased, often perceptil>ly ])ervading the entire room.
This acid is detected chemically l)y several sim])le and
unmistakable reactions. With solution of nitrate of silver

it throws down a dense white precipitate, which blackens
by exposure to light, but not so rapidly as precipitated

chloride of silver, the odor of the acid disappearing if

the silver solution be in excess; it dissolves in boiling

nitric acid, (chloride of silver does not), and decomposes
at a red heat, yielding metallic silver ; chloride under the

same condition simply fusing. Scheele's test is to mix
the suspected liquid with a few drops of solution of fer-

rous sulphate and an excess of hydrate of ]iotassium, then
stir well in a shallow vessel for ten or fifteen minutes;
this will form Prussian blue mixed with precipitated oxide

of iron ; the addition now of hydrochloric acid will dissolve

the oxide of iron, and if hydrocyanic acid is present will

leave a blue insoluble precipitate (Prussian blue). It
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must be remembered that hydrocyanic acid rapidly de-

composes in the stomach, and it is said is completely

destroyed within twenty-four hours after death. There-

fore the examination of the contents of the stomach can

not be deferred as with most other poisons.

Diluted Hydrociianic Acid is often used as a poison.

Although necessarily weaker than the anhydrous it is

violent and rapid in its action, the vapor beino- sufficient

to occasion serious ett'ects. The writer inadvertently in-

haled the vapor while distilling the acid, and was suddenly

overcome by a depression, stu})or, and inability to stand.

There was uo pain or sensation of warning ; fresh air

immediately removed the dizziness. The after effects

were not unpleasant.

Antidote.—When prussic acid has been taken in suffi-

cient amount, its action is so rapid as to preclude the use

of antidotes of a chemical nature, authenticated instances

showing that it poisons even in the act of swallowing.

Immediately ])0ur a stream of cold water from the height

of five or six feet upon the s[)ine and back of the head of

the patient; and artificial respiration maybe resorted to

if there is any hope, and weak ammonia applied to the

nostrils. If there has been any considerable amount
swallowed there is no hope. Death will bo almost instan-

taneous. Phvsicians and druggists can not be too cau-

tious reo-ardiuo- this substance so antagonistic to animal

life. It resembles distilled water in appearance, has an

agreeable peach-pit odor, is apparently harmless, and is

liable to be taken by children or others without exciting

suspicion. The salts of hydrocyanic acid are called cya-

nides and the cyanide of potassium is extremely poisonous

(see page ITS), often being used with suicidal intention,

and the attempt is usually a success.

Hydrosulphuric Acid.—Formula, HoS. Molecular

weight, 33 98.

Sfpwnytns.—Sulphide of hydrogen. Sulphuretted hy-

dro oon.

This is a gas at ordinary temperatures, colorless, heavier

than air, three volumes dissolving in one volume of water

at ordinary temperature. It condenses at—74° C.(—101.2°
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F.) under the pressure of seventeen atmospheres into a

colorless liquid which freezes at —85° C. (—121° F.) to a

mass resembling ice. It has a disgusting odor, resembling

rotten eggs, burns with a pale blue flame, and reacts

slightly as an acid, reddening blue litmus. It is found in

the waters of so-called sulphur springs, and imparts

to them the odor of putrid eggs.

Fig. 48.

Sulphide of hydrogen may be readily made as follows,

(fig. 48) : Into the chemical flask a, place a fcM" pieces

of sulphide of iron, and close the mouth of the flask with

a stopper fitted with the funnel tube B, and a bent glass

tul)e, which latter leads to the pneumatic trough c. Now
pour through the funnel tube a mixture of sulphuric acid

one part, and three parts of water; the sulphide of hy-

drogen (gas) will be at once and regularly evolved, until

the sulphide of iron is decomposed, or the sulphuric acid

is saturated ; thus :

—

FeS + H.,SO^ = H.,S + FeSO^.
Siilphifle Sulphuric SulphTde of Sulphate
of iron. acid. hydrogen. of iron.

Sulphide of hydrogen is not used as a medicine if Ave

may except natural mineral waters. It is exceedingly
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deleterious and even poisonous if inhaled in large

amounts, and therefore should be prepared in the o])en

atmosphere or under a flue with a good draft. Faraday
states that an atmosphere which contains jsoo of this gas

will destroy the life of birds, and that dogs die when it

contains only ^^^ part. Sulphide of hydrogen forms
sulphides.

Lactic Acid.—Formula, H .0311^03. Molecular weight,

89.79.

Lactic acid is the ])rincipal acid of sour milk, and is

formed by fermentation of the sugar contained in milk

throuo-h the aoency of caseine. It may be made l)y mix-

ing sugar, cheese and chalk together, and iurming a thin

paste of the mixture with water ; tiitn permitting the

mixture to stand three or four weeks iu a warm place,

occasionally stirring and supplying water to replace that

which evaporates. The mass is strained and the impure

crystals of lactate of calcium recrystallized from boiling-

water, and decomposed by dilute sulphuric acid. The
mixture is filtered and the filtrate evajiorated and purified

by solution in alcohol and filtration. The lactic acid may
be obtained of a syrupy consistence by evapoiation.

Lactic Acid is a syrupy liquid of specific gravity 1.212

(U. S. P.) almost odorless, colorless, ar.d is very sour to

the taste. It mixes with water, glycerin, or alcohol, in all

proportions. The most likely impurities are calcium salts

and sulphuric acid. The former can be shown by the

turbidness which results from adding oxalate of iinimo-

nium to the acid diluted with four times its bulk of water.

Sulphuric acid, if present, will be indicated by the turbid-

ness which results by the addition of solution of chloride

of barium to diluted lactic acid. If the acid be of an

oflPeiisive odor, or of a dark color, organic im])urities are

])rescnt. The salts of lactic acid are known as lactates,

and a discrimination must be made between these salts

and mixtures of milk sugar with other substances which

are sometimes impro2)erly called '* lactates."
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Malic Acid.—Formula, H3C4H3O5. Molecular weight,
133.68.

Malic acid is found in the juice of many fruits, such as

green apples, gooseberries, currents, etc., and very abund-
antly in the stalks of garden rhubarb, existing as acid ma-
late of calcium, CaHo.2C4H405. It may be prepared by

dio-esting the juice of rhubarb stalks with Winv, dltering

the mixture and evaporating the filtrate to the consistence

of a thin syrup. This is mixed with eight times its bulk

of alcohol, the precipitate collected in a muslin strainer

and pressed. The malate of calcium thus obtained is

decomposed with dilute sulphuric acid, filtered again, and

afterward the solution is evaporated to crystallization,

towards the last at a low temperature beneath the receiver

of an air pump.
Ilalie acid is deliquescent, and from this reason perhaps

is not used in medicine in the pure form. The German
Pharmacopoeia recognizes both a ferrated tincture of sour

apples, and a ferrated extract of sour apples. In each case

the preparation contains malate of iro7i in proportion to

the malic acid present in the fresh apples. Acetate of

iron is also present and results from fermentation of the

juice. Malic acid forms salts wdiich are known as malates.

Nitric Acid —Formula, HNO3. Molecular weight, 62.89.

Synonyms.—Aqua-fortis.

Nitric acid may be })roduced by passing electric sparks

through moist atmospheric air; also by burning many
substances in a mixture of oxygen and nitrogen ; by dis-

tilling a mixture of saltpetre, sulphate of copper and

alum;f by passing an electric spark through a mixture of

oxygen and hydrogen and atmospheric air, and by the

decomposition of various nitrates. It is made practically

by distilling a mixture of equal weights of sulphuric acid

and nitrate of potassium, or nitrate of sodium, the

distillate being collected in a cooled receiver, nitric acid

t Geber prepared it in this manner.
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aud acid sulphate of potassium (bisulphate of potassium)

being formed, thus:

—

KNO3 + H,SO, = HNO3 + KHSO4.
Nitrate or Suipliuric ^'itiio Acid !5al[)li.tte

potassium. aciil. acid. of potabsium.

As thus obtained we find nitric acid contaminated with

nitrogen peroxide (NO.), which gives a yellow color to

the commercial product. The specific gravity of nitric

acid, U. S. P., is 1.42, it contains 69.96 per cent.of anhy-

drous nitric acid, and it is generally stated that an acid of

less or of greater strength than the above changes when
boiled (water or nitric acid sej)arating) until it boils regu-

larly, an acid of specific gravity 1.42 then distilling.

Roscoe states that the constant boiling point of the pure

acid is 120.5° C. (248.9° F.), and that the acid has the

specific gravity of 1.414. Pure nitric acid is colorless and
fumes in the air. It possesses a disagreeable, peculiar

odor, and absorbs moisture from the atmosjjiiere. It is

of specific gravity 1.559 (Kolbe), is very corrosive and
produces serious sores when permitted to come into con-

tact with the skin. The officinal nitric acid (specific grav-

ity 1.42), quickly colors the skin and nails yellow and if

sufficiently in contact with the skin, produces penetrating

wounds which are slow to heal.

Diluted Nitric Acid, U. S. P., is made by mixing three

troy ounces of officinal nitric acid with sufficient distilled

water to make sixteen fluid ounces. It has the specific

gravity of 1.068.

Tests and IriipuritieSi.—If a crystal of ferrous sulphate

(green vitriol) be ]>laced in a test tube with a liquid which

is suspected of being contaminated with nitric acid, and

sulphuric acid be poured directly upon the crystal by
means of a pipette a reddish brown or even black color

will be ]>roduced where the two liquids are in contact, pro-

viding that nitric acid be present.

If nitric acid be diluted with five parts (by measure)

of water, and a solution of nitrate of silver be added, a

white precii)itate will fill if hydrochloric acid be present.

If the diluted acid be mixed with solution of nitrate of

barium, a white precipitate will follow if sulphuric acid
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be present. If a dry residiuim remain upon evaporation
of nitric acid, fixed impurities are present.

Nitric acid is a corrosive poison, decomposing the tis-

sues when swallowed, and destroying life with the most
terrible of sufferings.

Antidotes.—Either calcined or carbonate of magnesium,
or solution of one of the carbonated alkalies, embracing
carbonate of sodium and bicarbonate of sodium, or lime
water, are antidotes, one of which must be given imme-
diately, and followed by either milk, gruel, oils, or mu-
cilaginous drinks. In case the chemical antidotes can
not be obtained at once, administer the oils and viscid

drinks, which act by enveloping the poison. It must be
remembered that nitric acid destroys the tissues, and if

the acid be concentrated and the dose be large, the mem-
branes of the throat and stomach are actually decomposed
at once, and all hope of ultimate recovery must be aban-
doned.

Nitro-Hydrochloric Acid. Nitro-Muriatic Acid.

This is a mixture of nitric and muriatic acids, made
according to the U. S. P. by mixing three parts, by weight,

of nitric acid with five parts of hydrochloric acid. This

mixture liberates chlorine, and will dissolve the noble

metals, gold and platinum, hence the old name, aqua
regia, from this property of dissolving gold, the king of

metals. There are other products of decomposition of

little general interest, inasmuch as the chlorine in nascent

form is the active agent. The reaction Avhich results up-

on mixing the acids, may be explained as follows :

—

2HNO3 + 6HC1 = 2N0CL, + 4H,0 + Cl^.
Nitric acid. Hydrnchloric Chloronitnc Water. Chlorine,

acid. acid gas.

Nitro-hydrochloric acid should be mixed twenty- four

hours before use. It is a corrosive poison, and the treat-

ment and antidotes are the same as those recommended
for poisoning by nitric acid.

Diluted Nitro-Muriatic Acid, U. S. P., is made by mix-

ing one and one-half ounces of nitric acid with two and
one-half ounces muriatic acid, permitting the mixture to
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remain twenty-four hours, then bringing it to the measure
of sixteen tiuid ounces by means of distilled water. This

should be kept in a cool place.

Nitrous Acid.—Formula, HNO... Molecular weight,

46.93.

Nitrous acid may be made by passing nitrogen trioxide

into ice cold water, thus :

N.Og + H,0 = 2HX0,.
Nitrogen Water Nitrous
trioxide. acid.

This is a beautiful blue liquid, but not permanent, for

upon warming, decomposition ensues as follows :

3HN0., = HNO3 + 2N0 + H.O.
Nitrous* Nitric Nitric Water,
acid. acid. oxide gas.

When nitrogen trioxide is passed into warm waterj

nitric acid and nitrogen dioxide result, thus

:

3^,03 + H.,0 = 2HNO3 + 2N",0..
Niti-ogea Water. Nitric Nitrogcu
trioxide. acid. dioxide.

Nitrous acid is not used in medicine in the free state,

but nitrite of etiiyl (C^H-NO._,), is the chief ethereal in-

gredient of spirit of nitrous ether. Although nitrous

acitl is so unstable, the salts of nitrous acid known as

nitrites are permanent.

Oleic Acid.— Formula, Cjsir. ,0.,. Molecular weight,
281.38. " ~

Oleic acid is obtained from many licpiid oils by saponi-
fication and decomposition of the resultant soap bv means
of tartaric or hydrochloric acid; the separated fatty acids
are then digested with oxide of lead some hours at a
temperature of 150° F. This produces lead salts of the
mixed fatty acids, from which the oleate of lead is dis-
solved with ether, the solution filtered and then decom-
po.sed with hydrochloric acid. The chloride of lead is

separated by titration of the ethereal solution and the
oleic acid is obtained from this by evaporation of the
ether. Oleic acid is tasteless, odorless, and colorless when
pure. It is oily, has the specific gravity 0.898 at 19° C.
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(66.2° F.), dissolves freely in alcohol and in ether, but

is insoluble in water. Oleic acid forms salts, tlius

—

•KCigHssO^ is oleate of potassium, and Pb2C,gH3 30.,

is oleate of lead. Soft soap is chiefly oleate of potassi-

um, and hard soap is chiefly oleate of sodium. There

are many other compounds used in medicine which con-

tain salts of oleic acid, as oleate of mercury and the va-

rious lead plasters and lead ointments.

Oxalic Acid.—Formula, H.C.Ovi^HoO. Molecular

weight, 125.70.

Oxalic acid is found in the juices of certain plants in

the form of oxalates, most especially the oxalis or sorrel

grasses. Oxalic acid is made artificially in immense
quantities by the action of nitric acid upon sugar, or of
alkalies upon sawdust. Oxalic acid crystallizes w'ith two
molecules of water, the water being expelled by a gentle

heat, anhydrous oxalic acid(HoCo04) remaining. If the

heat be increased until decomposition takes place, formic

acid and carbon monoxide, carbon dioxide and water
result. Crystals of oxalic acid are colorless, transparent,

and dissolve in eight ])arts of water at 15.5° C (59.9° F.)

or in their own weight of hot water. Oxalic acid is very
sour and strongly acid in reaction. When solution of

oxalic acid or of the soluble oxalates is added to solution

of chloride of calcium oxalate of calcium precipitates.

This is white, and if the precipitate does not dissolve upon
the addition of acetic acid, it is an excellent test for

oxalic acid, free or comljined, (acetic acid dissolves

])hosphate of calcium)- The so-called salt of sorrel

(KHC0O4, HoC204,2HoO),as sold upon the market for

removing ink stains, is often simply oxalic acid. Oxalic

acid is a ])owerful poison.

Treatment and Antidotes.—Make a creamy mixture of

prepared chalk and administer it in doses of from a table

sjK)onful to half a teacupful every ten minutes. Solution

of ferrous sulphate (green vitriol) may be resorted to if

the chalk can not be obtained, (oxalate of iron is insolu-

ble). In all cases evacuate the stomach as quickly as

possible by means of a stomach pump. " In after treat-
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iiieiit (ill the stage of collapse) warmth should be applied

and stimulants adiuinistered"-Ta2//(^if\ Do not give soluble

alkalies or their carbonates, for oxalates of the alkalies are

soluble and are equal in' poisonous effects to oxalic acid.

Oxalic acid acts usually with extreme rapidity, and if

fairly absorbed into the system we may consider that

death is almost inevitable.

Phosphoric Acid—(Normal or Orllio-phosphoricAcid.)
Formula, H3PO4. Molecular weight, 97.80.

This may be made by dissolving common phosphorus

in diluted nitric acid, or by the action of concentrated

nitric acid upon red (amorphous) phosphorus. Also from
bone ash, which is chiefly a tri-calcium ])hosphate. It is

not advisable to prepare this acid from ordinary phospho-
rus unless the operator has proper a]>pliances and the nse

of steam, and even then care must be exercised. Phos-
phoric acid is sometimes made by dissolving glacial phos-

phoric acid in w^ater and then adding nitric acid to the

solution and heating until red vaj)ors cease to be evolved

(See U.S. P. 1870, p. 71.) This acid should not be used,

as glacial phosphoric acid of commerce is very impure.

The reaction which takes place between ])hos})horus and
dilute nitric acid, whereby phosphoric acid is produced,

may be exp.laincd as follows :

—

3P4 -i- 2OHNO3 -f 8H.,0 = I2H3PO4 4- 20NO.
phos- Nitric Water. Pliosplioric Nitric

phorus. •'iciil. a^^'rf- oxide.

Phosphoric acid is reduced to a syrupy consistence by

evaporation which is the most convenient form for gen-

eral use, although the Pharmaco])ceia (1870) recognizes

only a very dilute acid. It may be obtained in the form

of crystals by exposing a concentrated solution to a low

temperature.

DUnied Phosphoric Acid, U. S. P.—This has the

specific Q;i-avity 1.056, is colorless, inodorous, and one

hundred grains of it are saturated by twenty-three and

four-tenths grains of bicarbonate of jiotassium, the solu-

tion remaining clear. Diluted phosphoric acid has a

pleasant acid taste and a strong acid reaction. It shoidd
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mix in all proportions with solution of ferric chloride

without precipitation.

Impurities.—The most objectionable impurities likely

to be present are the acids of arsenic, (from the phospho-

rus or the acids employed). Sulphuric acid is often pres-

ent when the acid is made from bone ash ; metals, from
carelessness in preparation; and metaphosphoric i\c\(\, if the

acid be made from glacial phosphoric acid. In this latter

case sodium phosphate is also likely to be a contamination,

as glacial phosphoric acid is often mixed with this sub-

stance.

Tests.—Pass sulphurous acid (sulphur dioxide) through
the warm dihite phosphoric acid, then boil the solution

;

this will reduce the arsenic acid (if present), forming
arsenious acid. Then pass sulphide of hydrogen into the

liquid and a yellow precipitate will fall (trisulphide of
arsenic) ; filter, and the solution will be free from arsenic.

A.dd solution of albumeu to a little diluted phosphoric
•acid, a gelatinous precipitate indicates meta-phosphoric

acid. This impurity is also sliowu if a gelatinous precipi-

tate results from mixing dihite phosphoric acid with
officinal tincture of chloride of iron. Mix equal bulks of
dilute phos})horic acid with dilute nitric acid, and add a

few drops of solution of barium nitrate, a white precipi-

tate shows the presence of sulphuric acid. In the absence
of arseuious acid, if a few drops of solution of perman-
ganate of potassium be added to dilute phosphoric acid

and the mixture be boiled, it will decolorize if phos-
phorous acid be present. Phosphorous acid, if present, will

also render dilute phosphoric acid turbid when boiled
with a few drops of corrosive sublimate solution.

—

(Hoffman). Pass sulphide of hydrogen into dilute phos-
phoric acid and a yellow precipitate will indicate arsenious
acid; a brown or black precipitate, copjier, lead or tin.

Subsequent filtration will separate these elements. Phos-
phoric acid is trihasic (H3PO.,) and forms throe classes of
salts, one, two or three atoms of hydrogen being displaced
by metals. As examjilcs we may name triso(iium ])hos-

phate (normal phosphate of sodium), ]Jsa3P04+ 2II^O.
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Disodium phos))liatef (liytlrogen disodium plu)S])hate),

HNa.,P044-l-HoO. Mo'nosodinm ])liosi)hate (Dihydro-
gen sodium pho.si)hate), H._,ISiaPO.,+H.,0.

Meta-phosphork acid PlPOg has the composition of

ordinary phosphoric acid deprived of a molecule of water.

It may be made by heating crystallized ortho-phosphoric

acid to redness, thus :

—

H3PO, = HPO3 + H.,0.
Ortho-phos- Meta-phos- Water,
phoric acid. phoric acid.

Solution of meta-phosphoric acid is colorless, sour and
precipitates solution of albumen, chloride of calcium and
ferric chloride. The salts are called meta-phosphates, but

are not used in medicine.

FyrO-phosphoric Acid H4P.O7.—This acid maybe
made by heating crystallized ortho-phosphoric acid very

carefully to the temperature of 213° C. (415.4° F.) at

wliich point two molecules of the acid give off one mole-

cule of water, thus :

—

2H3PO4 — H,0 = H.P.O^.
Ortho-phos- Water. Pyro-phos-
phoric acid. phoric acid.

It may be produced dilute by heating phosj^hate of sodium

to redness, which forms pyro-phosphate of sodium

2HNa.,P04 =- H,0 + Na,P,0,,
Phosjihateof Water. Pyro-phosphate

sodium. of sodium.

then dissolving it in water and precipitating the solution

with lead acetate. The preci})itate of pyro-phosphate of

lead is to be washed well with water, and decomposed
with sulphide of hydrogen, and the solution iiltered to

free it from the sulphide of lead. Pyro-phosphoric acid

is colorless, inodorous and sour. It precipitates solution

of nitrate of silver, while ortho-phosjihoric acid does
not, and does not act U])on solution of albumen or solu-

tion of chloride of calcium (meta-phosphoric acid ])re-

cipitates both). The salts of this acid are called pyro-

2jhosphates, one, the pyro-phosphate of iron, rendered

tThis is tlie ordinary phosphate of sodium of commerce, and officinal.
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soluble by means of citrate of ammonium, being used in

medicine.

Hypophosphorous Acid.—Formula, H.H^POg. Mole-
cular weight, 65.88.

This acid is made by boiling milk of lime and phos-

phorus together
;
phosphoretted hydrogen gas escapes,

and hyphophosphite of calcium is formed.

Ps + ^H^O + 3Ca(0H). = 3Ca2P(OH)2 + 2PH3.
Phospho- Water. Hydroxifle Hypophosphite Phosphoretted

rus. of calcium. of calcium. hydrogen.

Filtration will now separate the soluble hypophosphite
of calcium from the free lime, and by exactly neutralizing

the solution with oxalic acid hypoi)hosphorous acid is liber-

ated. This is now to be again filtered from the insoluble

oxalate of calcium and the solution of hypophosphorous
acid concentrated by gentle evaporation. In this manner
it may be reduced to a syrupy consistence. Hy])ophos-
phorous acid may be made according to Prof. Proctor's

formula by dissolving 480 grains of calcium hypo])ho.s-

])liite in 6 ounces of water, and mixing the solution with
a solution of 350 grains of oxalic acid in three ounces of
water, filtering, washing the magma of oxalate of calcium
(see page 70, for direction for washing precipitates)

with a little water, and afterward evaporating the

mixed filtrates to the bulk of eight and one-half fluid

ounces. This Avill make a 10 per cent, solution of hypo-
phosphorous acid. Hypophosphorous acid is seldom or
never obtained in a pure state, owing to the fact that it

readily absorbs oxygen. It is recorded that explosions

have been known when concentrating this acid by evapo-
ration. The hypophosphorous acid of commerce is

dilute, the usual strength being 10 ])er cent. It has a

sour plea.saut taste, is inodorous and forms salts known as

Jujpophosphites. When hypophosphorous acid is strongly
heated it decomposes into phosphoretted hydrogen and
phosphoric acid, thus:

2H,P0, = PH3 + H3PO,.
Hypojihosnhoious Phosphoretted PhosiJhoric

acid. Hydrogen. acid.

10
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The solution of both hypo])hosphorous acid and the

salts of hyj)ophosphorous acid reduces solutions of the salts

of gold and silver, the metals jirecipitating and piiosphoric

acid remaining.

Phosphorous Acid (H.JIPO3) is "f'f "^c^'l i" medi-

cine. It is made by burning phosphorus in a limited su])-

ply of dry air whereby phosphorus trioxide (Po()3) is

produced, and this when thrown into water combines
with itjforming phosphorous acid, thus:

—

P2O3 + 3H2O = 2H3PO3.
Phosphorus Water. riiosphorous

trioxiclc. acid.

It may be also made by the decomposition of trichlo-

ride of phosphorus by means of water. Phosphorous acid

is of interest to ^pharmacists and physicians, since it may
be present in diluted phosphoric acid which was made
with an insufficient amount of nitri(? acid. (See detection

p. 111.) Phosphorous acid forms salts which are known
as phosphites.

Pyrogallic Acid.—Formula, C^ [1^0.,. Molecular weight,
125.70.

This substance is prepared by heating gallic acid,

whereby at the temperature of about 210° C. a sublimate
appears ; this is j^yt'ognUlc acid. It is of a white feathery

appearance and has feeble acid ])roperties. Pyrogallic
aiiid does not precipitate solution of gelatin. It dissolves

iu alcohol, ether or water, but is insoluble in chloroform;
it has an acrid bitter taste and forms a blue solution with
ferrous sulphate (green vitriol), and a red solution Avith

ferric chloride. Pyrogallic acid is only occasionally used
in medicine, but enters into the composition of many hair

dyes.

Pyroligneous Acid.

This is not a definite acid, but is a mixture of sub-
stances obtained by the destructive distillation of wood
within clo.se retorts. It is composed of crco.sote, acetic

acid and other ]iroducts of the decomposition, in varying
2)roportion.s, forming a dark colored liquid Avhich rises
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upon the tarry products of the distillation. This liquid

(so-called pyroligneous acid), has a strong penetrating

smoke-like odor and an acrid disagreeable taste. It is a

powerfid antiseptic, and if a small proportion be added

to water it will prevent the decomposition of flesh that is

dipped into the solution. It is occasionally used in medi-

cine diluted, as a wash, but the chief use of it at present

is the production of acetic acid.

Salicylic Acid.—Formula, H^C-H^Og. Molecular

weight, 137.67.

This substance derives its name from salicin, from

which it was originally prepared. It is made in large

amounts by a patented process, whereby solution of caus-

tic soda is mixed with carbolic acid and the mixture

evaj)orated to dryness. This is then heated to 100° C.

(212° F.), and wliile a constant stream of carbon dioxide

passes through the mixture the temperature is increased

until it reaches 250° C. (482° F.). Much carbolic acid

distills and the contents of the retort after the reaction,

consists of basic salicylate of sodium, which may be

decomposed by means of hydrochloric acid, and the

salicylic acid afterward ])uri{ied. Wintergreen oil con-

sists mainly of methyl-salicylic acid, or at least it maybe
easily separated into methyl-alcohol and salicylic acid, the

result being a very pure acid.

Preparation.—Dissolve three ])arts of white caustic

potash in two parts of water in a glass or ])orcelain vessel;

heat to 82° C. (179.6° F.), and stir into it three parts of

wintergreen oil (pure), then pour the mixture into sixty-

four parts of cold distilled water previously mixed with

eight parts of hydrochloric acid, (all proportions by

weight). A mass of silky white crystals of salic^ylic acid

will separate, which needs only to be drained, dissolved

in alcohol and rccrystallized. Salicylic acid scarcely dis-

solves in cold water, but is soluble to a considerable

extent in warm water. It dissolves freely, and without

residue, in alcohol and in ether. Borax increases its solu-

bility in water, but the solutions soon decompose. Ferric

chloride is a delicate test for salicylic acid, producing a
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(loep rod or violet color as the solution of salicylic acid is

concentrated or dilute, and even very dilute solutions turn

distinctly pink. Either acids or alkalies destroy this

color. The salts of salicylic acid are known as salicylates,

the sodium salicylate being used in medicine. Neither

salicylic acid nor salicylate of sodium should possess the

odor of carbolic acid.

Silicic Acid.—Formula, H.SiO, or Si(OH),. Mole-
cular weight, 95.84.

This acid is not known in a pure state. It corresponds

with a molecule of silicon dioxide (SIO^), united with

two molecules of water, thus :

—

SiO, + 2H,0 = H^SiO,.
Silictm Water. Silicic

dioxide. acid.

As with sulphurous acid (H0SO3) and carbonic acid,

(H0CO3), both of which have a strong tendency to split

up into water and the oxide, so it is with silicic acid.

Thus we find that even slight evaporation will decompose

all three as explained by the following equations:

—

H.3SO3 = H,0 + SO.,.
Sulphurous WaLor. Puliihur

acid. dioxitie.

H.,CO, = 11,0 + CO,.
CarnoniG Water. Carlmii

acid. dioxide.

H,SiO, = 2n,0 + SiO,.
Silicic Water. Silicon
acid. dioxide.

Preparation.—To a dilute solution of silicate of sodium

(soluble gla.s.s) add an excess of hydrochloric acid. This

will produce chloride of sodium and silicic acid. By
dialysis the excess of hydrochloric acid and the chloride

of sodium may be separated, thus giving us a clear solu-

tion of silicic acid.

Properties.—Solution of silicic acid prepared as above

has a slight acid reaction, but is almo.stor quite tasteless.

It can be somewhat concentrated by boiling in a close ves-

sel, but .soon decomposes. A five ])er cent, .solution gela-

tinizes in a few day.s. When dried over sulphuric acid a
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glass-like suostance remains of the composition H._,Si03,

which has been named meta-silicic acid. Silicic acid is

not used in medicine, but a salt of it, silicate of sodium
(soluble glass) is souietimes employed in surgery or chemi-

cal experiments. The salts of silicic acid are known as

silicates.

Succinic Acid-—Formula, HoC^HjOj. Molecular
weight, 117.72.

Succinic acid is produced by the distillation of amber,

but it is found in several plants and occasionally in ani-

mals. It may be made by fermentation of malic acid

as follows: Crude malate of calcium is mixed with

water, and yeast, or old cheese, when succinate of calcium

forms, which by decomposition Avith dilute sul})huric acid

yields succinic acid and sulphate of calcium. To prepare

it from ambei' [)lace coarsely powdered amber in a glass

flask which is closely connected with a large cooled re-

ceiver. The flask must be entirely surrounded with sand.

Api)ly heat by means of a sand-bath and increase it to

500^ F. and continue it as long as vapors of acid are

evolved. The product will be oil of amber, acetic and
succinic acids. The most of the succinic acid condenses
in the neck of the flask, and it maybe purified by repeated

solutions in water, filtration, and crystallization.

Properties.—Succinic acid is white, odorless, slightly

soluble in cold water and very soluble in boiling water.

As found in commerce it is often of a dirty brown color

and has a disagreeable odor of amber oil, being totally

unfit for use. Succinic acid forms soluble salts with the

alkalies; these are known as succinates.

Sulphocarbolic Acid.—Formula, HCgH^SO^. Mole-
cular w^eiglit, 173.64.

Synonyms :—Phenol-sulphonic acid. Phenyl-sulphui ic

acid.

This acid is made by mixing equal Aveights of sulphu-

ric and carbolic acids and heating to 50° C. (122° F.)

This produces what is known as ortho-sulphocarbolic acid.
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If the heat be increased to 149° C. (300° F.) a molecular

change takes place, jyara-sulphocarbolic acid being fbrnied.

These acids are not known in an absolute state, but are

always contaminated with free sulphuric acid and carbolic

acid. Sulphocarbolic acid forms salts known as suJpho-

carbolates, and by the crystallization of such the acid may
be obtained united with a base. It decomposes, however,

when liberated from such combinations.

Sulphuric Acid.—Formula, HoSO 4. Molecular weight,
137.82.

Synonym.—Oil of vitriol.

This acid is a compound of sulj)hur trioxide SO3 (sul-

phur peroxide) and water, thus:

—

SO3 + H.o = n,,so.i.
Sulphur Water. SiUphiiric

trioxide. acid.

Sulphuric acid is manufactured in enormous quantities

in all civilized countries, and is consumed in abiiost every

branch of industry. It has been known since a very
early day, deriving the name oil of vitriol from the fact

that at first it was produced as an oily liquid, by distilling

vitriol (sulphate of iron). Sulphuric acid is practically

made by passing sulphur dioxide into a leaden chamber,
in connection with steam, air, and nitrous fuu^es. The
reaction may be explained as follows:

—

NO., + SO., + n.,0 = n,so, + Isq
Nitrofren Sulpluir Water. Sulphuvio Nitiic
peroxide. dioxide. uciil. oxide.

The nitric oxide (NO) thus liberated seizes upoii free

oxygen of the atmosphere, and forms nitrogen peroxide

(NOj) again, thus :

—

2N0 4- O.. = 2N0.,.
Nitric 0.\ygen. NitroLren
oxide. peroxide.

Theoretically a limited amount of nitrogen peroxide

.should produce an indefinite amount of sulphuric acid, as

it (NO.2) simply acts as a carrier of oxygen from the atmo-

sphere to the sulphur dioxide. In ])ractice, howevei",

this is not the case, for the air admitted to the chamber
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contains four-fifths of its bulk of nitrogen, and as the

nitrogen escapes from the chamber to make room for

fresh supplies of air, a portion of all the other gases is

lost with it. Thus we find that in the practical manu-
facture of sulphuric acid, the vapors of burning sulphur,

nitrous fumes, steam, and atmospheric air are constantly

passing into the leaden chamber.f This results in an

aqueous solution of sulphuric acid and after some time

the liquid is drawn off and evaporated to this proper con-

sistency in glass or platinum.

Properties.—Sulphuric acid of commerce is colorless,

odorless, and as prepared in accordance ^vith the U. S. P.

of the specific gravity of 1.843. It contains 79 per cent,

of sulphur trioxide (SO3) and 96.8 per cent, of pure sul-

phuric acid, (Ho SO,,). It is one of the strongest of

acids, especially attacking those organic bodies that con-

tain water, or the elements of water (oxygen and hydro-
gen,) and decomposing them with ease. Thus, wood is at

once blackened by it from liberation of carbon, and flesh

is destroyed by actual disintegration. Sul})huric acid

unites with water, the mixture contracts and much heat is

liberated. The salts of sul}ihuric acid are called sulphates.

Diluted Sulphurio Acid, U. S. P., is made by gradually

mixing two troy ounces of sulphuric acid with enough
distilled water to make the mixture measure a ]nnt, then

after twenty-four hours filtering through pa})er. The
specific gras'ity will be 1.08'2.

t Some prefer to explain the reaction as follows: The steam and
sulphur dioxide unite to form sulphurous acid thus:

S0.^ + H,0= H.,S03,

while the action of sulphuric acid on nitrate of potassium produces
nitric acid, thn^ :

2KN03-|-H,SO,= K.,SO,+2HN03.
These substances pass toEjether into the chamber and the reaction
which follows may be explained as follows:

3H,SO,-f2HXO. =3H,SO,+H,04(X01.
TTndoubtedly both nitric acid and nitrojjen peroxide are evolved
from the saltpetre, and therefore, we maj- possibly accept both of the

explanations, but there is every reason to believe the reaction is

much more compk-x.
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Pure Sulphuric Acid (HoS04)cau not be made by evapo-

ration or distillation, for even if officinal sulphuric acid

is distilled, the last third of the distillate will contain two

per cent, of water. H(nvever, if this is cooled, crystals

of pure sulphuric acid separate, of the specific gravity

1.854 at 0° C. (32° F.)

Fuming Sulphuric Acid.—This is known as Nordhausen

sulphuric acid, and was made before sulphuric acid wa:;

produced from sulphur. It derives its name from Nord-

hausen where it was first })repared, being made by roast-

ing green vitriol and then distilling. It is in reality a

solution of sulphur trioxide (SO3, anliydrous sulphuric

acid) in sulphuric acid. It is generally of a brown color,

of the specific gravity 1.86 to 1.89 (R. & S.), and gives

off sulphur trioxide (SO3) which immediately unites with

the vapor of the atmosphere to form sulphuric acid, dense

white fumes exhibiting themselves, thus:

—

SO3 + H.,0 = H.SO^.
Sulphur Water. Sulphuric
trioxide. iicid

From this reason the acid is known as fuming sulphu-

ric acid. Some prefer to call this acid disidphuric acid

HoSjO.-, and indeed salts of this composition can be
made, as for example disulphate of sodium XaoSo07.

Tests and Impurities.—Sulphuric acid, or the solution

of a soluble sulphate, will throw down a white precipi-

tate (sulphate of barium) upon the addition of a solution

of chloride of barium, which precipitate will not dissolve

in nitric or in hydrochloric acid. (Sulphite of barium
dissolves upon the addition of these reagents.)

Lead is sometimes present in sulphuric acid. It ma}'^

be shown by mixing one part of sulphuric acid slowly

with four or five parts (all by measure) of alcohol, when,
if lead is present, a white turbidity, or precipitate, will

follow.

Arsenic, often an impurity of sulj)huric acid, may be

detected by Marsh's test. Sulphurous acid will decol-

orize a strip of blue iodide of starch paper, if sus})ended

above the suspected acid in a close bottle ; and oxides of
nitrogen will cause, under like conditions, a blue eolora-



ACIDS. 121

tion to tippear upon paper which has been moistened with

iodide of potassium and starch solution.

Sulphuric acid, when much diluted, has an agreeably

acid taste, and is occasionally used in hot weather as a

cooling drink. Concentrated sulphuric acid is a power-
ful poison. It decomposes the membranes of the throat

and stomach, and may even destroy life before reaching

the stomach. It is the most fearful of the corrosive min-
eral acids, and if a large dose has been swallowed, the

effects can not be antidoted, for it actually disintegrates

the vital organs with which it comes into contact.

Treatment.—Chalk made into a milk with water should
be freely administered, or mixtures of carbonate or cal-

cined magnesia with water. Solution of carbonate of
sodium or bicarbonate of sodium in milk or water is

of value, and such drinks as gruel, and linseed oil mixed
with lime water, milk, etc., to mechanically envelop the
poison. For reasons before stated, little hope of recovery
need be entertained if a large dose has been swallowed.

Sulphurous Acid.—Formula, H.,SO,. Molecular weight
81S6.

Sulphurous acid is made by passing sulphur dioxide
into water, thus :

SO^ -I- H,0 = H^SOg
Sulphur dioxide. Wa"ter. Sulphuious acid.

Sulphurous acid is not known in a pure state, for when
its solution in water is evaporated, the acid decomposes
into water and dioxide of sulphur.

Preparatio)).—Heat in a glass retort a mixture of sul-
phuric acid eight parts, and powdered charcoal one part,
and pass the gas into cold water. The reaction is shown
by the following equation :

—

4H,S04 + C, = 2C0.^ + 4H..0 + 4S0.,.
Sulphuric Carbon. Carlinn Waier. SiUphur

acid. dioxide. dioxide.

The sulphur dioxide is absorbed by the water to form
sulphurous acid, in the manner previously explained.

Properties.—Solution of sulphurous acid is colorless;
its vapor is irritating and suffocating when inhaled. It is

11
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not corrosive, evaporates readily, and for this latter rea-
son must be securely stopped. It also absorbs oxygen
with avidity, which is another inducement for excluding
the atmosphere, as it passes, in this case, into sulphuric
acid, thus:

—

2H.,S03 + O, = 2H^S0,.
Sulphurous aoid. Oxygea. Sulplnuic acid.

Sulphurous acid forms salts known as sulphites, which
evolve sulphurous acid upon addition of hydrochloric
acid, or dilute sulphuric acid, and which may then be
recognized by its odor. To a solution of a neutral solu-
ble sulphite add a solution of chloride of barium, and a
white precipitate will fall, which Avill dissohr upon the
addition of hydrochloric acid. (Sulphate of barium will

not dissolve.)

Tannic Acid.—Formula, C, ,H,,,0, Molecular weight,
321.22.

This is obtained from nutgalls by extracting the pow-
dered galls with ether, which has been agitated m ith water,

and subsequently evaporating the ether. The tannin will

remain as a light porous amorphous substance of a green-

ish or browni.sh color. Tannic acid from nutgalls is freely

.soluble in water, alcohol, glvcerin, or in ether Avhich is

mixed with alcohol or which contains water, (washed
ether). It is very astringent and the aqueous solution

has an acid reaction. It precipitates most alkaloids as

insoluble, or almost insoluble tannates ; also in like

manner the salts of most metals. Solutions containing

gelatin are precipitated by tannin, consequently gelatin

is an excellent agent to separate tannin from aqueous

.'solutions, and in most cases a shred of gelatin or raw-
hide will remove it in a few hours. Tannin of commerce
has a peculiar odor, which, according to Prof Proctor,

may be removed by treatment with benzine. Tannic
acid precipitates solutions of ferric salts, blue-blacJc. Tan-
nic acid changes under the action of continued moisture

into gallic acid (see gallic acid), and hence is now some-
times called digallic acid.

Tannins.—There are a multitude of tannins. The oak
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bark tans leather, and produces blue-black ]ireci])itate.s

with feiTic salts, but (distinction from tannin) will not

yield pyrogallic acid. Most plants contain a tannin in

some part of their organism, and but few of these princi-

ples agree in all characters. Some plants contain two
distinct tannins. As a means of classification it is cus-

tomary to si)eak of tannins as yielding Vjlue or green

precipitates with ferric or with ferrous salts; even this is

indefinite and uncertain, for a variation in the proportion

of the tannin, or even the influence of the acid with

which the iron is united, will modify the reaction or render

it perfectly unreliable. Some tannins are comparatively

permanent, others, like tannin from nutgalls, are easily

decomposed. Of the chemical constitution of the tannins

we know but little.

Tartaric Acid.—Formula, H.^C^H^Og. Molecular

weight, U9.64.

Tartaric acid exists in many fruits. It is a constituent

of grapes, and in small amounts is found in many roots,

barks and herbs, where it exists either free or as the acid

tartrate of potassium, KHC, H,Og. When the juice of
grapes is permitted to ferment the acid tartrate of j^otas-

sium separates in consequence of its insolubility in an
alcoholic menstruum, and adheres to the sides of the

cask in the form of an incrustation, (known as argol or

crude tartar). This is dissolved and then decomposed by
means of carbonate of calcium, and the tartrate of cal-

cium thus formed is in turn decomposed with snlphuric

acid. This gives rise to sulphate of calcium and solution

of tartaric acid, which is separated from the sulphate of
calcium by filtration. The solution of tartaric acid is

afterward evaporated until the tartaric acid crystallizes.

Properties.—Tartaric acid will dissolve in its weight of
cold water and in half its weiHit of boilino- water ; alco-

hoi dissolves one-third its weight. Its crystals are color-

less and odorless, have a sharp sour taste and do not

contain water of crystallization. It unites with bases to

form both acid and neutral salts known as tartrates.
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Impurities and Tests —Inorganic salts may be shown
by dissolving the acid in six parts of alcohol ; admixtures

will remain undissolved.. If it contain calcium salts a

dilute solution of the acid previously neutralized with

ammonia will precipitate ivhite with solution of oxalate of

ammonium.
Sulphates are showw by a white precipitate when a dilute

solution of tartaric a:Md is mixed with a little solution of

nitrate of barium. Metallic impurities, such as copper oi

lead, are thrown down when its aqueous solution is treated

with sulphide of hydrogen.

Valerianic Acid.—Formula, HC^HyO^. Molecular
weight, 101.77.

Valerianic acid (valeric acid) was first found in valerian

root, and from thence derived its name. It has also been

obtained from other plants, and at present is artificially

prepared in quantities (none of the true is in market),

being ])roduced from amyl alcohol ; thus with caustic

potash the j)rocess is explained by the following equation.

C.H,.0 + KOH = IvC,H,,0, + 2H.,.
Amyl* Caustic Valerianate llyilrogcn.
alcohol. pota.-sium. of potassium.

It is usually made from a mixture of dichromate of

potassium, sulphuric acid, amyl alcohol (fusel oil), and
water. The reaction is violent, however, without extra

precautions, and as the odor of this acid is very oflPensive,

few care to experiment with it. The modern name for

valerianic acid is isopenfoic acid, or isopropyl -acetic acid.

Properties.—A'^alerianic acid is thin, colorless, oily, and
oflPensively disagreeable in odor to most ])ersons, either in

large or small amount. It dissolves freely in alcohol, and
this solution is almost odorless. It is also very soluble

in water; and a few grains will give the odor to a con-

siderable amount of water. Valerianic acid differs con-

siderably in specific gravity and other properties, in ac-

cordance with its origin. The salts of valerianic acid are

called valerianates.

Impurities and Tests.—This acid must dissolve in from
26 to 30 parts of water. If it dissolves in a less amount
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than 26 parts, it is contaminated eitlier with alcohol,

acetic acid, or butyric acid. (Hoffmann.) It' it requires

more than 30 parjts, the acid contains impurities less sol-

uble in water than valerianic acid. Neutralize a solution

of valerianic acid with an alkali, shake the mixture with

ether, filter, and allow the ether to evaporate spontane-

ously, and arayl alcohol, valeric aldehyde, or neutral

ethers will, according to Allen, remain after the ether has

escaped.

CHLORINE.
Symbol CI. Atomic weight, 35.37.

Scheele discovered chlorine in 1774, and named it

" dephlo(]ktkale'l taarine acid gai^," from the fact that he

prepared it from marine acid (hydrochloric acid). Berthol-

let afterward endeavored to prove that it was a compound
of hydrochloric acid gas and oxygen, but Davy (1810)

disproved his assertion. Chlorine derived its name from

its greenish yellow color (named by Davy), It is always

found in combination in nature, but in this form exists in

immense amounts, notably combined with potassium,

sodium or magnesium. Sodium chloride constitutes the

largest part of the solid constituents of the waters of the

ocean, of the waters of many inland lakes, and is found in

brine springs, and as rock salt is found in immense beds

in many countries. The chlorides of the alkaline and the

alkali earth metals are found in both animal and vegeta-

ble organisms and seem necessary to health and existence.

Chlorine gas is most easily prepared by warming hydro-

chloric acid with manganese dioxide, the operation being

explained as follows :

—

4HC1 + MnO., = Clo -f- MnCi. + 2H,,0.
Hydrochloric Manganese Chlorine Maiiganous Water,

acid. dioxide. gas. chloride.

Experiment.—Place one part of powdered manganese
dioxide in a chemical flask capable of holding sixteen

parts, and pour upon it six parts of hydrochloric acid

previously diluted with half its weight of water. Con-
nect the flask by means of a rubber stopper perforated
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and fitted with a glass tube, witli two wasli bottles, the

first of which contains two parts of distilled water, the

second, four parts of sulphuric acid. From tiie second

wash bottle a tube passes to the bottom of a bottle filled

with air. Heat must now be gently ajjplied to the flask,

by means of an alcohol lamp or gas jet, and a steady flow

of chlorine will follow. When the air in the receiving

bottle is displaced by chlorine, the heat must be removed
from the generator. If chlorine be inhaled, the result is

a distressing irritation, tlierefore, it is advisable that the

experiment be conducted beneath a good flue, or in the

open air, and the connections must be secure and tight.

If the chlorine be conducted into cold distilled water, it

is dissolved to a great extent, and when the water is satu-

rated with the gas the result is aqua chlorinii, or chlorine

water of the Pharmaco})fTeia.

Chlorine has the atomic weight, 35;37. It is a trans-

parent greenish-vellow gas of a disagreeable suffocating

odor. It liquefies under the pressure of six atmospheres

at 0° C. (32° F.) or at the ordinary pressure of the

atmosphere when it is reduced to —34° C. (—29.2° F.)

Chlorine is not inflammable and does not unite directly

with oxygen. It unites directly with hydrogen, hydro-

chloric acid resulting, thus:

—

CI, -f II.. = 2HC1.

This affinity for hydrogen explains the bleaching power
of chlorine, for the chlorine decomposes the water present,

unites with the hvdrogen, and the oxygen which is liber-

ated in a nascent state, oxidizes and destroys the coloring

matters. If a jet of burning hydrogen be thrust into a

jar of chlorine gas, the combustion continues attended

by the evolution of both light and heat; the product is

hydrochloric acid. If finely powdered metallic antimony
be s|)rinkled into a jar of (chlorine gas, the particles form
a shower of sparks, the two elements uniting to produce

chloride of autlmonv. A ]-»Iece of filtering paper snturnted

with oil of turpentine bursts into a flume when it is

plunged into a ]ar of chlorine gns. The chlorine decom-
poses the oil, unites with the hydrogen and liberates the
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carbon. Chlorine unites with many metals to form cJdo-

rides. A definite hydrate, Cl.-SH^O, is produced when
chlorine gas is passed to saturation into water just above
0° C. (32° F.) This is a solid crystalline compound and
is known as chlorine liydrate. The solution of chlorine

in water has a greenish color and smells strongly of
chlorine. A portion of the water decomposes by age, the
chlorine uniting with its hydrogen to form hydrochloric
acid, with liberation of oxygen, thus :

—

2CU + 2H.,0 = 4HC1 + O,.
Chlorfne. Water. Hydrochloric Oxygen,

acid.

There are three compounds of oxygon and chlorine, all

made by indirect processes, as the two elements rel'use to

unite directly. They are :

—

Cl.^0. chlorioe monoxide, or hx-pochlorous oxide.

01^03, chlorine trioxide.

C0O4 or C10*2, chlorine tetroxide.

There are four compounds of chlorine with oxygen and
hydrogen, known as the oxy acids of chlorine, they are:

—

nClO hypochloroiis acid. HCIO.^ chlorous ;icid.

HCIO.5 chloric acid. HCIO., perchloric acid.

Chlorine combines directly with carbon and other ele-

ments in certain organic compounds, for example chloro-

form, CHCI3, and such do not precipitate a solution of

silver nitrate. We have considered the compound formed

of chlorine and hydrogen (hydrochloric acid), under the

acids, and shall study the chlorides which are used in medi-

cine, under the respective electro-positive element with

which chlorine is united to form each compound. In the

section of our work devoted to organic ehcmidry, chloral

hydrate, chloroform, etc., will be considered.

Tests for free Chlorine.—If a solution containing free

chlorine be mixed with a solution of ferrous sulj)hate and
potassium sulphocyanide, a red color results. If a solu-

tion of chlorine, free from nitrous acid, be mixed with a

solution of iodide of potassium and starch paste, a blue

color at once results. Ozone also gives this reaction.

Tests for Soluble Chlorides.—Mix solution of nitrate of
silver with the solution of any chloride, (chloride of sodi-
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um for example) ; a white precipitate results. Decant the

supeniataiit liquid, add excess of strong nitric acid and

boil ; the precii)itate remains. Decant the acid, add

ammonia water in excess to the precipitate, and solution

results.

Tests for insoluble Chlorides.—Boil calomel, for ex-

ample, with solution of caustic potash; permit the result

to settle ; decant the clear solution and then add to it nitric

acid until in slight excess. This will give a solution of

chloride of potassium which may be detected by the fore-

going test for soluble chlorides.

BROMINE.
Symbol, Br. Atomic weii^ht, 70.75.

Bromine was discovered by Balard, in 1826, who ob-

tained it from the mother liquor of sea-water from which
salt had been separated. Bromine does not occur free in

nature, nsually being combined with the alkaline metals,

or the metals of the alkaline earths, forming bromides. The
source of supply was formerly certain salt springs of

Europe, and the potash beds of Stassfurth. JSTow the

United States is supplied from the mother liquors of the

salt springs of the Kanawha river, in this country. The
preparation of brouiine is very siuiple: the mother liquor

of the salt springs is mixed with sulphuric acid and black
oxide of manganese, in stone retorts, and heat is applied.

This liberates chlorine, which reacts upon the soluble

bromides present, decomposes them, with liberation of

bromine and production of chlorides. The bromine dis-

tills, and is condensed. Bromine is liquid at ordinary
temperatures, mercury and bromine being the only ele-

ments of which this can be said. It is black in bulk, but
when shaken against the sides of the bottle, shows in thin

layer a deep ruby red color. It is three times as heavy
as water, having a specific gravity 3.1S72. At —22° C.

(—7.6° F.) it solidities. It is volatile, evolving heavy
red fumes when exposed to the air, and these are very
irritating to the eyes, throat, and lungs. The best anti-

dote for the effects of inhaled bromine is to breathe ammo-
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nia vapor, and it is customary for workmen to keep a

vessel of ammonia water convenient while working with
bromine. Bromine produces a painful sore, if it be per-

mitted to come into contact with the skin. In such cases

the part attacked should at once be washed with dilute

ammonia water, and then treated with oil or bland ce-

rates. A small amount of the vapor of bromine in the

air reminds one by its odor of chlorine, and it bears a

close resemblance to that element in other respects.

Bromine bleaches organic bodies, but less energetically

than chlorine. It combines directly with potassium with
violence, but does not affect metallic sodium at ordinary

temperatures.

When bromine is dissolved in water it imparts an
orange-red color, and when a saturated solution is made
at just above 0° C. (32° F.) a definite cry.^talline body re-

sults, of the composition Br5HnO. Bromine water de-

composes readily if exposed to sun-light, hydrobromic
acid being formed, and oxygen being liberated. Bromine
and hydrogen unite to form hydrobromic acid (HBr), but
this compound is treated of under acids, to which the
reader is referred.

Bromine and Chlorine, or Chloride of Broynhie, has
been used by physicians. Under this name a mixed solu-

tion of the two substances is prepared. The composition,
however, of "bromide of chlorine" is in doubt. The so-

lution is made by mixing one part of bromine with sixty

parts of cold water, and passing chlorine gas into it until

the bromine disappears and a dark-red solution is formed.
Chloride of bromine has an intensely irritating odor, and
is said to be a powerful caustic. The compounds of bro-
mine with single elements are known as bromides. There
is no known oxide of bromine.

Tests for Soluble Bromides and Bromine.—If a solution
of nitrate of silver be mixed with a solution of a bromide,
a yellowish ])recipitate results. Decant the solution, add
dilute nitric acid and warm ; the precipitate remains, and
ammonia water in slight excess ])artially dissolves it.

Iodides give the same reaction. To the solution of a
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bromide add chlorine water cautiously, care being taken
to avoid an excess. Bn^nine is liberated and chlorine

takes its ])lace, a red, or yellowish-red solution resulting.

Add a small amount of chloroform, or carbon disul})hide,

and agitate; tlie bromine is dissolved and the layer of
lower solution will contain it, being colored red or vel-

lowish in proportion to the bromine present. Decant
the overlying aqueous solution, sus])end a slij) of moist-

ened starch paper in the test-tube, and warm gently ; the

paper becomes yellow, which color disappears when the

paper is exposed to the air .

lODIXE.

. Sj-mbol I. Atomic weight, 126.53.

In the year 1812, M. Courtois, of Paris, discovered

iodine in the mother liquor of the soda-salts prepared

from kelp. The name was derived from the violet color

of its vapor. Iodine occurs in nature combined with

other elements, chiefly potassium, sodium, and calcium,

forming iodides. The waters of the ocean are its great

reservoir; it is obtained from the ashes of sea weeds.

Sponge also yields iodine, and at one time the a&hes {biir7it

sponge) were used in medicine. From the mother liquor

of the lixivated ashes of sea weeds, iodine is obtained

by processes similar to that mentionedl'or making biomine.

Iodine is found in commerce as bright, black or bluish-

gray plates, and is sold under the name re-sublimed iodme.

It has the specific oravitv 4.948, melts at from 113° to

115° C. (235.4° to 239° F.j When heated it boils at 200°

C. (392° F) giving rise to violet vapors, and from this

fact, as we have said, the element derived its name.

Iodine is a bad conductor of electricity. It dissolves

sparingly in water, but freely in solution of iodides and

in alcohol, yielding brownish-red solutions. Iodine acts

energeticallv upon many volatile oils. With oil ofjuni-

per the comjmnnd has a'greenish or yellowish color, being

known as iodized oil of juniper. The chemical relations

of iodine are with chlorine and bromine. If iodine im-

parts a red or a deep yellow color to pure water, the
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presence of clilorltie may be inferred. The important

characteristic of iodine is the power it possesses of strilv-

ing a deep blue color with starch paste. Tiiis experiment

is illustrated by boiling a few grains of starch with a

little water, and adding a drop of tincture of iodine to

the solution. In this connection it must be remembered
that the iodine must be free and the starch granules burst

and in solution. This fact may be illustrated by adding a

few grains of iodide of potassium to a little starch paste
;

there will be no coloration, but tlie addition now of a

little chlorine water at once produces a deep blue color

by liberation of iodine.

The compound of iron and hydrogen, hydriodic acid

(HI), has been considered under the head of acids. Chlo-

rine forms, with iodine, two compounds, iodine mono-

chloride (ICl), and iodine trichloride (ICI3). Neither

is used in medicine. Iodine combines with bromine, to

form a compound which is used in medicine under the

name

—

Bromide of Iodine.—This is used in form of solution,

and is made by rubbing one j^art of iodine into a paste

with a little water, then mixing with it two parts of

bromine, and when the iodine is dissolved diluting the

solution to 60 parts. (Wittstein). Some prefer a more
concentrated solution. Solution of bromide of iodine

decomposes by exposure to light, hydrobromic and hydri-

odic acids being formed and oxygen evolved. The
medicinal compounds of iodine with the metals are con-

sidered in their proper place. Iodine unites with oxygen

to form pentoxide of iodine (I0O5), and this in turn com-
bines with water to form iodic acid, thus:

—

1^05 + II.O = 2HIO3.

Tests for Soluble Iodides.—1st. Mix a solution of an

iodide with a little thin starch paste, and acidulate the

mixture with hydrochloric acid. Now add a little solu-

tion of nitrite of jiotassium ; if a trace of iodine be pres-

ent a blue color results in a few seconds ; if the iodine is

])resent in appreciable amount the blue color appears

immediately.
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2cl. To a solution of one part of sulphate of copper,

add a slontion of two and one-half parts of ferrous sul-

])hate. Mix this with a neutral solution of an iodide; a

white precipitate of cuprous iodide (Cul) results. This

serves to distinouish an iodide from chlorides and bro-

mides, as they do not respond to the test.

Tent for Free Iodine.—It will be observed that .the

first test results in liberation of iodine, which is detected

by starch paper. In all cases where free iodine is present

a blue color is produced with starch paste, or starch paper.

FLUORINE.
Symbol F. Atomic weight, 10.1.

The element which gives rise to theJJiiorine compounds,
has never been isolated. Numerous attempts with the

object of its identification have been made, and by the

most careful experimenters, but all resulted in complete

failure. Fluorine combines with hydrogen, silicon and
the metals with avidity. From this reason when the ele-

ment is liberated from combination it at once unites with

the vessel which contains it, even if such be platinum,

glass or carbon. Fluorine is remarkable for the fact that

as yet it has never been made to combine with oxygen,

and thus stands isolated from all other elements. There
is no compound of fluorine of interest from a therapeuti-

cal point. It unites with the metals to form fluorides of

which the fluorides of the alkaline earths are insoluble in

water. Fluorides combine among themselves to form
doulde fluorides, and as a rule the fluorides dissolve in

hydrofluoric acid.

IJydrojiaoric Acid (HF) is of interest since its solution

in water forms the well known liquid employed to etch

upon glass. It is a very dangerous substance to ex]>eri-

ment with in a concentrated form. The inhalation of its

va]ior is dangerous, and it is a matter of recoi'd that Prof.

Nickles, of Naples, lost his life from accidental exposure
to it. Ordinary hydrofluoric acid is a solution of the

pure acid in water. It is made by acting upon the min-
eral fluor spar (CaF.), with sulpluiric acid, and passing
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the liberated hydrofluoric acid into water. For this piir-

])Ose a leaden .still is employed, and the solution of hydro-

fluoric acid is afterward retained in rubber bottles. Great

care must be employed in its preparation lest the operator

inhale the fumes.

Hydrofluoric acK?, if anhydrous, is colorless and volatile

and does not act U})on glass. If moisture be ])resent, how-
ever, the glass is corroded. It is very soluble in water. The
property hydrofl.uoric acid possesses of etching glass may
be exemplified by placing a little powdered fluor spar in

a leaden cup and covering the cup with a Avaxed plate of

glass, through the wax of which a figure is scratched with

some hard blunt instrument. Pour a little sul])huric acid

upon the fluor spar and in a short time the glass will be

corroded where the wax is removed. The hydrofluoric

acid is produced as follows :

—

CaF^ -f- H,SO^ = 2HF. + CaSO,.
Fluor Siilpluiric Hydioflu. Calcium
ep.ir. acid. oricacid. sulphate.

The experiment must bo performed under a good flue,

or in the open air, as it is necessary that the operator

should not inhale the vapor.

OXYGEN.
Sj-mbol 0. Atomic weight, 15.96.

Oxygen is the most abundant of the elements. It
forms (in combination) 88.87 per cent, by weight of all

the water of the globe, and as a gas 23 per cent, of the

weight of the air. It enters into the composition of the

rocks, earths and metallic oxides which compose the solid

parts of the earth, and forms a large part of all organic

substances both animal and vegetable. Oxygen was dis-

covered in 1774, by Priestly, and obtained by heating red

precipitate. The name is derived from two woids mean-
ing Iproduce sour. The name was given it by Lavoisier

who believed that all acids contained oxygen, (see acids).

Although oxygen is free in tlie atmosphere to the extent

of nearly one-fourth the weight of the air, it is always
made from some body which parts with it at a moderate
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temperature. For tins purpose the black oxide of man-
ganese, mercuric oxide, or chlorate of potassium, may be

employed. In experiments it is very easily made as

follows (fig 49) :

ElG. 49.

Mix two parts of powdered black oxide of manganese
with three parts of powdered potassium chlorate, and
place a portion of the mixture in the small chemical flask

A, or even a large test tube, and connect this by means of

a glass tube with the pneumatic trough B. Heat the

flask with a spirit lamj), c, until the gas passes regularly,

then permit it to flow into the receiving bottle. In this

experiment the black oxide of manganese and the chlorate

of potassium must be well dried. Half an ounce of the

mixture will he suflicient to fill a quart bottle with oxygen,
In this experiment the whole of the oxygen is given ofl'

from the chlorate of potassium, chloride of potassium
remaining, thus:

—

2KCIO3 = 2KC1 -f- 30o.
Potassium. Potassium Oxygen,
chlorate. chloride.
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The object of the admixture of the manganese dioxide

is for the purpose of liberating- the oxygen at a low tem-

perature. It has been practically demonstrated that this

mixture liberates oxygen at less than the boiling point of

water, while from either pure chlorate of potassium or

manganese dioxide, a high heat is required. The expla-

nation of this fact is not satisfactory, some believing that

a higher oxide of manganese is constantly formed at the

expense of the oxygen of the potassium chlorate, and that

this is reduced in a continuous manner, while others

prefer to consider it as an example of catalytic action

(see catalysis, page 71).

Oxygen is colorless, odorless, and tasteless, and has the

specific gravity of 1.1 when compared to air. The natu-

ral condition of the element is in the form of a gas. It

was liquefied simultaneously in 1877 by Pictet and

Cailletet, independently of each other. For this purpose

a temperature of — 130° C. and a pressure of 475 atmo-

spheres was required. Oxygen is absorbed by many
metals when in the molten state, and is given oiF by
them upon cooling. When oxygen unites with a metal,

the compound is termed an oxide. Some metals form

several definite oxides.

Oxides and their Composition.

Elements differ from one another with regard to the

number of oxygen atoms with which they combine. The
terms which we apply to individual oxides have reference

to the number of oxygen atoms in combination with an

atom or atoms of the other element.

Monoxides.—These contain one atom of oxygen ; thus

as examples we may name

—

K2O Potassium monoxide.
Na.,0 Sodium monoxide.
Li.,0 Lithium monoxide,
Bab Barium monoxide.
CaO Calcium monoxide,
MgO Manganese monoxide.

Dioxides.—These contain two atoms of oxygen, and as

examples we may name

—
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BaOg, barium dioxide.

SiOj, strontium dioxide.

PbOo, lead dioxide.

Trioxides.—These contain three atoms of oxygen, thus :

Au.jOg, s:(old trioxide.

ItoOo, ii-idium trioxide.

Bi^Og, bismuth trioxide.

It will be noticed that each of the above-named trioxides

contains two atoms of the electro-positive element united

with three atoms of oxygen. To such compounds the

prefix sesqui is often applied, meaning one and one-half.

Thus it will be observed that one and one-half atoms
of oxygen appear to be combined with one atom of

metal in each compound, for

—

Au.,0., -^ 2 = AuOj ,.o.

Ir;o/ -^ 2 = IrO, ,-2'

Bi;03 -- 2 = BiO, ,..,.

According to our view of the atom, this compound can

not exist, as we consider the atom indivisible ; therefore,

the molecule of each sesquioxide consists of three atoms
of oxygen united with two atoms of the other element

—

in reality, one and one-half times as many atoms of oxy-
gen as there are of the electro positive element.

Scsquioxides may then from this view be considered as

intermediate between monoxides and dioxides. Formerly
the term sesqui was universal. At present even it is

extensively used ; for example :—sesqui-oxide of iron,

Fe^Og. Trioxides are also compounds in which one
atom of a metal is combined with three atoms of oxy-
gen, thus :

—

WO3, tungsten trioxide.

UO3, uranium trioxide.

SO3, sulphur trioxide.

MuOg, manganese trioxide (hypothetical).

Tetroxidcs.—These contain four atoms of oxygen com-

bined with the metal, thus:

—

VoO,,, vanadium tetroxide.

SboO^, antimony tetroxide.

BioO., bismuth tetroxide.
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Pentoxides.—These consist of molecules Avliich contain

five atoms of oxygen united by chemism with the electro-

positive element, thus:

—

BioOj, bismuth pentoxide.

Ta.20g, tantalum pentoxide.

N^Oj, nitrogen pentoxide.

P.,0-, phosphorus pentoxide.

Double Oxides or "saline oxides" may be regarded as

the union of two oxides, thus:

—

MnO -f MnOo = Mn.Og.
Mariijanese Manganese Mangauoso-manganic
moaoxide. dio.^ide. oxide, or Manganese

sesquioxide.

FeO + Fe.Og = Fe^O,.
Iron Ircjii Ferroso-lerric

monoxide, se-quinxide. oxide.

In properties, oxides differ very much. Some readily

give off" oxygen when heated, lower oxides remaining.

Others, gold and silver for example, part with their

o.wgen completely, the metal remaining. The oxides of

some metals are volatile (ruthenium and osmium, exam-
])les) and can not be decomposed by heat. Others ab.sorb

oxygen when heated in the air, forming higher oxides.

Ic and Ous.—These terminations when ap[)lied to

oxides sliow that the element forms at least two classes

of oxides, ous terminating the lower and ic the higher, as :

MnO Manofanous oxide.

MnOg Manganic oxide.

SnO Stannous oxide.

SnOg '. Stannic oxide.

CrO Chromous oxide.

Cr^Os Chromic oxide.

A glance at the foregoing will show that oxides which
terminate in ous, contain less oxygen in proportion to

the metal than those which terminate in ic. This rule

follows with the corresponding line of salts from each

class of oxides.

Per, the prefix. This is applied to the oxide of an
element which contains more oxygen than the basic oxide.

The prefix i^er is old, having been once used bv chemists

12
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in contra-dlstinctiou to ^jvolo, where an element formed
two classes of oxides that formed salts. Proto, in these

cases, was a})plied to the oxide which contained the least

oxygen, thus :

—

Protoxide of iron was FeO.
Peroxide ot iron wus Fe20...

The prefix proto usually corresponded with our termi-

nation ouH, meaning lower. The prefix per usually cor-

responded with our termination ic, and was applied to

the higher class. It was customary to speak of the "sul-

phate of protoxide of iron" (now ferrotis sulphate), and
"sulphate of peroxide of iron" (now ferr/c sulphate,) etc.

(See salts.) For convenience the oxides have been divided

into three classes.

Classes of Oxides.

These are basic oxides, peroxides, and acid-forming

oxides.

Basic oxides, (alkaline oxides).—These neutralize acids

and form compounds which are known as scdts, thus:

—

K2O + H3SO, = K.SO^ + H2O.
Potassium Sulphuric Potassium Water,
monoxide. acid. sulphate.

Again —
CaO + H,SO, = CaSOj + H.O.

Calcium Sulphuric Calcium Water,
oxide. acid. sulphate.

Basic oxides also unite with water to form the class of

bodies known as hydroxides or hydrates, thus:

—

CaO + 11,0 = Ca(OH)o.
Calcium Water. Calcium
monoxide. hydroxide.

K,0 -f H,0. = 2K0H.
Potassium oxide. Water. Potassium hydroxide.

Fe^O, + 3H,0 = Fe2(0H)g.
Ferric Water. Ferric
oxide. hydroxide.

Hydroxides in turn are decomposed by acids to form
salts with liberation of the water, thus ;

—
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2K0n + HoSO, = K.SO, + 2H.,0.
Pota>'siinn Suliihuiic Potassium Water.
hydroxide. acid. sulphate.

Ca(OH)^ 4- H.,S04 = CaS04 + 2H.,0.
Calfiuui Suipliurtc Calcium Water,
monoxide. acid. sulpLiate.

It will be found that in many instances hydroxides are

in practice used in preference to basic oxides, for making
salts or the hydroxide only can be used as in making
citrates of iron.

Peroxides (higher oxides or neutral oxides) contain

more oxygen than basic oxides. They do not readily

neutralize acids to give rise to salts, and their oxygen is

in part given oif when they are heated. As examples of

peroxides we may name :

—

BaOo, peroxide (or dioxide) of bnrinm.
MnOo, peroxide (or dioxide) of manganese.
PbO.i, peroxide (ur dioxide) of lead.

Acid-forming oxides (aeid oxides) unite with water to

form substances which are either acids or have acid prop-

erties, thus :

—

SO3 + 11,0 = H,SO,.
Sulphur trioxide. Water. Sulpljuric acid.

INT.O. 4_ H,0 = 2HXO3.
Nitrogen peutoxide. Water. >iitric acid.

Examples of this class of oxides are shown oy the

acid-forming oxides of the nitrogen group of elements,

and of the antimony group. We may state that this

division of the oxides into three classes can not be accepted

as a rule. There are oxides which may be either base or

acid, and which under certain conditions act as the one,

and again in the opposite manner. Thus while it is cus-

tomary for chemists to apply the terms we have defined

to indicate classes, it can not be considered that they are

always appropriate. As exnm]des of the exceptions we
may cite manganese dioxide, MuO, , or lead dioxide, PbO,

,

each of which possesses both feebly basic and feebly acid

proi)erties, and both of which ai'e classed with the neutral

oxides. The student must bear in mind, therefore, that

while we may, for convenience, refer to oxides as of these
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three divisio7is, there is no dividing line. The oxides pass

from the strongly alkaline potassium and sodium oxides

to the strongly acid sulphur trioxide and phosphorus
pentoxide, without a sharp line of demarkation. It is

unfortunate that such a number of terms requires expla-
nation. The steps through which our science has passed

are marked by names that should be obsolete, but which
the student of the present must consider.

Oxygea unites with carbon, hydrogen, sulphur, etc.,

and if the temperature be high enough such combina-
tion is accompanied with both light and heat. This is

true of metals as well, and the phenomenon is termed com-
bustion. Tims it is common to say that oxygen is a

supporter of combustion, and that these bodies burn in

oxygen. The fact is, however, that when the surfaces of

the two bodies reach a certain temperature, combination
ensues, and thus a jet of oxygen may be apparently made
to burn in an atmosphere of hydrogen gas. The experi-

ments with oxygen are usually given much prominence in

school chemistries by reason of their brilliancy. Thus, a

piece of fine iron wire tipped Vvith sulphur, which is then

ignited, burns with dazzling scintillations if it be thrust

into a jar of oxygen. The result is black oxide of iron,

Fe.O^.
If a small piece of phosphorus be lighted, and held in

ajar of oxygen, combustion ensues apparently throughout
the entire globe. This results from the combustion of the

vaporized phosphorus. At last the globe is filled with
dense white fiimos of pJiof^phorus pentoxide PoO,. This
experiment is best performed in a bell glass of oxygen
over water.

If a sliver of wood be lighted and the flame extin-

guished and the sliver with the red coal which remains
be thrust into oxygen gas, flame is at once re-produced

by reason of the heat generated from the increased chemi-
cal action. Under certain conditions oxygen assumes a

form which is recognized by scientists as

—
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OlSOne (active oxygen).— Formula, O3.

This modificatioti of oxygen has a peculiar odor and

received the name ozone (I smell), from this fact. Ozone

was discovered by Schbnbein, in 1840, although previous

to that (1785) Van Marum,t had noticed that oxygen gas

through which a discharge of electricity had been ])a&sed

would tarnish mercury and was possessed of an odor.

Ozone may be easily made by the slow oxidation of

phosphorus, the experiment being best performed by plac-

ing in a glass jar water sufficient to partly immerse a stick

of phospliorus, which is placed upon the bottom of the

jar. Agitate the container occasionally, and in a short

time the presence of ozone may be determined by the

liberation of iodine from iodized starch paper. ;{:
Ozone

is formed when a series of electrical sparks is passed

through oxvoen, and doubtless during thunder storms the

electrical discharge is always productive of ozone m tlie

atmosphere. When barium dioxide (BaO.,) is decomposed

by means of sulphuric acid, the oxygen liberated contains

a portion of ozone, thus :

—

SH.SO^ + 3BaO., ^ BBaSO^ + O3 + 3H.,0.
Sulphuric acid. Barium dioxide. Barium sulphate. Ozone. Water.

In reality but a small part of the oxygen thus freed is

ozone, as the larger share of the reaction is expressed as

follows :

—

2H,S04 4- SBaOj = 2BaS04 -f- O.^ + 2HoO.
Sulphuric acid. Barium dioxide. Bariuui suli)hate. Oxygen. Water.

Ozone is also produced and dissolved by many essential

oils during the process of oxidation. Ozone has been ac-

cepted as a molecular form of oxygen containing three

atoms (O3) in each molecule. AVhen ozone is formed the

oxygen contracts by one-third its volume, and it is su])-

posed that three molecules (or volumes) of oxygon
unite to form two molecules (or volumes) of ozone ac-

cording to the following equation :

—

t E. and S., p. 194.

X This is properly iodide of potiissium and starch paper, a process
for the preparation of which is givea under teat^ for ozone.
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30^ = 2O3. Or, 30, = 20,0.
Oxygen. Ozune. Ox3^en. Ozolie.

This theory is farther supported by the fact that two
volumes of ozone heated to 237° C. (458° F.) yield three

volumes of oxygen. Other lines of investigation most
carefully performed gave the same result, and we may
accept as a fact that ozone is an allotropic form of oxvgen,
ditfering from ordinary oxygen in the number of atoms
contained in each molecule. In consequence of this some
choose to <lesignate the ato7n of oxygen by the name
oxygen, and to call the ordinary form of oxygen oa:ick' of

oxygen, OO, and to thus derive the name locroxide (higher

oxides) of oxygen for ozone, OO,.
Properties.—Ozone has a strong and very peculiar odor,

is one of the most powerful of oxidizers, and will even
destroy gutta-percha. It parts with one atom of oxygen
during oxidation, the bulk of the gas remaining un-

changed.f Blood is decolorized by ozone, albumen is

destroved, and most metals are oxidized, while alcohol

C,H,0, is changed to aldehyde CoH.O. It is slightly

soUible in water, and quite soluble in certain volatile oils.

When hydrogen dioxide (IIoOo) is mixed with ozone, both

bodies decompose at once, oxygen and water resulting,

thus :

—

O3 4- B,0, = H,0 4- 20,.
Ozone. Hydiogeu dfoxide. Water. Oxygen.

This fict, until explained, led certain chemists to be-

lieve in a form of oxygen which could unite with ozone

to form ordinary oxygen. To this the name arii-ozone

was applied, but the term is now obsolete as the so-called

antozone was shown to be hydrogen dioxide.

Test.—Ozone liberates iodine from iodide of ])otassium,

consequently it will change to blue, paper Avhich is mois-

tened with solution of iodide of potassium in starch water.

To prepare this paper, mix one part of starch with 40

parts of water and bring the mixture to a boil. Then
dissolve in it one ]>art of ]>otassinm iodide, and wet sheets

t This corresponds to the Isiw of combination of s-ases by volume,
and it will be obscrv.^d that the production of ozone from ordinary
oxygen also agrees with that law. .
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of white porous paper with the solution and dry. When
this paper is moistened, ozone will change the color of the

paper to blue.

Oxyhydrogen Flame.-'When oxygen and hydrogen unite

water is produced, (see water). The combustion of pure

hydrogen in the air gives rise to this compound only.

The act of combination results in the liberation of much
heat with but little light. When a jet of oxygen gas is

thrown into a jet of burning hydrogen, the n>ost intense

heat results, and this produces the oxyhydrogen flame.

In practice the two are condncted to a platinum tip or

nozzle and they mix together as they issue from the orifice.

The hydrogen is first turned on and ignited, then the

oxygen is admitted, thus overcoming danger of explosion.

The apparatus is known as the oxy-hydrogen bloivpipe,

and within the pale blue llame iron burns like tinder and
even platinum melts as though it were wax. If a piece

of lime (calcium monoxide) be placed in the flame, it

assumes an intensely incandescent state, and the light is

known as the oxyhydrogen or Drummond light. Coal gas

is often used in place of hydrogen, but this produces an
inferior light. Sometimes the jet of oxygen is thrown
through the flame of an alcohol lamp; this in common
language is distinguished as the oxycalcium light.

SULPHUR.
Sj^mbol, S. Atomic weight, 31.98.

Sulphur is found native in volcanic neighborhoods*

The compounds of sulphur with iron (FeSo) and with

copper and iron (CuFeSo) are known as iron and copper
pyrites. Galena (PbS) is a compound of sulphur and
lead ; cinnabar (HgS) is a compound of mercury and
sulphur; and blend, (ZnS)of zinc and sulphur. The com-
pounds of sulphur and metals, and sulphur, metals and oxy-

,

gen, occur over the entire globe, often in great quantities.

Sulphur is mostly obtained from Italy and Sicily, where
it is found in impure masses throughout the volcanic

districts. To extract it, excavations in the ground are

filled with the ore and a fire is applied to the top of each
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heap. This fuses a part of the sulphur which collects at

the bottom of the hole and is ladled out, the result being

crude sulphur.

Refined Sulphur. Brimstone.

This is made by fusing crude sulphur and pouring it

into moulds. This in commerce is also known as roll

sufphur. If the liquid sulpluir in mass is permitted to

cool, the broken lumps are known as block sulphur.

Flowers of Sulphur.

This is the ordinary sulphur of trade. It is made by
heating crude sulphur totlie boiling point, when it vapor-

izes and the vapor is led into a cool chamber where con-

densation ensues, a light yellow crystalline ])Owder result-

ing. The name fiowers of sulphur was derived from the

regular and beautiful form of the tigures produced by the

condensed vapor, after the manner of the frost figures

(flowers) upon windows. A common error is that of

calling this f )rm of sulphur, flour of sulphur. Sulphur

is dimorphous, forming crystals of two distinct systems,

the rhombic and the monoclinic, and it assumes many
crystalline modifications of these. Sulphur is lemon

yellow, tasteless and odorless. It melts at 114 5° C.

(Brodie), forming a yellow solution and this solution solidi-

fies at tlie same temperature; or it may remain fluid until

cooled to 111.5° C. Sulphur boils at 440° C, and the

vapor has a red color. It dissolves freely in carbon

disulphide, in certain oils, and in fats, and slightly in

alcohol, ether, and in benzine. If sulphur be melted and
the heat be gradually increased the liquid changes in

color to red, and when the temperature reaches 200° C,
or 250° C, it becomes almost black, and thickens. If this

be now poured into cold water the result is a plastic,elastic

mass known as amorphous or soft sulphur. This is not

permanent, but in a few days becomes opaque, yellow and

brittle. Soft sulphur is known as an allotropic form of

sulphur. Sulphur is used in the arts and manufactories

in immense amounts. It is present in combination, as

sulphate of calcium, jwtassium, etc., in all soils, and its
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oompouncls are founti in both the animal and the vegetable

kingdom. Sulphur unites with hydrogen to form sul-

phide of hydrogen (sulphuretted hydrogen) or mono-sul-
phide of hydrogen ; HoS. This is described by us under
acids. (See hydrosulphuric acid, page 102.)

Hydrogen Persulphide, H^S.^.

This is the only other known compound of hydrogen
and sulphur, it is a yellowish oily body of no use in

medicine.

Sulphur and Chlorine.

There are threecompoundsof sulphur and chlorine, but
neither is of value in a medicinal sense. The monochlo-
ride is used as a solvent of sulphur in certain branches of
the arts. These compounds are :

Sulphur monochloride, S^Clo.
Sulphur dichloride, SCU-
Sulphur tetrachloride, SCI 4.

One compound of sulphur and bromine is known
(^S:jBr2J but it is of no practical use.

Sulphur Moniodide. Iodide of Sulphur, S^I.^.

This is a gray solid of a metallic appearance, and which
breaks with a crystalline fracture. It is easily made by
warming in a flask a mixture of four parts of iodine and
one part of sulphur (U. S. P.) Iodide of sulphur evolves

iodine when exposed to the air. If it be boiled with
water, complete decomposition ensues and sulphur remains.

Iodide of sulphur must be kept closely corked, in small
vials.

Sulphur and Oxygen.

Sulphur unites with oxygen to form three oxides :

Sulphur dioxide (sulj)hurous anhydride or sulphurous
acid gas), SO^.

Sulphur trioxide (sulphuric anhydride), SO3.
Sulphur sesquioxide, S^Oj.

Two of these compounds are of great interest, inasmuch
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as each by combining with a molecule of water, will give
rise to an important acid, thus :

Sulphur dioxide, SO,-f-HoO= Su]phurou8 acid, H0SO3.
Sulphur trioxide, SO3 + HoO = Sulphuric acid, H^SO^.

The formation and chemistry of both ofthese acidshave
been discussed under acids of this work. Sulphur sesqui-
oxide is of no practical use, and it is not necessary for

us to describe it.

Tests for Sulphur.—Mix the compound with a little

pure carbonate of sodium, and fuse on a piece of char-

coal or platinum, by means of the blowpipe flame. Dis-

solve the mass in a little water, filter it, and warm in

contact with a bright silver coin. If sulphur be present

in the original compound, the coin will turn brown or

black.

Soluble Sulphides.—If hydrochloric acid be added to

the solution of a sulphide which can be decomposed by
that reagent, sulphide of hydrogen will be evolved, and
this will blacken a strip of paper moistened with solution

of lead acetate and suspended over the vessel. If the sul-

phide is not acted on by hydrochloric acid, add a piece of
pure zinc, the sulphide of hydrogen will be at once evolved.

Insoluble Sulphides are to be finelv powdered, and fused
with a mixture of nitrate of potassium and carbonate of
sodium. This dissolved in water, filtered, and the filtrate

acidulated with hydrochloric acid, yields a solution of
sulphuric acid. If a solution of barium chloride be now
added, sulphate of barium precipitates. (See sulphuric

acid.)

SELENIUM.
Symbol, So. Atomic weight, 78.0.

Berzelius discovered this element in 1817. Selenium
is found in small amounts, rather widely distributed in

certain minerals, as iron pyrites, copper pyrites and as

selenide of sulphur. It is obtained from the red deposit

found in the chambers of aj^paratus where iron and cop-

per pyrites are used in making oil of vitriol. Selenium
assumes two forms. One is insoluble in carbon disul-
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pliide, and is known as metallic selcnlnm. The other dis-

solves in carbon disnlphide, has no definite melting point,

and is known as amorphous seleninin. Metallic seleninm

melts at 217° C, and when cooled assumes the amorphous

form. It conducts electricity, and when it is heated in

the air burns with a blue flame, and evolves a disagree-

able odor resembling " rotton horse radish." None of

the compounds of this element are used in medicine.

TELLURIUM.
Symbol, Te. Atomic weight, 128.00.

Tellurium is one of the rare elements. Richenstein, in

178'2, examined the native ore and suggested the proba-
bility that it contained a new metal. His conclusion was
afterward supported by Klaproth (1798). Tliis element
occurs native, and in combination with metals. The
process employed to separate it is of little interest to

])harmacists. Telluriuni crystallizes in form of rhombo-
hedra, has a metallic lustre, a l)luish-white color, and is

so brittle as to readily powder in a mortar. It burns with

a blue flame, dissolves in cold fuming sulphuric acid, and
it rapidly oxidizes in nitric acid. Tellurium has the

sj)ecific gravity 6.24 and melts at 500° C. It may be dis-

tilled in an atmosphere of hydrogen. The compounds of
tellurium with other elements are of no use in medicine,

and do not require notice from us.

NITROGEN.
Symbol, N. Atomic weight, 14.01.

Nitrogen was named byChaptal, in consequence of the
fact that it is a component of saltpetre (nitrum). It was
identified previous to that, by Rutherford, (1772), as a
constituent of the air. Nitrogen is easilv pre])ared bv
inverting a bell glass over a basin of water on the surface
of which a small vessel containing a piece of ionited

phosphorus is floating. The phosphorus burns and forms
pho.sphorus pentoxide, (P^Og), which exhibits itself as
dense white fumes. These are afterward absorbed by the
water. When the gas within the glass has become color-



148 CHEMISTRY OF MEDICINES.

less, it is almost pure nitrogen, and the gas will occupy
four-fifths the space originally filled by the air. Nitrogen
may be obtained otherwise, but the above is most simple.

Nitrogen is a colorless, odorless and tasteless gas. It

does not support combustion and combines with but few
elements in a direct manner. Its compounds formed
indirectly, are numerous. Some are the most violent of
explosives, others valuable in both the arts and in medi-
cine. Nitrogen forms four-fifths the bulk of the atmo-
sphere, serving as a diluent of the oxygen, tlie remaining
fifth. Its specific gravity is 0.9713. Water dissolves

it less readily than it does oxygen, and thereibre the pro-

portion of oxygen in water is greater than that of oxygen
in the air. The albuminous bodies of both the animal

and the vegetable kingdoms contain nitrogen as an essen-

tial constituent.

Nitrogen and hydrogen unite to form ammonia (NH3),
but we shall study this body with the jiotassium group of

elements to which the reader is referred.

Nitrogen and chlorine unite to form a liquid which is a

most dangerous explosive, DuJong, its discoverer, losing

an eye and three fingers Avhile experimentine u]ion it. A
small glass tube containing a few grains of the liquid also

exploded in Faraday's hand, and the shock lendertd liim

unconscious. Sir Hum])hrey Davy also experienced a

fearful explosion and received some injury. Chloride of

nitrogen consequently has not been analyzed and it is not

used in medicine. Bromide of nitrogen is also an explo-

sive, and but little known. The iodides of nitrogen are

better known, but they explode violently even when
touched.

Nitrogen and Oxygen.
There are five oxides of nitrogen; as follows :

—

Nitrogen monoxide (nitrous oxide). NgO.
Nitrogen dioxide (nilric oxide) ^2^2 ^^ -^^•

Nitrogen trioxide NjOj.
Nitrotjen tetroxide (nitrogen peroxide) N.^0^ or NO^.
Nitrogen pentoxide N^O^.
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None of the above are used in medicine. Three nnite,

severally, with a molecule of water to form acids as

follows :

—

N,0 + HoO = 2HN0.
Nitrous oxide. Waier. Hypoaurous acid.

N2O3 + H.O = 2HN0^.
Nitrogen trioxide. WaTer. Nitrous acid.

NoOg + H.O = 2HNO3.
Nitrogen~peutoxide. Water. Nitric acid.

The foregoing acids are of interest and value as they
enter into combination with, or result from tlie decompo-
sition of many substances which are used in medicine.

They have been studied under the section of our work
devoted to acids.

The compounds formed by the union of nitrogen with
single elements are known as nitrides, none (cyanogen
excepted) being used in medicine.

PHOSPHORUS.
Symbol, P. Atomic weight, 30.96.

It is accepted that phosphorus was discovered bv Brant
in the year 1669. Phosphorus is very widely distributed,
always in combination. It is found in the ocean, the
waters of springs and rivers, and in all soils. It is an
essential constituent of the entire vegetable kingdom, and
phosphate of calcium is the larger part of the bones of
animals. It is likewise an indispensible component of
muscle and of nerve tissue, and is intimately connected
with the vital functions. It is unnecessary for us to give
the process employed in making phosphorus, as this ele-
ment is never prepared on a small .scale. It is produced
from burnt bones, but the first phosphorus was derived
by its di.scoverer from urine.

Phosphorus is a remarkable element. It assumes sev-
eral allotropic forms. The ordinary phosphorus is waxy
at common temperatures and is of a translucent, yellowish
color. It reaches market in cylindrical pieces, half an
inch or so in diameter and of from four to six inches in
length-. It melts at 44.3° C. (Schrotter), and will not
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condiiot electricity. Phosphorus is insoluble in water,

slightly soluble in ether, turjieutine and essential oils.

Carbon disulpliide dissolves from seventeen to eighteen

times its weight of phosphorus.

From solution in this substance, by slow evaporation,

phosphorus separates in crystalline form. If the solution

of phosphorus in carbon disulphide be thrown upon a

surface which is exposed to the air, the carbon disulphide

evaporates, and the phosphorus inflames spontaneously,

therefore, great care must be taken that such a mixture is

Avell preserved. Phosphorus is very inflammable, igniting

simply upon exposure to the atmosphere. It must always

be preserved beneath water, and when desired in small

pieces it should be invariably cut beneath the surface of

water, and it should never be handled in the air as the

heat of the hand is suflicient to inflame it. Phosphorus

produces an intensely hot flame, and this is very difficult

to extinguish. When phosphorus is exposed to the air

in the dark it appears luminous. This is true even if a

very small portion of oxygen is present. In pure oxygen
it remains unchanged for some time, and is said not to

undergo the least oxidation. Tlie foregoing fict has not

been explained. Common phosphorus preserved under
water becomes covered with a white crust ; this is ordinary

phosphorus corroded by oxidation until it assumes the

opaque white color. Phosphorus is now manufactured in

immense amounts and is consumed in various ways, chiefly

for tipping lucifcr matches. It is a violent poison, and
there is no chemical antidote. The treatment consists in

the administration of oils, emulsions and mucilaginous

drinks.

Amorphous or Red Phosphorus.

This Is a form of phosphorus ]iroduced by heating the

ordinary article in a close vessel to the temperature of

300° C. The change may also be induced by other methods,

tThe term amorphous is applied to bodies that are destitute of

regular structure. Several elements, as phosphorus, carbon, and
Beleniuin, assume a crystalline and an amorphous form.
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but the foregoing is the most practical. Amorphous phos-

phorus has a dark reddish-brown color and possesses a

metallic lustre. It is tasteless and odorless when pure,

but as found in market has usually a distinct odor due to

impurities. This form of phosphorus (pure) does not ox-
idize upou exposure to the air, will not ignite by friction,

and is said to be perfectly harmless even if swallowed in

large amount. It is insoluble in liquids which freely

dissolve the ordinary article. The phosphorus of com-
merce is impui-e from the presence of arsenic. Phospho-
rus also assumes a form called metallic or rhombohedral
phosphorus. This is made by heating phosphorus and
lead together in sealed tubes, and has a lustrous crystalline

appearance.

Hydrogen and Phosphorus unite in three proportions :

PHg, hydrogen phosphide, phosphoretted hj'drogen,
pbosphine,

PoH^, liquid hydrogen phosphide.
P4H^, solid hydrogen phosphide.

The pi'eparation of phosphide of hydrogen (PH3) is an

old and common lecture-room experiment. It is of no

particular value to the student of medicine, therefore, we
refer such as are interested in experiments for the sake of

entertainment only, to works devoted to the study of

general chemistry.

Phosphorus forms with chlorine

—

PCI 3, phosphorus trichloride.

PCI 5, phosphorus pentachloride.

With bromine phosphorus forms :

—

PBr3, phosphorus tribromide.

PBrg, phosphorus jDeutabromide.

"With iodine phosphorus forms :

—

P.,T4, phosphorus di-iodide.

PI3, phosphorus tri-iodide.

There is one compound of phosphorus and fluorine :

PF5, phosphorus pentafluoride.
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Phosphorus and oxygen unite in two proportions:
:

Phosphorus trioxide (phosphorus anh^'drid), P.^Oj.

Phosphorus pentoxide (phosphoric anh^'drid), P^Og.

These unite with water to form interesting acids.

Phosphorus Trioxide, P-C^s-

This is made by causing phosphorus to undergo slow

combustion, a feat accomplished by placing a piece of

phosphorus in a glass tube, heating it and then passing

over it a slow current of air. The phosphorus burns

slowly and pho^phorm trioxide results. Tiiis is deposited

in the cool ])art of the tube as a white powder. It has a

garlic-like odor and unites with water to form phosphorous

acid, thus :—

-

P2O3 -f 3H2O = 2H3PO3.
Phosphorus trioxide. Water. Phosphorous acid.

Phosphorous acid is not used in medicine and is con-

sidered poisonous. It gives rise to the phosphites.

Phosphorus Pentoxide, P^O^.

This is the result ofburning phosphorus in air or oxygen.

In our experiment upon nitrogen (page 147) this com-
pound is formed. It may be made by inverting a bell

glass over a piece of phosphorus which is burning on a

plate. White fumes result, and a white flocculent powder
condenses upon the cool parts of the plate and upon the

bell glass. Occasionally a small portion of trioxide forms
during the latter part of the process, when the air has

become mostly depleted of oxygen. This is distinguished

by the garlic-like odor before mentioned. Phosphorus
pentoxide is a white, odorless powder, and will not aifect

litmus. It has an intense affinity for water, abstracting

that substance from most other substances which contain
it

; even abstracting the elements of water (oxvgen and
hydrogen) from bodies that contain them. This combi-
nation with water forms meta-phosphoric acid (see acids),

as follows :

—

P O. _j_ II.O = 2TIPO3.
Phosphorus pjntoxlde. Water. Mcta-pliosi'ho'ric acid.
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The medicinal substances which contain phosphorus in

combination are treated of under each element. The

compounds of phosphorus and sulphur, and of phosphorus

and nitrogen are of interest to the student of general

chemistry, but can not be considered in this work.

ARSENIC.

Symbol, As. Atomic weight, 74.9.

Arsenic is generally obtained from arsenical iron py-

rites (mispickel, Fe S As). It exists in many minerals,

and is found native. Orpiment and realgar are sulphides

of arsenic. Arsenic resembles in appearance the metals

antimony or bismuth, but has properties which class it

with the non-metallic elements. It has a steel-gray color

and a metallic lustre. Its specific gravity is 4.710, and

when it is heated in the air, it at once assumes the form

of gas. If it be heated (Landolt) under pressure, how-
ever, it can be melted. Its vapor has the odor of garlic.

Arsenic unites with non-metallic bodies and with most

metals. It oxidizes in moist air, and burns in oxygen

with a white flame, arsenic trioxide resulting.

Arsenic is very poisonous, and yields compounds, most

of which are fearfully destructive to life. The most im-

portant and common compound of arsenic is the white

arsenic of commerce (arsenic trioxide).

Arsenic and Hydrogen unite to form two compounds:

AsHg, hydrogen arsenide, arsine, or arseniuretted

hydrogen.
AsoHo, solid hydrogen arsenide.

The latter substance is of no use, but arseniuretted hydro-
gen is very important, as it constitutes one of the most
delicate tests for arsenic.

Arseniuretted Hydrogen, AsH,.

This gas is always furmed when hydrogen gas is lib-

erated from any liquid which contains arsenic in solution.

It Is made pure by decomposing arsenide of zinc, As.^Znj,

with dilute sulphuric acid. If a few grains of arseuious
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anhydrid be mixed with water, to which some pieces of

metallic ziuc and a little dilute sulphuric acid arc added,

a mixture of hydrogeu gas and arseniuretted hydrogen

result. Arseniuretted hydrogen is very poisonous, there-

fore care must be taken that the gas be not inhaled.

When it is passed into the solution of a gold or silver

salt, the metal is precipitated. Arseniuretted hydrogen

has a garlic-like disagreeable odor. If it be conducted

through a glass tube heated at a given point with an

alcohol flame, the gas is decomposed and a precipitate of

a metallic appearance is produced in the cool part of the

tube.

If a stream of arseniuretted hydrogen be ignited as it

issues from a glass tube, and a cold porcelain plate be

held in the flame, a metallic, mirror- like spot will result..

The foregoing is "3Iarsh's Test for Arsenic,^' and it is

so delicate^that 7^'^(j part of a grain (Otto) of arsenic

can be identified.

Marsh's Test for Arsenic.f

This is to be conducted as follows: Into the four

ounce flask (tig. 50) A, ])our two ounces of water, and
place in it a few scraps of pure metallic zinc. Then add

the substance which is suspected to contain arsenic and

c

Fig. 50.

t Beginners in chemical work should not attempt to analyze the

contents of a stomach which is suspected to contain arsenic. Few
chemists, even with great experience in synthetical work, care to

assume the responsibility of such examinations. It is well, however,
that the student should experiment upon the detection of arsenic in
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insert the cork B. Through this cork a fnnnel tube, c,

extends, the lower end of which enters the water. The
glass tube d, extends through the cork and this is bent as

represented by the figure and drawn at its extremity to a

point.

Now pour two fluid drachms of sulphuric acid through

the funnel tube c, and when effervescence begins heat the

tube D, by means of a spirit lamp as represented in our cut

(fig 51), and cool the extremity of the tube by means of a

'isJ

Fig. 51.

piece of ice. If arsenic or antimony in

soluble form be present, a metallic-like

deposit will form upon the inner surface

of the tube, and between the flame and
the ice. When the gas has passed for a

time sufficient to expel all the air from

the bottle (see hydrogen page 76), apply

a flame to the exit of the tube and hold

in the burning gas a cold porcelain plate,

or the top of a white porcelain jar (fig.

52). The formation of a metallic-like

stain corroborates the foregoing indication of arsenic or

of antimony. To determine the nature of the metallic

mirror, pass sulphide of hydrogen through tlie tube d,

gently heating the deposit with a spirit lamp. It

will assume a yellow (arsenic) or an orange (antimony)

color, then will volatilize and recondense as a yellow

(arsenic) or an orange (antimony) colored sublimate.

This is either sulphide of arsenic, or sulphide of antimony.

Now adapt the cork, containing the tube, to a flask in

such medicinal substances as are liable to be contaminated with that

body. Cases of poisoning, however, where tlie future of a human
being may depend upon the report of the chemist, should be investi-

gated by only such as are prepared with reagents of undoubted
purity, and such as have great experience in analytical work.
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which some common salt has been placed, and into which
just previous to the insertion of the cork a little sulphu-
ric acid was poured. Hydrochloric acid gas will be gen-

erated, and if the precij)itate within the tube be sul])hide

of arsenic no change will result. If upon the other hand
it be sulphide of antimony, solution results and the orange
color disappears. There are other tests for arsenic, but

Fig. 52.

it is unnecessary for us to consume time with them.

Remember, that both metallic zinc and sulphuric acid are

liable to be contaminated with arsenic, sd that the detec-

tion of arsenic by Marsh's test imj)lies simply that arsenic

is present in some of the materials. In investigations

where re])ntation or even life depends upon the result,

reagents of undoubted purity must be employed.

Arsenic and Chlorine.

These unite to form arsenic trichloride, AsClj, a very

poisonous liquid. With bromine arsenic forms a tribro-

mide, AsBrj. Neither of the above is employed in

medicine.

Arsenic Tri-iodide, or Iodide of Arsenic, Aslg.

This is a red crystalline body when pure, but as made
by the U.S. P. consists of an orange-red brittle substance

which breaks with a crystalline fracture. It is made (U.

S. P.) by mixing in a mortar sixty parts of powdered

arsenic (metallic) with three hundred })arts of iodine; the

mixture is then to be placed in a test-tube or a flask, and
fused. Care must be taken that the heat be not too great,

and that the operator does not inhale the fumes which
escape during the operation.
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Arsenic and Oxygen unite to form

—

Arsenic trioxiile. As._,0-,.

Arsenic pentoxide, As^O^.

The first of these bodies is the common arsenic of com-
merce, or arsenious anhydrid. It is often called arseni-

ous acid, but in reality it is an acid-forming oxide. When
the trioxide is dissolved in water, it is accepted that arse-

nious acid results ; thus :

—

AS2O3 + 3H,0 = 2H,AsO..
Arsenic trioxide. Water. Arseuious acid.

This acid has never been prepared pure, (see ar.seuious

acid, page 87.)

Arsenic pentoxide, AS0O5, or arsenic anhydrid, is the

acid-forming oxide wdiich gives rise to arsenic acid. It is

best made by heating arsenic acid to dull redness, whereby
water is driven off as follows :

—

2H3ASO3 = AS2O5 + BH2O.
Arsenic acid. Arsenic pentoxide. Water.

A very high heat decompo.ses it into arsenic trioxide

and oxygen, thus:

—

As^O.5 = As.,0, -f 0.2.
Arsenic pentoxide. Arseijio trioxide. Oxygen.

For descriptions of the acids of arsenic, see acids.

Arsenic and Sulphur.

There are three sulphides of arsenic, viz

:

As^S.T, arsenic disulphido. or realgar.

As.-,S3, arsenic trisulphide. or orpiment.

As^Sg, arsenic penta^iilphide.

The first and second of these bodies are found native,

and have been used since an eai-ly day in many branches

of the arts, orpiment especially having been employed as

a pigment under the name King's yellow. It is very

poisonous, however, and has been replaced by chrome

colors.

The trisulphide (AsoS,), and the ]-)oiitasul]ihide (AsoS,),

of arsenic form an interesting series of acids and salts,

known as thio-arsen/^es and thio-arseua^€S. They are of
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no use in medicine, however. Arsenic forms with phos-

phorus the compound arsenic phosphide, AsP. Arsenic

and its compounds are very poisonous. The antidotes,

and the treatment of such unfortunates as may chance to

require aid, have been discussed under acids, (page 88).

The compound of Arsenic and a metal is an arsenide.

BORON.
Symbol, B. Atomic weight, 11.00.

Boron is found in natural combination, as boric acid or

as a salt of this acid. It is remarkable as being the only

non-metallic element which has refused to combine with
hydrogen. Boron exists in two allotropic modifications,

amorphous boron, and crystallized or adamantine boron.

Neither possesses any particular interest to the student of
medicine.

Boron and Chlorine.

Boron unites with chlorine, bromine and with fluorine

to form boron trichloride, BCI3, boron tribromide, BBrg,
and boron trifluoride, BF,. Neither is employed in

medicine.

Boron and Oxygen.
Boron trioxide, B.^Og, the only known oxide of this

element, results from the combustion of boron in oxygen
gas, or from heating boric acid to redness. It unites with
water to form boric acid, B(OH)3, thus:

—

B,03 -f- 3H,0 = 2H3EO3.
Boron'trjoxide. Water. Boric acid.

Boric acid or salts of boric acid, are the compounds of

this element mostly used in the art.s and in medicine. Boric

acid has been described (page 90), and the compounds
of boron with the metals will be considered with each

element.

Boron unites with nitrogen to form horon nitride BN,
and with sulphur to form boron trisul]>hide.

Tests for Borates.—Add hydrochloric acid to the solu-

tion of an alkaline borate until the acid is in slight excess,
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then dip a piece of tumeric paper into it and dry at the

temperature of 100° C. (212° F.) The paper will now
have a peculiar reddish tint best shown by placing it beside

a piece of unchanged tumeric paper.

2d. Add a small portion of a powdered borate to strong

sulphuric acid, and then mix with it a little alcohol. If

the alcohol be now ignited the edges of the flame will

appear greenish. Chlorides interfere with this test and
copper salts impart a like green color.

SILICON (Sllicium).

Symbol, Si. Atomic weight, 28.0.

This element is very abundant in combination, forming
a large part of the earth's crust, and a large share of por-

tions of certain plants, as the bark of hickory and the

glassy surface of straw. It is always united with oxygen,
SiO^. Amorphous silicon is a dark brown powder. A
crystalline modification may be ])re])ared. The amorphous
form will dissolve in solution of hydrofluoric acid ; other

acids have no effect upon it. When it is heated in the
air oxygen combines with it, dioxide of silicon resulting.

The crystallized modification is dissolved by a mixture of
nitric and hydrofl.uoric acids. It slowly oxidizes if heated
to redness in oxygen. ,

Silicon and Hydrogen unite to form silicon hydride,
SiH,.

-^ '

Silicon and Chlorine form silicon tetrachloride,
SiCl4, and silicon trichloride, SioCl^. Two compounds
of silicon with bromine, and two with iodine are known,
neither being used in medicine. They correspond with
the chlorine compounds.

Silicon and Oxygen form silicon dioxide (SiO.) or

silica. This is an abundant mineral, and immense dejiosits

almost pure are found in different parts of the world.
Quartz and white sand are familiar examples of native
silica. There are three native forms of silica, and many
minerals contain one or more of these modifications. The
abundance of silica may be understood, when we consider



160 CHEMISTRY OF MEDICINES.

that it composes the bulk of entire mountain chains.

Certain forms of silica are natural gems, and among such

we may name agate or chalcedony and opal. Silica is

called an acid-forming oxide, and the acid Avliich should

correspond with it is called silicic acid and the formula.

H.,Si04, is ascribed to it. This acid has never been
isolated, however, as like carbonic acid, it splits up into

water and the dioxide. Silicic acid gives rise to the sili-

cates. The silicate of potassium and the -silicate of sodium
will be noticed under the preparations of these elements.

Glass is a mixture of various silicates with an excess of

silica, and when this is colored wnth metallic oxides the

many colors of glasses are formed. Silicon unites with
sulphur, silicon disulphide (SiSo) resulting. "With nitro-

gen it forms a compound of unknown comjiosition.

There are no compounds of silicon used internally as

medicines.

Tests for Silicates.—Alkaline silicates are soluble in

water. Add to the solution of an alkaline silicate, a

slight excess of hydrochloric acid and evaporate the

mixture to dryness. Ignite the residue and treat it with

dilute hydrochloric or nitric acid. The silica (SiOo) re-

mains undissolved as a white powder.
Insoluble silicates (such as sand) are to be jiowdered

and mixed intimately with sodium carbonate and jiotas-

sium nitrate, then fused in platinum until carbon dioxide

ceases to escape. The crucible with its contents is then

to be digested with dilute hydrochloric acid, and the mix-
ture evaporated to dryness ; then heated until acid vajiors

cease to be evolved and afterward digested with dilute

hydrDchloric acid. The insoluble portion is silica. Silica,

(SiO,^ is insoluble in all acids with exception of hydro-

fluoric acid.

CARBON.
Symbol, C. Atomic weight, 11.97.

This is the last of the non-metallic elements, and is of

])articular interest to the chemist. It exists in two natu-

ral modifications, graphite (plumbago) and the diamond.

Coal is an impure amorphous form of carbon.



CARBON. 161

Diamond is crystallized carbou. It will stand a very

great heat if excluded from the air, but if heated to

whiteness in oxygen gas it burns with production of car-

bon dioxide. The diamond is the hardest of bodies, and

can only be cut by means of its own powder. The substance

called anthracite diamond is even harder than ordinary

diamond. It is a mass of impure carbon containing

hydrogen and oxygen and is sometimes known as black

diamond.

Graphite or plumbago, is very common in certain

localities, being found in lumps in granite and other crys-

talline formations. The name by wiiich it is commonly
designated (black lead) is inappropriate, as there is no

connection chemically between lead and graphite. Graph-
ite has usually a gray or a black color, and it generally

contains hydrogen. This modification of carbon is used

extensively in the arts, as in making crucibles, lead

pencils, stove-polish, etc. It is infusible.

Coal is an amorphous form of carbon. Sometimes,
as with certain anthracite coal formations, it is nearly

pure carbon. Bituminous coal contains much hydrogen
and yields hydrocarbons and tar Avhen subjected to dry
distillation. Bituminous coals contain generally from 75
to 90 per cent, of carbon.

Coke consists of very pure carbon with the mineral
consituents, of the coal. It is made by exposing bitumin-
ous coal to redness in close retorts, whereby the volatile
compounds are driven off.

Charcoal is formed when wood is submitted to slow
combustion in a limited supply of air. Pure charcoal is

made by heating pure crystallized white sugar in a pla-
tinum crucible. When wood or sawdust is heated to
redness in close iron retorts, charcoal remains and the
condensed volatile products consist of wood spirit, so-

called pyroligneous acid, tar and creosote. Charcoal is

black, presents a glittering fracture, and emits a sound
like dry bones when it is struck by a hard body. It is

14
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insoluble in all the chemical reagents,t can not be vola-

tilized, and has never been fused. It is a rapid absorber

of gases and vapors, and will abstract many uncrystal-

lizable substances from solution and hold them. This

principle is employed in obtaining certain bitter principles

from plants, and in purifying water. If a piece of cane

sugar, or a bit of wood, be covered with sulphuric acid,

disintegration results, the acid abstracts the elements of

water (oxygen and hydrogen) from the organic body, and

a black mass (impure carbon) remains.

Lampblack is a form of finely divided carbon. It is

made when substances rich in carbon, such as wax, fat,

rosin, etc., are burned in a limited supply of air. The
heat of the flame decomposes the inflammable material,

but the oxygen is not present in sufficient amount to con-

sume the carbon. The consequence is that the carbon of

the smoke condenses and the deposit is finely divided

carbon. Lampblack is also formed by the incomplete

combustion of coal gas, and we have known of its practi-

cal production from natural gas of the oil regions in this

country. Large amounts of lampblack are produced by
burning corn cobs previously saturated with rosin.

Animal Charcoal.—This form of carbon contains
considerable nitrogen and all of the inorganic matter of
bones. It is made by heating bones in iron retorts to

redness. The distillate in this case is known as animal
oil, or oleum animale Dippelii (Dippel's oil). Animal
charcoal is of great value in sugar refining. It is known
as bone-black.

Purified cnumal charcoal is made bv digesting ordinary
animal charcoal in hydrochloric acid. This removes the

carbonate and phosphate of calcium, and thus fits the

charcoal for decolorizing acid liquids. All forms of carbon
are odorless and tasteless, and none.of the modifications

can be dissolved in any known liquid at ordinary tempera-

t Melted iron combines with carbon to form a carbide of iron. It is

probable that melted iron dissnlve.i carbon as it will fake up four per
cent, of that element. When the iron cools, a portion of the carbon
separates as graphite.
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tures. Carbon is not aifected by air or water. Grains
of corn which were charred in the expedition made upon
the Indians of Western New York remain perfect to the

present day. Organic matter, both animal and vegetable,

contains a large amount of carbon in combination. Plants
derive this carbon from air, and from the water of the
soil, in which it exists as carbon dioxide or carbonic acid.

The gas is decomposed in the plant tissue, carbon is fixed

and oxygen is liberated as a gas. Animals feed upon
plants and thus transfer the carbon to their systems.
The study of the carbon compounds is intimately con-
nected with organic bodies. In organic chemistry (so-

called) we expect to consider the most imjiortant of the
carbon compounds, for all of the alkaloids, the vegetable
acids, the glucosides, etc., etc., contain this element.

Indeed, it is frequently stated that organic cheaiistry is

" The study of carbon compounds and of the migration of
the carbon atoms," and the field is a large one. The study

of carbon in its connection with organic bodies is the

great work of the foremost chemists of the age. It must
not be expected that a book of this description will more
than touch the subject. We can only notice, here and
there, a compound that chances to be connected with the

study of the pharmacist.

Carbon combines with hydrogen to form a series of
compounds called hydrocarbons. These are all volatile,

and generally result from the decomposition of organic

bodies. Their construction is complex and the number
is undetermined. A few of them might with propriety

be studied here, but we shall defer notice of such for

part second of this work.

Carbon and Chlorine.
Carbon and chlorine will not unite directly. Combina-

tions of carbon and chlorine may be made, however, by
decomposition of certain hydrocarbons whereby chlorine

is substituted for hydrogen.

Carbon and Oxygen.
Carbon combines with oxygen to form two oxides

:

Carbon monoxide, CO. Carbon dioxide, COo.
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These are both gases. Carbon monoxide or carbonic

oxide results when zinc oxide and charcoal are heated to-

gether. It may be made by other processes, but as this

gas is not used in medicine or the allied sciences it is un-

necessary to consume time with them. Carbon monoxide
is colorless, tasteless, and almost insoluble in water. It

burns with a blue flame, carbon dioxide resulting, thus :

—

2C0 + O, = 2CO2.
Carbou manoxide Oxygen. Carboa dioxide.

Carbon monoxide combines with the hfemaglobin of

the blood, and is very destructive to animal life if inhaled.

Carbon dioxide (COo) is the familiar carbonic acid or

carbonic acid gas of the past. It results from the combus-
tion of carbon in the air and is in reality the acid-forming

oxide which gives rise to carbonic acid (see acids), thus

:

CO., + H.,0 = H.COg.
Carbon dioxide. Warer. Carbonic acid

Carbon dioxide exists free in the air to a slight extent.

It is easily prepared by pouring hydrochloric acid upon
pieces of marble. Carbon dioxide is the gas which results

when an acid is added to a carbonate. Carbon dioxide is

formed during fermentation, and often accumulates in

wine and beer cellars to such an extent as to displace the

air. This is the gas which accumulates, in unused wells,

and is termed in common language choke-damp or damps.

Carbon dioxide is colorless, and produces a feeling of

strangulation if inhaled even in small amounts. It Avill

neither support combustion nor respiration, flame is at

once extinguished, and animals quickly die in it. It is

heavier than the air, having the specific gravity 1.5241

(Regnault), und it may be poured from one vessel to

another. This gas maybe liquefied by both pressure and
a low temperature, forming a colorless liquid. Carlson
dioxide is very soluble in water and the so-called soda-
water, used as a beverage, is a solution of this gas. Tiie

sharp taste of fermenting wine and cider is derived from
the presence of carbon dioxide.
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Carbon and Sulphur unite to form carbon disul-

phide, CSo, or bisulphide of carbon. Sometimes this

preparation is called by the old name, bisulpluiret of car-

bon. This is made on a large scale by passing the vapor

of sulphur over red-hot charcoal, the impure product be-

ing condensed and sold for uses in the arts.

Carbon disulphide of commerce has an offensive odor,

owing to the sulphur compounds which are associated

with it. Wlien pure it is a colorless, very refractive

liquid, with a ])leasant ethereal, somewhat anise-like odor.

It is inflammable, and its vapor mixed with atmospheric

air explodes with violence if lighted. It is poisonous and
the inhalation of its vapor produces serious effects. Carbon
disulphide is a solvent of oils and gutta percha, and is used

in the arts for this purpose.

Carbon and Nitrogen unite to form cyanogen gas

C^jNo or Cvo, in reality dicyanogen, a colorless gas. It

may be made by heating cvanide of mercury to dnll red-

ness in a glass tube, metallic mercury and cyanogen being

liberated, the decomposition resulting as follows :

—

2Hg(CN)2 = 2Iig -f 20,^2.
Mercuric cyauide. Mercury. Cyanogen gas. .

Cyanogen gas has an odor which resembles peach

pits. It is very poisonous, has the specific gravity of

0.866, and may be liquefied by both pressui'e and a low
temperature.

Cyanogen (Monad radical), CN or Cy, is the acidnlous

radical of hydrocyanic acid and of all the cyanides. It

is capable of replacing one atom of hydrogen, or of com-
bining with one atom of hydrogen. It may be compared
with chlorine in this respect, as the cyanides very much
resemble the chlorides. The radical of cyanogen thus

plays the part of a single atom; and when cyanogen is in

a free state two of these radicals are united, thus:

—

CN -f CN = CoN,. Or Cy -f Cy = Cy^.

Consequently, we consider the real molecule of cyano-

gen gas to be C.^N^. Hydrocyanic acid has been studied
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under the head of acids, (page 100), and each metallic

cyanide of interest to the physician or the pharmacist will

be noticed in its appropriate place. Cyanogen nnites with

non-metallic elements, chlorine, iodine, etc., to form com-
pounds which are of great interest to chemists, but of no

use in medicine. Part second of this work, " Organic
Chemistry," may be considered a continuation of the

compounds of carbon.



METALS.

The metals as a class possess certain properties which
the non-metals do not possess, or at least very slightly.

It ranst be remembered that the division of the elements

into the sections, metals and non-metals, is purely for con-

venience, and that the differences between certain indi-

viduals of the two classes is sometimes very slight.

Chemists do not even agree as to the positions certain

elements should occupy. For example some class hydro-

gen with the non-metals, others place it among the metals.

Souie class arsenic with the metals, others with non-metals.

The generic property of metals seems to reside in metallic

lustre, and in the fact that their oxides are generally basic.

The oxides of the non-metals, upon the contrary, are acid

formers, and as a rule non-metals have no metallic-like

lustre.f

The metals are generally arranged in certain groups
dependent upon a resemblance in chemical properties.

We shall not, therefore, take them alphabetically. In
our work we are expected to notice such comj>ounds as

are of interest, directly or indirectly, from a therapeutical
point, but we shall from necessity, consider many oxides
not used in medicine.

t One of the modifications of phosphorus is called metnlUc phos-
phorus, from its luster and resemblance to metals. Arsenic certainly
appears like a metal. The higher metals give rise to acid-foiiriing
oxides.

(167)
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ALKALI METALS.

POTASSIUM, SODIUM.
LITHIUM, RUBIDIUM.
CESIUM.

These are the metals that produce the alkalies, a term
that was at first applied indiscriminately to the hydrates

of potassium and of sodium. The alkalies were consid-

ered simple substances until Davy isolated the metals

which form their bases. The compounds of potassium

and sodium are extensively employed in medicine and the

arts. Lithium is sometimes used in medicine, but the

other members of this group of metals are of no practical

importance.

POTASSIUM (Kalium).

Sj'mbol, K. Atomic weight, 39.04.

Davy discovered this metal and named it. He decom-
posed caustic potash by means of the galvanic battery.

Afterward Gay-Lussac and Thenard obtained it by heat-

ing caustic potash and iron turnings to whiteness in a
gun barrel ; the oxygen of the caustic potash uniting

with the iron to form oxide of iron, thus liberating the

hydrogen and the potassium, which escaped in the form
of vapor, and from this the potassium was condensed by
passing the mixture into a cold receis'er. This process

Avas improved u])on by Curauda who obtained potassium

by heating caustic potash with charcoal, and by this latter

method it is made at present, or by heating carbonate of

potassium with charcoal, thus :

—

K,C03 + a = K. + SCO.
Cai'bonate of potassium Carbon Potassium. Carboaic oxide.

Properfies.—Potassium is a white metal of specific

gravitv 0.875 at 13° C. (55.4 F.) ; soft like wax at 15° C.

(59° F.) ; brittle at 0° C. (32° F.), and melts at 62.5° C.

(144.5° F.) Potassium has a strong affinity for oxygen
and a cleanly cut surface immediately tarnishes and turns
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white; when thrown npon the snrface of water it liberates

hydrogen and forms hydrate or hydroxide of potassinm,

thus :

—

K. + 2(H0H) = 2(K0H) + H..
Potassi :in. Water. Hydr.ixide of potassium. Hydrogen.

The heat liberated during the reaction inflames the

escaping hydrogen, whicli burns with a violet color con-

sequent upon the presence of the vapor of potassium,

(pure hydrogen burns blue). In consequence of tliis

affinity of potassium for oxygen it is necessary to preserve

the metal beneath a liquid free from oxygen, and benzine

is used in commerce f<)r tliis purpose. Potassium reaches

us from the manufacturer in the form of pellets ranging
in size from a number one shot to that of a small marble.

Potassium Hydroxide.—Formula, KOH. Molecular
weight, 56 00.

Synonyms.—Hydrate of jiotassium. Caustic potash.

Fixed alkali. Pota.ssa. Potash. Vegetable alkali.

This is derived from water l)y replacement of one-half

the hydrogen of two molecules of water with one mole-

cule of potassium.

It is obtained in an impure form by lixivating the ashes

of forest trees and evaporating the " lye " to dryness.

This is potash and as thus made is mixed with imjuirities

such as salts of aluminum, potassium carbonate and chlo-

ride, potassium silicate, etc. .and is unfit for medical use or

chemical experiments. Commercial caustic pota.sh is in the

form of white sticks, and is made by boiling a solution

of carbonate of potassium, or of bicarbonate of potas-

sium, with milk of lime. The potassium is displaced

from one molecule of carbonate of ]wtassium (where that

salt is used), by the calcium of one molecule of hydroxide
of calcium, thus :

—

K,r03 + CnO.,H., = 2K0H -f CaCOg
Carbonate of Hydi-nxide of Hy'lmxide of C.irbopate of
potassium. calcium. ijotassium calciuai.

The carbonate of calcium is ])ermitted to subside, and
the clear solution decanted and quicklv evnjmrated until

it fuses, wheu it is cast into moulds. This still contains

15
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other salts of potassium, such as sulphates aud chlorides,

but is pure enough for all practical purposes. It may be
produced pure for analytical pnr[)oses, by decomposing
pure potassium nitrate with metallic copper, at a red

heat, and by other processes unnecessary to name here.

Liquor potassce of the Pharmacopoeia, is made by boil-

ing solution of bicarbonate of potassium with milk of
lime, and decanting the clear solution, or by dissolving

one troy ounce of caustic potash in a pint of distilled

water. It is liable to contain the impurities of the potash

salt. It should have the specific gravity 1.065, and
contain " five and eight-tenths per cent, of hydrate of

potassa, " U. S. P.

Properties.—Hydroxide of potassium pur-e is white,

hard, breaks w'ith a fibrous fracture, melts to a clear

liquid at red heat, volatilizes at higher temperatures, and
the vapor decomposes at a white heat into its constituent

elements. It dissolves in about one-third its weight of

water, and from this crystallizes upon cooling in the form

of a hydrate, KOH-t-2H.iO. It dissolves perfectly

in alcohol. Commercial caustic potash is white, but does

not dissolve completely in alcohol, owing to the presence

of sulphates and alumina. Caustic i)otash possesses an
acrid taste, even in dilute solution. It is a strong base,

and from it the salts of potassium are prepared. It ab-

sorbs both moisture and carbonic acid from the atmo-
sphere, and thus either deliquesces (moisture) or becomes
covered with a white incrustation (carbonate of potas-

sium) when exposed. It is a powerful cautery, and
destroys animal and vegetable tissues, and thus is a

destructive poison when swallowed.

Treatment.—Dilute acids neutralize it, and the juice of

lemons, sour oranges, green gooseberries, ripe currents,

and vinegar may be administered freely. In conjunction,

use mucilaginous and demulcent drinks, such as gruel,

milk, etc., or olive oil. If a large dose of the caustic

potash has been swallowed, the tissues of the stomach
will be actually destroyed before the antidote can be

given, and the patient M'ill suffer excruciating agony
until relieved by death.
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Potassium Acetate.—Formula, KC^HgOo. Molecular
Weight, 97.9.

Synonyms.—Acetate of potassa. Acetate of potash.

Potas.sii acetas.

Experiment.—Dissolve about sixty grains of carbonate

of potassium in an ounce of distilled water in a porcelain

disli, and gradually stir into the solution acetic acid until

the liquid acquires a distinct acid reaction and ceases to

effervesce. Evaporate carefully over a flame until a

white mass remains; this is acetate of potassium. The
reaction is expressed as follows :

—

K.,C034- 2HC0H3O0 = 2KC2H3O. + H.O
-f- CO.,

Caibjnatc of Acetic ~ Acet:^? of ~ Water Caiboa
potassium. acid. potassium. dioxide.

Acetate of potassium is extensively used in medicine.

It is in the form of white glistening masses, of a foliated

texture, and is made by evaporating a .solution of acetate

of potassium until a skim forms upon the surface, which
is removed constantly until the dish is empty. From
time to time a little acetic acid must be added to replace

that which is lost by evaporation. Sometimes it is made
by decomi)osition of acetate of lead, by means of carbon-

ate of potassium, and in this case the salt mav contain

lead as an impurity. Sometimes the concentration of the

solution is performed partially in cop])er vessels, and
under such circumstances, especially if the solution is

allowed to cool within the ves.sel, copper is liable to con-

taminate the result.

Properties and Tests.—Acetate of potassium is very
hygroscopic, and quickly liquefies upon exposure to the

atmosphere. It should not yield a precipitate when sul-

phide of hydrogen is passed through a solution of it, and
the .solution should remain transparent upon treatment
with solution of chloride of barium.

Potassium Bicarbonate.— Formula, KIICO3. Mole-
cular weight, 99.89.

Synonyms.—Bicarbonate of pota.sh. Acid carbonate

of potassium. Potassfe bicarbonas. Hydrogen pota.s-

sium carbonate. Potassii bicarbonas.
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Experiment.—Make a saturated solution of carbonate
of potassium by agitating one ounce of carbonate of

potassium, with half an ounce of cold water; after the

excess of carbonate has settled, decant the clear solution,

pass into this solution a current of carbon dioxide, and
in a short time small crystals will appear upon the sides

and bottom of the container. This reaction is explained

as follows :

—

X.COj -f HjO + CO.j = 2KHCO3
Carbonate of Water. Carbon Biearbonate of
potassium. dioxide. potassium.

Bicarbonate of potassium may be made by exposing

wet carbonate of potassium to an atmosi)here containing

much carbon dioxide, as the celhir of a brewery where
fermentation is ensuing, or the cellar of a vinegar

factory.

iSakeratus is an inijnire bicarbonate of potassium, at

one time much used for culinary purposes. It is made
by pa.ssing the fumes of burning charcoal over shelves

covered with layers of })earlash.

Properties.—Bicarbonate of potassium is met with in

commerce in the form of crystals, which are transparent

and permanent in cool air, but Avhich become moist in

damp, warm weather. It has an alkaline taste, and an

alkaline reaction, notwithstanding it is an acid salt.

It dissolves in about four times its weight of water at

ordinary temperatures, and parts with a considerable

proportion of carbonic acid, when its solution in water is

boiled. Bicarbonate of potassium is more apt to be pure

than is carbonate of potassium, owing to the fact that the

impurities do not crystallize.

Potassium Bichromate—Formula, K.Cr..07. Mole-
cular weight, 294.6.

Synojiyms.—Bichromate of potassium. Bichromate of

potash. Red chromate of potash. Dichromate of potas-

sium. Potassii bichromas.

The chemistry of this article is noticed under chromium.

To prepare it in practice, chrome iron ore (FeOCr.iOg) is

roasted, and mixed with lime and potassium carbonate,
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and the mixture heated in an oxidizing flame. The
result is then extracted with water, and the neutral

chromate converted into bichromate by means of sulphu-

ric acid, thus :

—

2K,Cr04 + H.SO^ = K.Cr^O^ + K,SO, + H.,0.
rocassium Sulphuric Potassium Potassium Wuter.
chromate. acid. bichromate sulphate.

The formation of bichromate of potassium may be
illustrated by the following experiment :

—

Dissolve five or ten grains of chromium trioxide CrOj
(officinal chromic acid), in half an ounce of liquor potasses.

A lemon yellow solution will result, dependent upon the

production of neutral potassium chromate, thus:—CrO^
+ 2KOII= K,Cr04 + H.O. Add to this solution a little

sulphuric acid, an orange color results, dependent upon
the formation of bichromate of potassium, as explained

by the equation which precedes the last. If a very great

excess of sulphuric acid is now added, the bichromate of
potassium is decomposed and chromic acid is formed.

Bichromate of potassium is used in medicine mainly for

the preparation of c/irom/c acid (seepage 93). It is ex-

tensively used in the arts, especially as a dye-stuff, in the.

pre[)aration of chrome yellows and to make ink. Bi-

chromate of potassium forms large garnet-red crystals,

freely soluble in water. The dust is very irritating when
inhaled, and the salt is a corrosive poison.

Treatment of Poisoning.—Emetics, albuminous and
mucilaginous drinks (Taylor), carbonate of magnesium or

chalk mixed with milk.

Potassium Bitartrate.—Formula, KHC^H^Og. Molec-
ular weiglit, 187.G8.

Synonyms.—Bitartrate of potassium. Cream of tartar.

Acid tartrate of potassium. Potassii bitartras.

Bitartrate of potassium exists in the juices of many
fruits (see tartaric acid) and is obtained from the juice of
tlie grape after fermentation, which causes it to crvstallize

upon the sides of the casks. This is impure and known
as crude tartar or argols.

Purijicat'ion.—Dissolve argols in hot water, and filter
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the solution while hot through clay or auinml charcoal.

Kepeat the operation if necessary, and lastly crystallize.

Properties.—Bitartrate of potassium, when ])ure, is in

the form of transparent crystals, soluble in fifteen parts

of boiling water, but requiring- 200 parts of cold water.

It does not (.-ontain water of crystallization.

Impurities and Tests.—This salt is usually sold upon the

market in a powdered condition, and under the name
of cream of tartar. It is liable to contain moisture, and
from five to fifteen per cent, of tartrate of calcium, for

tartrate of calcium will dissolve in a solution of cream of

tartar. Too often, however, alum, powdered silica, and
terra alba (a white earth), etc., are mixed wMtii it. Such
substances as are insoluble will remain undissolved upon
boiling the susj)ected cream of tartar with water. A
current of sulphide of iiydrogen will precipitate copper

aiul lead from a solution of the salt. Starch may be

shown by digesting the sample in ammonia water, boiling

the residue (if any) with water, and then adding a little

tincture of iodine, a blue color denoting starch. If adul-

terated with (ihim it is more solul)le in cold water than if

pure, and upon fusing it the residue will not completely

dissolve if alum is present.

Potassium Bromide. — Formula, KBr. Molecular

weigiit. 118 79.

Si/nnnyyns.—Potassii bromidum. Bromide of potash.

Bromide of potassium.

Experiment—Pour a few ounces of solution of bromide

of iron into an evaporating dish, and gradually add with

constant stirring, dilute solution of carbonate of potas-

sium, until the liquid loses the property of changing blue

litmus paper to red, or until a preci]iitate ceases to form.

Bring the mixture to a boil, then M'hen cold filter it and

Avash the contents of the filtering paper with a little

distilled water. Mix the filtrates, and evaporate until a

pellicle begins to form upon the surface, then cool, when
crystals of bromide of potassium will firm. By the

foregoing operation carhonate of iron and bromide of

potassium are formed, thus :

—
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FeBr, + K.CO. = FeCO, + 2KBr
Bromide of Carl>ouatf of Carbonate Broniiileof

Iron. potassium. of irou. iiotassium.

It may be made by other methods, but the above for

experiment is easiest and most simple.

Propei'tles.—Bromide of potassium crystallizes in cubes,

sometimes transparent, again porcelain like. These forms
may be produced at will from the same solution, and as

the demand is greatest for the opaque crystals, manufac-
turers are inclined to make it of that style. If there is

an excess of carbonate of potassium in the solution, the

opaque bromide forms most readily. Bromide of potas-

sium is permanent in the air, and if a specimen deliquesce

an excess of carbonate of potassium is present. It is

soluble in its weight of boiling water, and in less than
twice its weight of water at 0° C. (32° F.). If a crystal

be dipped into hydrochloric acid it should not turn yel-

low (absence of bromate of potassium).

Potassii Carbonas—Formula, K.COj. Molecular

weight, 137.93.

Synonyms.—Carbonate of potash. Carbonate of potas-

sium. Salt of tartar.

Carbonate of ]>otas.sium is made from the pota.sh of

wood ashes, or from beet roots (in Europe), or from the

Stassfurt beds of chloride of pota.ssium. Once it was

made by calcining cream of tartar, whereby it derived

the name snU of tartar. This last process yields a very

pure article. It may be made pure by calcining bicar-

bonate of potassium, thus :

—

2KHCO3 = H,0 + CO, + K0CO3
Bicarbonate of Water. Carbon Carbonate of

potassium. dioxiile. potassium.

Experiment.—Dissolve a little hydroxide of potassium

(caustic potash) in four times its weight of water, then

pa.ss carbon dioxide into the solution. Carbonate of

potassium will be formed according to the following

f^uation :

—

2K0H -f- CO., = KXOg 4- H.O.
Hvflroxideof Carboli Carbonnte Water,
potassium. dioxide. of potassium.
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It is usually made iu this couutry from potash, and

thus is liable to contain many impurities.

Properties.—Carbonate of ])otassiutn is in the form of

a white, granular, semi-crystalline coarse powder, deli-

quescent in the atmosphere and soluble in less than its

Aveight of water at ordinary temperatures. It crystallizes

from saturated solution, forming 2K^C03-f-3H2 0.
Pearlash is an impure carbonate of potassium and is

made by dissolving potash in water, decanting the solu-

tion, and evaporating it to dryness. It contains caustic

potash, and various salts such as sulphate and chloride of

potassium, etc.

Carbonate of potassium is poisonous. The antidotes

and treatment are the same as for hydroxide of potassium

(caustic potash).

Potassium Chlorate.—Formula, KCIO3. Molecular
weight, 122.29.

Syjionyms.—Potassii chloras. Chlorate of potash.

Chlorate of potassium may be made by several pro-

cesses. It is manuflictured in quantities from chlorinated

lime and chloride of potassium. When chlorinated lime

is mixed with water and evaporated the caleinm hypo-

chlorite of the solution is decomposed, calcium chlorate

and calcium chloride being formed, thus :

—

3Ca(0Cl). = Ca(CIO,)^ -f 2CaCU.
Hypo'liloi-iteof Chlont^of Chloride~of

calcium. calcium. calcium.

If chloride of j^otassium (KCl) be added previous to

evaporation, double decom])osition ensues between the

chlorate of calcium and the chloride of potassium, the

result being chlorate of pota.ssium instead of chlorate of

calcium of the previous equation, thus:

—

CaCO^Cl). + 2KC1 = CaCla + 2KCI3O.
Chlorate of Chloriileot thlorid^ of Chlorato of
calcium. potassium. calcium. potassium.

By straining the solution and evaporating it to crystal-

lization the cidorate of potassium is separated from the

very soluble chloride of calcium, and it may be purified

by solution in and recrystallizing from hot water.
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Chlorate of potassium is only made in large quantities

where chlorine gas is a waste product, and it is not advisa-

ble to experiment with its production. It crystallizes in

transparent tables of the nionoclinic system which melt
at 334° C, and which begin to decompose, evolving
oxvgen at 352° C. One hundred parts of water dissolve

3.3 parts of the salt at 0° C. (32° F.) and at 104.8° C.
(about 221° F.) dissolve. 60.2 parts.f

Chlorate of potassium must never be triturated in a

mortar with organic bodies which have an affinity for

oxygen, for chlorate of potassium readily gives up its ox-

ygen, and serious explosions have resulted. Mixtures

of sugar, tannin, sulphur, etc., should never be triturated

with potassium chlorate, the safe method being to powder
the salts separately, then mix them upon a paper by
means of a spatula. Chlorate of potassium has a saline,

cooling taste.

Imparities and Tests.—Dissolve a portion of the chlo-

rate of potassium in hot water, and add a few drops of

nitric acid, then divide this solution into two parts, and
to one portion add solution of nitrate of silver; if chlo-

ride of potassium be present, a white precipitate will be
produced, soluble in ammonia water.

To the other portion add solution of nitrate of barium;
a white precipitate will denote sulphate of potassium.

There are a few other likely impurities.

Potassium Citrate.—Formula, KgCgH^O,. Molecular

weight, 305 66. (»-

Synonyms.—Citrate of potassium. Citrate of potash.

Potasspe citras. Potassii citras.

This is a salt formed by double decomposition, between
citric acid and carbonate of potassium, thus:

—

t Pbysicianf? often overlook the fact that clilorato of potassium is

but s1ii;htly soluble in cold water, and prescribe (to be made into a
solution) a very mucli larger amount of the salt than can be dis-

solved. Of course if heat be employed to eifect the solution the
excess of chlorate will .'^eparate when the liquid cools. Water at

ordinary temperature (60° F.) will dissolve about one-sixteenlh its

weight of chlorate of potassium.
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3K.CO3 + 2H3C,H,0, = 2K,C6H.,0, -|- 3H^0
-f- 3C0.,

Carbonate of Ciiiicacia. Citratp of VVuter. Carbon
poiassium. potassium. dioxule.

Experiment.—Dissolve a few drachms of carbonate of

potassium in an evaporating dish, by means of a C()ii])le

of ounces of water, then carefully stir into it a solution

of citric acid nntil eifervescence ceases, then evaporate

with constant stirring to dryness. Citrate of potassium

is a white granular powder. It is very solul)le in water,

and has a pleasant saline taste, but is not extensively

used in medicine.

Potassium Cyanide.—Formula; KCNorKCy. Molec-

ular weight, 65.02.

Synonyms.—Cyanide of potassium. Cyanide of potash,

Potassa cyanide Potassii cyanidum.

Fig 53. Potassium Cyanide.

This is made pure by passing the Vapor of hydrocyanic

acid into an alcoholic solution of hydroxide of potassium

(caustic potash), when cyanide of potassium will separate

as a white powder, the reaction being expressed as follows

:

HCN + KOH = KCN + HOH.
Hydrocyanic Hydroxide Cyanide of Water,

aciii. of potiissiiim. potassium.

The above yields a chemically pure salt, \^ pure caustic

potash is employed. In commerce, cyanide of potassium

is made by melting ferro-cyanide of potassium (yellow

prussiate of potash) with carbonate of potassium ; the
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result being cyanide of potassium (KCN), cyanate of

potassium (KOCN), carbon dioxide (COg) and iron, thus:

2K4FeCy6+2K,C03 = 1UKC>^ -f 2K0CN-f2CO.,+Fe2
Fciiocyanide t arbou.tte Cyiiiiiile of Cyanate of CaiMjou Iruu.

of ijotassiuui. of potassium. potabsiuai, poiassiuin. dioxide.

Cyanide of potassium, prepared as above, is contami-

nated with cyanate of potassium.

Properties.—Tliis salt, as found in the market, is in

white lumps, resembling in appearance chloride of calci-

um, or the white substance found inside the cocoanut. It

has a strong bitter-almond or peach-pit odor, owing to

the fact that it constantly evolves hydrocyanic acid, espe-

cially when exposed to an atmosphere which contains

carbon dioxide. It is very soluble in water, is a power-

ful reducing agent, and hence is employed in photography

and electro-plating. It is one of the most violent of poi-

sons, and must never be confounded with prussiate of

potassium (ferrocyanide of potassium), which is sometimes

prescribed by physicians. Bear in mind the distinctions.

Prussiate ofpotash is in form Cyanide of potassium is in

of yellow crystals; the crystals form of white lumps; evolves

are odorle.ss; it is not classed the odor of bitter almonds;
with poisons. is a deadly poison.

Treatment.—Solution of sulphate of iron may be given
;

this will (theoretically) form Prussian blue. The treat-

ment for hydrocyanic acid may be followed. If even a

moderate dose is swallowed, however, there is little hope

of recovery, for the soluble salts of hydrocyanic acid are

as poisonous as the acid alone.

Potassium and Sodium Tartra-te. — Formula,
KNuC^H^Og^HgO. Molecular weight, 281.51.

Synonyms.—Sodli et potassil tartras. Potass® et sodse

tartras. Tartrate of potash and soda. Rochelle salt.

Potassii et sodii tartras.

This, as its name indicates, is a salt of which one-half

of the basic hydrogen of the tartaric acid molecule is re-

placed by potassium, the other half being replaced by
sodium, thus :

—
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Tartrate of hjdrogen (tartaric acid), HHC^H^Og.
Acid tartrate ofpouisHium (cream ot turlar), KHC4H^0g.
Tartrate of poLassium and sodium (fiocbelle salt) KNa-

Experiment.—Dissolve twelve parts of carbonate of
sodiuai in eighty-four parts of hot water, and stir into the
solution sixteen parts of bitartrate of potassium. When
etfervescence ceases, filter the solution and evaporate it

until a pellicle begins to form, then place the solution iu

a cool place that crystals may form. These are tartrate of
potassium and sodium. The common name Rochelle salt^

was derived from Rochelle, where it was discovered.

This salt is made by manufacturers upon a large scale,

and is usually sold in the form of powder. It has a

saline taste, and dissolves in twice its weight of water at

about 60° F. The reaction of the preceding process is

expressed by the following formula :

—

Na.COg + 2KHC4H4O6 = 2KNaC4H,06 +H,0 + CO..
Caiboii'ite of Bitartrat'i of Tartrate of sodium Water. Carboa

sortiiim. potassuim. ami potassium. rtioxiile.

Potassium Ferrocyatiide. — Formula, K^Fe(CN)g.
Molecular weight. 367.94. Crystallized. K4Fe(CN)g,-
3H.,0.

Synonyms.—Ferrocyanide of potassium. Yellow prus-

siate of potash. [Pru.ssiate of potash.] Potassii ferro-

cyanidum.

Fig. 54.

This salt results when a solution of a ferrous salt is

mixed with an excess of cyanide of potassium, but is

made in practice by heating potash, iron-filings and ani-

mal matter, such as horn, dried blood, leather scraps, etc.
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An intricate reaction results, cyanogen (C.No) being
formed from the decomposing organic substances which
unite witli the potassium to form cyanide of potassium,
while the liberated sulphur and the sulphur of the potash
produces potassium and iron sulphides. The sulphide of
iron and the cyanide of potassium are mutually decom-
posed to form ferrocyanide of potassium and other products
according (R. and S.) to the following equation :

—

13KCN + Fe^Sg = 2K,Fe(CN)6 + 2K..S + KSCN.
Cyauideof se^qiii-sulphide Fenocyanideot Potiissuim Potuss uni sul-
potassium. of iron. potassium. uioiio-bulphide. plio-cj aiuite

This mixture is dissolved and purified, and the ferro-

cyanide of j)otassium crystallized. It is not practical to

make this salt in an experimental way.
Ferrocyanide of potassium is insoluble in alcohol, but

dissolves in four parts of cold water and in two ])arts of

hot water. It crystallizes in large yellow masses of

quadratic pyramids, has a saline sweetish taste, and com-
pletely gives off its water of crystallization at 100° C.

(212° F.) It is not dangerous, being sometimes pre-

scribed "in large doses. Care must be taken that it be

not confounded with cyanide of 'potassiiua (see page 178),

which is very poisonous.

Potassium Hypophosphite,— FormuUi, KPH^O^.
Molecular weiglit, 103.92.

Synonyms.—Potassfe hypophosphis. Hypophosphite of

potassium. Hypophosphite of potash. Potassii hypo-
phosphis.

Hypophosphite of potassium may be made by decom-
posing hypophosphorous acid and carbonate of potassium,

and afterward evaporating the solution carefully to dry-

ness, thus :

—

KoCOg -f 2HPH,0. = 2KPH.,0. + H0CO3.
Carbonate of HypopVios|)ho- Hypoposphite Carbonic
potassium. rous acid. of potassium. acid.

It may also be made by double decomposition between

solutions of carbonate of potassium and hypophosphite of

calcium, the result being hypophosphite of potassium and
precipitated carbonate of calcium.
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Hvpophosphite of potassium is very soluble in water

and diluted alcohol. It is not likely to contain impurities

which are soluble in these menstruums unless it be the

carbonate of potassium. If this substance be present the

addition of dilute sulphuric acid to the solution will cause

effervescence.

Potassium Iodide.—Formula, KI. Molecular weight,

165.57.

Synonyms.—Iodide of potassium. Iodide of potash.

Potassii iodidum.

This salt mi ly be made exactly according to the formula

of our experiment for making bromide of potassium,

(page 174), excepting that the solution of bromide of iron

of that experiment is to be replaced by solution of iodide

of iron. The reaction is expressed as follows :

—

Fel. 4- KXO3 = 2KI + FeCOj.
lodide^f Carl) >n;ite of Iodide of Caibouate

Irou. potassium, potassium. of iron.

It may also be made by adding iodine to solution of

caustic potash until in slight excess, then evaporating to

dryness and igniting the residue with charcoal, and after-

ward dissolving the iodide of potassium and crystallizing it.

Properties.—Iodide of potassium crystallizes either in

transparent or porcelain cubes, it is odorless, and possessed

of a saline bitter taste. It is not altered by dry air, but

turns yellowish in damp air. If it contain carbonate of

potassium the crystals become moist upon exposure and
will eventually dissolve in the water so attracted. The
crystals dissolve in three-fourths their weight of cold

water and in one-half their weight of boiling water, and
dissolve in from five to seven times their Aveight of alcohol.

Impurities and Tests.—lodate of potassium is shown by
placing a drop of hydrochloric acid upon the crystal,

when if iodate be present a brown color will immediately
follow

; or boil a few grains of starch with some water in

a test tube and dissolve in the solution a crystal of the
suspected iodide of potassium, then add a few drojis of a

strong solution of tartaric acid ; if iodate of potassium
be present a violet color will immediately appear. Ad-
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mixtures such as sulphate and nitrate of potassium may-

be shown by disiiolving iodide of potassium in its weiglit

of water, then mixing tlie solution with twelve parts of

absolute alcohol, a white precipitate indicating such im-

purities. Cldorides ov broniu/es maybe detected as follows:

Dissolve a small portion of the salt in water and add
nitrate of silver solution in excess ; agitate the j)recipitate

Avith ammonia water in excess, filter and then add to the

filtrate an excess of nitric acid ; a white precipitate denotes

chlorine, (of course the nitric acid is to be free from chlo-

rine). Bromine may be distinguished from chloriue (Hoff-

man) by washing the foregoing precipitate upon a filter-

ing paper until the washings cease to redden blue litmus

paper, then placing the })recipitate in a test tube and
agitating with chlorine water; bromine, if present, will be

liberated and will color the solution yellow. Bromide of

potassium is the most likely adulterant of this salt.

Potassium Nitrate. — Formula, Kl^Oj. Molecular
weight, 100.93.

Synonyms.—Nitrate of potassium. Nitrate of ]>otash.

Saltpetre. Nitre. [Sal nitri. Sal petrae (Geber),] Potassii

nitras.

Nitrate of ])otassium is found in the soil of many coun-
tries, in the juices of many plants, in the soil of under-
ground caverns. It is formed by the decomposition of
organic matter when such is in contact with potash salts,

and in this manner the soil replenishes itself when
dej)leted.

Experiment.—Dissolve an ounce of carbonate of potas-

sium in four fluid ounces of water in a capacious porcelain

dish, then gradually stir into it nitric acid until efferves-

cense ceases. Evaporate the solution to the bulk of two
fluid ounces, and cool slowly to the temperature of ice

water. The nitrate of potassium will form in transpnrent
crystals, which may be drained, and dried upon filtering

paper. The reaction is expressed as follows :

—

KoCO„ -f- 2HNO3 = 2KNO3 -f H.COg.
Carbonate of Nitric Nitrntoof Carbonic
potassium. acid. potassium. aciil.
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The nitrate of potassium of commerce is supplied

largely from the soil of India, and recently by decompo-
sition from the chloride of potassium of the Stassfurt

mines. The so-culled Chili saltpetre is nitrate of sodium.

Properties.—Nitrate of potassium usually crystallizes

in rhombic prisms, but from a few drops of solution by
spontaneous evaporation the form is rhombohedral. The
large crystals of the market are often hollow, and partly

filled with mother liquor, which renders this form more
impure than small crystals. It melts at 339° C. (642.2° F.)

forming a corlorless liquid, uhich, if moulded and cooled

into balls, is known upon the market as sol prvnel/a ; at

a high temperature the melted salt gives ofl' oxygen
and nitrogen. It is insoluble in alcohol, but very soluble

in water. 100 parts of water at 0° C. (32° F.) dissolves

13.3 parts; 100 parts of water at 100° C. (212° F.) dis-

solves 247 parts.

Lnpartties and Tests.—The most likely adulterant of

nitrate of potassium is nitrate of sodium. If it be present

in any great proportion, the crystals will become moist

u])on exposure to a moderately damp atmosphere. If the

solution of nitrate of potassium acidulated with nitric

acid, gives a white precipitate with nitrate of barium
solution, sulphates are present. If it gives a white ])re-

cipitate with nitrate of silver solution, chlorides are

present. Little of the nitrate of potassium upon the

market is pure, and the presence of a small proportion

of the foregoing substances is not a serious matter.

Potassium Permansranate.—KMn04, or KoMn^Og.

Molecular weight (KMuOJ, 157.68.

Synonyms.—Permanganate of potassium. Permanga-

nate of potash. Potassii permanganas.

This is made experimentally by dissolving ten parts of

caustic potash, in the smallest amount of water practicable,

and ad(ling to it a mixture com]iosed of seven parts of

potassium chlorate, and eight parts of dioxide of manga-

nese, and evaporating to dryness. The mass is digested

with hot water, and the deep' green liquid filtered through

asbestos, when upon standing crystals of permanganate of
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potassium will be deposited. Permanganate of potassium

is a salt of the very unstable permangimic acid (HMuOj).
It is in crystals of dark bronze or steel-blue color, of the

si)ecific gravity 2.7; soluble in fifteen or sixteen parts of

cold water, the solution being dark ])urple. The solution

of this salt is decolorized by most organic substances,

and by inorganic reducing agents, such as sulphurous

acid, and metallic subsalts. It ignites some oxydizable

bodies, therefore mixtures of potassium permanganate
and organic substances must be made with caution.

Potassium Sulphate.—Formula, KoSO^. Molecular
weight, 173.90.

Synonyms.—Sulphate of potassium. Sulphate of potash.

Potassii sulphas.

This was obtained at a very early day as a residue of

the manufacture of nitric acid. It is found in the lavas

of Vesuvius and in the Stassfurt deposits. It may be

made by neutralizing sulphuric acid, which has previously

been diluted with ten parts of water, with hydroxide of

potassium (caustic potash), and evaporating the solution

to crystallization ; the reaction being expressed as follows

;

H,SO, + 2K0H = K.SO4 + 2H.,0
Sulphuric Hydroxide Sulp'hatoof Water.

acid. of potassium. potassium.

It may be also made by the following

—

Experiment.—Mix one Huid ounce of sulphuric acid

with nine fluid ounces of distilled water, and into this

mixture gradually stir carbonate of potassium until the

acid is saturated and effervescence ceases. Evaporate the

solution until a pellicle forms upon the surface, then allow
it to cool, when crystals of sulphate of potassium will

form, which may be dried upon filtering paper. The
reaction is expressed according to the equation :

—

H,SO, + KoCOj = K.SO^ + HXOg
Sulphuric CaHionate Sulphate of Carlionio

acid. of potassium. po'assium. ac.d.

Sulj)hate of potassium crystallizes in small rhombic
pyramids, having the specific gravity 2.648. It is soluble
in ten parts of cold water ; a boiling solution of the salt

16
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contains about one-foiirtli its weiglit of the salt. It is

insoluble in absolute alcohol.

Acid Sulphate of Potassium, KIISO^, is obtained

when nitrate of potassium is decomposed with sulphuric

acid in the manufacture of nitric acid (see page 105).

Tiiis is sometimes called bisidphaie of potassium, but is

seldom used in medicine.

Potassium Disulphate, KoS^O-, is obtained by

heating sulphuric acid with sul})hate of potassium, thus

:

This is of uo practical value.

Potassium Sulphide.

Synonyms —Sulphuret of potassium. Potassii sul-

j)hidum. Sulphide of potassium. Liver of sulphur.

Hepar sulphuris. Potassii sulphuretum.
This compound as pre))ared by the various pharmaco-

})oeias, is a mixture of ditferent sulphides of potassium.

It is made (U. S. P.) by fusing one troy ounce of sulphur
with two troy ounces of carbonate of potassium, and
pouring the fused mass upon a cold slab of marble to

cool, and immediately transferring to glass stoppered bot-

tles. The product is influenced by the temperature
employed, so that it is variable in appearance.

Tests for Potassium.—Compounds of potassium, in the

absence of sodium compounds, impart a violet color to

the non-luminous blow-pipe flame. If sodium compounds
be present, a blue cobalt glass placed between the eye

and the flame, Avill absorb the yellow color of sodium,

and transmit tiie potassium violet.

2d. Add an excess of solution of the chloride of

platinum (PtCl.^), to the solution of a potassium salt, and
evaporate the mixture to drvness. Digest the residue in

alcohol, filter it and drv, and weigh the preci])itate, which
is tlie double salt K.PtCl^, from which the projiortion of

potassium may be determined. Tartaric acid also pre-

cipitates the solution of a potassium salt.



SODIUM. 187

SODIUM.
Symbol, Na. Atomic Aveigbt, 22.99.

Sodium was discovered by Davy in 1807, being pro-

duced by decomposition of bydroxide of sodium (ctiustic

soda) by means of tbe galvanic current, after tbe manner
in wliicb be obtained potassium. Chloride of sodium and
carbonate of sodium have been known from the earliest

periods of history, the term nitrum being undoubtedly ap-

plied to carbonate of sodium at an early day and afterward

affixed to saltpetre. Metallic sodium is now made by
igniting a mixture of carbonate of sodium and charcoal,

upon the principle of the preparation of potassium.

Sodium is much more easily made than jiotassium. Sodium
is a silver-white metal, but quickly oxidizes upon ex-

posure to the atmosphere. AVhen healed in the a( mo-
sphere combustion ensues, tlie flame being yelloAv, and
the product of the combustion being the monoxide (KaoO),
and the dioxide (Xa.,Oo) which is sometimes called the

peroxide. Sodium melts" at 95.()° C. (203.9° F.) and vola-

tilizes at a red heat. It is an excellent conductor of heat

and electricity. When thrown into cold water it swims
upon its surface with a bissing noise, decomposing tbe

water and evolving from it hydrogen gas. II' tbe water

be hot the bvdrogen is ignited, burning with a yellow

flame, tbe yellow color being ])r()duced by tbe vapor of

sodium. Sodium reacbes market in tbe form of sticks

that have been cut from sheets half an inch or so in

thickness. It is preserved in benzine. Sometimes these

sticks are several inches in length. It will be remembered

that potassium occurs in tbe form of pellets, and that

potassium will ignite the liberated hydrogen when thrown

on cold water, and that the flame of this burning hydrogen

is pink instead of yellow.

Sodium Hydroxide.—Formula, NaOH. Molecular

weight, 39.95.

Synonyms.—Sodium hydrate. Caustic soda.

This com])OTind results when sodium is thrown upon

water, and may be produced by adding water to the mon-



188 CHEMISTRY OF MEDICINES.

oxide or the dioxide of sodium. Caustic soda, however,
for coiisumptioa iu the arts is made by boiling lime wiih

cai-bonate of sodium and subsequently evaporating the
• ulutiou, the reacfion being as follows:

—

Na,C03 -f CaO,H^ = 2XaOH -^ CaCOg
C;ubon;\ie of Calcium^ Hydroxiile of Carbonate of
sodium. hydroxide. sodiuui. calcium.

Caustic soda is white, brittle, melts below a red heat

and has the specific gravity 2.13. Large crystals are

deposited when a solution of the specific gravitv 1.365 is

cooled to—8° C. (17.6° F.) These crystals" have the

composition 2XaOH+7H.20. Large amounts of caustic

soda are used in making soap, and the so-called concen-
trated lye of commerce is in reality caustic soda. In any
form caustic soda is a corrosive poison if taken into the

stomach, destroying the tissues with which it comes into

contact and occasioniin; intense sufferino-. Treatment,

same as for caustic potash, (see page 170).

Sodium Acetate. — Formula, XaCoIIgOo. Molecular
weight, 81.85.

Synonr/ms.—Soda acetas. Sodii acetas. Acetate of

sodium.
This salt is the product of the double decomposition of

hvdroxide of sodium and acetic acid, or of carbonate of so-

dium and acetic acid. It mav be made bv the f >lIowinsr

Experiment.—Add crystallized carbonate of sodium in

form of powder to a few ounces of acetic acid until effer-

vescence ceases. Then evaporate the solution until a

pellicle forms, and cool the solution ; crystals of acetate of
sodium will form. The reaction is expressed as follows:

Na,C03 4- 2HC,H30., = 2XaC,H30., + H.CO..
Sodium curbonat?. Aceiic acid. Sodium acetate. CaiCoiiic acid.

The crystallized acetate of sodium contains three mole-

cules of water, being represented by XaCoHgO, + 3H2O.
It dissolves in less than half its weight of boiling water,

and in about three and one-half parts of cold water.
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Sodium Arseniate,—Formula of fresh crystals (not

officinal), .\a^llA^04,lL:H,0. Molecular n-eiglit,401. 24.

Formula ot exposed salt, ^("aoHA&O^.TH^O. Molecu-
lar weight, 3] 1 44.

Synonyms.—Sodii arseuias. Arseniate of sodium.

This is a poisonous compound made from sodium and
arsenic, and is sometimes used in medicine. It is of great

importance in calic(i printing, as it is the only reliable

substitute for an offensive substance used in clearing the

cloth after mordanting. It is niade by heating a mixture
of arsenic (arsenious acid of commerce, arsenious anhv-
drid, As^Oo) and carbonate of sodium and nitrate of

sodium, to redness. The mass when cold is dissolved in

hot water and crystallized by cooling. There are several

sodium arseniates and they bear a close resemblance to

the sodium phosphates, but are of little importance in

medicine. It might be supposed that the foregoing for-

mula would produce ars^enite of sodium. This is not the

case, however, for by the roasting of the mixture nitrous

anhydrid (N0O3) and carbon dioxide (COo) escape and
pyroarseniate of sodium (Na4Aso07) remains. When the

pyroarseniate of sodium is dissolved in water it is con-

verted into ortho-arseniate of sodium by combining with

one molecule of water, thus: iSra4Asob--|-H.^O= 2Xa.,-

HAsO,, and when this crystallizes and is dried the arseni-

ate of sodium remains, (Na^HAs04.7H^O).

Arsenite of Sodium.—This is formed when arsenious

anhydrid is dissolved in solution of caustic soda. It is

yery unstable and is not used in medicine. The treatment

for poisoning bv arseniate of sodium is the same as that

for arsenious acid.

Sodium Benzoate.—Formula, ISTaC-ITjO.^. Molecular
weight, 143.70.

Synonyms.—Benzoate of sodium. Benzoate of soda.

Sodii benzoas. Sodfe benzoas.

Experiment.—Mix one ounce of benzoic acidf with

t Use bpnzoic acid which is made from gum bcnioin instead of
that from urine.
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eight fluid ounces of water in a capacious porcelain evapo-

rating dish, and warm it to the temperature of 180° F.,

and then gradually stir powdered carbonate of sodium
into the mixture until effervescence ceases and the benzoic

acid is dissolved. Now filter the solution and evaporate

the filtrate to dryness. The reaction is expressed a8

follows :

—

2Hr,H,0,
-f- Ka.XO, = 2NaC,lI,-0, + H.CO,.

ileuzoic acid. Soduiui caibouate. Sodium benzoate. Carbuuic acid.

Benzoate of sodium is a white salt, odorless or possess-

ing a faint odor of benzoin, (^not of urine unless made
froiii the acid derived from urine,) and is very soluble in

water.

Sodium Bicarbonate.—Formula, NaHCOg . Molecular
weight, 83.84.

Synonyms.—Sodii bicarbonas venalis. Sodpe bicar-

bonas. Bicarbonate of soda. [Baking soda. 8oda.]

Hydrogen sodium carbonate. Acid carbonate of sodium.

This salt is manufactured on a very large scale and is

never made by the pharmacist. It may be prc})ared by
the following process as an exj)eriment. Dry three ]iarts

of crystallized carbonate of sodium, by exposure to a

moderate heat in an iron vessel. Then mix this in a

mortar with two parts of crystallized carbonate of sodium

and place the mixture in a l)OX, in a very thin layer, and
pass carbonic acid through the box until the gas ceases to

he absorbed by the powder. The reaction will be repre-

sented by the formula:

—

Na.COg + H,0 -\- CO2 = 2yaHC03
Podium Water. Carbon Sodium

carbonate. dioxide. bicarbonate.

In tlie above the ^vater is derived from the crystallized

carbonate of sodium (NaoCOg.lOHoO.) If the entire

amount of carbonate of sodium employed were of the

crystallized salt, the water liberated would make a mush
of the mixture, but by driving off the water of crystal-

lization from a ]iart, by the previous application of heat,

the trouble is avoided.
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Bicarbonate of sodium is foiuicl in market as a white

powder, odorless, of a saline cooling taste, soluble in wa-

ter though less so than the normal carbonate. It always

contains carbonate of sodium, but the imj)urity is not se-

rious. The carbonate may be removed by washing the

bicarbonate with small portions of water until the wash-

ings cease to yield a precipitate with sulphate of magne-
sium. After it is dry, carbonate of sodium will be found to

have formed again. When bicarbonate of sodium in solu-

tion is boiled carbon dioxide escapes. When tliis solution is

permitted to cool, crystals separate which have the compo-
sition Na.,CO3 + 2HiS^aC03-f-3H.,O, and are thus a combi-

nation of the two carbonates of sodium. A natural salt

of this combination is found in many countries and is

known as Trona or TJrao.

Sodium Bisulphite.—Formula, NallSOg. Molecular
weight, 10:'>.85.

Synonyms.—Hydrogen sodium sulphite. Acid sulphite

of sodium. Bisulphite of soda.

Bisulphite of sodium is made by passing sulphur diox-

ide into a concentrated solution of carbonate of sodium

and afterward drying the crystals which separate. Sodi-

um sulphite first forms, then the reaction is expressed :

Na^SOg + SO, + H,0 = 2NanS03.
Souium Sulphur Water. Soflium
sulphite. dioxide. bisulphite.

Sodium bisulphite has the odor and taste of burning sul-

phur and an acid reaction. This salt must not be con-

fused with

Sodium Bisulphite lSra,S,Og which results, accord-

ing to Muspratt, from passing sulphur dioxide into a hot

saturated solution of sodium carbonate.

Sodium Bromide.—Formula, NaBr. Molecular weight,

10:^.74.

Synonym.—Bromide of sodium.

This is prepared precisely after the directions for mak-
ing bromide of potassium, carbonate of sodium being

substituted for the carbonate of potassium of that jn'ocess.

If the crystals of bromide of sodium be deposited from
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a hot concentrated solution, they are anhydrous and cu-

bical. It" crystallized from an ordinary solution, by eva-

poration at ordinary temperatures, monocliuic prisms

form containing two molecules of water, (NaBr2H20).
Bromide of sodium is soluble in less than its weight of

hot water, and in one and one-fourth parts of cold water.

Sodium Carbonate.—Formula, Na.COg. Molecular

wci-ibt, 105.83. Crvstallized— toi-iaula, Na.CO^-}-

lOH^O. Muleciilar weight, 285.4:3.

Sunonj/ms.—Sodii carbonas. Carbonate of sodium. Car-

bonate of soda. Sal-soda. Washing soda. Normal car-

bonate of soda. [Soda-ash (anhydrous carbonate of sodium).]

Carbonate of sodium is produced in immense quanti-

ties in the alkali manufacture. It is found in the waters

of many lakes, in the ashes of plants from the sea shore

and from nuirine plants, and is found in the soils of some
countries. When sulphate of sodium is ignited with

chalk and coal dust carbonate of sodium results. It is

unnecessary to give an experiment here for making this

salt as it is never made even upon an ordinary scale, and
may be purchased for a few cents per pound.

Properties.—Carbonate of sodium crystallizes from a

concentrated solution which is slowly allowed to cool, in

large transparent crystals of the composition Na^COg
-f lOH.-jO, Sometimes these crystals weigh many pounds.
They have the specific gravity, 1.45, and are soluble in

two parts of Avater and evolve heat in the act of solu-

tion. Carbonate of sodium has an alkaline taste and re-

action, and effloresces upon exposure to a dry atmosphere,
falling iuto a white powder.
The commercial crystallized carbonate usnallv contains

sodium chloride and sul]ihate, and even other impurities.

These may be separated by recrvstallization.

There are carbonates of sodium containing differont

amounts of water of crystallization, but such are not used
in medicine.
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Sodium Chloride.—Formula, NaCl. Molecular weight,

58.36.

Synonyms.—Chloride of sodium. Salt. Common salt.

Chhn-ide of sodium is the most widely and abundantly
distributed of salts. It occurs in the form of beds in

many places, in the waters of many springs, in various

soils, in the waters of some inland lakes and in the ocean.

It is one of the most important of substances, and ye(,

from its very abundance, requires little attention from us,

and is never made from its component elements.

Froperties.—Chloride of sodium usually crystallizes in

the form of cubes, yet rock-salt is found as octohedrons

and in forms intermediate between the cube and octohe-

dron. It has the si>ecific gravity at 0° C. (32° F.) of 2.16;

it melts at 776° C, and volatilizes, unchanged, at a little

higher degree. It is slightly more soluble in Avarm than

in cold water. At 0° Cr(32° F.) water dissolvesS 5.5 parts

of chloride of sodium, at 5° C. (41° F) it dissolves 35.63

parts, and at 100° C. (212°F.) dissolves 39.16 parts. Chlo-

ride of sodium sometimes contains, as impurities, sulphate

of sodium and the chlorides of magnesium, iron, and
calcium. These are unimportant as regaids its use in

pharmacy unless they exist in larger amount than is pos-

sible with the purified table salt. If chloride of calcium

be present to any appreciable extent, the salt will become
moist upon exposure to the atmosphere.

Liquor Sodse OhlorinatsD, U. S. F.

Synonyms.—Solution of chlorinated soda. Labarraque's

solution.

This is made as follows :

—

Dissolve twenty-four troy ounces of carbonate of sodium
in three pints of hot water, and mix it with a solution of

chlorinated lime previously prepared by triturating twelve

troy ounces of chlorinated lime with nine pints of water.

Allow the mixture to settle, decant the clear solution

and wash the residue with water sufficient to make the

liquid measure eight pints.

Solution of chlorinated soda is colorless and evolves the

disagreeable odor of chlorine. It decomposes upon ex-

17
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posure, and owing to this fact and the variable quality of

the chlorinated lime of the market of which it is pre-

pared, is liable to be of uncertain strength. It is an
excellent disinfectant.

Sodium Hypophosphite—Formula,NaPH^Oo + H^0.
Molecular weight, 105.83.

Synonyms.—Hypophosphite of sodium. Hypophosphite
of soda.

This salt may be made by the process employed in

making hypophosphite of potassium (see page 181) sub-

stituting in this case carbonate of sodium for the carbo-

nate of potassium of that formula, thus :

—

Na.,C03+2HPH,,0.,=2NaPHoO.,+H.C03.

Hypophosphite of sodium is generally made in practice

by double decomposition between hypophosphite of cal-

cium and carbonate of sodium, the solution of hypo-
phosphite of sodium being afterw^ard filtered from the

precipitated carbonate of calcium, after which it (solution)

is evaporated carefully to dryness.

Properties.—Hypophosphite of sodium may be obtained

in pearly crystals, but that of commerce is in the form of

a white granular powder, or in warty masses. It will keep
in a dry atmosphere, but deliquesces in moist air. It is

very soluble in water, has a salty, alkaline taste, and dis-

solves in alcohol. When strongly heated it evolves phos-

phoretted hydrogen which inflames, the residuum being a

mixture of the meta and the pyrophosphates of sodium.

Sodium Hyposulphite. — Formula, NaHS04. Mole-
cular weight, 119.81.

This salt is made by the action of metallic zinc upon
aqueous solution of sulphurous acid, or the solution of

acid sulphite of sodium. It is not used in medicine and
is not the salt generally known under the name of Hypo-
sulphite of sodium. That which follows is

—
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Commercial Hyposulphite of Sodium.—Formula,
Nii.S^Os-l-SH.Uj. xMulecular weight, :J47.(;2.

Synonyms—Thiosulphate of sodium (new name). Hy-
posulphite of soda (old name).

This salt is made in immense quantities for use in the

arts by boiling sulphite of sodium with sulphur, or by
boiling sulphur and soda-lye together and then passing

sulphur dioxide into the solution until it is colorless. In
either case the solution is evaj)orated to crystallization.

Hyposulphite of sodium crystallizes as large transparent

crystals resembling Glauber's salt. They are possessed of

a cooling saline taste, are permanent in the air, have the

specific gravity 1.672, dissolve freely in water, are in-

soluble in alcohol, and are odorless. The aqueous solution

of it decomposes and deposits sulphur. It is employed
in photography, and indyeing,and in the manufacture of
paper.

Sodium Iodide.—Formula, Nal. Molecular weight,

14962,

Synonyms.—Sodii iodidum. Iodide of sodium.

This salt may be made by the process recommended
upon page 174 for tlie preparation of bromide of potas-

sium. In this instance solution of iodide of iron is to be

first made from iodine and iron, and this by double de-

composition wnth solution of carbonate of sodium will

yield solution of iodide of sodium and ])recipitated car-

bonate of iron. The solution of iodide of sodium is to be

obtained by filtration from the carbonate of iron, and
afterward evaporated to dryness, and removed to well

stoppered bottles.

Properties.—Iodide of sodium is a white crystalline

powder, and is deliquescent. It crystallizes in anhydrous
cubes from hot concentrated solution, but by spontaneous
evaporation monoclinic prisms which contain two mole-
cules of water are formed. Iodide of sodium dissolves

in less than half its weight of hot water and in two-thirds
its weight of cold water. It has a saline taste.
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Sodium Nitrate.—Formula, NaNOj. Molecular wciglit,

84.88.

Synonyms.—Sodii nitras. Nitrate of sodium. Cubic
saltpetre. Cliili saltpetre. Cubic nitre.

Nitrate of" sodium may be made in an experimental

manner by adding carbonate of sodium to diluted nitric

acid until effervescence ceases. The solution is then to

be evaporated to crystallization, and permitted to cool,

that crystals may form. Nitrate of sodium is found in

large deposits in the rainless districts of Peru and Bolivia,

associated with sulphate and chloride of sodium and sul-

phate of calcium. It is exported from these countries in

immense quantities in a more or less purified condition,

and for the purpose of making nitric acid is used instead

of the more expensive nitrate of potassium. Sodium
nitrate has the specific gravity 2.26, is very soluble in

M'ater and deliquesces in moist air. It crystallizes trans-

parent and the crystals are obtuse rhombohedrons.

Sodium Phosphate. — Formula, Na.HP04l2H^O.
Molecular weight, 357.30.

Synonyms.—Sodii phosphas. Phosphate of sodium.

Hydrogen disodium orthophosjihate.

Phosphoric acid is tribasic (H3PO4) and is therefore

capable of yielding three different phosphates :

—

1. Trisodium orthophosphate, N:i3pO.,-|-12H..O.

2. Hydrogen disodium orthophosphaie, Na.JIP04-|-12H.,0
3. Dihydrogen sodium orthophosphate, NaH^P04+H.rO.

The second of these we find in market under the

name phosphate of sodium, or phosphate of soda, and as

the others are of no use in medicine we wall only consider

the :—

Hydrogen Disodium, Orthophosphate, or ordinary

phos])hate of sodium. This may be made by neutralizing

orthophosj)horic acid with carbonate of sodium, thus

—

Na.CO, + HjPO^ = Na.HPO^ + H.XO3.
Sodium' Phosphoric Phosphate of Carhonic

carbonate. acid. sodium. acid.
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It is made practically from bone-ash, but the process is

tedious and scarcely necessary to inculcate into a work of

this description.

Properties.—Phosphate of sodium crystallizes in large

transparent monoclinic prisms which contain twelve mole-

cules of w^ater of crystallization. They give oif a portion

of this water upon exposure to dry air, and effloresce.

They have the specific gravity of 1.525 and dissolve freely

in water, but are insoluble in alcohol. With solution of

nitrate of silver a solution of this salt produces a yelloio

precipitate. When calcined they part with their water

of crystallization and form what is known as

—

Normal Sodium Pyrophosphate, or pyrophosphate

of sodium. Xa^PoO-.

This is a glassy mass, soluble in water, and the solution

has a strongly alkaline reaction. When the solution is

boiled with an acid the salt changes to the ordinary phos-

phate (Stromeyer). When a sohition of pyrophosphate

of sodium is evaj)orated to crystallization, the crystals

which form contain ten molecules of water (Na^P.^O--!-

lOHoO). Pyrophosj>hate of sodium is used to make the

so-called pyrophosphate of iron.

Sodium Salicylate.—Formula, XaoC^H^Og. Molecu-
lar w'eight, 181.65.

Synonyms.—Salicylate of sodium. Salicylate of soda.

This salt is made easily by the following

—

Experiment.—Mix one part of pure salicylic acid with

eight parts of water, in a porcelain dish, and heat to the

temperature of 80° C. (176° F.), then gradually stir into

this a strong solution of carbonate of sodium until it ceases

to produce eifervescence, and a clear solution is produced.

Add now a few grains of salicylic acid, and if efferves-

cence follow continue the addition of salicylic acid until

it occasions no farther effervescence. Then filter the so-

lution by means of a funnel the exit of which is plugged

witii a wad of cotton. Lastly, evaporate the solution to

dryness over a Avater bath. During the addition of the

sodium carbonate, and afterward while evaporating the
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solution, stir constantlywith a porcelain or wooden spatula.

The reaction is explained as follows :

—

H.C^H.Og + Na2C03 = Na,C,H,03 + H0CO3.
Salicylic acid. Sodium carbonate. Sodium salic3'late. Carbonic acid.

If an iron spatula be employed to stir the solution, or an

ordinary filtering paper to filter it, a red color will result.

Properties.—Salicylate of sodium has sometimes a ])ink-

ish appearance. It is very soluble in water, and strikes

a red color with ferric salts. It should be white.

Sodium Silicate.— Formula, NuoSi^Og. Molecular

weight, 301.62,

Synonyms.—Sodii silicas. Silicate of sodium. Silicate

of soda. Soluble glass.

Silicate of sodium is made upon the large scale by dis-

solving flint under pressure in a hot sohition of caustic

soda, or by heating white sand, soda-ash and charcoal

together.

Properties.—Soluble glass of the market usually con-

tains an excess of caustic soda. It is generally sold in

the form of a thick solution, odorless, and of a yellowish

or amber color. It is but little used in medicine, although

it is a powerful agent in arresting putrefaction. Ir is

employed as a mucilage, for making soap, for painting, for

making artificial stone, and in other branches of the arts.

When nearly neutral it is used to adulterate certain kinds

of fancy candies. The silicate of sodium of commerce is

made in salt works where caustic soda is abundant.

Sodium Sulphate— Formula, NaoSO^. (anhydrous)
Molecular weio;ht, Ul SO. Crystallized,—Na., SO 4 -|-

IOH.^0. Molecular weight, 321.4.

Synonyms.—Sodii sulphas. Sulphate of sodium. Sul-

phate of soda. [Sodium deca-hydrate.] Glauber's salt.

(Salt-cake, for the anhydrous).

Sulphate of sodium is found native (anhydrous), in the

waters of certain mineral springs, in the waters of the

ocean and salt lakes, and is an incidental product of many
chemical operations. This salt was first mentioned by

Glauber, and from this fact derived the common name,



SODIUM. 199

Glauber's salt. It is very cheap and common at the

present day. It may easily be made as an experiment by
saturating a solution of carbonate of sodium with dilute

sulphuric acid, thus:

—

H,S04 + Na,C03 = Na.SO, + H.^COj.
Sufphiiric Soduini Sodium CaTbouio

acid. carbouale. sulpbate. acid.

The salt may be obtained in the form of crystals from the

foregoing solution by evaporating it to the proper consist-

ence and allowing the solution to cool.

Properties.—Glaul)er's salt crystallizes from cold aque-

ous solution in colorless mono-clinic jn-isms, Avhich efflo-

resce in dry air. They melt in their water of crystalliza-

tion at 33° C. (91.4° F.) and become aidiydrous iijion

exposure to a temperature of less than 100° C. (212° F.)

One hundred parts of water dissolve fifty-five parts of
Glauber's salt at 34° C. (93.2° F.) and above this tempera-
ture, as the heat is increased, there is a constant decrease

of the amount of salt dissolved until at 103.5° C. (218.3°

F.) only 42.2 parts are held in solution. This is explained
by the fact that above 34° C. the deca hydrate (NaoSO^-
-f lOH^O) begins to decompose, giving rise to the anhy-
drous salt (NaoSO^) of much less solubility.

Sodium Sulphite. — Formula, Na.^SOg. Molecular
weight, 125.84. Crystallized, NaJSOaTH.O. Mole-
cular weight, 251.56.

Synonyms.—Sodii sulphis. Sulphite of sodium. Sul-

phite of soda. Normal sodium sulphite.

Sulphite of sodium is made by passing sulphur dioxide

into a solution of carbonate of sodium until the solution

will change the color of blue litmus paper to red, then
evaporating it to crystallization. The reaction is as fol-

lows :

—

Na.COj -f SO, = Na,S03 -\- CO.,.
SocUum Sulphur Sodium Cari)nn

carhonate. dioxide. sulphite. dioxide.

Sulphite of sodium may also be made by adding solu-

tion of sulphurous acid to solution of carbonate of .sodium

until an acid reaction results, and afterward evaporating
the solution to crystallization, thus:

—
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Na.CO, + H.SO3 = Na^SOg + H^COj.
^ocruiin Sulphurous Souium Caib mic

caibonate. acid. sulphite. acid.

Still another process is to pass sulphur dioxide into

solution of carbonate of sodium until the gas ceases to be

absorbed. Then dissolve in the solution an amount of

sodium carbonate equal in weight to the sodium carbonate

originally employed. This process is explained by the

fact that when solution of carbonate of sodium is satu-

rated with sulphur dioxide, bisulphite of sodium is formed,

thus:

—

Na.XOj .+ 2S0, 4- H.,0 = 2XaHS03 + CO.,.
Sodium Sulphur Water. Sodium Carbou

carl)0!iate. dioxide. bisulphite. dioxide.

And when an equal amount of carbonate of sodium is

added to this solution of bisulphite of soiiium, carbonic

acid is displaced and normal sulphite of sodium results as

NaoCOg 4- 2NaHS03 = 2Na^S03 -f H0CO3.
Sodium Sodium Sodium Carbonie
carbonate. bisulphite. sulphite. acid.

Properties.—Sulphite of .sodium is deposited in trans-

parent crystals of tiie monoclinic .system. They have a

strong sulphurous taste, and in solution react alkaline

towards litmus paj)er. They are soluble in their weight

of boiling water and in about five ])arts of cold water.

They absorb oxygen from the air and change to sulphate

of sodium. This property is also posses.sed by solution

of sulphite of sodium, therefore it is essential that the

bottle containing it should be securely corked. When
heated it loses its water of crystallization. The dried salt

is ])repared as a medicine, but is less soluble than the crys-

tallized.

Tests for Sodium.—Sodium compounds impart a yellow

color to a jet of burning hydrogen. Tiie most delicate

test for sodium is si)ectrum analysis.

If the solution of a sodium salt be mixed with an ex-

cess of platinum tetrachloride solution, a precipitate i.s

]U'oduced (Xa.^PtClfi) which di.s.solves readily in alcohol.

Advantage is taken of this fact in the separation of sov

dium and potassium compound.s, for the pota.ssium chlo'

roplatinate thus produced is insoluble in alcohol.
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LITHIUM.
Symbol, Li. Atomic Weight, 7.01.

Lithium (as lithia) was discovered in the year 1817.

It derived its name from Utheios, a word whieh signifies

" stony." The salts of lithium are widely distributed

throughout the animal and vegetable kingdoms, but in

very small quantities. The waters of certain mineral

springs contain lithium salts, notably the water from a

spring in the Wheal Clifford mine in Cornwall, England.

It is present in most soils, being derived from the disin-

tegrating rocks. From the soils it is taken by vegetables

and from the vegetable kingdom is carried to animals.

Properties.—Lithium, the metal, was first prepared in

experimental quantities by Bunsen and Matthiessen in

the year 1855, although Davy is said to have obtained

traces of the metal by electrolysis. Lithium is a silver-

like metal, and tarnishes by exposure to the atmosphere,

though less readily than potassium and sodium. It is re-

markable for being the lightest of the known solid ele-

ments, having the specific gravity of from 0.5891 to

0.5983, (water the standard). Consequently it will float

upon water and even u})on benzine. It is harder than

potassium and sodium and softer than lead. Melts at

180° C. (356° F.) and when it is heated somewhat above

this point in the air it burns with a white flame. Nitric

acid acts upon it with violence. It burns if heated in

chlorine, bromine vapor or iodine vapor, forming com-
pounds of the respective elements. When thrown upon
water it floats and rapidly oxidizes, but does not fuse.

Lithium is not used in medicine or tlie arts, but a few of

the salts of lithium are used in medicine.

Lithium Bromide.—Formula, LiBr. Molecular weight,

86.76.

Synonyms.—Lithii bromidum. Bromide of lithium.

This salt is most easily made by the following process.

Place a few fluid ounces of freshly prepared hydrobromic

acid in a capacious evaporating basin, and gradually stir
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into it carbonate of litliinm until effervescence ceases and

the carbonate is no I'arther dissolved; then filter the solu-

tion and evaporate it to dryness. Lastly preserve the dry

salt in well closed vials. The foregoing reaction is ex-

plained by the following equation :

—

Li,C03 -f-
2HBr = 2LiBr -f H.COg.

Lithium 113'diiilpomic Lit'iinm Caibonic
Carbonate. acid. bromide. acid.

Bromide of lithium is a white powder, but may be ob-

tained in crystals by evaporating a concentrated solution

of it over sulphuric acid. This salt is characterized by

the fact that it contains a larger proportion of bromine

than any other solid salt into which bromine enters.

Lithium Benzoate.—Formula, LiC,H-0^. Molecular

weight, 127.72.

JSxperiment.—Mix in a capacious porcelain evaporating

dish one part of benzoic acid made from gum benzoin

with eight parts of water, and having warmed the mix-

ture, gradually stir into it carbonate of lithium until

effervescence ceases and the benzoic acid is dissolved.

Now filter the solution and evaporate it over a water bath

until a dry salt remains. Benzoate of lithium is white

and odorless, or it may possess a slight agreeable odor

of benzoin. It should never, be employed when it ex-

hales the odor of j)utrid urine, and such may be the case

if the salt is impure from having been made from benzoic

acid which was produced from urine. If solution of

benzoate of lithium be evaporaled until a pellicle forms

and is then cooled, it will form colorless satin-like crystals.

Lithium Carbonate.—Formula, Li.CO 3. Molecular

weight, 73.87.

Stjnonyms.—Lithii carbonas. Carbonate of lithium.

Carbonate of lithia. Normal lithium carbonate.

This salt may be made by pouring a solution of chlo-

ride of lithium "into a solution of carbonate of ammonium
in ammonia water, and then heating the mixture as long

as a precipitate forms. This precipitate is to be dried l)y

exposure to the atmosphere.
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Carbonate of lithium is a white powder, odorless and

very slightly soluble in both hot and cold water. It dis-

solves perfectly in most acid solutions forming the respec-

tive salts. Oxide of iron is sometimes present as an

impurity in carbonate of lithium. Carbonate of lithium

is of interest from the fact that it is employed in phar-

macy to prepare all the salts of lithium that are used in

medicine.

Bicarbonate of Lithium, or hydrogen lithium carbo-

nate, LiHCOs, is the form in which lithium is found in

some mineral waters. It is soluble to the extent of five

parts in one hundred of water, and it may be made arti-

ficially by spontaneously evaporating a saturated solution

of carbonate of lithium until a crystalline deposit results,

and afterward passing carbon dioxide through the mix-

ture until the crystals dissolve again. This salt is unstable

and upon evaporation of the solution, or exposure of it to

the atmosphere, carbon dioxide escapes and the normal

salt is deposited, thus:

—

2LiHC03 = Li^COa -f CO2 + H.O.
Hydrogen lithium Lithium Carbonic acid,

carbonate. carbouate.

Lithium Citrate.—Formula, LigCgH^O^. Molecular
weight, 209.57.

Synonyms. Lithii citras. Citrate of lithium. Citrate
of lithia.

Experiment.—Dissolve one part of citric acid in eight
parts of water in a capacious evaporating dish, and having
warmed the solution, gradually stir into it carbonate of
lithium until effervescence ceases. Then filter the solu-

tion of citrate of lithium, return it to the dish, and evapo-
rate it to dryness on a sand bath. The reaction by which
citrate of lithium is prepared by the foregoing formula is

expressed as follows :

—

3Li2C034-2H3CgH507 = 2Li3C,H,07+3CO.,-|-3n.,0.
Lithium Citnc acid. Lithium Carbon Water,

carbouate. citrate. dioxide.

Citrate of lithium is a white powder, and must be pre-
served in well closed vials, as it deliquesces in moist air.

It is very soluble in water.
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Lithium Iodide. — Formula, Lil. Molecular weight,

133.54.

Synonyms.—Lithii iodidiim. Iodide of lithium.

Tiii.s salt may be produced by the process recommended
for making bromide of lithium, hydriodic acid being sub-

stituted for hydrobromic acid. The remarks we have

applied to bromide of lithium may be also accepted for

this salt, iodine being substituted lor the word bromine.

Tests for Lithium Compounds.—Minute proportions

of this element are detected by the spectro.scope. The
hydrogen flame is colored carmine-red by lithium com-
pounds. Salts of lithium may be detected by this method.

Strontium is liable to be confused with lithium, but the

flame is colored of a purer scarlet by salts of lithium,

than by salts of strontium. If a lithium flame be examined
through an indigo prism, it appears carmine-red where
the .solution is thin and fainter in color, as the thicker

portion of the prism is ajiproached, at last being entirely

overcome. Potassium under like conditions is blue where
the prism is thin, changing to violet as it thickens, at the

center becoming crimson-red. If an ordinary neutral .so-

lution of a lithium salt be boiled with solution of sodium
phosphate (NaoHPO^), a crystalline precipitate of normal
lithium phosphate (Li3P04) results. In this manner
lithium can be separated from potassium and sodium.

RUBIDIUM.
Symbol, Rb. Atomic weight, 85.2.

Bunsen discovered this element in the year 1861, by
the aid of spectrum analysis. It exists in many minerals,

saline springs and earths, and is taken up in minute
amounts by the vegetable kingdom. Neither rubidium
nor any of its salts is used in medicine.

CESIUM.
Symbol, Cs. Atomic weight, 132.5.

Csesium is remarkable from the fact that it is the first

element which was discovered by means of the spec-



AMMONIUM. 205

troscope. Bunsen discovered it in the year 18G0, just

preceding his discovery of rubidium. Up to our day
the pure element has not been obtained, although small
globules of the metal a])pear at the negative pole ^vhen a

current of electricity is passed through melted chloride of
caesium (electrolysis). These rise to the surface and burn
brilliantly. Caesium salts are found widely disseminated
throughout the mineral kingdom and in nianv saline

waters, but not in plants. None of the compounds of
caesium are used in medicine.

AMMONIUM SALTS.

When a small piece of moistened sal-ammoniac is placed

within a platinum dish, and a little mercury is poured ujion

it, and the negative pole of a galvanic battery is attached

to the mercury, and the positive ]wle to the platinum, the

sal-ammoniac is decomposed. The mercury swells and
forms what is known as ammonium amalgam. This may
also be made by placing a globule of mercury the size of

a pea in a test tube, and adding to it potassium in small

pieces until a lump of potassium the size of the mercury
has been used. Pour upon the amalgam a strong solution

of chloride of ammonium. The globule at the liottom

of the tube expands to a silvery mass (ammonium amal-
gam), until often the entire tube is filled, then with escape

of ammonia and hydrogen it will suddenly shrink to its

former size.

Upon these facts we find some chemists base their be-
lief in the existence of a radical ammonivm, which they
suppose is similar to potassium and sodium in some re-

spects, but so readily decomposed into simple elements as

to debar isolation and thus forbid examination. Be this

as it may, the theory of a radical ammonium (NH^) is the

basis of our present notation of the salts known as ammo-
nium Halts, and these salts are at this day considered to be
derived from acids by rejilacement of their hydrogen by
the radical NH, (ammonium). Thus as an example we
may say that NH4OH is hydroxide of ammonium, upon
the same principle that we say KOH is hydroxide of
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potassium. Hydroxide of ammonium, however, is not

permanent and separates iuto a compound of the compo-
sition NH3 (ammonia gas) and (H^O) water. All endeav-

ors to obtain the radical NH4 have failed, if we may except

the amalgam theory before mentioned. The compound
(NH.,) is univalent, and replaces one atom of hydrogen

or of any element that can replace an atom of hydrogen.

Example :

—

NH4OH + HXO3 = NH.NOj ~\- H,0.
Ammonium hydroxide. Nitric acid. Amaioiiium nitiiite. Water.

We may also argue that hydroxide of ammonium is a

solution of ammonia gas in water, and in this case express

our equation as follows :

—

NH3 -f H,o + HXO3 = ]^^H,]sro3 -h H,0.
Ammonia g:is Water. Nitric acid. Ammonium uitrate. Water.

In either instance the result may be accepted as a com-
pound of NH4 with the nitric acid radical N03.t

If we accept the radical ammonium, the salts of it

should be classed with those of ])otassium and sodium.

Practically they are similar, and the potassium or sodium
of a compound maybe rej^laced by the combination NH4.
For this and other reasons we shall follow the first group
of metals with the ammonium salts.

Ammoniuni Acetate.—Formula, NH4C0H3O0. Mole-
cular weight, 7G.87.

Acetate of ammonium is not permanent. It is made in

solution by neutralizing acetic acid with carbonate of
ammonium, or with aqua ammonise

Acetate of ammonium dissolves in water, and is used

by physicians under the name Liquor Ammonii Acetatis,

t These salts may also be called combinations of ammonia,
NH3, with an acid, thus:

—

KH3 4- HCl = NH3HCI.
Ammonia. Hydrochloric acid. Hydrochlorate of ammonia.

NH3 -f HNO3 = NH3HNO3.
Ammonia. Nitric acid. Nitrate of ammonia.

According to this view ammonia is similar to organic bases
(alkaloids), and thus forms salts by uniting bodily with acids.
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U. S. P., or Spiritus Mlndereri. The officinal process for

making it is as follows: Take of diluted acetic acid two
pints, and of carbonate of aminouium a sufficient quan-
tity, add the carbonate gradually to the acid until the

latter is neutralized, and then filter. When this prepara-

tion is dispensed, it should be freshly made.
Properties.—Solution of acetate of ammonium should

be colorless, and should freely evolve gas bubbles when
exposed to the atmosphere and stirred. It should not

have a disagreeable smoky odor, and for this reason the

acetic acid employed must be pure and free from empyreu-
matic products. If fresh it contains an abundance of car-

bonic acid, and has a sharp, pleasant taste. In consequence
of the presence of the carbonic acid, blue litmus paper
can not be used with satisfaction as a test for neutraliza-

tion in its preparation. A better plan is to add a lump
of carbonate of ammonium to the diluted acetic acid, and
remove it immediately when eiiervescence ceases. Then
add a little acetic acid to give the solution a pleasant

acidity.

Ammonium Benzoate,—Formula, NH^C^H^O^. Mo-
lecular weigbt, 138.72.

Synonyms.—Ammonii benzoas. Benzoate of ammo-
nium. Benzoate of ammonia.

Experiment.—Take of benzoic acid, from gnm benzoin,
two troy ounces; water of ammonia, three and a half fluid

ounces, or a sufficient quantity; distilled water, four fluid

ounces. Dissolve the acid in three and a half fluid ounces
of the water of ammonia mixed with the distilled water;
evaporate with a gentle heat, occasionally adding water of
ammonia, if necessary, to maintain a slight excess of the

alkali; then set aside to crystallize, and dry the crystals

without heat. (U. S. P.)

Properties.—Benzoate of ammonium is in white crys-
tals, which evolve ammonia when heated with solution of
caustic potash or caustic soda. It is quite soluble in

water, possesses a sweetish taste and should be either odor-
less or should simply exhale a slight aroma of gum ben-
zoin. Under no condition should it be offensive to the
sense of smell, or evolve the odor of stale urine.
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Ammonium Bromide.—Formula, NH^Br. Molecular
weight, 97.76.

Synonyms—Ammonii bromidum. Bromide of ammo-
nium.

Bromide of ammonium may be made by decomposing
a solution of bromide of iron with a solution of carbon-

ate of ammonium, filtering the solution of bromide of

ammonium from the precipitated carbonate of iron, and
evaporating the bromide of ammonium solution to dry-

ness. It cannot be practically prepared by the officinal

process of the U. S. P. where ammonia water is employed
to decompose the bromide of iron solution, as ammonia
will not accomplish the desired end, and the salt will then

be discolored, or even red. Bromide of ammonium is

most easily made for experimental purposes by neutraliz-

ing any given amount of hydrobromic acid with ammo-
nia water, and then evaporating the solution to dryness.

The reaction is as follows :

—

HBr + NH4OH = KH^Br + H^O.
Hydrobromic Ammonuini Ammonium Water,

acid. hydroxide. bromide.

Bromide of ammonium is a white salt, very soluble in

water and possessed of a sharp, salty taste. It leaves no

residue when strongly heated upon a piece of platinum

foil. Its solution is not precipitated by solution of ba-

rium chloride.

CommercialAmmonium Carbonate.—Formula, 1^3-

H,,C.,0-=H(NH4)C03,NH^CO^NHo. Molecular

weight, 15H.77.

When a mixture of two parts of chalk and one part of

chloride of ammonium is heated in a retort a white .sub-

stance sublimes, known, after resublimation with a little

water, as carbonate of ammonium. This is the old sal-

voJatiie or mU of hartshorn. It is not properly a true

carbonate of ammonium, but a mixture of two substances,

hydrogen ammonium carbonate (bicarbonate of ammo-

nium) and ammonium carbamate.

Commercial ammonium carbonate is sometimes called

sesquicarbonate of ammonia. It occurs in market as
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translucent masses of a pungent atnmoniacal odor and a

sharp, caustic taste. According to Roscoe and Schorlem-

mer, it is composed of a molecule of bicarbonate of am-
monium, (NH^HCOy, and a molecule of carbamate of

ammonium NH^CO^NHo. Consequently its composition

is represented by the empirical formula N^IIijC^Os.
Ui)on exposure the carbamate volatilizes, the lump turns

white, oj)aque, loses its pungency, becomes of light weight,

and finally only bicarbonate of ammoniuni remains. For
this reason carbonate of ammonium should be kept in

salt-mouth bottles, and should be discarded after it has

undergone decomposition.]: Carbonate of ammonium
sonietiines contains traces of iron salts which give it a

pink tinge. It should be completely volatilized when
heated to redness upon platinum foil, and if this is not the

case, fixed impurities such as sulphate of calcium are pres-

ent. Sometimes metallic lead is ])resent in the form of

small chips or shavings, such being scraped from the re-

ceiver in which the salt was condensed.

Hydrogen Am.mor)iam GirhoiuUe or Bicarhonate of Am-
moniiim, (JSrH^)IlC03. This salt is sometimes found in

crystalline form in Patagonian guano and in the purifiers

of gas-works. It is the white substance which remains
when commercial carbonate of ammonium is treated with
alcohol, or is exposed to the atmosphere until it ceases to

evolve the odor of ammonia. It is soluble in about eight

parts of water at ordinary temperatures, is insoluble in

alcohol and is not valued in medicine.

Normrd Anwjovium Carbonate, (J^R^').^CO^-\-H.,0. This
«alt is formed (R. and S.) when ammonium carbamate is

dissolved in water as follows :

—

NH.CO.NHo + 2H,0 = (NH,).C03-hH,0.
Ammonium carbamate. Warer. Ammouium carbonate.

It may be prepared otherwise, but the processes are of
little general interest. It must be remembered that com-

|The German Pharmacopoeia recognizes ammonium carhonirum
pyro-oleosum which is made by mixing thirty-two parts of finely
powdered commercial carbonate of ammonium with ethereal ani-
mal oil one part.

18
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mercial carbonate of amuionium contains carbamate of

annnonium, and therefore, an aqneons solntion of com-
mercial carbonate of ammoninm is to an extent a solntion

of the normal carbonate. This resnlts from the combi-
nation of the carbamate of ammonium with water which,

as is shown above, forms the normal carbonate of ammo-
ninm.

Carbamate ofAmmonium, NH4CO0NH0. This, as be-

fore stated, is a component of commercial carbonate of

ammoninm. It is formed by bringing dry carbon diox-

ide into contact with dry ammonia gas, or by passing the

two gases into cold, absolute alcohol. In the reaction

which follows one molecule of carbon dioxide combines
with two molecules of ammonia as follows :

—

CO, + 2NH3 = NH^CO.NH^.
Carbon Ammonia. Ammniiium
dioxide. carbamate.

This salt is considered the valuable constituent of carbo-

nate of ammoninm; it has a pungent, ammoniacal odor,

is a crystalline powder, and when heated to 140° C (284°

F.) it decomposes into urea and water, thus :

—

NH,CO.,NH., =CO(NH.),+H.,0.
Ammonium carbamate. Urea. Water.

Ammonium Chloride.—Formula, NH^Cl. Molecular
Weight, 53.38.

Synonyms.—Ammonii chloridnm. Chloride of ammo-
nium. Muriate of ammonia. Hydrochlorate of ammo-
nia. Sal-ammoniac.

This salt was introduced into Europe from Egypt,
where it was made by burning camel's dung. It has been

stated that it derived the original name, sa/-rtWW?owjacwm,

from the temple Jupiter Ammon, near the Libyan desert,

but as this desert yields common salt, very likely the

name was confused with the two salts.

Chloride of ammonium is found native in the neighbor-

hood of volcanoes and in some specimens of guano. It

may be easily made by neutralizing liydroehloric acid with

ammonia water and afterward evaporating the solution

to dryncs.s, the reaction being expressed by the equation

:
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HCl 4- XH.OH = NH.Cl -f H,0.
Hydrochloric Hydroxnit; of Ammonium Wuter.

acid. am;i.onium. chloride.

In the arts chloride of ammonium is made by heating

sulphate of ammonium with lime, as in the preparation of

ammonia water, and passing the ammonia gas which is

evolved into muriatic acid. Tliis solution of chloride of
ammonium is afterward evaporated to dryness and the diy
salt volatilized and condensed. Or a mixture of chloride

of sodium and sulphate of ammonium is heated, when by
double decomposition chloride of ammonium is formed,
and volatilizes while sulphate of sodium remains, thus:

—

2N'aCl + (XEIJ.SOj = Na,SO_, + 2NH,C1.
Sodium Ammonium Sodium Ammonium
chloride. sulphate. sulphate. chloride.

Properties.—Chloride of ammonium is found in market
in fibrous masses, very heavy and of a slight reddish or
yellowish color (iron), particularly upon the surface. It

is translucent and has a sharp saline taste. When ])ure it

is colorless and odorless. It dissolves freely in water v» ith

much decrease of temperature, and is soluble to a consid-

erable extent in alcohol. The most common impurity of
the commercial salt is iron, which may be separated by
dissolving the chloride of ammonium in water, adding a
slight excess of ammonia water, filtering the product and
afterward evaporating the filtrate to dryness. Formerly
chloride of ammonium was employed in making ammonia
water, but it is now replaced for this purpose by the
cheaper sulphate of ammonium.

Ammonium Citrate.—Formula,(NH4)3C6ll3 0.^. Mole-
cular weight, 242.57.

Syno7iyms.—Ammonii citras. Citrate of ammonia.

Experiment.—Di.ssolve three parts of citric acid in six-

teen parts of water and add a sufficient amount of strong
ammonia water to comjiletely neutralize the acid. This
is in accordance with the British Pharmacopoeia, not being
officinal in the U. S. P. Citrate of ammonium in the
dry state is never u.sed in medicine. The .solution of
citrate of ammonium is one of the ingredients of the
scaled iron salt known as pyrophosphate of iron.
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Ammonia.—Formula, NH3. Molecular weight, 17.01.

Synonym.—Ammonia gas.

When a silent electrical discharge is passed through a

mixture of nitrogen and hydrogen gases it is demonstra-

ted (Donkin) that direct combination may ensue, and that

a body of the above composition will in that case be

formed. Ammonia has been known since a very early

day. It exists in small amount in the atmosphere as a

carbonate, and is found in combination with nitrous and

nitric acids in rain water, and as chloride of ammonium
it is obtained from several natural sources. In the arts

it is made by heating an alkali with either the sulphate

or the chloride of ammonium. Generally sulphate of

ammonium and lime are employed on account of the

cheapness of these salts. Ammonia gas in an impure

form is derived almost exclusively from the organic king-

dom for the purpose of making the salts of ammonium,
and when these salts are purified, as we have already said,

they are in turn decomposed in the practical production

of ammonia.
At one time ammonia was made from urine. Then, by

the distillation of hoofr, horns, bones, cartilage, etc. ; but

at present it is prej)ared from the liquor known as nmmo-
niacat liquor, which is derived from the gasworks of our
cities. When coal is distilled, the nitrogen present
(about 2 per cent.) unites w-ith hydrogen to form ammo-
nia, which passes over with the coal gas. This gas is

passed into water and the ammonia, together with some
ammonium salts remains in solution. This "ammoniaeal
liquor" is distilled with lime and yields very impure
ammonia.f

Properties.—Ammonia gas is an irrespirable, colorless

gas, of alkaline reaction, becoming liquid at —40° C
(_40° F.)freezing to white crystals at —75° C. (—103° F.)

It is very soluble in water, forming

—

t See Ammonium Sulphate.
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Ammonium Hydroxide. — Formula, NH^OH =
NH^H.jO. Molfculur Weight, 3-4.97.

Synonyms.—Ammonia. Water of ammonia. Hydrate

of ammonium. [Spirit of hartshorn. Spiritus volatilis

salis ammoiiiaci.] Liquor amnionic. Solution of am-

monia. Aqua ammoniae.

Ammonia gas will dissolve in water to a great extent,

much heat being liberated by the condensation. Inasmuch
as it is far more soluble in cold water than in warm, the

receiver must be cooled by means of ice or running water
while the gas is passing into it. The solution of ammo-
nia gas in water decreases the specific gravity of the

liquid. The U. S. P. recognizes two strengths as follows.

Aqua AmmonicB, of specific gravity 0.960, one hundred
grains of which neutralize thirty of officinal sulphuric

acid.

Aqua Ammonicp Fortior (stronger w^aterof Ammonia),
of the specific gravity 0.900. This contains twenty-six

per cent, by weight of ammonia gas.

Ammonia water of whatever strength should not effer-

vesce on the addition of dilute acids, and when neutral-

ized with pure nitric acid should not yield precipitates

Avith solutions of either nitrate of silver, carbonate of am-
monium, or chloride of barium. It must be remembered
that ammonia water parts readily with ammonia gas,

most especially during warm weather, and therefore, great

care must be exercised that the container be well stopped.

Spirit of Ammonia.—Under this name a preparation is

sometimes used which consists of solution of ammonia
gas in alcohol. This doubtless is sometimes confused with

ammonia water, but generally in commerce where spirit

of ammonia is mentioned, the solution of the gas in alco-

hol is recognized. Spirit of ammonia is officinal.

Ammoniura Iodide.— Formula, ISTH^I. Molecular,
weight, 144..54.

Synonyms.—Annnonii iodidum. Iodide of ammonium.
Iodide of ammonia.

This salt is ])repared according to the U. S. P, by the

double decomposition of iodide of potassium and sulphate
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of araraoniiim. It is liable, as thus prepared, to be con-

taminated with sulphate of potassium. It is best made
by the following experiment :

—

Into an evaporating dish place any convenient amount
of hydriodic acid, and then stir into it of water of am-
monia a quantity sufficient to render the solution of alka-

line reaction. Evaporate it quickly to dryness, and pre-

serve the salt in well stoppered vials. The reaction is

explained as follows :

—

HI -f NH.OH = NHJ -f H.O.
Hydriodic Amiiioniuin Ammonium Water.

acid. hydroxiiie. iodide.

Iodide of ammonium may also be prepared by dissolv-

ing iodine in hydro-sulphide of ammonium, boiling the

solution and filtering to separate sulphur, and then evap-

orating the filtrate to dryness.

Properties.—Iodide of ammonium is a white salt, of a

sharp, saline taste, and very soluble in both water and
alcohol. It becomes moist in damp air, and turns yellow

from liberation of iodine. This salt should be kept in

small, well stoppered vials.

Ammonium di-iodidum, NH4lo,is made by adding to a

concentrated solution of nitrate of ammonium made
alkaline with caustic potash, a little iodine. The salt

separates as a black liquid. It is not used in medicine.

Ammonium Nitrate.—Formula, NH4NO3. Molecular
weight, 79.90.

Si/no7iyms.—Ammonii nitras. Nitrate of ammonium.
Nitrate of ammonia.

This salt is easily made by the following

Experiment.— Neutralize any convenient amount of

ammonia water with nitric acid, and then add to the solu-

tion ammonia water until it is slightly in excess. Filter

the liquid, and evaporate it carefully to dryness,

HNO3 + NH.OH = NH.NOg -f HjO.
Nitric Ammonium Ammonium VVater,
acid. h3droxide nitrate.

Nitrate of ammonium is a white salt of specific gravity

1,7. It is salty to the taste, soluble in half its weight of

cold water, and more soluble in hot water ; in either case
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solution is accompanied with considerable decrease of

temperature. When heated gently it decomposes into

nitrous oxide and water, thus :

—

NH4NO3 = N.O 4- 2H,0.
AmnioniuDi Nitrous Water,
nitrate. oxide.

If suddenly heated it is resolved into nitrogen, water,

and nitric oxide (NO). Large amounts of nitrate of am-
monium are consumed by dentists for the production of
nitrous oxide, or laughing gas, as it is usually called.

Ammonium Oxalate—Formula, (NH^),C^04. Mo-
lecular weight. 123.8.

Synonyms.—Oxalate of ammonium. Oxalate of am-
monia.

Experiment.—Add oxalic acid to a convenient quantity
of ammonia water until the ammonia is saturated, then add
ammonia water to the solution until it is in slight excess.

Evaporate this liquid until a pellicle forms, then place in

a cool situation to crystallize. Lastly, drain the crystals

in a funnel and dry them on porous paper by exposure to

the atmosphere.

Oxalate of ammonium is of value as a reagent, but is

not used in medicine. It is a very delicate test f>r cal-
cium salts in solution, forming with such the very insol-
uble oxalate of calcium.

Ammonium Phosphate — F.^mm la, (Xnj2HP0^.
Molecular weight, 131. S2.

Synonyms.—Ammonii phosphas. Phosphate of ammo-
nium. Phosphate of ammonia. Hydrogen di-ammonium
phosphate.

This salt is occasionally found native, especially in

guano. It may easily be made by adding ammonia water
to solution of ortho-phosphoric acid until the ammonia
IS in slight excess, then evaporating the solution and crys-
tallizing. This salt is little used in this country. It is

colorless, evolves ammonia when heated with caustic soda
or caustic potash, is insoluble in alcohol, .soluble in four
parts of cold water, and is more soluble in hot water.
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Ammonium Succinate.— Formula, (NH4).^C4H404.
Molecular weight, 151.74.

Syno7iyms..—Ammonii succiiias. Succinate of amino-

ninm. Bucciiuito of ammonia.

Succinate of ammonium may be made by saturating

ammonia water with succinic acid, thus:

—

2NH,0H + H,C,H,0, = (NHJ,C,H40, + 2H,0.
Ammuuia. Succiuic aciU. Aiiiiuonuiiii succiuute. Water.

Succinate of ammonium is sometimes employed in med-

icine. It should be white, odorless, and entirely soluble

in water. As found on the market, it is often brown and
possesses strongly the odor of oil of amber. It precipi-

tates the ferric salts of iron as brownish-red succinate of

iron, and is sometimes used to estimate iron in solution.

The German Pharmacopoeia recognizes liquor ammonii
succinici, made as follows :

—

Take of succinic acid, powdered, one part, dissolve it

in distilled water eight parts, and add of pyrocarbonate

of ammonium one part, or sufficient to effect neutraliza-

tion. Set the liquid aside for twenty-four hours, then filter.

Ammonium Sulphate.—Formula, (NH4)^S04. Mo-
lecular weight, 131.84.

Synonyms.—Ammonii sulphas. Sulphate of ammoni-
um. Sulphate of ammonia. Normal ammonium sul-

phate.

This -salt is found native in some volcanic districts,

especially in Tuscany. The market is at present supplied

from the gas works, where it is made by pa.ssing ammonia
gas into dilute sulphuric acid, and crystallizing the salt

after evaj)oration of the solution. It is at first very im-
pure, and requires several crystallizations to remove the

odor of the tar and other products of the destructive dis-

tillation of coal.

Sulphate of ammonium forms transparent, odorless

crystals of the rhombic system ; specific gravity, 1.77 They
have a saline taste, dissolve in about two parts of cold

water, and in a little more than their weight of boiling

water, and are insoluble in alcohol. Sulphate of ammo-
nium is not used in medicine, but is employed, either di-
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rectly or indirectly, for the production, in this country, of

all other salts of ammonium. It is extensively used as

a fertilizer.

Ammonium Sulphide.—Formula, NH^HS, Molecular
weight, 50.99.

Synonyms.— Sulphide of ammonium. [Sulphide of
ammonia. Sulphuret of ammonia.] Sulph-hydrate of
ammonium. Ammonium hydrosulphide.

This is made by saturating ammonia water with sul-

pliide of hydrogen. The process is finished when the
solution ceases to cause a white precipitate with solution

of sulphate of magnesium (Epsom salt). The reaction is

represented as follows :

—

NH4OH -I- H,S = NH4HS -f H^O.
Ammonium Hyflro;j^en Ammonium Water.
hydroxide Sulphide. Sulphide.

Sulphide of ammonium is at first almost colorless. By
age it becomes yellow from oxidation, Avater and higher

sulphides resulting. It has a strong sulphuretted odor,

and is an exceedingly valuable reagent, })recipitating most
of the metals from solution. It should be preserved in

small, well closed vials, protected from the light.

Other iiulphides.—There are several other sulphides of

ammonium, of little general interest. They may be
named as follows :

—

Ammonium monosulphide, NH^S.
Ammonium letrasulphide, (^11^)284.
Ammonium pentasulpliide, (NH^)o)S5.
Ammonium heptasulphide, (NH^)oS7.

Ammonium Tartrate. — Formula, NH^HC^H^Og.
Molecular weight, 166.65.

;%non3/7n.5.—Ammonii tartras. Tartrate of ammonium.

Tartrate of ammonia. Acid tartrate of ammonium. Hy-

drogen tartrate of ammonium.
Tartrate of ammonium is made by adding to ammo-

nia water a solution of tartaric acid until neutralized. Con-

siderable heat will be evolved, and if the solutions are

concentrated, cry.stals will be deposited when the mixture
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cools. The reaction is explained by the following equa-

tion :

—

NH,OH+H.jC4H406= HXH,C,H,06.-l-H,0.
Ammonia water. Tartaric acid. Ammonium tartrate. Water.

This salt may be obtained in the form of a white crys-

talline powder by evaporating the solution to dryness

over a water bath. It is seldom employed in medicine.

Ammonium Valerianate. — Formula, iSTH^CgHgO^,
Molecular weight, 118.78.

Syiionyms.—Ammonii valerianas. Valerianate of am-
monium. Valerianate of ammonia.

This salt is made by passing ammonia gas into valeri-

anic acid until neutralization is effected. The result after

solidification is recrystallized from a concentrated and
hot alcoholic solution.

It is a white salt of a greasy or camphor-like appear-

ance, has the disagreeable odor of valerianic acid and a

sharp taste. It is dissipated by heat, and without residue.

Mineral acids decompose it, valerianic acid se})arating.

Alkaline solutions also decompose it, ammonia being

evolved. Valerianate of ammonium is very soluble in

water and in alcohol. Its aqueous solution has a strong

disagreeable odor, even if the valerianate of ammonium
is in very small amount. Upon the contrary, the alcoholic

solvent completely masks tiie odor of the valerianate of

ammonium, even if the ]iroportion be very great.

Tests for Ammonia.—If the solution of any salt of am-
monium be heated with caustic potash, the odor of ammo-
nia is at once evolved.

. Ecperiment.—Mix a little suljihate or chloride of am-
monium in a test-tube with a little water, add a small

piece of caustic ])otash and boil. Ammonia escapes, and
can be recognized by its odor or bv changing to blue a

strip of moistened red litmus paper, which is suspended
in the mouth of the tube.

2d. If a small amount of "Xessler's test" be added to

a solution of ammonia, or a salt of ammonium, a brown-
ish tinge or a brown precipitate results. This test is so

delicate as to detect the most minute trace of ammonia.
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To Prepare Nessler's Test.— Dissolve 775 grains of

iodide of potassium in a small quantity of hot distilled

water; continue the heat and carefully add to the solu-

tion, with constant stirring, strong hot solution of corro-

sive sublimate (HgCl.^) until the precipitate (mercuric

iodide) forming ceases to dissolve. Then filter and mix with

the filtrate a concentrated solution of 3100 grains of

caustic potash. Add to the above mixture distilled water

in sufficient amount to bring it to the bulk of two pints.

Then mix with it 1^ fluid drachms of saturated solution

of corrosive sublimate, and after the precipitate sul)sides,

decant the clear solution. This " Nessler's test" is the

most delicate known reagent for ammonia. It should he

kept in a number of small, securely sealed bottles, as it

decomposes by exposure.

METALS OF THE ALKALINE EARTHS.

CALCIUM, BARIUM, STRONTIUM.

In early days the name " earth " was applied to such

non-metallic substances as refused to dissolve in water,

and remained unchanged upon the application of heat..

Thus the various kinds of clay, which consist of more or

less impure silicates of aluminum, as well as the oxides

of calcium, barium, etc., were originally associated as

earths. It was found subsequently that a few, such as

lime and magnesiaf (oxide of calcium and oxide of mag-
nesium), possessed alkaline properties and seemed to be

related to the alkalies proper. They were then called

alkaline earths, and were considered true elements until

Davy demonstrated that they were oxides of various

elements.

t Magnesium is considered in the group of elements, embracing
beryllium, zinc and cadmium.
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CALCIUM.
Symbol, Ca. Atomic weight, 39.9.

This is the most important element of the group, and
compounds of calcium are employed very extensively in

both in the arts and in medicine, but the element is of no

practical value. The ancients made lime, and, as we have

said, it was long called an earth, and associated under

that name with other bodies.

Calcium is never found in a metallic state, but the car-

bonate under various forms, such as limestone, marble,

chalk, coral, etc., occurs naturally in incalculable amounts,

and as magnesian limestone (carbonate of calcium and
magnesium) it forms the bulk of many mountains.

Calcium salts are necessary to animal life, the bones

and teeth of animals consisting mainly of phosphate of

calcium. The salts ofcalcium are always found in plants,

and the shells of moUuscaand of eggs are very pure speci-

mens of calcium carbonate.

Metallic calcium was obtained in the form of an amal-
gam by the electrolysis of chloride of calcium in presence

of mercury. It was obtained in appreciable amounts by
Matthiessen (1856) by heating a mixtureof calcium chlo-

ride, strontium chloride, and ammonium chloride in a

platinum crucible, and decomposing the melted mass with

a galvanic battery.

Calcium is yellow, malleable, of sjiecific gravity 1.5778,

and tenacious and harder than lead, according to both
Bun.sen and Matthiessen. But Freyascribes to it the color

of aluminum, and very brittle properties. It remains
unaltered in dry air for a considerable period, but in

moist air it quickly oxidizes. It burns in the atmosphere
when heated to redness, with a yellow light, and decora-

poses water rapidly if thrown upon it, evolving hydrogen.
It is of no importance, excepting to the investigating

chemist.

Calcium Monoxide.—Formula, CaO. Molecular weight,
55.86.

Synonyms.—Lime. Caustic lime. Quick lime.
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This Is mado by burning lime-stone (carbonate of cal-

cium) by which means carbon dioxide is driven off, thus :

—

CaCO, = CaO + CO,.
Calcium C;ilciiim Carbon
carbonate. mouoxitle. dioxide.

It is essential in making lime that a good draught of

air pass through the heated stones for the purpose of carry-

ing off the carbon dioxide as fast as it is formed, for if

limestone be surrounded by this gas it refuses to part with

the carbon dioxide, even at a very high heat.

Calcium monoxide (lime) is white when perfectly pure,

but as found in commerce it is of an ash color from im-

purities pre-existing In the ordinary stone. Its s})ecific

gravity is 3.08. When exposed to the air it absorbs both

water and carbon dioxide, and crumbles to a powder
known as ''air-slaked lime." When heated in the flame

of an oxy-hydrogen blow-pipe It emits an intense light.

f

Lime is used to dry gases and to abstract water from al-

cohol when this is being concentrated to a strength above
that yielded by ordinary distillation. It unites with wa-
ter to form

Calcium Hydroxide, Ca(OH),, known as slaked lime,

or hydrate of lime. If lime is covered with water, or

water added to the extent of one-third the weight of the

lime, much heat is evolved, and it has been recorded that

fires have resulted from this reaction. Slaked lime is

pure white; one hundred parts of water at 15.6° C. (60°

F.) dissolve 0.1368 parts, and at 100° C. (212° F.) only

dissolve 0.0752 parts. The solution in water is known
as limewater, and is alkaline both in taste and reaction,

it absorbs carbonic acid gas (carbon dioxide) upon ex-

posure to the atmosphere, calcium carbonate precipitating.

For this reason limewater should be kept in close vessels.

When ordinary slaked lime is rubbed into a thin paste

The flame of an oxy-hj-drogen blow-pipe cast upon a point of
lime forms the oxy-hydrogen calcium light. When the stream of oxy-
gen gas is passed through the flame of an alcoiiol lamp, and then
upon M point of lime an inferior light is produced, known as the oxy-
calcium light.
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with water it forms milk of lime, which is used in many-

chemical operations, and for whitening ceilings, etc., un-

der the name of " whitewash."

Chloride of Lime.

Synonyms.— Chlorinated lime. Calcium hypochlorite.

Bleaching powder. Calx chlorinata.

Chloride of lime has been known for many years, and
several opinions have been advanced concerning its com-
position. Balard considered it a mixture of calcium

hypochlorite, Ca( CIO).., and calcium chloride, CaCl.,, and
many at the present day accept that view. Odling ad-

vances the idea that it is a double salt or a chlorinated

chloride, CaClOCl. Stahlschmidt explains the formation

of chlorinated lime upon the assumption that three mole-

cules of calcium hydroxide are decom])osed bv chlorine,

resulting in the formation of water, chloride of calcium,

and a compound of the composition CaHCIOo, thus :

—

3Ca(OH)^-h2Clo = 2CaHC10.+ CaCU-}-2H^O.

Chloride of lime is made by passing chlorine gas over

dry slaked lime, until it ceases to be absorbed. Commer-
cial chlorinated lime contains from 20 to 35 per cent, of

chlorine, although it may be ]n-oduced so as to contain 40

per cent, or even, it is said, 43 per cent, of chlorine. It

is white, moistens upon exposure to the air and decom-
poses, absorbing, in addition to water, carbon dioxide. It

has a strong chlorine odor under such circumstances.

AVhen freshly prepared it has an odor of hypochlorous

acid. Even if preserved in closed vessels it decomposes,

and it has been recorded that explosions have occurred,

but the reaction is unexplained. According to Kingzett

a strong aqueous solution of chloride of lime deposits

crystals of calcium hypochlorite, Ca(ClO)o-f-4ll20,
w'hen exposed over sulphuric acid in the exhausted re-

ceiver of an air pump. Chloride of lime is used as a

deodorizer and disinfectant, to bleach cotton and other

goods, to make chloroform and the officinal solution of

chlorinated soda.
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Calcium Dioxide, CaO.^, is fomiefl bypassing: carbon
dioxide into liuiewater. It precij)itates in combination
with eiglit molecules of water (Ca0.2+8H.,0), which
give off water of crystallization at a temperature of 130° C.

(266° F.) This compound is of no practical value.

Calcium Bromide.—Formula, CaBr.,. Molecular weight,
199.40.

Syyionyms-—Calcii bromidura. Bromide of calcium.

This salt is most easily prepared by saturating hydro-

bromic acid with })repared or precipitated chalk, and after

filtration evaporating the solution to dryness. Bromide
of calcium is a white salt, soluble in alcohol and in water

and of a saline bitterish taste. It is scarcely liable to

adulteration, being so little used as to hardly make it an

object.

Calcium Carbonate. — Formula, CaCO^. Molecular
weight, 99.75.

Synoyiyms.—Calcii carbonas. Carbonate of calcium.

Carbonate of lime.

This substance is found in unlimited amounts over the

entire globe. It forms vast layers in the ocean, derived

mainly from the shells of mollusca, and beneath the sur-

face soil of inland countries it is not unusual to find the

layers of limestone perfect conglomerates of both broken
and well preserved petrefactions of extinct sea shell-fi.'-h.

This is forcibly illustrated by the region of country in

the author's neighborhood, for each layer of limestone of

the hills and valleys near Cincinnati is a mass of ])etre-

factions. The immense number of these layers of stone,

one above the other, speaks of the great time that must
have pa.ssed before such quantities of carbonate of lime

could have formed from this origin. Coral reefs are car-

bonate of calcium; many mountain ranges and the chalk

formation!?, the marble cliffs and other forms of limestone,

are carbonate of calcium. Calcium carbonate is dimor-
phous, but it is unnecessary to consume space with a

hi.story of its crystalline modifications. When a soluble

calcium salt is precipitated by the carbonate of an alkali
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metalj the precipitate formed is carbonate of calcium and
thus we have tiie officinal

—

Calcii Carbonas Prcecipitata. or precipitated carbonate

of calcium, made by aciding a liot solution of carbonate

of sodium to a hot solution of chloride of calcium, ^vash-

ing the precipitate and drying it. ilie reaction is expressed

as follows :

—

CaCl,, + Na.COj = CaCO, + 2]S"aCl.

Calcium Soiiiuin (.ylciuin 8oiJium
chloriile. caiboiiulc. carbonate. chloride.

Precipitated ciialk is a very white semi-crystalline

powder and should not be confused with

—

Creta Prceparata, or prepared chalk, whicii is made by
rubbing chalk into an impalpable })()W(ler, mixing it with

water and then, after allowing the coarse particles to

settle, decanting the liquid, permitting it to settle and
drying this last precipitate. Prepared chalk is usually of

slight ash color. It is customary to dry it in conical

drops. This form of chalk is heavier, bulk for bulk,

than preoipitated chalk.

Properties.—Carbonate of calcium is very slightly solu-

ble in either cold or boiling water, but is less soluble when
ammonia or carbonate of ammonium is present. It is

soluble to a considerable extent in carbonic acid water,

from which solution it is deposited by ex[)osiire to the air

or by boiling. This fact accounts for the deposit of car-

bonate of calcium inside of steam boilers where " hard"
water is used, and for the natural crystals of carbonate of

calcium, although often in the latter case immense periods

of time may have been necessary for their formation. All

of the forms of carbonate of calcium dissolve with effer-

vescence in dilute mineral acids, carbon dioxide escaping,

although sulphuric acid speedily forms a layer of insolu-

ble sulphate of calcium over the surface of the lumps
which impedes the reaction.f Aside from its use in

t We can sny that the slick chalk, for blackboard use, which we
liHve examined, instead of being carbonate of calcium, was sulphate
of calcium. This is of no importance for the use intended, but sul-

phate of calcium has been also substituted for precipitated carbonate
of calcium, and for prepared chalk.
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medicine, carbonate of calcium is of incalculable value

in the arts, as for building purposes, iron production, etc.

Calcium Chloride.—Formula, CaCl,,. Molecular weight,
110.G4.

When ammonia water is made by decomposition of

chloride of ammonium and calcium hydroxide, this com-
pound results, thus :

—

2NH,C1 + Ca(OH)., = CaCl^ -f 2XH,0H.
Ammonium Calcium Cnlcium Aremonium^
chloride. hydroxide. chloride. hydroxide.

Chloride of calcium is found in the water of some
springs and in sea-water. It is also produced on a large

scale as an incidental product iu the manufacture of po-
tassium chlorate. It may be made by dissolving chalk

or fragments of marble in hydrochloric acid, passing

chlorine through the solution in order to peroxidize the

iron and manganese, and then adding milk of lime in

slight excess, filtering and evaporating the filtrate to

dryness over a fire.

Cliloride of calcium may be obtained in the form of
crystals, but as usually found on the market, is in amor-,

phous lum])s. It has a strong affinity for moisture, and
is employed by chemists in drying gases. For this pur-

pose the commercial article is unsuited, owing to the large

amount of water present. This may be properly prepared

by placing it in a porcelain or even an iron evaporating

dish, and heating over a fire until it has melted and is

dry again, and then while hot transferring it to well

closed glass-stoppered vials. Chloride of calcium is used

in the preparation of artificial mineral waters.

Calcium Citrate.—Formula, Ca32C6H507. Molecular
wciglit, 496.78.

Citrate of calcium is produced in immense quantities,

but is of interest from the fact that it gives rise to citric

acid, rather than that it is of value as a compound. By
referring to our article on citric acid the manner of pre-

paring citrate of calcium may be noted, thus rendering
its reproduction unneces.sary iu this place,
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Citrate of calcium is one of the few salts that dissolves

to a greater extent in cold than in hot water. Advan-
tage is taken of tliis fact to identify citric acid, for if lime-

water be added in excess to a solution of citric acid, a pre-

cipitate will be produced when the solution is boiled,

which will redissolve upon cooling. Citrate of calcium is

made in countries which produce limes and lemons in

abundance, and from thence is exported for the purpose
of preparing citric acid. Gum Arabic is mostly a com-
pound of calcium, and an acid known as gunimic acid.

(See gums.)

Calcium Hypophospllite. — Formula, Ca2H2P02.
Molecular weight, 169. GG.

Synonyms— Calcii hypophosphis. Hypophosphite of

calcium. Hypophosphite of lime.

Hypophosphite of calcium may be made by the follow-

ing—
Experiment.—Add carbonate of calcium to hypophos-

phorous acid until the acid is saturated and effervescence

ceases. Filter the solution and evaporate the filtrate to

dryness over a water bath. The reaction is expressed as

follows :

—

2H.H.P0., + CaCO, = Ca2(PO.,H2)+CO,+H20.
HypopliospUoioub CJiilcium Calciuni t arl)on Water,

acid. carbonate. hypophosphite. dioxide.

In the practical preparation of hypophosphite of calcium

a different process is employed. Hypophosphite of calcium

is the first of a series of salts of hypophosphorous acid,

and by reference to our article on hypophosphorous acid

it will be seen that it is used as a basis for preparing that

acid, and therefore the acid cannot be used with econ-

omy for reproducing the calcium salt. In a practical way
calcium hypo]>hosphite is made by acting upon ])hospho-

rus with milk of lime. The reaction is complicated, phos-

phide of hydrogen, hydrogen and phosphoric acids also

being formed. In consequence of this the operation must

be performed in the open air or under a good flue, and

even then the experiment is not pleasant.

Hypophosphite of calcium crystallizes in four sided
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prisms. It is soluble in six parts of cold water, and is

less soluble in hot water, therefore it is not found in mar-

ket in definite crystals, but either as a granular powder,

which is made by evaporating the solution to dryness, or

as pearly scales, which are prepared by evaporating the

solution and skimming the crust as it forms over the sur-

face of the liquid. Hypophosphite of calcium has a saline

bitterish taste. When heated it decomposes, at a certain

temperature evolving phosphide of hydrogen, water, and

phosi)horus, sometimes with explosions. Hypophosphite
of calcium is liable to contain caustic lime as an impurity,

and we have found it necessary to remove this article from
the commercial salt. In preparing hypophosphite of cal-

cium, occasionally a little hypophosphorous acid should

be added to the solution while it is evaporating.

Calcium Iodide.—Formula, Cal„. Molecular weight,
292.96.

Synonyms.—Calcii iodidum. Iodide of calcium. Iodide

of lime.

This salt is easily made as follows :

—

Experiment.—Place a convenient amount of hydriodic

acid in a porcelain capsule, and add an excess of calcium

carbonate and stir until the solution is neutral. Filter

this and evaporate the filtrate to dryness. Iodide of cal-

cium is a white, deliquescent powder, which decom])ose3

upon exposure to the atmosphere. It is very soluble in

water and dissolves in alcohol. Iodide of calcium must
not be confused with iodate of calcium (Ca2I036Il20)
which, as yet, has uo therapeutical value.

Calcium Oxalate. — Formula, CaC^O^. Molecular
weight, 127.68.

Synonyms.—Calcii oxalas. Oxalate of calcium. Oxa-
late of lime.

This salt is not used in medicine, but is of interest to

the chemist. When a solution of oxalate of ammonium
is added to any neutral solution of a salt of calcium, an
immediate precipitate of oxalate of calcium is produced.
This precipitate remains upon the addition of an excess
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of acetic acid, but either nitric acid or hydrochloric acid

will readily dissolve it. Oxalate of calcium is white, taste-

less, insoluble in water and alcohol. It is a by-product

of the manufacture of hy]iophosphorous acid, and as thus

obtained is in a very finely divided state, and is particu-

larly valued for the purpose of brightening and polishing

silverware.

Calcium Phosphata.—Formula,Ca3(PO.,)^. Molecular

weight, 22U.5.

Synonyms. — Calcii phosphas prcecipitata. Precipi-

tated phosphate of calcium. Phosphate of calcium. Phos-

phate of lime. Normal calcium ortho-phosphate. Bone-
phosphate.

Calcium ortho-phosphate occurs native in several local-

ities, and some minerals consist of nearly pure calcium

ortho-phosphate, as coprolites (probably of animal origin)

and the mineral osteolite. It constitutes the larger part

of the inorganic portion of bones, fully 80 per cent, of

bones burned in the air to whiteness consisting of calcium

phosphate. It is a constituent of vegetable organisms,

being abundant in fruits and seeds. It is a recognized

fact that the flour from wheat which has been stripped of

its outer coatings, in order to produce a very white flour,

is of poorer quality than when the grain is ground entire.

This is mainly owing to a deficiency of calcium phosphate

which is most abundantly deposited in the outer layers of

the grain.

Phosphate of calcium may be obtained as a white pow-
der by precipitating a solution of calcium chloride mixed
with ammonia water by means of a solution of sodium
phosphate, and washing the preci])itate well and then

drying it. According to the U. S. P. it is made by dis-

solving burnt bones (bone-ash) in muriatic acid, diluting

and filtering the solution, and then pi'ecipitating it by
means of ammonia water. The precipitate is to be washed
with water until the washings cease to efi^ect a solution of
nitrate of silver acidulated with nitric acid, and is then
to be dried. As made by this process it is contaminated
with calcium fluoride and magnesium phosphate, but the
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amount of these impurities is insufficient to interfere with

its tlierapeutic action.

Phosphate of calcium is almost insoluble in water, but

it slowly decomposes in cold water, giving rise to an in-

soluble basic salt and a soluble acid salt, and this change

is favored by boiling. Theref)re, according to AVarring-

ton, the exact solubility of calcium ortho-phosphate can

not be determined. It dissolves to an extent in solutions

of ammonium salts, and the acids, almost, if not all of

them, dissolve it, and usually very freely, even carbonic

acid solution rnay not be excepted.

There are other calcium ]>hosphates, but none of use in

medicine. The mono- hydrogen calcium oi'iho-jyhosphcde

(CaHPO^) is obtained when a solution of calcium ])hos-

phate is mixed with a solution of phosphate of sodium,
and is sometimes deposited from urine as concretions or

in small crystals.

Tetra-hydrogen calcium phosphate, HjCa(PO^)._,, is ob-

tained by acting upon bone-ash with sulphuric acid, and
the mixture of this salt with the calcium sulphate also

formed, is sold under the name super-phosphate of lime,

and is very largely used as a fertilizer.

Calcium Sulphate. — Formula, CaSO^. Molecular
weight, 135.72.

Synonyms.—Calcii sulphas. Sulphate of calcium. Sul-

phate of lime.

This compound occurs native in a number of forms,

such as gypsum (CaS04-f-2H._,0), of which the large

crystals, selenite, the satin-spar or fibrous gypsum, and
alabaster, are modifications. Gyi)sum loses its water of

crystallization at the temperature of 110° to 120° C. (230°

to 248° F.) and forms a white substance which, when
powdered, is called plaster of Paris well known for its

property of combining again with water and becoming
hard. Sul])hate of calcium is slightly soluble in cold

water, but dissolves to a greater extent in water at 35° C.

(95° F.) than at higher or lower temperatures. The
modification of this salt made by decomposing solutiou

of calcium chloride by means of sulphuric acid is known
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as peavl-hardening or analine, and is used to give weight
and gloss to paper. Plaster of Paris should be either

fresh or preserved in glass stoppered bottles, as it loses

its power of hardening after exposure to the air for any
length of time, and as a consequence is then unreliable

for use in surgery w^here it is frequently employed to

obtain casts of deformities, and occasionally to hold

broken limbs in position.

Calcium Sulphite.—Formula, CaSOg. Molecular weight,

119.76.

8ynony7ns.—Calcii sulphis. Sulphite of calcium. Sul-

phite of lime.

Sulphite of calcium jirecipitates as a white powder
when a solution of sulphite of sodium is mixed with a

solution of chloride of calcium. It is usually made in

commerce by pa.ssing sulphur dioxide" over layers of
slaked lime made into a paste with water, and although

impure in this instance, answers for the purposes required

of it. Sul})hite of calcium is wdiite, has a faint sulj)hu-

rous taste, and absorbs oxygen and changes by exposure

to the atmos])here into sulphate of calcium. It di.s.solves

in about 800 parts of cold water, and dissolves very freely

iu solutiou of sul})hurous acid forming what is known in

commerce as bisulphite of lime. Sulphite of calcium is

not used in medicine, but is employed to preserve wines
and cider from fermentation, and we have known the

solution of it in sulphurous acid to be used foj preserv-

ing fruit.

Calcium Monosulphide.—Formula, CaS. Molecular
weight, 71.88.

Synonyms.—Calcii monosulphidum. Calcium sulphide.

Sulphide of calcium. Sulphuret of lime.

This may be made by heating a mixture of charcoal and
sulphate of calcium, or by calcining calcium hydroxide or

calcium carbonate with sulphur. In this latter case sul-

phate of calcium is also formed. Sulphide of calcium is

a white powder, insoluble in water, odorless when first

prepared, but after exposure to a moist atmo.sphere it
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gives off the odor of snlphifle of hydrogen. It dissolves

in dilate hydroeliloric acid with evolution of sulphide of

hydrogen. AVhen exposed to the sunlight it is for some
time afterward luminous in the dark, and the old (1768)

so-called " Canton's phosphorus" is sulphide of calcium

made by calcining oyster shells with sulphur.

Calcium Bisulphide. — Formula, CaS.,, Molecular
weight, 103.86.

Synonyms.—Bisulphide of calcium. Sulphide of cal-

cium. Sulphuret of lime (or calcium).

This may be made by boiling a mixture composed of

sulphur two parts, lime one part, and Avater sixteen parts,

until the liquid assumes a reddish yellow color, then fil-

tering. From this by gentle evaporation and subsequent

cooling yellow crystals will separate of the composition

CaSoSHoO. Calcium disulphide is used in medicine in

the form of a solution and is never employed in crystals.

It is commonly known as solution of sulphuret of calcium

and has attained considerable re]-)utation as a remedy for

the itch. The most serious objection to it is the offensive

odor.

Calcium Tartrate.—Formula, CaC4H40g. Molecular
weight, 187.54.

Synonyms.—Calcii tartras. Tartrate of calcium. Tar-
trate of lime.

This salt is scarcely of use in medicine, but interests

the chemist from the fact that by its behavior the distinc-

tion can be drawn between citric and tartaric acids. If

to a solution of any normal tartrate, chloride of calcium

solution be added in slight excess, a white precipitate of

tartrate of calcium will at once appear, and uj)on collect-

ing this precipitate and adding it to a cold solution of
caustic potash it dis,solves, upon warming the solution it

re-precipitates. Citrate of calcium under like conditions

will not dissolve in the cold potash solution. It is neces-

sary to guard against the presence of ammonium salts in

the foregoing experiment, as citrate of calcium is soluble

in such solutions.
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Tests for Calcium.—Solution of carbonate of ammo-
nium precipitates calcium salts from solution as carhonaie

of calcium. Solution of oxalate of ammonium precipi-

tates calcium salts from solution as oxalate of calcium.

This last precipitate when fresh will dissolve readily upon
addition of nitric or hydrochloric acid, but it is insoluble

in acetic acid. These precipitates are not conclusive evi-

dences of calcium, as barium and strontium salts react in

like manner. If barium and calcium salts are mixed,
yellow chromate of potassium wnll precipitate the barium,

and from the filtered solution the calcium may be obtained

Avith the foregoing reagents.

If a calcium salt be moistened with hydrochloric acid,

and tlien placed in the hottest part of a Bunsen fiame, a

red color results. The spectrum of this flame is charac-

teristic and decisive.

STEONTIUM.
Symbol, Sr. Atomic weight, 87.2,

The village of Strontian, in Argyllshire, gave to this

element its name, from the fact that it was produced from
a mineral found in that locality. The chief sources of

stroutium are sulphate of strontium, or celestine, SrSO^,
and carbonate of stroutium, SrCOg. It occurs in small

quantities in some other minerals, and the sulphate and
chloride of strontium are found in some salt springs and
other mineral waters, and in the ashes of the sea-weed

Facus vesiculosus.

The element was first obtained by Davy in 1808, by
electrolysis of one of its salts. It is rare and of interest

at the present day, only to experimental chemists.

Properties.—Strontium is yellow, malleable and harder

than either cadmium or lead. Its specific gravity is 2.5.

It melts at reduess, oxidizes quickly upon exjiosure to the

atmosphere, decomposes water, and burns if heated. None
of the salts of strontium are used in medicine. Strontium
salts color the flame of an alcohol lamp, or of the blow-
pipe to a magnificent crimson. Nitrate of strontium is
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employed to make red signal lights and the crimson or

red fireworks.

Tests for Strontium.—The spectroscope Avill detect

minute amounts of this metal. Carbonate of ammonium
precipitates strontium from solution when its salt is mixed

with salts of the alkali metals. If calcium salts be pres-

ent at the same time, a precipitate of calcium carbonate

also forms. To detect strontium in such cases, dissolve

the precipitate, which forms with ammonium carbonate,

in hydrochloric acid, and add to it a solution of sulphate

of calcium. If strontium be present, after some time, a

turbidity will follow. Nitrate of strontiurvi refuses to

dissolve in absolute alcohol. Nitrate of calcium is soluble.

BARIUM.
Sj^mbol, Ba. Atomic weight, 136.8.

The natural source of barium is sul})hate of barium

(BaSO^) or heavy spar, and carbonate of barium (BaCO.,)

or witherite, although many ores of manganese, certain

silicates, felspathic rocks, mineral waters and sea water

contain it in greater or less amounts. Davy first obtained

the element, although its preparation was very difficult.

The metal oxidizes quickly and burns when heated in the

air. According to Frey it requires a greater heat to melt

barium than is necessary to fuse cast-iron. Very few of

the salts of barium are used in the arts or in medicine.

Barium Monoxide.—Formula, BaO. Molecular weight,

15276.

Synonyms.—Monoxide of barium. Baryta.

This is made by heating nitrate of barium in a crucible

until red fumes cease to be evolved. Baryta has an in-

tense affinity for water, exceeding that of lime. If moist-

ened with water it combines with such violence, and
liberates so much heat, as to bring the lump to redness,

forming

—

Barium Hydroxide, Ba(OHj.,, or common caustic

baryta. This is prepared, however, in practice by heat-

20



234 CHEMISTRY OF MEDICINES.

iiig barium sulphide, ])assing over it a current of moist

carbon dioxide as long as it is absorbed and afterward

subjecting the carbonate formed, while it is hot, to a cur-

i-ent of superheated steam. The carbon dioxide and

water react upon the barium sulphide to form l)arium

carbonate and hydrogen sulphide, the latter escaping,

thus :

—

BaS + CO. + H,,0 = BaCOj + H,S
Barium Carbon Water. Bariiiin Hydroifen

sulphide, dioxide. carboiiace. sulphide.

Afterward, the superheated steam decomposes this car-

bonate with evolution of carbon dioxide and formation of

barium hydroxide, thus:

—

BaCO, + 11,0 = BafHO). + CO,.
Baiium Water. Barium Carbon
carboiuice. hydroxide. dioxide.

Barium hydroxide is a white powder -which melts at a

low red heat and has the specific gravity 4.495. It unites

with water to form a crystalline liydrate BaOoH.^-|-8H.^O,

which is soluble in water, and whicli gives oif seven mole-
cules of water upon exposure to a dry atmosphere, chang-
ing into a white powder. When hydroxide of barium is

dis.solved in water it forms the common baryta-water,

used in analytical work to absorb carbon dioxide, for

hydroxide of barium has an intense affinity for that gas.

Its solution in water is strongly alkaline. Barium hy-
droxide is not used in medicine, l)ut is employed in sugar
retiuing, and is very valuable to the experimental chemist.

Barium Chloride.—Formula, BaCl^. Molecular weight,
207.54.

Synonyms.—Barii chloridum. Chloride of barium.
Muriate of baryta.

This salt is made by dis.solving witherite (native car-

bonate of barium) in dilute hydrochloric acid, and after-

ward purifying the chloride of barium from calcium, lead,

iron, and manganese .salts which are present in that min-
eral. It is not essential to notice the process farther in

this work, as the salt is never made on a small .scale. It

is also made from native sulphate of barium. Barium
chloride crystallizes in transparent rhombic plates with
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two molecules of water, BaCL + 2H2O. They are perma-
nent, have the specific gravity 3.05, dissolve in about
four parts of cold water and in less than twice their

weight of boiling water, and are insoluble in alcohol.

Solution of barium chloride is precipitated by a soluble

sulphate or by sulphuric acid, and tlie precipitate is in-

soluble in strong nitric acid. An officinal solution of
chloride of barium is made by dissolving one troy ounce
of barium chloride in three fluid ounces of water, but it

is seldom used.

Barium Nitrate. — Formula, Ba(NO,).,. Molecular
weight, 2G0 58.

This salt is made in quantities, being consumed for

pyrotechnic purposes, as the flame produced when it is

mixed with combustible bodies is of a beautiful green.

It is made from either the sulphide of barium or the iu\-

tural carbonate, crystallizes in trans]>arent crystals, has

an acid taste, is soluble in water, insoluble in alcoliol and
does not enter into the composition of a single rcnudial
agent.

Barium Sulphate.—Formula, BaS04. Molecularweight
232.62.

This is the common source of the barium compounds,
and is known under the name heavy-spar. It is used in

immense amounts for the purpose of adulterating white
lead, and is called baryta or baiytes in commerce. For
this purpose, however, artificial sul]ihate of barium is

preferred, as it has more " body " than the natural crystals.

That is, it is opaque, whilst the jwwdei-ed heavy-spar is

partly transparent. It is produced artificially by precip-

itating a solution of chloride of barium with dilute sul-

phuric acid. Sulphate of barium is, practically, insolu-

ble in water.

All of the soluble salts of barium are ponrrful poisons.

The ])roper antidotes are solutions of the sulj)hates of
sodium (Glauber's salt), or magnesium (Epsom salt), or

aluminum.
Tests for Barium.—Volatile salts of barium impart a

greenish color to an alcoliol flame. If an iueoluble ba-
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riura salt is moistened with sulphuric or liydrochloric acid

and held on a loop of platinum "wire in a Bunsen gas

flame, the part of the flame just over it will become of a

yellowish-green. If this flame be viewed through green

o-lass, it a{)pears bluish-green. AVhen soluble barium salts

are mixed with soluble salts of calcium and strontium ; to

separate the barium, add solution of calcium sulphate

until it ceases to cause a precipitate. The barium is

])reeipitated while the other elements remain in solution.

If the sulphates of calcium, strontium and barium are

mixed, treat the mixture for twenty-four hours with a

concentrated solution of ammonium carbonate. Then
digest the residue with hydrochloric acid ; strontium and
calcium are removed while sulphate of barium remains.

MAGNESIUM GROUP OF METALS.

BERYLLIUM, CADMIUM, MAGNESIUM, ZINC.

These elements burn when heated in the air, and are

volatile. Their sulphates are soluble, and each metal

forms one oxide. Excepting beryllium, certain of their

salts are more or less used in medicine.

BERYLLIUM (Glucinum).

Symbol, Be. Atomic weight, 9.0.

Beryllium oxide was discovered in 1798 by Vaiiquelin,

who demonstrated that it was ]n'esent in beiyl, a mineral,

which before that time was considered a compound of

lime or alumina. The name glucinum was given to it

afterward in consequence of the sweet taste of its salts,

but was not accepted, and the favored name at ])resent is

beryllium. Wcehler first obtained the element (LS28), as

a dark gray powder. Debray afterward obtained it in

mass.

Beryllium is of silver brightness, white, of specific

gravity 2.1, and melts at a less temperature than silver.

None of its salts are used in medicine.
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CADMIUM.
S^'mbol, Cd. Atomic weight, 111.6.

Stromeyer discovered cadmium in 1817, obtaining it

from carbonate of zinc ore, and ahiiost simultaneous] vHer-
niann identified it in the same compound of different ori-

gin. It is found in various zinc ores, and is separated by
suitable means. It is of interestmainlj to mineralogists.

Cadmium is white and presents a fibrous fracture. It

can be rolled into foil, drawn into wire, and is harder
than tin, giving out when bent, a crackling sound, as that

metal does in the act of bending. Its specific gravity is

8.546 when cooled from the molten state, but 8.667 after

hammering.

Cadmium Iodide.—Formula, Cdl.,. Molecular weight,
364.66.

Synonyiiif^.—Cadmii iodidum. Iodide of cadmium.
This compound may be easily made by digesting iodine,

water, and an excess of metallic cadmium filings or shav-
ings in a warm situation until the solution is colorless and
the iodine has disappeared. Then evaporate and filter it.

If the water be in limited amount, crystals of iodide of
cadmium will appear before the reaction ends, and when
the solution becomes colorless, the sides of the vessel and
the excess of cadmium will be covered with beautiful

satin-like plates, resembling silvery fish-scales.

Iodide of cadmium may also be made by dissolving

metallic cadniium in hydriodic acid, evaporating the so-

lution and crystallizing it

Iodide of cadmium is of a satin-silver color, perma-
ment, soluble in alcohol and in water, and of specific

gravity 4.576. It is extensively used in })hotography,
and occasionally in medicine, usually in this latter in-

stance, in form of ointment.

Cadmium Sulphate. — Formula, CdSO^. Molecular
weight, 207.42.

Synonyms.—Cadmii sulphas. Sulphate of cadmium.
This salt is ea.sily made by acting upon metallic cad-

mium with a somewhat dilute mixture of sulphuric and
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nitric acids, and evaporating to crystallization. It is also

made according to the U. S. P. by forming a solntion of
nitrate of cadmium and precipitating tliis with carbonate

of sodium, and dissolving this precipitate with sulphuric

acid and evaporating the solution to crystallization. Sul-

phate of cadmium is seldom employed in medicine. It is

very astringent, and like the other salts of cadmium, acts

as an emetic, even in small doses. Iodide and sulphate

of cadmium are the only salts of this metal employed
in medicine.

Tests for Cadmium.—The alcohol flame is not colored

by any salt of cadmium. Pass 8ul])hide of hydrogen into

the solution of a cadmium salt, yellow sulphide of cad-

mium results. If other yellow sul])hides are also formed,

such as sulphides of antimony, tin and arsenic, add solu-

tion of caustic alkalies. Cadmium sulphide refuses to

dissolve, the others form solutions. If copper be present,

decant the solutions, and mix the precipitate with solution

of potassium cyanide. Sulphide of copjier dissolves, snl-

])hide of cadmium remains as a yellow magma. For
thorough instructions for detection of cadmium in mix-
tures, see some work devoted to analysis.

MAGNESIUM.
Symbol, Mg. Atomic weight, 23.94.

Magnesium was obtained in an impure state by Davy.
Bussy prepared it pure. The compounds of magnesium
are very abundantly distributed, both in mineral forma-

tions and in saline waters. The element is now manufac-
tured on a large scale in this country and in Eurojie, and
is consumed in considerable amounts by analysts, and for

producing the magnesium light. Magnesium is silver-

white, ])ermanent in dry air, but oxidizes ujion the surface

in moist air. It is very light, having a specific gravity

of but 1.75, melts at redness, if excluded from the atmo-
sphere, and burns when heated in the flame of an alcohol

lamp or a candle, the light being intense and brilliant.

Upon this account it has been recommended for lighting-

purposes, but difliculties have been experienced, such as
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in reo;ulutIng the flow of the wire and in guarding against

the tine dust formed during the conihustion (oxide of

magnesium). It has been estimated tliat 2^^ ounces of

magnesium wire will evolve as much light as 20 pounds

of stearin candles. This light is very valuable for photo-

graphing in caverns, etc., as it is rich in the chemically

active rays. The compounds of magnesium are exten-

sively employed in medicine and have been since a very

early day.

Magnesium Oxide.—Formula, MgO. Molecular weight,

39.9.

Synonyms.—Magnesia calcinata. Calcined magnesia.

Magnesia. Magnesia usta.

This compound is the result of the combustion of mag-
nesium in the atmosphere. It may be made by calcining

a magnesium salt, the acid of which is volatile. xVccord-

ing to the Pharmacopoeia it is made by calcining carbo-

nate of magnesium until effervescence ceases, when a

portion of it is dropped into dilute acids. In this reac-

tion carbon dioxide escapes and oxide of magnesium re-

mains, thus :

—

MgCOj = MgO -h CO,.
Magnesium Magiief^iiim Carbon
carbonate. oxide. dioxide.

Magnesia is a white powder, very fine and light, when
made by the officinal process, almost insoluble in water,

tasteless, and unites with acids to form salts, the most of
which are soluble. If heavy carbonate of magnesium be
employed in its preparation the resulting oxide will be of
identical composition but much heavier, and thus in com-
merce we have the two forms, such being distinguished by
the names, heavy calcined magnesia, and light calcined

magnesia.

Magnesium Hydroxide, Mg(OII)j, is a compound made
by precipitating a solution of a magnesium salt with
caustic potash or caustic soda. It is a white powder, but
is not recognized as a therapeutical agent. The tests for

magnesia are the same as for magnesium carbonate.
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Magnesium Carbonate.—Formula, MgCOs. Mole-
cular weight, 83.79.

Synonyms.—Magnesii carbonas. Carbonate of mag-
nesium. Carbonate of magnesia.

If a solution of suij)iiate or of chloride of magnesium
be precipitated with a solution of sodium carbonate, and
the mixture boiled, and the precipitate afterward washed
with cold water and dried, the article known as light car-

boiuite of magnesium (magnesia alba levis), is obtained.

If the mixed solutions be evaporated to dryness, and
then the sulphate or chloride of sodium be dissolved from

the mass by means of hot water, the precipitate when
again dried will be dense, and is known as heavy carbo-

nate of magnesium (magnesia alba ponderosa). Both are

identical in chemical composition, in reality being basic

carbonate of magnesium united with from two to three

molecules of water and represented by the formula

—

3MgC03Mg(HO).,.2H.,0; or, 3MgC03.Mg(HO)..3H^O.

According to R. and S., as found in the shops, it is

usually represented by the first formula. Patterson's car-

bonate of magnesia is familiar in this country, and is

made by a patented process which consists in igniting

dolomite (a mixture of carbonates of magnesium and

calcium) and extracting the result with water saturated

with carbonic acid gas. This dissolves the carbonate of

magnesium, but scarcely affects the carbonate of calcium,

and from the solution the carbonate of magnesium is

precipitated by a current of steam. Carbon dioxide

passed into water in which carbonate of magnesium is

suspended, effects its solution, and the liquor mac/ncsice

carbonatis of the British Pharm. (fluid magnesia) is such

a solution representing about 13 grains of carbonate of

magnesium to each fluid ounce. Carbonate of magnesium
is soluble in solutions of ammonium salts, but is scarcely

affected by pure water. It dissolves in diluted acids with

effervescence, and the solution made with dilute nitric

acid and filtered should not yield a precipitate with barium

chloride (absence of sulphates), or with silver nitrnte

(absence of chlorides and bromides), or with ammonium
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oxalate (absence of calcium). It is protlnced in immense
amounts in England directly, and as incidental products.

By either process it is difficult to obtain a chemically pure
carbonate, and therefore, it can not be expected that a
commercial article will answer all the tests mentioned.

Magnesium Chloride,— Formula, MgCl^. Molecular
weight, 94.68.

Synonyms.—Magnesii chloridum. Chloride of magne-
sium.

This salt is obtained in quantities at Stassfurt, where it

is found in the saline beds in combination with calcium,

and is known as tachhydnte, (2MgClo,CaCl2-f 12H,0).
It is also a component of sea-water, many salt springs, and
in salt deposits. It may be made by way of experiment
by dissolving either carbonate or calcined magnesia in

hydrochloric acid previously dilute.d with its bulk of wa-
ter, filtering the solution and then evaporating it to crys-

tallization.

Chloride of magnesium dissolves in less than its weight
of cold water, and in somewhat more than one-fourth its

weight of water at the boiling point of the saturated so-

lution. It crystallizes in crystals of the formula MgCl^.-
6H0O, which are deliquescent. It decomposes upon
heating, hydrochloric acid and water being evolved, and
magnesia remaining. It forms crystallizable double
chlorides with many other chlorides.

Magnesium Citrate.—Formula (neutral). Mgs2CfiH507.
Molecular weiL^ht. 448.9. Crystallized—Mg32C6H.-
O^.UH.O. Molecular weight, 700.34. Acid Rait, or

hj'drogen magnesium citrate, MgHCgH507. Molec-
ular weight, 213. 48.

Synonyms.—Magnesii citras. Citrate of magnesium.
Citrate of magnesia.
The hydrogen magnesium citrate is made by the fol-

lowing experiment:

—

^
Magnesium carbonate is mixed with Avater in a capa-

cious porcelain capsule, and the mixture is warmed to the

temperature of 82° C. (179.6° F.) and into it is then stir-

21
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red solution of citric acid until the carbonate of magne-
sium is dissolved, and effervescence ceases. Add a little

carbonate of magnesium to the solution, in order that all

free citric acid may be neutralized, after which the solu-

tion is to be filtered and evaporated to dryness in a cur-

rent of air, at the temperature of about 82° C. (179.6° F.)

The normal salt is much less soluble than the hydrogen

magnesium citrate, and is precipitated from solutions of

the foregoing upon standing. Neither salt is used in the

dry form in this country, but a preparation known as

—

Solution of Citrate of Magnesia, is a favored [)harma-

ceutical, and in much demand. According to the present

officinal process, bicarbonate of potassium is employed to

yield the required carbon dioxide, although in making
solution of citrate of magnesium upon a large scale, freshly

precipitated carbonate of magnesium is dissolved in car-

bonic acid water, und^r pressure of the carbonic acid gas,

and this solution is poured upon the proper amount of

syrup of citric acid, previously placed in the "magnesia
bottles." These are then corked, tied over with strings,

and agitated, the result being formation of citrate of mag-
nesium with liberation of carbon dioxide.f

Magnesium Sulphate.—Formula, MirSO,. Molecular
weight, 119.76. Crystallized— MgSb^7H..O. Molecu-
lar weight, 245.48.

Synonyms. Magnesii sulphas. Sulphate of magnesium.
Sulphate of magnesia. Epsom salt.

Sulphate of magnesium is the most common, and most
extensively used of the salts of this metal. It occurs
native in many minerals, in the deposits at Stassfurt, in

caves throughout the United States and other countries,
in gypsum quarries, and in most mineral springs. Snl
phate of magnesium is produced upon a large scale in all

civilized countries, and is so cheap in the market, as to

t In practice it is customary to place the solution of carbonate of
magnesium in the bottles, and then through a funnel with a long
glass exit tube, to pour the syrup of citric acid upon the bottom of
^he bottle beneath this solution.
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render its preparation by pharmacists unnecessary, unless

for an experiment. It may be made in an experimental

manner, by dissolving either tiie carbonate of magnesium

or the calcined magnesia in dilute sulphuric acid, and af-

terward evaporating the solution to crystallization.

Common Epsom salt is in the form of small, colorless,

needle-like crystals, usually slightly moist, and are rep-

resented by the formula, MgS04.7H^O. They are made
by dissolving crude sulphate of magnesium in hot water,

almost to saturation, and then rapidly cooling the solution.

If they absorb moisture, chloride of magnesium is pres-

ent. Owing to the cheapness of this salt it can not be

adulterated with any object, and impurities of a serious

character are not likely to occur. The salt resembles,

somewhat, oxalic acid, and very closely, in general ap-

pearance, sulphate of zinc. Through carelessness they

could be mistaken.! It dissolves in less than its own
weight of boiling water, and in one and one half parts of

cold water, but it is insoluble in alcohol. Upon heating

the crvstals, they part with six molecules of water at a

temperature of 150° C. (302° F.) but a temperature of

200° C. (392° F.) is required to drive off the remaining

molecule.

Sulphite of 3Iagnesium, MgSOgjGH.^O., may be made
by dissolving either the carbonate of magnesium or cal-

cined magnesia in solution of sulphurous acid, and then

evaporating the solution to crystallization in a current of

cool air by exposure in a shallow evaporating vessel. It

is very seldom emj)loyed.

Tests for Magnesium.—Add to the solution of a salt of

magnesium, a little ammonium chloride and then ammo-
nium carbonate, no precijntate is produced. Add to this

solution a solution of phosphate of sodium (NaoHPO,,);
a precipitate (]MgNH4P04) follows, either at once or after

stirring the mixture with a glass rod. If a precipitate

t A blunder of this nature could be detected by testing with foIu-

tion of calcium chlorirlo for oxalic acid, a white precipitate identi-

fying thatcompound. Sulphate of zir.c will give a precipitate with
sulphide of ammoniura or with fen-ocyanide of iron and sulphate of
magnesium will not.
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follows the addition of the ammonium carbonate, the pre-

cipitate (likely barium or calcium) is to be separated by
filtration, and the filtrate tested \vith sodium phosphate.

This test is characteristic of ma^rnesium.

ZINC.

Symbol, Zn. Atomic weight, 64.9.

Zinc has been indirectly known since the earliest days,

as a substance that modified the appearance of co])})er,

brass being the form produced through its agency. Basil

Valentine first used the term (zinken). Zinc was once

confounded with bismuth. The metal occurs in many
localities in ores of various compositions, and is purified

in large amounts and employed both in the arts and in

medicine. Formerly calamine (an impure form of zinc

ore, ZnCOy) was the only ore worked, but at present many
others are employed in this country and in Europe. Zinc

is a blueish-white metal, melts at 433° C. and boils at

1040° C. The specific gravity is 6.9. It may be powdered
at a temperature of about 205° C, but is malleable at

between 100° and 150° C. (212° and 302° F.) The pure

metal is scarcely affected by dilute sulphuric acid, but the

addition of a few drops of solution of chloride of pla-

tinum causes immediate action, explained by the fact that

the chlorine of the platinum salt unites with the zinc to

form chloride of zinc, and the platinum is thus deposited

upon the surface of the zinc, and induces a galvanic cur-

rent. Commercial zinc is very impure. It contains in

varying proportions lead, silver, cadmium, iron, arsenic,

and even other metals, and carbon. It dissolves quickly

in diluted sulphuric acid. Ordinary zinc is used in making
brass, in galvanizing iron, in the form of sheets, and in

many branches of the arts, and is a valuable metal. When
it is melted and poured in a small stream into cold water

it assumes a form known as granulated zinc, which, is used

to dissolve in acids.
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Zinc Acetate. — Formula, Z112C0H3O.,. Molecular
weight. 182.62. Crystallized—Zij2C.H3''0^.2H20. Mo-
lecular weight, 218.54.

Acetate of zinc is made by the following

—

Experiment—Place any given amount of acetic acid

(officinal) in a capacious porcelain capsule, and add to it

drv carbonate of zinc until effervescence ceases, and the

carbonate is in slight excess. Warm the solution and
filter it at once, then place the filtrate in a cool locality

that crystals may form, which must be dried by exposure

to the air upon porous paper. The mother liquor from

the crystals may be evaporated and again crystallized.

About two parts of carbonate of zinc will be required for

five parts of acetic acid.

Acetate of zinc crystallizes in pearly white plates, very

small and silky, from a concentrated .solution, but they

may be made of considerable size. The taste is bitterish

and nauseating, they smell of acetic acid, slightly efllo-

resce in dry air, and when heated fuse, blacken, burst

into a flame, and leave a residue of oxide of zinc. They
dissolve in half their weight of boiling water, in about

three parts of cold, and in their weight of boiling alcohol,

specific gravity 0.835.

Zinc Bromide (Bromide of Zinc), ZiiBr^.

This is produced when bromine vapor is passed over red-
hot metallic zinc. It may be readily made by digesting
hydrobromic acid with pure metallic zinc, filtering the
product, and evaporating the filtrate to dryness, occasion-
ally adding a little hydrobromic acid during the evapora-
tion. By this experiment zinc unites with the bromine,
and hydrogen gas escapes, thus :

—

Zn + 2HBr=ZnBr.,+H.,.

Bromide of zinc corres])onds nearly in properties to the
chloride. It has a sweetish, styptic taste, is white, deli-

quesces in the air, and sublimes on heating, condensing iu
white needles.
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Zinc Carbonate.—Formula, ZnCOo. Molecular weight,

124.75.

Synonym.—Normal zinc carbonate.

This salt in a hydratcd form is thrown down when a

solution of bicarbonate of potassium is mixed with a solu-

tion of sulphate of zinc. It is not used in medicine.

Calamine, or zinc spar is a native impure form of this

compound. If instead of hydrogen potassium carbonate,

normal carbonate of sodium be employed to precipitate

the sulphate of zinc, basic zinc carbonates are produced.

The composition of these varies with both tiie tempera-

ture of the solutions and the proportion of water present.

From this reason the so-called carbonate of zinc of our

pharmacopaeia is a basic carbonate.

Zinci Carbonas Praecipitata, U. S. P.—Formula,
ZnC03,2Zn(OH).,. Molecular weight, 322.39. Or,

ZnC03(ZnO).3HoO. Molecular weight, 340.35.

Synonyms.—Precipitated carbonate of zinc. Carbonate
of zinc.

Preparation.—Dissolve twelve troy ounces each of sul-

phate of zinc and of carbonate of sodium, severally, in

four pints of distilled water with the aid of heat ; then

mix the solutions, and having stirred the mixture well, set

it aside that the precipitate may subside. Pour off the

supernatant liquor, and having washed the precipitate

with hot water until the washings are nearly tasteless,

dry it with a gentle heat. As thus prepared the so-called

carbonate of zinc is a tasteless white powder, insoluble in

water, but soluble in dilute acids with evolution of carbon
dioxide. AVhen it is calcined, water and carbon dioxide

escape and oxide of zinc remains.

Zinc Chloride.—Formula, ZnCl.,. Molecular weight,

135,64.

Synonyms.—Zinci chloridum. Chloride of Zinc.

This may be ]>repared by dissolving ordiuarv metallic

zinc in hydrochloric acid, (specific gravity 1.130 if conve-
nient), and after the reaction, adding to thesolutiou a few
pieces of metallic zinc and digesting this mixture at the
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temperature of a water bath for 24 hours, and theu filter-

ing the solution through muslin. Freshly precipitated

carbonate of zinc, (precipitated in the cold with sodium
carbonate), is then to l)e mixed with the solution and
chlorine gas passed through it until in excess. The solu-

tion is now to be again filtered, and evaporated over a

sand bath with constant stirring until a dry salt remains.

The object of digesting the solution with excess of zinc

is to precipitate lead, copjier, arsenic and tin. The treat-

ment with carbonate of zinc and chlorine sejiarates the

iron. Chloride of zinc is white, odorless, and jiossesses

a disagreeable, saline, metallic taste. It is very deliques-

cent, and dissolves in both water and alcohol. It is used

as a caustic and is employed in solution as an injection

for preserving anatomical subjects. In this latter instance

an impure solution is made by siniply dissolving zinc in

hydrochloric acid and straining..

Zinc Cyanide. (Cyanide of Zinc).—Formula, Zn(CX)^.
Or, Zn(Cy),.

This is made by adding hydrocyanic acid to a solution

of acetate of zinc, cyanide of zinc precipitating and acetic

acid being liberated. The precipitated cyanide of zinc

dissolves to an extent in acetic acid, therefore, it is best to

occasionally neutralize the most of the free acid with a

little ammonia water. Cyanide of zinc is a snow-white

powder, insoluble in water and alcohol, but dissolves in

solution of cyanide of ammonium or cyanide of potassi-

um. An excess of ammonia must not be used to neu-

tralize the liberated acetic acid during the previously

named operation. It decomposes by age.

Zinc Perrocyanide.—Formula, Zn.FeCyg-

This is prepared by adding a solution of ferrocyanide

of potassium to a solution of sulphate of zinc, and Mashing
the precipitate well with water, and then drying it. Ferro-

cyanide of zinc is a white powder, and evolves hydro-
cyanic acid when added to dilute sulphuric acid. It is

not soluble in water or alcohol.
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Zinc Hydroxide. (Hydrate of Zinc). — Formula,
Zn(OH),-

This is produced when caustic potash or caustic soda is

added to the solution of a zinc salt. It is very soluble in

an excess of the alkali, therefore, caution must be observed,

that the proportions are nearly exact. According to

Bodeker, the solution of this compound in caustic potash

solution deposits crystals of the composition Zn(0H)2,H^0.

Zinc Iodide. (Iodide of Zinc).—Formula, Zul^.

Mix two troy ounces of iodine with about oue troy

ounce of granulated zinc, and eight fluid ounces of water,

and digest together until the color dis'a})i)ears, towards
the last, with the aid of a gentle heat. When the solution

becomes transparent, filter it, then evaporate it carefully

to dryness. Iodide of zinc is colorless, but upon expo-

sure it deliquesces, then decomposes, and turns red,

iodine being liberated. It dissolves freely in water, and
a syrup of iodide of zinc is occasionally used in medicine.

It may be made as follows :

—

Syrup of Iodide of Zinc.—Filter the solution of iodide

of zinc produced by the above formula, and add the fil-

trate to sixteen troy ounces of white sugar, and add to the

mixture suiBcient distilled water to bring to the measure
of twenty fluid ounces. Dissolve the sugar by stirring.

Zinc Oxide.—Formula, ZnO. Molecular weight, 80.86.

Synonyms.—Zinci oxidum. Oxide of Zinc.

Oxide of zinc is fi^und native, zincite or red zinc ore

being an impure oxide of zinc. It is made according to

the pharmacopoeia, by heating officinal carbonate of zinc

in a crucible, in shallow hiyer, until carbon dioxide ceases

to escape. It is made in immense amounts for use as a

pigment, by heating zinc in earthen retorts and passing

the vapor into chambers through which air passes ; oxide

of zinc is produced and settles as a white j)()wder. Or by
roasting metallic zinc in a current of hot air. Oxide of

zinc prepared by the officinal process is a light yelU^wish

powder, in a very fine state of comminution. It assumes
a lemon yellow color when heated, but loses it upon cool-
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iiig. It dissolves in most dilute acids, and the solution

should not strike a red color with sulphocyanide of po-

tassium (iron), and should remain transparent upon treat-

ment with sulphide of hydrogen (absence of lead, copper,

etc.) Commercial oxide of zinc is usually a heavy, almost

pure white powder, and is produced directly from the

metal according to processes we have given. It is not

desirable as a medicine.

Zinc Lactate. (Lactate of Zinc).—Formula. ZnC^H, q-

Og.aH.o.

This salt is easily prepared by dissolving carbonate or

pure oxide of zinc in dilute lactic acid, and evaporating
the solution to crystallization. The crystals are acid in

reaction, impart a metallic taste, and are quite soluble in

hot water, but much less soluble in cold water.

Zinc Phosphide. (Phosphide of zinc), Formula—

A\ hen finely divided metallic zinc is heated in the va-
por of phosphorus, a gray mass results, having the above
composition. It may be made of a bright metallic ap-
pearance by heating zinc to the melting point in an at-

mosphere of hydrogen, and then pa.ssing over it a mix-
ture of hydrogen gas and jihosphorns vapor until the
phosphorus ceases to be ab.sorbed. This compound can
not be produced with safety in experimejital amounts.

Zinc Salicylate. (Salicylate of zinc). Crystallized

—

Zii2C7H,0,.3lI.,0.

This salt is made by mixing .salicylic acid with distilled

water, heating the solution and adding an excess of oxide
of zinc and digesting the mixture until the acid is .satu-

rated
; then filtering the solution and crystallizing. The

crystals are in the form of long needles, of a sweetish
metallic taste, soluble in both water and alcohol.

Zinc Sulphate.—Formula, ZnSO,. Molecular weight,
1G0 72. Ci-ysiallized—ZnS0,7H.,0. Molecular weight,
286.44. ' -

Synonyms.—Ziuci sulphas. Sulphate of zinc. White
vitriol.
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This salt, under the name oi' white vitriol, in contnidis-

tinction to green vitriol (sulphate of iron), and blue vitriol

(sulphate of copper), has been known since the day of

Basil Valentine. It was not, however, until 1735, dem-
onstrated to he a compound of zinc. It is made on a large

scale by roasting the native sulphide of zinc ores, and
exhausting the calcined mass with water, and eva])orating

to crystallization. In commerce it is also made by dis-

solving metallic scrap zinc in dilute sulphuric acid, di-

gesting for several hours at 180° F. the liquid in contact

with excess of zinc, then tiltering it and crystallizing.

Suljihate of zinc usually contains traces of iron as made
by this process, but the arsenic mostly esca]ies with the

generated hydrogen, and what remains in solution pre-

cipitates upon subsequently digesting the solution with

zinc, as is also the case with lead, cadmium, copper and
tin. Iron may be separated by the })rocess employed in

making chloride of zinc. Sul])hate of zinc may also be

made by dissolving officinal carbonate or oxide of zinc in

dilute sulphuric acid, and evaporating the solution to

crystallization.

Sulphate of zinc is the most common salt of zinc, and
is so cheap as to forbid its preparation by pharmacists ex-

cepting, simply, by way of an experiment. The crystals

are isomorphous with Ejisom salt (suljihate of magne-
sium), and in general ai)pearance can not be distinguished

from that article. Sulphate of zinc, however, will give

a precipitate with ferrocyanide of potassium, and also

with sulphide of ammonium, which is not the case with

Epsom salt. Heated, it melts, and at 100° C. (212° F.)

gives off six molecules of water, the remaining molecule

being retained until a red heat is reached ; at a white heat

decomi)osition results and oxide of zinc remains. Sul-

phate of zinc is insoluble in alcohol, but it dissolves in two
and one-third parts of cold water and in less than its own
weight of boiling water. It has a disagreeable styptic

taste, and in over doses acts as an emetic.



ZINC. 251

Zinc Sulpbocarbolate. (Sulphocarbohitc of zinc. Sul-

phopheauto of zinc).—Forinuhi,Zi!(C(^H5SO^)^.8iIoO.

This salt is made by mixing together equal weights of

carbolic and sulphuric acids, and heating the mixture at

a temperature of 180° F. for from six to ten hours, then

diluting the mixture with eight parts of water and satu-

ratino; the mixture with officinal carbonate of zinc, filter-

ing the solution and evaporating it to crystallization. The
crystals should be purified from a little adhering sulphate

of zinc by I'ecrystallization. This will form the ortho-

salt. Para-sulphocarbolate of zinc is made in the same
manner, excepting that the mixed sulphuric and carbolic

acids are heated to 300° F. This latter salt crystallizes

much nicer than the ortho-salt and is the modification

found in market. Both forms have the same composition.

Sulpho-carbolate of zinc should have a Avhite color. It

is inodorous, and dissolves readily in water.

Zinc Sulphide. (Sulphide of zinc).—Formula, ZnS.

This compound is found native, and the ore is known
under the name, zijig blend. It usually contains iron and
other impurities. It may be made by adding sulphide of

ammonium to a solution of suljihate or chloride of zinc,

washing the white precipitate with water and then drying
it. Thus we obtain sulphide of zinc as an amorphous
white powder, odorless and tasteless. When oxide of
zinc is ignited in sulphide of hydrogen, crystals of sul-

phide of zinc form.

Zinc Valerianate—Formula, Zn2C5H902.HoO. Mo-
lecular weight, 28-1. -1.

Synonyms.—Zinci valerianas. Valerianate of zinc.

This is made by the officinal process by mixing a con-
centrated solution of valerianate of sodium with a

strong solution of sulphate of zinc. Double decomposi-
tion follows, sulphate of sodium and valerianate of zinc

being formed. The sulphate of sodium remains in solu-

tion while the valerianate of zinc crystallizes and may be

washed with a little water and then dried. The reaction

is expressed as follows:—
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ZnSO, + 2NaC5H90., = Na.^SO^ + Zn2C,IIyO,.
Ziuc sulphate. Sodium valeriauate. Sodium sulphute. Ziuc valerianate.

Valerianate of zinc may be made by dissolving pure

oxide (or better, carbonate freshly precipitated) of zinc in

dilute valerianic acid. When the acid is saturated, filter

and evaporate the solution to crystallization, and then dry

the crystals.. This salt is never made on a small scale,

as the expense of valerianic acid, and loss of zinc valeri-

anate forbids economy.
Valerianate of zinc crystallizes in white, light, mother-

of-pearl or satin-like scaly crystals. The taste is bitter-

ish and disagreeable; the odor is that of valerianic acid.

When heated it decomposes, turns black, then bursts into

flame and burns, leaving a residue of oxide of zinc. The
crystals dissolve in cold water, in alcohol, and in ammo-
nia water.

Tests for Zinc.—Ignite a compound of zinc on char-

coal in the blow-pipe flame, and moisten the mass while

hot with a solution of cobalt nitrate. Ignite again, a

green mass (Rinraanns green) results.

2. Ignite on charcoal, a zinc compound with sodium
carbonate, in the inner flame of a blow-pipe. Zinc oxide

results, which is yellow when heated and white when cold.

Moisten this with solution of cobalt nitrate, heat again, a

green mass results.

3. Add ammonium sulphide to the neutral solution of

a zinc salt ; a white ])recipitate results. Add now solution

of caustic potash until it is in excess; the precipitate does

not dissolve. This reaction distinguishes zinc from all

other metals.

LEAD GROUP OF METALS.

LEAD, THALLIUM.
These elements are very heavy, and comparatively soft.

Lead in many respects resembles the metals of the alka-

line earths, while thallium approaches the alkali metals.

The basic oxides of each are alkaline. Their sulphides

are black and insoluble.



LEAD. 253

LEAD (Plumbum).

Symbol, Pb. Atomic weight, 206.4.

Lead was mentioned in the Old Testament. Tt is one
of the most abundant of metals, and has been found in a

free state, but this is not common. The common ore of
lead is galena, or lead sulphide, PbS, a mineral i'ound in

all parts of the world, and from this is produced the lead

supply of the world. Lead is easily reduced from this ore.

Roasting of galena in a reverberntory furnace at first

changes a part of the sulphide of lead into snl])hate of
lead, by absorption of oxygen. An increase of heat now
produces metallic lead and sulphur dioxide, thus:

—

PbSO^ + PbS = 2Pb. + 2S0..
Lead Lead Lead. Sulphur

sulphate. sulphide. dioxide.

Commercial lead usually contains silver, antimony, cop-

per and iron, and may contain nickel, zinc and bismuth.
These impurities are of little consequence, however, as

they are seldom in large proportions. Antimony renders
it hard.

Lead melts at 334° C, is a soft bluish metal, not elas-

tic, and is volatile at a white heat. It may be rolled into

sheets, and becomes covered with a film of oxide u])on

exposure to moi.st atmosphere, and rapidly oxidizes when
heated in a current of air. Dilute nitric acid dissolves it,

but other dilute acids, as a rule, scarcely affect it. Metal-
lic lead is extensively employed in the arts, and on ac-

count of its softness, low melting jioint, and capacity to

resist the action of ordinary Avater and most dilute acids,

is a valuable metal. The salts of lead are poisonous, and
workmen engaged in white lead works, painters, etc., are

subject to its effects.

Lead Acetate.— Formula, Pb2CoH30.,.3H.,0. Molecu-
lar weight, 3780.

Synonym?..—Plumbi acetas. Acetate of lead. Sugar
of lead.

Experiment.—Mix two parts of officinal acetic acid with
one part distilled water in an evaporating dish, and add
to the mixture one and one-half parts of oxide of lead
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(litharge). Heat the mixture on a water bath, with
occasional stirring, and when the acid is neutralized filter

it. Evaporate the filtrate until a pellicle forms, add a

little acetic acid, phice the solution in a cool situation to

crystallize. Drain the crystals and dry them on paper in

a cool situation.

As thus prepared, sugar of lead is obtained in the form
of transparent needle-like crystals, but when made on a

large scale it crystallizes in masses. Upon exposure it

effl')resces, and ultimately becomes, in ])art, converted
into carbonate of lead, from absor})tion of carbon-dioxide

from the air; therefore, it is often necessary to add a lit-

tle acetic acid in dissolving acetate of lead. It is soluble

in about two i)arts of cold water, in half its weight of

boiling water, slightly soluble in ordinary alcohol, but is

insoluble in ether. If it dissolves completely in water
slightly acidulated with acetic acid (absence of traces of

sulphate and chloride of lead), and the solution is free

from blue tinge (cojiper), and has not the odor of coal

gas, it may be considered ])ure enough for ordinary pur-

poses. Zinc may be pi-esent, and even calcium and ba-

rium, but they are not likely to occur in large amount.

Sugar of lead is an active poison.

Treatmeni.—Give solution of sulphate of magnesium
(Epsom salt), or sulphate of sodium (Glauber's salt), or

alum, or sulphate of potassium, and if vomiting does not

take place, give an emetic of sulphate of zinc, or use the

stomach pump. Let the patient drink freely of milk, and

unless Epsom salt has been administered, give castor oil

after the stomach has been evacuated by vomiting. For

treatment of chronic cases of lead poisoning see treatises

on poisons.

Solution of Subacetate of Lead is officinal in our phar-

macopoeia under the name liquor plumbi subaceiatis. This

was originally made by Goulard, and the common name
for the solution at present is GoularcVs Extract. It forms

the preparation known as Goidard^s Water when it is

mixed with eighty parts of distilled water. This solu-

tion is not a definite compound, but a mixture of basic

acetates. According; to the U. S. P. Goulard's Extract
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is made as follows :
" Take of acetate of lead sixteen

troy ounces; oxide of lead, in fine powder, nine troy

ounces and a half; boiling water a sufficient quantity.

Put the acetate and oxide into four pints of boiling water,

in a glass or porcelain vessel, and boil for half an hour,

occasionally adding boiling water to preserve the measure
;

then filter through paper. Lastly, keep the liquid in a

well-stopped bottle."

Goulard's Extract is transparent, sweetish, astringent,

and alkaline to red litmus paper. It precipitates upon
exposure to the air, or U[)on mixing with ordinary water
(carbonate of lead), but mixes transparent with pure dis-

tilled water. All the lead may be precipitated with sul-

pluiric acid. It is poisonous, and the treatment is that

given for poisoning by acetate of lead.

Normal Lead Carbonate.—Formula, PbCO,. Molecu-
lar weight, 266.25.

This is a mineral known as cerxmte. It is found native

in the form of transparent crystals. It may be made by
])assing carbon dioxide into a weak solution of sugar of

lead, when it will precipitate. This is not used in medi-

cine, and is not the ordinary compound known as car-

bonate of had. Lead gives rise to several basic carbo-

nates, and the officinal carbonate of lead (white lead) is a

basic carbonate.

Lead Carbonate.—Formula, 2PbC03+Pb(OH)^. Mole-
cular weight, 772.82.

Synonyms.—Plumbi carbonas. White lead.

This is a very old compound, and strange as it may
seem, the original " Dutch process," for its manufacture
is preferred at present. This consists in placing rows of

earthen pots under sheds, pouring into each pot a little

acetic acid, placing above this, inside of each pot, a roll of
sheet lead, and covering the entire arrangement with tan-

bark. The heat of the decomposing bark eva])orates the

vinegar, this unites with the lead to form basic acetate
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of lead, and the carbon dioxide supplied from the decom-
posing organic matter of the bark converts this into white

lead. Several improvements have been suggested over
this crude method, and in Europe some patents have even
been taken, but it is doubtful if any })roccss gives a white
lead with tlie covering (body) power of the original. In
this city we know preference is given to the original article.

Common carbonate of lead is white, heavy, and amor-
phous, even under the microscope showing no crystalline

structure. It should dissolve in dilute nitric and acetic

acids without residue. It is turned black by sulphide of

hydrogen, and from this reason is not admired as a ]iaint

for laboratories or the buildings near sulphur s})rings. It

is adulterated by " baryta " (sulphate of barium) to a

very great extent, but this adulteration is admitted by
such as purchase cheap brands of white lead. In this

country the manufacturer's word is now considered a guar-

antee of the quality. Sulpiiate of barium will not dis-

solve in dilute nitric acid, therefore the adulteration is

easily detected. White lead is ])oisonous, and for the treat-

ment we refer the reader to acetate of lead, page 254.

Lead Chloride.—Formula, PbCi^.

Synonym.— Chloride of lead.

Lead will slowly combine with chlorine at ordinary

temperatures. Boiling hydrochloric acid with lead lib-

erates hydrogen and forms chloride of lead. Solution of

alkaline chlorides form j)recipitates of lead chloride with

solutions of lead salts. Hydrochloric acid acts on carbo-

nate or oxide of lead, chloride of lead resulting. There
are several basic chlorides of lead (oxy-chlorides) some of

which are native, as the minerals niallockite and mendi-
pite. A f )rm of oxy-chloride of lead, Pb(OII)Cl, is used

as a substitute f)r white lead in some countries, and is

made by a patented process. Turner's yellotc is an oxy-

chloride of lead. None of the compounds of chlorine

with lead are used in medicine. The antidote for lead

chloride is the same as that for acetate of lead.
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Lead Iodide.—Formula, Pbl^. Molecular weight, 459.46.

Synonyms.—Plumbi iodidum. Iodide of lead.

This may be made by dissolving metallic lead in hot

hydi'iodic acid, but the easiest process is that adopted by

the pharmacopoeia, essentially as follows :

—

Experiment.—Dissolve one part of iodide of potassium

in two parts of distilled water, and mix this with a solu-

tion of one part of ultrate of lead in six parts of distilled

water. Filter the liquid, and wash the preci])itate with

a little cold distilled water, then dry it on bibulous ])aper

by exposure to the atmosphere. Iodide of lead is a beau-

tiful yellow com))ound, soluble in 1235 parts of cold water

and 194 parts of boiling water (R, and S.), the solutions

being colorless. The s})ecific gravity is 6.1. It dissolves

freely in hot solution of chloride of ammonium, and an
interesting expei'iraent is to dissolve it in this manner in

a beaker glass, and observe the beautiful play of colors as

the light is reflected from the glittering scale-like crystals

during their formation. This is especially beautiful in

sunlight.

Lead Nitrate.—Formula, Pb(X03).^. Molecular weight,
3:i0.18.

Synonyms.—Plumbi ultras. Nitrate of lead. [Lead
saltpetre.] Normal lead nitrate.

Nitric acid, warm, acts upon lead, the result being
nitrate of lead. This salt is manufactured upon a large

scale by dissolving litharge in dilute nitric acid by the

aid of heat, and evaporating the solution to crystallization.

Nitrate of lead crystallizes in wdiite porcelain-appearing
crystals of an astringent, metallic taste. It dissolves freely

in water, with decrease of temperature and deflagrates

upon rubbing with sulphur. This salt is largely used in the
arts, as in dyeing, and is used in medicine, and in the ]>re]ia-

ration of iodide of lead. It forms, when boiled with water
and its weight of litharge, a compound, Pb(X03)0H,
which is a basic nitrate of lead. The antidote for nitrate

of lead is that suggested for acetate of lead.
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Lead Oleate. — Formula, Pb2C,gH330^. Molecular
weight, 767.16.

Synonyms.—Oleate of lead. Lead plaster.

When litharge is boiled -with olive oil, decomposition

ensues and oleate of lead and glycerin results. This com-
pound has long been familiar, under the name lead plaster,

and in addition numbers of ointments and nnofficinal plas-

ters contain oleate of lead as a base, either litharge or red

lead being boiled with various oils in their preparation.

Among such we name Mayer's ointment, black salve, etc.

Oleate of lead has been employed in medicine and is pre-

pared from oleic acid as follows : Place one hundred parts

of oleic acid in an evaporating vessel, and mix with it

twenty parts of pure litharge. Heat the mixture to a

temperature of 180° F., with stirring, maintaining the

heat until the litharge is dissolved. Oleate of lead, as

thus prepared, is a tenacious, sticky mass. In former

years the formation of lead plaster was used as a source

of glycerin.

Lead Oxide.—Formula, PbO. Molecular weight, 222.36.

Synonyms.—Plumbi oxidum. Oxide of lead. Lead
monoxide. Litharge.

This compound exists naturally as the mineral Nogge-

rath. It is formed when lead is simply heated in the air.

and has been known since ancient times. Litharge is made
by heating metallic lead in a draught of air, and scraping

from its surface the layers of oxide as they form. This

contains metallic lead, has a yellowish-gray color, and is

known as ma.ssicot. It is now more strongly heated in

the atmosphere whereby the lead is perfectly oxidized and
the mass partly fuses. The color of litharge may incline

from yellow to reddish. Litharge is often impure, contain-

ing iron, copper and carbonate of lead in small propor-

tion. It is largely employed in the arts.

Red Lea (J ^ Pb^O^, is either made from litharge or carbo-

nate of lead, by careful roasting at dull redness. There
are other oxides of lead, but they are of no particular

importance to physicians or pharmacists.
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Lead Sulphate.—Formula, PbSO^. Molecular weight,

302.22.

Syjionyms.—Plumbi sulphas. Sulphate of lead.

Sulphate of lead is found native and known as lead

vitriol. It is easily made by mixing the solution of an
alkaline sulphate with a solution cf a soluble lead salt,

the sulphate of lead precipitatino; as a white powder. It

has the specific gravity of about 6.2, is almost insoluble in

water, but dissolves in solution of many salts, su(!h as

acetate of ammonium and acetate of potassium. It is of

no particular importance.

Lead Sulphide.—Formula, PbS.

This compound occurs native as galena, and is the

natural .source of lead and its compounds, therefore it is

very valuable, but is not u.sed in the arts nor in medi-

cine. Sulphide of lead is thrown down as a black pre-

cipitate when sulphide of hydrogen is passed through a

solution of a salt of lead, and as we have said, is foi'med

when sulphide of liydrogen comes in contact with white

lead paint.

Tannate of Lead is made by pouring a solution of tannic

acid into a solution of nitrate of lead. It precipitates

nearly white, but when the precipitate is washed and
dried it changes to a l)rown color.

Tests for Lead.— 1, Pass sulphide of hydrogen through

a solution of a lead salt, black sulphide of lead is pro-

duced. If some other metals such as mercury and copper

are present, the reaction is identical, as the sulphides are

also insoluble and black. To identify lead, mix the pre-

cipitate Avith warm nitric acid, filter," add to the filtrate a

little sulphuric acid; a white precipitate will follow if lead

was present in the original solution.

2. If hydrochloric acid be added to a solution of a lead

salt (not too dilute) a white precipitate results. This dis-

solves in boilinc water and se]iarates when the solution

cools, as needle-like crystals. If the solution of the lead

salt is very dilute, the ]irecipitate fails to form. In such

cases perform the sulphide of hydrogen test.
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THALLIUM.
Symbol, Tl. (T). Atomic weight, 203.6.

ThaHIum is one of the recent discoveries, having been

identified by spectrum analysis in 1861, by Crookes. He
supposed it to be of tiie sulphur group, and considered it

a nou-nietallic element. In 1862, however, Mr. Lamy,
independent of Mr. Crooke'sdiscovery, prepared the ele-

ment in metallic form.

Thallium exists in many varieties of iron and copper
pyrites and in a few other minerals, and it is found in

some natural waters. The metal has a bluish tint, is very
soft, malleable, has the specific gravity 11.8, and melts at

the temperature of 290° C. It dissolves in dilute acids,

forms two oxides (monoxide TLO, and trioxide Tl.jOo)

and a hydroxide, TIOH. It forms salts, and is peculiar

in this respect, that it resembles the alkali metals in some
particulars, as in its alkaline hydroxide. On the other

hand, it resembles lead as an element, and its sulphide is

black. It is of no use in the arts, and none of its salts

are employed in medicine.

THE COPPER GROUP OF METALS.

COPPER, MERCURY, SILVER.

COPPER. {Cu2)ru7n).

Symbol, Cu. Atomic weight, 63.0

This metal is found native, and has been used by man
from pre-historic times. It occurs in many localities,

sometimes, as near lake Superior, in enormous masses. It

usually contains small amounts of silver, bismuth,^ lead,

iron, etc. It is unnecessary for us to go into the history

of copper smelting, and other processes for extraction of

the metal. Copper is sometimes found native in crystal-

line form, as octohedrons. Copper has a reddish color,

known as "copper-red," and when polished acquires a

bright metallic luster. It is very tough and malleable,
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but the admixture of certain other metals, and of sulphur,

renders it brittle. Excepting silver, it is the best known
conductor of electricity. It melts at a temperature less

than the melting point of gold and greater than that of

silver. When molten it has a greenish-blue color and
possesses the power of absorbing many gases.

Copper forms two series of salts, known as cuprous and
cupric salts. These correspond to the oxides, thus:

—

Cuprous oxide CuoO.
Cuprous bromide Cu.^Br.,.

Cu|)ric oxide...., , CiiO.

Cupric bromide CuBr^.

Of these two classes of salts, only the cupric salts are

of use in medicine, therefore we shall not consume space

by a study of the cuprous salts.

Alloys of Copper.—Brass is an alloy of copper and zinc.

Various qualities of brass are made, containing different

proportions of the elements, and as the proportion of cop-

per to zinc increases, the color of the alloy reddens. Coji-

per-zinc alloys are harder than copper. Occasionally

small amounts of other metals are added.

Antidotes.—The .salts of copper are poisonous. Usually
an overdose excites violent vomiting, and if this is not

the case, either an emetic or the stomach pump must be
employed. Mucilagiuoiis drinks, milk and raw eggs
may be given with advantage, and fine iron filings, (see

sulphate of copper). Copper poisoning, it is said, may
result from the copper in pickles, and even preserved
fruits, and in such cases the copper is derived frotn the

vessel in which they were prepared.

Copper Acetate.—Formula, Cu2C.,H30.,. Molecular
weight, 180.72.

Synonyms.—Acetate of copper. Cupri acetas. Cupric
acetate.

This is made by dissolving verdigris (sub-acetate of
copper) in acetic acid in excess, adding a little water,

filtering and evaporating the filtrate to crystallization.

Crystals of acetate of copper are small, dark green, or in-

clined to bluish, of a metallic taste and soluble in water.
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This salt is not used in mediciue, but the solution is

known in commerce as

—

Tindura Cupri Acetici Rademachei'i, or Rademacher's
tincture of acetate of copper. It is made by dissolving one
part of acetate of copper in crystals in ten parts of

warm water, and adding to the solution eight parts of al-

cohol. The original process of Rademacher was by the

double decomposition of crystallized sulphate of copper
and crystallized acetate of lead, and we prefer it at the

present day. It is as follows :

—

Take of crystallized sulphate of copper, and of crystal-

lized acetate of lead, each three (3) troy ounces; water,

seventeen (17) fluid ounces; alcohol, thirteen (13) fluid

ounces. Powder the the salts separately and then rub them
together in a mortar until they assume a pasty condition.

f

Then gradually add the water, and afterward the alcohol.

Place the mixture in a bottle, and after fourteen days,

carefully decant the clear dark green or blue solution

from the precipitate of lead sulphate, and filter it through
paper.

Copper Sub-acetate.—Formula, (CiiO)2C.H30o. Mo-
lecular weight, 196.68.

Synonyms.—Cupri subacetas. Sub-acetate of copper.

Oxy-acetate of copper. Cupric sub-acetate. Verdigris.

This compound is an article of commerce in a more or

less impure state. It is usually emj)loyed as a constituent

of horse liniments, and for this reason the article is seldom
required pure. Verdigris is made in countries where wine
is produced, the manner of preparation being as follows:

Grape husks are permitted to ferment, and during the

action placed in layers in contact with partly corroded

tThis, and tbo process for making tincture of acetate of iron, illus-

trate in a beautiful manner the liberation of v,'ater of crystulliza-

tion. In this instance the reaction is explained as follows :

—

CuSOj.5H.,O+Pb20.JT.O.,.3H.,0=
PbSO^+Cu2C.Ji30.;-|-8H',0.

'

It will he observed that the combined waier of the two original salts

is I'qual to eight molecules, all of which are liberated^ for the result-

ant salts are anhydrous.
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copper plates. This forms acetate of copper, which is

changed into sub-acetate by subsequent wetting and ex-

posure to the atmosphere. Verdigris is an impure sub-

acetate of copper, containing oxide of copper. It

should mostly dissolve in ammonia, and either diluted

sulphuric, hydrochloric, or acetic acid. Effervescence

should not take place while making the solutions in the

acids.

Copper Arsenite, CuHAsOg, or Scheek's green, is

made by precipitating a solution of arsenite of potassium

with a solution of sulphate of copper. This was originally

prepared by Scheele and from him it derived the well-

known and common name. It is of a beautiful grreen

color and is extensively employed as a pigment both in

painting and in paper coloring. It is very poisonous,

although it is insoluble in water, for the acids of the

stomach render it soluble. The antidote is calcined mag-
nesia, freshly preci])itated ferric oxide, and albumen. Use
emetics and the stomach pump (see antidotes for arseni-

ous acid). Scheele's green is not used in medicine. There
are several native basic arseniates of copper, and they can

also be made artificially, but are of no interest as con-

nected with our subjects.

Copper Carbonate. (Carbonate of copper.)

This compound, known also as sub-carbonate of copper
and basic carbonate of co})per, is the compound formed
when sulj)hate of copper solution is preci{)itated by solu-

tion of sodium carbonate. It is of a greenish color, and
when freshly jn'ecipitated has the composition CuCO.^-f-

Cu(OH)o-fHoO. Upon drying the precipitate the water
escapes and a salt of the composition CuC03.Cu(0H).^
remains. The so-called copper rust which forms on me-
tallic copper by exposure to the air (sometimes called ver-

digris) is this compound. Carbonate of copper prepared
as above, dissolves perfectly with a green color in dilute

acids and with a blue color in ammonia water. The most
likely impurity will be sulphate of sodium which can be
detected by boiling the carbonate with water, filtering,
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and additio; solution of barium chloride to the filtrate ; a

white precipitate will show asalt of sulphuric acid. There

are other basic carbonates of copper, but none of use in

pharmacy or in medicine.

Oopper Hydroxide, or Capric hydrate, Cu(OH)^, is

made when a solution of sulphate of copper is ])recipi-

tated with the solution of an alkali. It has a blue color,

and dissolves in ammonia to form a deep blue liquid, and

to this fact we arc indebted f)r one of the tests for

copper. This solution will also dissolve cotton, linen,

and other modifications of cellulose.

Copper Oxide.

There are four oxides of copper, one only requiring

notice from us.

Copper Monoxide, Cupric oxide, Oxide of copper, (CuO),

or black oxide of copper. This is Ibund native as the

mineral melaconite, but is usually made by calcining the

carbonate of copper. For this purpose the -well washed
and dried carbonate of copper is pressed into a Hessian

crucible, and with a gradually increasing heat raised to

redness, and maintained at that temperature half an hour.

When nearly cool the black powder is placed in glass

stoppered vials.

Black oxide of copper is tasteless and odorless. It dis-

solves in dilute acids, and the addition of ammonia to

such solutions produces deep blue liquids, when the

ammonia is in excess, and greenish precipitates when the

ammonia is in small amount.

Copper Sulphate.—Formula. CtiSO.,. Molecular weisrht,

158 82. Crystallized—CiiSO^SII.O. Molecular weight,
248.62.

Synonyms.— Cupri sulphas. Sulphate of copper. Cupric
sulphate. Blue vitriol.

This salt may be made by mixing water and sulphuric

and nitric acids, then boiling the mixture in contact with
the co])per nntil all action ceases, and then crystallizing

the salt. Or it may be made by dis.solving in the same
manner copper scales obtained from the copper-
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smith. The sulphate of copper of commerce is obtained

as an incidental product in certain branches of the arts,

such as silver refining-, or is })roduced from co})per ores or

as a waste from cop})er mines, and as a consequence it

can not be made directly with a pecuniary object in a

small way. Sulphate of copper forms transparent, blue

crystals, of the specific gravity 2.28. It has no odor and
the taste is metallic and astringent The crystals effloresce

upon the surface in dry air, and turn white. At a tem-
perature of 240° C. it parts with the water of crystalliza-

tion, and forms a white anhydrid, which absorbs water
from the air and becomes blue. At a red heat decompo-
sition ensues and black oxide of copper remains. Sulphate
of copper dissolves in about its weight of boiling water,

and in about three and one-half jiarts of cold water. It

is an emetic. Tlie solution of sulphate or other cupric

salt de])Osits metallic copper upon a bright blade of iron

or steel, and this fact has suggested the use of iron filings

as an antidotefor poisoning by copper salts. Sulphate of

copper forms a compound with ammonia known as

—

Ammoniated Copper. (Ammoniated sulphate of cop-
per.)—Formula. CuS04.4NH3.H^O.

This may be made by rubbing powdered sulpliato of
copper with ammonia water until the sulphate dissolves,

and then mixing the solution with alcohol, and collecting

the precipitate which forms, and drying it quickly. This
salt decomposes upon long exposure to the air, the result

being a basic sulphate of copper and sulphate of ammo-
nium. Ammoniated copper dissolves in one and one-half

parts of cold water, but decomposes in a large amount
of water (Wittstein). This salt is occasionally u.sed in

medicine, and is made by rubbing together one ])art of
sulphate of copper and one and one-half parts of officinal

carbonate of ammonium, and drying the ]>asty mass
quickly. As thus obtained it is a variable compound.

Tests for Copper.— Sulphide of hydrogen throws down
black sulphide of copper from solutions of the co]i]ier

salts. This precipitate dissolves in warm niti-ic acid, the
solution having a green color. The addition of ammonia

23
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in excess changes the color to dark bUie. When ammo-
nia water is slowly added to the solution of a copper salt

a green precipitate forms at first, but this redissolves when
the ammonium readies an excess, a dark blue liquid

resulting. When solution of potassium ferrocyanide is

added to the solution of a cupric salt, a red brown pre-

cipitate results. This precipitate is insoluble in dilute

acids, but dissolves in ammonia water. If a strip of

bright iron be introduced into the solution of a copper
salt the metal will be deposited upon its surface.

MERCURY. {Hydrargyrum).

Symbol, Hg, Atomic weight, 199.8.

Mercury is also known as quicksilver. It has been

known since the day of the alchemists, and at one period

they believed it to be the fundamental principle of all

metals. Mercury is found in many parts of the world as

an oxide, cinnabar. Most extensive mines are in Spain

and California.

Mercury is a very interesting substance, standing iso-

lated among metals, for it is fluid at ordinary temperatures.

It resembles silver in appearance, and is so heavy that

iron and stone float upon its surface, as cork upon water.

Commercial mercury is usually impure, and when a glob-

ule of it is permitted to flow over a clean surface, a "tail"

remains, caused by the presence of dissolved metals.

Mercury may be purifled by distillation, the surface of

the metal, during the operation, being covered with iron

filings. Pure mercury is fluid at ordinary temperatures.

It is silver-white, and is said to be transparent when in

thin films, transmitting a blue light. Its specific gravity

at 0° C. (32°F.)is 13.595. Mercurv freezes at —39.4° C.

and boils at 357.25° C.

Compounds or mixtures of mercury with other metals

are called amalgams. When the proportion of mercury
is large, the amalgams are liquid. When the other metal

is in large proportion the amalgam is pasty or granular.

In combining with metals, heat may be either liberated,

as with sodium, or absorbed, as with tin. Amalgams
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are very unstable, if they really are true clieniical com-
pounds. It is customary to speak of dissolving metals in

mercury. None of the amalgams are of interest in a

pharmaceutical sense, but the principle of making them
may be illustrated by rubbing a clean copper coin with a

little metallic mercury, when a silver color will be pro-

duced. Metallic mercury is used extensively in the re-

fining of silver and gold, in thermometers and like instru-

ments, in silvering mirrors (amalgamated with tin), and
in many other branches of the arts. Kubbed with con-

fection of roses it forms

—

Pilulse Hydrargyri or PiUs of Mercury, commonly
known as blue mass. This is made as follows, according

to the U. S. P.

Take of mercury, three hundred and eighty-five grains;

confection of rose, live hundred and seventy-six grains;

liquorice root, in fine powder, one hundred and ninety-

two grains. Rub the mercury with the confection until

the globules cease to be visible; then add the liquorice

root, beat the whole into a pilular mass, and divide into

three hundred and eighty-four pills. It is customary to

prepare and sell this article to druggists in mass.

Unguentum Hydrargyri, or Mercurial Ointment, is

made as follows :

—

Take of mercury, twenty-four troy ounces; of lard and
suet, each, twelve troy ounces. Rub the mercury with a

troy ounce of the suet, and a small portion of the lard,

until the globules cease to be visible ; then add the re-

mainder of the lard and of the suet, soften with a gentle

heat, and mix them.
It will appear as though the properties of the above

named preparations should resemble those of metallic

mercury, but it has been demonstrated that metallic mer-
cury has no action upon the animal economy when swal-

lowed, even in large amounts. Some have argued that "ex-
tinguished " mercury (rubbed with other substances until

globules are not visible to the eye) is in reality, partly an
oxide, and thus account for its action. It seems to the
writer, however, that tlie.fii)ie_state. j)f CQiaminutip.u>.aud
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extent of surface produced, is sufficient to give the juices

of the stomach and intestines an opportunity to act ujion

the metal which is inij)ossible with a few hirge giobuU\s.

Mercury in the state of vapor is poisonous, and many of

its salts are very poisonous. It forms two oxides, HgoO,
mercurous oxide; and HgO, mercuric oxide. It also

forms two classes of salts, which correspond to the two
oxides and are known as mercurous salts, and mercuric

salts, thus :—Hg.-,!., is the lowest iodide, while Hgl^ is

the highest iodide. Both mercurous and mercuric salts

are used in medicine.

Mercurous Chloride.— Formula, Hg^CU. Molecular
weight, 470.34.

Synonyms.—Hydrargyri chloridum mite. Mild chlo-

ride of mercury. Calomel. Subchloride of mercury.

This compound may be made by direct combination of
its elements. By acting upon a solution of mercurous
nitrate with dilute hydrochloric acid, or with a solution

orf common salt (chloride of sodium). A very old process

is to distill a mixture of mercury, mercuric sulphate and
common salt. This last is the ])resent officinal process.

It is unnecessary for us to reproduce it in detail, as calo-

mel is never made in a small way, and few desire to pre-

pare it even for the sake of experiment.

. Calomel is a white powder; when made by sublimation

it is in larger particles than Avhen made by precipitation,

and many physicians claim that the precipitated article is

preferable. It is tasteless, odorless, and evaporates at a

red heat, but does not fuse. It is insoluble in water,

alcohol, and ether ; and distilled water boiled with it after

filtration yields no precipitate with ammonia or nitrate

of silver, (absence of soluble salts of mercury). With
solution of caustic ])otash it turns nearly black, suboxide

of mercury being formed. A preparation known as " black

wash," is made by mixing calomel with lime water.

Mercurous Iodide.—Formula, Hg.,I.,. Molecular weight,

G32.G6.

Synonyms.—Hydrargyri iodidum viride. Green iodide

of mercury. Protiodide of mercury.
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This salt is made by rubbing together mercury and
iodine, or by triturating mercuric iodide (red iodide of
mercury) with metallic mercury, or by the action of solu-

tion of mercurous nitrate upon solution of iodide of
potassium.

According to the U. S. P., one troy ounce of mercury
is to be rubbed with three hundred grains of iodine, half

an ounce of alcohol being added to the mixture. I prefer

to place the alcohol in the mortar first. The result is to

be washed with stronger alcohol until the washings cease

to produce a cloudiness when dropped into water. The
elements combine directly to form mercurous iodide, yet

at the same time an uncertain amount of mercuric iodide

is always formed, and this is separated by the subsequent
treatment with alcohol, in which it is soluble. It is

doubtful, however, if commercial mercurous iodide is ever
free from mercuric iodide.

Green iodide of mercury is a greenish-yellow powder,
insoluble in water and alcohol. When treated with
stronger alcohol, the filtrate should scarcely cloud distilled

water when dropped into it, and should leave but a faint

red stain upon porcelain after evaporation. It sublimes
as yellow crystals (Yvon) when heated to 250° C. Mer-
curous iodide becomes of a red color when heated.

Mercurous Nitrate.—Formula, Hg2(N03)2. Moleculaw
weiglit, 523.38.

Synonym.—Nitrate of mercury.

When mercury is dissolved in cold nitric acid, especially

if dilute, this compound is produced according to the fol-

lowing equation :

—

2Hg3 + 8HNO3 = 3Hg2(N03)2 4- 4H,0 + 2N0.
Mercury Nitric acid iMercurous nitrate. Water Nitric oxide.

The chemistry of this salt is of little interest, in a phar-
maceutical sense, excepting that its solution is produced
as a preparatory step in making citrine ointment. How-
ever, in this case, the after action of the hot grease leaves
it problematical as to the composition of the salt which
enters into the constitution of the ointment. Often also,
the action of the nitric acid upon the mercury, produces
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heat sufficient to form a portion of mercuric nitrate, and
perhaps where strong nitric acid is used, the mercuric

nitrate is in largest proportion.

Mercurous nitrate is sohible in dihite nitric acid and in

a small proportion of water, but an excess of water pro-

duces a basic salt. It crystallizes with two molecules of

water of the mouoclinic system of crystallization.

Mercurous Oxide.—Formula, Hg^O. Molecular weight,

415.56.

Synonyms.—Sub-oxide of mercury. Black oxide of
mercury.

This is obtained by acting upon mercurous salts with

the caustic alkalies. It is seldom used in medicine, if we
may except the so-called black-wash prescribed by physi-

cians, and which is made by authority of the British piiar-

macopceia by mixing thirty grains of calomel with ten

fluid ounces of lime-water. Mercurous oxide is of a

blackish-brown color, and is easily decomposed by certain

organic substances, into metallic mercury and mercuric

oxide.

Mercuric Ammonium Ohloride.—Formula.NHoHgCl.
Molecular weight, 251.18.

Synonyms.—Mercuric-ammonium chloride. Hydrargy-
,runi ammoniatum. Ammoniated mercury. Infusible

white precipitate. White precipitate.

This salt has the composition of ammonium chloride,

NH4CI, excei)ting that two atoms of hydrogen are dis-

placed by one atom of mercury. It is made by pouring

a solution of corrosive sublimate into excess of ammonia
water, the reaction being as follows:

—

HgCl^ H- 2NH4OH = NH,HgCl + NH.Cl + 2H,0.
Mercuric Ammonia. Ammoniated Ammonium Water.
chloride. mercury. chloride.

Experiment.—(U. S. P. proportions.) Dissolve six

parts of corrosive sublimate in ninety-six parts of distilled

water by aid of heat, cool the solution, and stir into it

eight parts of ammonia water. Wash the jirecipitate by
decantation with distilled water, then dry the precipitate

in a cool dark place.
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Ammoniated mercury is a white powder, insoluble in

water and alcohol, but soluble in muriatic acid. Lime
water will not blacken it. When heated it decom])Oses

at less than redness without fusing, and is entirely dissi-

pated, the products being calomel, nitrogen, and ammo-
nia gas, thus :

—

6NH2HgCI=3Hg.Clo+N. + 4NH3.

Ammoniated mercury should not be mixed Avith iodine

and alcohol, as this will produce a dangerous explosion.

There are many other mercuric-ammonium compounds,
none of interest from a pharmaceutical sense, however,
excepting

—

Mercuric-diammonium Chloride. (Fusible white
precipitate.)—Formula, (]SrH3),,HgClo.

This may be made by boiling ammoniated mercury with

solution of chloride of ammonium, or by precipitating

solution of mercuric nitrate with sal-ammoniac and carbo-

nate of potassium. At one time this compound was con-

fused with ammoniated mercury (XHoHgCl). Fusible

white precipitate melts at a temperature less than redness.

Mercuric Chloride. — Formula, HgCl^. Molecular
weight, 270.54.

Synonyms.—Hydrargyri chloridum corrosivum. Cor-
rosive chloride of mercury. Perchloride of mercury.*

Bichloride of mercury. Corrosive sublimate. Mercurius
sublimatus corrosivus.

Bichloride of mercury is produced when mercury is

heated in chlorine gas, but in practice it is made by sub-
liming mixtures of sulphate of mercury (mercuric sul-

phate) and chloride of sodium (common salt), mixed with
a small amount of manganese dioxide. The reaction may
be exjjressed as follows :

—

HgSO^ + 2NaCl = HgCl., -f Na,S04.
Mercuric Podium Mercuric Sodium
sulphate. chloride. chloride. sulphate.

Sometimes mercuric sulphate is contaminated with
mercurous sulphate. In that case calomel will be formed
and sublime with the corrosive sublimate. The addition



272 CHEMISTRY OF MEDICINES.

of a little black oxide of manganese (manganese dioxide)

to the mixture previous to heating it, liberates a small

amount of chlorine gas during the reaction, and this con-

verts the calomel (Hg.Cl.,) into corrosive sublimate

HgCl,.
Corrosive sublimate occurs in commerce as white masses,

semi-transparent, presenting a crystalline fracture. It

dissolves in twice its weight of boiling water, but is much
less soluble in cold water. It dissolves in three parts of

alcohol, four parts of ether, and crystallizes from solution

in four-sided prisms. It is very heavy, having a specific

gravity of 5.403. Heat melts and then volatilizes it.

With many chlorides corrosive sublimate lornis double

chlorides, which are as a rule more soluble in water than

corrosive sublimate. This fact is taken advantage of for

making "bed-bug" poison, equal weights of corrosive

sublimate and sal-ammoniac being dissolved in water for

this purpose. Mercuric chlorides form a number of basic

chlorides, which may be obtained bv boiling a solution of

corrosive sublimate with mercuric oxide. Corrosive sub-

limate has a sharp metallic taste and is an active poison.

The best antidote is albumen, with which it forms an in-

soluble compound, and for this reason white of eggs

should be given at once. If ecrgs can not be obtained

milk may be freely administered, or linseed and warm
water. In all cases vomiting must be provoked as soon

as possible, by the use of emetics, or the stomach emptied
with a stomach pump. All of the soluble, and many of

the insoluble salts of mercury are active poisons. The
general treatment is that which we have mentioned for

corrosive sublimate.

Mercuric Cyanide-—Formula, Hg(CN)2. Molecular
weiglit, 251.76.

Synonyms.—Cyanide of mercury. Hydrargyri cyanidum.

This is made according to the U. S. P. by distilling a

mixture of fcrrocyanide of iron, sulphuric acid and water,

and neutrallizing the distillate with red oxide of mercury
and evaporating the product in a dark place to crystalli-

zation. It may be made more simply by dissolving red
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oxide of mercury (red precipitate) in dilute hydrocyanic
acid, filtering, and evaporating the filtrate to crystalliza-

tion, the reaction being as follo^ys :

—

HgO 4- 2HCX = Hg(CN)2 + H,0.
Mercuric Hj'drocyanic Cyauide of Water,
oxide. acid. mercury.

Scheele discovered this compound, obtaining it by boil-

ing Prussian blue, water and red oxide of mercury to-

gether. Cyanide of mercury is insoluble in pure alcohol,

but dissolves in eight parts of water. It crystallizes iu

needles, and when heated, decomposes, giving oiF cyanogen.
When hydrochloric acid is added to the solution of cya-

nide of mercury, chloride of silver is formed as a white
precipitate, and hydrocyanic acid is set free, thus:

—

2HCl+ Hg(CX)2=HgCl2-f-2HCN.

Cyanide of silver is sometimes employed for the pur-
pose of making hydrocyanic acid.

Mercuric Iodide—formula, Hglj. Molecular weight,
452.86.

Synonyms.—Hydrargyri iodidum rubrura. Red iodide

of mercury. Bin iodide of mercury.

Experiment.— Dissolve one part of corrosive sublimate

in tiiirty parts of water, and ])our into this solution a

solution of one-fourth ])art of iodide of potassium in

eight parts of water. Wash the precipitate with dis-

tilled w-ater, and dry it by exposure to the air on bibu-
lous pa])er. When solution of iodide of potassium is

slowly poured into solution of corrosive sublimate,

mercuric iodide is formed, and chloride of potassium,
thus:

—

HgCl2 4- 2KI = H<rl2 + 2KC1.
Mercuric Potassium Mercuric Potas-^ium
chloride. iodide. iodide. chloride.

It will be noticed that as the first portions of the
solutions come together, a yellowish cloud forms, which
immediately dissolves; after a little, it ceases to dissolve,

turns red, and precipitates. This precipitate will dis-solve

in an excess of either solution, therefore, it is nece.ssary to

have the components iu proper proportion. Red iodide

24
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of mercury is a brilliant, deep-red or scarlet, crystalline

powder, it turns yellow Avhen heated to 150° C. (302° F.)

and regains the red color upon cooling. It" red-iodide of

mercury be melted and tiieu cooled, it remains yellow, but
a blow from a hard body at once turns the mass to red.

It dissolves in solution of chloride of sodium, in hot al-

cohol, in solution of corrosive sublimate or in solution of
iodide of potassium; but is insoluble in water. It also

dissolves in solutions of many ammonium salts and soluble

iodides, forming double compounds. If red iodide of
mercury be adulterated, the i'act can be discovered by
subliming it, or dissolving it in hot alcohol, when the im-
purities will remain. A specimen that once came under
our notice nicely crystallized, contained a considerable

amount of scaled glass. Red iodide of mercury is very
poisonous, and great care must be taken that it is not
mistaken for the green iodide, and substituted where that

salt is intended. We can not name a reliable chemical

antidote; the main dependence must rest Avith mucila-

ginous and albuminous drinks, emetics, and the stomach
pump.

Mercuric Oxide.—Formula, HgO. Molecular weight,

215.76.

Synonyms.—Hvdrargyri oxidum rubrum. Red oxide

of mercury. Red preci])itate. Mercuric monoxide.

This was originally obtained by heating mercury some
length of time in the air. It is made on a large scale by
heating a mixture of nitrate of mercury and metallic

mercury until red fumes cease to be evolved. TheU. S. P.

directs that nitrate of mercury alone, be heated " until

red vapors cease to be evolved." Few ^\W\ care to make
this article for the sake of experiment, and it can not be

made on a small scale to any pecuniary advantage. Red
oxide of mercury is a bright red crystalline powder, which
in a strong heat turns black, then decomposes, evolving

oxygen ; metallic mercury remaining.

When solution of corrosive sublimate is poured into

solution of caustic potasii, a yellow precipitate falls which
has the comjiosition of red oxide of mercury, the reaction

being as follows :

—
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HgClg + 2K0H = HgO -f 2KCI + H^O.
Mercuric Caustic Meiciiiic Poiussium Water,
chloride. potash. oxiue. chloride.

This compound is a very finely divideil precipitate, but
otherwise is identical with the red oxide. It is distin-

i;ui.shed in the [)harniacopoeia under the name '^hydrar-
(jyri oxidum flavum, or yellow oxide of mercury."
Red (and yellow) oxide of mercury is poisonous, the

antidotes being, albumen, mucilaginous drinks, etc., as

with corrosive sublimate.

Mercuric Nitrate.—Formula, Hg(N03)2. Molecular
weight, 323.58.

Synonym.—Nitrate of mercury.

This salt is made by dissolving mercury in hot nitric

acid. It is of no particular interest to the pharmacist or

physician, as it is not used in medicine, if we may except

its problematical existence in citrine ointment. If it be

desired pure, mercury must be boiled in nitric acid until

a portion of the solution ceases to produce a precipitate

wiien dropped into solution of sodium chloride. The
solution stains the skin a dark red. When strong nitric

acid is added to a concentrated solution of mercuric
nitrate, crystals (R. &S.) of the composition Hg2(ISr03)2-

4-H^O, separate.

Mercuric Sulphate. — Formula, HgSO^. Molecular
weight, 295.62.

Synonym.—Sulphate of mercury.

This salt is made by heating mercury in sulphuric acid.

Experiment.—Heat one part of mercury in a porcelain

dish on a sand-bath, with one and one-half parts of sul-

phuric acid, stirring constantly with a porcelain spatula,

until the mercury disappears and a white powder remains.
It is necessary that this reaction be performed in the open
air or beneath a good flue, that the sulphur dioxide (sul-

phurous acid gas) evolved may escape, together with ex-
cess of sulphuric acid. The reaction is as follows:

—

Hg2 -f 4H2SO, = 2HgS0, + 4H,0
-f- 2SO2.

Mercury. Sul|)huric Mercuric Water. Sulphur
acid. sulphate. dioxide.
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Sulphate of mercury is a white powder, sohil)le in sul-

phuric acid. It turns yellow upon heating. Suli)hate of

mercury is seldom, if ever, used in medicine, but of late

years has come into demand with j)hysicians, as it is em-

ployed with some galvanic batteries. When boiled with

water it deconijioses, a yellow basic salt (oxysulj)hate) re-

maining, HgsSOc. This is officinal in the pharmaco-

poeia as

Hydrargyrl Sulphas Flava.
Synonyms.—Yellow sulphate of mercury. Turpeth

mineral.

It is made by boiling four parts of mercury with six

parts of sulphuric acid and then pouring the white pow-

der (sulphate of mercury) into boiling water, washing the

precipitate repeatedly with water, and drying it. Turpeth

mineral is but little used at the present day.

Mercuric Sulphide.—Formula, HgS. Molecular weight,

231.78.

Synonyms.— Hydrargyri sulphuretum rubrum. Red
sulphuret of mercury. Red sulphide of mercury. Cinna-

bar. Vermillion.

Sulphide of mercury occurs native, often as distinct

crystals, and is then known under the name einMa6ar. It

is made artificially, both by wet processes and by subli-

mation. To make it by sublimation, mercury is triturated

with flowers of sulphur in proper proportion, until a brown
powder results, then the mixture is sublimed. By the wet

process, the brown powder obtained by rubbing mercury

with sulphur is boiled with a solution of caustic potash

until the precii)itate reaches the proper color, when it is

at once washed in cold water aud dried. Manufacturers

use various proportions of sulphur and mercury. The
British Pharmacopoeia recognizes fortv parts of mercury
and eight ])arts of sulphur, mercury being ]io\ji'ed into the

melted sulphur. Many diiferent shades of Vermillion are

made, and they depend in ]iart U})on the ju'oportion of

free sulphur present. Sulphide of mercviry dissolves in

concentrated hydriodic acid, sulphide of hydrogen being
liberated. It also dissolves in nitro-muriatic acid, with
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liberation of sulphur. If it sublimes perfectly the usual

adulterants are absent, for red lead and oxide of iron

will remain. Some chemists admit the existence of

—

Mercurous Sulphide, Hg.,S, but exception is taken to

this by excellent authorities, who protest against the ex-

istence of such a compound, stating that the black sulphide

is simply an amorphous form of the red.f

Black sulphide of mercury is made by triturating to-

gether equal weights of sulphur and mercury, until the

globules of mercury disappear, and a black heavy powder
remains. This is known as jEtldops iniveral and may
well be accepted as a mixture of sulphur and amorphous
mercuric sulphide.

Tests for mercury.—Place a strip of clean zinc partly

covered with gold foil in a solution of any mercury salt.

The gold will become covered with a thin white metallic

film. Heat the strip to redness, and the mercury is vol-

atilized.

Acidulate the solution of a salt of mercury with a little

hydrochloric acid and immerse in it a strip of bright cop-

per. Mercury will be deposited as a silver- like coating,

and upon heating the copper to redness the film will dis-

ap|)ear.

Sulphide of hydrogen forms precipitates with solutions

of any salt of mercury. This is insoluble in excess of the

precipitant and is black. It is insoluble in sulphide of
ammonium. To distinguish this from other black sul-

phides, boil the precipitate with dilute nitric acid and then
wash it well with water and dissolve it in the minimum
amount of nitro-muriatic acid, and add a slight excess of

ammonia water, and then a slight excess of hydrochloric

acid. Examine this solution with the metallic copper test.

Mercurous salts form white precijiitates with soluble

chlorides, and these turn black upon the addition of am-
monia. They precipitate black with caustic potash or

caustic soda.

t " Mercurous sulphide does not exist, a mixture of metallic mercury
and mercuric sulphide being produced in oases in which its forma-
tion might have been expected." (Roscoe & Schoriemmer.)
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Mercuric salts precipitate yellow with caustic potash or

caustic soda. They yiehl scarlet precipitates if carefully

added to solutiou of potassium iodide, but this precipi-

tate dissolves in excess of either reagent.

SILVER (Argentum).

Symbol, Ag. Atomic Aveight, 107.66.

Silver occurs native, sometimes in large ma.sses. It is

usually present in lead and copper ore in small propor-

tion. Usually native silver is contaminated with gold

and copi)er and other metals. The waters of the ocean

also contain silver. It is unnecessary for us to notice the

processes employed for rhe extraction of silver.

Silver (bullion) of commerce is never pure, always con-

taining traces of other metals. Silver is the best known
conductor of electricity. It is soft, pure white, tough and
malleable, can be highly polished, and crystallizes in form
of the regular octohedrou. When heated to Avhiteness

in the oxyhydrogen flame, silver volatilizes, boils, and
completely distills. Silver dissolves in nitric acid, but

not in hydrochloric acid. Silver tarnishes upon exposure
to the air, consequent upon the formation of sulphide of

silver. For this reason silver ware turns black in the

neighborhood of sulphur springs, as do the coins n])on

the persous of those exposed to sulphide of hydrogen. The
specific gravity of the various forms of silver are given by
investigators as follows :

—

Distilled Silver 10.575
Fused Silver 10.424 to 10.511

Pressed Silver 10.57

Silver is employed extensively in the arts for electro-

plating etc. Silver coin is an alloy containing various

proportions of cop]>er, according to the country Avheuce

it is issued. Metallic silver is not used in medicine, but

is employed for silvering surgical instruments and as a

fine wire or thread for surgeons use. Few of the salts of

silver are employed in medicine.
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Silver Cyanide.—Formula, AgCM". Molecular weight,
i:i3.64.

Synonyms.—Argenti cyanidum. Cyanide of silver.

This salt is officinal in the U. S. P., but is never ad-

ministered internally as a remedy. It is made according

to the above authority by a circuitous process, hydrocyanic

acid being first prepared and this decomposed with nitrate

of silver. It mav be made by dissolving a little nitrate

of silver in distilled water, and then adding dilute hydro-

cyanic acid to the solution until in excess A white curdy
preci|)itateat once forms which must be washed, collected

on a filter paper, and dried (all in the dark) by exposure

to the atmosphere. The reaction is as follows :

—

AgN03 + HC^ = A^CN + HXO3.
Silver Hydrocyanic Silver Nitric

nitrate. acid. cyanide. acid.

Cyanide of silver is white, but turns brown by expo-
sure to light. It dissolves in ammonia water, but not in

dilute nitric acid. It forms soluble double salts with
cyanides of the alkali metals and with cyanides of the

alkaline earth metals. Hydrochloric acid decomposes it,

chloride of silver being formed and hydrocyanic acid

evolved, thus :

—

AgCN -t- HCl = AgCl -f HCI^.
Silver Hydrochloric Silver Hydrocyanic

cyanide. acid. chloride. acid.

If cyanide of silver be mixed with dilute sulphuric
acid, and strips of metallic zinc be placed in the mixture,
the zinc will dissolve, the cyanide of silver decompose, and
metallic silver will precipitate. This is generally consid-
ered pure silver when washed and dried, but it is almost
an impossibility to separate the adhering substances by
this method. Stas has suggested the emplovment of
caustic potash and milk-sugar for the purpose of reducing
the silver from a very pure cyanide. Cyanide of silver
is only employed in a pharmaceutical sense for the extem-
poraneous preparation of dilute hydrocyanic acid.
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Silver Nitrate.—Formula, AgN03. Molecular weight,
l(i9.55.

Synonyms.—Argenti ultras. Nitrate of silver.

This has been known from a very early day, and is used

extensively in the arts, in photography, and in medicine.

Nitrate of silver may be easily made by dissolving pure
metallic silver in dilute nitric acid, evaporating the so-

lution to crystallization, and afterward dissolving the

crystals in water and recrystailizing. According to the

U. S. P., two parts of silver are dissolved in two and one-

half parts of nitric acid previously mixed with one jiart

of water, heat being employed. The solution is then

evaporated to dryness, heat being applied until the mass
melts, when it is stirred until nitric acid vapors cease to

escape. It is then cooled, dissolved in water, the solu-

tion filtered, and the filtrate evaporated to dryness. The
object of the heat in the above case is to rid the salt of

co|)per.

Nitrate of silver crystallizes in transparent plates of

the rhombic system. The s]>ecific gravity is 4.328 and its

melting point 198° C. (388.4° F.) It is permanent in the

air when pure, unless organic matter is present, when it

blackens. The taste is acrid and metallic, and in laige

doses it acts as a corrosive poison, destroying the mem-
branes with wdiich it comes in contact. The crystals aie

odorless, soluble in their weight of cold water, and are

more soluble in hot water. When ammonia Mater is added

to a solution of nitrate of silver, a preci])itate first forms,

then, as the ammonia is increased, it redissolves. This

solution deposits crystals of the composition, AgNO^-f
2NH3, upon evaporation. The foregoing ammoniated
solution of nitrate of silver is often used in connection

with a solution of pyrogallic acid, to color hair black.

Nitrate of silver is a strong ]ioison, and the antidote

should be a soluble chloride, sal-ammoniac, or common
salt, brine being usually convenient. The stomach ]mni|>,

or emetics should be also employed, and followed dv

mucilaffinous drinks.



SILVER. 281

Silver Oxide. — Formula, Ag,0. Molecular weight,
231.28.

Synoi^yms.—Argenti oxidum. [Silver hemioxicle.J

Tliis is easily prepared by the simple process of the

U. S. p., as follows:

—

"Take of nitrate of silver, four troy ounces; distilled

water half a pint; solution of potassse, a pint and a half,

or a sufficient quantity. Dissolve the nitrate of silver in

the water, and to the solution add solution of })otass8e as

long as it produces a precipitate. Wash this with water

until the washings are nearly tasteless. Lastly, dry the

precipitate, and keep it in a well stoppered bottle, pro-

tected fi'om the light."

The above is explained by the following equation :

—

2AgN03 + 2KOH = Ag.,0 + 2KNO3 + H.O.
Silver Potassium Silver Potassium WuLer.

nitrate. hydrate. oxide. nitrate.

Oxide of silver is a brown or almost black powder. It

dissolves in 3000 [)arts of water, rendering the solution al-

kaline, reacts with acids to form salts, decomposes partly at

250° C, completely at 300° C, parting with all its oxygen,
pure silver remaining. It should never be made into

pills with essential oils, tannin, and like organic sub-

stances, nor rubbed with sulphur or the metallic sulphides

or phosphides; as with these or other easily oxidizable

substances combustion may ensue. The substance
known as

—

Fulminating silver, or ammonia-silver oxide, is made by
dissolving silver oxide in ammonia water. The actual

composition of this substance has never been ascertained,

few caring to experiment even with very small amounts of
it. Fulminating silver is among the most dangerous of
explosive substances, a slight jar sufficing to decompose
it, the detonation being terrible from even a few grains.
It should never be made by the experimenter.

Silver tetrantoxidc (argentons oxide),Ag^Oj, is made from
silver citrate by heatino; it in a current of hydrogen, and,

Silver peroxide or dioxide, AgjOj, produced by the
action of ozone on silver oxide(AgoO), or when a galvanic
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current is passed through a solution of nitrate of silver,

Neitlier is of interest.

Many other salts of silver are known, few, if any, of

interest to the pharmacist. We may briefly mention the

following :

—

Silver Bromide, AgBr, found native in Chili and Mex-
ico. This salt may be made by precipitating a solution

of nitrate of silver with a solution of hydrobromic acid

and drying the precipitate. The precipitate is white, but

darkens upon exposure to light, therefore it should be

prepared in darkness Bromide of silver dissolves in hot

hydrobromic acid, concentrated ammonia, and solution of

nitrate of mercury. It melts by heat, turning red.

Silver Chloride, AgCl. This is the mineral known un-

der the name horn-silver, occurring in many parts of the

world. It may be easily made by adding hydrochloric

acid to solution of nitrate of silver, the chloride of silver

separating as a white curd. It must be dried in darkness,

for exposure to light turns it gray.

Chloride of silver is white, insoluble in water, but freely

soluble in ammonia water (forming a double salt, ammo-
nio-chloride of silver, 2AgCl+ 8XH3), and in solution

of chloride of ammonium, and in solution of chloride of

sodium. When mixed with dilute hydrochloric or sul-

])hnric acid, metals, such as iron or zinc, if immersed,

will ])recipitate metallic silver upon their surface. The
specific gravity of chloride of silver is 5.5.

Silver Iodide, Agl, occurs as a mineral in many locali-

ties, but may be made by direct combination of silver and

iodine, or by dissolving metallic silver in hydriodic acid,

thus :

—

2HI -f 2Ag = 2AgI 4- 2H.
Hydriodic acid. Silver. Silver iodide. Hydrogen.

Iodide of silver may best be made by double decompo-
sition between solution of iodide of pota.ssium and solu-

tion of nitrate of silver, the result being iodide of silver

(which precipitates yellow) and nitrate of potassium

thus :

—

KI + AgNOg = Agl -f KNO3
Potassium Silver Silver Potassium
iodide. nitrate. iodide. nitrate.
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Iodide of silver, when dried, is a bright yellow ])owder,

of specific gravity 5.687 (precipitated). It contracts by
lieating until the temperature of 70° C. (158° F.) is

reached, and expands again on cooling. It is not altered,

if pure, by light. Ammonia dissolves it sparingly.

Silver Phosphate, Ag3P04. This is the normal phos-
phate of silver, and is made by pouring a solution of

phosphate of sodium into a solution of nitrate of silver

until precipitation ceases. It is yellow, and insoluble in

water. This salt is of no importance.

Pyrophosphate of Silver, Ag^PaO^, is white, and may be
made by double decomposition between solutions of pyro-
phosphate of sodium and nitrate of silver.

Silver Sulphate, Ag2S04. This salt may be made by
digesting carbonate of silver with dilute sulphuric acid,

but is most readily made by double decomposition be-

tween concentrated solution of nitrate of silver and of

sulphate of sodium, the precipitate being Avashed with

water and dried. The reaction is expressed by the fol-

lowing equation :

—

Na.SO^ -I- 2AgN03 = Kg^m, + 2NaN03.
Sodium bulpliiitc. Silver nitrate. v>-ilver sulphate Sodium nitrate.

Sulphate of silver is a white, odorless, crystalline pow-
der, soluble in 200 parts of cold water, and about 70 j^arts

of hot water. It dissolves freely in dihite sul])huric or

nitric acid. Light gradually changes it to gray with de-

composition.

Silver Sulphide, AggS, may be made by passing sul-

phide of hydrogen into a solution of niti-ate of silver. It

is black, insoluble in water, but soluble in hot nitric acid.

The brown or yellowish stain on silver ware is usually

caused by the formation of this compound, and coins in

the pockets of workmen exposed to sulphide of hydrogen
often become black. Silver Sjioons blacken from the

sulphur of eggs. Tea will also blacken silver ware, the

result in this case being ^awna^e of silver. Ammonia will

remove this latter stain.

The soluble salts of silver are poisonous, the antidote
being in all cases that recommended for nitrate of silver,

(see page 280.)
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Tests for Silver.—To the solution of a salt of silver,

add hydroeliloric acid until it ceases to produce a precip-

itate. Boil this precipitate with an excess of distilled

water (to dissolve lead chloride), and collect the insoluble

precipitate on a filter. Add this precipitate to ammonia
water. It will dissolve, if it be pure silver chloride. If

a gray mas^ remain (mercurous chloride) filter from it the

animoniacal solution, and to the filtrate add, very care-

fully, nitric acid until the excess of ammonia is neutral-

ized ; there will then occur a white precipitate of silver

chloride. If the silver salt be insoluble, mix it with so-

dium carbonate and fuse before the blow-pipe flame, on a

charcoal support. A bead of silver results which can be

dissolved in nitric acid, and this solution examined as

before stated.

CERIUM GROUP OF METALS.

CERIUM, LANTHANUM,
DIDYMIUM, TERBIUM,
ERBIUM, YTTRIUM.

The elements of this group are rare, and excepting

cerium, of no value in the arts or medicine. It is very

troublesome to separate them from each other. They are

derived from minerals, mostly rare, obtained from Green-

land, Scandinavia, and Siberia. Brief reference shall be

made of each of the elements, but it is unnessary in this

work to consume space with the processes ada})ted by ex-

perimenters for their extraction, or to notice their salts.

CERIUM.
Symbol Ce. Atomic weight, 141.2.

Cerium was discovered by Klaproth (1803) and simul-

taneously by Berzelius and Hisinger, the source being a

Swedish mineral. Mosander obtained it by heating

chloride of cerium with sodium, and afterward Ilille-

brand and Norton by electrolysis of the chloride. In
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color cerium resembles iron, it tarnishes in moist air,

passing through various shades of yellow, blue and green.

It is hard, malleable when warm, and may be drawn into

wire. It melts between the melting points of silver and
antimony. It burns in the air like magnesium, but more
brilliantly, and when the metal is struck by flint the

particles separated scintillate beautifully. The specific

gravity of cerium is 6.628 before fusing, 6.728 after melt-

ing. Cerium forms two oxides:

—

Cerium Sesquioxide (cerous oxide), Ce._,0.^, a bluish

green powder, and

—

Ceriuia Dioxide (eerie oxide), CeO.,, M'hite or straw

colored. Neither is of interest. Cerium forms two
series of salts called cerous salts and eerie salts ; they cor-

respond with the oxides. The cerous salts are best under-

stood. Cerous oxalate is the only salt of this element
that is employed as a medicine.

Cerium Oxalate.
Synonyms.—Oxalate of cerium. Cerii oxalas.

Oxalate of cerium is made by a tedious process from
the mineral cerite. For its production the ])0wdered min-
eral is digested with hydrochloric acid. The solution is

evaporated to small bulk, treated with sulphide of hydro-
gen, diluted and filtered. Ammonia water is then added
in slight excess, the precipitate collected, washed with
water, dissolved by means of dilute hydrochloric acid, and
precipitated by solution of oxalic acid. This produces
crude oxalate of cerium, from which the impurities (lan-

thanum and didymium) are separated by calcining it,

whereby sesquioxide of cerium is produced with the ox-

ides of the other metals. The powder is then digested with

solution of sal-ammoniac, which dissolves all but the

cerous oxide. This is then dissolved in dilute hvdrochloric
acid, and oxalic acid solution added until in slight excess.

The precipitate of oxalate of cerium is then dried. It

will be observed that the obiect of the forepoing round-
about process is to obtain chloride of cerium, and that
from this the oxalate is in reality prepared by decoraposi-
tiou with oxalic acid.
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Oxalate of cerium is a white powder, soluble in sul-

phuric and hydrochloric acids. It decomposes when
heated in a current of hydrogen gas, cerous oxide (sesqui-

oxide) remaining. It is tasteless, but grits between the

teeth, seeming to make them adhere together when moved
upon each other. It should not eifervesce when dropped

into dilute acids. The other salts of cerium do not re-

quire attention from us.

DIDYINIIUM.

Symbol, Di (D). Atomic weight, 147.0.

This metal was prepared by Marignac in the manner in

which cerium was produced by Morlander, and afterward

was obtained by Hillebrand and Norton, from the fused

chloride by electrolysis. Didymium resembles cerium in

appearance, but is darker, and inclined to a yellowish tint.

It burns in the air ; has the specific gravity of 6.544

;

forms an oxide of the composition, DioOg, and gives rise

to a series of sweetish, rose colored salts, of no general

interest or importance.

ERBIUM.
Symbol, Er. Atomic weight, 169.0.

This element has never been isolated, but its oxide

(EraOg), under the name e?'6/a, is familiar to experimental

chemists. A series of rose colored salts are known; they

react acid, and are astringent to the taste.

LANTHANUM.
Symbol, La (L). Atomic weight, 139.0.

Lanthanum was prepared by heating the chloride of this

element with potassium (Mosander), and by electrolysis

of the fused chloride (Hillebrand and Norton). It is an

iron-gray metal, tarnishes in the air, is malleable, and

burns when heated in a flame. It combines with both

chlorine gas and bromine vapor, evolving heat and light,

oxidizes in \vaterand dissolves quickly in diluted sulphuric

and diluted hydrochloric acids, hydrogen gas being rapidly
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evolved. It is not affected by concentrated oil of vitriol.

The salts of lanthanum are colorless and have never been

applied to any practical use.

YTTRIUM.
Symbol, Y. Atomic weight, 93.0

This metal (mixed with erbium) was obtained by
i:Jerzelius by fusing potassium witii the chloride. It

fields an oxide, Y2O3, and a line of salts which are of

no value.

ALUMINIUM GROUP OF METALS.

ALUMINIUM. GALLIUM. INDIUM.

These elements form sulphates, and these sulphates

unite with sulphates of the alkali metals to produce

double salts, which crystallize in regular octohedrons.

Aluminium salts are of value in medicine and the arts,

but the salts of gallium and indium are of no importance.

ALUMINIUM.
Symbol, Al. Atomic weight, 27.3.

Alum has been known from an early period, but until

1827 the element which entered into its composition was
unknown ; then Woehler prepared it by fusing chloride of
aluminium with potassium. In combination, it is among
the most abundant of elements, being found in almost all

rocks and soils, and composing the bulk of many minerals
or even mountains. Clays are disintegrated felspars, col-

ored with metallic oxides. Strange as it may seem, the

higher orders of plants do not contain even traces of any
compounds of aluminium, but certain cryptogamic plants

yield it in abundance. Aluminium is now made in con-
siderable amounts by mixing together alumina, chloride
of sodium, and coal dust; heating the mixture in up-
right furnaces and passing into it chlorine gas. Double
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chloride of aluminium and sodium distil, and after con-

densation is mixed with cryolite (aluminium and sodium

fluoride) and sodium, and the mixture is fused, Avheu

aluminium more or less impure separates in the moltea

state. Aluminium is white and may be polished. When
pure it does not oxidize in the air, it conducts electricity

better than iron, fuses at about 700° C. and dissolves in

solutions of the caustic alkalies, hydrogen escaj)ing. It

dissolves freely in hydrochloric acid, slightly in dilute sul-

phuric, and readily in solutions of the cyanic acids ryixed

with solution of salt. Aluminium forms an alloy with

copper which can scarcely be distinguished from gold,

and which is used in making philosophical apparatus and

jewelry. Aluminium is very light, having the specific

gravity of but 2.67, and for this reason is used for making
small weights. The common salt of aluminium is

—

Alum, (Ammonium alum).—Formula. (NH^)oAl24S04.-
24E[.,0. Molecular weight, 904.94.

Synonyms. — Aluminium and ammonium sulphate.

Aluminii et ammonii sulphas. Sulphate of aluminium
and ammonium. Ammonia-alum. Alum. Alumen.
Ammonia alum is now officinal in the U. S. Pharra.

and is made in practice by digesting clay with sulphuric

acid, lixivating the mass with water, filtering, and adding
sulphate of ammoniumf to the filtrate when crystals of
ammonia-alum form. The properties of this are almost
identical with those of potash-alum, but when it is tritu-

rated with a caustic alkali the odor of ammonia is evolved,

and when it is heated to redness alumina remains, with

escape of ammonia. Both this, and jiotasli alum, are

usually contaminated with iron, which strikes a blue color

with ferroeyanide of potassium, but the impurity is gen-

erally unimportant. Ammonia-alum dissolves in about
eight parts of water at 20° C (68° F.) and rather less

than one-fourth part of water, at the boiling point of water.

t Sulphate of ammonium is now abundantly producod as a side

product of gas manufacture, which accounts for the cheapness of the
ammonia-alunii
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Aluminium and Potassium Sulphate. (Potasli alum.)
Formula, £^A1^4S04,24H20. iMolecular weight, 947.

Synonyms.—Akiminii et potassii sulphas. Potassa

alum. Sulphate of aluminium and potassium. Alnm.
Alumeu.

Potash alum was officinal in the Pharmacopoeia of the

United States, 1860, but the alum employed in medicine

and the alum of commerce at this day, is the ammonium
ahim, now oificinal. The composition of potash alum is

represented at the beginning of this article, but some
chemists prefer to express it, Al., (804)3+ 1^^804+ 2'iH.,0.

Potash alum is made from alum-stone (the mineral alu-

iiite), and others of like nature, and from clay, by the

action of sulphuric acid, which forms sidphate of alumi-

nium. This is dissolved in water, and subsequently

mixed with suli)hate of potassium, which produces the

double salt. For many years ammonia-alum was also

principally used in Earo[)e, but the potash beds of Stassfurt

supj)ly chloride of potassium so abundantly that ])otash-

alum has superseded ammonia-alum, even in England.

Potash-alum crystallizes in transparent regular octohe-

drons. It is astringent to the taste, insoluble in alcohol,

but is very soluble in boiling water (one part of water

dissolving about three and one-half parts of alum). One
p:irt of cold water dissolves rather more than one-fourth

part of alum. The crystals absorb ammonia and turn white

on the surface when exposed to the air, melt at 92° C.
(197.6° F.), and at above 100° C (212° F.) part with all

their water of cry.stallization, " burnt alum " remaining.

When it is heated to redness the odor of ammonia is not

apparent, and the residuum consists of a mixture of sul-

phates of aluminium and potassium. Potash-alum does

not evolve the odor of ammonia when it is triturated with
caustic potash. When an alkali is slowly added to solu-

tion of alum the precipitate thrown down redissolves to a

certain ]->oint ; when the precipitate ceases to redissolve, if

tiie addition of alkali be suspended it will be found that

the solution is neutral. This is used in the arts for dye-
ing, under the name neutral alum.

25
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Dried Alum.
Synonyms.—Alumen exsiccatum. Burnt alum.

'' Take of alum, in coarse powder, four troy ounces,

place it in a suitable vessel, and subject it to a tempera-

ture not exceeding 400°, until the residue weighs two troy-

ounces and one hundred and twenty grains ; then, when
cold, reduce it to a tine powder."

—

U. S. P.

By this process the largest part of the water of crystal-

lization is expelled. Burnt alum is a white, porous, light

substance, very astringent, and is considerably employed
in medicine. When burnt alum is mixed with bicarbo-

nate of sodium, and the mixture is moistened, carbon
dioxide escapes and sulphates of both sodium and alumi-

nium are formed. Advantage is taken by some of this fact

to prepare cheap baking-powder. The use of this, how-
ever, should be discountenanced, inasmuch as so much
aluminium sulphate is objectionable in food.

Aluminium Sulphate.—Formula, AU (SO.) 3 Molecular
weight, 342. U6. Crystallized — Al., (80^)3. 18H,0.
Molecular Aveight, 665.34.

Synonyms.—Aluminii sulphas. Sulphate of aluminium.
Concentrated alum.

This preparation is officinal in the jiharmacopceia and
is prepared by mixing solutions of equal weights of alum
and carbonate of sodium, washing the precipitate well

with water and then dissolving it by means of sulphuric

acid and evaporating this solution to crvstallization. The
process is explained as follows ; alum, and sodium carbo-

nate when mixed yield hydroxide of aluminium, thus:

—

Al2(N'H,)2(SO,)^ + 3N:i,C03 -I- BHjO =
Alum. Sodium cuibouate. Water.

A1,(0H)^ 4- SNajSO^ -\~ (NH,),SO, -f SCOj.
Aluminium PodiTim Ammonium C;irt)on
hytiioxide. sulphate. sulpliate. dioxide.

The sulphates of sodium and ammonium are washed
from the precipitated aluminium hydroxide, which i.s then

di.ssolved by means of suljihuric acid, forming sulphate
of aluminium in the following: manner:

—



GALLIUM. 291

Al^COH), + SH^SO, = Al2(SO,)3 + eii^o.
Aluiuiuuiiu Sulptiuric Aliiiniuiu.;! W ;aer.

h>droi:i(lu. acid. bulj.jtiaie.

Sulphate of aluminium is a white powder, soluble in its

weight of water and of a peculiar acidulous, astringent,

not unpleasant taste. The solution precipitates witli a

small amount of caustic potash, but this precipitate re-

dissolves in an excess of that article. It melts when
heated in its water of crystallization.

Aluminium Hydroxide, or hydrate of aluminium,

Al2(01i),;, is of interest, since it may be employed to

prepare other salts of aluminium in the manner given for

making sulphate of aluminium. Thus, if the gelatinous

precij)itate, Al2(OH)6+2H20, l)e dissolved in cold acetic

acid,

Acetate of Aluminium results, as explained by the

following equation :

—

Al.,(bH)g + GHCaH^O^ = Al.GC^H.O, + 6TT,0.
Alumiuiuiii tijilioxide. Acetic aciu. Aluminiiim utctaie. Water.

Acetate of aluminium is also made (impure) by double de-

composition of acetate of lead and alum. It is u.sed as a

mordant in dyeing cloth.

Chloride of Aluminium, AI.XIr, results when hy-
droxide of aluminium is dissolved in dilute hydrochloric
acid, the reaction being explained as follows :

—

Al,(OH)g -f- 6HCI = Al.,Cle + 6H.,0.
Aluminium Ilydrochloric Aluminium Water,
hydroxide. acid. chloride.

This salt is hygrosco])ic and has the composition, wlien

crystallized, of Al.^Clfi.l2H.^O. In an impure form it is

used in solution as a disinfectant and deodorizer. There
are many other compounds of aluminium wliich are em-
])loyed in tlie arts, chiefly as mordants, but none are of

interest to the physician.

GALLIUM.
Symbol, Ga. Atomic weiirbt, fi9.8.

This metal is a late disoovorv, liaving been noticed for

the first time by L. de Boisbaudran, in the year 1875.
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He detected it by means of spectrum analysis, and its

separation was etiected by means of electrolysis of the

alkaline solution.

Metallic gallium has a bluish-white color, is tough, ox-
idizes upon exposure to the air, and has the specific grav-
ity of 5.9. It does not volatilize at redness. Gallium
melts at 30.1° C. (about 86° F.), and the molten metal

refuses to harden even when reduced to 0° C. (32° F.)

unless it be touched with a piece of solid gallium, when it

immediately solidifies. Gallium forms an oxide, Ga^O.^.

A few of its salts have been studied, but as yet the com-
pounds of the element are little known, and of no use.

INDIUM.
Sj-mbol, In. Atomic weight, 113.4.

This metal was discovered in 1863 by Reich and Hichter.

It was detected by spectrum analysis, the origin being

certain zinc-blendes. The method of production is tedious

and unnecessary for us to notice. Indium is white, mal-

leable, softer than lead, and of the specific gravity 7.42.

It melts at 176° C. (348.8° F.), does not oxidize in the

air, and forms an oxide, luoOj, and a hydroxide, luj-

(Oll)g. There is a series of indium salts, but they are

of interest neither in the arts nor medicine.

THE METALS OF THE IRON GROUP.

COBALT. MANGANESE.
IRON. NICKEL.

Three of the group are employed in medicine, cobalt

being the exception.

COBALT.
Symbol, Co. Atomic weight, 58.6.

Cobalt is not found pure. The ores of cobalt have been

emploved for a considerable period to color glass blue. In

1735 Brandt identified the element, and Bergman and
others afterward supported his discovery.



IRON. 293

The ores of cobalt are found in a limited number of

places and are very impure, containing large quantities of

arsenic, iron, nickel, and other elements. The chief ore,

an impure arsenide of cobalt, is sold in commerce under

the name, cobalt or fly-stone, for the purpose of poisoning

flies. Metallic cobalt is of no importance. It resembles

])olished iron ; has a specific gravity of from 8.5 to 8.7 ; is

tough and malleable, and harder than iron.

Cobalt forms two oxides

—

Cobalt monoxide CoO.
Cobalt scsquioxide CogOj.

Neither is employed in medicine. The former (cobalt

monoxide) gives rise to a series of salts known as cobalt-

ons salts. The latter (cobalt sesquioxide) forms cobaltio

salts. The ordinary salts of cobalt are of the first series,

and as such we may name chloride of cobalt, CoCio, nitrate

of cobalt, 00(^03)2.6HjO, etc. Cobalt salts are employed
in preparing the so-called sympathetic inks, for when free

from moisture they are usually of a blue color, but turn
pink when moist. When chloride of cobalt is made into

dilute solution the writing is invisible until warmed, when
it becomes blue, the color disappearing when the paper is

cooled.

Cobalt forms a number of ammoniacal com])ounds
known as cobaltamine salts, which are all characterized by
peculiar colors, red, blue, green, pink, and intermediate
shades. Cobalt unites with sulj)hur, with ])hosphorus and
with arsenic to form their respective compounds.

IRON. (Ferrum.)

Symbol, Fe. Atomic weight, 55.9.

This element is seldom found in the metallic form, but
its ores are very extensively distributed and in great
abundance. It is almost always present in meteoric
stones. Plants contain, and seem to demand it, and ani
nials find a small portion of iron necessary to existence

;

the red coloring matter of blood contains one-fourth of
one per cent.
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Iron of commerce is usually very inn)ure, and contains,

notably, carbon in greater or less proportion. Pnre iron

is produced by electrolysis; by reduction offerrous chlo-

ride in hydrogen gas, and by otlier processes which are

tedious and unnecessary to name.

Pure iron is almost silver-white, and is easily polished.

It has the specific gravity 7.84, and is very tenacions. It

softens at redness, and at a white heat can be melted. It

volatilizes in a vacuum under the influence of a strong

electrical discharge, and this is, to an extent, the case

when it is burned in oxygen gas. Iron is attracted by
the magnet, and in turn may be made magnetic Neither

dry oxygen, air, nor pure water free from air, affects it;

but moist air, or water containing air, soon covers it with

a coating of rust (ferric hydroxide). Iron burns in oxy-
gen gas when heated, also in vapor of sulphur, and com-
bines at high temperatures with carbon. All commercial
iron contains carbon. Cast-iron contains the largest

amount, wroiight-iron the smallest, and steel ]>roportions

between these extremes. Iron precipitates cop|)er from
solution, dissolves in many dilute acids, and forms two
basic oxides which in turn unite to produce the well

known magnetic oxide of iron (ferroso-ferric oxide). The
salts of iron are very numerous, and in medicine are, un-

doubtedly, emj)loyed in larger amount than tiie salts of

any other metal, and in addition are invaluable in the arts

and manufactories. A form of metallic iron in very finely

divided state is used in medicine and known as

—

Reduced Iron.

Synojiyms.—Ferrum redactum. Iron reduced by hy-

drogen. Iron by hydrogen. Quevenne's iron.

This is made according to the U. S. P. essentially as

follows :

—

Officinal sub-carbonate of iron is thoroughly washed
with water and then heated until it is free from moisture.

This is then placed in thin layer on a tray and the tray

is placed in an iron cylinder. Hvdrogen gas is then

made, purified, and ])assed into the cylinder, and this is

then heated, by means of a charcoal furnace, to dull red-
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ness, and the flow of hydrogen gas continued until the

iron is completely reduced.

The foregoing is explained from the fact that the heated

liydrogen deprives the ferric oxide (such in reality being

the contents of the tube) of its oxygen, forming water
which escapes, the iron being left as a fine powder,thus :

—

Fe,0, + Hg = Fe^ + -JH^O.
Ferric oxide. Hydrogen. IronT Water.

Iron by hydrogen is "a very fine gray powder Avithout

gloss; when heated in the air it bui'us to terric oxide. It

is completely soluble in warm, diluted hydrochloric acid,

with the evolution of hydrogen, which is indiflerent to

lead paper. When treated for half an hour, at the ordi-

nary temperature and with occasional agitation, with
twenty-five times its weight of solution of feriic chloride,

specific gravity 1.30, it is completely dissolved." (Schacht.)

According to the U. S. P., it should be readily ignited

with a lighted taper. Iron by hydrogen usually contains

magnetic oxide of iron (FcgO.,), which imparts a l)laek

color to the powder, and both the German and the British

Pliarmacopoeias permit the presence of fifty per cent, of

this article.

Iron forms two classes of salts which are known re-

spectively as ferric salts and ferrous salts. The ferric

salts contain the least ])ro])ortion of iron, thus:—FcgClf;

is ferric chloride, while FeCl.^ \^ ferrous chloride. By
comparing the foregoing it will be seen {\\Q.t ferric chlo-

ride contains two atoms of iron united with six atoms of

chlorine, while the ferrous chloride contains one atom of

iron in combination with two atoms of chlorine. When
iron is simply acted u])on bv dilute acids ferrous salts are

usually produced. From this reason Ave shall first con-
sider these lower salts of iron, as the ferrous class is often

designated.

Iron wire is generally directed as the form to be used
in pharmaceutical and chemical operations.; but iron

turnings from the iron foundry may be used instead.

In such cases care must be taken that brass or co]iper is

not present, and it is always necessary to wash the turn-
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ings well iu alkali water, to purify them from the grease

which is employed iu tlrilliug. Wrouglit-irou is prefer-

able to either cast-irou or steel.

FERROUS SALTS.

Ferrous Arseniate.—Formula, Fe32AsO^. Molecular
weight, 445.18.

Synonyms.—Ferri arseuias. Arseuiate of iron.

This compound is but little employed iu this country,

however, it is officinal in the British Pliarmaco])oeia.

It is made by dissolving three parts of acetate of sodium
and four parts of dried arseniate of sodium in thirty-two

parts of boiling distilled water, and mixing this solution

with a hot solution of nine parts of forrous sulphate in

forty-eight parts of distilled water, and drying the precip-

itate after having washed it well.

When the solutions are mixed a white precipitate is

produced of the composition expressed by our formula,

Fe32As04. This is not permanent, however, and as it

dries, absorbs oxygen from the air, passes through various
shadesof green and blue, finally becomingof a blue-green,

very nearly reseml)ling the dry precipitated ])hosphate of
iron. It now has the composition according to Maisch,
2Fe3A9,08.4FeAsO, Fe,03.32H20, and is a ferroso-ferric

arseniate. Arseniate of iron dissolves in many dilute

acids. It is tasteless and odorless, and the solution in

acids yields blue precipitates with both the red and the

yellow prussiate of potash. It may be mistaken for the

blue phosphate of iron, which it nearly resembles. In
ease it is necessary to apply a test, boil a small portion

of the powder with an excess of caustic soda solution,

filter, neutralize the filtrate exactly with nitric acid, and
then add solution of nitrate of silver. If ai'senic is pres-

ent a brick-red precipitate will be produced. This salt is

poisonous and cases of i)oisoning should be treated accord-

ing to the directions we have given under arsenious acid.
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Ferrous Bromide.—Formula, FeBr.,. Molecular weight,

215.4.

Synonyms.—Bromide of iron. Ferri bromidum.

Thi.s may be made by direct combination between bro-

mine and iron, or by dis.soiving metallic iron or red oxide

of iron in hydrobromic acid. The following from the

supplement to the American Di.spensatory i.s practical.

" Into a chemical flask introduce two fluid ounce.s of

distilled water and one troy ounce of clean coarse iron

turnings, or iron wire, and surround the flask with ice and
water; now add half an ounce (troy) of bromine, and
agitate occasionally, until the solution has almost lost its

red color; to the .solution, when cold, again add a like

amount of bromine, and, when the reaction is finished,

add another half ounce (troy) of bromine, and so continue

successively until a total of two troy ounces of bromine
has been used ; after each addition, permit the reaction to

cease, and the liquid to cool. Now warm the flask, and
Avhen the solution has acquired a greenish color, filter;

wash the excess of iron and the liberated carbon [the car-

bon is from the iron] with a little distilled water, and
filter into the former solution. Transfer this .solution at

once into a clean iron dish, placed upon a .sand bath, and
quickly evaporate, until a portion, removed upon a glass

rod, will solidifv upon cooling; then remove the dry salt,

immediately, into well-stoppered bottles."

—

K. & L.

Ferrous bromide is occasionally used in medicine. It

is made in large quantities for preparing bromide of po-

tassium.

Ferrous Carbonate. — Formula, FeCOj. Molecular
weight, 115.75.

This salt mixed with isomorphous carbonates of mag-
nesium, calcium and manganese, occurs native as the

spathose iron ore. It may be made by pouring a boiling

solution of ferrous sulphate into a boilino; solution of
sodium carbonate, a ichife precipitate of FeCOj resulting.

This raj)idly absorbs oxygen, passes through shades of
green and blue, and finally upon drying by exposure to
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the atmosphere it changes to brick red or a yellowish-rod

and is then ferric oxy-hydratt. This change may be partly

prevented by washing the precipitate quickly with hot
distilled water, squeezing and enclosing it at once in a

bladder and then drying it by exposure to the atmosphei-e.

The green powder will etfervesce with acids, carbon dioxide
being liberated. It must be immediately enclosed in glass

stoppered vials. This change of the carbonate into ferric

oxy-hydrate is prev<'nted, according to the pharmacopoeia,
by means of sugar and honey. When this mixture is,re-

duced to pill muss consistence it is recognized by the

U. S. p. as-

PilU'a Perri Oarbonatis, or pill of carbonate of iron.

This is the well-known VaUet's pill mass. Vallet's mass

should be of a greenish-gray color and of a stiff ])illular

consistence. It should not bo black throughout, but the

surface is of this color. It dissolves with effervescence

in dilute acids, carbon dioxide being evolved. If this

mass be quickly dried in a warm-air closet it produces the

Ferri Carbonas Sacharata. B. P. similar to the foregoing.

Usually, however, it is of a yellowish color. The so-

called sub-carbonate of iron of the U. S. P., made by
drying ferrous carbonate, is a ferric oxy-hydrate, Fe^Og-
Fe2(OH)p. It is of a yellowish-red color and is em-
ployed extensively in medicine under the aforesaid name
(sub-carbonate of iron), or is known as precipitated car-

bonate of iron. Both terms, however, are misnomers.

Immense quantities of this article are now produced in

the arts as incidental products. Often it is dried at high

temperatures, is of a brick-red color, and has the compo-
sition FcjOs.HaO. This dissolves with more difficulty

and should not be used in medicine.f

Ferrous Chloride.—Formula, FeClg. Molecular weight,

126.64.

This is easily prepared by the following

—

Experiment.—Digest in a porcelain dish one part of iron

turnings with f(mr parts of hydrochloric acid, previously

t See ferric hydroxide.
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diluted with two parts of distilled water; warm the

mixture, then filter it and evaporate carefully until the

bulk IS reduced to the measure of that of three parts of

the acid employed ; then add a little hydrochloric acid

and place the vessel in a cool situation to crystallize.

These crystals are of a bluish color, resemble ferrous

sulphate in appearance, and deliquesce in moist air, be-

coming first green and then yellow. They have the com-
position FeCl24HoO, are not used in medicine, but the

solution of ferrous chloride is made in quantities as the

first step in preparing ferric chloride.

Ferrous Iodide.—Formula, Fel.^. Molecular weight,
30896.

Synonyms.—Ferri iodidum. Iodide of iron.

Iodide of iron is made by mixing, in a porcelain dish,

two parts of iron turnings, sixteen parts of water, and
one i)art of iodine, and allowing the mixture to remain
in a cool place until the iodine dissolves. The dish is now
to be gently warmed, and when the solution is colorless

it is to be quickly filtered, then evaporated rapidly in a

clean iron vessel until a small portion removed upon an
iron wire will solidify. Now cool the dish and contents,

heat the dish quickly, and when the iodide of iron next

to the dish melts, slide the entire mass from the dish.

Break it into pieces and preserve it in glass stoppered

vials. Iodide of iron is a steel-gray, semi-crystalline mass
and a fresh fracture presents a metallic lustre. It melts

at 177° C (350° F.) and oxidizes upon exposure to the

air, iodine l)eing liberated. Iodide of iron is occasionally

employed in medicine for making pills, but the favorite

mode of administration is in connection with solution of

sugar which acts as a preservative, and is the pharmaceu-
tical known as- —

Syrupus Ferri lodidi, (Syrup of iodide of iron).

This is made (U. S. P.) by forming a solution of iodide

of iron from two troy ounces of iodine according to the

preceding process, excepting that a smaller proportion

of water is used. The solution is filtered into a sufficient
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amount of simple syrup to produce twenty fluid ounces.

Syrup of iodide of iron is of a pale green color. It

chuniios to yellow, red, or brown by age. Exposure
to sunlight will decolorize it if not too red. The change
may be to some extent prevented by adding to it a small

amount of hy[)ophosplu>rous acid.

Ferrous Lactate. —Formula, Fc2C3H-03.3H^O. Mole-
ciiliir weight, 287. 3ti.

Synonyms.-—Ferri lactas. Lactate of iron.

Lactate of iron is made by direct combination bet^veen

dihite lactic acid and iron. For this jiurpose tlie acid is

diluted with sixteen times its weight of water, and then

digested with iron turnings or iron wire in a warm situa-

tion until the reaction ceases, when the solution is filtered.

The filtrate is evaporated until a pellicle forms, and then

is ])1aced in a cool situation to crystallize. The reaction

is explained as follows :

—

4HC.,H503. + Fe., = 2F('2C3H,03 -|-2H2.
Lactic acid. Irou. Ferrous lactate. Hydrogen.

Lactate of iron is a granular crystalline mass or crust.

The taste is sweetish and fei-ruginous. It dis.solves in

twelve parts of water at 212° F. If moist it decomposes
upon exposure to the air, absorbs oxygen and turns red,

passing into ferric lactate.

Ferrous Oxalate.— Formula, FeCoO.,.H20. Molecular
weight, 16) 6i.

Synonyms.—Ferri oxalas. Oxalate of iron.

This is made by simply displacing the sulphuric acid

radical of ferrous sulphate with the radical of oxalic acid.

Essentially the process of the U. S. P. is as follows :

—

Dis.solve two troy ounces of ferrous sulj)hate in thirty

fluid ounces of water, and mix this with a .solution of

four hundred and thirty-six grains (436) of oxalic acid

in fifteen fluid ounces of water. Wash the precijiitate

well with distilled water, and dry it in the air. This is

a beautiful and simple exjieriment. Oxalate of iron is

almost in.soluble in water, therefore, this acid readily dis-

places the sulphuric acid from ferrous sulphate, the reac-

tion being expressed as follows :

—
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FeS0,.7H,0 4- H2C20,.2H20 =
Ferrous sulijhaie (cryst<illizi'(l) Oxalic aeitl.

FeC20,.H20. + H2SO., + 8H2O.
Feiroiis Oxalate. Sulphuric acid. Wnier.

When the solutions are mixed a dense, lemon-yellow
precipitate results. This must be washed until the free

sulphuric acid is removed. When dry, oxalate of iron is

a light, lemon-yellow crystalline powder, feeling like

lycopodium when ruhhed lietween the fingers. It is taste-

less, and when calcined yields ferric oxide. With iK-iling

solution of caustic potash, monoxide of iron (ferrous

oxide) results.

Ferrous Phosphate —Formula, Fe3(PO^)2. Molecu-
lar weight, 357.3.

Synonyms.— Ferri Phosphas. Phosphate of iron. Blue
phospliate of iron.

Phosphate of iron is made according to the U. S. P. by
mixing a. solution of six troy ounces of phos])hate of
sodium in four j)ints of water, with a solution of five troy

ounces of sulphate of iron in four pints of watei' ; the

precipitate is to i)e well washed with hot water and after-

ward dried. When the solutions are mixed, phosphate
of iron forms as a white ])recipitate, of the com})osition

Fe3(PO^)2. The exposure during the drying process is

accompanied by absorption of oxygen and the precipitate

changes to blue. The coni])osition mav tiien be expressed

(Stille & Maisch), Fe32PO,.FeP04.12H20. Vivianite is

a mineral which contains phosphate of iron, Fe3(P04)o+
8H2O. Phosphate of iron has a greenish blue color, is

tasteless and without odor. It sliould not dissolve in

water, nor should water yield an in.soluble residue after

digestion with it and subsequent evai)oration. Phosphate
of iron dissolves readily in dilute hydrochloric acid, the
solution is yellow, and with both the red and the yellow
prussiate of potash will yield blue precipitates.

Ferrous Sulpha^te.—Formula, FeSO^.TH^O. Molecular
weight, 277 44.

Synonyms.—Ferri sulphas. Sulphate of iron. Sul-
phate of protoxide of iron. Green vitriol. Protosulphate
of iron. Copperas.
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Experiment.—Digest iron turnings in dilute sulphuric

acid, until the acid is saturated. Filter this solution, add

a little sulpliuric acid to the filtrate and then evaporate

it to crystallization, and place it in a cool situation that

crystals may form.

When iron is digested with dilute sulphuric acid, the

hydrogen of the acid is displaced and lerrous sulphate

produced, thus :

—

2H.,S04 -f Fe., = 2FeS0, -f 211^.
Sulprmric acid. Iron. Ferrous sulphate. Hydro^ieii.

Some contend that the reaction is not nearly so simple.

Sulphate of iron is proiluced impure in large amounts,
and sold as green vitriol. In tliis case it is derived from
iron pyrites, or made by dissolving scraj) iron in commer-
cial dilute sulpliuric acid. In either instance it contains

sulphates of zinc, copper, or other metals. Sulphate of
iron forms raonoclinic crystals, of a bluish-green color.

When made in neutral solutions these quickly oxidize

and turn yellow, but the addition of an excess of suljihu-

ric acid to the solution before crystallization renders them
more stable. They effloresce in dry air, and when heated
in a vacuum produce a white powder, water e.sca])ing, the

residue being monohydrated ferrous sulphate,FeS04.H.^0.
If the heat be continued, anhydi'ous ferrous sulphate

FeSO.,, remains. Ferrous sulj)hate is insoluble in anhy-
drous alcohol and in ether, but dissolves in twice its

weight of cold water, and in less than half its weight of
water at 212° F. When ferrous sulphate is heated to

300° F. it fu.ses in its water of crystallization, and gives

oflp six molecules of water, a white powder remaining.

This is the

—

Ferri Sulphas Exsiccata, or dried sulphate of iron

of the pharmacopoeia, usually contaminated with a little

ferric oxysulphate, but this is of minor im])ortance.

Ferrous sulphate forms with sulphates of the alkali

metals double salts or alums. One of these

—

Ammonium Ferrous Sulphate, FeSO,(N"H,),,SO,.-
6H_,0, is used in photography and in certain analytical

operations. Sometimes it is improperly called ammonio-



IRON. 303

ferric alum. To prepare it dissolve a mixture of two

parts of ferrous sulphate and one part of ammonium sul-

phate in its weight of hot water, and permit the solution

to crystallize, evaporating it if necessary. Ammonium
ferrous sulphate is in the form of clear green or bluish-

green crystals. They change slightly in the air and have

a specific gravity of 1.813. This salt is not employed in

medicine and should not be confused with ammonio-ferric

alum.

Ferrous Sulphide —Formula, FeS. Molecular weight,

87.88.

Synonyms.—Sulphide of iron. Sulphuret of iron. Ferri

sulphuretum.

This compound is made by rubbing a roll of brimstone

against a bar of iron at a white heat, or bv heating in

a crucible alternate layers of iron turnings and flowers

of sulphur. It usually contains an exce.ss of iron, but as

the compound is sim])ly em})loyed for making liydrogen

sulphide the free iron is of no disadvantage.

Pure sulphide of iron is a yellowish, crystalline mass,

but that of commerce has usually a steel color. When it

is placed in dilute sulphuric or liydrochloric acid, ferrous

sulphate or feiTous chloride is respectively formed and
hydrogen sulphide is liberated. Thus with sulphuric

acid :

—

FeS + H,S04 = FeSO^ -f-
H.S.

Ferrous Sufphuric Ferrous Hydrogen
sulphate. acid. sulphate. sulphide.

Ferrous sulphide should be kept in a close vessel as it

oxidizes upon exposure to the air.

FERRIC SALTS.

These salts differ from the ferrous salts, inasmuch as

they contain a less proportion of iron. Ferric salts jn-e-

cipitate blue with ferrocyanide of potassium, but not with

ferridcyanide of potassium, although in the latter case

the solution changes in color to olive green.
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Ferric Acetate-—Formula, Fe26C;iH302. Molecular
weigh L,4G4. 96.

Synonym.—Acetate of iron.

This preparation can not be prepared dry, and is liable

to decomposition in the form of solntion. It is a favorite

ferrnginous preparation with many ])hysicians, and a so-

lntion of it is officinal in tiie British Pharma(!opoeia as

tinctura ferri acetatis. This is made by mixing two and
one-half flnid onnces of solntion of persulphate of iron

(B. P.) with eight tlnid onnces of alcohol, and adding this

to a solntion of two troy onnces of acetate of potassium

in ten fluid ounces of alcohol, and after an hour filtering.

Double decomposition ensues, sulphate of potassium is

formed and solution of acetate of iron. The sulphate of

potassium separates, as it is insoluble in alcohol.

According to the original process tincture of acetate of

iron was made from ferrous sulphate and crystallized ace-

tate of lead, double decomposition resulted, the product

being sulphate of lead and ferrous acetate. Tincture

of either ferric or ferrous acetate is of a red color, and has

an inky taste.

Ferric Chloride.—Formula, Fe.Cl,;, Molecular weight,

324.02.

Synojiyms.—Ferri chloridum. Sesquichloride of iron.

Chloride of iron. Perchloride of iron.

Ferric chloride is made according to the pharmacojia'ia

as follows:—dissolve two troy ounces of iron wire in

eight troy ounces of hydrochloric acid, then filter. To
the filtrate add four troy ounces of hydrochloric acid, and

having heated it to near the boiling ])oint in a porcelain

ca])sule, gradually add nitric acid until red fumes cease to

f)ll()W, aud the solution diluted with water will not give

a blue precipitate with ferridcyanide of pota.ssium. The
solution is now to be evaporated upon a sand-bath until

it weighs eight troy ounces and three hundred and sixty

gniins, when it is to be placed aside until it forms a crys-

talline mass.

AVhen ferrous chloride in solution is mixed with nitric

and hydrochloric acids and the mixture is heated, chlo-
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rine is evolved from the mixed acids and combines with

the ferrous chloride. Nitric oxide is also liberated and
escapes, thus:

—

6FeCl2 + 6HC1 + 2HXO3 = SFe.Cl^ + 2N0 +411,0.
Ferrous Hydrocliloiic Nitric Ferric cliloride. Nitric oxide. Water,
chloride. acid. acid.

Ferric chloride may be made by heating iron wire in

chlorine gas, or l)y passing chlorine gas in excess, into a

solution of ferrous chloride, and subsequently evaporating

the solution and crystallizing. Ferric chloride is an

orange-yellow, or red mass, presenting a crystalline frac-

ture. It dissolves freely in alcohol, water, and ether. It

absorbs moisture from the air and deliquesces. Ferric

chloride in solution should not yield a blue precipitate

with ferridcyauide of potassium. The officinal

—

Liquor Ferri Chloridi, or sohdion of chloride of iron,

is a solution of ferric chloride of specific gravity 1.355.

Three ti'()y ounces of iron are employed in ])rej)aring six-

teen fluid ounces of this solution and the precipitate ob-

tained from two fluid drachms of the solution, with ex-

cess of ammonia, when washed, dried, and ignited, will

weigh 28.25 grains. This pre[)aratiou is often sold on
the market under the name, " concentrated tincture of
iron,^' a term derived from the fact that it is mixed with
three parts of alcohol to make the officinal tincture of
chloride of iron, or muriated tincture of iron.

Ferric Oitrate. — Formula, Fc22CgH507. Molecular
weight, 488.88.

Synonyms. —[Insoluble citrate of iron.] Ferri citras,

Citrate of iron.

This is made according to the Pharmacopoeia by evap-
oration of the officinal solution of citrate of iron, there-

fore, in making citi-ate of iron we must refer to solution of
citrate of iron. The scaled compound sold on the market
as citrate of iron, is usually of a composition more or less

approaching the formula Fe,2CoIl507, but the uncertain
formula of our Pharmacopoeia is such as to ])ermit an
excess of either ferric oxide or citric acid. Solution of

26
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ferric citriite is acid in reaction, and possesses the power
to freely dissolve ferric oxide. The following process is

after the plan of that ot" the Pharniaco[)oeia, but more
definite as to the point of saturation of the acid.

Take of solution of persulphate of iron {tersnlj)liate of

the U. S. P.) one pint, mix it with iuur ])ints of cold dis-

tilled water, and stir into the mixture dilute ammonia
water until it is in slight excess. Then transfer the pre-

cipitate to a muslin strainer, and having permitted it to

drain, wash it well with cold distilled water, and until the

washings are nearly tasteless. Then transfer three-fourths

of the precipitate to a porcelain evaporating dish and mix
with it six troy ojinces of citric acid. Place the dish on

a steam or water-bath, and having applied heat, stir the

mixture until the ferric oxide and the citric acid are both

dissolved. Then place a thin layer of the solution on a

plate of glass, and dry it by a gentle heat ; if it separates in

scales, evaporate the solution to a syrupy consistence and
spread it upon glass, by means of a brush, and dry it. If

it adheres to the glass, add ferric oxide gradually, testing-

it from time to time, that the scaling |)oint may be deter-

mined. In case an excess of ferric oxide is present, the

dried salt will separate from the glass as dust. In this

case citric acid must be added to the solution.

Citrate of iron is found in market as yellowish-red

scales. It is perfectly, but very slowly dissolved by cold

water, readily by hot water, and very freely by dilute

ammonia water. It is used in medicine for making pills,

but for most purposes has been su])planted by citrate of

iron and ammonium.

Ferric Citrate and Ammonium.
Synonyms.—Ferri et ammonii citras. Citrate of iron

and ammoniuin. Soluble citrate of iron.

This is made by the ])harinaco|)oeial process, by mixing
ammonia water with solution of ferric citrate, evaporat-

ing the solution, and scaling the salt from the glass. We
find that, as made in this manner, the ])roportions vary to

such an extent, owing to the uncertainty of the compo-
sition of officinal citrate of iron, that the product is often
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troublesome to scale, and of varying soliiljilities. The
following process is recommended as an improvement.
Dissolve the ferric oxide from one pint of solution of per-

suli)liate of iron (tersulphate U. S. P.) by digesting it in

a porcelain dish, at the temperature of 180° F., Avith four

avoirdupois ounces of citric acid, and five tluid ounces of

solution of citrate of ammonium. (Solution of citrate of

ammonium for this purpose is made by dissolving eight

avoirdupois ounces of citric acid in an excess of ammonia
water, and evaporating the product until it is reduced to

the nieasure of sixteen fluid ounces.) When solution is

complete, evaporate the product to the consistence of

syrup, and dry by si)readiug it on plates of glass and ex-

posing it to the temperature of from 100° to 120° F.

Citrate of iron and ammonium is in garnet or dark red

scales, soluble in water, and gives off" ammonia when
calcined. It should not deliquesce in the air, and if this

is the case an excess of ammonia has been used in its

])reparation. In case the salt is finely divided and dusiy,

the oxide of iron is in excess. If it has a sour taste, and

an acid reaction, citric acid is in excess. Citrate of iron

and ammonium is usually jirescribed under the name
citrate of iron, or, soJnhle citrate of iron. It should be

sweetish to the taste, and its solution is neutral to litmus

pajx'r. This comjiound, in common with the other scale

preparations of iron, is of uncertain composition. It is

generally considered as a mixture, or a combination, of

ferric oxy-citrate with ammonio-ferric citrate.

Ferric Citrate and Quinino.

Synonyms.—Ferri et quinine citras. Citrate of iron

and quinine.

This preparation is made according to the pharmaco-

poeia by dissolving quinine in solution of citrate of iron,

and evaporating the solution to the consistence of syrup,

after which it is si>read upon glass and scaled. It dis-

solves very slowly in water, and therefore, is replaced in

commerce by a soluble salt containing ammonia. The
proportion of the U. S. P. is such that fifty grains of the

salt contain eight grains of quinine. The color of citrate
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of iron and quinine varies according to mode of prepara-

tion, ranging from yellowish-green to reddish-brown.

Ferric Citrate and Strychnine.

Syno)iyins.—Ferri et strychnire citras. Citrate of iron

and strychnine.

This as made by the pharmacopoeial process is simply a

mixture of strychnine citrate with araraonio citrate of iron,

in tlie proportion of about the one-hundredth part of
strychnine (one per cent.) It lias a bitter taste, but other-

wise resembles ordinary soluble citrate of iron.

Ferric Ferrocyanids.—FormuIa,Fe^FCv3, or Fe-Cvig,
orFe,(CN),e.

Synonyms.— Ferri ferrocyaniduni. Ferrocyanido of
iron. Prussian blue. Insoluble Prussian blue. Wil-
liamson's blue.

This salt is made by pouring a sohition of ferrocyanide

of ])otassium into a sohuion of ferric sulphate (tersul-

piiate U. S. P.) or ferric chloride, the ferric solution being

in excess. The reaction is often expressed Ijy the follow-

ing simple equation :

—

3K,Fcy + 2Fe2(SO,)3 = 6K,S0, -f Fe,Fey3,
rot.i^sium Ferric Putisiuin lorric

feriocyauide. sulphaie. sulphate. ferrocyuuidc.

Ferrocvanide of iron is a beautifnl blue bulky precipi-

tate, in.soluble in water. It is tasteless, and when dried

forms ma.ssesthat are permeated with crevices which cause

it to readily break into small ])ieces upon handling. The
appearance of the broken hunp is that of a beautifnl

bronze, and which yields by trituration a deep blue

powder. It is insoluble in dilute mineral acids, but with

solution of oxalic acid dissolves readily, and in this case is

known as soluble Prussian blue, and is sold for making
ink, or for washing purposes. This is not true " soluble

Prussian blue," which was discovered by Berzelius and is

Ferric Potassium Ferrocyanide.—This is made by
pouringa solution of ferric sulphate or ferric chloiide into

an excess of a solution of ])otassium ferrocyanide, and

afterward washing the precipitate until the chloride or
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sulphate of potassium is removed, and the washings turn

blue. This compound has the composition

It will dissolve in pure water, and the solution is precipi-

tated by various salts. It is not used in medicine.

f

Ferric Hypophosphite.—Formula, Fe^GPH^O^. Mo-
lecular weight, 5U1.08.

Sijnonyms.—Ferri hypophosphis. Hypophosphite of

iron.

Tliis preparation may be made by double decomposition

between sohition of ferric chloride or ferric sulpiiate, and

solution of hypoplios|)hite of sodium. If the ferric salt

is free from excess of acid, and the sodium hy[)oph()sphite

is previously rendered slightly acid with hypophusj)horous

acid, the hypophosphite of iron will precipitate when the

solutions are mixed, after wliich it may be washed with

distilled water and then dried. This is an unsatisfactory

])reparation, and it is customary in practice to use ferrous

hypophosphite as a component of the popular pharmaceu-
tical preparation, syrup of the hypophosphites. In this

case the solution o{ ferrous hypophosphite is made by double

decomposition between solution of hypophosphite of cal-

cium and solution of ferrous sulphate. It is not dried,

but mixed with the syrup in form of solution.

Ferric Nitrate.—Formula, FcgBXOj. Molecular weight,
48:5.14:.

Synonyms.—Nitrate of iron. Ferri nitras. Pernitrate

of iron.

t TurnbulVs Blue, or Ferrous Ferricyanide. is the blue precipitate

formed when ferridcyanide of potassium (red pru.ssiate of potash) is

added totfie solution of a ferrous salt. Upon this fact we depend for

the test adopted for distinguishing the ferrous salts from ferric salts.

Thus in making perchloride of iron, (ferric chloride, ) we continue
the application of heat to the solution of ferrous chloride, and add
nitric acid as long as the solution is precipitated blue by red prussiate

of potassium. It is well to bear in mind thut ferridryanide (red

prussiate) of potassium gives a blue precipitate with ferrous salts,

but not with ferric salts; and tliat ferrrjcyanide (yellow prussiate)

of potassium gives a blue precipitate with ferric salts, but not an
imuiediate blue precipitate v/ith ferrous salts.
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This preparation is made by dissolving iron turnings in

nitric acid, liltcring the solution, and then adding to the

filtrate an additional amount of concentrated nitric acitl.

Crystals will be deposited after a little time of either the

composition

Fc^6N03.12H^O, or, Fe26NO,.lSH,0,

the M'ater of hydration depending upon the proportion

of free acid. Ferric nitrate is only used in medicine in

the form of a solution, prepared according to the U. S P.

in substance, as follows :

—

Mix twelve fluid ounces of water with two and one-

half troy ounces of iron wire, and gradually add a tnix-

ture of three troy ounces of nitric acid and six fluid

ounces of water, keej)ing the vessel cool by means of ice

water, wliile the reaction progresses. When effervescence

ceases, filter the greenish solution, heat it in a ]iorcelain

evaporating vessel to the temperature of 130° F., and
then add two additional troy ounces of nitric acid and
heat it gently until effervescence ceases. Lastly, mix the

product with distilled water in sufficient amount to pro-

duce thirty-six fluid ounces. When tiie iron is dissolved

with cold dilute nitric acid, ferrous nitrate is juoduced

(Fe2X03). When this is heated with the remainder of

the nitric acid, ferric nitrate is formed at the expense of

the nitric acid, nitric oxide and water being evolved.

Solution of nitrate of iron is of a reddish-brown color

when fresh. It is an unsatisfactory ])re]iaration , decom-
posing by age with deposition of insoluble oxy-nitrates.

Ferric Oxide. — Formula, FeoOj. Molecular weight,

159. G8.

Synonyms.—Sesquioxide of iron. Peroxide of iron.

This occurs naturally as the red haematite or specular

iron ore, a steel-gray mineral. It is also found in other

minerals in a greater or less degree of purity. It may
be made artificially by igniting the ferric salt of a volatile

acid. It mav also be made by heating hydroxide of iron

to redness. It is not employed in medicine.
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Ferric Hydroxide.—Formula, Fe.(OH)g. Molecular

weight, 213.56.

Synonyms.—Ferri oxidum hydratum. Hydrated oxide

of iron. Hydrate of iron. Hydrated sesquioxide of iron.

Hydrated peroxide of iron. (Antidote to arsenic.)

Mix either solution of ferric chloride or solution of

ferric sulphate, with four times its bulk of cold distilled

water, and add to this, with constant stirring, aninionia

water until the latter is in slight excess. Drain the

precipitate on a muslin strainer and wash it Avell with

cold distilled water. This forms the well known

—

Antidote to Arsenic.f—Freshly prepared ferric hydrox-

ide is very soluble in acids. When it is kept for any

length of time, half its water of hydration separates, and

a crystalline f)rmation results ; this is indifferent to the

action of acids, and is not the antidote to arsenic. When
ferric hydroxide is mixed with solntion of arsenions acid,

insoluble arsenite of iron results. Undoubtedly only the

outside of the particles of undissolved arsenious acid

(arsenic) is coated with this insoluble compound, there-

fore, it must be remembered that it is necessary to evacu-

ate the stomach as soon as possible by means of an emetic

or a stomach pump. Freshly precipitated ferric hydroxide

is a gelatinous substance and has a dark brownish color,

appearing red and trans])arent in thin layer, as between

two plates of glass. It is tasteless and odorless and by

t The U. S. P. directs that solution of tersulphate of iron be used
in makins^tliis preparation. Solution of tersulphate of iron, U. S P.

is in reality solution of ferric sulphate, but this is very seldom em-
ployed in medicine, being used exclusively in making other salts

of iron. It is well to remember that in case of an emergency, either

solution of tersulphate of iron or subsulphate of iron, (Monsel's so-

lution), or perchloride of iron (ferric chloride), or the tincture of

muriate of iron, will answer for this purpose. If ammonia water can
not be obtained, use either bicarbonate of sodium or solution of pot-

ash, or caustic soda (concentrated lye) to precipitate the hydroxide.
Do not wait for the precipitate to drain, squeeze it. in a muslin strainer,

mix the magma with water and squeeze again, then administer it. Or, mix
solution of tersulphate of iron (])ersulphate) with twice its bulk of

water, and triturate the mixture with excess of a paste made of cal-

cined magnesia and water. This may be administered at once and
in substance.
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age turns brick-red, assumes the aforementioned crystal-

line form, and shrinks to one-third the original bulk,

water overlying. Ferric hydroxide dissolves freely iu

solution of ferric chloride, forming a dark red liquid of a

styptic taste. If this liquid be submitted to dialysis, the

crystalloids pass through the membrane* and basic oxy-
chlorides of iron remain within it. At last, only a small

proportion of hydrochloric acid (or chlorides) is present

within the dialyzer, and the solution is almost tasteless.

This is the so-called solution of oxide of iron, in reality a

solution of oxychloride of iron.f Hydroxide of iron may
be dried, and when the residue is powdered it presents a

dark brown appearance, and has the composition

—

Fe,03.Fe2(OH)g.

This substance is also formed when hydroxide of iron is

allowed to freeze, and it is found native.

Ferroso-Ferric Oxide. — Formula, Fe304, or FeO.-
FcaOg. Molecular weight, 231 54.

Synonyms.— Ferri oxidum magneticum. Magnetic
oxide of iron. Black oxide of iron. Black hydrate of iron.

Ferroso-ferric hydrate.

This article is found native, and is known as magnetic

iron ore. It is made artificially, the process of the British

Pharmacopoeia being essentially as follows :

—

Dissolve two troy ounces of ferrous sulphate in two
pints of water, and mix the solution with tive and one-

half fluid ounces of solution of persulphate of iron, B. P.

(tersulphate U. S. P. will answer). Mix this with four

pints of solution of caustic soda, specific gravity 1.071,

and bring the mixture to a boil. Then permit it to cool,

stirring occasionally for two hours, drain the precipitate

on a muslin strainer, and wash it until the washings pass

t This preparation is known on the market as dialyzed iron and is

often made by adding ammonia water to solution of ferric chloride
until a little of the ferric hydroxide produced refuses to di-solve.

This solution is then dialyzed, chloride of ammonium p^issing throuiih
the membrane and oxychloride of iron remaining within. If the
process be conducted beyond a certain point the contents of the
dialyzer will gelatinize.
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tasteless. Then dry the magma. Ferroso-ferric oxide is

a black-brown powder, tasteless, and soluble in hydro-

chloric acid without effervescence. It is capable of being

attracted by the magnet. This pre})aration, more or less

impure, has been long employed in medicine, under the

name vEihiops Martialis. The chemistry of ferroso-ferric

oxide may be clearly brought to mind by considering the

fact that metallic iron f^rms two basic oxides. Iron mon-
oxidef or /erroMs oxide, FeO, and iron sesquioxide or ferric

oxide, Fe20,, which unite to ^ovm ferroso-ferric oxide,

thus :—FcO.+re.O, = Fe30^.

Ferric Pyrophosphate.—Formula, Fe^SPgO-j.SH^O.
Molecular weight, 900.16.

Synonyms.—Ferri pyrophosphas. Pyropho.sphate of

iron.

This substance results as a white precipitate, when cold

solution of pyrophos[)hate of sodium is mixed with solu-

tion of persulphate of iron (tersulphate U. S. P.), thus :

3Ki,P207 + 2Fe,3SO, = Fe.SP.O, + GXa.SO,.
So<liuin Ferric Ferric Sodium

pyrophosphate.- sulphate. pyrophosphate. sulphate.

Pyrophosphate of iron is insoluble in water, but readily

dissolves in solution of citrate of ammonium, forming a

greenish-yellow solution. This evaporated to a syrupy
consistence and spread upon glass, separates when dried

in the form of a]>ple-green scales. These scales are recog-

nized by the Pharmacopoeia as Ferri Pyrophosphas.

Scaled, so-called pyrophosphate of iron, is thus a combi-
nation of ammonia, citric acid, and pyrophosphate of iron.

The actual chemical constitution of the preparation is

undecided. Pyrophosphate of iron is quite soluble when
fresh ; but becomes less soluble by age. Sunlight decom-
poses it. This is the form of iron employed so exten-
sively in the class of pharmaceutical preparations known
as elixirs.

t Ferrous oxide is not used in medicine. It may be made by-

adding oxaiata of iron to a boiling solution of caustic potash. It is

a blixck powder and absorbs osygen from the air.

-7
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Ferric Sulphate.— Formula, Fe.,(S0^)3. Molecular
weight, 01)9.26.

Synonyms.—Persulphate of iron. Tersulpliate of iron.

This salt is formed when ferrous sulphate is dissolved

in water, with excess of sulphuric acid, nitric acid being

then added to the heated mixture as long as red fumes

escape. The reaction is expressed as follows :

—

6reS04+3H.S04+2HX03=3Fe,(S04)3+4n204-2^^0.
Ferrous SulpTiniic Xitric Ferric Water. Nitric
sulphate. acid. acid. sulphate. oxide.

Persulphate of iron is the form of ferric salt directed

by the U. S. P. as the basis for ferric hydroxide antl the

scaled salts of iron. It is known in solution as

—

Liquor Ferri Tersulphatis, or solution of tersul-

phate of iron, and as such is recognized by our Pharma-
copoeia. The mode of preparing the solution is essen-

tially as follows :

—

Mix one troy ounce and three hundred and .-^ixty grains

of nitric acid with two troy ounces and sixty grain."? of sul-

phuric acid, and half a pint of water, in a capacious por-

celain capsule, and heat the mixture to the boiling point.

Add gradually twelve troy ounces of ferrous sul[)liate,

heat until excess of nitric acid is expelled, cool and then

add water until the contents of the dish will measure
twenty-four fluid ounces. Solution of tersulphate of iron,

U. S. P., is identical in chemical comjiositiou with solu-

tion of persulphate of iron, B. P. The strength of the

British solution (specific gravity 1.441) is a little greater

than that of our own (.specific gravity 1.320). The color

of this jireparation is brown. It has no odor and is very

acid and astringent to the taste. If it be diluted with

water, it changes to a reddish color. The foregoing prep-

aration must not be confused with the well known styptic,

Monsel's Solution (Liquor Ferri Sub-snlphatis, U. S. P.

often called solution ot persulphate of iron.)

This preparation is made in the same manner as solu-

tion of tersulphate of iron, but the sul[)hnric acid is not

in sufficient amount for the production of a true ferric
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sulpliate, therefore, an oxy-.snliibate results. Moiiscl's

solution, or solution of sub-sul[)hate of iionf should

always be designated by one of the terms just named, and
not as persulphate of iron. It is of a dark brown-red
color, and of specitic gravity 1.552. It is very astringent,

and is not acid to the taste like tersulphate of iron. The
use is as a styptic, and as such it is among the most valu-

able. There are many basic ferric sulphates known, but

the above only is of use in medicine. If Monsel's solu-

tion lie placed in an open dish, and exposed to the atmo-
sphere, especially near escaping steam, a light-yellow mass
will result, which when powdered is known as MonseVs
salt. It is employed as a styptic, and is a basic ferric

oxy-sulphate

Ferric Sulphate and Ammonium—Form nl a (XH^)2-
Fe2(SUj4.24H20. Molecular weight, 962.14.

Synonyms. — Ferri et ammonii sulphas. Sulphate

of iron and ammonium. Ammonio-ferric alum.

Dissolve four and one-half (4i) troy ounces of sulphate

of ammonium in two pints of solution of persulphate of
iron (tersulphate U. S. P.) by the aid of heat. Place the

solution in a cool place to crystallize. This is a double
salt of ammonium and ferric sulphates, and as such may
be represented by (NH,)^80,.Fe,(SO,)3.24H,0. It crys-

tallizes in regular octohedrons, is astringent, and fi'om

analogy is called alum. According to the writer's expe-

rience it is unnecessary to heat the solution of the two
sulphates above 150° F. A temperature of 212° F., de-

composes the salt into the two sulj)hates, but they reunite

as the solution cools. Suljihate of iron and ammonium
is of a ]iink color when warm, of a beautiful bluish })ur-

])lewhen cold and first crystallized. It will keep if closely

corked, or if ]>reserved in an atmosphere which is satu-

rated with moisture. If a large crystal be suspended in

t The meaninr]; of the prefix i>uh (under) here is only with refer-

ence to the hit;he,«l siilphjile, the ferric .sulphate. Sub-sulphate of
irf>n i« intermediate between ferrous sulphaie, FeSO^, and ferric sul-

phate Fojf 304)3.
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a close glass over water, it will part with its water of

crystallization when the weather is warm, and this satu-

rated with the salt, will tall in drops from the lower sur-

face. The crystal absorbs moisture again when cool and

tlui8,solutiou will alternately follow crystallization, and
the crystal will gradually be transferred to the vessel

below. Sulphate of iron and ammonium should not be

ex})osed to the atmosphere, as it gradually decomposes

under such conditions, absorbs oxygen, parts with its

water of crystallization, and a mixture of ammonium sul-

phate and ferric oxy-sulphates remains.

Ferric and Ammonium Tartrate.

Synonyms.— Ferri et ammonii tartras. Tartrate of
iron and ammonium.

This is one of the scaled salts of iron and is officinal

in the U. S. P., but may well be discontinued as it is sel-

dom prescribed. It is prepared by neutralizing a given

amount of tartaric acid in solution with ammonium car-

bonate (ammonia w^ater is better) and afterward dissolving

in this solution as much tartaric acid as was originally

nsed. This is then saturated with ferric hydroxide, and
the solution is evaporated to a syru})y consistence and
scaled from plates of glass. It is in garnet red scales, of

a sweetish taste, and when heated decomposes, evolving
ammonia.

Ferric and Potassium Tartrate.

Synonyms.—Ferri et potassii tartras. Tartrate of iron

and potassium. Ferri tartarisatum. Ferro-tartrate of
potassium. Ferri potassio-tartras.

This is one of the scale salts of iron, of somewhat
doubtful composition. It is made by digesting ferric

hydroxide with ]iotassium bitartrate (cream of tartar),

liltering the solution, evaporating the filtrate to the con-
sistence of a syrup and then scaling it from glass in the
manner explained under citrate of iron. Tartrate of iron

and potassium is usually in brown scales, of a sweetish
taste. It slowly dissolves in cold water. An improved
ealt is made by the addition ot a little ammonia water,
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which renders the salt soluble in less than its weight of

cold water.

Tests for Iron.—Ferrous salts in slightly acid solution

])rodnce white precipitates with ferrocyanide of potassium.

The precipitate rapidly absorbs oxygen from the air and
turns blue. Ferrous salts are prone to absorb oxygen
fi-om the air and pass into ferric salts, therefore, the pre-

cipitate is usually of a bluish white from the presence of

ferric salts. If the solution of a ferrous salt be mixed
with a solution of ferricyanide of })otassium (red prussiate

of j)otash) a deep blue precipitate at once follows, insolu-

ble in hydrochloric acid.

Ferric salts form blue ])recipitates with ferrocyanide of

potassium (yellow prussiate of j)otash). If the solution

of ferric salt is alkaline it must be made acid with acetic

acid. If it contain free mineral acid, add an excess of an
alkaline acetate before ap[)lying the test. Ferric salts in

neutral or moderately acid solution strike a blood-red

color with potassium snlphocyanide. This test is extremely

delicate. An alkaline acetate in excess prevents the

reaction.

MAXGAXESE.
S3'mbol, Mn. Atomic weight, 54.8.

Scheele, in 1774, investigated the compounds of man-
ganese. Gahn afterward isolated the metal. Manganese
occurs native as the dioxide MnOo, or black oxide of
manganese, as it is usually termed. It is present in many
other minerals. Manganese may be made by several
similar processes, including electrolysis of the chloride.

Manganese is gray and appears like cast-iron. It is hard,
brittle and of the specific gravity 8.0. It unites rapidly
with oxygen, decomposes water, liberating hydrogen, and
like potassium and sodium must be kept under naptha or
benzine. It melts at a white heat, and when mixed with
iron and melted and cast, it does not oxidize, or at least

very slowly. A few salts of manganese are used in

medicine to a slight extent. Chemists recognize two
classes of salts of manganese, viz., mavganous compounds
and manganic campounds.



318 CHEMISTRY OB^ MEDICINES.

Manganous Chloride.—Foi-uuila, MnC^. Molecular
weight, 125.5-4.

Syno)ipns.—Manganesii chloridum. Chloride of man-
ganese. Dichloride of manganese.

This salt is obtained in large amounts Avhere chlorine

gas is made by means of black oxide of manganese. In

this case the impure chloride of manganese which residts

from the action of hydrochloric acid upon the black oxide,

is purified as follows:

—

Eva[)orate the solution, until it is free from excess of

hydrochloric acid. Remove one-fourth of it and add to

it an excess of solution of carbonate of sodium. AYash
the precipitate well with water, and mix it with the re-

maining three fourths of original solution. Boil the

mixture until solution of ferrocyanide of potassium fails

to strike a blue color with a filtered portion of it, (the

iron is now precipitated). Filtei', and evajiorate the

filtrate to crystallization, and crystallize in a cold situa-

tion. The crystals should be ])urificd by recrystallization

from distilled water. Chloride of nuuiganese crystallizes

in rose-colored crystals of the monoclinic system, which

have four molecules of water of crystallization, MnCla-
4H2O. They fuse in their water of crystallization at less

than the boiling jioint of water, and lose two mdltcules

of water when ])laced over sulphuric acid. The salt is

soluble in one-sixth its weight of water at G0° C (140° F.)

and unites with chlorides of the alkali metals to form

double salts. Chloride of manganese is the preparation

from which the other salts of this element are generally

derived, carbonate being first prepared as follows if

—

Manganous Carbonate.—Formula, MnCOj. Molecu-

lar weight, 114.G5.

This is obtained as a white precipitate by mixing solu-

tion of carbonate of sodium with solution of either chlo-

t Manganic chloride may be obtained in solution by dissolvinj?

manganic hydroxide, Mn20i(OH)2. in cold hydrochloric acid. It

has "the composition MnaCU, and when the solution is heated

decomposes, chlorine heino: evolved and manganous chloride re-

maining, thusi-Mn^Cle^^MnCij-fCl.,.
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ride of manganese or solution of sulphate of niantjanese.

It must be washed with hot distilled water and quickly-

dried. When dry it has a bufll' color, is tasteless, and dis-

solves in 8000 parts of water (R. & S.). It readily unites

with acids to form salts, and is dissolved freely by carbonic

acid water.

Manganous Acetate —Formula, Mn2Ci.H302 +211.0.

This is made by adding manganous carbonate to acetic

acid as long as effervescence continues, filtering tlie solu-

tion, evaporating it to the consistence of a syrupy liquid,

adding; a little acetic acid and crvstallizincr in a cold situ-

ation. The reaction is expressed as follows :

—

MnCO^ + 2HC,H302 = Mn2C2H302 + H.COj.
Manganous Acetic acid. iJangauous acetate. Carbonic acid,
carbonate.

Acetate of manganese is in the form of deep rose-colored

crystals, very soluble in water.

Manganous Iodide, Mnl.^-j-lHjO, or iodide of man-
ganese, is made by saturating solution of hydriodic acid

with manganous carbonate, thus :

—

MnCOs + 2HI = Mnl., + H.XOj.
Manganous Hydriolic Alanijanous (JaTbiinic
caiboi'ate. acid. iodide. acid

The salt may be obtained in the form of crystals, but
it is very deliquescent and is unstable. A syrup of iodide

of manganese is used in medicine.

Manganous Phosphate, ovmonohydrogen manganous
phosphate, HMnP0^.3H.,0., is produced when a solution

of ordinary phosphate of sodium is precipitated by means
of a solution of sulphate, or of chloride of manganese,
thus :

—

HNajPO^ -I- MnSO, = HMnPO^ -f- Na.SO^.
Sodium ortho- Manganese Manganous .«o7lium
phosphate. sulphate. phosphate. sulphate.

In addition to the above we have normal manganous
orthophosphate, Mn3(POJ.;H-7H.,0, and dihydrogen
manganous phosphate, H^Mn(P04).,.2H20. Phosphate
of manganese is very seldom em]iloyed in medicine.
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Manganous Sulphate, MnSO^, or sulphate of manga-
nese, is most readily prei)ared from the carboinite of man-
ganese by a process similar to that we have given for

making acetate of manganese, althongh it can be made
directly from black oxide of manganese and sulphuric acid.

To prepare it from car))onate of manganese, add carbo-

nate of manganese to dilute sulphuric acid as long as effer-

vescence continues. Filter the solution, evaporate it to

the consistence of a syrup, and place the solution in a

shallow vessel, in a cool place to crystallize. It will re-

quire several days before the crystallization is complete.

The reaction is explained by the equation

—

MnCO., + H.SO^ = MnSO, -I- H.COj.
Maniranous Sulphiinc Mangininus (.uibonic
carhouate. acid. sulphate. acid.

Manganous sulphate varies in properties according to

the water of crystallization present. If the salt is crys-

tallized at a less temperature than 6° C. (42.8° F.) it will

have the composition MnS04.7H„0; between 7° and 10°

C. (44.6° and 50° F.) it is represented bv MnSO,,.5HoO.
and at from 20° to 30° C. (68° to 86° F.) bV MnS0,.3H,0.

Manganous sulphate is rose colored, and dissolves freely

in water (we refer to the common salt of commerce,

MnS04.3H^O). It is the salt of manganese most used in

medicine (none are in general use.) It will be necessary to

study the oxides of manganese and the oxy-acids, to

clearly understand the nature of the permanganates, the

manganates, the manganous, and the manganic salts.

Oxides of Manganese.
These may be named as follows:

Manganous oxide, or manganese monoxide, MnO.
Mangano-manganic oxide, or red manganese oxide MugO^.
Manganic oxide, or manganese sesquioxide Mn^Og.
Manganese dioxide, manganese peroxide, or black

oxide of manganese MnOj.
Manganese heptoxide • Mn.^O^.

The first of these oxides is a powerful base (MnO)
;

the last (Mn20.) an acid producer which will form i>er-

manganic acid (HMn04) when brought into contact with

water.
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The fourth (MiiOo) also acts occasionally as a weak acid,

but generally tiie three intermediate oxides are feebly basic.

There are several poorly defined oxides beside those we
have named, but it is unnecessary for us to consider them.

Indeed, many believe such to be mere combinations of

the foreojoins;, and in like manner define red manganese
oxide, MugO^. as a compound of manganese monoxide
(MnO) and manganic oxide (MuoOg), thus:

—

MnO-fMn.,05= Mn30,.

Manganous oxide, (Manganese monoxide,) MnO.

This is produced when a higher oxide of manganese is

heated to redness in an atmosphere of hydrogen. It is a

grayish-green powder of specific gravity 5.09. This oxide

is of interest as it gives rise to the series of comjwunds
known as manganous compounds (previously considered).

It is a powerful base. When solutions of the manganous
salts are precipitated with an alkali, a white hydrate falls.

This is known as manganous hydrate Mn(OH).^, and has

the composition of a molecule of manganous oxide united

with a molecule of water, thus:

—

MnO+H20=Mn(OH)..
The reaction which results in the decomposition of

manganous chloride by means of potassium hydroxide is

represented as follows:

—

MnCU + 2K0H = Mn(0H)2 -f 2KC1.
Mangunous Potassium Manganous Potassium
chloride. hydroxide. hydrate. chloride.

Manganous hydrate oxidizes rapidly upon exposure to
the air and turns brown, manganic hydroxide, MuoOg-
(OH).2, being first formed.

Manganic Oxide, (Seequi-oxide of manganese,) Mn.^Oj.

This oxide is typical of a series of manganese salts

known as manganic compounds, none of use in medicine.

It is found native as the mineral hraimite. Sesquioxide

of manganese is produced when the other oxides of man-
ganese are ignited in oxygen gas. The contents of the

retorts which are employed in preparing oxygen by heat-

ing manganese dioxide to redness^ consists mainly of this
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compound. It has a brown or a ])lack color, and is a

feeble base.

Manganic Salts.—The chloride may be made by dis-

solving either manganic oxide, or manganic hydroxide in

cold hydrocliloric acid, thus:

—

Mn203 + 6IIC1. = Mn2Cl, + 3H,0.
Manerauio Hydroclilo- Mangitnic Water,
oxide, ric acid. cliloiiile.

Manganic sulphate is not made in this manner as the

manganic oxide refuses to dissolve in that acid. It is

made from the red oxide (Mn,0^), by action of sulphuric

acid.

Mangano-Manganic Oxide, or red oxide of manga-
nese, Mn304 isa native compound known as the mineral

hausmannitc. It derives the name, mangano-manganic
oxide, from the opinion entertained by many that it is a

compound of raanganous oxide (MnO) and manganic
oxide (MuiOj), This idea is snj)ported by the fact that

it dissolves in cold sul|>huric acid, forming both manga-
nous and manganic suli)hates, and yet, in some ways it

behaves as a definite compound.

MangaueS9 Dioxide, manganese peroxide, or black

oxide of manganese, Mn02. This is the most common
and tiie most important ore of manganese. It is found

native, both crystalline and amorphous, in many parts of

the world, and always contaminated with iron and other

substances. It may be prejiared by heating the carbonate

in the air, treating the residue with dilute cold hydro-

chloric acid, and drying the undissolved matter. It has

an iron-black color and a metallic appearance, and pos-

sesses both acid and basic properties in a very feeble man-
ner. This compound is used in immense quantities in

the arts to liberate chlorine gas from hydrochloric acid,

and also in the production of bromine from the mother
liquor of the salt works. When black oxide of manga-
nese is heated with caustic potash in a crucible, and the

mass is afterward exhausted with the least quantity of
water, a deep green solution results. This contains ?7((7n-

ganate of potassium and if evaporated in vacuo will yield

green, needle-like crystals of that substance.
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Manganous Acid — Manganate of potassium is l:)elieved

to be a salt of manganous acid, HoMuO^, Avhich has never

been obtained in a free state. Although hypothetical, it

is accepted that it gives rise to a series of well known oxy-

salts, the manganates, thus :

—

Manganous acid H.iMnO^.
Po t a.s^ i um ni anga n ate K ,M nO ^

.

Sodium manganate .2Sa.2Mn04.

Barium manganate BaMnO^.

Manganese Heptoxide, or permanganic anhydrid,

Mn207, is a very unstable compound. It is made by
dissolving perfectly ])ure})ermauganateofpotassium in very

strong sulphuric acid, when it separates and settles as an
oily liquid. It readily evolves oxygen, and decomposes

with explosive violence when heated, or when it is brought

into contact with many organic substances. This should

not be made for experiment, on account of the danger of

explosions.

Permanganic Acid, HMnO^.
—

"When a solution of

manganate of potassium is boiled, decomposition ensues

and a red solution is produced dependent upon the for-

mation of potassium permanganate. At the same time

caustic potash and hydrated dioxide of manganese are

formed, thus :

—

SKjMnO^+SH.O = 2E:Mn04-f4KOH+MnO ,.H20.
Potassium Water. Potassium Caustic Hjilratcd niun-

manganate. permanganate, potash. ganese dioxide.

Potassium permanganatet may be considered a com-

pound which is derived from displacement of the hydrogen

in permanganic acid. A series of permanganates are

known ; thus, as examples :

—

Permanganic acid HMn04.
Potassium perniaimantiLe KMuO^,
Sodiuni permanganate XaMnO^.
Barium permanganate Ba(Mn04)2-

Permanganic acid, in aqueous solution, may be ob-

tained from barium permanganate by decomposition with

t See potassium permanganate, under salts of potassium, for prac-

tical preparation.
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snlphnvic acid. It is a dark-red liquid, a powerful oxi-

dizer, and decomposes even by the action of liglit, oxy-

gen being evolved.

Tests for Mcuiganese.—Mix compounds of manganese
witii sodium carbonate and a small amount of potassium

nitrate. Fuse the mixture ui)on platinum foil in the

outer blowpipe flame. Sodium manganate results, of a

green color. Dissolve the same in a small amount of

distilled water, a green solution results. Add excess of

acetic acid, the solution changes to red. If there be

organic matter present brown flocculi separate upon
standing and the solution becomes colorless. If limestone

be examined in this manner a little borax must be added

previous to fusing the mixture. Salts of manganese in

solutioii are characterized by giving flesh-colored precipi-

tates with sulphide of ammonium. Hydroxides of potas-

sium and of sodium give white precipitates with solu-

tions of manganese salts which change to brown upon
exposure.

NICKEL.
Symbol, Ni. Atomic weight, 58.6.

The ores of this metal have been distinguished from
coj^per since 1694. Bergman, in 1774, identified the

metal, and supported the results of Cronstedt's investiga-

tions made some thirteen years previously. Thus Cron-
stedt is the discoverer of the element. Nickel is extracted

from the ore by calcination, and also by a wet method. It

is always impure as found in commerce, being contami-

nated with iron, copper, carbon, and, excepting that

from New Caledonia, cobalt. The pure metal may be

made by reducing the chloride in an atmosjdiere of

hydrogen gas, or by igniting oxalate of nickel out of

contact with the air. Nickel is silver or grayish-white

and very hard. It has the specific gravity 8.9 (R. & S.),

is malleable, magnetic and permanent in the air. It unites

with oxygen at redness and dissolves in dilute nitric,

sulphuric and hydrochloric acids. It is useful as an alloy

in making certain cheap coin, and in preparing German
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silver. Nickel forms two oxides, a monoxide, NiO, and a

se-^qaioxide ovperoxiife,l^i.O-i. Neither is of use. There
are many salts of niekel,oneoiily of general use in the arts,

and this (sulphate) has been recommended in medicine, but
it is very seldom employed as a therapeutical agent.

Nickel Sulphate.—Formula, NiSO^.

This salt is made by dissolving carbonate of nickel in

dilute sulphuric acid, evaporating the solution and crys-

tallizing. Sulphate of nickel is a beautiful emerald-green

salt, crystallizing with either six or seven molecules of

water according as the solution is acid or neutral. Sul-

phate of nickel is used mainly in electro-plating, for

which purpose it is dissolved in water acidulated with

sulphuric acid, and then made into a double salt with am-
monium sulphate. This, ammoniam iiiekcl sulphate has

the composition (NH,).SO,.NiS04+6H20.

CHROMIUM GROUP OF METALS.

CHROMIUM. TUNGSTEN.
MOLYBDENUM. URANIUM.

This group of metals forms a series of trioxides wliich

give rise to oxy-acids, and these in turn produce an inter-

esting line of salts. Chromium alone is of value in a

medicinal sense, but molybdenum yields compounds which
are very useful as tests for alkaloids.

CHROMIUM.
Symbol, Cr. Atomic weight, 52.4.

This metal was discovered in 1797 by Vanquelin. He
gave it the name chromium with reference to the yellow
color of its salts. Chromium does not occur native, but
may be obtained from the oxide or chloride by reduction
at a high temperature with sugar. Chromium has a gray-

ish-white color, the specific gravity 6.8 (Woehler), or 7.3

(Bunsen). It does not oxidize in the air, but forms
chromic oxide (Cr203) at redness. Nitric acid does not
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aiFect it; warm dilute sulphuric acid dissolves it, hydrogen
escaping; dilute hydrochloric acid dissolves it quickly.

The oxides and the salts of chromium are of exceeding
interest to chemists, many are ot great value in the arts.

Very few are used in medicine.

Chromium and Oxygen.

Chromium forms two oxides of a basic nature, and one
which is an acid former. Chromium monoxide or chro-

nious oxide (hypothetical) CrO. Chromium sesquioxide

or chromic oxide (green oxide of chromium) CrgOg.
Cliromium trioxide, or chromium anhydrid (usually called

chromic acid), CrOs.

Chromium Trioxide. — Formula, CrO 3. Molecular
weight, 100.28.

Synonyms.—Chromium anhydrid. Acidum chromicum.
Chromic acid.

This is the only oxide of interest to the physician. It

is made by decomposing solution of bichromate of potas-

sium with sul[)huric acid, the chromium anhydrid separat-

ing as brilliant scarlet or red needles (see chromic acid).

Chromium trioxide is an energetic oxidizing agent, many
organic and inorganic bodies reducing it quickly, chromic

oxide, Cr.^Oj. being formed. When chromium trioxide is

dissolved in water a yellow solution results. This is in

reality a solution of chromic acid, H.,CrO.,, and is ])ro-

duced by the combination of a molecule of water with a

molecule of chromium trioxide, thus :

—

Cr03+H20= H2Cr04.

This is typical of a series of salts known as

—

Chromates, of which we may mention as examples,

Normal potassium chromate K.,CrO^.
Normal ammonium ciiromate (Nil ^).^ CrO 4.

Barium chromate.. BaCiO^.
Lead chromate PbCrO^.

The lead chromate is employed in the arts as a yellow

pigment (chrome yellow). The common bichromates, or

dichromates, are a class of salts represented byM^Cr^O,.
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They have the constitution of a molecule of chromium
trioxide and a molecule of a neutral chromate, thus:

—

Potassium chromate K^CrO^ + Cr03. = K.,CroO7.
Ammonium " (NH j2Ci'0',.+Ci-0, = ("XH ,)oCrl0-.
Sodium chromate !N"a^Cr04 + Cr03=NuoCr20-.

Or, we may call the neutral chromates compounds formed
from hydroxides with one molecule of chromium trioxide,

thus:— 2KOH-fCr03=K2CrO,.+H,0: and the bichro-

mates compounds formed from hydroxides with two mole-
cules of chromium trioxide, thus:

—

2KOH.+ 2Cr03.=K2Cr20^ + n,0.

Bichroroate of potassium is emploved in making offi-

cinal chromic acid, and has been described under potas-

sium salts. It is not necessary for us to consume space

with the other preparations of chromium.

MOLYBDENUM.
Symbol. Mo. Atomic weight, 95.6.

Scheele pointed out the fact that sulphide of molybde-
num differed from graphite. It seems, how'ever, that

Hjelm first prepared the metal. Molybdenum is made by
reduction of the trioxide in hydrogen gas, or by heating

a chloride of molybdenum in an atmosphere of hydrogen.
Molybdenum is silver white, of specific gravity 8.6, and
refuses to melt at the highest heat of a wind furnace. It

is very hard, does not oxidize at ordinary temperatures,

dissolves in nitric acid and in hot sulphuric acid, but not in

dilute sulpliuric nor hydrochloric acid. It forms a num-
ber of oxides, oxy-chlorides and chlorides ; also an acid

which is known as molybdic acid HgMoO^, and this is

typical of a series of salts known as molybdafes, thus :

—

H.MoO^ -f- K2CO3 = K2M0O4 + H.COg.
Wolyhdic Potissiuni Pi>t:issinin Carhnnic

acid. caibona'e. molybdate. acid.

None of the compounds of molybdenum are used as

medicines, but molybdic acid, molvlnlate of ammonium
(NH^),MoO^, and phospho-molybdic acid are of great
value as a test for alkaloids.
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TUNGSTEN {Wolfram.)

Symbol, W. Atomic weight, 184.0.

This metal is only found in a few minerals. None of

its compounds are employed in n\edicine. It is yielded

most abundantly by the ore wolfram. When a mixture

of tungsten trioxide (WO.,) and carbon is calcined in a

close crucible, the metal is liberated, but as yet it has

never been obtained in mass. The powder has a metallic

lustre, specific gravity 19.120, burns at a red heat in the

air and oxidizes rapidly in nitro-muriatic acid. It is said

to harden steel when in small proportion. The symbol W.
was derived from the name loolfram applied to the com-

mon ore of the metal.

URANIUM.
Symbol, U. Atomic weight, 240.0.

Klaproth named this element after the planet Uranus, in

1789, He did not obtain the metal, however, as he su])-

posed. Peligot isolated it from a mixture of uranous

chloride and either potassium or sodium, by calcination.

Uranium has a specific gravity of 18.33, is hard, and of a

whitish nickel-like coU)r. It is of no use in the arts, and

none of its compounds are employed in medicine.

TIN GROUP OF METALS.

TIN. THORIUM.
TITANIUM. ZIRCONIUM.

Of this group tin alone is of value in the arts, and at

one time powdered tin was employed in medicine. The
metals of this group form dioxides which correspond with

dioxide of silicon, (SiOs.) They resemble this non metallic

clement, furthermore, from the fact that their flnorUhs

form double salts with the fluorides of other metals, and

these are isomorphous with the silico-fluorides.
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TIN (Staiuium.)

Symbol, Sn. Atumio weight, 117.8.

Tin has been known since a very early day, and is

found in many parts of the world, but not plentifully out-

side of a few localities. The dioxide of tin or the mineral

cassiierile yields the tin of comnierce. Common tin con-

tains arsenic, bismuth, antimony, zinc, copper, and other

metals. Pure tin is white, brilliant, harder than lead, and

of the specific gravity 7.293. When a bar of tin is bent

it emits a crackling noise which is known as " the cry of

tin." Tin may be rolled or hammered, and is employed

in making a foil which is extensively used in various

branches of the arts.f Tinned vessels of copper, iron

and brass are in common use. Tin forms several alloys

with other metals ; as such we name pewter, gun-metal,

bronze and bell-metal. It also combines with mercury

to form an amalgam which is valuable as a gilding for

glass.

Tin Powder.
This is the only fn-m of tin that lias ever had any

reputation as a remedy, and it is now obsolete. It was
used once for the expulsion of tape-worms. Powdered
tin is made by pouring melted tin into a mortar and tritu-

ating ra])idly until it cools. Tin is often dissolved in

dilute hydrochloric acid, for this ])urpose it is advisable to

granulate the metal. This can be done by pouring the

molten metal, in a small stream, into cold water.

Oxides.
Tin forms two oxides, monoxide or stannous oxide, SnO,

and dioxide or stannic oxide, Sn02. Stannous oxide is of

little importance, but the stannic oxide in an impure form
is the natural ore of tin. These two oxides are ty]>ical of
two classes of salts known severally as stannous salts

and stannic salts. Of these one is used extensively as a

mordant in dyeinii; under the name tin salt. This

—

t Ordinary tin-foil is largely composed of lend. It is mnrle hy
roliing a piece of lead between two pieces of tin, thus making u foil

with a tin surface.

28
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Stannous Chloride, or dlchloride of tin, is made
by dissolving metallic tin in hydi'ochlorio acid, and evapo-

rating the solution to crystallization. The crystals are

colorless, needle-like, and have the composition, SnCl2-

2H,0. In commerce a solution of stannous chloride is

known under the name, " solution of tin,'' and is used for

the same purpose as the crystals.

Tin forms many com[)ouuds of interest to chemists,

but which we are not called u[)on to review. The disul-

phide of tin (SnSj) is made by heating a mixture of sal-

ammoniac, sulphur, and an amalgam of tin. It has a

bronze color, and is known as mosaic gold.

The soluble salts of tin are poisonous. In cases of

poisoning, vomit the patient, use the stomach pump, and

administer mucilaginous and albuminous drinks. Car-

bonate of" ammonium has also been recommended.
Tests for Tin.—If a tin compound be held in the reduc-

ing flame of the blow-pipe upon a carbon pencil, reduction

takes place, and a bead of metallic tin remains. This

dissolves in hydrochloric acid, and the solution precipitates

red with selenious acid. AYith mercuric chloride a white

precipitate is at first formed, and afterward a black pre-

ci[)itate. Stannous salts give brown precipitates with sul-

phide of hydrogen, which are insoluble in fresh, colorless

sulphide of ammonium. Stannic salts give yellow pre-

cipitates with the same reagent, and these dissolve in am-
monium sulphide. If metallic tin be acted upon by

nitric acid a white powder (SnO^) results.

TITAN IU:M.

Symbol, Ti. Atomic weight, 48.0.

This metal is of no importance in medicine, and is not

used in t'.ie arts. It was discovered by Klaproth in 1795.

It is very rare, and occurs in nature as a dioxide. It

])0ssesses a metallic lustre, and an iron-gray color. It will

burn in the air, forming dioxide, contaminated with a

little nitride. It dissolves in warm hydrochloric acid,

hydrogen being evolved. Dilute sulphuric and other

acids also affect it.
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Titanium is remarkable for the fact that it combines
at high temperatures with nitrogen. Several compounds
of titanium and nitrogen are known (nitrides).

THORIUM.
Sj-mbol. Th. Atomic weight, 231.5.

Thorium is found in several minerals which contain

metals of the cerium group. It was discovered as an earth

by Berzelius in 1828, the name thoria being given it.

Thorium is a gray powder capable of being polished.

The specific gravity is 7.6, or 7.7. It dissolves in nitric

acid readily, and burns in the air if lieated. Thorium is

obtained from the chloride by heating it in a crucible

with metallic potassium or metallic sodium. It forms an
oxide of the composition ThO.^ (thorium oxide or thoria),

which gives rise to a line of salts of no general interest.

ZIRCONIUM.
Symbol. Zr. Atomic weight, 90.0

Zirconium was discovered as an earth and named by
Klaproth in 1789. Berzelius first isolated the metal. It

is very rare, and the crystalline form only unites with

oxygen in the heat of an oxy-hydrogen flame. The
amorphous form, upon the contrary, burns brightly when
simply warmed in the air. It oxidizes in nitro-muriatic

acids, dissolves in hydrofluoric acid, but common acids do
not aiiect it, even if heated. Zirconium forms one oxide,

ZrOg, which is known as zirconia. This produces salts

with both acids and bases, thus:

—

Sodium zirconute Nn.^ZrOg.
Zirconium sulphate Zr(S04)2-

The formation of the sodium salt may be represented

as follows :

—

Zr02 4- ]Sra.,C03 = Na^ZrOg + CO2.
Zircon II

m

Carbonate Soilliim Carl)on
o.xide. of sodium zirconi.ite. dioxide.

The sulphate is formed according to the following

equation :

—

Zi-O^. + 2H,S0, = ZrCSOJ. + 2H2O.
Zirconium SulpTniric Zii<;onium~ Water,
oxide. acid. sulphate.
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THE ANTIMONY GROUP OF METALS.

ANTIMONY. TANTALUM. BISMUTH.
NIOBIUM. VANADUM.

The individuals of this group form peutoxides (M.^O.,),

which o-ive rise to acids. In this respect the group closely

resembles those of the group of non-metallic elements

comprising nitrogen, arsenic and phosphorus. Only two,

antimony and bismuth, are employed in medicine, in

any form. The others are rare elements of no practical

importance.

ANTIMONY. {Stibium.)

Symbol, Sb. Atomic weight,t 122.0.

Antimony is found in many minerals, but the chief

ore is stibnite, a trisulphide of antimony, SbgS.,. To
obtain the metal, the mineral is melted, when the sulphide

of antimony in a fused state is produced. This is n^asted

in contact with air to convert it into oxide of antimony.

The crude oxide of antimony is then mixed with j)owdered

charcoal which has been saturated with a solution of crude

tartar, and the mixture is roasted. Or, the purified sid-

phide of antimony is fused with metallic iron ; sulphide

of iron and metallic antimony results. The antimony is

then run into moulds. Antimony is a silver-white metal,

hard, brittle, and maybe powdered in a mortar. It forms

a crystalline mass, has the specific gravity of 6.7 or 6.8,

and melts at 425° C. Cold air does not affect it, but it

oxidizes v.hen heated in the atmosphere, and volatilizes

if heated in a current of hydrogen gas. Dilute sulphuric

acid does not affect it, but both cold nitro-muriatic acid

and hot hvdrochloric acid dissolve it, and hot sulj>huric

acid ]>roduces with it suli)hate of antimony. Phosphorus,

arsenic, and members of both the chlorine and sulj)hur

group of elements unite with it directly. Antimony is

t Recent experiments of Prof. Jos. P. Cooke yive 120 as the atomic
weight of antimony.
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used in making some alloys, and a form of the metal pro-

duced by preci})itation with zinc from solution of trichlo-

ride of antimony is known in the arts as aritimovy black,

and is used to give to models and casts a snrface which
resembles steel. This must not be confounded with the

ordinary black antimony of commerce, which is purified

and powdered trisulphide of antimony.

Antimony and Potassium Tartrate.t— Formula,
C4H^K(SbO)Oe. Molecular weight, 324.64.

Synonyms.—Antimonii et potassii tartras. Tartrate of

antimony and potassium. Tartar emetic. Antimonium
tartaratum.

This })reparation has been used in medicine many years.

It is made by dissolving oxide of antimony in solution of
bitartrate of pota.ssium, and permitting the crystals to

separate. The following is essentially the process of the

U. S. P. Mix two troy ounces of powdered oxide of
antimony with two and one-half troy ounces of bitartrate

of potassium, and mix the powder with sixteen fluid

ounces of water and boil for an hour, supplying water to

replace that which evaporates. Filter the solution while
hot and place the filtrate in a cool situation to crystallize.

Tartar emetic is always powdered before it is thrown upon
the market. The crystals are colorless and transparent
when recent, but become oi)aque u])on exposure to the air

from loss of water. They have the formula,

2(C,H^K(Sl)0)0,).H20,

and impart at first a sweetish taste, followed by a strong

metallic impression. The important impurity to be

anticipated is cream of tartar, and this may be detected
'' by dissolving twenty-four grains of the salt in a fluid

ounce of warm water, and cooling the solution to 10° C.
(50° F.), when, if unadulterated, it will remain clear."

t Recent experiments by Prof. F. W. Clarke and H. Stallo,

indicate that this compound i.s the potassium salt of a complex
acid—HSbC4H407. From this view the molecule of tartrate of

antimony and potas.siinn would be represented by the formula
KSbCiH^Or. (See Ameritan C^iemical Jouriial, vol. ii. No. 5.)
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Arsenic (National Dispensatory) is also liable to be pres-

ent (iVoiu the oxide of antimony) if the solntion of the

salt has been evaporated very low before crystallization.

This impurity is not likely to occur if care be used in the

operation. The certain detection of small portions of

arsenic is rather troublesome. (See page 155.) It is

proposed to detect arsenic in tartar emetic by heating a

few grains of the salt in a dry test tube until it blackens

and gradually reaches redness. Arsenic will be present

if a perceptible odor of garlic is evolved. Tartar emetic

is a violent emetic, and in over doses, an irritating poison.

The treatment for this and poisoning by other salts of

antimony is given under antimony trichloride, or butter of

antimony.

Antimony Trichloride.—Formula, SbClg. Molecular
weight, 228.11.

Synonym.—Butter of antimony.

At one time butter of antimony was made by dissolv-

ing trisulphide of antimony in iiydroohloric acid, evajm-
rating the solution to small bulk, and then distilling the

producf. It was a white crystalline semi-transparent

mass. At present the ''butter of antimony" of com-
merce is a solution of trichloride of antimony, obtained

by dissolving one part of trisulphide of antimony in four

p irts of hytlrochloric acid by means of heat, and after

tiltration of the solution, evaporating it until it is reduced

to two parts. It is impure from presence of iron and
other metals, and has in consequence a red color. If

distilled, a colorless solution of SbClj results, but this,

for use as a caustic, possesses in reality little advantage
over the crude butter of antimony. Butter of antimony
is a powerful and ])enetrating caustic, and is a violent

poison, Ln cases of poisoning by tiiis or other prepara-

tions of antimony, infusions of astringents, tannic acid

in solution, or magnesia in milk, should be given. Fortu-

nately tartar emetic causes violent vomiting, so that the

use of emetics is unnecessary, but in case vomiting does

ri.)t follovv, the stomach oumo must be used.
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Antimony Trioxide. — Formula, SboO... Molecular
wcighi, 291.88.

Synonyim.—Antimonii oxidnm. Oxide of antimony.

Tliis occurs native ac the mineral valentinite. It may
be made artificially by dis.solving sulphide of antimony
in hydrochloric acid mixed with nitric acid, then dilutiuir

the .solution with water and washing the ])recij)itate until

it ceases to be of acid reaction. The mass is then warmed
with carbonate of sodium, and wasiied until the washings
do not aifect solution of nitrate of silver. The precipitate

is then dried. The ex[)lanal:ion of the ])roce!5s is as follows :

Sulphide of antimony dis.solves in hydrochloric acid to

form antimony trichloride, SbCls, sulphide of hydrogen
escaping, thus :

—

Sb.Sg + 6HC1 = 2SbCl3 + SH^S.
Antimony Hydrochloric Antimony Hydiogen
sulphide. acid. trichloride. sulphide.

The nitric acid present forms ferric chloride with the

iron, which is separated by subsequent washing from the

precipitated basic antimony chlorides. These are con-

verted by wa.shing with water into more basic oxy-chlo-

rides, w4iich ultimately, by the action of carbonate of

sodium, form, by double decomposition, trioxide of anti-

mony, and chloride of .sodium. The preparation of this

substance is very di.^agreeable, unless flues be jn-ovided to

carry off the deleterious fumes, and few care to perform

the o])eration for the sake of ex])eriment. Oxide of

antimony is a pale grayish-white ])owder, insoluble in

water, but very soluble in warm hydrochloric acid, tartaric

acid and caustic alkaline solution. It turns yellow when
heated, but assumes its natural tint upon cooling. It fuses

at a red heat, forming a deep yellow liquid, which upon
cooling forms a semi-crystalline mass, of a buff color.

Oxide of antimony is seldom employed excepting in the

preparation of tartar emetic.

Other Oxides of Antimony.—There are two oxides of

this element besides trioxide. These, antimony tetroxide,

Sb204., and antimony pentoxide, Sb^Og., are of no use iu

medicine.
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Antimony Trisulphide —Formula, Sb.Sg. Molecular
weight, 33D.9-i.

Synonyms.—Antimonii sulphuretum. Siilphuret of an-

timony. Black antimony. Crude antimony.

The common mineral of antimony is this sulphide. We
mentioned this fact when treating of the metal and its

production, and described the manner in which the sul-

phide is prepared as a ste|) in obtaining metallic antimouy.

If the crude fused sulphide is powdered we iiave the 6/«c^

antimony of commerce. It contains various metallic sul-

phides, such as iron, lead, copper and sulphide of arsenic,

but these seem not to affect its use for general purposes.

In preparing the salts of antimony for medicinal use such

impurities are separated. Crude trisulphide of antimony

occurs in masses of an ash gray color when broken and
p.resents a metallic fracture. It yields a more or less black

powder, and it is said that this as found in commerce is

liable to adulteration with powdered coal. This can be

detected by dissolving the sulphide in hot muriatic acid,

when coal will remain. This compound may be made in

a state of purity by passing a current of sulphide of hy-

drogen through solution of trichloride of antimony. An
orange-red precipitate of hydrated trisulphide is jn-oduced,

and this upon drying and heating becomes anhydrous,

forming a deep black powder.

Antimonium Sulphuratum, or sulphurated ayiti-

mony, is a mixture of trisulphide (SbjjS^) and pentasul-

phide (Sb.jSa), with small amounts of trioxide (SboO^)
of antimony. It is a reddish-brown powder, and is mnde
by boiling together a mixture of antimony trisulphide,

liquor potassse, and distilled water, and adding to the so-

lution sulphuric acid until it ceases to produce a ]ireci)M-

tate. This ]irecipitate is to be well washed with distilled

water, and dried It seems strange that a mixture such

as the above should, at this day, oecu]w a position in both

the Pharmacopoeia of the United States and of Great
Britain

; yet such is the case.
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Antimonii Oxysulphuretum, U. S. P., or oxysul-

phuret of antunony, has somewhat of a reputation under

tlie name, Kennes viiiierul. This is a mixture of trisul-

phide of antimony (Sb.^S,,), and trioxide of antimony

(SboOa). It is made by boiling trisulphide of antimony

with a solution of carbonate of sodium, permitting the mix-

ture to subside, and draining and washing the precipitate.

This is a soft powder, of a more or less reddish- brown
color. It is odorless and tasteless, and by means of a

microscope is shown to be a mixture of amorphous anti-

mony trisulphide and crystalline antimony trioxide.

Antimony Pentasulphide, Sb^S^.

This compound is known as golden siilpkuret of anti-

mony. It is a yellowish-red powder, soluble in solutions

of the alkalies, and carbonates of the alkali metals. It is

almost out of use in medicine.

In addition to the compounds of antimony we have
mentioned there are many others which are of interest to

the general chemist, but of no importance in medicine.

Tests for Antimony.—If a compound of antimony be
heated on a carbon splinter a metallic bead results. Arse-
nic under like circumstances is volatilized. If a com-
pound of antimony be introduced into the flask (a fig. 50)

and the experiment be conducted according to the direc-

tions given for testing for arsenic (page 154), a metallic

stain will result. This can be distinguished from arsenic

in the manner directed upon page 155. The antimony
film is soluble in chlorinated soda solution, XaOCl (La-
barraque's solution), and sulphide of ammonium.

BISMUTH.
Symbol, Bi. Atomic weight, 210.0.

This metal is found native, and as the trioxide, BioO,,
and, to a slight extent, as the trisulj^hide, BijSg. It is

found sparingly in several minerals. Bismuth was for-

merly known under the name marcasite. The metal is ob-

tained from the ore by processes unnecessary for us to

consider, one being simply to heat the ore and run the

impure molten metal into pots.

29
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Crude metallic bismuth contains, as im])ui'ities, arsenic,

copper, iron, silver, and often other metals. It may be
puritied according to the B. P. by melting it in contact

with potassium nitrate and stirring the mixture well until

a soliditied slag forms upon the surface of the metal.

The bismuth of commerce is usually contaminated with
arsenic, and often with silver, both of which, manufac-
turers of the bismuth salts separate during the process of

manipulation.

Properties.—Bismuth has a grayish-white color with a

reddish tinge when viewed from certain positions, and it

has a bright metallic lustre. It may be obtained in form
of crystals by melting a pot of bismuth and breaking the

crust which forms upon the surface as it cools, and then

pouring out the liquid. Bismuth melts at 270° C. and
has the specific gravity 9.823 (Holzmann). It unites di-

rectly with chlorine and the other elements of that group,

and is readily dissolved by diluted nitric and nitro muri-

atic acids. It is insoluble in cold hydrochloric and sul-

phuric acids, but dissolves in hot sulphuric acid with for-

mation of sulphur dioxide.

Bismuth forms valuable alloys, one, fusible metal, com-
posed of bismuth, lead, tin, and cadmium, being used in

the arts for stereotyping, and for making models. This

metal fuses at a temperature less than the boiling point

of water, and has the important })roperty of expanding
during the act of solidification, thus filling the mold per-

fectly.

Bismuth forms four oxides:

—

Bismuth dioxide Bi20.2.

Bismuth trioxide BioOg.
Bismuth tetroxide BioO^.
Bismuth pentoxide BioO-.

None of the above are used in medicine.

Bismuth trihydroxide, Bi(0H)3, is easily made by pre-

cipitating a solution of trinitrate of bismuth with solution

of caustic potash, thus:

—

Bi(N03)3
-f- 3K0H = Bi(0H)3 + 3KXO3.

I'.isrnuth Can>Hii PMsniiith Potassium
trinitrate. potush. trihydroxide. nitrate.
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This is not used in medicine, but with acids forms salts,

thus:

—

Bi(0H)3 -f 3HNO3 = Bi(N0j3 -f 3H,0,
Bisniutti Nitric Trinitrate Water,

trihydroxide. acid. of bismuth.

It dissolves in solution of citrate of ammonium to form
ammonio-citrate of bismuth.

Bismuth Carbonate. — Formula, 2(BiO).,C03.H20.
Molecular Weight, 10-41.50.

Synonyms—Bismuthi subcarbonas. Subcarbonate of

bismuth. Basic carbonate of bismuth. Carbonate of

bismuth.

This compound may be made by pouring a solution of

trinitrate of bismuth into a solution of carbonate of am-
monium, when the basic bismuth carbonate precipitates.

According to the Pharmacopoeia of the United States it

is made by a round-about process, designed to se|)ai'ate

arsenic from crude bismuth, carbonate of sodium being

finally employed as a precipitant.

Subcarbonate of bismuth is usually of a yellowish- white

color, but when freshly precipitated it is white. Some-
times it is very light and bulky as found in market, and
again it is heavy and compact. This variation results in

accordance with the temperature of the solutions em-
ployed during precipitation.

Subcarbonate of bismuth dissolves in nitric acid, and
if lead and chlorine are absent will not yield preci{)itates

upon the addition of dilute sulphuric acid or solution of
nitrate of silver. Arsenic may be detected by Marsh's
test, or by placing a little of the subcarbonate of bismuth
in a test-tube with some liquor potassse, and plugging
the mouth of the tube with a piece of cotton moistened
with solution of nitrate of silver. Upon boiling the

liquid, the cotton will turn black or gray if arsenic is

present. Silver is shown by the action of light U])on

that portion of the subcarbonate next the bottle, turning
it a gray color. Sulphide of hydrogen will affect bismuth
subcarbonate in this manner, turning it gray, therefore

the absence of this article must be insured.
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Bismutll Citrate.—Formula, BiCgll-O.-j-Aq.

Dissolve ten parts of subcarbonate of bismuth in fifteen

parts of nitric acid; carbon dioxide escapes and trinitrate

of bismuth results. Dilute this solution with fifteen parts

of water, and dissolve in it nine parts of citric acid. Add
to this, with constant stirring, a solution of caustic potash,

nine and one-half parts in eighty parts of water ; a white

precipitate of hydrated citrate of bismuth results.f This

can be freed from nitrate of potassium by washing. Ifdried

it forms a white powder. Thispreparation is not employed
in medicine, but if the moist and well washed precij)itate

be dissolved by the addition of a little ammonia water, a

clear solution results which may be obtained in scales after

the manner of making ammonio-citrate of iron. This is

known as

—

Bismuth Ammonio-citrate, and is employed exten-

sively in this country, being, in fact, the only solution of

a bismutll salt employed in medicine. The equation ex-

pressing the reactions which take ])lace in making citrate

of bismuth may be expressed as follows:

—

(BiO)2C03 + 6HNO3 = 2Bi(N03)3 + H,C03-1-2H,0.
Bismuth Nitric Bismu'h Carbonic \Vater.

subcarbonate. acid. tri:ntrate. acid.

This explains the part of tlie reaction which results

between the subcarbonate of bismuth and the nitric acid.

The addition of water and citric acid produces no change

until the potassium hydroxide is added, when the follow-

ing results :

—

Bi(K"03)3 + H3C,H,0^ -f 3K0H + 3NK,0H=
Bismutll tri-nitrate. Citric acid. Caustic pota-.h. Amrnoniuiu hvdrate.

Bi(0H)3 (NH,)3C6H50, -{- 3KNO3 + 3H.,d.
Bismuth ammonio-citrate. Potassium nitrate. Waiter.

t Pome di.scussion has resulted from the study of this com-
pound and ammonio-citrate of hismuth. Authorities are by no
means agreed as to the chemical reactions which take place, or

the constitution of the double salt which results. We prefer to

consider that citrate of bismuth has the formula BiCtjHsO;. and
that ammonio-citrate of bismuth is represented by Bi(0H):5-

(NHOsCeHsOj-l-Aq, thus in reality being a basic citrate of bis-

muth, or, if some so choose to consider, a solution of tri-hydrox-

ide of bismuth in citrate of ammonium.
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The British Phavmacopceia prepares an impure ammo-
iiio-citrate of bismuth, and recognizes it asliquor bis^nuthi

el amrnonice citralis. It is contaminated, however, with po-

tassium nitrate, and such as desire a solution of a bismuth
citrate may well prefer the prej)aration made as we have
indicated. This is sold ou the market under the name
liquor bismuthi.

Bismuth Trinitrate.—Formula, Bi(N03)3. Molecular
weight, 395. (J7.

Syyionyms.— Nitrate of bismuth. Acid nitrate of

bismuth.

This salt is of no use in medicine. It is made by dis-

solving metallic bismuth in dilute nitric acid. Crystals

of the compositicu, Bi(X03)3.3H.^O, are obtained upon
evaporation of the solution and subsequent crystallization.

These crystals are colorless and transparent, deliquesce

in the air, and by heat are decomposed, finally leaving

trioxide of bismuth. If a solution of trinitrate of bis-

muth be poured into cold water, a basic nitrate (oxv-
nitrate) is produced as an insoluble ])recipitate. This is

used extensively in medicine under the name

—

Bismuth Sub nitrate.

It has the composition Bi(OH)2X03, or BiOXOg.H.O,
as some prefer. This is a heavy crystalline white powder,
which is odorless, and not of an acid taste. It reddens

moistened blue litmus paper, and dissolves perfectly in

nitric acid. It should not show the presence of arsenic

by the test we have given under bismuth sub-carbonate

(page 339), although much of the sub-nitrate of bismuth
of the market is contaminated with traces of that ele-

ment.f Silver will sometimes be present in sub-nitrate

of bismuth in amounts sufficient to produce a gray color

upon exposure of the salt to light.

t Admitting this point the writer is still of the opinion that the
expressed fears of poisoning from this source are much overdrawn,
although occasionally it is present in considerable proportion. I am
informed by Mr. Charles Rice that he has a san:ple of subnitrate of
bismuth that contains one per cent, of arsenic.
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Bismuth Oxy-chloride, BiOCl, or BiCl3Bi,03.H,0,
is a white powder employed as a cosmetic. It may be

made by pouring a solutiou of trinitrate of bismuth into

a solution of chloride of sodium, or by dissolving the

trichloride of bismuth in an excess of water. The other

bismuth compounds are not of therapeutical interest,

although a tamiate and a valerianate of bismuth have

been mentioned.

Tests for Bismuth.—If sulphide of hydrogen be passed

through the solution of a bismuth salt, a black-brown
sulphide results. This refuses to dissolve in ammonium
sulphide but dissolves in nitric acid. If solution of po-

tassium chromate be added to the solution of a bismuth
salt, a yellow precipitate results. This dissolves in dilute

nitric acid, and is insoluble in solution of caustic potash.

TANTALUM AND NIOBIUM.
These two elements are generally found associated, both

are rare and neither is of any practical use.

TANTALUM.
Symbol, Ta. Atomic weight, 182.0.

Tantalum was discovered in 1803, by Ekeberg ; it has

never been obtained pure, although Berzelius produced a

black powder capable ol assuming a metallic lustre. This
burned to an oxide when heated in the air, dissolved in

hydrofluoric acid, hydrogen being evolved. It united

with sulphur vapor and chlorine gas when heated in

either, burning brightly. Tantalum forms two oxidep,

tantalum tetroxide, TajO^ and tantalum pentozide, TaoOj.

NIOBIUM.
Symbol, Nb. Atomic weigbt. 94.0.

It was discovered by Hatchett (1801), in an American
mineral, Columbite, and named by him Columbium. It

was afterward assumed (Wollaston) to be identical with

tantalum, but Rose, in 1846, positively showed that the

two elements existed, giving the name Niobium to that
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which had nearly half a centuiy previously received the

name Colunibiuiu. Niobium (Columbiuui) was obtained
in a film by Bomstrand, and as a steel-gray crust by
Roscoe. It is soluble in sulphuric acid, but not in the
other mineral acids It forms three oxides, and a hy-
droxide. The salts of Niobium are of no use.

VANADIUM.
Sj^mbol, V. Atomic weight, 51.2.

In 1801 Del Rio discovered this element in an ore from
Mexico, vanadate of lead. He named the new element
Erythronium from its red color, but his conclusions were
distrusted and considered erroneous. Sefstrom again

discovered it in 1830, and gave it the name Vanadium. It

is made pure by reduction of the dichloride in hydrogen
gas, a difficult and tedious experiment. A^anadium is a

whitish-gray colored powder, appearing under the micro-

scope as a brilliant metallic crystalline mass. It oxidizes

very slowly in the air, but burns brightly in a flame, or

wlien it is heated in oxygen gas. Its specific gravity is

5.5. It is violently oxidized by nitric acid, dissolves in

hydrofluoric acid, but neither cold hydrochloric nor sul-

phuric acid, dilute or concentrated, aifects it. Vanadium
forms five oxides, all of which })rod uce salts. It is un-

necessary for us to describe these, as neither the metal nor

a single salt of it is of any medicinal use.;{; One pecu-

liarity of vanadium is its property of uniting directly

with nitrogen. The affinity between these substances is

such that oxide of vanadium gives uj) its oxygen, and the

metal unites with nitrogen, when the oxide is heated in

an atmosphere of mixed nitrogen and hydrogen.

X The salts of Vanadium are now used in dyeing, and for niaking
black ink, and for dyeing. The ore is supplied from Swedish mines.
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THE GOLD GROUP OF METALS.

GOLD. PALLADIUM. PLATINUM.
IRIDIUM. RHODIUM. RUTHENIUM.
OSMIUM.

Gold and Platinum refuse to unite directly with oxygen,

even when heated in that gas.

Palladium, Rhodium and Iridium unite with oxygen

when gently heated in the air, but these oxides decora-

pose when the heat is increased, oxygen escapes and the

element remains.

Ruthenium and Osmium unite with oxygen and give

rise to volatile oxides which do not decompose at any

temperature.

The lower oxides of the foregoing group act as weak
bases, the higher oxides are acid producers.

Gold is the only metal of this group of elements that

is used in medicine.

GOLD. (Aurum.)

Symbol, Au. Atomic weight, 196.2.

Gold was named from its lustre or shining color.
^
It is

generally found native, alloyed more or less with silver.

It is also found in some minerals in combination, and is

present in the waters of tiie ocean. It is very widely dis-

tributed, being found in almost every country of the globe.

The processes for its extraction from sand and quartz are

well understood, and do not require mention by us. Gold

has been considered a precious metal since the earliest times,

and is the only element having a bright yellow color. It

crystallizes in the regular system, and when small, natural

crystals are found connected together, " in hair-like hla-

ments," it is termed moss gold. Gold is the most ductile

of motals and to such an extent can it be hammered, that

280,000 thicknesses of gold leaf will only oecupy one inch

in thickness, and one grain of n;o1d will Sfild two miles of

silver wire. Gold may be so finely divided by precipita-
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tion that, notwithstanding the specific gravity of the

metal, it remains suspended in water, imparting to the

mixture a blue color by transmitted light, and a })urple-

red color by reflected light. Gold leaf permits the pas-

sao^e of light, and in this case the green ray is transmitted.

Gold has the specific gravity 19.265 (Matthiessen), and
melts at 1381° C. (Pouillet). It remains unaltered by
exposure to water or oxygen of any temperature and for

any length of time. Pure gold is very soft, and for

coinage and for jewelry requires to be alloyed with other

metals. For this purpose both copper and silver are em-
ployed ; if copper, a red color is imparted to the alloy,

the silver alloy being light yellow in color.

Gold trinkets are sold according to a certain percent-

age of gold, the standard of which is called " carat."

Thus, 24 carat is pure gold, and 22, 18, 15, 12 carat,

etc., signify such proportions of pure gold in tweuty--four

parts of the alloy. Gold fxrms an amalgam with mercury,

and occasionally is found native as an amalgam. Gold
is not ajffected by even the concentrated mineral acids,

but a mixture of muriatic and nitric acids dissolves it freely,

nascent chlorine being the agent, and which combines
with the gold to form chloride of gold, or gold trichloride,

AuCU. There are two known oxides of gold, neither

produced directly from the metal.

Gold. Monoxide, or aurous oxide, AuoO, may be
made by decomposing aurous chloride (AuCl) with solu-

tion of caustic potash. Gokl trioxide or auric oxide, AuoOj,
is obtained by heating the hydroxide to 100° C. (212° F.)

Gold Hydroxide, or trihydroxide of gold, Au(OH)3,
is made by heating a solution of trichloride of gold

(AuCly) with calcined magnesia, and afterward washing
the precipitate well with nitric acid.

Fulminating Gold,—Tliis is ammoniacal auric oxide,

Auo03(XH3)j, It is made by acting upon gold hydrox-

ide with ammonia. There is a simpler process for making
this compound, but none should make it for experiment,

and we do not care to give it. Fulminating gold is among
the most dangerous of explosives, a jar being sufficient to
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cause its decomposition. Gold gives rise to two classes of

salts, auroiis salts and awr/c salts. These follow the gen-

eral rule for such compounds, the proportion of gold in

the aurous salts being greater than that of the auric salts,

thus :

—

Aurons chloride AnCl.
Auric chloride AuClj.

Aurous bromide AuBr.
Auric bromide AuBr3.

One salt of gold is used in medicine, the

—

Auric Trichloride, or chloride of gold, AuCl,,.—To
prepare it, dissolve gold coin it nitro-rauriatic acid.

Evaporate the solution to dryness, dissolve the residuum

in water, and pour the solution into an excess of solution

of sulj)hate of iron (ferrous sulphate). A black precipi-

tate of metallic gold is ])roduced. This must be well

washed by decantation, dissolved in nitro-muriatic acid,

and the solution evaporated to dryness. The residue is

now to be dissolved in a little water and filtered, and the

filtrate evaporated to dryness, when the salt must be im-

mediately ])laced in well stoppered vials. Chloride of

gold has a dark red color in mass; if powdered it is yel-

lowish red. There should be no greenish tinge, and the

salt should dissolve perfectly in alcohol, ether and water.

Chloride of Gold and Sodium.
There is a double salt of chloride of gold and chloride

of sodium. It has the composition NaAuCl42H20, and
is made by adding chloride of sodium in proper propor-

tion to solution of chloride of gold and afterward evapo-

rating the solution to crystallization. The crystals are

rhombic prisms, permanent, and of a yellowish red color,

and are the chloride of gold and sodium of the French
Codex. In this country, however, chloride of gold and
sodium is made by dissolving equal weights of chloride of

gold and chloride of sodium in water, and evaporating the

solution to dryness. This has an orange-yellow color and
is the form of gold mostly employed in medicine. The
other salts of gold are unimportant from a therapeutical

point of view.
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Tests for Gold.—Add solution of sulphate of iron to

the solution of any salt of gold, a black precipitate is

produced. Kub this between two smooth metallic sur-

faces, a bright yellow metallic luster results. Add the

precipitate to concentrated nitric acid, it will not dissolve.

Add now hydrochloric acid, solution results.

2. Add solution of ferric chloride to solution of stannous

chloride (SnCL) until a permanent yellow color is pro-

duced. Dilute this solution. Then place the solution to

be tested for gold in a beaker glass upon a sheet of white

paper. Dip a glass rod into the mixed iron and tin solution,

then draw it through the liquid within the beaker. If a

trace of gold is present, a blue or purple streak will follow

the glass rod, (Galloway.) This test is upon the principle

that stannous chloride produces the " purple of Cassius
"

with gold solutions. If a drop of the solution of a salt

of gold be placed upon a sheet of paper, and a drop of

solution of stannous chloride be added, a purple-red color

results.

PLATINUM.
Symbol Pt. Atomic weight, 196.7.

Platinum has been known since the middle of the six-

teenth century, but it did not attract general attention

until two centuries later. Platinum is found in small

amouuts in most countries, but a comparatively few local-

ities furnish the platinum of commerce. Platinum is

only found in the native state, but this is usually impure,

being contaminated with all of the elements of this group,

and iron, copper, and other substances. It is occasionally

found crystallized as cubes, but usually in the form of

flattened or irregularly shaped grains. Pure platinum has a

white color, the specific gravity 21.5 (Deville and Debray),

and is soft as copper. It can be readily melted at a white

heat. It is (excepting gold and silver) the most malle-

able of all metals. Platinum refuses to melt at the great-

est temperature of a blast furnace, if in large mass. A
very fine wire fuses in the flauie of a Buusen jet, and
considerable amounts can be melted in the oxy-hydrogen

flame. Heated platinum permits the passage of hydro-
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gen gas through it with comjiarative rapidity. This is ex-

plained upon the princij)le that the surface next to tiie gas

absorbs it readily, and the outer surface throws it otf.

The vapors of many iiitianimable liquids, and certain

gases, will cause a thin sheet of platinum to become red-

hot, often attended by ignition or even explosion. This

can be shown by holding a clean, warm, piece of })]atinuni

foil in a stream of J/v/ hydrogen gas as it escapes into the

atmosphere. The foil quickly becomes red-hot and the

hydrogen is ignited.

Spongy platimun is a form of metallic platinum which

presents a very large surface. It is made by igniting the

double chloride of platinum and ammonium. It has the

power of condensing large quantities of oxygen. Pla-

tinum black is another form of platinum. It is a black

powder, and when carefully prepared in a vacuum absorbs

oxygen so rapidly upon exposure to the air as to become

red hot. Platinum is valuable to the chemist. It is not

affected by oxygen, water, and sulphuric or nitric acid,

at any temperature, therefore platinum crucibles and re-

torts are used for many experiments where other metals

would be useless. Many alkalies, alkaline cyanides, burn-

ing charcoal, phosphorus, arsenic, (sulphur if alkali is

present), and metals, attack platinum crucibles. Care

must be taken, therefore, to guard against such bodies.

Platinum should retain its brightness, and should not

lose weight in either boiling nitric or hydrochloric acid.

Platinum dissolves readily in nitro-muriatic acid, clilo-

roplat'mic add, HoPtCl^ being formed. This is usually

called chloride of pjlatimun. The hydrogen of this acid

replaced by different metals forms salts, and it combines

with many alkaloids to form insoluble compounds. For
this reason the acid (so-called chloride of platinum) is of

use in organic analysis as an alkaloidal reagent. In all

cases the absence of ammonia must be ensured, as it forms

ammonium platinichloride with chloroplatinic acid. This

is a very insoluble salt of the composition (XH.)._,PtCl6,

and which may readily be taken for the precipitate of an

alkaloid.
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There are two classes of salts of platinum, platinous

salts and platinic salts, of which the following are exam-
ples :

—

j Platinous chloride, or ])hitinum dicbloridcPtClo.

I Platinic chloride, or plaliiiiun tetrachloride PtCl^SH^O.

j Platinous iodide PtT.^.

( Platinic iodide Ptl4.

In addition there are many and complex compounds of

this element with other substances, of great interest to

students of pure chemistry but of no practical value.

PALLADIUM.
Symbol, Pd. Atomic weight, 106.2.

This element was discovered in 1803, by \yollaston, and

named from the planet Fcdlas, which was discovered during

the preceding year. It is found associated with most

platinum ores, and is often found alloyed with gold. It

is usually obtained as aby-product during the purification

of platinum, but the metal is occasionally found tolerably

pure (usually containing iridium and platinum) in the

form of grains like platinum, which we have described.

Palladium has a white color, specific gravity 11.4 (Deville

and Debray), and melts more easily than any other metal

in the gold group of elements. It assumes upon the sur-

face a dark blue or a violet color when it is heated to dull

redness, but at high temperatures it regains its brightness.

Hot nitric acid, and hydrochloric acid into which chlorine

is passed, dissolve it. Palladium has been used in the

arts to a slight extent. It is unalterable in the air and

has, therefore, been employed to coat astronomical instru-

ments. It does not alter when it is exposed to sulphide

of hydrogen, therefore dentists have employed it instead

of gold. None of the compounds of palladium are of

practical interest.



350 CHEMISTRY OF MEDICIXES.

RHODIUM.
S^'mbol, Eh. Atomic weight, 104.1

Wollaston discovered this element, and named it in

reference to tlie rose-red color of its salts. It usually

occurs in platinum ore, and is obtained from the solution

which remains after precipitation of ammonium platinic

chloride. Rhodium has the specific gravity 12.1 (Deville

and Debray), and the color and appearance of alumini-

um. It is one of the most difficult of elements to fuse,

platinum melting at a lower temjierature. Rhodium, if

pure, is almost insolul)le in acids, not excepting nitro-

muriatic acid, but if it be alloyed with many other ele-

ments it dissolves in the latter named com])onnd. Rho-
dium is rare, and its salts are of no value in the arts or

in medicine.

IRIDIUM.
Symbol, Jr. Atomic weight (Tennant), 196.7.

This element was discovered by Tennant, in 1803 and
1804, in the residue left from solution of platinum ore, in

which it is found as an alloy. Iridium has the s})ecific

gravity of 22,38, and when polished, resembles ])olished

steel. It is slightly malleable at a white heat, but is very
brittle when it is cold. Spongy iridium may be j)repared
after the manner for making spongy platinum ; this will

oxidize in the air, but the metal in mass will not oxidize
at all. Pure iridium will unite with chlorine at dull

redness, but nitro-muriatic acid will not affect it, unless

the metal be alloyed with platinum, in which case this

acid dissolves it. When alloved with platintim, (iridium

one ])art, and platinum nine parts,) it forms the sicoidard'

metal which is used to make standard measures. This
alloy is very hard, very elastic, and perfectly unchangeable
in the air. It takes a high polish, and melts at a higher

degree of temperature than is required to fuse platinum.
The com)>onnds of iridium are of no interest to physi-

cians or pharmacists.
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RUTHEXIUM.
Symbol, Eu. Atomic weight, 103 5.

This element is found in platinum ore. It was first

positively identified by Clans (1845), although Osaun
(1828) stated that platinum ores from the Ural mountains

contained three new metals. One of these he named
ruthenium, and as Mr. Clans actually found it in small

quantity in the substance Osann had pre|)ared for ruthe-

nium oxide, he (Clans) accepted the name. The claims

for the other two elements Osann stated to have discov-

ered, were shown to be unfounded. Ruthenium has the

specific gravity 12.261 at 0° C. (32° F.) It is hard, brittle,

and excepting, osmium, the most difficult to fuse of the

metals of the gold group, likewise, excepting osmium, it

combines more readily with oxygen than any other metal
of the group. The j)ure metal combines with chlorine at

a red heat, but nitro-muriatic acid scarcely affects it.

Ruthenium is very rare, and is never employed in the

arts or in medicine either in elementary form or as a

compound.

OSMIUM.
Symbol, Os. Atomic weight, 198.6

Osmium was discovered by Tennant at the time he dis-

covered iridium (1804), and in the same ore. He named
it osmium after the peculiar odor of its oxide, which is

volatile. It is readily separated from the other members
of the gold group by taking advantage of this volatile

nature of the tetroxide (OsOj), and from this compound
Deville and Debray ol)tained the element.

Osmium is the heaviest known body, having the spe-

cific gravity of 22.477 (Deville and Debray), and it has

never been melted. For these properties it is remarkable
among metals, and also for the fact that to volatilize even
minute amounts of it, which can only be accomplished l)y

means of the oxy-hydrogen blow-pipe, is an extremely
dangerous operation.
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Osmium tetroxide, OsO^, or osmic acid, is formed
by several processes. It possesses the most penetrating

properties, is the most irritating of any known snbstance,

and experimenters are required to use the utmost caution

that it does not escape into the atmosphere. Deville

nearly lost his sight from its action, after a very slight

exposure to its vapor, and a very small amount ofthe va-

por, if mixed with the air, will give rise to the most seri-

ous inflammation of mucous surfaces.

Osmiridium is the name given to an alloy of osmium
and iridium, and which is used for the points of gold pens.

This alloy will not oxidize, is not attacked by acids, and

is not magnetic. In consequence of the latter ])roperty

it is used for the bearings of compasses. Noneof the com-
pounds of osmium are of interest to ])harmacists.

We have now considered the last known element of the

gold group, and all of the known metals. We have en-

deavored to notice fairly each of the elements, and such

of their compounds as are used in pharmacy or in medi-

cine, exce|>ting the carbon compounds included under the

section to follow.



ORGANIC CHEMISTRY.

Under this head we shall study such important con-

stituents of the vegetable and animal kingdoms, and their

derivations, as are used in medicine. At one time it was
supposed that all organic bodies were produced by what
is called vital force, and could not be made artilicially.

Since that day many products of the vegetable and of the

animal kingdoms have been artificially prepared, and the

old line of demarkation between organic and inorganic

chemistry is abandoned. At present the term organic

chemistry is applied to the study of carbon compounds,

and thus we may consider that the department to follow

is a continuation of the study of our last non-element,

carbon.

In this work, a fragment only of organic chemistry can
be considered, as the majority of the compounds are of
no interest in medicine. We shall not, therefore, endeavor
to closely follow the advanced views of theorists, as the

matter at our command will not permit a systematic

CDurse, and without such it is useless to endeavor to grasp
the subject. Such as are generally interested in this im-
portant section of chemical science, are referred to works
devoted to organic compounds. Of first importance is

the combination of carbon and hydrogen, known as the

hydrocarbons.

SATURATED HYDROCARBONS.

The atom of carbon (C'^) can combine with four atoms
of hydrogen. If it is in combination with this number,
it is saturated and can not combine with another. If we
have two carbon atoms combined in one molecule, each

30 (853)
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saturates one bond of attraction of the other, therefore,

only tivo additional hydrogen atoms can be taken up. If

now another carbon atom be introduced into the com-

pound, it will be necessary to also introduce two hydrogen

atoms. Each of the aforenamed molecules will be saturated,

and in each the increase or decrease will be by tlie addi-

tion or subtraction of CH.-,. kSuch a series can be carried

theoretically to infinity. The series is called homologous,

in consequence of each compound diflering from the one

below or above by abstraction or addition of CH.,. As
examples we give the following graphic formulfe :

—

H

H H-C-H
I

I

H H-C-II H-C-H

H-C-H H-C-H H-C-H
I J I

H H H
Methaue (CH4). Ethane (CoHe). Propane (CsHe)

Unsaturated Hydrocarbon Radicals

Saturated hydrocarbons part with one atom of hydrogen,

the result being radicals known as alcohol radicals. These

radicals can not exist free, but they are basic in action

and behave like metals. They displace the basylous

hydrogen from acids, and uniting with the acidulous radi-

cals form salts which are permanent. Thus from the

saturated hydrocarbon ethane C.He, we have CoH- by

al)straction"of one atom of hydrogen, which is theoreti-

cally the radical of ordinary alcohol, alcohol being con-

sidered hydroxide of ethyl, CaH.OH, (See alcohol)

When the unsaturated alcohol radical unites with an acid

radical, oxygen, or with a haloid element, an ether is

formed, (see ethers).

ALCOHOLS.
There are a number of substances which the chemist

of the present accepts as alcohols, and which bear little

resemblance to ordinary alcohol. The term alcohol is
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now applied to a large number of organic compounds
wliich seem to contain hydroxyl united with unsaturated

hydrocarbon radicals (basylous). These radicals are some-
times called alcohol-radicals, and have various combining
powers, seeming to unite with one, two, three or more mo-
lecules of hydroxyl, thus :

—

Alcohol radicals. Hvflroxji. Alcohols

Ethyl CsH.+ 'OH = CoH-,OH Ethyl alcohol.

EthYlene...C.Hj4-(OH).,=C/H,(OH)....Eihvlencaleoho].
Glyceryl....C3H5-f (0H)3= C3H. (OH) 3. .Glyceryl alcohol.

A large number of alcohols are known and recognized

by theoretical chemists, but few, however, are of use in

medicine. INIany of these (glycerin for example) are not

classed by ordinary pharmacists and physicians with the

alcohols.

Ethyl Alcohol.—Formula, C2H3OH.

Synonyms.—Ethyl hydrate. Ethylic alcohol.

Alcohol results from fermentation of saccharine mat-
ters through the agency of yeast. In practical work we
believe that the starch of grain is first changed into coru-

sugar (glucose), as follows :

—

3C,H,oO, + H,0 = 2C„H,,0, +C,H,,0,.
Starch. Water. Dextrin. Glucose.

The sugar or glucose then undergoes, under the influ-

ence of yeast the change

—

CcH,..Og = 2C2H,OH + 2C0.,.
Glucose Alcohol. Carbou droxide.

In addition to alcohol, several incidental products, such
as fusil oil, result.

Pure (Absolute) Alcohol, can not be made by ordi-

nary distillation, and to ])r()duce it the officinal spirit must
be distilled from freshly burned lime, carbonate of potas-

sium or calcium chloride. Pure (absolute) alcohol has

the specific gravity of 0.794 at 60° F., a sharp, burning
ta.ste and a pleasant odor. It di.ssolves iodine, bromine,

many salts of metals, most alkaloid.s, essential oils, resins,

etc. When it is mixed with 50 per cent, of water

—
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Proof Spirit results. This has the specific gravity
0.936 at 60° F. (15.5° C.) and is the standard of proof
adopted by the U. S. Revenue service. Tlie following

jjroofs are recognized.

Specific gravity, 0.931
;
per cent, alcohol, 52i ; second proof.

Specific gravity, 0.925
;
per cent, alcohol, Soo ; third proof.

Specific gravity, 0.92U
;
per cent, alcohol, 58; fourth proof

Stronger Alcohol, U. S. P.— This has the specific

gravity 0.817.

Alcohol, U. S. P.

*S'(y?zo?;?//Hs—Spiritusrectificatis. Refined spirit. Spirit

of wine.

Tills has the specific gravity 0.835, and contains eighty-

five per cent., by weiglit, of absolute alcohol. It has a

peculiar odor, but siiouhl not smell of fusil oil when di-

luted with water. Alcohol will mix with castor oil in all

proportions, the mixture being transparent.

Diluted Alcohol is a mixture of officinal alcohol (s. g.

0.835) with an equal bulk of water. It has the specific

gravity 0.941.

When potassium or sodium is added to pure alcohol,

hydrogen gas is evolved, and dhylate of potassium, or of

sodium, is formed. When ])ure alcohol is mixed with an
excess of officinal nitric acid, oxidation and a violent re-

action ensue. If nitric acid be added in pro])er amount
to ordinary alcohol, and the mixture be distilled, nitrous

ether (nitrite of ethyl) and aldehyd result. If sulphuric

acid and metallic copper be added to the mixture of nitric

acid and alcohol, the production of aldehyd is much de-

creased (see spirit of nitrous etiier). Sulphuric acid ab-

stracts the elements of water from alcohol, the result being

so-called sulphuric ether (see ether). If one part, by
measure, of alcohol be mixed with one part, by measure,

of water, contraction results, the mixture decreases in bulk

and increases in temperature. The admixture is imme-
diately followed by a copious separation of air bubbles,

which imparts a milky appearance that disapj^ears quickly,

however, as the bubbles of air rise and escape. Alcohol

is extensively employed in the arts and in medicine.
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Methylic Alcohol —Foi-mula, CH3OH.
Si/aonyms—Wood naptha. Wood spirit. Wood alco-

hol. Pyroligiieous spirit. jNIethyl hydrate.

This substance is practically produced by the destruc-

tive distillation of wood. It is, as first obtained, very

impure, from the presence of acetic acid and tarry pro-

ducts. After several redistillations, and filtration through

charcoal, and redistillation from lime, it becomes colorless

and constitutes the wood alcohol of commevce.

Wintero-reen oil is mostly methyl-salicylic ether, and

yields methylic alcohol and salicylate of potassium when
decomposed with caustic potash. Methylic alcohol may
also be produced synthetically from methyl hydride

^\ ood alcohol of commerce is unfit for medicinal use,

and is usually very impure When pure it is colorless, of

specific gravity 0.814, and burns with a blue flame. It

has a peculiar odor whicli is very disagreeable to many
persons, and its vapor irritates and inflames the eyes. In
England alcohol mixed with ten per cent, of meihyUc al-

cohol is made for pharmaceutical purposes, and is free from
government tax. In this country the law will not per-

mit such a course, our Pharmacopoeia does not recognize

(wisely, we think) wood alcohol, and if any use it in the

preparation of medicines it is an adulterant. In the

arts, however, wood alcohol is extensively employed, as

in varnish making, etc.

Amylic Alcohol.—Formula, C^H, ,0H,

Synonyms.— Fusil oil. Amyl hydrate. Oil of corn.

Isopental alcohol. Fuselol.

This is a side product of the fermentation of grain and
potatoes. In this country fusil oil is produced in large

amounts by the Western refining distilleries, and it is used

extensively by manufacturers of artificial fruit and liquor

flavors, as well as in the preparation of valerianic acid.

Fusil oil is colorless, of specific gravity 0.818, and boils

at 132° C. (about 270° F.) It has a penetrating, disa-

greeable odor; a burning taste ; dissolves some alkaloids,

and is soluble in alcohol and ether. As found in commerce
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it is impure fi-om the ])reseiice of onlinary alcohol, which

is best separated by repeatedly shaking the crude fusil oil

with fresh portions of saturated solution of sodium chlo-

ride, then distilling it from calcium chloride. Fusil oil

is poisonous, and the injurious effects of common whisky

(outside of the alcohol) are due to this article, which to a

great extent is separated by the refining process.

Glycerin.—Formula, C3H53OH.

Synonyms —Glyceryl hydrate. Glyceric alcohol. Pro--

penyl alcohol.

This is a sweet, viscid substance, and is obtained as a

by-prodact of the candle factories, resulting from the de-

composition of tallow. In the preparation of lead plas-

ter, glycerin is a result; and at one time it was obtained

in this manner.
Neutral fats and oils are, in fact, the ethers of propenyl

alcohol (glycerin) in which hydrogen is replaced by

the fitty acids. Thns, three molecules of stearic acid

(C,^H350,,) may be said to be combined with glyceryl,

C. [I3, to form the fat known as stearinc, CgH-^Cj gilg -Oj.

G-lycerin is colorless and odorless, neutral to litmus paper,

of specific gravity 1.26 when anhydrous, but in commerce

is usually 1.25. It is soluble in water, alcohol, and

chloroform, but not in ether. It should not turn brown
if mixed with two measures of cold sulphuric acid, and

''when dihited with water, it affords no precipitate with

hydrosulphate of ammonium, forrocyanide of potassium,

nitrate of barium, oxalate of ammonium, or nitrate of

silver." U. S. P.

When glycerin is heated over direct heat, it decomposes,

evolving irritating fumes; it distills, however, in a cur-

rent of superheated steam, and in commerce is purified in

this manner. It is remarkable as a solvent, dissolving

many salts, most vegetable tannates, tannin, and many
alkaloids. Freshly precipitated tannate of quinine dis-

solves in glycerin to the extent of five grains to the fluid

ounce, and the solution is scarcely bitter. When gly-

cerin is heated with strong nitric acid, ?)?7/-o- glycerin,

C3H-(iSrO^)303 results, one of the most dangerous of ex-
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plosives. Dynamite is a mixture of iiitro-glycerin and
sand. Glycerin is extensively employed in medicine and

in the arts. Onr Pharmacopoeia recognizes a class of solu-

tions of medicines in glycerin, under the name " glycerita."

Mannite.—Formula. CgHg.eOH.

Synonyms.—Mannityl hydrate. Mannitic alcohol.

Manna is a white, concrete substance obtained from
the incised trunks of certain trees, from wiiich it exudes

as a sticky, gummy, mass. It has a peculiar odor, and a

sweet taste, containing sugar, extractive matter and man-
nite. Mannite is easily obtained by boiling manna in

alcohol of the specific gravity 0.914, filtering the solution,

and permitting it to crystallize. The crystals are ])urified

by re-solution and crystallization from alcohol. Mannite
is insoluble in ether; sweetish to the taste, and does not

respond to the potassium hydrate and potassium tartrate

test for glucose. It does not readily undergo the vinous

fermentation ; by the action of ordinary nitric acid is first

converted into saicharic acid, and lastly into oxalic acid.

Manna is used to a limited extent in medicine, but mannite

is of use neither in the arts nor in medicine, excepting as a

constituent of manna, where it exists to the extent of

ninety per cent.

Carbolic Acid, CJT-OH, is an alcohol of the aro-

matic series, and is known to chemists as phenyl hydrate.

In commerce it is called phenic acid or carbolic acid; we
have thought best to descril)e it among the acids proper

(page 91). It will not decompose the carbonates, and thus

may be said to differ from true acids, excepting hydrocy-

anic acid (HCX). Carbolic acid is sometimes called "coal

tar creasote," and in an impure form has been mixed
with or sold for true

—

Creasote.—This is a mixed jM-oduct of the dry distil-

lation of wood. It is oily; colorless; of specific gravity

1.046, U. S. P. (1.071 Br. P.) and is composed chiefly of
creasol (0^11, f,0._,). In addition, creasote is said to con-

tain (juaicol, C^HgOg, and phlorol, CgHj^O. Inasmuch
as true creasote is sometimes substituted by crude carbolic
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acid, we give the following as distinctions which have
heretofore been offered by various authorities, although

true creasote differs very much when derived from various

woods.
CREASOTE. CARBOLIC ACID.

Not soluble in glycerin. Soluble in glj'cerin.

Does not alter the appear- Precipitates gun cotton from
ance of collodium. collodium as a gelatinous mass.

Yields a green color with al- Yields a brown color with
coholic solution of ferric chlo- alcoholic solution of ferric

ride. chloride.

ETHERS.
The basylous hydrocarbon radicals do not (as we have

said) exist singly in a free state, but they behave like

metals, and form salts by combination with acid radicals.

The salts formed by oxygenated acids are known as com-

2')0und ethers; the salts of iodine, bromine, etc., as haloid

ethers ; the oxides of these unsaturated radicals are known
as simple ethers, a\^d the Jiydroxides are alcohols. Thus, the

basylous radical ethyl, C..O5, which acts as a monad, by
combination with

—

Hydroxyl (OH) yields common alcohol. CjHgOH.
Iodine (I) yiekis iodide of ethj-l, CoH-I.
Acetic acid' radical (C.,H302) yields acetate of etbyl,

C.H,C.H30,,.
Oxyge"u (0)'yield8 oxide of ethji, (C2H-)oO.

Of the above

—

Common alcohol is etbyl hydroxide, C^H-.OH.
Ethyl iodide is a haloid ether, C2H5.I.
Etb}'! acetate is a compound ether, C^H^.CjHjOo,
Eth^'l oxide is a simple ether, (CoH.)2.0.

The common sources of the unsaturated hydrocarbon

radicals are the alcohols, and from the alcohols we pro-

duce the corresponding ethers. Of the many known
ethers, a few only of the most common are employed in

medicine.

Simple Ethers.—Of these, two are of interest to

pharmacists and physicians. They are, as we have said,

oxides of unsaturated basylous hydrocarbon radicals.



ETHERS. 361

Ether.—Formula, (C.HJ^O.

Si/nonyms.—Sulphuric ether. Ethyl oxide. Ethyl

ethylate.

Ether is made by distilliug a mixture of alcohol and

sulphuric acid. The name, sulphuric ether was derived

from this fact, but pure ether is free from any sulphur

compound. In theory, the use of a limited supply of

sulphuric acid should produce an unlimited amount of

ether, as tlie acid is not consumed. In practice, however,

it is found that the water produced by dehydration of the

alcohol, together with the water and other impurities pres-

ent in ordinary alcohol, interferes with and at last stops

the operation. The reaction which takes place when ether

is formed maybe explained as follows. Alcohol and sul-

phuric acid first give rise to a molecule of water and a

molecule of ethyl-hydrogen sulphate, as explained by the

equation :

—

CaH.On -I-
H.,SO, = C,H,HSO, -f H.O.

Alcoliol. Sulirtiuvic Etli\l hydrogen Water,
acitl. sulphate.

The molecule of ethyl-hydrogen sulphate then reacts

with a fresh molecule of alcohol, the result being a mole-

cule of etiier (ethyl oxide) and a molecule of sulphuric

acid, as follows :

—

C2H5HSO, -f C^H-OH = (C.,R,)^0 + H2SO4.
Ethyl-nydrogen sulphate. Alcohol. Kther. Sulphuric acid.

Pure ether has the specific gravity of 0.712 or 0.710,

boils at 93° or 94° F., and evaporates rapidly. It burns
quickly and the vapor mixed with air or oxygen explodes
when ignited. The Pharmacopoeia recognizes, " stronger

ether " of specific gravity not exceeding 0.728, and '^ether"

0.750. These preparations contain alcohol. The last named
is ordinary ether. It should be neutral to litmus, and
evaporate without residue.

Methylic Ether.—Formula, (CH3).0.

Synonyms.—Methyl oxide. Methoxyl-methane.

Mix, in a flask, l)y slowly stirring the acid into the

alcohol, 1,3 parts of methylic alcohol with two parts of

31
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sulphuric acid. Then comieot the flask by means of a

tube passing into a vial of alcohol. Upon iieating the flask

gently, a current ofmethylic ether will flow through the tube

and into the alcohol where it is dissolved. In the fore-

going reaction sulphuric acid abstracts the elements of

water from the methylic alcohol as shown by the equation,

2CH3OH—H20= (CH3)^0.

Methylic ether is a gas at ordinary temperatures, and
from this reason we may not expect it to come into gen-

eral use excepting in the form of solution. It is colorless,

has an ethereal odor, and dissolves in water, alcohol or

sulphuric acid.

Haloid Ethers.—These are combinations of unsatu-

rated hydrocarbon radicals with members of the haloid

group of elements. They may be considered as the result

ofdisplacement from saturated hydrocarbon radicals of one

or more atoms of hydrogen by the haloid elements. Or,

they may be classed as derivatives of alcohols by the dis-

placement of hydroxyl (OH).

Hydrochloric Ether.—Formula, CoH^Cl.

Synompns.—Ethyl chloride. Chlorethane.

This is best liiade by saturating ordinary alcohol with

chlorine gas, and then distilling the mixture at a low

temperature. The gas is conducted through a wash-bottle

which contains a little warm water, and from thence to

an ice-cold receiver. After condensation the ether is to be

agitated with some fragments of fused calcium chloride,

decanted and then redistilled. Hydrochloric ether is a

thin volatile liquid, of specific gravity 0.921. It boils at

12.5° C. (54.5° F.) and is soluble in ten parts of cold

water. This ether must not be confused with the so-

called chloric ether which is simply a dilute solution of

choroform in alcohol.

Hydrobromic Ether.—Formula, CoH^Br.

Synonyms.—Ethyl bromide. Bromethane.

This is made by distilling a mixture of amorphous phos-

phorus 1 part, bromine 8 parts and alcohol 32 parts. The
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gas is purified by passage through a wash-bottle which
coiitains a little warm water, and then is condensed in an
ice-fold receiver. It is rather unsafe to attempt the prepa-

ration of this ether, unless tlie operator is experienced.

Hydrobromic ether is volatile, heavier than water and
has an ethereal penetrating odor and taste.

Hydriodic Ether.—Formula, CoH^I.

Synonyms.—Etiiyl iodide. lodethane.

This ether is made upon the j)rinciple of the production
of hydrobromic ether, iodine l)eing substituted for the

bromine of that experiment. The reaction is explained
upon the assum])tion that iodide of pliosphorus is first

produced, and this reacting with the alcohol produces an
acid of phosphorus and etliyl iodide. Hydriodic ether is

only made by such as have conveniences that guard
against explosions and combustion. It is colorless, of
specific gravity 1.9, has an ethereal odor, and decomposes
upon exposure to light.

Ethene Chloride.—Formula, C.,ll^G\^.

6'?/^(0/??/m6'.—Ethylene chloride. Dutch liquid.

This ether is formed when olcfiant gas (ethene) and
chlorine gas are mixed. It has an oily appearance, and
possesses a fragrant, ethereal odor.

Chloroform.—Formula, CHClj.

Synonyms. — Methenyl chloride. Formyl chloride.

Chloroformnm.
This, in medicine, is more extensively employed than

any other haloid ether. It may be made by a vai'iety of
processes; for experimental purposes the formation of
chloi-of()rm niav be best illustrated by mixing a solution

of chloral hydrate with a solution of caustic potash, for-

mate of potassium, chloroform and water resulting as

follows:

—

C.HCLOH^O + KOH = CHCI3 + CHKOj + H,0.
Chlo al hydrate. Caust'c Chloroform. Pota^pinm Water,

pota'^h. formate.
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The chloroform separates as a hiyer at the bottom of
the vessel. Upon a inaiiiifacturing scale chloroform is

made by distilling a mixture of cldoriiiated lime, water
and alcohol. A complicated reaction ensues, several pro-
ducts arise, including chloroform, and it is unnecessary for

us to consume space with the theoretical arguments that

have been advanced upon this subject. Chlorofor)ii dis-

solves in pure alcohol, and in ether, in all proportions,

and gives a sweetish taste to water. It is not readily in-

flammable, and after eva])oration from glass or porcelain,

should leave a clean surface. It should not alter the

color of litmus paper, and when shaken with water should

scarcely decrease in bulk (absence of alcohol). The specific

gravity of ])ure chloroform is about 1.50 at 60° F. (15.5°

C.) but as })ure chloroform is unstable, the Pharmacopoeia
admits the admixture of alcohol, sufficient in amount to

reduce its gravity to J.480. Chloroform is colorless, and
should neither impart color to, nor be colored by sulphuric

acid when equal volumes are agitated and ])ermitted to

stand in contact for twenty-four hours. Chloroform has

a sweet, aromatic taste, and an ethereal odor. It is an

excellent solvent for some alkaloids. Chlorofom in over-

doses is a poison. The liquid should be at once removed
from the stomach by means of a stomacli pmiip, the face

of the ])atient exposed to a current of cold air, and artifi-

cial respiration conducted. Some recommend stimulants.

In cases of poisoning by chloroform vapor, the above
treatment is to be employed, excepting the stomach pump.

Iodoform.—Formula. CHI.^.

Synonym.—Methenyl iodide.

Iodoform is a haloid ether similar in composition to

chloroform, iodine being substituted for chlorine. It is

easily made by mi:jjing one part ot iodine with two parts

of alcohol, and with constant stirring, slowly adding a

saturated solution of hydrate of potassium until the mix-

ture is decolorized. The result is then to be poured into

eight parts of distilled water, and the precipitate col-

lected on a filter paj)er and dried by exposure to the air.

Iodoform is a lemon-yDllow substance of a persistent
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iodine or saifron-like odor. It is soluble in alcohol, oils,

and ether, and distills with the vapor of boiling' water.

Iodoform should completely dissolve in boiling alcohol,

and should scarcely lose weight bydigestion with cold water.

If it conforms to these tests it is not likely adulterated.

Compound Ethers. (Ethereal salts).

These constitute a large class, embracing the salts which

are produced by the combination of organic basylous radi-

cals with acid radicals. The formation of a compound
ether from alcohol and an acid may be illustrated as

follows:—
2C2H,OH + H2C,0, = (C,H,),C,0, + 2H,0.

Alcoijol. Oxui.o acid. Etlijl oxuhae (oxalic ether ) Water.

Practically, indirect processes are usually required to

influence the economical combination of the basylous and

the acidulous radicals.

Nitrous Ether.—Formula, Cjr.^^O^.

Synonym.—Ethyl nitrite.

If alcohol and nitric acid are gently warmed together,

a complicated reaction ensues, aldehyd, nitrous ether and

water resulting. If copper turnings and sulphuric acid

are added, less aldehyd is said to result. In this case the

nitric acid oxidizes the copper, which unites with the

sulphuric acid to form sulphate of copper. The nitrite

radical thus freed at once attacks the alcohol, nitrous ether

resulting. The reaction is usually explained according to

the equation which follows:

—

C2H5OH + HNO3 4- H,SO, 4- Cu =
Alcohol. Nitric acid. Sulphuric acid. Copper.

CjHgNOa -f CuSO, + 2H,0.
Nitrous ether. Copper sulphate. Water.

Nitrous ether is a thin, straw colored liquid with an

ethereal odor. It is inflammable and its vapor if mixed

with air explodes when lighted. This ether is not perma-

nent, decomposing sjiontaneously and becoming quickly

acid. It may be preserved by dilution with alcohol, and

such is the ofi&cinal spirit of nitrous ether.
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Spirit of Nitrous Ether, (Sweet spirit of nitre).

This was once made by distilling nitre (potassium

nitrate), sulphuric acid and alcohol together, thus deriv-

ing the name " spirit of nitre." It is now made by the

Pharmacopoeial process by distilling a mixture of nitric

acid four and one-half troy ounces, sul})huric acid three

and one-half troy ounces, copper turnings two troy ounces,

and alcohol twenty fluid ounces—the distillate afterward

being mixed with 92 fluid ounces of alcohol. This spirit

should contain five per cent, of the ether })roduced by the

foregoing reaction. It should have the specific gravity

0.837, and it should not effervesce when to it a crystal of
bicarbonate of potassium is added The odor is ethereal,

the color vellowish in large bulk, but it is colorless in

small or ordinary amounts. The spirit of nitrous ether

of the market is very unreliable, large amounts of it

being mixed with water and sold under the names "4 F.

and 3 F. spirit of nitre" the first term seems to signify

water, the second, more icater. If a pure solution of

nitrous ether in alcohol be mixed with its bulk of chloro-

form or castor oil, the result will be transparent and color-

less. If the watery mixture be tested in the same manner
the result will at first be milky and then two layers will

form.

Acetic Ether.—Formula, C2H-.C2II3O2

Si/nonym.—Ethyl acetate.

This ether is easily made by distillation of a mixture of

acetate of sodium, alcohol, and sulphuric acid. During
the reaction water and acetic ether are formed and distill,

while acid sulphate of sodium remains in the retort. The
easiest process for making acetic ether, is that of passing

carbon dioxide into an alcoholic solution of potassium ace-

tate. The result is distilled. After both jirocesses the ether

should be purified by digestion with chloride of calcium,

and carbonate of calcium, then decanted and redistilled.

Acetic ether has an agreeable odor, mixes with alcohol

and ether in all proportions, but dissolves only to the

extent of about ten per cent, in water. It is not used as

a medicine, but is an excellent solvent of cantharidine.



ETHERS. 367

Often it will produce instantaneous solution of gun cotton,

if added in small amount to the collodium mixture, when
without it the cotton refuses to dissolve, forming a gela-

tinous mass.

Amyl Nitrite—Formula, C,H,,.N02.

Synonym.—Nitrite of amyl.

This is made by mixing amylic alcohol (purified) with

an equal bulk of nitric acid, and carefully distilling at a

temperature not exceedeng 100° C. (212° F.) The distil-

late Is then agitated with an aqueous solution of potassium

carbonate, and the overlying ethereal solution is decanted

and redistilled ; that portion which distills between the

temperatures of 95° C. and 100° C. being reserved. Ni-

trite of amyl is of the specific gravity 0.877, has a yel-

lowish color, and a peculiar ethereal odor. It is insoluble

in water but mixes with alcohol in all proportions.

Glycerides —These are combinations of glyceryl

(C3H.) with the radicals of certain fatty acids, such as

oleic acid, stearic acid, etc. These combinations give rise

to the various fats and oils, and thus we call oils and fats

compound ethers. Some of these ethers are solid at or-

dinary temperatures, others are liquid. Natural fats con-

sist of mixtures of the two classes in various quantities,

and in proportion as the hard or soft ethers preponderate,

hard or soft fats result.

Olein.—formula, C.II.SC, 8H3 30„.

Syyionym.—Glyceryl trioleate.

This body constitutes the bulk of most liquid fats

or oils. It is a combination of the acidulous radical

(CigHjjO.^) of oleic acid with glyceryl (C3H5). The pro-

duction of this substance from propenyl alcohol (glycerin)

and oleic acid may be illustrated as follows :

—

C3H53OH -f SHCigHgsO. = C3H5(C,8H330o)3-f3H,0.
Glycerin. Oleic acid.

"
Oleia. W.itcr.

When olein is heated in contact with water under a

steam pressure, decomposition results, and both oleic acid

and glycerin result. Oleic acid combines with metallic

oxides to form salts which are known as oleatea. Olein is
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of great use in the arts, and is used in medicine for the

preparation of glycerin, ])histers, cerates, and ointments.

The officinal liniment of ammonia, a mixture of ammonia
water one part and olive oil two parts, is an imperfect

oteate of ammonium. Drying oils, such as linseed oil, con-

tain an oil (linolein) of the composition 0,11-30, gH.j^O.j.

Castor oil contains recinolein, OgHgSCjgHggOa.

Stearine—Formula, 03H53C,fiH3jO2.

Synonym.—Glyceryl tristearate.

This is a hard fat, constituting the bulk of mutton tal-

low, cocoa butter, etc. When pure it is white, and ])re-

sents a crystalline appearance. Stearine is employed in

a greater or less degree of purity for making candles and
animal soaps.

Palmitin.—Formula, C3H-3C,eH3j02.

Synonym.—Glyceryl tripalmitate.

This, in small quantity, is found in most solid fats, but

in large proportion in palm oil, of wliieh it constitutes the

solid portion. The so-called margaric acid is a mixture

of palmatic acid (HO, (,H3,0j.) and other fatty acids.

ALDEHYDS.

These bodies are the result of oxidation of alcohol. We
have shown heretofore how ordinary aldehyd may be de-

rived from ordinary alcohol, and upon the same princi-

ple, other aldehyds may be obtained by the action of

various oxidizing agents u])on the alcohols. The name
aldehyd is applied to the aldehyd of common alcohol and
it is also known as acetic aldehyd. This is not employed in

medicine, unless it be as a contamination of spirit of ni-

trous ether. Aldehyds form precipitates with hydrogen
potassium sulphite (acid sulphite of potassium).

Chloral—Formula, C2HOI3O.

Synonym.—Trichloraldehyd.

This body is made from anhydrous alcohol by the ac-

tion of dry chlorine gas, whereby the alcohol first changes
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to aldehyd ; this by displacement of three atoms of hy-

drogen forms chloral. Thus :

—

C2H3O.H 4- 2CI3 = C2HCI3O + 3HC1.
AUlehyd. Chlorine. Chloral. Hydrochloric acid.

The above is the simjilest theoretical explanation of

the changes which result from the passage of chlorine into

pure alcohol. In practice several incidental products

arise, and actually the reaction is more complex. Chloral

is not made to any extent in this country. Its ])repara-

tion is tedious and expensive. Our supply is obtained

from other countries, where chlorine is a waste product.

Chloral is an oily liquid, colorless, evolving vapors which

are very irritating to the eyes. It is employed for the

purpose of making

—

Chloral Hydrate.—C2HCI3O.H2O.

Synonyms.—Chloral. Hydrate of chloral.

When the oily liquid chloral, is mixed with a small

amount of water, the mixture solidifies as a mass of crys-

tals of dazzling whiteness. The odor is pleasant and
peculiar. The chlorine in chloral hydrate refuses to pre-

cipitate nitrate of silver solution, thus differing from
metallic chlorides. Chloral hydrate sublimes without
decomposition, and if rubbed with camphor gum produces

a liquid. Water dissolves about three and one-half times

its weight of chloral hydrate, and if the solution be di-

luted, acidulated with sulphuric acid, and colored slightly

with solution of potassium ])ermanganate, it Mill not de-

colorize in several hours, if the chloral hydrate was ])ure.

When solution of choral hydrate is mixed witli solution

of a caustic alkali, chloroform and an alkaline formate

result. Theoretically the yield of chloroform should be

72.2 ]ier cent, of the weight of the chloral hydrate em-
])loyed, but practically the yield is about 70 ])er cent.

Chloral hydrate will not turn cold sulphuric acid brown,
and will not evolve red fumes with nitric acid if they be

gently warmed together. This distinguishes the true

chloral hydrate from chloral alcoholafe, for the latter article

turns brown with sulphuric acid, and evolves red fumes
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when heated with nitric acid. The blood of animals is

of alkaline reaction, and from this fact maybe explained

the slow liberation of chloroform after the administration

of chloral hydrate, toi^ether with its continued and lasting

effect as compared with chloroform. Strychnine has been
recommended as an antidote for poisoning by this drug,

but it must be used with caution. At once empty the

stomach with a stomach pump, then freely administer

strong coifee or tea. Use the antidotes recommended
for poisoning by chloroform and by morphine.

Benzoic Aldehyd. (C,IT,OII)—

Oil of bitter almonds, and cinnamic aldehyd (CgH^OET),
oil of cinnamon, are described under the essential or vola-

tile oils. The aldehyds we have named are all that are

used in medicine.

Organic Acids.

These are considered as the results of the oxidation of

alcohols. In the first ])lace the alcohol molecule parts

with a molecule of hydrogen, water and an aldehyd result-

ing. The aldehyd, upon exposure, absorbs an atom of

oxygen and forms the acid. Thus we illustrate the for-

mation of acetic acid from ordinary alcohol

—

2C.,H,H0 +02 = 2C2H,0 + 2H.,0.
Alcohol. Oxygen. Aklehyd. Wator.

The above is the first step, and

—

2C2H,0 4- O2 = 2C,H40.„
Aklehyd. Oxj-jjen, Acetic acid.

is the second part of the reaction. The organic acids

employed in medicine were discovered and named before

their connection with the alcohols was determined, or

even before the several alcohols were known. Conse-

quently the namesof the acids and the connected alcohols

do not correspond. We have included the organic acids,

with our list of acids (salts of hydrogen) as we believe the

practical study of each compound is at present of value

to active pharmacists, physicians and medical students,

rather than the advanced views of theoretical chemists.
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CARBO-HYDRATES.

These bodies constitute the bulk of most plants. They
are named carbo-hydrates because each contains 6 or 12

atoms of carbon united with the exact proportion of

oxygen and hydrogen which is requisite to form a definite

number of molecules of water, thus :

—

Cellulose C,Hj„0..
Cane sugar C, 011.^2^1 r
Grape sugar CgHjgOc-

The carbo-hydrates are at present divided into three

isomeric classes, those of interest in medicine being as

follows :

—

AMTLOSES. SACCHAROSES.
Cellulose G,^Y{,^0^. Cane Sui?ar C,..H..,0,,.
Starch CcH.oO.. Milk Sugar O^l^H^iv
Dextrin CglljoO^.

GLUCOSES.
Grape Sugar CgHjgOg. Fruit Sugar... CgHj^Og.

Amyloses.—This class of carbo-hydrates includes all

svhich are of the general formula CgHj^Oj. They are

isomeric or polymeric f with each other, but their mole-

cular weights have not been accurately determined. The
name of this class of compounds is derived from amylum
(starch), the principal constituent of the group.

Starch.—Formula, CgH^oO,, (or C.^-R.^O ,,).

Synonym.—Amylum.
Starch is a white granular substance, and is found

throughout the entire vegetable kingdom, but most
abundantly in certain tubers and in seeds. Starch is in-

soluble in cold water, but in boilings water the oranules

f Polymeric molecules differ in molecular weight, but they
contain similar atoms united in the same proportion. Thus the
difference between the molecule of acetic acid and the molecule
of glucose, is in the nnmhrr of atoms, and not in prrcrntage.

Glucose C6Hr206, contains three times the number of atoms, and
the same elements contained in a molecule of acetic acid,

C.H4O2.
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swell and burst, producing a thick mucilaginous liquid,

known as starch paste. If starch be boiled with a mix-
ture of" sulphuric acid and water, it is converted into

glucose and dextrin. If desirable, glucose can be alone

produced. If the operator be skillful, only a few moments
are required to change every trace of starch into glucose,

free from dextrin, although most authorities state that

prolonged boiling is necessary. If starch be acted upon
by nitric acid, oxalic acid is formed. If a few drops of

starch paste be mixed with a little water, and tincture of

iodine be added, a deep blue color results. This reaction

is a most delicate test for either starch or iodine. It must
be remembered in this case that the starch granules are to

be burst by hot water, thus forming starch paste.

Dextrin.— Formula, C,-,H,o05.

Dextrin may be made, as we have said, by boiling starch

with diluted sulphuric acid, glucose also resultino-, thus:

—

(CcH,oO,)3 -f H-,0 = C,H,,0, + 2C,H,,0,.
Stiircti. Water. Glucose Dextiin.

In practice dextrin is made bv heating dry starch to

350° F.

Dextrin is a yellowish powder, possessing a peculiar

odor which is very disagreeable to some persons. It dis-

solves in water, forming a sticky solution much employed
as a mucilage. The coating applied to the back of post-

age stamps seems to consist of nearly pure dextrin.

Cellulose.—Formula, C^HjoO..

Synonyms.—Lignin. Celluliu.

Cellulose is the substance which forms the cell walls of

plants. Familiar examples of cellulose are cotton, and
the fiber of flax (linen). AVater does not dissolve cellu-

lose, but a solution of basic carbonate of copper in ammo-
nia water dissolves it readily, and from this solution an

acid ]M'ecipitates it as white flakes. If cellulose be di-

gested with cold sul})huric acid a gummy substance re-

sembling dextrin results, and this j^roduces glucose if it

be boiled with dilute sul])huric acid. Cellulose is of

great value in the arts as a fabric producer, and cotton is

used in pharmacy to make

—
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NitrO-Cellulose, or giui cotton. This is officinal uiicler

the name 2)yroxij Iin, and is made by treating cotton with

strong nitric acid, whereby either one, two, or three atoms

of hydrogen are replaced by nitril (XO2), thus:

—

Mono III tro-cellulose CfiH9(N0o)0-.
Dinitro-cellulose CgH^^XO.,) ,0-.

Triuitro-ccUulose C6H-(N0;).0..

The last of the series is true gun cotton, being the most

explosive. The second is preferred for making collodinm

as it dissolves freely in ether. Officinal collodinm is made
by mixing stronger ether, twelve fluid ounces,with stronger

alcohol, three fluid ounces, and dissolving in the mixture

two hundred grains of pyroxylin. In view of the fact

that pyroxylin is consumed in the photograph business in

large amounts, under the name negative cotton, and is sup-

plied to the trade at low prices, it is not economic to pre-

pare the cotton on a small scale.

Gums.
The class of organic bodies properly known as gums,

agree somewhat in composition with starch, and may con-

sistently be considered in this place. In commerce a

number of bodies, such as catechu, kino, etc., are called

gums, but they are the dried juices of plants, or dried

solid extracts. We are compelled to notice such as are

of interest in medicine, and shall include them with gums.

Gum Arabic.—This article, known also as gum acacia,

gum Arabin, or as acacia, exudes in tears from certain

species of acacias in Egypt and Arabia. It contains

mainly a soluble principle, arabin (CaC, oHooO, ,), which

is in reality a calcium salt of gummic (Arabic) acid,

H2C,oH2oOjj. It is customary, therefore, for some to

speak of gum Arabic as gummate of calcium. If hydro-

chloric acid be added to a solution of gum Arabic, chloride

of calcium and gummate of hydrogen (gummic acid)

result, thus :

—

CaC,2HooOi,-F2HCl= CaCU + H,C^2n2oO,,.

GummiiJ acid is isomeric with cane sugar, and when it is

boiled with dilute sulphuric acid, gives rise to glucose. If
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a few drops of ferric sulphate solution be added to a so-

lution of gum Arabic, a gelatinous mass results.

Gum Tragacanth.—This gum is the exudation of the

trunk of the Astragalus verus. It is white, does not dis-

solve in cold water, but swells when covered with water,

and forms a translucent gelatinous mass. It is used ex-

tensively as a paste, and this is prepared by pouring about

sixteen parts of cold water upon one part of gum traga-

canth, and permitting the mixture to stand twenty-four

hours. The chief constituent of tragacanth is bassorin.

Tragacanth is not liable to adulteration, but very inferior

brown qualities are upon the market.

Catechu.—This substance, often known as gum cate-

chu, is a solid extract of the wood of acacia catechu. It

occurs in dark brown masses, more or less impure from
mixtures of twigs, chips, and gravel. Catechu is astrin-

gent, yields when treated with cold water mostly catechu-

tannic acid. The insoluble matter contains catechin

(catecliuic acid), and it maybe extracted by boiling wa-
ter, and purified by repeated crvstallizations. Tincture

of catechu gelatinizes, as is the case with tincture of kino,

and other tinctures of the vegetable kingdom which con-

tain certain red tanuates.

Kino is the dried juice of an India tree. It is an
astringent extract, but not a true gum. In some respects

it resembles catechu, but it has no catechuic acid, and
contains a pectin compound. Tincture of kino is used
extensively in medicine.

Aloes —The juices of several species of aloe, furnish,

when dried, more or less brittle and dark colored extrac-

tive masses, known as '' aloes." Aloes is a mixture of
substances, and its value is not generally estimated bv
chemical constituents.f It should dissolve in diluted
alcohol.

t There are several varieties of aloes in commerce, distinixaisbed
as Barbadoes aloes, Socotrine aloes, Zanzibar aloes, Cape aloes, Na-
tal aloes, etc. These contain substances called aloins, and each vari-
ety diflers chemically, and in purging properties.
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Saccharoses.—This section of the carbo-hydrates,

embraces cane-sugar and other bodies of the general for-

mula C, 2H20O, ,. They are regarded by some as (theoreti-

cal) poly-glucosic alcohols, in whicii two or more molecules
of glucose unite. Such combinations are accompanied by
tlie elimination of water molecules, one less than the

number of glucose molecules. The molecular weights of
the saccharoses have never been established.

Sugar.—Formula. CjgHgoO,,-

Synonyms.—Cane sugar. Sucrose. Saccharose. Beet
root sugar. Saccharum album.

Cane sugar is found in all parts of the vegetable king-
dom, but sugar-cane, beet-root, and the sugar-maple tree

supply the markets of the world. The processes employed
in making cane sugar, are familiar to most persons, and
are explained at length by works upon technical chem-
istry. The purest form of cane sugar is that known as loaf

or crushed sugar. Cane sugar melts if heated forming
" barley sugar/' and at a high heat decomposes, turns
black, and the result is known nscarawel, or burnt-sugar,

a preparation em]>loyed in coloring liquors. Some metal-
lic salts decompose Avhen boiled with sugar solution, the

metals precipitating. By fermentation of sugar alcohol

first results, then acetic acid. \Yarm nitric acid forms
saccharic acid (CpHi^^Og) with sugar ; boiling nitric acid

produces oxalic acid. Sulphuric acid chars sugar, ab-
stracting the elements of water. Diluted sulphuric acid,

if boiled with sugar, produces inverted svc/cir. " Feh ling's

solution " is not afTected when boiled with a fresh solu-

tion of cane sugar, which fact serves to distinguish cane
sugar from the most common adulterant, glucose.

Milk Sugar.—Formula, C,,II.,0,,.H20.

Synonyms.—Saccharum lactis. Lactin.

]\Iilk sugar is extensively produced in some parts of
Europe, but it is not made in this country, notwithstand-
ing the bountiful supply of milk in certain sections. Milk
sugar is made by simply evaporating whey to crystalliza-

tion, and afterward purifying the crystalline masses by
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dissolving tbeni in water, filtering the solution through
animal charcoal, and then recrystallizing. Sugar of milk

18 white, very slightly sweetish, odorless, and grits between

the teeth. It is insoluble in ether, slightly soluble in

alcohol, soluble in from five to six })arts of cold water,

and in about three parts of boiling water. It reduces the

copper of " Feliling's solution," and is estimated in the

same manner. When a solution of milk sugar is mixed
with powdered chalk and decayed cheese, and digested

some weeks in a warm situation, lactic acid results.

Upon boiling milk sugar with dilute sulphuric acid, a

substance (galactose) isomeric with glucose results. Nitric

acid oxidizes milk sugar, mucic acid being formed ; an
isomer (saccharic acid) is produced under like conditions

bv most other sucjars. Milk su«;ar has no medicinal value,

but as an inert substance is used in the preparation of
triturations where the object is the division of active

remedies. Maltose is the sugar of malt resemblino; p-lucose

in many respects. It is said to be an isomer of milk
sugar. It is not used in medicine.

Glucoses.
These are of the general formula C,5II,.,0q, and of the

members composing this group which are known at the

present day, two or three only are of interest in pharmacv,
or in medicine. The glucoses give a precipitate of cuprous
oxide when boiled with Fehling's solution, and their'solu-

tions in cold water are not charred by sulphuric acid.

Glucose.—Formula, CgII,^Og.

Synonyms.—Dextrose. Grape sugar. Dextro-glucose.
Corn-sugar.

This is the important member of the group; it is found
in most fruits and plants, and constitutes a large percent-

age of honey. This sugar also appears more or less

abundant in the urine of diabetic persons, and its detec-

tion in such conditions is a necessity which is recognized
by all physicians of the present dav. Glucose is now
made in immense amounts in the Western cities of this

country, from the starch of corn, and under the name



CARBO-HYDRATES. 377

glucose, or corn sugar, is employed in preserving works,
confectioneries, candy-making, etc. Its sweetening powers
are, however, very inferior to those of cane sugar. Any
of the natural glucosides yield glucose when boiled with
dilute sulphuric acid, and all substances containing cellu-

lose, by digesting with strong sulphuric acid, and subse-

quent boiling with diluted sulphuric acid, give glucose in

proportion to the cellulose present. Owing to the fact

that the manufacture of glucose lias now become so im-

portant a branch of industry, and that its mode of prepa-

ration is explained so fully in various works upon technical

chemistry,we do not feel called upon to consume space with

the practical part of its preparation. Theoretically the

starch of the corn is first converted into a mixture of

dextrine and glucose, a molecule of water being taken np
by three molecules of starch, nsuallv expressed as follows :

SC^H.oOa + H,0 = 2C,H;,0, + CeH,.0,.
Starcli. Water. Dextrine. Gluco:!e.

The dextrine by further combination with water becomes
glucose—

•

2C6H,„0, +2H2O = 2C,H,,0g.
Dextrine. Water. (jllucose.

In practice starcii maybe apparently converted directly

into glucose. According to the author's experiments, if

the conversion is not direct, it is so nearly so, that there

is no intermediate ])roduction of dextrine, which necessi-

tates prolonged boiling. Indeed the object is to guard
against the formation of dextrine, a point easily accom-
plished, and large amounts of starch may be converted in

a short period entirely into glucose. Gluco.se dissolves in

140 parts of water, crystallizes in small, warty aggrega-
tions or cubes, and the.se di.ssolvein concentrated sulphuric

acid without blackening (cane sugar turns black). For
the detection of glucose in the urine, see the .section of

this work which is devoted to examination of urine.

Fruit Sugar.—Formula, Cg-H,20g.

Si^nonyms.—Honey sugar. Inverted sugar.

When cane sugar is warmed with dilute sulphuric acid

it is transformed into equal parts of glucose and levulose,

thus :

—

32
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C,2H..O., + H,0 = C,H,,0, + C,H,,0,.
Cane sugar. Waier. Levulose. Glucose

The cane sugar is said to be inverted, and the niixtuve is

known as fruit sugar or honey sugar, being found in many
fruits and in honey. Levulose, one of tiie products, is as

sweet as cane sugar, unorystallizable, and it turns a ray of

polarized light to the left.

Amines.
This class of bodies includes substances which are built

upon the type of ammonia, by substitution of basylous

radicals for the hydrogen of ammonia radicals. If the

hydrogen of one molecule of ammonia be displaced, we
have a monamine. If the amine is derived from two mo-
lecules of ammonia, it is called a diamine. If from three

molecules of ammonia it is a triamine, etc. It is unne-
cessary for us to enter into the theoretical study of this

class of bodies, and interested parties are referred to the

late works which are devoted to a systematic review of

theoretical investigations.

The amines are strong bases and unite with acids like

ammonia, forming salts. The organic bases known as

alkaloids are classed with bodies of this description, and
are called covipou7id aiamonias. As a class, however, the

molecular construction of the alkaloids is unknown.

Trimethylamine.—Formula, ^(CH^) 3.

Synonym.—Propylamine.

This bodv has long been sold in commerce under the

name propylamine. True propylamine (C0H9N) is an

isomer of trimethylamine, and is made by hydrogenation

of cyanide of ethyl (CgH.N). Trimethylamine is made

bv distilling fish brine with an alkali, and the distillate

Avhich contains crude trimethylamine is afterward ]>uri-

fied. The process is tedious and uncalled for in a Avork

of this description. Trimethylamine is a liquid, colorless,

of a strong herring-like odor, strongly alkaline, forming

with acids, salts which are freely soluble in both alcohol

and water. Trimethylamine is soluble in water, ether and

in alcohol; it is very volatile.
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Chloride of propylamine of the market is in reality the

chloride of triinethylaniine, a soluble and deliquescent

salt formed by direct combination of hydrochloric acid

and trimethylamiue.

ALKALOIDS.

The term "alkaloid" is applied to organic bases of the

vegetable and animal kingdoms. Sometimes alkaloids

are called organic alkalies. There has been much confu-

sion regarding the nomenclature of the alkaloids. In
this work preference is given to the termination ine. Thus,

instead of berberin, or berberina, we say berberine, placing

the other names among the synonyms. At present we are

led to believe alkaloids are all derivatives of ammonia mo-
lecules, therefore we class them witli the amines. When
an alkaloid is heated with hydroxide of potassium, ammo-
nia is evolved. Alkaloids are alkaline, and combine with

acids to form salts. Some are strong bases, for example,

berberine, others are very feeble, as caffeine, v/hich re-

fuses to unite with organic acids, excej)ting under certain

conditions, and the salts of which, even with mineral

acids, are decoiuposed by water. Alkaloids unite with

acids wholly, and the act of combination does not give

rise to water; thus they differ from the inorganic bases.

For this reason the term muriate, or hijdroc/doratc, is ap-

plied to the combination of an alkaloid and hydrochloric

acid, instead of the term chloride. Some alkaloids are

volatile, others are fixed, and decompose upon heating.

The volatile alkaloids are free from oxygen, while

the fixed alkaloids all contain oxygen. A large number
of alkaloids are known, and, as a rule, the alkaloids are

active medicinal agents. Some alkaloids are the most
powerful of poisons. As a rule, aqueous solutions of the

alkaloids, or their salts, give precipitates with i)hospho-

molybdate of ammonium, coloride of platinum (ehloro-.

platinic acid, HgPtClg) or solution of iodine in iodide of

potassium solution. XVe shall only notice such alkaloids

as are of interest from a therapeutical point.
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Aconitine.—Formula (old), CsqU^^NO^.
S)j)wny)n.—Aconitia.

This alkaloid is ol>taine(l from the root and leaves of
Aconitiim napdbis. As found in market it is an amorphous,
white powder, odorless, but very irritating to the mucous
membranes of the nose, even if in very small amount.
It is intensely acrid and burning to the taste, producing
a sense of numbness; more soluble in cold than in hot

water, and is soluble in alcohol and ether. The foregoing
description is generally accepted, but it appears that the

article named is a mixture of alkaloids. True aeovitine

should be crystalline, of the composition CggH^gNO,.-,.

From th.e fact, however, that some batches of root refuse

to yield the crystalline alkaloid, and yield the amorphous
freely, and that the aconitine of commerce is the amor-
phous, we have given that article preference. Aconitine

is an active poison, and can not well be administered in-

ternally, 0.5 of a grain producing poisonous eifects.

Atropine.—Formula, Cj7Ho3]Sr03.

Synonym.—Atropia.

This alkaloid exists in belladonna as a malate. It is

white, soluble in water, alcohol, ether, glycerin, and chlo-

roform, and by spontaneous evaporation of its solutions

assumes the form of needle-like crystals. It dissolves col-

orless, in cold sulj)liuric acid, and the solution turns brown
upon heating. The solution of atropine in cold nitric

acid is yellowish, changing to orange by heating. Atro-

pine is poisonous. It dilates the pupil of the eye, thus

being opposite in effects to the alkaloid of calabar bean
(physostigmine). The sulphate of atropine is very solu-

ble in water, and this form of atropine is mainly used in

medicine.

Beberine.—Formula, Cj gH, ^NOg.

Synonyms.—Beeberin. Bebirin. Beberia.

This alkaloid is found in the bark of Nectandra Hodicel.

The pure alkaloid is white, very bitter, freely soluble in

alcohol and in ether, but almost insoluble in cold water.

It forms salts with acids. Sulphate of hcberine is the ar-
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tlclc employed in medicine, the pure alkaloid being seldom
used. Sulphate of bebevine is not crystallizable and is

soluble in water and alcohol. It a})pears in market as

dark-brown scales, having been made by spreading a

syrupy solution u])on glass and scraping the glass when
the solution has dried. Beberine must not be confused
with berberme (hydrastine) the yellow alkaloid found so

abundantly in the rhizome of hydrastis canadensis.

Berberine.—Formula (Perrins), CjoHitNO^.

Synonyms.—Berberina. Berberin. Hydrastin. Jamai-
cin. Xanthropicrit.

Berberine is em])loyed most extensively of any alka-

loid obtained from North American plants. It received

the name from Bcrbcris vulgaris. The market at present

is supplied with the alkaloid as ])rodueed from the rhi-

zome of Hydrastis Canadensis, and the name by which the

alkaloid is known among physicians is hydrastine. Ber-
berine is practically produced by the decomposition of
sulphate of berberine through the agency of an alkali.

As thus produced from rhizome of Hydrastis Canadensis,
it is lemon-yellow, very soluble in uater, less in alcohol,

and is insoluble in ether. It is very bitter, crystallizes

from solution in tufts of acicular needles, and combines
directly with acids, forming salts which, as a rule, are less

soluble than the alkaloid. Picrate of berberine is insoluble.

Muriate of Berberine.

This salt of the alkaloid is easily made by adding hydro-
chloric acid to tincture of Hydrastis Canadensis. It sepa-

rates as yellow needles, and may be purified by washing
with water, and then recrystallizing from solution in boil-

ing water. Muriate of berberine is of a lemon yellow
color, soluble in about 500 parts of cold Mater, almost
insoluble in alcohol, insoluble in ether and in chloroform.

Picric acid ]ireci])itates it from solution as picrate of ber-

berine, but the hydrochloric acid refuses to be displaced

by even the strong mineral acids. Oxide or phosphate of
silver, if boiled with a solution of muriate of berberine,
liberates the alkaloid.
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Sulphate of Berberine.

This preparation is now the most common salt of the

alkaloid. It is made by adding; an excess of sulphnric

acid to an alcoholic tincture of Hydrastis Canadensis, and

tlien purifying the needle-like crystals in the manner we
hav'^e directed for muriate of berberine. Sulphate of ber-

berine is in the form of orange-yellow crystalline tufts,

quite soluble in cold water, very solul)le in boiling water,

slightly in alcohol, and insoluble in ether and chloroform.

When an alkali is added to the aqueous solution of sul-

phate of berberine, tlie salt is decomposed and berberine is

liberated. The other salts of berberine may be easily

made by adding the desired acid to solution of the alkaloid.

Brucine.— Formula, 023!!^ 5^204.

Synonyms.—Brucia. Brucin.

Til is alkaloid is obtained as a by-])roduct after strych-

nine is crystallized from an extract ofnux vomica. Brucine

is white, very bitter, soluble in 800 parts of water, and

insoluble in ether. It dissolves in alcohol and chloroform.

Brucine forms a red solution with nitric acid, which turns

yellow upon heating. This solution changes to purple-

violet with solution of stannous chloride (solution of

muriate of tin). Brucine is poisonous, but is less violent

in action than strychnine.

Caffeine.—Formula, CgH, oN^Oo.H.O.

Synonyms.—Ci\fi\n. Caffeidina. CafPeia. Theine. Theia.

This alkaloid is found in more or less abundance in tea,

coffee, and guarana. It may be obtained simply by treat-

ing the powdered drug with boiling chloroform, filtering,

and evaporating the filtrate to dryness. The mass is ex-

tracted with hot water, which dissolves the caffeine, and

evajioration ofthe water leaves it pure. Caffeine is white,

odorless, slightly bitter, and crystallizes in silky needles.

It dissolves in about ten parts of boiling water and in sixty

parts of cold water. Chloroform dissolves one-ninth its

weight of caffeine. It is slightly soluble in ether, and

soluble in twenty-oue parts of alcohol. The solutions of
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caffeine are neutral, the solution in water is precii)itated

by tannic acid. When the gas which is evolved from a

mixture of hydrochloric acid and potassium chlorate, is

passed into solution of caffeine in water, and the solution

afterward evaporated, a blood-red residue results. This
reaction is said to detect one part of caffeine in one thou-

sand parts of water. Caffeine sublimes unchanged if

heated. It forms salts with the strong mineral acids, but
water decomposes them. Organic acids do not freely

unite with caffeine. Citrate of caffeine is the salt most
in demand. It is very unstable, decomposing under the

influence of water or alcohol.

Alkaloids of the Cinchonas.

The many varieties and species of cinchona contain a
number of alkaloids which resemble each other to an ex-

tent, and have more or less value as antiperiodics. These
alkaloids are naturally combined with kinic, kinovic, and
cinchotannic acids; and the barks of the cinchonas owe
their virtues to such combinations. Some qualities of
bark yield a large per cent, of alkaloids, others are almost
devoid of these principles. The U. S. P. recognizes a bark
containing two per cent, of alkaloids which are capable

of forming crystalline salts. We can only notice the

alkaloids which are in common use as medicines, and
their salts.

Quinine.—Formula, C2oH24N^02.3H.O.
Synonym—Quinia.

This is the most valuable of tlic cinchona alkaloids.

The bark known as Calisaya yields it most abundantlv.
It is best produced from sulphate of quinine, and as fol-

lows :—Dissolve sulphate of quinine in fifty parts of cold,

distilled water by the careful addition of a sufficient

amount of sulphuric acid. Into this solution carefully

stir ammonia water until it is in slight excess. This will

form sulphate of ammonium, the alkaloid quinine being
liberated in the form of a white precipitate. Filter the
solution and dry the precipitated quinine by exposure to

the atmosphere in a cold location. If the temperature be
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high, or even moderate, the moist quinine fuses into a

horny mass. Quinine is white, bitter, and dissolves in

two parts of boiling alcohol, from which sohition it

largely separates upon cooling as needle-like crystals. It

dissolves in 364 parts of cold water, in twenty-one parts

of ether, and in 2.6 parts of chloroform. If quinine be

dissolved in chlorine water and ammonia be added, a

greenish color results, if the quinine be in small amount;
a green precipitate, if it be in larger pro])ortion. The
salts of this alkaloid are mainly used in medicine, and of

these the most valuable is :

—

Sulphate of Quinine. This salt is made upon a large

scale only, and we need not refer to the process by which
it may be obtained. It has the composition

—

(C.oH24N.02)H,S04.7H.O.

and forms minute, silky, white crystals. It dissolves

slightly in water, imparting to it a blue fluorescence and
an intensely bitter taste. If sulphuric acid be added to a

mixture of sul})hate of quinine and water, bisulphate of

quinine, C2o^2.i-^:i^2-^i''^4 I'esults. This is very soluble

and crystallizes with seven molecules of water. The so-

lution of quinine sulphate witii tincture of iodine pre-

duces a green precipitate, and to this body the name hera-

pathite has been given. Sulphate of quinine dissolves in

sixty parts of alcohol ; by exposure to dry air the crystals

part with nearly fifteen per cent, of water. Sulphate of

quinine has been adulterated with sulphate of cincho-

nidine, hydrochlorate of cinchonine, and with soluble and

insoluble powders. At present such persons as desire,

can always get a pure article, by purchasing it in the origi-

nal vials of reputable makers.
Tests.—BoW the sulpliate of quinine in a test-tube with

one hundred parts of alcohol ; if adulterated with common
mineral salts an insoluble substance will remain. This

form of adulteration can also be determined by examina-

tion with the microscope. The most serious trouble with

sulphate of quinine, however, is likely to result from the

presence of the salts of other cinchona alkaloids. This

contamination may be shown by Keruer's test as follows

:
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"Agitate two grammes (30 grains) of sulphate of qui-

nine with twenty cubic centimeters (5 fluid drachms) of

distilled water at the temperature of 15° C. (59° F.) and
filter after a maceration of half an hour. Add, carefully,

to five cubic centimeters (Ij fluid drachms) of this solu-

tion, in a test-tube, seven cubic centimeters ( If fluid

drachms) of ammonia water of specific gravity 0.96. Now
close the mouth of the test-tube and invert the tube, there

should be formed, either immediately or after a short

time, a clear liquid."

In case the sulphate of quinine is contaminated with

salts of the other cinchona alkaloids, the alkaloids remain
insoluble, and the resulting fluid is not transparent.

Quinine Hydrochlorate. — Formula, C.^QH^^'i^^O^,-

HCl.SHoO.

8i/7iony7ns.—Muriate of quinine. Muriate or hydro-
chlorate of quinia.

This salt is seldom employed in medicine. It may be
made by dissolving the alkaloid quinine in dilute hydro-

chloric acid, and by proper management may be obtained

in silky crystalline tufts.

Quinine Tannate is made by mixing solution of bisul-

phate of quinine with solution of tannin. It precipitates

as a buff" colored magma, is almost insoluble in water, and
scarcely possesses a bitter taste. The freshly precipitated

article will dissolve to a considerable extent in glycerin,

and such solution is almost tasteless. Other salts of qui-

nine may be made by dissolving the alkaloid in the re-

spective acids, but they are not of sufficient importance for

individual notice in our work.

Cinchonidins.—Formula, CgoHo^NjO.
Synonym.—Cinchonidia.

This alkaloid is isomeric with cinchonine, and like cin-

chonine is obtained from the mother liquor after crystal-

lization of sulphate of quinine. It is sold in the form of

sulphate (C.,oH24N,0)2.H2S04.4H20. It forms tufts of
needle-like crystals which resemble sulphate of quinine.

Sulphate of cinchonidine is soluble in alcohol, but iusolu-

33
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ble in ether. It does not form a green precipitate with

chlorine water and ammonia, (distinction from quinine).

The solution of sulphate of cinchonidine in water affords

precipitates with solution of Rochelle salt, which distin-

guishes it from cinchonine (cinchonia). The sulphate of

cinchonidine, until recent years almost unknown to the

commercial world, is now sold in quantities as a substi-

tute for the expensive salts of quinine.

Cinchonine-—Formula, C20H04N0O.

Synonym.—Cinchonia.

This is the cheapest alkaloid of cinchona bark and
recently has been in considerable demand as a tasteless

anti-periodic. It is obtained from the mother liquor of the

quinine manufacture. Cinchonine is insoluble in water

and in ether. Muriate of cinchonine has been substituted

for sulphate of quinine. This may be detected by dis-

solving the suspected salt in a little water acidulated

with sulphuric acid, then adding ammonia water in slight

excess, and washing and drying the precipitate. Tliis

should perfectly dissolve in ether if it be quinine. If it

refuses to dissolve in ether, and after solution in very di-

lute sulphuric acid, refuses to precipitate upon the addition

of Rochelle salt, it is cinchonine. If Rochelle salt pro-

duces a precipitate, cinchonidvie is present. Solutions of

cinchonine salts are very bitter and are not fluorescent.

Quinidine.—Formula, C.oIIojNoOj.

Synonym.—Quinidia.

This alkaloid is in little demand. It is white, isomeric

with quinine, and, like cinchonine and cinchonidine, is

obtained from the mother liquor after crystallization of

quinine salts. Quinidine is sold as a sulphate, wdiich

dissolves readily in dilute sulphuric acid.

Chinoidine is a brownish mass left after all the crys-

tallizable alkaloids of cinchona are separated from the

solution. It consists of amorphous alkaloids, and is em-
ployed to a considei'able extent in the form of pills.

Chinoidine is tasteless, insoluble in water, but soluble in

alcohol and dilute acids, and such solutions are bitter. The
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other alkaloids of cinchona are of interest to experimen-

tal chemists only, as they are not used in medicine, except-

ing in combination.

Codeine.—Formula, CigH^jNO^.

Synonyms.—Codeia. Codein.

This alkaloid exists in opium, and is obtained from the

mother liquor of the morphine manufacture. As it is

seldom used in medicine, and is never prepared on a small

scale, the mode of preparation is of no ])articular interest

to the general student. Codeine is a white alkaloid, solu-

ble in seventeen parts of hot and in eighty parts of cold

water, soluble in ether and in alcohol. Codeine has little

taste, but its salts are bitter. Solution of codeine (aqueous)

is alkaline. Codeine is insoluble in solution of caustic

potash, which, together with the fact that it refuses to

strike a blue color with solution of ferric chloride, dis-

tinguishes it from morphine.
Meconine is an indifferent crystalline body obtained

from opium ; its solution in water is neutral.

Conine.—Formula, CgH
, ^ N.

Synonyms.—Conia. Coniin.

This alkaloid is volatile and obtained by distillation of

crushed conium seed with dilute milk of lime. It is an

oily liquid of a disagreeable tobacco odor, and a nauseat-

ing taste. It is more soluble in cold than in warm water,

and its solution is strongly alkaline. Alcohol, ether and
oils dissolve it freely. Conine is but little used in

medicine.

Curarine.—This is a poisonous princi])le of the South

American arrow poison curare. It is colorless, crystalline

and forms salts with acids. This alkaloid is seldom used

in medicine. It deserves further investigation.

Delphinin.—Formula. Co4H3gN02.

This exists in the seed of del])hinum staphisagria. It is

slightly soluble in water, but dissolves in alcohol and in

ether. It is white and very acrid to the taste.



388 CHEMISTRY OF MEDICINES.

Emetine.—Foi-mula, CjoH^^NgOg.

Synonyms.—Emetia. Emetin.

This alkaloid is a powerful emetic, and is obtained from
ipecac root. It is a white powder, the chloride forming

silky needles. Emetine is insoluble in ether, and soluble

in alcohol.

Gelsemine (Gelseminia )

This is a poisonous alkaloid, obtained in very small

amount from the root of Gelsemium sempervirens. It is

white, bitter, and strongly basic, forming salts which are

soluble and bitter. Gelsemine is slightly soluble in water,

freely in chloroform or ether. This alkaloid must not be

confused with the so-called resinoid (concentration) gelse-

min, which in reality is a dried solid extract.

Hydrastine (hydrastia)—Formula, C2oNH^30e.

This is the white alkaloid of Hydrastis Canadensis, and

is obtained from the mother liquor after crystallization of

berberin. It is unf)rtunate that the name which is

applied to this alkaloid, and which it properly deserves, as

it is the characteristic alkaloid of Hydrastis C, should be

also api)lied to the yellow alkaloid berberin, when it is

obtained from Hydrastis. Hydrastine is white, insoluble

in water, but very soluble in hot alcohol from which solu-

tion it crystallizes beautifully. It is a strong base, form-

ing (excepting the carbazotate) salts which are soluble

in all proportions of water; they refuse to crystallize.

Ammonia, and the alkalies, precipitate this alkaloid from
aqueous solutions of the salts. When hydrastine is

chewed it imparts an acrid sensation to the fauces, and the
solutions of the salts of hydrastine are very acrid and
disagreeable to the taste, biit not bitter.

Hyoscyamlne.—Formula, C.^HgsNOj.
Synonyms. —Hyoscyamia. Hyoscyarain.

This alkaloid is found in hyoscyamus, being prepared
from the leaves or fruit of Hyoscyamus niger. Experi-
ments teach the author that it is useless to endeavor to

prepare hyoscyamine from even an ordinary working batch
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of the crude drug, therefore, this work will not be bur-

dened with the practical process. Hyoscyamine is a waxy
mass, soluble in ether and in water. It is a strong ot-

ganic base, yielding crystallizable salts with acids. Its

solution precipitates white with corrosive sublimate solu-

tion. Hyoscyamine is an active poison, the treatment

consists of the free use of emetics and castor oil.

Morphine.—formula, Cj^H^ 9NO3.H2O.

Sijuonyms.—Morphia. Morphin.

This the valuable alkaloid of opium. It is made by a

few manufacturers upon a large scale, never being pre-

pared in small quantities. Morphine is a white powder,

insoluble in ether, slightly soluble in water, and soluble in

alcohol. From its solutions by spontaneous evaporation,

colorless needle-like crystals are obtained. Morphine is

inodorous and very bitter. It unites freely with most acids,

neutralizing them completely, and forming crystallizable

salts which as a rule are soluble in water. xiU such are

very bitter.

Tests for Impurities.—Mineral salts are shovv^n by an
insoluble residue remaining after treatment of the mor-
phine with boiling alcohol. Also by an ash remaining
after incinderation of the morphine on platinum foil.

Narcotine and Codine are shown by treating the alkaloid

with ether, filtering and evaporating the filtrate upon a
plate of glass. Morphine is insoluble in ether and a

crystalline residue after the foregoing, indicates that the
above named impurities are present.f

Cinchona alkaloids are shown by making a dilute solu-

tion of morphine in acidulated water, and then adding
bicarbonate of potassium solution until in excess. Cin-

chona alkaloids precipitate, morphine remains in solution.

Again, if morphine be treated with solution of caustic

soda it will dissolve ; cinchona alkaloids are insoluble.

Tests for Morphine.— If morphine, or a salt of mor-
phine, be added to dilute solution of neutral ferric chlo-

ride, a blue color results. Morphine dissolves colorless

t Unless the morphine has been intentionally adulterated with the
alkaloids of Cinchona, or otliei" allcaloids which dissolve in ether.
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in strong sulpluu-ic acid ; the addition of a drop of nitric

acid changes this sohition to purple. If the solution of

morphine in sulphuric acid be mixed with a drop of solu-

tion of potassium bichromate, a green color results. !Nitric

acid dissolves morphine with production of an orange- red

color. Dissolve eight grains of molybdate of ammonium
in two fluid drachms of sulphuric acid ; a drop of this

solution, if rubbed Avith morphine or its salts, will strike a

reddish-purple or a crimson color, and this will pass to

greenish and finally assume a rich blue. Morphine and

the salts of morphine are strong narcotic poisons.

Treatment.—AVhere an overdose of morphine or its salts,

or of opium, has been taken, nse the stomach jnimp at

once, and thoroughly. Use emetics if the pump is not at

hand ; then give strong decoctions of coflTee or tea. Emet-
ics often fail to take effect in cases of 0})inm poisoning.

Apply cold effusions to the head, chest and spine, and

keep the patient constantly in motion until the effects of

the drug have passed, even if to do so requires rather

severe whipping. Electro-magnetic shocks applied to

the head and spine are valuable. Atropia or bellcdonna

is said to antidote the effects of morjihine, and repeated,

small doses of either of these may be given directly or

hypodermically. It should be remembered that these

latter substances are also poisons and must be used with

caution.

Morphine Sulphate, or sulphate of morphia, is the prep-

aration of morphine commonly used in this country. This

salt is soluble in about two parts of water, and dissolves

more freely in water acidulated with sulphuric acid. It

is less soluble in alcohol, and is insoluble in ether. In

this country the nse of this salt has become so universal

as to lead dealers to supply sulphate of morphine when
the term morphine is used in an order.

Morphine unites with other acids with formation of

the respective salts. Of these the hydrochlorate (muri-

ate) of morphine, and the acetate of morphine, are em-

ployed to a limited ^extent. All the salts of morphine

are poisonous in overdoses, and the treatment in such

cases is the same as that for poisoning by morphine.
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Apomorphine.— Formula, C j - H j . XO^.

Syyionym.—Apomorphia.

When hydrochlorate of morphine is sealed in a strong

vessel with an excess of hydrochloric acid, and a temper-

ature of 300° F. is applied for some hours, a molecule of

water is abstracted from the molecule of morphine. The
resulting salt has the composition ascril;ed above with the

addition of a molecule of hydrochloric acid. The base

(apomorphine) may be separated by means of acid car-

bonate of sodium, and then dissolved in chloroform, from

which it is obtained by evaporation. Apomorphine dif-

fers from morphine in its physiological action, although

differing in composition only by a molecule of water.

Apomorphine is a violent e??if-^/e, and one-tenth of a grain,

or less, injected hypodermically, will produce vomiting iu

a few moments.

Narcotine.—Formula, G.,2^os^Ot

Synonyms.—Xarcotin. Narcotia.

This alkaloid remains in opium after it (opium) is ex-

tracted with water, and from which it may be dissolved

with acidulated water. It is white, crystalline, and in-

soluble iu cold water. Alcohol dissolves it to an extent,

chloroform dissolves it freely. It does not change solu-

tion of ferric chloride to blue (distinction from morphine).
It has no soporific influence. Narcotine must not be con-
fused with—

^Nicotin3 (nicotia), the volatile alkaloid of tobacco.
Nicotine is soluble in water and in ether. It has a disa-

greeable, nauseous odor, and a burning taste. Chlorine
strikes with it a blood red color, and tannic acid gives a
white precipitate. Nicotine is a deadly poison, and re-

markably quick in its action. There is no chemical anti-

dote and the treatment seems simply to consist in the free

use of emetics (if the drug fdls to vomit) or the stomach
pump. Afterward administer oils and mucilaginous
drinks.
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Physostigmine.
Synonyms.—Physostigmia. Eserina.

This is the active principle of" Calabar bean (Physos-
tigtna veneosum), and is made from extract of Calabar. It

is colorless, soluble freely in alcohol, ether, and chloro-

form, and is less soluble in water. Physostigmine is taste-

less, and unites with acids to form tasteless salts which as

a rule are soluble. Alkalies decompose it with formation
of a red color. The solutions of physostigmine and its

salts yield precipitates with the alkaloidal reagents, such
as mercuric chloride, chloride of gold, etc.

Physostigmine is very poisonous, and the treatment
consists in the use of emetics or the stomnch pump, fol-

lowed by stimulants. Inasmuch as Belhulonna antago-
nizes the effect of Calabar bean upon the pupil of the eye,

each has been recommended as an antidote for the other.

Piperine.—Formula, Cj^H, glSTOs.

Synonym.—Piperin.

This is a weak alkaloid, and is derived from black pep-

per. It is white, and tasteless if pure, but often has a

yellow color, and a peppery taste. It is neutral, soluble

in alcohol and ether, and dissolves more freely in cold

than in hot water. It dissolves freely in acetic acid.

Sanguinarine.—Formula, Cj gHj^NO^.

Synonyms.—Sanguinarina. Chelerythrin. Sanguinarin.

This alkaloid was originally discovered in the root of

Chelidonium majus, and named chelerythein. The fact

that it is yielded most abundantly by the rhizome of San-

guinarin Canadensis, and that considerable amounts of its

salts from this source are used in medicine, always under

the name saiigiiinarine or sanguinarina, we are led to give

preference to the name sanguinarine. Tiiis alkaloid is

made by evaporating an alcoholic extract of Sangninaria
Canadensis to dryness, and extracting the residue with
water. This is filtered, and to the filtrate, ammonia water
in a slight excess is added. The bluish ]>recij-)itate is

then separated by filtration and dried. The dry mass is



ALKALOIDS. 393

cautiously powdered, and exhausted with ether, and the
mixture filtered. The filtrate is agitated with a little

nitric acid (not in excess) whereby nitrate of saiiqiiinarine

is j)roduce(], and this being almost insoluble in ether, ])re-

cipitates as a yellowish-red magma, which becomes crim-
son when dried. This powder, if triturated with an ethe-

real solution of ammonia gas, gives the alkaloid in a very
])ure form to the ether, and from this solution it may be
obtained by evaporation. Sanguinarine is a white ])owder,

insoluble in water, soluble in alcohol and in ether. It is

intensely irritating when inhaled, even a minute portion

of dust rendering the air of a room almost irrespirable.

Sanguinarine is remarkable for the fact that all of its salts

are red, the alkaloid being white. It is a strong base and
forms salts with even the M'cak organic acids. These are

made by simply neutralizing the alkaloid with a weak
solution of the necessary acid, and evaporating to dryness.

Of the salts, nitrate of sanguinarine and sulphate of
sanguinarine are in considerable demand.

Strychnine.—Formula, C^ , Ho.,isr^0,.

Synonyms,—Strychnia. Strychnin.

This active poison is an alkaloid of Nux vomica. It

is white, odorless and intensely bitter. It dissolves in

6000 parts of cold water and even in this proportion im-
parts a distinct l)itterness. Hot alcohol dissolves one-
tenth part of strychnine, and from this solution the

alkaloid crystallizes in prisms upon cooling. Ether and
alkaline sohitions can not dissolve strychnine. Strychnine
is a strong base, and unites with acids to form salts,

mostly soluble in water. Owing to the fact that strych-

nine is in common use as a medicine, and that its poison-

ous properties are well known, cases of poisoning by this

drug are rather frequent.

lests jor Strychnine.—Mix a little strychnine with a
little concentrated sulphuric acid and add oxide of cerium.
A beautiful blue color results, which changes slowly to

purple. Peroxide of lead produces a blue color when it

is added to the solution of strychnine in sulphuric acid.
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If to a solution of strychnine in sulpluii-ic acid, a little

nitric acid be added, and then binoxide of manganese, a

purplish-violet color results. The foregoing tests are

characteristic, and very delicate.

Treatment of poisoniug where strychnine, or salts of

strychnine have been taken. If the mouth can be opened,

empty the stomach by means of a stomach pump or

emetics. Keep the patient as quiet as possible, and let

the attendants move cautiously and speak low. A loud

noise or ajar will often throw the person into convulsious.

Keej) the room dark. Chloral hydrate or chloroform may
be administered until the patient is influenced. Resort

to artificial respiration if necessary.

Veratrine.—Formula, CgoH-.^N.^Og.

Synonyms.—Veratrin. Veratria.

This alkaloid is obtaiued from Veratrum album. It is

seldom employed in medicine in consequence of its violent

action. Veratrine is white, and soluble in alcohol. It is

acrid and bitter to the taste. If the dust of this alkaloid

be inhaled, even in minute proportion, it produces violent

sneezing, followed by subsequent irritation of the mucous
membrane.
At one period it was thonght that Veratrum viride con-

tained this alkaloid, but further investigation demon-
strated that such was not the case.

GLUCOSIDES.

This class of organic bodies yields glucose as a product
of decomposition when boiled with acidulated water.

They are complex in compositiou, odorless, usually neu-

tral, but sometimes slightly acid in reaction. As a rule

they dissolve in hot alcohol. Only a few glucosides are

euiploycd in a pure form as medicines. Many are known
to exist as active principles of plants, but which are not

purilied. If a glucoside be boiled M'ith dilute sulj)huric

acid, and the solution be then neutralized with carbonate
of barium and filtered, the filtrate will give, wifh Feh-
ling's solution, the reaction which characterizes glucose.
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Glucosides are sometimes called neutral or indifferent prin-

ciples. We use the syllable in as a termination instead

of hie as with alkaloids.

Salicin.—FormuUi, C,3H,g07.

Salicin is derived from willow bark (Salix), and from
thence obtained its name. It is also found in po})lar bark.

Salicin is white, crystallizable, odorless, and very bitter.

It dissolves in half its weight of boiling water, and in three

})arts of boiling alcohol. Sulphuric acid produces with it

a purple-red color. If boiled with dilute sulphuric acid,

glucose and a body called saligenin results. Saligeniii

in aqueous solution gives a deep indigo-blue color with

ferric salts. Oxidizing agents, such as chromic acid,

convert it into salicylic acid and salicylic aldehyd. From
this fact the name " salicylic acid " was derived.

Santonin.—Formula, CigHjgOg.

Synonyms.—Santonlnum. Santonic acid.

This substance is obtained from wormseed. It is now
accepted to be the anhydrid of a weak acid and is called

santonic anhydrid. Santonin is white, crystalline, odor-

less, and slightly bitter to the taste. It turns yellow by
exposure to the light, dissolves in three parts of boiling

alcohol, and in forty-three parts of cold alcohol, in five-

thousand parts of cold water, and in about four and one-

half parts of cold chloroform. Santonin unites with alka-

lies to form soluble salts.

Adulteration and Tests.—Santonin is often adulterated

when purchased from irresponsible parties. We once
noticed a sample containing 75 ])ercent. boric acid. Boric
acid will not dissolve in chloroform, and imparts a green
color to an alcohol flame. If a specimen of santonin

refuses to dissolve perfectly in an excess of chloroform,

the insoluble matter is adulteration, and is likely to be

boric acid, or potassium chlornte. If santonin dissolves

to any appreciable amount in cold water, soluble impuri-
ties are present. If it is yellow, and very bitter, ]iieric acid

is likely ]->resent, and the aqueous solution will then stain

the nails yellow, and form an insoluble precipitate with

diluted solution of berberine.
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Cathartic Acid is said to be the cathartic princi})le of

senna. The hig;h atomic composition C jg^Hj goN^Og.^S,

is ascribed to it. This substance is not used in the pure

state.

Amygdalin, C20H27NO,,, is a glucoside of bitter

abnonds and M'hich with emulsin yields hydrocyanic acid.

The chemical history of this ghicoside is interesting to

theorists, but hardly appropriate for consideration in a

work of this description. It is decomposed by both acids

and alkalies.

Digitalin, 00711^.0,5, is prepared by a tedious opera-

tion from Digitalis purpurea. It is an active poison, has

a yellowish color, is neutral, odorless and very bitter. In

this country digitalin is not used in medicine, but it is

officinal in the British Pharmacopoeia.

Glycyrrhizin.—This is the sweet principle of liquorice

root (Radix Glycyrrhizie). It unites with ammonia and

with quinine, forming with the latter body an insoluble

compound. It is mainly owing to tiiis fact that solutions

of liquorice are employed to disguise the taste of quinine.

In such cases it must be remembered that tlie quinine

precipitates and is not in the solution. Mixtures of this

description must be well shaken before each dose is ad-

ministered.

Oolocynthin is the active principle of colocynth, and
a glucoside. It has the composition, C^gHg^Oj.,, and is

soluble in water and in alcohol, but insoluble in ether.

Sul[)huric acid strikes with it a red color. This glucoside

must not be confused with the so-called "resinoid,"

Colocinthin, which is not a definite compound.

.^sculin, is a wliite glucoside of the horse chestnut

(iEsculus Hippocastanum), and recently asserted to be

identical with gelseminic acid. It is white, crystallizable,

and strikes a blue fluorescent color with alkaline aqueous

solutions.

Jalapin is the active principle of scammony. The
article sold in this country as Jalapin under the elastic
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name " concentration," or " resinoid," is either a dried

extract of jalap, or the resin of jaUip.

Oolvolvulin is a glucoside and constitutes the larger

part of resin of jalap (see jalap resin.) There are many
glucosides besides those we have named, but such are not

employed in medicine. Saponin, Sinilacin, Pectin, etc.,

are examples.

KESINS.

This is a class of bodies very widely distributed through-

out the vegetable kingdom. True resins seem to be formed
from the oxidation of volatile oils. They are insoluble

in water. Resins often contain admixed volatile oils,

which impart au odor. Alcohol (pure) dissolves all resins.

Etb.er and oils dissolve most resins. Some resins are

tasteless, others bitter. Some are transparent and color-

less, others colored or even black. All resins contain

carbon and hydrogen , many contain carbon hydrogen
and oxygen ; none contain nitrogen. Solution of the

caustic alkalies dissolves most resins, soapy mixtures re-

sulting. Resins fuse by heat, then decompose and burn
with smoky flames. If most resins be submitted to dry
distillation oily products result. These are generally

hydrocarbons. Many of the resins of pharmacy are not
true resins, but a])proach them more nearly than they do
any other class of organic bodies. Others are now proven
to be mixtures of substances, but long usage retains for

such the name resin, and we shall consider them among
the resms f

Resin.

Syno7iyms.—Rosin. Colophony. Resina. Resinae.

This is typical of the resins, and is the most common
example. It is made by distilling crude turpentine,

obtained from the pine, whereby the volatile oil is driven
from the retort, resin remaining. Resin is found in

t Some consider, under the name "resinoids," all bodies which
partake of the characters of resins. In this country the term "resin-
oid

' has been applied by some indiscriminately to a class of bodies,

embracing alkaloids, extracts, etc., and often of a secrete nature.
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market ranging in color from a deep brown to a very

light straw color. The lighter colors are most valnable.

Resin consists mostly of an acid called sylvic or abietic

acid (C20H30O0), which may be obtained by treating resin

Avith alcohol, filtering, and adding water to the filtrate.

Minute crystals of the acid are thereby precii)itated.

These may be obtained in large crystals by dissolving in

hot alcohol and afterward cooling the solution. Resin is

of great use in pharmacy, entering into plasters, cerates

and ointments.

Resin of Jalap.

^Si/nonijms.—Resina. Jalapa.

This is a resinous substance and is obtained from jalap.

It is made by exhausting the powdered tubers with alcohol,

distilling the alcohol, then pouring the residue into cold

water. The resinous matter separates, and by repeated

washing is freed from glucose and the other substances

which are soluble in water. Resin of jalap is a mixture

of two resins, one soluble in alcohol and in ether, the

other soluble in alcohol, but insoluble in ether. This

latter is known generally as convoluulw , ahhough Kayser
named it rhodearetin , in 1844. Convolvulin is almost

colorless when pure and is odorless and tasteless. It is

said to have the composition CgjHi 00^32' ^»f^ to be the

anhydrid oi coiwolvulie acid, C^gHj^gOg,. When it is

boiled with dilute acids it sj)lits into glucose and con-

volvnlinol, C!2 6H,gOg. Convolvulin is soluble in alkaline

soUitions, but is not reprecipitated when they are rendered

acid. The portion ofjalap resin which is soluble in ether,

is soluble in alkaline solutions and reprecipitated from
them by acids. The reader must bear in mind Ww^tjcdapin

is the active priuci]ile (resin) of scanmiony, and that con-

voloaliii is the active principle of jalap. It would be
better were these names reversed and consistent. The so-

called resinoid jalapin is simply purified resin of jalap

dried and powdered. Owing to the moderate price of
jalap, adulteration of resin of jalap is hardly an object at

the present. The most likely admixture is powdered
jalap, and this can be shown by treating a specimen of
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jalap resin with an excess of boiling alcohol. The woody
matter will in this case remain as a residue.

Resin of Scammony.
Synonym.—Resina scammonii.

This resinous body is made from powdered scammony
(scammony root B. P.) in the same manner that jahip

resin is ])roduced from jalap, boiling alcohol being used

in place of the cold alcohol of that operation. Resin of

scammony is of a brown color and is perfectly soluble in

alcohol and in ether. It seems that the larger part of this

resin is a glucoside of the composition, Cg^H^gOjgj and
is unfortunately named jalapiv. Resin of scammony
turns red when treated with sulphuric acid. It dissolves

in solution of caustic alkalies, and an excess of the min-
eral acids will not precipitate such a solution.

Dragon's Blood.
Synonym.—Resina draconis.

This is an impui-e resin of a dark brownish-red color

externally, brighter red internally. It is found in market
in cylindrical sticks, and is the })roduct of the fruit of a
palm, Calamus draco (Wild). Dragons blood consists

mainly of a resin soluble in alcohol, but which is not
used in medicine in a purified condition.

Resin of Podophyllum.
Synonyms.—Podophyllin. Resina podophylli.

When the rhizomse of podophyllum peltatum are pow-
dered and digested in alcohol this so-called resin is

extracted. If the alcohol be evaporated from such a

tincture, and the residue poured into cold water, the

resinous substance settles, and may be purified from ad-

mixtures by repeated washings with cold water. The
name podophyllin was originally ascribed to this substance.

Resin of podophyllum is mostly soluble in alcohol, Imt

after each solution of it and the subsequent exposure in

drying, a change results which renders a certain amount
insoluble in fresh portions of alcohol. About one-fourth
of the resin dissolves in ether, and this is said to be more
strongly cathartic than the other portion. Resin of
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poclopliyllii-m differs in color according to the mode of
precipitation and subsequent drying. It can not be made
of a yellow, or a greenish yellow color without the use of
chemicals. That article which is sold on the market of a

yellow color is made by precipitating the resin '^y means
of alum water. To an extent resin of podophyllum dis-

solves in hot water.

Resin of Leptandra.
Si/nonym.— Leptandriu.

This is a product of the dried root of Leptandra Vir-

ginica. It is made according to the process for making
resin of podophyllum. Resin of leptandra is black, very
much resembling asphaltum and, has a peculiar odor. At
one time this article was thrown on the market (leptan-

driu) as the active principle of Leptandra Virginien, and
was included among the so-called "resiuoids." , The ex-

periments of the writer lead him to believ^e that this resin-

ous body is produced by the decomposition of a glucoside,

and that it does not exist in the sound portions of green
Leptandra root.

Resin of Cimicifuga.
Synonyms.—Cimicifugin. Macrotin,

This body is made by evaporating the alcoholic tinc-

ture of Cimicifuga root to the consistence of an extract,

and then pouring it into water. The resinous substance
which separates is then washed with water and dried by
exposure to the air. This has a brownish color and a

peculiar smoky odor. It imparts a sweetish taste, if

chewed. Considerable amounts of this resinous body are
sold under the terms given as synonyms at the head of
our article. It was originally introduced as a resinoid,
and at pveseut the position is appropriate.

OLEORESINS.

These are mixtures, mainly of resinous bodies and
volatile oils. They are more or less soft, and are obtained
by evaporating an ethereal or an alcoholic tincture to the
consistence of a syrup, and then pouring the residue into
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cold water. The mixture of oil and resin now settles.

The oleoresins often depend more or less upon the pres-

ence of other substances for their medicinal values, the

actual oleoresin serving to envelop such bodies and pre-

vent their solution in the water. We do not feel that it

is necessary to dwell at length upon the oleoresins of com-

merce as the subject is properly connected with pharmacy.

They may be named as follows :

—

OLEORESINA. OBTAINED FROM
Aletrin Aletris farinosa.

Apocynin Apocynum cannabinum.
Asclepedin Asclepias tuburosa.

Capsicin or ) Capsicum.
(Japsici J

^

J^^^ebin or
| Cubebs.

Uubebae J

Felicis Male fern.

Helonin Chamtelirium luteum.
Irisin Iris veisicolor.

Lupulinse Lupulin.
Piperis Black pepper.

Xanthoxyliii. Xanthoxylum fraxineum.
Zingiberis Zingiber.

RESIXOIDS.

Under this heading some years ago, certain manufac-

turers of pharmaceutical preparations classed a number of

substances. To the majority of these the name " resi-

noid " could not be given with any degree of propriety.

Many of the so-called resinoids were true alkaloids, some
were resins, others were dried solid extracts, or bodies of

a like nature. AVe have classed among the resins or the

alkaloids all of those which we believe deserving of notice.

If an injustice has been shown any of the so-called " re-

sinoids" the claims of such articles will be cheerfully

considered if anv ]ierson will notify the author of that

fact. It might, perha]>s, be justly argued that resin of

podophyllum is not a true resin, and should be classed as

a resinoid.

34
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VOLATILE OILS.

These are obtained by distillation of plants with water.

Volatile oils are also known as essoitiul or ethereal oils.

These bodies are usually mixtures of elceuptens f and stea-

roptens,X and are prone to absorb oxygen, so that age alters

their properties to a great extent. Numbers of volatile

oils are composed of two or more isomeric eloeoptens

mixed with stearoptens. The taste of the volatile oils is

usually hot and burning. When freshly distilled the ma-
jority of them are colorless, but many darken by age.

When some volatile oils are submitted to Iractional distil-

lation, they yield several isomeric eloeoptens, difil'ering

mainly in their boiling.

Volatile oils are subject, ii; certain cases, to great adul-

teration. The ingenuity displayed by those engaged in

the business of adulterating them would be admired if

brought forward in a better cause. No sooner is one
adulterant exposed than another takes its place. Owing
to the variation in composition, gravity, and other pro])-

erties of many oils by age and cx])0sure, even if pure, it

is difficult to give fixed rules for detecting impurities.

This fact, and also the fact that many oils are isomerous,

forces us to rely more upon the honor of manufacturers
and dealers than upon tests for impurities. The writer

has been led to the opinion that adulterated oils, as a rule,

are obtained by such as will not pay the market value of

pure oils, and that in such cases the adulteration is in

proportion to the price at which the oil is demanded. Of
course, there are exceptions; it may be that certain im-

ported oils are always adulterated, but it is certain that

the volatile oils made in this country may be purchased

\ Eloeoptens are hydrocarbons, usually isomeric with oil of

turpentine, CioHie. They are liquid, and often hold in solution

stearoptens. By absorption of oxygen they may change to stea-

roptens.

XStearoptens, These are the result of the oxidation of eloeop-

tens, having the composition CioHicO. They are solid or cam-
phor-like bodies, and often crystallize from volatile oils that are

exposed to the air, or which are reduced in temperature.
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])erfectly pure, if the purchaser is williug to pay their

real value.

Oil of Anise.

Synonym—Oleum anisi.

This is the distilled oil from the fruits of Pimpinella

anisum and lliicium anisatum. That from the latter is

properly oil of staranise, but the two are not distinguished

in commerce, and are sold under the general name, oil of

anise. Oil of anise is almost colorless or of a pale straw

color when fresh, but darkens by age. The specific grav-

ity is from 0.97 to 0.98, but according to Zeller it may
rise in old oils to 1.028. Anise oil solidifies at a moder-
ately high temperature, forming a crystalline mass. This

varies in accordance with the origin of the oil, and sub-

sequent age and exposure. The true anise oil, if fresh,

is said to congeal at about 10° C. (50° F.) while oil of
staranise requires a temperature of 2° C (35.6° F.)

Oil of anise is comjiosed mainly of a body named a7}e-

ihol, CjqHi.^O, which exists in two isomeric forms, one
solid at ordinary temperatures, the other liquid. Anise
oil also contains a small amount of an elceopten. If an-
ise oil be adulterated with wax or with spermaceti, these

bodies will remain insoluble upon digesting the mixture
with eighty per cent, alcohol. Alcohol is shown by agi-

tating the liquefied oil with water, the decrease in bulk of
the oil being due to loss of alcohol.

Oil of Artemisia.

Synonyms.—Oil of wormwt)od. Oil of absinthium.

This is obtained by distillation of the herb Aiiemisia
absinthium, and when crude has a greenish color. If re-

distilled, however, it may be obtained nearly colorless.

Oil of wormwood possesses the odor of the herb, has a
pungent taste, but is destitute of bitterness.

Oil of Bergamot.

Synonym.—Oleum Bergamii.

This oil is yielded by the fruit of Citrus Umetta, D. C,
and is imported from Italy. It is used only as a perfume.
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The color is greenish, the specific gravity from 0.86 to

0.88; the odor is pleusaut to most ])ersons. Bergamot oil

dissolves in its own weight of alcohol. The fresh oil

contains a waxy matter (CgH^Og) which crystallizes upon
standing, and is known as bergamot camphor. The prin-

cipal part of the oil is a mixtnre of eloeoptens of the for-

mula, C, qH, g. Bergamot oil is adulterated to suit the

price which consumers desire to pay for it. The adulter-

ants are turpentine oil, alcohol and other and cliea})er vol-

atile oils, although occasionally a fixed oil is introduced.

The best test is officinal alcohol, in which bergamot oil

should dissolve freely, bulk for bulk This, of course,

will not detect alcohol. If alcohol be present the fact

may be shown by shaking together measured amounts of

the suspected oil and water. U))on standing the oil will

separate, and the increase in bulk of the water will give

about the proportion of alcohol present in the bergamot
oil.

Oil of Capsicum.
Under this name an article is sold which in reality is a

concentrated solution of the principles upon which capsi-

cum depends for its medicinal value. This is made by
exhausting capsicum with stronger alcohol, evaporating

the alcohol until the residue is of the consistence of a

syrupy extract, then digesting the extract in twenty times

its bulk of sulphuric ether. The ethereal solution is then

filtered and the filtrate evaporated to an oily consistence.

This so-called oil of capsicum is intensely fiery and
represents in a concentrated degree the properties of cap-

sicum. It has a red color, and if old, is disj^.osed to de-

posit a brown sediment due to tiie decomposition of the

red astringent principles. It contains capsicine, and such
other of the constituents of ca])sicum as are soluble in

ether, these being held in liquid form by the natural fixed

oil of the capsicum.

Oil of Caraway.
Synonyms.—Oilofcarum. Oleum carvi. Oleum cari.

This is the volatile oil of the fruit of Cnrum carvi, and
is obtained in the usual manner. It is colorless and mo-
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bile when fresh, but becomes colored and gummy by age

and by exposure. It has the agreeable odor and taste of

caraway seed. Oil of caraway dissolves in all proportions

in alcohol. It is liable to be adulterated with turpentine

oil, and this can be carried to a great extent without alter-

ing the color and taste of the caraway.

Oil of caraway is a turpene, C, ^H
, g (carven), and this by

oxidation forms carvol, 0, qH ,

^O. Carven distills at 175°,

carvol between 175° F. and 230° F.

Oil of Chenopodium anthelminticum.

Synonyms—Oleum Chenopodii. Oil of wormseed.

This oil is obtained l)y distillation with water of the

fruit of Chenopodium anthelminticum. It is colorless

when fresh, but changes to brown, and thickens by age

and exposure. The taste and odor are that of wormseed.

This oil is composed of an eloeopten, C,f,H,g and a stea-

ropten, C,oHj gO. It is often adulterated with oil of tur-

pentine.

Oil of Cinnamon.

Synonym.—Oleum Cinnamonii.

This, according to the U. S. P., is the distilled oil of

Ceylon cinnamon. That in common use is oil of cinna-

mon cassia, or oil of cassia. These oils resemble each

other so nearly that in reality little preference can be

made between them. The finer qualities of cassia oil ap-

proach, if not equaling, in color and odor the oil of Cey-

lon cinnamon. Cinnamon oil is pleasant to most persons,

resembling in odor and taste the ordinary cinnamon bark.

Oil of cinnamon and oil of cassia have a light yellowish

color when recent, which changes to red or even lirown

by age and exposure. Oil of Ceylon cinnamon is said to

have the specific gravity of 1.035 or 1.055, while the spe-

cific gravity of oil of cassia is from 1.060 to 1.065. Spe-

cific gravity alone, however, is of little value as a detect-

ant of admixtures, for artful adulterators can produce the

desired gravity without trouble.
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Oil of cinnamon consists cliieiiy of cinnamic aldchyd,

CgH^OH. By age cinnamic acid, CgHgO^, is formed to

an extent, accompanied by a reddisli resin. Cinnamon
oil should mix without residue with its own bulk of offi-

cinal alcohol.

Oil of Cloves.

Synonym.—Oleum caryophylli.

This volatile oil is made by aqueous distillation of

cloves. Oil of cloves is colorless or pale yellow when re-

cent, but becomes brown by age. It has the odor and
taste of cloves, but very much increased. It dissolves

readily in alcohol, has a S|)ccific gravitv of from 1.034 to

1.056, and boils at about 240° C' (455°*F.) Oil of cloves

contains eugenic acid, HC,olIj,02, a hydrocarbon of the

composition, C,oH,(j, and a stearopten.

Oil of Copaiba,

Synonym.—Oleum copaibfe.

The essential oil is obtained by distilling copaiba bal-

sam with water. It is colorless, and thin when fresh, but

becomes thicker and oily by age and exposure. It has

the disagreeable odor and taste of copaiba, specific gravity

of from 0.88 to 0.91, and consists of isomerous elceoptens

of the composition, C,qH,p, or of eloeoptens with a tur-

pene polymeric with oil of turpentine, and in this case is

represented by CooH3 2-

Oil of Coriander.

Synonym.—Oleum Coriandri.

This essential oil is derived from the fruit of Corian-
dium sativum {Lin.), and in the usual manner for making
essential oils. It is clear, has the odor of the fruit from
whence it is derived, and the specific gravity of from 0.86
to 0.87. When this oil is distilled from phosphoric an-
hydrid it yields an isomerid of 0,^11, ^ known as cam—
phene. The oil of coriander is supposed tobeC,^H,„-
"^-i^ It reacts violently if mixed with iodine, often ex-
ploding. The adulterant is turpentine oil.
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Oil of Oubebs.
Synonym.—Oleum cubebse.

This is made by distilling Cubeb berries with water.

It is colorless, has the odor of cubebs, an aromatic taste

and the specific ijravity 0.92. It is mainly composed of
cubebene, or CjgHo4,

Oil of Erigeron.

Synonym.—Oleum Erigerontis Canadensis.

Oil of erigeron is made by distillation with water of
the herb of Erigeron Canadense. {Lin.) It is colorless when
fresh and has a rather disagreeable odor. It becomes red

by age. Oil of erigeron is sometimes sold for oil of fire-

weed, but the true oil of fireweed is derived from the

Ereohthites hieracifolius.

Oil of Fennel.
Synonym.—Oleum FoenicuH.

This is obtained by distilling bruised fennel-seed with
water. It has the odor and taste of fennel, the specific

gravity 0.9G8, and consists of liquid and solid anethol,

and a liquid hydrocarbon of the composition, C,QH,y.
Oil of fennel mixes with its bulk of alcohol without pre-

cipitation.

Oil of Juniper.

Synonym.—Oleum Juniperi.

This oil is obtained from juniper berries by distillation

with salt water. It has the odor of the berries, is color-
less, and consists of a mixture of hydrocarbons of the
general composition, C,oH,g. By combination with water
a hydrate is formed, 0,^11, gH,0. Oil of ripe juniper
berries boils at 205° C. The oil which is derived from
unripe berries contains in addition an oil which boils at

155 C. Oil of juniper wood is sometimes employed as

a liniment. It is colorless and thin when fresh, but darkens
and becomes thick bv aofe.

^
Oil of Cade is a tar-like oil obtained bv destructive dis-

tillation of the wood of Jnniperns oxycedrus. Oil ofjuni-
per berries and wood is largely adulterated with turpen-
tine oil.
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Oil of Lavender.
Sijnoiiyni.—Oleum Lavandulae.

This is obtained by aqueous distillation from the flowers,

or the flowering tops of Lavandula vera, D. C. It is

colorless and limpid when fresh, becoming thick and red

by age. It is fragrant, has the specific gravity of from

0.87 to 0.91 and mixes with its own weight of alcohol.

Oil of lavender contains a hydrocarbon of the composi-

tion, CjqHjq, and a stcaropten which (Dumas) resembles

common camphor. Turpentine oil is employed as the

adulterant of oil of lavender, and such mixtures are less

soluble in alcohol than the pure oil. In commerce inferior

oils, derived from diiferent parts of the jilant, are sold

sunytly as oil of lavende7\ The best quality, that derived

from the flowers, is known as oil of garden lavender. This
last should be used by pharmacists.

Oil of Mustard, (Yolutile).

Synonym.—Oleum sinapis.

This oil is ])roduced when black mustard seed is de-

prived of its fixed oil by pressure, the residuum being

distilled with water. It does not exist in the seed, but is

the result of the decomposition ofmyronic acid, or myron-
ate of potassium, nnder the influence of a ferment named
myrosin. Oil of mustard has the composition, C3H5.CNS.
It is in reality, sulphocyanide of allyl. It is somewhat
soluble in water, is colorless or nearly so, if pure, and has

a powerful and pungent odor. This is so penetrating as

to take the breath from a person who chances to incau-

tiously inhale it. The writer witnessed a case in which a

boy after inhaling it dro]iped, at once, insensible. Fresh

air and cold water, the latter applied to the hend and back,

restoi-ed him to consciousness. This oil should be handled
cautiously, and never confounded with the expressed
(fixed) oil of mustard, which is bland and inert.

Oil of Lemon.
Syjioitym.—Oleum limonis.

This is the volatile oil of lemon peel, and is obtained

by breaking the oil cells of the rind and draining from
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them the oil. Inferior oil of lemon is made by distilla-

tion with water. Oil of lemon has the specific gravity

of about 0.852, is yellowish and should possess the fra-

grance of fresii lemon peel without contamination with a

turpentine odor. Commercial oil of lemon contains

usually some white flocculent matter which separates by
standing. The clear oil should dissolve perfectly in eight

parts of alcohol, and yield a clear solution. By age oil of

lemon undergoes a cliange, acquiring a turpentine-like

odor. This is retarded by the addition of about five per

cent, of alcohol. Two hydrocarbons of the composition,

^10^16? constitute the bulk of lemon oil. These absorb

oxygen by exposure and give rise to a precipitate called

citropfene. Oil of lemon is extensively adulterated, the

adulterant usually being turpentine oil.

Oil of Lobelia.

The seed of Lobelia inflata contains a large amount of
a fixed bland oil, and which must not be confused with

the article sold as " oil of lobelia." This is made by
exhausting powdered lobelia seed by means of stronger

alcohol, then evaporating the alcohol and extracting the

residue with twenty times its bulk of ether. The ethereal

solution is to be filtered and then evaporated until all of
the ether is expelled. The result is the so-called "oil of
lobelia." It is in reality the fixed oil of lobelia contain-

ing in solution the active principles of the seed. It rep-

resents the emetic properties of the seed in a very much
increased degree. Such properties do not result from the
oil, but from the substances the oil holds in solution.

Oil of Nutmeg.
Synonyms —Oleum myristicse. Volatile oil of nutmeg.
Oil of nutmeg is obtained by aqueous distillation of

ground nutmegs. It is yellowish, limpid, possesses the
odor of nutmegs, and has the specific gravity of from 0.92
to 0.95. It consists mainly of a hydrocarbon, C,oH,g,
and by absorption of oxygen deposits a stearopten, w.yrz.s-

ticin. Nutmegs yield by pressure a fixed oil which is of
a firm consistence and a dark color. This is mainly a fat,

myristin, of the compositiou C3H53CJ3H27O2.

35
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Oil of Origanum.
Synonym.—Oleum origani.

This oil is obtained by distilling with water the fresh

herb, Origanum vulgare. {Lin.) It is limpid and has,

when fresh, a yellow color. By age it becomes brownish.
The chemistry of this oil has yet to be determined with
satisfaction. Oil of origanum of commerce is generally

the volatile oil of Thyme (Thymus vulgaris, Lin!), usually

at the present day destitute of thymol. The cheap com-
mercial oil of origanum contains turpentine oil.

Oil of Pennyroyal.
Synonym.—Oleum hedeomse.

This is the volatile oil of Hedeoma pnlegioides {Lin),

and is obtained by distillation of the herb with water. It

is colorless when fresh and has the odor of pennyroyal.

By age it darkens an<l the odor becomes like turj^entine.

The specific gravity is about 0.95. Alcohol dissolves it

freely.

Oil of Peppermint.
Synonym.—Oleum mentlije piperitas.

The fresh herb of Mentha piperita {IJn.) is distilled

with water in the usual manner for obtaining volatile oils.

Pepi^ermint oil is colorless when fresh, although some
specimens have a yellowish or a greenish tint. By age
and exposure it becomes viscid and dark colored. It has
the specific gravity of about 0.90, dissolves perfectly in

four parts of officinal alcohol. Oil of peppermint con-
tains a liquid hydrocarbon, C,(,H|g, termed 7nerithene,aud

a solid body known as menthol or mint camphor. This
latter substance is the principle to which the oil owes its

fragrance and taste. It has the composition, C, oH,,nO.
and seems to be a hydrate of menthene (C, (,H, gHoO.)-
The adulterants of peppermint oil are generally turpen-
tine oil, castor oil or alcohol.

Oil of Rose
Synonyms.—Oleum rosse. Otto of rose.

This valuable oil is made by distilling water with the
flowers of a variety of Rosa damascena. {Miller). Oil of
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rose is employed as a perfume for certain pomades, and
as an ingredient of cologne and other perfumes. It has

a yellowish color. It solidifies at about 50° F., if slowly

cooled to that point. Oil of rose consists of an elfeopten

and a stearopten. Commercial oil of rose varies in

purity according to the price for which it is sold. The
adulterants are olive and castor oils, alcoliol, spermaceti
and oil of rose geranium. The ]n'operty of congelation

is imparted to such mixtures by the spermaceti.

Oil of Rosemary.

Synovym—Oleum Rosemarini.

This is, when fresh, a colorless, fragrant oil, obtained

by aqueous distillation from the fresh topsof Rosemarinns
officinalis. {Lin). The specific gravity ranges form 0.88

to 0.91. It contains a stearopten which resembles cam-
phor, and which is doubtless produced by the oxidation of
hydrocarbons.

Oil of Rue.
Synonym.—Oleum rutse.

This is obtained in the nsual manner by distillation of
water with the fresh herb of Ruta graveolens. (Lin.) It

is colorless if fresh, changing to yellow by age. At a low
temperature it congeals, forming shining scales. Oil of
rue contains a hydrocarbon of the composition, C,oHjg,
and an oxygenated body which constitutes the bulk of
the oil. This latter substance has been proven to be a
ketone, and to have the composition, CHj.CO.CgHjg.

Oil of Sassafras.

Syn onym

.

—Oleum sassafras.

Oil of sassafras is made by distilling the bark of the

root, or even the entire root of sassafras officinale, with

water. It is colorless when pnre, but changes to red by
age. It has the specific gravity of about 1.090, and a

pleasant taste. The bulk of sassafras oil is composed of

^To^Trt^ijf and has been named sa/ro/. Oil of sassafras

also contains a hydrocarbon of the composition, C,f,Hjg.
Sassafras oil is adulterated for the benefit of those who
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desire a cheap article. In such cases oil of turpentine is

usually employed, but this is not necessarily the case. Oil

of sassafras Nvill dissolye iodine quietly, is violently de-

composed by bromine, and acquires a red color in the cold

if acted upon by nitric acid.

Oil of Savin.

Synonym.—Oleum sabinse.

This is distilled from savin (Juniperus sabina) by the

usual method for obtaining volatile oils. It is colorless

Avhen fresh, has the specific gravity of about 0.90 or 0.91,

and has the disagreeable odor and taste of savin. Savin
oil consists of a terpene, C^oH,g, closely resembling tur-

pentine oil.

Oil of Stillingia.

Synonym.—Oil of Queen's root.

The root of Stillingia sylvatica [Lin.) yields by treat-

ment Avith ether, or with benzine, a solution of a fixed oib
This oil is afterward obtained in a pure form by evaporat-

ing the ether or benzine, dissolving the residue in alcohol,

filtering this solution and evaporating the liltrate until

the alcohol is expelled. Oil of stillingia made in this

manner is clear and of a greenish color, about the consist-

ency of olive oil, and like that oil congeals upon cooling.

It is soluble in alcohol and in ether. When swallowed it

leaves an acrid sensation in the throat. The article sold

on the market under the name " oil of stillingia " is

entirely a different preparation. It is sim[)ly a concen-
trated alcoholic extract. To make this, exhaust powdered
stillingia root loell dried, with stronger alcohol, and evapo-
rate the percolate to the consistence of a thin syrup. Mix
with this when cold, a like bulk of ether, and agitate. In
twenty four hours filter the result, and evaporate the fil-

trate to the consistence of a thick syrup. " Oil of stil-

lingia," as thus made, contains the larger part of the
therapeutical principles of the root, and is free from most
of the gummy and inert extractive matters. It has a red
color, due to the presence of tannates, and sometimes
gelatinizes in consequence of the presence of such sub-
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stances. We admit that this preparation may be an ex-

cellent therapeutic agent, but we insist that it does not

deserve the name " oil/' and that such a title is a

misnomer.

Oil of Turpentine.
Synonyms.—Turpentine. Spirit of turpentine. Oleum

terebiutliinse.

Various species of Pinus exude an oleoresin which is

properly turpentine. This, when distilled, furnishes a

volatile oil, oil of turpentine, the residue within the retort

being rosin. Turpentine is typical of the terpenes. It

has the composition, H,(jC, 6, from whatever source ob-

tained, but it differs very much in optical and other

respects, according to origin. It is colorless and has a

peculiar disagreeable odor. It is insoluble in water, dis-

solves in about ten parts of officinal alcohol, is oxidized

by nitric acid and potassium permanganate, and if it is

mixed with bromine or iodine a violent reaction results.

It unites with hydrochloric acid to form the compound,
C,oH,^HCI., turpentine camphor. The same name is

applied to a combination of turpentine oil and water,

OjoHgoO- Oil of turpentine readily dissolves oils, many
resins, sulphur, phosphorus and other like bodies. Oil

of turpentine is used as an internal remedy, and in such

cases the redistilled oil should be employed.

Oil of Tobacco.
Synonym.—Oleum tabaci.

Tl'.is so-called volatile oil is made by the destructive

distillation of dry tobacco. It is a dark brown liquid of

a strong, peculiar odor. It doubtless contains nicotine

and some other peculiar bodies, and the general products

of vegetable destructive distillations.

Oil of Valerian.

Synonym.—Oleum Valerianae.

This volatile oil is obtained by aqueous distillation from

the root of Valeriana officinalis. (Lin.) It is of a yel-

lowish color when recently distilled from fresh valerian,

but by age darkens and thickens, acquiring a rank, strong
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odor. Oil of valerian contains a hydrocarbon, C, ^Hj g,

valerol, CfiH, qO, and valereu (borneen), CjoHjgO. By
the gradual decomposition of oil of valerian, valerianic

acid as one product is produced, and at one time valeri-

anic acid was made from valerian root. At present, how-
ever, it is made from fusil oil.

Oil of Wintergreen.
Synonyms.—Oil of gaultheria. Oleum gaultherife.

This is made by aqueous distillation of wintergreen

herb. It is colorless when fresh and pure, but changes
to reddish by age, especially if in tin or iron containers.

It is remarkable for its specitic gravity, being heavier

than water (1.17 to 1.18), therefore, the pure oil will sink in

water. Oil of wintergreen has a pleasant aromatic odor, is

mainly composed of methylsalicylic acid, CH3 C^H-03,
and when heated with caustic alkali it will form a salicy-

late of the alkaline metal, methyl alcohol being liberated.

Besides methylsalicylic acid, wintergreen oil contains

about 10 per cent, of a hydrocarbon, Cj^H^g^ named
gaultherilene. Wintergreen oil is extensively adnlterated,

and to suit the price which the purchaser desires to pay

for it. Sassafras oil is generally employed, the necessary

specific gravity being given by the admixture of the

requisite amount of chloroform. In snoh ct.ses the chloro-

form can be separated by distillation at less tlian 200° F.,

and the odor of sassafras will be at once apparent, n])on

mixing the residue Avith a solution of one-half its weight

of caustic potash in four parts of hot water. "When oil

of wintergreen is poured from the hight of ten or twelve

inches in a thin stream, upon the surface of water, it

should sink and form a layer at the bottom.



EXAMINATION OF URINE.

It has been found that certain abnormal conditions of

the system are accompanied by changes in the chemical
constituents of the urine. It is not designed that this

department of our book shall include microscopic exami-
nations, etc., but that it sliall enable the student and the

physician to apply reliable tests for the chemical sub-

stances found in urine, and which it is often necessary to

consider. Few busy practitioners have the time to devote

to quantitative examinations, and few can spend time to

exj)eriment regarding the constituents of normal urine.

In consequence of these facts, the tests given siiall be
such as are adapted to the every-day work of the practi-

tioner or druggist. They shall be clearly and tersely

state:!, and such abnormal substances considered as upon
identification may aid physicians in the treatment of
disease.

Normal Urine has usuallv a specific gravitv of from
1.012 to l.OLS at the temperature of 60° F. This is in-

creased or diminished by circumstances, such as diet, ex-
ercise, temperature, etc. Therefore, increased or dimin-
ished specific gravity is not a certain indication of disease.
It^ however, the amount of urine voided be large, and
the specific gravity from 1.030 to 1.040, the presence of
sugar may be suspected, or urea in excess. The urinom-
eter is a very convenient little instrument for taking the
specific gravity of urine, and sufficiently accurate for

most purposes. In using it, bring the urine to the proper

(415)
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temperature, and fill the cylindrical glass with urine, so

that the urinometer floats. Remove the foam il any be

present, then place the glass in a perpendicular position,

float the urinometer, and read the scale. The point where

the surface of the urine strikes the scale is the specific

gravity of the urine. Urinometers are graduated with

the last two figures of the decimal of the regular hydrom-
eter. Thus 1.000 of the specific gravity hydrometer is

represented by 00 upon the urinometer, 1.010 by 10, 1.018

by 18, etc. Instead of normal urine being represented

by from 1.012 to 1.018, it will be from 12 to 18 by the

urinometer.

Albumen.—Permit the freshly voided urine, if turbid,

to stand quietly an hour in a cool location. If it has not

then settled so that a clear solution can be decanted from
the sediment, filter it. Fill a test-tube about one-fourth

or one-third with the clear liquid, and test it with blue

litmus paper. If it be not acid, add to it acetic acid un-

til a distinct acid reaction results, care being taken to

avoid an excess of acid. If the urine is naturally acid

in reaction, the addition of an acid is unnecessary. Bring
the mixture to a boil. If it remain transparent, albumen
is absent; if it becomes cloudy or filled with precipitate,

either albumen or earthy phosphates are ])resent. Add a

few drops of nitric acid, and if the mixture remains

cloudy, or the precipitate does not dissolve, albumen is

present; if the liquid becomes transparent, the precipitate

or the turbid ness resulted from the presence of earthy

phosphates.

Earthy Phosphates,—The foregoing test is reliable,

if they are in large amount. To examine directly for

earthy phosphates, add an excess of ammonia water (am-

monium hydroxide) to the clear urine. Boil a portion in

a test-tube ; if a precipitate follow, earthy phosphates are

present.

Sugar {Glucose.)—This is identified as follows: Mix
one part by measure of Fehling's soda solution with one

part by measure of Fehling's copper solution. Place
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this to the depth of half au inch in a test-tube, and mix
with it as much clear urine as the reagent measures. Bring
the mixture to a boil over an alcohol lamp ; if a precipi-

tate results (cuprous oxide, CuoO)^ ranging in color from
yellow to brownish-red, sugar was })resent in the urine.

Sometimes the mixture throws down upon boiling, a

heavy bluish precipitate, which may tend to cover the

color of traces of cuprous oxide. In such cases, mix the

Fehling's solution with the urine as before directed, and
place the mixture in a cool situation. After twenty-four
hours a red precipitate will have fallen, if sugar was pres-

ent in the urine. Fehling's solutions f are to be made as

follows:

—

Soda solution.—Dissolve 2681 parts of neutral potassium

tartrate in 9300 parts of solution of caustic soda, specific

gravity 1.12.

Copper solution.—Dissolve 536 parts of pure crystal-

lized suli)hate of copper in sufficient distilled water to

bring to the measure of the " soda solution."

Urea,—This principle is ahvays present in urine. It

results from the destruction of the nitrogenous tissues of

the body, and is the means by which nitrogen is eliminated.

In health, the daily excretion amounts to about an ounce

during twenty-four hours. An animal diet increases the

amount of urea, a low diet diminishes it. Certain dis-

eases are accompanied by increased disintegration of the

nitrogenous principles of the body, and in such cases an

abnormal amount of urea is excreted.

Excess of Urea.—Mix in a test tube one measure of

officinal nitric acid with two measures of the clear urine,

which has not been permitted to evaporate by exposure to

the atmosphere. Cork the tube, cool, if necessary, until

the temperature is reduced to 60° F. (15.5° C.) and permit

it to rest quietly half an hour. If the mixture be a mass

of crystals, or contain crystalline tufts, urea was ])resent

in the urine in abnormal proportion. This test is based

t These solutions are to be kept separate, and mixed as required,

and just before each experiment.
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upon the fact that nitrate of urea is less soluble than urea.

The relative proportion of water and urea of normal
uriae is such that the nitrate of urea formed by the addi-

tion of nitric acid remains in sohition. Sometimes there is

a deficiency of water, thus making the urea above tlie

l)roper proportion, while in reality the urea is only ex-

creted from the system in normal amount. To determine
this point, measure the urine which passes during twenty-
four hours, and bring it to the bulk of 40 fluid ounces by
addition of distilled water, then apply the test previously

given for excess of urea. A crystalline formation will

show excess of urea.

Pus.—Permit the urine to settle. Decant the clear

liquid and add to the sediment a solution of potassium

hydroxide (caustic potash). If pus be present a gelatinous

mass results; if pus is found in the sediment, albumen
may be expected in the clear liquid previously decanted.

Bile Coloring Matter —Pour hydrochloric acid into

a beaker glass to the depth of half an inch. Stir urine

into this until the acid is colored, then through a funnel

tube introduce a layer of nitric acid directly upon the

bottom of the beaker. If bile coloring matter is present

a play of colors is exhibited where the liquids are in

contact. Mix the liquids with a glass rod, color-changes

are exhibited throughout the entire liquid.

Blood.—Place a specimen of urine, as voided, in a

test-tube and add solution of potassium hydroxide (caustic

potash), then warm gently. A precipitate will follow

(earthy phosphates) which will be blood-red if blood is

present. Otherwise the precipitate will be white.

If the urine should be alkaline in reaction, add first a

small amount of solution of magnesium sulphate, then the

solution of caustic potash. The microscope and spectro-

scope are valuable in determining the presence of blood.

Uric Acid.—This is present in the urine of carnivora.

It occurs also in combination, f )rming urates. Uric acid

is never present to form a sediment in freshly voided
normal urine.
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Test.—Uric acid in abnormal amount precipitates, gen-
erally brick-dust colored. Place a little of the sediment

in a porcelain dish with a small portion of water, then

add a few drops of nitric acid, warming carefully. When
the uric acid has dissolved evaporate the solution almost

to dryness on a water bath. Add now a drop of ammo-
nia water, or hold over the surface of the mixture a glass

rod moistened with ammonia water, A beautiful purple-

red color results (murexide) if uric acid was present in the

original precipitate.



TABLE OF WEIGHTS.

480.0 grains Troy equal 1 ounce Troy.

437,5
" "

1 " Avoirdupois.

7000.0
" "

1 pound Avoirdupois.

5760.0
" "

1 " Troy.

English Grains. Troy Ounces.

Milligramme 0.015432 0.000032

Centigramme 0.154323 0.000322

Decigramme 1.543235 0.003215

Gramme 15.432349 0.032151

Decagramme 154.323488 0.321507

Hectogramme 1543.234880 3.215073

Kilogramme 15432.348800 32.150727

Myriogramme 154323.488000 321.507267

1 Grain equals 0.064798950 Gramme.
1 Troy Ounce equals 31.103496 Grammes.

1 Pound Avoirdupois equals 0.45359265 Kilogramme.

1 Cubic Centimetre of water weighs 1 Gramme.

RELATION OF WEIGHT TO MEASURE.
(Temperature 60° F.)

1 Minim of distilled water equals 0.9493 Grains.

1 Fluidrachm " "
56.9618 "

1 Fluidounce
" "

455.6944 ''

1 Pint
" " 7291.1107 "

1 Gallon
" " 58328.8862 "

(420)
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Absolute alcohol 355
Acetate of aluminium 291

ammon ia 206
ammonia, liquor 206
ethyl 366
copper 261

iron 3U4
lead. 253
manganese 319
potash 171

potash, tests for 171

potassium 171
sodium 188
zinc 245

Acetic acid 85
commercial 86
diluted 87
glacial 85
number 8 87
tests for 86

Acetic ether 366
Acetum 87
Acid, acetic 85

commercial 86
dilute. 87
glacial 85
number 8 87
tests for 87

arsenic 87
arsenious. 87, 157

antidotes 88,311
detection 88

benzoic 89
boracic 90
boric 90
carbazotic 90
carbolic 91, 359

antidotes for 92

(421)

cid carbonate of potassium.171
sodium 190

carbonic 92
catechuic 374
catechu-tannic 374
cathartic 396
chloric 93,127
chlorous 127
chromic 93,326
chrj^sophanic 94
cinnanionic 90,406
citric 94
digallio 122
disulphuric 120
eugenic 406
formic 95
forming oxides 138, 139
gallic 95
gumraic 226, 373
hydriodic 96
hydrobromic 97
hydrochloric 98
hydrocj'anic 100, 165

antidotes for, 102
testsfor 101

hydrofluoric 132
anhydrous 133

hydros ulphuric 102
hypochlorous 127
hyponitrous 149
hypophosphorous 113
isopentoic. 124
isopropyl- acetic 124
lactic...' 104,376
malic 105
manga nous 323
margaric 368
meta-phosphoric. 152
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Acid, meta-silicic 117 '

methylsalicj'lic 115, 414
molybdic 327
mucic 376
muriatic 98, 99
myronic 408
nitrate of bismuth .341

nitric 105. 140
antidotes for 107

diluted 106

tests for 106
nitro-hydrochloric 107
nitro-muriatic 107
nitrous 108, 149
oleic 108
ortho-sulphocarbolic 117
oxalic. 109

antidotes for 109
tests for 109

para-sulphocarbolic 118
perchloric 127
permanganic.. 323
phenic 91

1

phenol-sulphonic 117
phenyl-sulphuric 117
phospho- molybdic 327
phosphoric 110

dilute. 110
normal 110

ortho 110
phosphorous 114, 152
picric 90
potassium sulphate 186
prussic 100
pyrogallic 114
pyroligneous 114
pyrophosphoric Ill
saccharic 376
salicylic 115, 395
salts 45
san tonic 395
silicic.; 116, 160
succinic 117
sulphite of sodium 191
sulphocarbolie 117
sulphuric ..118

antidotes for 121

diluted 119
fuming 120
Nordhausen 120

Acid, sulphuric, pure 120
tests for 120

sulphurous 121
tests for 122

tannic 122
tartaric 123

tests for 124
tartrate of ammonium. ..217

potassium 173
tri-nitro-phenic 90
uric....... 418
valerianic 124

tests for, 124
valeric 124

Acids 82
formulae of. 84
list of. 85
medicinal 84
organic 370
quantivalence of 83

Acidulous radical.. 43, 82
Acidum aceticum 85
Aconitia 380
Aconitine ...380

Actinic rays 54
Action, contact. 71
Active oxygen. 141
Adamantine boron. 158
Adapters 19
Adulterated santonin 90
.Esculin 396
^"Ethiops martialis 313

mineral 277
Affinity, chemical 30
Air-slaked lime 221

Alabaster.. • 229
Albumen in urine 416
Alcohol 356

absolute 355
amylic 357
dilute 356
ethyl 355
ethylic 355
glyceric 358
isopental 357
lamp 11

mannitic 359
Djcthylic 357
phenol 91

pure 355
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Alcohol radicals 354'

stronger 356

1

wood 357
Alcoholate of chloral 3G9
Alcohols 354
Aldehj'd, benzoic 370

cinnamomic 370, 406
salicylic 395

Aletrin, oleoresin 401
Alkali 48,168

lixed 48,169
naetals 168
organic 379
vegetable 169
volatile 48

Alkaline earth metals 219
earths 219
oxides 138

Alkaloids 379
of cinchona 383
tests for 327

Allotropic sulphur 144
Allotropy 26
Alloys... 31

of bismuth 3.38

of copper 261

Aloes 374
Aloins 374
Alum 288, 289

ammonio ferric 315
burnt 290
concentrated 290
dried 290
neutral 289

Alumen 288,289
exsiccatum 290

Aluminium 287
acetate 291

and ammonium sulphate 288
and potassium sulphate 289-

chloride 291'

hydroxide 291

sulphate 290.

Amalgam, ammonium 205

1

Amalgams 266

1

Amines-. 378!

Ammonia 148, 205, 212,2131
alum 2881
amalgam 205
aqua 213

Ammonia benzoate 207
bromide. 208
gas 212
hydrochlorate 210
liniment 368
liquor of. ; 213
muriate 210
salts 206
solution of. 213
spirits 213
tests for 218
water 213

Ammoniacal auric oxide. ...345

liquor 212
Ammonias, compound... 378
Ammoniated copper 265

mercury 270
Ammonio citrate of bismuth

339,340
ferric alum 315

Ammonium acetate 206
acetatis liquor 206
amalgam 205
and nickel sulphate 325
benzoate 207
bicarbonate 209
bromide 208
carbamate 210
carbonate, commercial. ..208

normal 209
chloride 210
citrate..... 211

solution. 3<j7

di-iodide 214
ferrous sulphate 302
hepta-sulphide .217

hydrate of.. 213
hydro-sulphide 217
hvdroxide 205, 213
iJdide 213
molybdate 327
mono-sulphide 217

nitrate.. 214

oleate 368
oxalate.. 215

pentasulphide 217

phosphate 215
platino-chloride 348
salts 205
sesquicarbonate ...208
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Ammonium succinate 216
liquor of- 21G

sulphate 216
Rulph-hydrate 217
sulphide 217
sulphuret 217
tetrasulphide 217
valerianate 218

Amorphous 15U
Amorphous boron 158

phosphorus 150
selenium .....147

silicon 159
sulphur 144

Amounts, equivalent 32
Amyl hydrate.. 357

nitrite 367
Amj'gdalin 396
Amy loses 371

Amylum 371

Analysis 25, 42
spectrum 55

Anchor ice 79
Anethol 403,407
Angles of crystals 65
Anhydrid j_.. 80

arsenious 87, 157
santonic 395
sulphuric 145
sulphurous 145
])ermanganic 323

Anhydrous 80
Animal charcoal 162

purified 162
oil.... 162

Anthracite coal ...161

diamond 161

Anise oil 403
Antidotes for arsenic 88,311

barium salts 235
bromine 128
caibolic acid 92
caustic soda 188
chloroform 364
copper 261

corrosive sublimate 272
lead 254
mercury oxides 275
nitric acid 107
oxalic acid 109

Antidotes for potash 170
potassium, carbonate. ...176

potassium cyanide 179
potassium bichromate. ..173

silver nitrate 280
silver salts..

._ 280, 283
sulphuric acid 121

Antimony 332
and potassium tartrate. .333

black 336
butter of. 334
crude 336
golden sulphuret. 337
oxides 335
oxysulphuretum 337
pentasulphide 337
sulphuretted 336
tartaratum 333
tests for 337
trichloride 334
trioxide 335
trisulphide 336

Ant-ozone 142
Apocynin, oleoresin 401
Apomorphine 391
Aqua ammonia 213

chlorinii 126
fortis 105
regia 107

Arabic gum 373
Arabin 373
Araroba 94
Argenti cyanidum 279

nitras 280
antidotes for. 280

oxidum.. 281
Argentum 278
Argols 173
Arsenates 87

thio- 157
Arseniate of iron 296

of sodium 189
Arsenic 87, 153

acid. 87
and bromine 156
antidotes 88, 311

chlorine 156
disulphide 157
hydrogen 153
iodide of 156



INDEX. 425

Arsenic, Marsh's test for.88, 154
oxides 87
ox3'gen 157
pentasulphide 157
pentoxide 157
phosphide 158
sulphur 157
trichloride 156
tri-iodide 156
trioxide 153, 157
trisulphide 157
white oxide. 87

Arsenides 158
Arsenide of zinc 153

hydrogen 153
Arsenious acid 87, 157

acid detection of. 88
oxide 87
anhydrid 87, 157

Arsenite of sodium 189
copper 263

Arsenites 157
Arseniuretted hydrogen 153
Arsine 153
Artemisia oil 403
Asclepedin oleoresin 401
Ate (prefix) 47
Atom. 26,27
Atomic theory 33

weight 28
Atoms, combination of. 23
Atropia 380
Atropine -380

sulphate 380
Attraction chemical 30
Auric ammoniacal. 345

chloride 346
oxide 345
salts 346
trichloride 345

Aurous salts 346
oxide 345

Aurum 344
Avogadro, l;iw of 34
Axes of crystals 65
Barium 233

chloride 234
hydroxide, 233
monoxide 233
nitrate 235

Barium salts, antidotes for..235

sulphate 235
tests for 235

Baryta , 233
caustic 233
water 23-1

Baking soda 190
Base 48
Basic bismuth carbonate 339

lead carbonate 255
oxides. 138
salts 45

Basin 10
Bassorin 374
Basylous hydrogen 83

radicals 43
Bath, sand 12

steam 12
water. 12

Battery voltaic 57
Baume's hj-drometer 64
Beaker glass 7, 8
Beberia 380
Beberin 380
Beberine 380

sulphate 380
Beebcrin. 380
Beet sugar 375
Bell metal. 329
Bending glass tubing 20
Benzoate of ammonium 207

lithium 202
Benzoate of sodium, 189
Benzoates.. 89
Benzoic acid 89

tests 89
aldehyd 370

Berber in 379
Berberine muriate 381

pierate 381
sulphate 382

Bergamii oleum 403
Bergamot camphor 404

oil of 403
Berlin porcelain 10
Beryl 236
Beryllum 236
Bicarbonate of ammonium. ..209

lithium 203
potassium 171
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Bicarbonate of sodium 190
Biohromate of potassium.... 172
Bichromates 326
Bichloride of mercury' 271

Bile coloring-matter in urine418
Bismuth 337

acid nitrate 341

alloys 338
ammonio-citrate 339, 340
basic carbonate 339
basic nitrate. 341
carbonate.. 339
citrate 340
liquor 341
oxides 338
osychloride 342
oxynitrate 311
subcarbonate 339
subnitrate 341
tannate 342
tests for 342
trihydroxide 338
trinitrate 341
trioxide 337
t risulphide 337

• valerianate 342
Bisulphate of mercury 180

potassium 18G
quinine.. 384

Bisulphide of carbon 165
Bisulphite of lime 230

sodium 191,200
Bitartrate of potassium 173
Bituminous coal 1(!1

Bivalent... 40
Black antimony.. 330

diamond 101
lead 101
oxide of manganese 322

mere ury 270
platinum — 348
salve.... 258
wash 208

Bleaching powder 222
Blend. 143

zinc 251
Block sulphur , 144
Blood, drasrons 399
Blowpipe flame 143

mouth 8

Blow-pipe,oxy-hydrogen,77, 143
Blue vitriol 250, 204

mass 207
phosphate of iron 301
Prussian 308
Turnbull's 309

Bone-black 162
phosphate. 228

Boracic acid 90
Borates, tests for 158
Borax 90
Borer, cork... 9
Boric acid 90
Boron 158

adamantine 158
amorphous 158
crystallized 158
nitride .. 158
tribromide 158
trichloride 158
trifluoride 158
trioxide 158
trisiili)hide 158

Bottle, Woulfs 23
Brannite... 321
liieaking of molecules 29
Brimstone. 144
Brome thane 302
Bromide of ammonium 208

calcium.. 223
chlorine 128, 129
ethyl 302
iodine 131
iron 297
lime 223
lithium 201

nitrogen 148
potassium 174
silver 282
sodium 191

zinc 245
Bromides 98, 128
Bromine 128

and silicon 159
antidote for 128

Bronze 329
Brucia 382
Brucine 382
Burnt alum 290

sponge 130
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Butter of antimony 334
Cadruium 237

iodide 237
salpliate of 237
tests for 238

Caesium 204
Caffeia 382
Caffeine 382

citrate 383
Caffeidina 382
Calabar, treatment for poi-

son of 392
Calamine ....244,246
Calcii carbonas praecipitata 224
Calcined magnesia 239
Calcium.. 221)

bromide 223
carbonate 223
chloride 225
citrate... 225
dioxide 223
disul[)hide 231
hyd ro.'i ide 221
hypochlorite, 222
hypo phosphite 226
iodate 227
iodide. 227
monosulphide 230
monoxide 220
oxalate 227
phosi^hate 228
sulphate 229
sulphide 230, 2.S1

sulphite. 230, 231
sulphuret 231
tartrate 231
tests for... 232

Calisaya 383
Calomel 268
Caloric 51
Calx chlorinata 222
Camphene. 406
Camphor bergamot 404
Canton's phosphorus 231
Capsici oleoresin 401
Capsicin oleoresin.— 404
Capsicum oil 404
Capacious 11
Carat (defined) 345
Caramel. 375

Caraway oil 404
Carbamate of ammonium 210
Carbazotates 91

of potassium 91
Carbazotic acid 90
Carbide of iron 162
Carbon., 160

and chlorine I(i3

and oxygen 163
bisulphide 165
dioxide 92, 163
disulphide 165
monoxide 163

Carbonates 93
Carbonate of ammonium 210

calcium 223
precipitated 224

comm ercial 208
copper 263
iron 298
lead 255
lime 223
lithium 202
magnesium 240
magnesium, liquor of.. ..240

manganese 318
potassium 175
sodium' 192
zinc 246

Carbohydrates 371
Carbolic acid. 91, 359
Carbonate of bismuth 339

basic 339
Carbonic acid 92

gas 92
Cartier's hydrometer 64
Carum oil 404
Carven 405
Carvi oil 404

oleum. 404
Caryophylli oleum 4fl6

Cassiterite. 329
Catalysis 71
Catechin 374
Catechu .374

Catechuic acid 374
Catechu- tannic acid., 374
Cathartic acid 396
Caustic baryta. 233

lime 220
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Caustic potash. 169
commercial 169

soda 187
treatment, poisoning by 188

Celestine 232
Cellulin 372
Cellulose 372
Cellulose-uitro 373
Centigrade thermometer 53
Ceric salts 285
Cerite 285
Cerium 284

chloride 285
oxalate 285
oxides ,285

Cerous salts 285
Cerusite 255
Chalcedony 160
Charcoal 161

animal 162
purified 162

Chalk, prepared 224

Chelerythrin. 392

Chemical attraction 30

affinity 30
compounds 31

flasks 15
force 30
formula? 37

Chemism 28, 30

effects 31

Chemistry. 25

organic 353
inorganic 73
new 33

Chenopodium oil 405
Chenopodii oleum 405
Chili saltpetre

_.
184, 196

Chlorate of potassium. 176
Chloric acid 93,127
Chloride manganous 318

merourous 268
aluminium 291
ammonium 210
barium 234
calcium 225
cerium 285
ethene 363
ethyl 362
ethylene 3{ii3

Chloride of gold a45, 346
and sodium 346

iron 298, 304
liquor 305
solution 305

lead 256
lime. 222
magnesium 241
manganese 318
mercury 271

corrosive 271
mild 268

methenyl 363
platinum 348
propylamine 379
silver 282
sodium 193
zinc 246

Chlorides. 127
test for soluble 127

insoluble 128
Chlorinated lime 222
Chlorine. 125

and carbon 163
and nitroaen 148
bromide of. 128,129
hydrate 127
monoxide 127
peroxide 127
tests for 127
trioxide 127
water 126

Chlorethane 362
Chloric ether 362
Chloroform 363

antidotes for 364
Chloroplatinic acid 348
Chlorous acid 127
Chloral 368,369

alcoholate 369
hydrate 369

Choke-damp 164
Chromates 94,326
Chrome iron ore 172
Chromic acid 93, 326
Chromium 325

anhydrid 326
oxides 326
trioxide 93, 326

Chrysophanic acid 94
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Ciraicifuga resin... 400
Cimicifugin 400
Cinchona allialoids 383
Cinchonia 386
Cliinclionine 386
Cinchonidia 385
Cinchonidine 385, 386
Cinnabar..... 143, 266, 276
Cinnamon oil 405
Cinnamonmii oleum 405
Cinnamomic acid 90, 406

aldehyd
._

400
Citrate of ammonium 211

bismuth 340
calcium 225
caffeine 383
iron 305

and ammonium. 306
and quinine .307

and strychnine 308
insoluble. 305
soluble 306

lithii 203
lithium 203
magnesium 241

solution 242
potassium 177

Citrates 95
Citric acid 94
Citroptine..... 409
Classes of oxides 138
Cleavage of crystals 66
Cloves, oil of 406
Coal 160,161

anthracite 161
bituminous 161

Coal-tar creosote , 91
Cobalt 292,293
Cobaltic salts 293
Cobal tons salts. 293
Cubaltamine salts. 293
Codeia 387
Codeine 387
Coke 161
Colocynthin 390

so-called resinoid., 396
Columbite 342
Columbium 342
Combination 25

byvolume 34

'Combinations of atoms 28
I Combustion.. 140

I

Commercial ammonium carb.208

{

Common salt 193
Complex crystals 65
Compound ammonias 378

ethers 360,365
matter 30
molecules 29
salts 46

Compounds, chemical 31
Concentrated alum 290

tincture of iron 305
Condenser 18

and retort 16
Liebig 18

Conductors of electricity 56
Conia 387
Conine 387
Constitution of matter 26
Contact action. 71
Convolvulic acid 398
Convolvulin 397,398
Copaiba oil 406
Copabae oleum, 406
Corn oil 357
Copper 200

acetate 261
acetic tincture of 262
alloys.... 261
ammoniated 265
antidotes 261
arsenite 263
carbonate 263
solution Fehling's 417
hydrate 264
hydroxide, 264
oxides 264
oxy-acetate 262
pyrites 143
salts 261
sub-acetate 262
sulphate 264

ammoniated 265
tests for 265

Copperas 301
Coriander oil 406
Cork borers... 9
Corn sugar .376

Corrosive chloride mercury 271
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Corrosive sublimate 271
antidotes 272

Cotton, gun 373
negative 373

Cream of tartar 173
Creasol 359
Creasote 91, 359
Creta praeparata 224
Crucibles 9
Crude antimony 33G
Crushed sugar 375
Cry of tin ....329

Crystalline forms, determine 68
Crystallization, experiments 69

water of 69
Crystallize 65
Crystallized boron 158

silicon 159
Crystallography... 64

systems of 66
Crystals, angles of. 65

axes of 65
cleavage of 66
complex..., 65
faces of 65
permanent (iS

simple.. 65
Cubebene. 407
Cubebin... 401

oleoresin 401
Cubebs oil 407
Cubic saltpetre 196

system of crystallization.. 6

Cupric salt 261
Cuprum 260
Cuprous salt 261

Curare .387

Curarine 387
Curved adapter. 19
Cutting glass tubing 21

Cyana 1 3 of potassi um. 179
Cyanide of potassium.... 178, 179

mercury 272
silver 279

Cyanides , 102,165
Cyanogen 165

gas 100,165
Dalton and Henry, law of. ...49

Dumps 164
Drachm (o)., 24

Decomposition, 25, 39
double 39

Deliquescent 50, 80
Delphinine 387
Dephlogisticated marine acid

gas.., .' 125
Determination of crystalline

form 68
Dextrin 371
Dextro-glucose 376
Dextrose 376
Dialyzed iron 312

antidote for arsenic 88
Dialysis.. 71
Diamine 378
Diamond 161

anthracite. 161
• black.. 161

Dichloride of manganese 318
of sulphur 145

Dichromate of potassium 172
Dichromates 326
Dicyanogen 165
Didymiuni 286
Digallic acid 122
Digitalin 396
Dihydrogen sodium phosph..ll2
Di-iodide of ammonium 214

phosphorus 151

Diluted alcohol 356
hydrocyanic acid 100
nitric acid 106
nitro-niuriatic acid 107
phosphoric acid 110
sulphuric acid 119

Dimorphism 69
Dinitro-cellulose 373
Dioxide of calcium 223

carbon 92,163
cerium 285

hydrogen 81

manganese 322

nitrogen 148

silicon 159
sulphur .145

Dioxides 135
hydrogen. 8

Dippel's oil 162
Dish 10

Disodium phospliate 112
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Distilled vinegar 87
Disulphate of arsenic-. 157

potassium 186
Bisulphide of arsenic 157

calcium 231

carbon 1G5
silicon 160
tin.. 830

Bisulphite of sodium 191
Disulphurie acid 120
Double decomposition 39

oxides. 1-37

salts 46
Draconis resin 399
Dried alum 290

sulphate of iron 302
Drummond light 143
Dulong and Petit, law of 53
Dutch liquid 363
Dyad , 40
Dynamite 359
Earths 219

alkaline 219
Earthy phosphates in urine. .415
Edges of crystals 65
Effects of chemism 31
Effloresce 50
Efflorescent salt 50
Effervesce 50
Elfeoptens 4()2

Electric light 60
Electro-magnetism 61

Electrical excitation 55
fluid 55
force. 55
machine. 56

Electricity. 55
conductors of 56
produces heat 60

light 60
frictional. 56
negative 56
non-conductors of. 56
positive 56
voltaic 57

Electrified 55
Electrodes. 57
Electrolysis 58
Electrolytes 59
Electro- positive elements 59-

Electro-negative elements... 59
table of elements 60

Elementary molecules 29
Elements electro- positive.... 59

electro-negative 59
table of. 26,27

Emetia 3S8
Emetine 388
Empirical formulae 38
Epsom salt 242
Equations 39
Equivalent amounts.. 32

proportions 32
Erbia 2S6
Erbium..... 286
Erigeron oil 407
Erythroraiura Guensis 313
Essential oils 402
Eserina 392
p] thane 354
Ethene chloride 363
Ether (of space) 54
Ether 'i^l

acetic 3G6
hydriodic 363
hyd robromi c. 362
hpdrochloric 362
niethylic .361

nitrous 3C5
nitrous spirit 366

spirits, 3 F 366
spirits,4F 366

Ethereal salts 365
Ethereal oils 402
Ethers 360

compound 360. S65
haloid 360.362
simple'. 3C0

Ethyl 3C0
acetate 366
alcohol 355

bromid e 362
chloride 362
ethylate 361

iodide. 363
nitrite 365
oxide 361
hydrogen sulphate 361

Ethylene chloride 363
Ethylic alcohol 355
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Eugenic acid 406
Faraday battery 58
Faces of crystals 65

Fahrenheit vhermometer 53

Felicis oleoresin 401

Fehling's solutions 416

solution, copper 417

soda 417

Fennel oil 407

Ferri carbonate pilula 298
saccharata 298

sulphas exsiccata. 302
sulphuretum. 303

Ferric acetate 304
and ammonium tartrate..316

and potassium tartrate. ..316

chloride 304
liquor 305
solution 305

citrate. 305
and ammonium 306
and (juiiiiue 307
and strychnine. 308
insoluble. 305
soluble 306

ferrocyanide 308
hydroxide 311
hypophosphite 309
lactate 300
nitrate 309
oxide 310
oxy-hydrate 298
potassium ferrocyanide. .308

pyrophosphate 313
salts.. 295,303
sesquichloride 304
sulphate 314

and ammonium. 315
Felicis oleoresin 401
Ferrocyanide of iron 308

potassium 180
zinc...., 247

Ferroso-ferric oxide 313
Ferrous arseniate 296

bromide 297
chloride 298
hypophosphite 309
iodide 299
lactate 300
oxalate.... 300

Ferrous oxide 313
phosphate 301
salts 295,296
sulphate 301
sulphide 303

Ferrum. 293
redactum 294

File, rat-tail 9
Filtering 71

paper 71
Fixed alkali 48,169
Flame, oxhydrogen 143
Flasks, chemical 15

florence 15
Florence flasks 15
Flour of sulphur 144
Flowers of sulphur 144
Fluid, electrical 55

magnetic 61

Fluoresce 50
Fluor id f* ....132

Fluorine 132

Fluor spar 1.32

Fly-stone 293
Foeniculi oleum 407
Force, chemical 30

electrical 55
vital 353

Formates , 95
Formic acid 95
Forms of matter 25

primary 26
Formulae, chemical 37

empirical 38
graphic 38
of acids 84
primary rational. 84

Formyl chloride 363
Foster's battery 58
Frictional electricity 56
Fruit sugar 377
Fulminating gold. .345

silver 281

Fuming sulphuric acid 120

Funnel 11

Fuselol 357
Fusible metal .338

wh i to precipitate 271

Fusil oil 357
Gralactose 376
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Galena.... 143, 253, 259
(lallic acid 95
Gallium 291

Galvani 57
Galvanic battery, Foster's. ... 58

_
Gaiffe's 58

Galvanism 57
Garden lavender oil 408
Gas, laughing 215
Gases, permanent 75

solution of. 49
Gaxiltherilene... 414
Gelsemin, so-called resinoid.388
Gelsemine 388
Gelsemin ia 388
Gentle heat 54
Glass 160

evaporating dishes 9

soluble 198
tubing 20

to bend... 20
to connect 21

to cut 21
Glauber's salt 198
( r 1 ucinum 230
(riucose 376, 416
G 1 u coses 376
(II ucosi des 394

termination of. .395

Glj''ceric alcohol 358
Glycerides. 367
Glycerin 358

nitro 358
Glycerita... 359
Glycerrhizin 396
Glyceryl .367

hydrate 358
trioleate 367
tripalmitate 368
tristearate 368

Gold 344
and sodium chloride 346
chloride 345, 346
fulminating.... 345
hydroxide 345
monoxide 345
mosaic .334

moss 344
tests for .347

trichloride 346

37

Gold trihydroxide 345
trioxide 345

Golden sulphuret antimony...337
Goniometer 68
Goulards extract. 254
Goulard's water 254
Graduate. 23
Grape sugar 376
Graphic formulae 38
Graphite 160, 161, 162
Gravitation .. 61
Gravity s])ecific 61
Gray oxide of mercury 270
Green iodide of mercury 268

Scheele's 263
vitriol 250, 301

Gum aloes 374
arable 226, 373
catechu 374
kino 374
tragacanth 374

Gummic acid 226, 373
Gums. 373
Gun cotton 373

metal 329
Gypsum 229
Halogens 73
Haloids 73
Haloid ethers 360, 362

salts 46,73
Hartshorn, salt of 208

spirit of. 213
Hausmanite. 322
Heat 51

by electricity 60
effects of. 51
gentle 54
latent 51

measurement of 53
sources of 52
specific 52

Heavy magnesium carbonate 240
spar 233

Hedeoma? oleum 410
Helonin oleoresin 401

Hemioxide of silver 281

Hepar sulphuris. _
186

Hepta sulphide ammonium..217

Heptoxide of manganese 323
Herapathite 384
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Hessian crucible 9
Hoxad 40
Hexagonal system of crj'stal-

lization 67
Holder for test tubes 13
Homolgous 354
Honey sugar 377
Hydrargyri chloridum mite 268

cyanidum, 272
iodidum rubrum 272
oxiduni rubrum 273

viride. 268
pilulaB 267
sulphuretum rubrum....276
ungueiitum 267

Hydrargyrum 266
ammonia turn 270
oxidurn flavum 275

rubrum 274
Hydrastin 381
Hyosciama 388
Hvosciamine 388
Hydrastia 388
Hydrastine 388
Hydrate of aluminium 291

ammonium 213
chloral ..369
copper 264

• potassium 169
sodium 187
phenylic 91
zinc ; 248

Hydrated oxides 79
oxide of iron 311
peroxide of iron 311
sesquioxide of iron 311

Hydrates 79
Hydrides..; 77
Hydriodic acid 96

ether 363
Hydrobromic acid,.... 97

ether.. 362
Hydrocarbons 163

saturated ')."3

unsaturated 354
Hydrochlorate ammonium.. 210

of quinine 385
Hydrochloric acid 98. 99

ether 362
Hydrochlorate of calcium. . . .222

Hydrocyanic acid.., 100, 165
Hydrofluoric acid .132

Hydrogen. 73
ammonium carbonate. ...209

tartrate 217
and arsenic 153
and silicon 159
arseniuretted 153
basylous. 83
di-ammonium phosphate215
dioxide... 81
disodium orthophosph...l96
hydroxide of 81
lithium carbonate 203
magnesium citrate 241
monosulphido 145
monoxide... 77
pero.xiJe 81
persul|4iide 145
phosphides 151

phosphoretted 151
potassium carbonate 171
salts 82
sodium carbonate 190

sulphite 191

sulphide 102, 145
sulphuretted 102, 145

Hydrosenium 76
Hydronieter 62, 63

Baume's 64
Cartier's 64
tube 64
Twaddell's

_.
64

Hydrosuli)huric acid.. 102
Hydrosulphide ammonium. ..217

Hydrons 81

Hydroxide of aluminium 291

amnion i um 205, 213
barium... 233
calcium 221

copper 264
gold 345
hydrogen 81

iron 311

magnesium 239

citrate 241

potassium.. 169
sodium... 187

zinc 248
Hydroxides 79,138
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Hydroxy!... 81
Hygroscopic. 80
Hypochlorite of calcium 222
Hypochlorous acid 127

oxide • 127
Hyponitrous acid

_
149

Hypophosphite of calcium. .226
iron.... 309
lime.... 22G
potassium 181
sodium 194

Hypophosphites 113
Hypophosphorous acid 113
Hyposulphite of ammonium.217

sodium 194
commercial 19.5

Ic (affix) 47,137
Ice, anchor 79
Lie (affix) 48
Indium 292
Infusible white precipitate..270
Inorganic chemistry 73
Insoluble citrate of iron 305

Prussian blue 308
inverted sugar 375, 377

Iodic acid . 131
Iodide of ammonium 213

arsenic 156
cadmium... 237
calcium 227
ethyl 363
iron 299

syrup 299
lead 257
lime. 227
lithium, 204
manganese 319
mercury, red 273
methenyl 364
potassium 182
silver 282
sodium 195
sulphur 145
zinc 248

syrup 248
Iodides 97

test for 131
Iodine 130

and silicon. 159
and sulphur 145

Iodine bromide 131
monochloride 131
pentoxide 131
re-sublimed 130
tests for. 131,132
trichloride 131

lodethane .363

Iodoform... 364
Iridium. 350
Irisin oleoresin 401
Iron 293

acetate 304
tincture 304

and ammonium sulphate.315
tartrate 316

and potassium tartrate. ..316

arseniate 296
bromide. 297
by hyd rogen 294
carbide. 162,294
carbonate 298

' precipitated -.298
chloride 298
chloride liquor. 305

solution 305
citrate 305

and quinine. .307

and strychnine 308
citrate, insoluble.. 305

soluble ... 306
concentrated tincture. ..305

dialyzed 312
antidote for arsenic. 88

ferrocyanide 308
hvpophosphite 309
iodide 299
lactate 300
ma.ss, Vallet's 298
malate 105
jMonsel's solution 314
mortar 24
muriated tincture 305
nitrate ....309

oxalate 301
oxide 310
oxy-hydrate 298
perchloride 304
pernitrate 309
peroxide. 310
persulphate 313
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Iron phosphate 301
p.yrites 143
pyrophosphate 211,313
reduced 294
sesquioxide 310

hydrated 311

subsul phate 315
sulphate 301

dried ..302

tests tor 317
Isomorphism 68
Isomerism 51

Isopental alcohol, 357
Isopentoic acid 124

Tsopropyl-acetie acid 124
Ite (affix). 47
Jalap resin 398
Jalapin 396, 398. 399

so-called resinoid....397,398

Jamaicin 381

Jar, leydon 56
Juniper oil-... 407
Juniper oil, iodized 130

Juniperi oleum 407
Juniperwoodoil 407

K.ilium IGS

Kelp ;
130

Kerme's mineral 337
Kerme's test for quinine 384
King's yellow 157

Labarraque's solution 193

Lactate of iron 300
zinc 249

Lactates 104

Lactic acid 104, 376
Lactin 375

Lactometer.. 64

Lamp, alcohol 11

Lampblack 162

Lanthanum 286

Latent heat 51

Laughing gas 215

Lavender oil.- 408

Lavandulfe oleum 408

Law of A vogadro 34

constant proportions 33

Dalton and Henry 49

Dulong and Petit. 53

Lead. 2.53

acetate 253

Lead, antidotes for '. 254
black 161
carbonates 255
chloride 256
iodide 257
nitrate 257
ointments 109
oleate 258
oxide. 258
oxy-chlorides 256
plaster 258
plasters 109
red 258
saltpetre 257
solution subacetate 254
.sugar of. 253
sulphate 259
sulphide 259
tannate 259
te-stsfor 259
vitriol 259
white 255

Lemon oil 408
Leptandra resin. 400
Leptandrin 400
Lupulina3 oleoresin 401

Levulose 377
Leyden Jar 56
Liebig condenser. 18
Light 54

Drummond 143
electric 60
from electricity 60
magnesium carbonate ...240

oxy-calcium ...143, 221
oxy-hydrogen calcium.. .221

Lignin 372
Lime 220

bisulphide 230
bromide 223
carbonate ,

223
caustic 220
chloride 222
chlorinated 222
hvpophosphite ...226

iodide 227
milk of 222

oxalate. 227
phosphate ?2S

quick 220
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Lime, slaked 221
sulphate 229
sulphite 230
sulphuret 230,281
tartrate. ...231

Limnnis oleum. 408
Liquids, specific gravity of... 62
Liquor ammonia 213

ammoniacal 212
ammonii succinic!.. 216
ammonium acetatis 206
ferri-chloridi 805
ferri subsulphntis 314
ferri tersulphatis 814
magnesia} carbonatis.... 240
mother 70
plurabi subacetatis 254
potassse 170
sodae chlorinatae 198

Litharge 258
Lithium, 201

benzoate 202
bicarbonate 203
bromide 201
carbonate 202
citrate 208
iodide 204
tests for 204

Liver of sulphur 186
Loadstone 60
Loaf sugar 375
Lobelia oil 409
Lupulinas oleoresin 401
m. (minim) 24
Machine electrical 56
Magnesia 239

calcined 239
usta. 239

Magnesium 238
carbonate 240
chloride. 241
citrate 241

solution 242
hydroxide 2.39

oxide. 239
sulphate 242
sulphite .,..213

tests for... 243
Magnet. 60

polea of. 6'0

Magnetic fluid 61
Magnetism GO

electro 01
Malate of iron 105
Malates Ido
Malic acid, 105
iManganate of potassium .322

Manga nates 323
Manganese 317

black oxide 322
dichloride. 318
dioxide 3:i2

heptoxide 323
oxides 320
peroxide 322
tests for 324

Manganic chloride 318
compounds 317
oxide 321
salts 322

Mangano-manganic oxide .322

Manganous acetate 319
acid 323
carbonate 818
chloride 318
compounds 317
hydrate 321
iodide 319
oxide .321

phosphate 319
Macrotin 400
Maltose 376
Manganous phosphate 319

sulphate. 320
Manna 359
Mannite 359
Mannitic alcohol 359
Man nityl hydrate .359

Maple sugar 375
Marine acid gas 125
Marcasite 337
Margaricacid 368
Marsh's test for arsenic. ..88, 154
Martialis ^thop's 318
Mass, blue ...267

Matter 25
compound 30
constitution of, 26
forms of 25

Mayer's ointment 258
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Measurement of heat 53
Measure, uiinim 24
Mechanical mixture 31

Meconine 387
Medicinal acids 84
Melaconite. 264
Menthene 410
Menthol. 410
Mercurial ointment 267
Mercuric ammonium chlor...270

chloride 271
cyanide.
diammonium cliloride....271

iodide 273
monoxide 274
nitrate, 275
oxide 274
red sulphide 276
salts 268
salts, tests for 278
sulphate 275
sulphide 276
yellow oxide 275

Mercurious sublimatus cor.. .271

Mercurous chloride 268
iodide 268
nitrate 269
salts 268

tests for 277
sulphide 277
suboxide 270

Mercury 266
ammonia ted 270
bichloride 271
black oxide 270
corrosive chloride 271
gray oxide 270
green iodide 268
nitrate 269
oleate

_
109

oxides, antidotes for 275
oxi d us 268
perchloride... 271
pills of. 267
protiodide 268
oleate 109
red iodide 273

oxide 274
sulphide 276

salts of, ...,2(JSi

Mercury, subchloride 268
suboxide 270
tests for. 277

Meta-silicic acid 117
Metal, fusible 338
Metallic phosphorus 151, 167

selenium 147
Metalloid 73
Meta-phosphates 112

phosphoric acid.lll, 112, 152
Metals 167

alkali... 168
magnesium, group of 236
of alkaline earths 219

Methane 354
Methenyl chloride 363

iodide 364
Methoxyl methane 361

oxide 361
Methyl salicylic acid 414

hydrate 357
oxide 361
salicylic ether 357

Methylic alcohol 357
Mild chloride of mercury 268
Milk of lime 222
3Iilk sugar 375
Mindereri spirit.. 207
Mineral ^thiops 277

Kerme's 337
Minim measure 24
Mintha3 pip. oleum. 410
Mispiekel 153
Mixtures, mechanical 31
Molecular weight 33
Molecules -. 28

breaking of. 29
compound. 29
elementary 29

Molybdates 327
Molybdenum 327
Molvbdic acid 327
Monad.. 40
Monamine 378
Moniodide of sulphur 145
Monochloride of iodine 131

sulphur 145
Monoclinic system.... 68
Mono-hydrogen calcium or-

tho-phosphate ..229
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Mono - hydrogen manganous
jiliospliate 319

Muiio-uitro-cellulose 373
Muuosodiuin phosphate. 112
Mofiosulphide of ammonium 217

calcium 230
hydrogen 145

Monoxide of barium 233
carbon 163
copper '. 264
gold. 345
hydrogen 77
manganese 321
nitrogen. 148

Monoxides 135
Monsel's solution 314

salt.. 315
Morphia ..._. 389

tests for impurities 389
Morphine.. 389

impurities in 389
tests for 389
sulphate 390

Mortars 24

Mosaicgold 330

Moss gold.. 344
Mother liquor 70

Mouth blow-pipe. 8
Mucic acid 376
Murexide 419
Muriate of ammonia 210
Muriate of berberine 381

quinine 385
Muriated tincture of iron. ...305

Muriatic acid gas. . = = . = . 98
Musical tube 771

Mustard oil... .o. 408i
Myristicje oleum...... 409

\

Myristicin 409
|

Myristin 409 i

Myronate of potassium 408,
Mvronic acid 408
Myrosin 408
Naptha, wood 357
Narcotia 391
Narcotine 391
Negative cotton .373

Nessler's test 218
Neutral alum 289

salts 44

Neutralize 49
New chemistry 15,3

Nickel 324
ammonium sulphate. 325
oxides. 325
sulphate 325

Nicotia 391
Nicotine 391
Niobium 342
Nitrate of ammonium 214

barium 2o5
bismuth 341
iron 309
lead 257
mercury ..269, 275
potash 183
potassium 183
sanguinarine 393
silver 280

antidotes 280
sodium 196
strontium 2.32

Nitre...... 183
spirits of 366

Nitric acid.. 105, 149
antidotes for. 107

oxide. 148.215
xVitrides. 149
Nitrite of amyl 367

ethyl 365
Nitrites.. 108
Nitrogen 147

and chlorine. 148
and silicon. 160
bromide 148
dioxide... 148
monoxide ...148

oxides 148
pentoxide 148
peroxide 106. 148
tetroxide 108, 148

Nitro-cellulose 373
glycerin.. 3.58

hj'drochloric acid 107
muriatic acid 107
muriatic acid, dilute.... 107

Nitrous acid 108,149
ether .365

spirits of. 366
oxide. 148,215
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Nitrum 147, 187
flammans 214

Noble metals 107
Noggerath. 258
Normal ammonium carb 209

calcium ortho-phosph. . . .228

lead carbonate 255
nitrate 257

lithium carbonate 202
phosphoric acid 110
salts 44
sodium pyrophosphate. ..197

sulphite. 199
urine 415
zinc carbonate 246

Non-conductors of electricity 56
Non-metallic elements 73
Nutmeg oil 409
Occlusion 76
Oil, animal 162

Dippel's 162
fusil 357
juniper iodized 130
absinthium 40;{

anise 403
bergamot 403
cade 407
capsicum 404
caraway 404
carum 404
chenopodium 405
cinnamon 405
cloves 406
corn. 357
copaiba 406
coriander 406
cubebs 407
erigeron 407
fennel 407
fireweed 407
garden lavender 408
gaultheria 414
juniper wood. 407
lavender 408
lemon 408
lobelia 409
mustard 408
nutmeg. 409'

origanum 410
pennyroyal 410

Oil. peppermint 410
queen's root 412
rose 410
rosemary 411
rue... 411
sassafras 411
savin 412
star anise 403
stillingia 412
thyme 410
tobacco 413
turpentine 413
valerian 413
wintergreen 414
wormseed 405
wormwood 403
vitriol. 118

Oils, essential 402
ethereal 402
volatile 402

Ointment, Mayer's ...258

mercurial 267
Oleate of ammonium 368

lead 358
mercury. 109
potassium 109
sodium 109

Oleates 367
Oleic acid 108
Olein 367
Oleoresin aletrin 401

apocynin 401
asclepedin 401
capsicin 401

cubebin 401

felieis 401

helonin 401

irisin 401

lupulinas 401

piperis 401
xanthoxylin 401

zingiberis 401

Oleoresins 400
Oleic acid 103
Olein 367
Oleum animale 162

anise. = 403
bergamii 403
carvi 404
caryophilli 406
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Oleum chenopodii 405
cinnaiuonii 405
copa i bge 4()(J

coriandri .406

cubebge.. 407
erigeroiitis Can 407
foeniculi..., 407
gaultheria 414
liedeomfe 410
jimiperi 407
lavendulte 408
limonis 408
myristicas 400
ruinthae pip 410
origanii 410
rosae 410
rosemarini 411
rutae 411
sabinse 412
sassafras 411
sinapis 408
tabaci 413
terebinthinae 413
Valerianae 113

Opal 160
Ori)iment 153, 157
Organic acids 370

alkalies. 379
chemistry 353

Ortho- phosphoric acid 110
sulpho-carbolic acid 117

Osmic acid 352
Osmi rid ium 352
Osmium 351

tetroxide 352
Otto of rose 410
Ounce (,s) 24
Ous (affix).. 47,137
Oxalate of ammonium 215

calcium 227
cerium 285
iron 300
lime 227

Oxalicacid 109
Oxide, arsenic 87

arscnious 87
hypochlorous 127
copper 264
ethyl 361
iron hydrated 311

Oxide lead.. 258
magnesium 239
mercury, red 274
zinc 248

Oxides 135
acid- forming 138
alkaline 138
basic 138
classes of. 138
double 137
hydrated 79
nitrogen 148
an timony 335
bismuth 338
chromium 326
ethyl 361
manganese 320
mercury 268
nickel 325
silver 281
thallium 260
tin 329
saline 137

Oxyhydrogen blow-pipe. .77, 143
flame 143

Oxy-acetat^ of copper 262
acid salts 46
acids of chlorine 127
calcium light 221
chloride of bismuth 342

lead 256
hydrate of iron 298
hydrogen calcium light.221

Oxygen 133
active 141
liquefied 135

Oxysaits 46
Oxysulphuret of antimony. ..337

Ozone 141
tests for 142

Palladium 349
Palmitin 368
Para-sulphocarbolic acid 118
Paretin 94
Parmelia parietina. 94
Pearlash 176
Pectin 397
Pellicle 54
Pennyroyal oil 410
Penta bromide phosphorus..151



442 CHEMISTRY OF MEDICINES.

Penta chloride phosphorus. .151

fluoride of phosphorus..151
sulphide of amiuoiiiuni..2r7

antimony 337
arsenic 157

Pentad 40
Pentoxide of antimony 335

iodine 131
nitrogen. 148

_
phosphorus.140, 147,152

Pentoxides 137
Per (prefix) 137
Perchloride of iron. 304

mercury 271
Permanent crystals t!8

gases 75
Permanganate of potas..l84, 323
Permanganic acid 185, 323

anhydrid 323
Pernitrate of iron 309
Peroxide of hydrogen 81

iron 310
hydrated 311

manganese 322
nitrogen 106
silver 281

Peroxides 138, 139
Persulphide of hydrogen 145
Pewter 329
Phenic acid 91
Phenol 91

sul phonic acid 117
Phenyl alcohol.... 91

sulphuric acid 117
hydrate 91,359

Phosphate of ammonium 215
calcium 228
iron. 301
lime 228
silver 283
sodium 196
bone 228

Phosi>hat.s 112
Phosphide 151

hydrogen. 151

zinc 249
Phosphine 151

Phosphites 114, 152
Phosphoretted hydrogen 151

Phosphate of manganese 319

Phosphoric acid 110
dilute 110
impurities in Ill
meta- HI, 112
normal 110
ortho- 110
pyro-....- 112
tests Ill

Phospho-molybdic acid. 327
Phosphorus 149

acid 114,152
amorphous 150
and hydrogen 151
Canton's 231
di-iodide 151
metallic 151, 167
pentabromide 151
pentachloride. 151
pentafluoride 151
pentoxide 140, 147, 152
red 150
rhombohedral 151
tribromide. 151
trichloride 151
tri-iodide 151
tri-oxide 114, 152

Physostigmia 392
Physostigmine 392
Picrate of berberine 381
Picric acid 90
Pill, Vallet's 298
Pills of mercury 267
Piperin 392
Piperine 392
Piperis, oleoresin 401
Porcelain crucible. 9

evaporating dishes.. 9

Plain retort.. 16

Plaster, lead. 258
Platini chloride of ammon...348
Platinic salts 349

Platinou.s salts...... 349

Platinum 347
black 348
chloride 348
crucible 9

sjiongy 348
Plumbago 1(51

crucible 9

Plumbum 253
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PodophylHn 399;
refill o99

\

Podophyllum.... 399
Poles of battery 57

[

magnet 60
Polymeric 51, 371
Potlish 1(J9

alum. 289
caustic 169
prussiate 180
sulphate 185, 186
treatment of poisoning.. .170

Potassfe liquor ....170

Potas.sium 168
acetate 171
acid sulphate 186
and iron tartrate 316
and sodium tartrate 179
bicarbonate... 171
bichromate 172

antidotes 173
bisulphate 186
bi tartrate 173
bromide 174
carbonate 175

antidotes for 176
carbazotate 91
chlorate 176

impurities in 177
test for 177

citrate 177
cyanate 179
cyanide.- 178

antidote 179
disulphate 186
ferrocyanide 180
hydrate 169
hydroxide 169
hypophosphite 181
iodate. 182
iodide.. 182
manganate 322
myronate 408
nitrate 183
oleate 109
permanganate 180, 323
sulphate 185
sulphide 186
sulphuret ISO
tests for 180

Powder, bleaching 222
Precipitate, red 274

white 270
infusible 270

Precipitated carb. calcium... 224
chalk 224
iron carbonate 298
phosphate of calcium. ...228

lime 228
zinc carbonate 246

Precipitates 70
to wash 70

Prepared chalk 224
Primary bodies 26

matter 26
rational formuUe 38

Proof spirit 356
Propane 354
Propenyl alcohol 358
Proportion, equivalent.. 32
Propylamine 378

chloride 379
Protiodide of mercury 268
Proto (prefix) 138
Protosulphate of iron 301
Prussian blue 308

insoluble 308
soluble 308

Prussic acid 100
Pure alcohol. 355

sulphuric acid 120
Pus in urine 418
Pyrites, copper 143

iron 143
Pyro-arseniate of sodium 189
Pyrogallic acid 114
Pyroligneous acid 114

spirit 357
Pyrophosphate of iron. ..211. 313

silver 283
sodium 1 97

Pyrophosphates 112
Pyrophosphoric acid 112
Pyroi)hosphorous acid Ill

Pyroxylin 373
Quadratic sj'stem of crystal-

lization 67
Quartz 159
Quadrivalent 40
Quantivalence 40
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Quantivalence of acids 83
variation of. 41

Quick lime 220
Quicksilver 2GG

(^uinia 383
(^uinidia 38(3

(^uiniiline 38(j

Quinine 383
bisul phate 384
hj'drochlorate... 485

muriate 385
sulphate. 38-i

tannate 385
tests fur 384

Quinine and iron citrate 307
Quinquivalent 40
Kack for test tubes 14
Rademaclier's copper tinet...262

Radical 42
acidulous 43
basylous 43

Radicals, alcohol. 354
Rational formulae 38
Rat tail file cork borer 9

Rays, actinic 54
Realgar 153
Receiver 19
Recinolein 3G8
Red chromate of potash 172

iodide of mercury 273
lead 258
oxide of manganese 322
oxide of mercury 274
phosphorus 150
precipitate 274
sulphuret of mercury.. .270

Reduced iron 294
Refined spirit... 256

sulphur 144
Regular system of crystalli-

zation 67
Resin 397
Resina 397

(Iraconis.. 399
Resin of cimicifuga 400

leptandra 400
podophyllum 399
scammony .399

Resinoids '

397. 401
Resins 397

Resublimed iodine 130
Retort 16

and condenser 16
plain 16
stand 17
tubulated 16

Rhabarbaric acid 94
Rhein 94
Rhodearetin 398
Rhombic system of crystalli-

zation 67
Rhumbohedral i)hosphorus...l5]

Rhubarb 94
llochelle salt 179
Roll sulphur 144
Rosag oleum 410
Rose oil. 410

ottoof. 410
Rosemarini oleum 411
Rosin 413
Rosemary oil 411
Root (radical) 42
Rubber tubing. 21,22
Rubidium 204
Rue, oilof. 411
Rumicin 94
Rutna oleum 411
Ruthenium 351
Saccharic acid. 376
Saocharometer 64
Saccharoses .375

Saccharum album 375
lactis 375

Salaeratus 172
Sal-ammoniac 210
Sal-ammonious secretum
Glauberi 216

Salicin 395
Salicylate of sodium 197

zinc. 249

Salicylates 116
Salicvlicacid ......115,395

Saljc'ylic aldehyd. 39.}

S a 1 ige n i n 395
Saline oxides. 137
Sal nitre 173

petra) 173
prunella 184
soda. 192
volatil 208
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Salt.... 44,138,193
acid 45
basic 45
cake, 11)8

common 193
efflorescent 50
pjpsom 242
Glauber's 198
Monsel's 315
of hartshorn 208
of sorrel 109
of tartar... 175
of tin 329
sea 46
spirit of 99

Saltpetre 173
Chili 184,196
of lead 257

Salts 41,138
compound 46
double 46
ethereal 365
haloid. 46
manganic .... 322
mercuric, testsfor 278
mercurous, tests for 277
neutral 44
normal 44
of cobalt 293
of copper 261
of gold 346
of hj'drogen 82
of iron 295
oxy.... 46
oxj'acid 46
stannic 329
stannous 329

Salve, black 258
Sand bath 12

white. 159
Sanguinarine .392

nitrate .393

salts 393
San tonic acid .395

anhydrid 395
Santonine .395

adulterated 90
tests for .395

Santoninum ,395

Saponin 397

Sassafras oil 411
oleum 411

Satin spar 229
fc5aturate 49
Saturated hydrocarbons 353

solutions 49
Scaniniony resin 399
Scheele's green 263

prussic acid 100
Sea salt.. 46
Selenite 229
Selenium 146

amor phous 147
metallic 147

Sesqui (prefix). 137
Sesquicarbonate ofammonia.208
Sesquichloride of iron 304
Sesquioxide of cereum 285

iron, hydrated 311
manganese 321
sulphur 145

Sesquioxides 136
Sexivalent 40
Sign for drachm 24

minim 24
ounce 24

Silica, forms of 159
Silicate ofsodiuni 193
Silicates 117,160

tests for 160
Silicic acid 116, 160
Silicon 159

amorphous 159
and bromine. 159
and n i trogen 160
crystallized 1,59

dioxide... 116, 159
disulphidc 160
hyd ride of 1,59

iodides of 159
tetrachloride 1.59

trichloride 159
Silicum 159
Silver salts,antidotesfor.280.283

sulphate. 283
sulphide 283
tannate 283
tests for. 284

Simple crystals 65
ethers 360
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Sinapis oleum 408
Slaked lime 221
iSmilacin '6\)7

Soda 190
ash.... 192
caustic 187
solution, Fehling's 417
treatment for poisoning.188

Sodae chlorinatae liquor 193
Sodii arsenias 189
Sodium 187

acetate 188
arseniate 189
arsenite 189
benzoate 189
bicarbonate 190
bisulphite 200
bromide of 191
carbonate 192
chloride 193
disulphite. 191
hydrate 187
h.ydroxide 187
hyposulphite 194

commercial 195
iodide 195
nitrate 19G
oleate 109
phosphate.. 19G
pyroarseniate 189
pyrophosphate 197
salicylate 197
silicate 198
sulphate 198
sulphite 199
tests for 200
thiosulphate 195
zirconiate 331

Soft sulphur. 144
Solids, specific gravity of.... 62
Soluble citrate of iron 30G

glass.; IIG, 198
Prussian blue 308

Solution 49
Monsel's.. 314
ofammonia 213
ammonium citrate 3(>7

magnesium citrate 242
tin 330
persulphate of iron 314

I Solution, tersulphato 314
I Solutions, saturated 49
[Solvent.. 49
Stearoptens 402
Strychnia 393
Strychnine 393
Sorrel, salt of 1(J9

Sources of heat 52
Spatula.. 24
Specific gravity 61

ofliquids 62
solids 62
urine 415

Specific heat 52
Spectroscope 55
Spectrum 55

analysis 55
Spirit of ammonia 213

hartshorn 213
nitrous ether 366
salt 99
wine 356
proof. 356
pyroligneas 357
refined 356
wood 161, 357

Sponge, burnt.. 130
Spongy platinum 348
Square prismatic system of

crystallization 67
Standard metal 350
Stand for retort 17

test tubes 14
Stannic oxide 329

salts 329
Stannous chloride 330

oxide .329
salts 329

Stannum 329
Staranise oil 403
Starch 371

tests for 372
Steam bath 12
Stearine 358,368
Stibium 332
Stone, fly 293
Straight adajiters 19
Stronger alcohol 356

ammonia water 213
ether 361
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Strontium 232
nitrate 232

tests for 233

Strychnia 393

Strychnine 393

and iron citrate 308

tests for. 393
Sub (prefix) 315

Subacetate of copper.. 2G2

lead, solution 254

Subcarbonate of bismuth. ...339

Subchloride of mercury 268
Sublimate, corrosive.. 271

Subnitrate of bismuth iUl

Suboxide of mercury. 270
Subsulphate of iron 314
Succinate of ammonium 216

Succinates 117
Succinic acid 117
Sucrose 375
Sugar.. 375

beet .375

cane 375
corn. 376
crushed 375
fruit 377
grape 376
honey 377
in urine 416
inverted 375, 377
loaf. 375
maple. 375
milk , 375
of lead 253

Sulphate of aluminium 290
aluminium and ammon...288

and potassium 289
ammonium 216
atropine 380
beberine 380
berberine 382
cadmium 237
calcium 229
cooper 264
iron 301.303

and ammonium 315
lead 259
lime 229
magnesium 242
manganese 320

Sulphate mercury 275
morphine 390
nickel and ammonium. ..325

quinine 384
sodium 198
zinc... 249
zirconium ;:xj1

Sulphates 119
Sulphide of ammonium 217

calcium 230
hydrogen — 102, 145

Sulphide of lead 259
mercu ry 276
potassium 186
silver 283
zinc. 251

Sulphides
_

1(»4

Sulphite of calcium 230
lime. 230
magnesium 243
potash 185
potassium 185
soda 199
sodium 199

Sulphocarbolate of zinc 251
Sulphocarbolates. 118
Sulphocarbolic acid 117
Sulphophenate of zinc 251
Sulphur 143

allotropic 144
amorphous 144
and bromine 145

and chlorine 145
and oxygen 145
arsenides of. 158
block. 144
crude 144
dichloride 145
dioxide 145
flour of 144
flowers of. 144
iodide 145
liver of. ISG
moniodide 145
monochloride 145
peroxide 118
refined Hi
roll....... 144

sesquioxide 145
soft 144
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Sulphur, tests for 14G
tetrachloride 145
trioxide 118, 145

Sill ph- hydrate of aumionium2r7
Salphuret of ammonium 217

antimony 330
golden 337

iron 303
lime,... 230
potassium 18(j

Sulphuretted antimony.. 33(3

hydrogen 145
Sulphurous anhydrid 145
Sulphuric acid 118

dilute 119
fuming 120
Nordhausen . 120
pure 120

anhydrid 145
ether 361

Sulphurous acid 121
anhydrid 145

Super-phosphate of lime 229
Sweet spirits of nitre. 366
Symbols 35
Synthesis 25, 42
Syru[) hypophosphites 309

iodide of iron 299
zinc 248

S3'stem crystallography,cubic 67
hexagonal 67
monoclinic 68
quadratic 67
regular 67
rhombic ... 67
square prismatic 67
triclinic 68

Systems of crystallography... 66
Table of elements 27

electro-positive 60
electro-negative 60

weights and measures....420
Tannate of bismuth 342

lead 259
quinine 385
silver 283

Tannic acid 122
Tannin 122
Tantalum 342
Tartar emetic ....333

Tartar, salt of 175
Tartaric acid 123

tests for 124
Tarti'ate autimonyand potas.333

calcium 231
iron and ammonium 316
lime 231
potash and soda 179

Tartrates 123
Tellurium 147
Temperature 54
Terpens 413
Tests for acetic acid 86

albumen in urine 416
alkaloids 327
ammonia 218
antimony - 337
arsenic (Marsh) 88, 154
arsenious acid 88
barium 235
benzoic acid 89
bile colors 418
bismuth 342
blood in urine 418
borates 158
bromides 129
bromine 129
cadm i uni 238
caffeine 383
calcium 232
chlorine 127
chlorides 127,128
copper 265
earthy phosphates in

urine 416
glucose in urine 416
gold

._
347

hydrochloric acid 99
hydrocyanic acid. 101
imiuirities in moi"phine.389
iodides 131
iodine 132
iron 317
lead 259
lithium 204
magnesium 243
manganese 324
mercuric salts 278
mercurous salts 277
mercurv 277
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Tests for morphine 389
Nessler's 218
nitric acid. lU^

oxalic acid 109
ozone 141, 142
phosphoric acid Ill

potassium 186
acetate 171
bi tartrate 174
chlorate 177

pus in urine 418
quinine 384
santonine 395
silicates 160
silver 284
sodium 2.10

starch 372
strontium 233
strj'ch'iine 393
sugnr in urine 416
sulphides 146
sulphur 146
sulphuric acid 120
sulphurous acid 122
tartaric acid, 124
tin.... .330

urea in urine 417
uric acid in urine 418
valerianic acid 124!

zinc 252
Test-tube rack 14

stand 14
holders 13, 14
tubes. 13

Tetra-chloride of silicon 159
sulphur 145

hydrogen calcium phos-
phate..

_.
229

sulphide of ammonium..217
Tetrad..... 40
Tetrantoxide of silver 281
Tetroxide of o.smium. 352

nitrogen 148
Tetroxides 1.36

Thallium... 260
oxides, 260

Theia....... 382
Theine 382
Theory, atomic 33
Thermometer, centigrade.... 53.

Thermometer, Fahrenheit... 53
Thio-arsenates 157

arsenites 157
sulphate of sodium 195

Thyme oil 410
Tin 329

alloys 329
cry of. 329
dichloride 330
disulphide 330
foil... 329
granulated 329
oxides. 329
powder 329
salts. 329
solution 330
tests for 330

Tinct. copper. Eademacher's 262
ferric acetate 304

Titanium 330
Tragacanth gum 374
Triad 40
Triamine... 378
Tribromide of ai'senic 156

boron 158
phosphorous 151

Triclinic system 68
Trichloride of arsenic ...156

Trichloride of boron 158
iodine 131
phosphorus 151
silicon 159

Trichloraldehyd 368
Trifluoride of boron 158
Tri-iodide of arsenic 156

phosphorus 151
Trimethylamine 378
Trimorphism 69
Trinitrate of bismuth 341
Trinitro-cellulose 373
Trinitro-phenic acid 90
Trioxide of arsenic. 153

bismuth 338
boron 158
chromium. 93
gold 345
nitrogen .108, 148
phosphorus 114
sulphur 145

Triosides 136
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Trisodium phosphate Ill
Trisulphide oJ:' arsenic 157

bismuth o37
Trivalent 40
Trona 191
Tabes, glass, to bend 20

connect .... 21

to cut 21

test 13
hyiirometer (j4

musical 77
rubber 21, 22

Tubulated retort 16
Tungsten 328
Turner's yellow 256
Turpentine.... 413

camphor 413
oil.. 413
spirit 413

TwadiJelFs hydrometer 64
Unguentnm hydrargyri 267
Univalent . 40
Unsaturated hydrocarbons.. .35

4

Uranine 50
Uranium 328
Urao 191

Urea, tpsts for 417
Uret(aifix) 48
Uric acid in urine. 418
Urine, blood in 418

coloring matter in 418
examination of 415
normal.. 415
specific gravity of 415

Urinometer » 415
Valence,... 40
Valeren 414
Valerianate of ammonium. ..218

bismuth 342
zinc 251

Valerianates 124
Valerianic acid 124

tests for 124
Valeric acid 124

tests for 124
Valerol 414
Vallet's pill mass 298
Vanadate of lead 343
Vauadiaui 343

Variation of quantivalence... 41
Vegetable alkali 169
Verdegris 2u2
Vermillion 2i"6

Vinegar, distilled 87
Vital tbrce 353
Vitriol, blue ....250, 264

green 250, 3iil

lead 259
white 249

Volatile alkali 48
salt 208

Volta 57
Veratria 394
Veratrine 394
Volatiie oils 4<»2

Voltaic battery 57
electricity 57

Volume combination 34
Warmed 54
Wash, black...

._.
268

Washing precipitates 70
soda 192

Water 77
bath. 12

baryta 2;>4

of crystallization 69
Goulard's. 254
ofammonia 213

Wedgewood mortars.. 24
Weight, atomic 28

molecular 33
White arsenic 87

lead 255
oxideof arsenic 87
precipitate, fusible 271

infusible...... 270
sand 159
vitriol. 249
wash 222

Williamson's blue 308
Wine, spirit of 356
Witherite 233

Wolfram 328
Wood alcohol 357

naptha 357
spirit. 161, 357

Wormwood oil 403

Wormseed oil 405
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Woulfs bottle.. 2.3

Xaiithioi)ii;rit 381
Xaiithuxyliu oleoresin 4ul

Yeliuwdock....^ 94
Yellow, King's 157

oxide ot mercury 275
prussiate of potash 180

Yttrium. 287
Zinc 244

acetate 245
arsenide 1 53
blend 251
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HISTORICAL AND MISCELLANEOUS

PUBLICATIONS OF

ROBERT CLARKE & CO.

CINCINNATI, O.

ALZoa (John, D. D.) A Manual of Universal Church History.

Translated by Rev. T. J. Pabisch and Rev. T. S. Byrne. 3

vols. 8vo. 15 00

Andersox (E. L.) Six Weeks in Norway. 18mo' 1 GO

AxDRE (Major) The Cow Chace; an Heroick Poem. 8vo.

Paper. 75

AxTRiM (J.) The History of Champaign and Logan Counties,
Ohio, from their First Settlement. 12mo. 1 50

Ball.\rd (Julia P.) Insect Lives; or. Born in Prison. Illus-

trated. Sq. 12mo. 1 00

Bell (Thomas J.) History of the Cincinnati Water Works.
Plates. 8vo. In press.

Benxer (S.) Prophecies of Future Ups and Downs in Prices:
what years to make Money in Pig Iron, Hogs, Corn, and
Provisions. 2d ed. 24mo. 1 00

Bible in the Public Schools. Records, Aiguments, etc., in
the Case of Minor vs. Board of Education of Cincinnati.
8vo. 2 00

Arguments in Favor of the Use of the Bible. Separate.
Paper. 50

Arguments Against the U.se of the Bible. Separate. Paper. 50

Biddle (Horace P.) Elements of Knowledge. 12mo. 1 00

BiDDLE (Horace P.) Prose Miscellanies. 12mo. 1 00

BixKERD (A. D.) The Mammoth Cave of Kentuckv. Paper.
8vo.

'

50

Bouquet (H.) The Expedition of, against the Ohio Indians in
1764, etc. With Preface by Francis Parkman, Jr. 8vo.

$3 00. Large Paper.
"

6 00

BoYLAXD (G. H., M. D.) Six Months Under the Red Cross with
the French .4rmy in the Franco-Prussian War. 12mo. 1 50
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Bruxxer (A. A.) Elementary and Pronouncing French Readpr.
18mo. 60

Bruxxer (A. A.) The Gender of French Verbs Simplified.

18mo. 25

Burt (Rev. N. C, D. D.) The Far East; or, Letters from Egj'pt,

Palestine, etc. 12mo. 1 75

Bl'tterfield (C. W.) The Washington-Crawford Letters; being
the Correspondence between George Washington and William
Crawford, concerning ^A'^estern Lands. 8vo. 1 00

Butterfield (C. W.) The Discovery of the Northwest in 1634,

by John Nicolet, with a Sketch of his Life. 12mo. In press.

Clark (Col. George Rogers) Sketches of his Cam23aign in the
Illinois in 1778-9. With an Introduction by Hon. Henry
Pirtle, and an Appendix. 8vo. $2 00. Large paper. 4 00

Coffin (Levi) The Reminiscences of Levi Coffin, the Reputed
President of the Underground Railroad. A Brief History of

the Labors of a Lifetime in behalf of the Slave. With Stories

of Fugitive Slaves, etc., etc. 12mo. 2 00

CoxsTiTUTiox' OF THE L^xaTF.D States, Etc. The Declaration of
Independence, July 4, 1776; the Articles of Confederation,
July 9, 1778; the Constitution of the United States, Sep-
tember 17, 1787; the Fifteen Amendments to the Constitution,

and Index; Washington's Farewell Address, September 7,

1796. 8vo. Paper. 25

Ckaig (N. B.) The Olden Time. A Monthly Publication, devoted
to the Preservation of Documents of Early History, etc.

Originally Published at Pittsburg, in 1846-47. 2 vols.

Svo. 10 00

Drake (D ) Pioneer Life in Kentucky. Edited, with Notes
and a Biographical Sketch, by his Son, Hon. Chas. D. Drake.
Svo. $3 OU. Large paper. 6 00

DuBreuil (A.) Vineyard Culture Improved and Cheapened.
Edited by Dr. J. A. Warder. 12mo. " 2 00

Ellard (Virginia G.) Grandma's Christmas Day. Illus. Sq.

12mo. 1 00

Family Expense Book. A Printed Account Book, with appro-

priiite Columns and Headings, for keeping a Complete Record
of Family Exj^enses. 12mo. ' 50

FiXLEY (I. J.) and Putxam (R.) Pioneer Record and Remin-
iscences of the Early Settlers and Settlement of Ross Count v,

Ohio. 8vo. 2 50

Fletcher (Wm. B., M. D.) Cholera: its Characteristics, History,

Treatment, etc. Svo. Paper. 1 00

Force (M. F.) Essays : Pre-IIistoric Man—Darwinism and Deity

—The Mound Builders. Svo. Paper. 75



Hohert Clarke (0 Co., Cincinnati, Ohio. 3

For.cE (M. F.) Some Early Notices of the Indians of Ohio. To
What Race did the Mound Builders belong. 8vo. Paper. 50

Frekman (Ellen.) Manual of the French Verb, to accompany
every French Course. 16mo. Paj^er. 25

Gallagher (Wm. D.) Miami Woods, A Golden Wedding, and
other Poems. 12mo. In press.

GiATTQfE (F.) The Election Laws of the United States: with
Notes of Decisions, etc. 8vo. Paper, 75c.; cloth, 1 00

Grtmke (F.) Considerations on the Nature and Tendency of

Free Institutions. 8vo. 2 50

Griswoi.d (W.) Kansas: her Piesources and Developments; or,

the Kansas Pilot. 8vo. Patjer. 50

Groesreck (W. S.) Gold and Silver. Address delivered before
the American Bankers' Association, in New York, September
13, 1878. 8vo. Paper. 25

Hall (James.) Legends of the West. Sketches illustrative of
the Habits, Occupations, Privations, Adventures, and Sports
of the Pioneers of the West. 12mo. 2 00

Hall (James.) Romance of Western History; or, Sketches of
History, Life, and Manners in the West. 12mo. 2 00

Haxover (M. D.) a Practical Treatise on the Law^ of Horses,
embracing the Law of Bargain, Sale, and Warranty of Horses
and otlier Live Stock; the Rule as to Unsoundness and Vice,

and the Responsibility of the Proprietors of Livery, Auction,
and Sale Stables, Inn-Keepers, Veterinary Surgeons, and Far-
riers, Carriers, etc. 8vo. 4 00

Hart (J. M.) A Syllabus of Anglo-Saxon Literature. 8vo.

Paper. 50

Hapsacrek (F.) The Secret of the Andes. A Romance.
12mo. 1 50

The Same, in German. 8vo. Paper, 50c. ; cloth. 1 00

Hassaurek (F.) Four Years Among Spanish Americans. Third
Edition, 12mo. 1 50

Hatch (Col. W. S.) A Chapter in the History of the War of
1812, in the Northwest, embracing the Surrender of the
Northwestern Army and Fort, at Detroit, August 16, 1813, etc.

18mo. 1 25

Hayes (Rutherford B.) The Life, Public Services, and Select
Speeches of. Edited by J. Q. Howard. 12mo. Paper, 75c.

;

cloth, 1 25

Hazen (Gen. W. B.) Our Barren Lands. The Interior of the
United States, West of the One-Hundredth Meridian, and
East of the Sierra Nevada. 8vo. Paper. 50
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Henshall (Dr. James A.) Book of the Black Bass: comprising
its complete Scientific and Life History, together with a Prac-
tical Treatise on Agling and Fly Fishing, and a full description
of Tools, Tackle, and Implements. Illustrated. 12mo. 3 00

HoRTON (S. Dana.) Silver and Gold, and their Relation to the
Problem of Ilesumption. 8vo. 1 50

IIoRTON (S. Dana.) The Monetary Situation. 8vo. Paper. 50

IIousEKEEPixG IN THE Bltte Grass. A Now and Practical Cook
Book. By Ladies of the Presbyterian Church, Paris, Kv.
12mo. 12th thousand.

'

1 50

Howe (H.) Historical Collections of Ohio. Containing a Col-

lection of the most Interesting Facts, Traditions, Biographical
Sketches, Anecdotes, etc., relating to its Local and General
History. 8vo. 6 00

Hunt (W. E.) Historical Collections of Coshocton County, Ohio.

Svo. 3 00

Huston (U. G.) Journey in Honduras, and Jottings by the "Way.

Inter-Oceanic Railway. Svo. Paper. 50

Jackson (John D., M. D.) The Black Arts in Medicine, with
an Anniversary Address. Edited by Dr. L. S. McMurtry,
12mo. 1 00

Jasper (T.) The Birds of North America. Colored Plates, drawn
from Nature, with Descriptive and Scientific Letterpress. In
40 i^arts, $1 00 each ; or, 2 vols. Royal 4to. Half morocco,
$50 00 ; Full morocco, 60 00

Jordan (D. M.) Rosemary Leaves. A Collection of Poems.
18mo. 1 50

Keller (M. J.) Elementary Perspective, explained and applied

to Familiar Objects. Illustrated. 12mo. 1 00

King (John.) A Commentary on the Law and True Construc-
tion of the Federal Constitution. Svo. 2 50

King (M.) Pocket-Book of Cincinnati. 24mo. 15

Kltppart (J. H.) The Principles and Practice of Land Drainage.

Illustrated. 12mo. 1 75

Law (J.) Colonial History of Vincennes, Indiana, under the

French, British, and American Governments. 12mo. I 00

Llotd(J. U.) The Chemistry of Medicines. Illus. 12mo. Cloth,

$2 75; sheep, 3 25

Longworth (N.) Electra. Translated from the Greek of Sopho-
cles. 12mo. 1 50

McBride (J.) Pioneer Biography : Sketches of the Lives of some
of the Early Settlers of Butler County, Ohio. 2 vols. Svo.

$6 50. Large paper. Imp. Svo. 13 00



Robert Clarke d- Co., Cincinnati, Ohio. 5

McLaughlix (M. Louise.) China Painting. A Practical Manual
for the U.se of Amateurs in the Decoration of Hard Porcelain.

Sq. 12mo. Boards. 75

McL.^UGHLiN (M. Louise.) Pottery Decoration : being a Practical

Manual of Underglaze Painting, including Complete Detail of
the author's Mode of Painting Enameled Faience. Sq. 12mo.
Eds. 1 00

MacLean (J. P.) The Mound Builders, and an Investigation into

the Arch£Bology of Butler County, Ohio, lllus. 12mo. 150
MacLeax (J. P.) A Manual of the Antiquity of Man. Illustrated.

12mo. 1 00

MacLeax (J. P.) Mastodon, Mammoth, and Man. Illustrated.

12mo. 60

M.\xsFiELD (E. D.) Personal Memories, Social, Political, and
Literary. 1803-43. 12mo. 2 00

Maxypexny (G. W.) Our Indian Wards: A History and Dis-

cussion of the Indian Question. 8vo. 3 00

Matthews (Stanley.) A Summary of the Law of Partnership.
For the Use of Business Men. 12mo. 1 25

May (Col. J.) Journal and Letters of, relative to Two Journeys
to the Ohio Country, 1788 and 1779. 8vo. 2 00

Mettexheimer (H. J.) Safety Book-keeping; being a Complete
Exposition of Book-keepers' Frauds. 12mo. 1 00

Minor (T. C, M. D.) Child-Bed Fever. Erysipelas and Puer-
peral Fever, with a Short Account of both Diseases. 8vo. 2 00

Minor (T. C, M. D.) Scarlatina Statistics of the United States.

8vo. Paper. 50

Montana Historical Society. Contributions. Vol.1. 8vo. 3 00

Morgan (Appleton.) The Shakspearean Myth; or, William
Shakspeare and Circumstantial Evidence. l2mo. In press.

Name and Address Book. A Blank Book, with printed Head-
ings and Alphabetical Marginal Index, for Kecording the
Names and Addresses of Professional, Commercial, and Family
Correspondents. 8vo. 1 00

Nash (Simeon.) Crime and the Family. 12mo. 1 25

Nerinckx (Rev. Charles.) Life of, v.^th Early Catholic Mis-
sions in Kentucky; the Society of Jesus; the Sisterhood of
Loretto, etc. By Rev. C. P. Maes. 8vo. 2 50

Nichols (G. W.) The Cincinnati Organ; with a Brief Descrip-
tion of the Cincinnati Music Hall. 12mo. Paper. 25

Ohio Valley Historical Miscellanies. I. Memorandums of a
Tour Made by Josiah Epsy, in the States of Ohio and Ken-
tucky, and Indiana Territory, in 1805. II. Two Western Cam-
paigns in the War of 1812-13: 1. Expedition of Capt. H. Brush,
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with Supplies for General HuH. 2. Expedition of Gov. Meigs,
for the relief of Fort Meigs. By Samuel Williams. III. The
Leatherwood God: an account of the Appearance and Preten-
sions of J. C. Dylks in Eastern Ohio, in 1828. Bv R. H. Tanev-
hill. 1 vol. 8vo. $2 50. Large paper,

'

5 00

OxcE A Yeak; or, The Doctor's Puzzle. By E. B. R. 16nio. 1 00

Phistetser (Captain Frederick.) The i^ational Guardsman: on
Guard and Kindred Duties. 24mo. Leather. To

Physician's Pocket Case Record Prescriptiox Book. 35

Physician's General Ledger. Half Russia. 4 00

Piatt (John J.) Penciled Flj'^-Leaves. A Book of Essays in

Town and Country. Sq. 16mo. 1 00

Poole (W. F.) Anti-Slavery Opinions before ISOO. An Essay.

8vo. Paper, 75c. ; cloth, 1 25

Practical receipts of experienced HorsE-KKEPERs. By the ladies

of the Seventh Presbyterian Church, Cin. 12mo. 1 25

Pbentice (Geo. D.) Poems of, collected and edited, with Bio-

grapLical Sketch, by John J. Piatt. r2mo. 2 00

Quick (R. H.) Essays on Educational Reformers. 12mo. 1 50

Ranck (G. W.) History of Lexington, Jventucky. Its Early
Annals and Recent Progress, etc. 8vo. 4 UO

Reemelin (C.) ThCy Wine-Maker's Manual. A Plain, Practical

Guide to all the Operations for the Manufacture of Still and
Sparkling Wines. 12mo. 1 25

Reemelin (C.) A Treatise on Politics as a Science. 8vo. 1 50

Reemelin (C.) A Critical Review of American Politics. 8vo.

In Press.

Rives (E., M. D.) A Chart of the Physiological Arrangement of

Cranial Nerves. Printed in large type, on a sheet 28x15
inches. Folded, in cloth case. 50

Robert (Karl). Charcoal Drawing with out a Master. A Com-
plete Treatise in Landscape Drawing in Charcoal, with Les-

sons and Studies after Allonge. Translated by E. H. Apple-
ton. Illustrated. 8vo 1 00

Roy (George). Generalship; or, How T Managed my Husband.
A tale. 18mo. Paper, o'Oc; cloth,

"

1 00

Roy (George). The Art of Pleasing. A Lecture. 12mo.
Paper. 25

Roy (George). The Old, Old Story. A Lecture. 12mo. Paper. 25

Russell (A. P.). Thomas Corwin. A Sketch. 16mo. In Press.

Russell ("Wm.) Scientific Horseshoeing for the Diflferent Dis-

eases of the Feet. Illustrated. 8vo. 1 00



Robert Clarke A Co., Cincinnati, Ohio. 7

Sayleb (J. A.) American Form Book. A Collection of Legal
and Business Forms, embracing Deeds, Mortgages, Leases,

Bonds, Wills, Contracts, Bills of Exchange, Promissory Notes,
Checks, Bills of Sale, Receipts, and other Legal Instruments,
prepared in accordance with the Laws of the several States;

with Instructions for drawing and executing the same. For
Professional and Business Men. 8vo. 2 00

Sheets (Mary R.) My Three Angels: Faith, Hope, and Love.
With full-page illustrations by E. D. Gralton. 4to. Cloth.

Gilt. 5 00

Skixner (J. R.) The Source of Measures. A Key to the Hebrew-
Egyptian Mystery in the Source of Measures, etc. 8vo. 5 00

Smith (Col. James). A Reprint of an Account of the Remark-
able Occurrences in his Life and Travels, during his Captivity
with the Indians in the years 1755, '5G, '57, '58, and '59, etc.

8vo. $2 50. Large paper, 5 00

Staxtox (H.) Jacob Brown and other Poems. 12mo. 1 50

St.Clair Papers. A Collection of the Correspondence and other
papers of General Arthur St.Clair, Governor of the Northwest
Territory. Edited, with a Sketch of his Life and Public Ser-

vices, by William Henry Smith. In Press.

Strauch (A.) Spring Grove Cemetery, Cincinnati: its History
and improvements, with Observations on Ancient and mod-
ern Places of Sepulture. The text beautifully printed with
ornamental, colored borders, and photographic illustrations.

4to. Cloth. Gilt. 15 Oi)

An Svo edition, without border and illustrations. 2 00

Studer (J. H.) Columbus, Ohio: its History, Resources, and Pro-

gress, from its Settlement to the Present Time. 12mo. 2 00

Taneyhill (R. H.) The Leatherwood God: an account of the
Appearance and Pretensions of Joseph C. Dylks in Eastern
Ohio, in 1826. 12mo. Paper. 30

Ten Brook (A.) American State Universities. Tlieir Origin and
Progress. A History of the Congressional University Land
Grants. A particular account of the Rise and Development of
the University of Michigan, and Hints toward the future

of the American University System. 8vo. 2 00

TiT.PEx (Louise W.) . Karl and Gretchen's Christmas. Illustrated.

Square 12mo. 75

TiLDEN (Louise W.) Poem, Hymn, and Mission Band Exercises.

Written and arranged for the use of Foreign Missionary Soci-

eties and Mission Bands. Square 12mo. Paper. 25

Trent (Capt. Wm.) Journal of, from Logstown to Pickawillany,
in 1752. Edited by A. T. Goodman. 8vo. 2 60
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Tripler (C. S., M.D.) and Blackmax (G. C, M.D.) Handbook for

the Military Surgeon. 12mo. 1 00

Tyler Davidson Fountain. History and Description of the
Tyler Davidson Fountain, Donated to the City of Cincinnati,
by Henry Probasco. ISmo. Paper. 25

Vago (A. L.) Instructions in the art of Modeling in Clay.

With an AjDpendix on Modeling in Foliage, etc., for Pottery and
Architectural Decorations, by Benn Pitman, of Cincinnati
School of Design. Hlustrated. Square 12mo. 1 00

VaxHorne (T. B. ) The History of the Army of the Cumberland

;

its Organization, Campaigns, and Battles. Library Edition.

2 vols. .With Atlas of 22 maps, compiled by Edward Ruger.
Svo.Cloth, $8 00; Sheep, $10 00; Plalf Morocco, $12 00.

Popular Edition. Containing the same Text as the Library
Edition, but only one map. 2 vols. 8vo. Cloth. 5 00

Vexable (W. H.) June on the Miami, and other Poems. Second
edition. 18mo. 1 60

V00RHEE.S (D. W.) Speeches of, embracing his most prominent
Forensic, Political, Occasional, and Literary Addresses. Com-
piled by his son, C. S. Voorhees, with a Biographical Sketch
and Portrait. Svo. 5 00

Walker (C. M.) History of Athens County, Ohio, and inci-

dentally of the Ohio Land Company, and the First Settlement
of the State at Mai'ietta, etc. Svo. $G 00. Large Paper. 2

vols. $12 00. Popular Edition. 4 00

Walton (G. E.) Hygiene and Education of Infants; or. How
to take care of Babies. 24mo. Pa^^er. 25

Ward (Durbin). American Coinage and Currency. An Essay
read before the Social Science Congress, at Cincinnati, Mav
22, 1878. Svo. Paper. 10

Webb (F.) and Johnston (M. C.) An Improved Tally-Book, for

the use of Lumber Dealers. ISnio. 50

Whittaker (J. T., M. D.) Physiology; Preliminary Lectures.

Illustrated. 12mo. 1 75

Williams (A. D., M. D.) Diseases of the Ear, including Neces-

sary Anatomy of the Organ. Svo. 3 50

Young (A.) History of Wayne County, Indiana, from its First

Settlement to the Present Time. Svo. 2 00
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