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VI Foreword

greatly enhanced probability of the identification of the separated substance. All Preface to Volume 1 bthis is achieved relatively simply and very cheaply with the sensitivity of the
method often equalling that of HPLC.

"nr orpot emnhasis has been placed from the verv beginning, on
detection in planar techniques. First compilations on this subject can be found in
our monograph on paper chromatography. Methods for 221 detection reagents

This volume is the second of a series of practice-orientated TLC/HPTLC booksand advice on their proper use were described forty years ago. These reagents were
then modified for thin-layer chromatography by Waldi in 1962 and by Wimmer, published in excellent quality by VCH Publishers. As in the first volume, a series

Heusser and Krebs in 1966 and collected in the already classical monograph by of reagents and detection methods have been reviewed with the intention of help-
~ ~ ~.' ~L .L ~lI~M'~_ .~_ ..~~.o '"'~' It olon on_ ing the practical analyst increase the detection snecificitv of routine samoles sena-
~O' '''0

rated by thin-layer chromatography.peared in the Merck company brochure "Anfarbereagenzien fur die Dunnschlcht-
und Papier-Chromatographie", Unfortunately little attention was paid in the later \

This volume is divided into two parts which encompass about the same amount

literature to the important combination of physical separation and chemical detec- of material as Volume I a. Thus Part I begins with specific detection methods in-

tion. It is only in recent years that efforts have been made to develop more sensitive eluding the known photochemical, thermochemical and electrochemical activation

detection reagents to improve the selectivity and increase the precision of the quan- methods. Here microchemical reactions are described that are carried out without

ftarltm u,," wuu'".
thp "01' nf ,ponpnt. T"\ptppt'~_ '_..~l.,__ .... •

I ' .
It is therefore very much to be welcomed that the four authors - all specialists Then follows a selection of group-specific reagents, in response to requests from

in the field of thin-layer chromatography - have devoted themselves to the pro- , practical workers after the publication of Volume I a. This part should be seen in

duction of a monograph covering this complex of topics. This assignment is no reference to the monographs that follow or have already been published.

mean task, but it is as current as ever. The planned, detailed description in 5 vol- The section on "Reagent Series" has also been included at the request of practi-

umes has no parallel in the world literature. It can only be attempted by colleagues cal ",:orkers..There are many publications describing the sequential application of

who have many years ot personal expenence oIIIifn-=ray-er =alugrapuy i111U rtotrre . xeagenrs in enoeo or me
have lovingly accompanied the development of the method for over 35 years with preparatory reaction of certain substances so that the final reagent applied can

their own research. The methods described in this book are so clearly set out that yield specific detection results are dealt with in this volume. Independent reagents,
they can be followed without recourse to the original literature. In addition the in- each capable of detection, combined on the same chromatogram to increase selec-
terested worker will also find a wealth of literature references, to serve as a basis tivity, e.g. by specifically altering certain colors (= potentiated multi-detection)
for personal study. The authors are to be congratulated on their achievement. It will be treated in Volume I c. Such combinations are frequently used in the fields
is to be hoped that this monograph will not only ease routine work III the ranora- ot clinical and forensic chemistry and in the analysis of natural product extracts.
tory but will also act as a stimulus for the further development and growth of thin- Part I, which contains tested examples together with more than 220 literature

layer chromatography. references, is followed by Part II; this consists of 65 reagent monographs in alpha-
betical order. Once again, each includes an example that has been tested in the lab-

Prague, September 1993 Karel Macek oratory and is supplemented by numerous literature references. In the past it is just
these references that have helped provide the practical worker with an entrv to the
earlier literature.

Great importance has also been attached to the inclusion of photographs of original
chromatograms in the examples tested along with absorption photometric or fiuori-
metric scans. These show at a glance that modern thin-layer chromatography is a mi-
croanalytical separation method that should be taken seriously and that its develop-
ment certainlv conf I ar-t Thn<1' nf "0

years will immediately recognize the advances made in the method over the last decade.
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VIII Preface to Volume I b

Particular attention has been devoted to the compilation of the cumulative in- Preface to Volume 1 a
dex. Every reference work is only as good as its indexing system. For this reason
a presentation has been chosen which allows one to recognize immediately in

.L TO.. oo~~ 010~ 0 __';00 'n _O~ r<'"opnl<

which can be traced back to the original publication in almost all cases in order
to be able to correct any errors that have crept in. This type of presentation will

This book is the result of cooperation between four colleagues, who have been
be continued in future volumes.

This volume includes a new feature in the collection of reagents into groups that
working in the field of thin-layer chromatography for many years and, in par-

are discussed comparatively. Such groups include the chloroamine T, the ticular, took an active part in the development from hand-coated TLC plates to
.. ~, ~.. commercially available precoated plates and instrumental thin-layer chromato-

'u n" 'a ~E>' UE>

with as a group. We have not yet been able to make a similar comparison of the
graphy. This development was accompanied by improvements in the field of detec-

Dragendorff or the ninhydrin reagents. They will follow in Volume 1c.
tion of the separated zones. In particular, it became necessary to be able to deal

The fact that our treatment of group-specific reagents is still incomplete illus-
with ever decreasing quantities of substance, so that the compilation "Anfarbe-

trates the enormous amount of work involved in compiling a reagent series of value
reagenzien" by E. Merck, that had been available as a brochure for many, many

to the practical worker. Those who have also been confronted with such a task ap- years, no longer represented the state of the art of thin-layer chromatography.

preciate our rnrncutnes.vrnanxs anu recognillon a e oue IU J. u"nz,
It ~O< "Q"in<t this "nn in u;~u n< thp far-t th"t thPTP ;< O. nT~<~n'

. ~..... aIlU

H\. Meiers and to S. Netz for their tireless work. Thanks are also expressed to the no contemporary monograph on thin-layer chromatography that this book was

numerous undergraduate and graduate students who have assisted in checking the produced. It is intended as an introduction to the method, a reference book, and

deri vatization reactions, together with E. Otto, G. Schon and Dip\. Ing. a laboratory handbook in one, i.e , far more than just a "Reagent Book".

M. Heiligenthal in whose capable hands lay the technical preparation of this book. The first part of the book consists of a detailed treatment of the fundamentals

Prof. Dr. H.-J. Kallmayer (University of Saarland) and Dr. H.-O. Kalinowski of thin-I~ye: chromatogra~hY:and of m~sureme~t techniques and apparatus for

(Giessen University) provided generous assistance in the formulation and mterprc UIl~ "o UIlIl-.aJ~' • Ilr:>rr1<

tation of often difficult reaction paths. We had always wished such a cooperation, prechromatographic derivatization techniques used to improve the selectivity of

and it proved to be of great benefit to the resulting work. the separation, to increase the sensitivity of detection, and to enhance the precision

We also thank Baron, J.T. Baker, Camag, Desaga, Macherey-Nagel, Merck and of the subsequent quantitative analysis are summarized in numerous tables.

Riedel de Haen for their generous support of the experimental work. The mono- Particular attention has been devoted to the fluorescence methods, which are

aranhs would never have been written without their aid. now of such topicality, and to methods of increasing and stabilizing the

Our especial thanks are due to the ladies of VCH Publishers, Mrs. Banerjea- tluorescence emissions. Nowhere else 10 the literature IS there so much detailed !D-

Schulz, Dr. Dyllick and Mrs. Littmarm for the way they have converted our ideas formation to be found as in the first part of this book, whose more than 600

for the design and layout of this book into reality and for the pleasant cooperation literature references may serve to stimulate the reader to enlarge his or her own

over the past four years. knowledge.

In spite of all our efforts and careful work errors are bound to remain. We would Nor has a general introduction to the microchemical postchromatographic reac-

o~nn;n,· 11<their suaaestions for improvements. The positive tions been omitted: it makes up the second part of the book.

reaction we received to Volume I a gave us enormous pleasure and has provided This second part with its 80 worked-through and checked detection methods

us with the motivation to continue our work on the series. forms the foundation of a collection of reagent reports (monographs), which will
be extended to several volumes and which is also sure to be welcomed by workers

Saarbriicken, GieBen and Darmstadt, December 1992 Hellmut Jork who carry out derivatizations in the fields of electrophoresis and high-pressure li-

Werner Funk quid chromatography. Alongside details of the reagents required and their handl-
Ufol. . Fi<rhPT ina and storage. the individual renorts also contain details about the reaction con-

Hans Wimmer cerned.



X Preface to Volume I a rrejace 10 rotume a --xr

Wherever possible, dipping reagents have been employed instead of the spray In spite of all our care and efforts we are bound to have made mistakes. For this

reagents that were formerly commonplace. These make it easier to avoid contam- reason we would like to ask TLC specialists to communicate to us any errors and

inating the laboratory, because the coating of the chromatogram with the reagent any suggestions they may have for improving later volumes.
....:... >0. I nollution and lower health risks' furthermore.

it is more homogeneous, which results in higher precision in quantitative analyses. Saarbrticken, GieBen and Darmstadt, October 1989 Hellmut Jork

It is possible that the solvents suggested will not be compatible with all the sub- Werner Funk

stances detectable with a particular reagent, for instance, because the chromato- Walter Fischer

graphically separated substances or their reaction products are too soluble. There- Hans Wimmer

fore, it should be checked in each case whether it is possible to employ the condi-
no. ..,. <n nn

YU'" '~55~'

chosen class of substance by working through an example for ourselves and have
documented the results in the "Procedure Tested"; this includes not only the exact
chromatographic conditions but also details concerning quantitation and the \

detection limits actually found. Other observations are included as "Notes".
Various types of adsorbent have been included in these investigations and their ap- I
p ream ity IS a so reporteo, If an ausor "en ts "" ,,"lUy.,,_,

we did not check the application of the reagent to that type of layer and not that
the reagent cannot be employed on that layer.

"

Since, in general, the reagent report includes at least one reference covering each
substance or class of substances, it is possible to use Part 11of this book with its
ca. 750 references as a source for TLC applications. Only rarely are earlier refer-
ences (prior to 1960), which were of importance for theaevefopment ot the

reagent, cited here.
There is no need to emphasize that many helpful hands are required in the com-

pilation of such a review. Our particular thanks are due to Mrs. E. Kany, Mrs.
I. Klein, and Mrs. S. Netz together with Dipl.-Ing. M. Heiligenthal for their cons-
cientious execution of the practical work.

We would also like to thank the graduate and postgraduate students who helped
to check the derivatization reactions and Mrs. U. Enderlein, Mrs. E. Otto, and
Mrs. H. Roth, whose capable hands took care of the technical preparations for the
book and the production of the manuscript. We would particularly like to thank
Dr. Kalinowski (Univ. GieBen) for his magnificent help in the formulation of the
TPOP';nn no'''. <nT .hp TPoopn' To ,nTt. Our thanks are also due to Dr. F. Hamoson

and Mrs. J. A. Hampson for translating the German edition of the book into
English.

We thank the Baron, J. T. Baker, Camag, Desaga, Macherey-Nagel and

E. Merck companies for their generous support of the experimental work.
Our particular thanks are also due to Dr. H. F. Ebel and his colleagues at VCH

-

tation of the book and for the fact that this work has appeared in such a short time.
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Modem thin-layer chromatography is a microanalytical separation method whose im­
portance has been increasing steadily since the 19705 [I). UNGER has spoken of a
renaissance of the 3()..year-old liquid chromatographic method [2] and MAJORS has
postulated a positive continuation of the development on the basis of a poll of experts
[3]; this development has been confirmed in a review of organic analysis in the year
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e 0 mer poor man s c roma ograp y remains prac­
tically irreplaceable and is used at the bench in almost every single organic chemical
synthetic/research laboratory [5].

The currently most important fields of application of thin-layer chromatography can
be seen in Fig. I. The proportion of publications in the fields of pharmacy and en­
vironmental analysis has increased over that in previous years. There has also been an
apprecia e increase in the fields of clinical and forensic chemistry and in biochemistry.

442

446

453

455

Vanillin-Hydrochloric Acid
Vanillin-Sulfuric Acid .

Named Reagents and Reagent Acronyms.

List of Companies . . .

Sulfanilic Acid, Diazotized (PAULY) . 401
Sulfanilic Acid - N-(I-Naphthyl)-ethylenediarnine 407

Tetrabromophenolphthalein Ethyl Ester - Silver Nitrate - Citric Acid (DUGGAN) 411
N,N,N',N'-Tetramethyl-I,4-phenylenediarnine (WURSTER'S Blue). . . . . 415

21
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Fig. 1: Fields of application of thin-layer chromatography (TLC/HPTLC) during the period
1988-1991.

The reason for this lies not least in the increasing instrumentalization and deliberate
automation of 11 h

(Fig. 2). Modem high performance thin-layer chromatography (HPTLC) is no longer
inferior to other liquid chromatographic techniques with respect to precision and sen­
sitivity (Fig. 3) [6].
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Fig. 2: The steps in the process of thin- layer chromatography that have been instrumentalized and Concentration
automated to a large degree in the recent past. PMD = Programmed Multiple Development,
AMD = Automated Multiple Development, DC-Mat or ADC = Automatic Development

Chamber.
Fig. 3: Sensitivity of various methods of determination.

Functional Adsorption Chain Partition---- ---
The development of methods of coupling TLC with other chromatographic methods

groups length

and with physical methods of measurement has brought enormous advantages. The
~ ~

0 I 0It

first attempts to couple gas chromatography on-line with thin-layer chromatography 'C-O-~-

were mane oy lOAM L'J. JANAK LO-IUj ana ~~" tUJ. v",", uu" LUJ described ,m

on-line coupling of column chromatography with thin-layer chromatography as early
)C-O • PC .. @

as 1969. He divided the eluent stream with a splitting system and demonstrated after-
wards that at least three different components could be detected thin-layer chromato-
graphically in an apparently uniform fraction of column eluate. I

Today 80-90"10 of all HPLC separations are carried out on RP phases, while silica
-C-OH • C .. ~

I

gel layers are used for more than 90% of all thin-layer chromatography. This provides

the possibility of coupling different separation mechanisms together.
I bc ..-C-COOH • •

Separation bY adsorption chromatography takes place preferentially as a result of hy- I

drogen bonding or dipole-dipole interactions. Hence, separation of mixtures of sub- x x
stances on silica gel layers by lipophilic solvents primarily takes place according to polar- L--..
itv Fur-ther senaration within a nolaritv aroun can then be achieved either

'----

two-dimensionallyor off-line by partition chromatography on another TLC plate (Fig.d), Fig. 4: Coupling the separation principles of adsorption and partition chromatography.



4 Introduction

For the same reason it is also possible to use Over Pressure Layer Chromatography
(OPLC) on-line for prefractionation or as a clean-up method for HPLC [13,14): A group
separation according to polarity is followed by a differentiation of the substances accor­

to their differin Ii 0 hilicities Fi . 5 .

C

OPLC

Fig. 5: Schematic representation of OPLC-HPLC coupling; P = pump system, C = column,
D = detector.

Pump2

OSP-2

Applicator

HPTLC/AMD

Scanner

Fig. 6: Schematic representation of HPLC-HPfLC coupling by means of the OSP-2 system
(MERCK) for "post-column enrichment" of the column eluate fractions.

Conversely successful on-line coupling of HPLC to TLC is also possible. HOFSTRAAT
[15-17] and BAEYENS and LING[18) have described suitable apparatus. BURGER, for in­
stance, was able to demonstrate that adsorptive separation of selective cut fractions of
an HPLC eluate from RP partition chromatography could be separated into up to 700
individual peaks [19, 20]. Here the thin-layer chromatographic step employed the
Automated Multiple Development (AMD) technique. T ese tnvestigations an teres ts
of KROKER, FuNK: and EISENBEISS [21,22] demonstrate the enormous power of such on­
line coupling techniques in a very impressive manner.

In their investigations of caramel MULLER et al. [23, 24] demonstrated that such
combinations can also be applied to purely aqueous fractions of column eluates: A
column-chromatographic separation was made on TSK gels according to hydrophobic
interactions, the eluates of individual peaks were then led directly into an on-line sam­
ple preparator (OSP 2) equipped with small Polyspher®RP 18CAT cartridges (OSP 2)
[25, 26], in which the organic components were enriched (Fig. 6). A brief rinsing and
drying process was followed by elution with a little organic solvent and on-line ap­
plication of the eluate to silica gel 60 HPTLC plates using the Linomat C (Fig. 7). This

hin-I r chromato hie se aration and detection of the individual
components.

I

A

(A) and application scheme (B).

B



6 Introduction

The on-line principle has also been extended into the field of detection (Fig. 8). Thus,

it is now possible to record FfIR [27-31] and Raman spectra in situ [32, 33], and there

have been considerable advances in the on-line coupling of thin-layer chromatography
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1 Activation Reactions

Every reaction chain is only as strong as its weakest link. It was LIEBIG who illustrated
this truism with a barrel (Fig. 9): The shortest stave determines how high the barrel can

be filled.

Fig. 9: LIEBIG'S barrel.

This principle also applies to chromatography. For instance, the best of separation
methods is of no avail if the results of the separation cannot be detected.
It is well known that the sorbents used in thin-layer chromatography possess large

specific surface areas [I], tnat can interact wnn me su •., ~,,­

plies to the time taken for development and naturally when the chromatogram has been
dried. The additional effect of energy (heat, visible light, UV, X-rays, y-radiation, high
potential) can be used to bring about desired photo- and thermochemical reactions. The

following are among the phenomena that have been observed:

dehydrogenations and dehydrations
the formation of oxidation products in the presence ot oxygen tnat are ream y
detected by the SRS technique (separation - reaction - separation)

- rearrangement of trans to cis compounds
_ production of ions and radicals which then react further e. g. in chain reactions, to

yield stable higher molecular weight substances that can be colored and/or can emit

fluorescent light
pyrolysis phenomena [2].



The inorganic sorbents act as catalysts in all this [3, 4]. The pH also probably plays
a role. Reactions that do not otherwise occur are observed on acid silica gel [$) or basic
aluminium oxide layers. Reactions of this type have also been observed for amino [6-8)
and RP phases [9]. The products of reaction are usually fluorescent and can normally
be used for quantitative analysis since the reactions are reproducible.

Such reactions can be promoted by exposing the chromatogram to the vapors of
hydrogen halides, to nitric acid fumes [4), to ammonia or oxides of nitrogen (2) in
suitable reaction chambers [10]. Ammonium hydrogen carbonate, first proposed by
SEGURA and GoTIo is also suitable [11].

Im re nation with ammonium acetate or ammonium h dro en sulfate servesthe same
purpose [11-13). In conjunction with the TLC separation previously carried out it is
even possible to obtain group-specific and sometimes substance-specific information.

The reactions discussed in the next section are those carried out without any applica­
tion or impregnation with reagent solutions or exposure to reagent vapors.

References

[I] Halpaap, H.: 1 Chromatogr. 1973, 78, 63-75.. . .
[3] Egg, D., Huck, H.: 1 Chromatogr. 1971, 63, 349-355.
[4] Zhou, L., Shanfield, H., Wang, F.-S., Zlatkis, A.: 1 Chromatogr. 1981,217,341-348.
[5] Jork, H., Funk, W., Fischer, W., Wimmer, H.: Thin-layer Chromatography, Reagents and

Detection Methods, Vol. 1a, VCH-VerlagsgeseUschaft, Weinheim, Cambridge, New York,
1990.

[6] Okamoto, M., Yamada, F.: 1 High Resolut. Chromatogr. Chromatogr: Commun. 1982,5,

[7] Okamoto, M., Yamada, F., Omori T.: Chromatographia 1982, 16, 152-154.
[8] Klaus, R., Fischer, W., Hauck, H.E.: Chromatographia 1989, 28, 364-366; 1990, 29,

467-472; 1991,32, 307-316_
[9] Maxwell, R.l., Unruh, 1.: 1 Planar Chromatogr: 1992, 5, 35-40.

[10] Heisig, W., Wichtl, M.: Dtsch. Apoth. Ztg. 1990, 130, 2058-2062.
[II] Segura, R., Gotto, A.M.: J. Chromatogr. 1974, 99, 643-657.

[13] Kupke, I.R., Zeugner, S.: 1 Chromatogr. 1978, 146,261-271.

1.1 Photochemical Actiwtion

It wasobserved relatl earl that chemical1 labile compounds - such as vitamins,
carotenes - decompose, either on application to the TLC layer or during the TLC
separation tbat follows. This phenomenon wasprimarily ascribed to the presence of ox­
ygen (oxidation) and exposure to light (photochemical reaction) in the presence of the
active sorbents, which wereassumed to exert a catalytic effect (photocatalytic reaction).

Today all automatic sample applicators blanket the plate with nitrogen; firstly this
rent

oxidation of the applied substances.
Some application instruments possess light-absorbent covers to prevent or reduce the

action of UV and visible light (Fig. 10).

It has been recommended that the outer walls of the separation chamber be covered
with black foil or that the work be carried out in a dark room under green or red light [I].
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More recent chromatogram chambers - e.g. the AMD system (Fig. 11) - only possess
a small observation window and this can, if necessary, be covered with a black cloth.
Development in the DC-Mat (Fig. 12) or the ADC (Fig. 13) automatic development

r i rried ut entirel in the dark.

Fig. 11: AMD system (CAMAG).

wards during chromatography, so that the development can take place in the dark,

Fig. 13: Automatic development chamber (ADC chamber, CAMAG).

In general photochemical reactions only occur when the affected substance absorbs
radiation, i. e. when 1t or n electrons are raised to an excited 1t. state. Interaction of the
electric light vector with the electronic shell of the molecule brings about a change in
the structure of the electronic shell. This change takes place during one period of
oscillation of the light (ca. 10- 15 s). The altered structure of the electronic shell cor­
responds to a higher energy state of the molecule. Hence, the molecule is in an elec­
tronically excited state [2]This excited singlet state S only has a short life. Excessoscilla­
tion energy is immediately conducted away (Fig. 14). Activated molecules return to the
ground state once again, whereby one of the following processes can occur [3]:

• Energy rich 1t. electrons experience a spin reversal so that the molecule involved
passes from the singlet to the corresponding triplet state (Fig. 14, 15/1).

• The excited molecule passes instantaneously from the singlet to the gound state So
with the emission of light (fluorescence) (Fig. 14, 15/11).

• The excess energy of excited molecules is transferred, by collision, to acceptor
wile the initiall excited

molecules return to the ground state (Fig. 15/1lI).
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• The excited singlet or triplet state returns to the ground state by a radiationless deac­
tivation process (Fig. IS/IV).

• A chemical process occurs involving the formation of a new substance with cor-
i und state N i. 14 IS/V. For instanc on aluminium

oxide or silicagel layers in the presence of oxygen, anthracene initially yields anthra­
quinone, that is then oxidized further to yield 1,2-dihydroxyanthraquinone [4, 5).
Alizarin and chrysazin are also formed depending on the properties of the
aluminium oxide used [6).

• Starting from the energy level of the triplet state a further spin reversal leads to the Excitcd singlet Excited triplet

s

Phosphorescence

Chemical
reaction

(RadiationlcssA*
+

II

Fluorescence

T

FA

So--'--~---i--,.'':''''''_~-

Fig. 14: Schematic representation of the electronic transitions of photochemically excited
substances So= ground state, Sl = first excited singlet state, T = "forbidden" triplet transition.
N = ground state of a newly formed compound. A = absorption, F = fluorescence,
P = phosphorescence.

Fig. 15: Possibilities for photochemically inducedreactions, usinga carbonyl compoundas exam­
ple. !! and !t = electron spins paralleland antiparallel respectively.

This short discussion should provide an indication of the versatility of

complicated ring systems that are difficult to produce by conventional synthetic
methods. For these reasons it is only rarely possible to make unequivocal predictions
concerning the chemical structures of the products formed particularly if oxygen is pre­
sent during the course of the reaction.

It is often possible to detect such photochemical reactions with the aid of the SRS
technique (separation - reaction - separation n min t Ill- ayer c romato­
graphic separation is followed by irradiation of the chromatogram. The irradiated
chromatogram is then developed perpendicular to the first direction of development
using the same mobile phase. In the absence of any reaction all the chromatogram
zones lie on a diagonal. However, if reaction has occurred, the hR f values of the af­
fected substances are displaced into the regions above or below the diagonal during the
second development.
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STAHL, for instance, was able to demonstrate that on irradiation with long­
wavelength UV light the naturally occurring contact insecticides pyrethrin I and H,
cinerin I and Hand jasmolin I and H present in Chrysanthemum cinerariifolium are

h in oxides b the inco oration of ox gen [7).

chromatogram zones (),.= = 365 nm, ),.fl =422 urn) at the corners of a rectangle.
Detailed investigations carried out in the complete absence of light revealed that the
plant produces exclusively tram-annuloline and that only this is fluorescent. Hence,
there are evident! four blue fluorescent sots on the SRS chromato ram because

UV irradiation of piperine, the most important hot substance of pepper, does not
lead to the incorporation of atmsopheric oxygen [8J. The all-tram compound is con­
verted to the cis-tram isomer, this can be seen in the chromatogram above the all-tram

piperine (Fig. 16).
In this case the excited molecules produced on interaction with radiation undergo

trans-vets isomerization occurs during work-up of the plant extract and application of
the sample solution and cis-«tram and trans-vets isomerizations occur simultaneously
during the UV irradiation after the first TLC development.

Similar processes occur with azo compounds [10]. tram-Dimethylaminoazobenzene
(butter yellow) yields some of the cis isomer on irradiation with long-wavelength UV

spin revers 0 yie
excited state. One or more n-bonds are broken in the triplet state since one of the n­
electrons affected is in an antibonding ,,' molecular orbital. This means that the o­
bond is free to rotate and cis and trans isomers can be formed next to each other on

recombination of the double bond.

with the same mobile phase using the two-dimensional SRS technique (Fig. 17). JR and
MS measurements were used to confirm that no oxygen had been incorporated into the
molecule.

tlon c was not irradiated l).

•

B

...
10l C' •

b' lJ-. ,
F ---------------------/'1 ,~

Fig. 17: Detection of the photochemical cis/trans isomerization of butter yellow after UV irradia­
tion by using the SRS technique. (A) original chromatogram - treated with hydrochloric acid
vapor for better recognition (yellow then turns red) - and (B) schematic representation.
Fl. F2 = mobile phase front after development in the first and in the second dimension; a, b,
c ~ positions of application of the trans-butter yellow before the first (ID) and before the second

eve opment = CIS- utter ye ow, • = trans- utter ye ow, 0 = posmon 0 t e trans-
butter yellow after the first development. Irradiation of the chromatogram with long-wavelength
UV Lightafter application of trans-butteryellow to position b after the first development (position
c was not irradiated !). In contrast to Figure 16 the photochemicaliy produced reaction product
lies below the starting compound.

*
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SCHUNACK and RocHELMEYER have described such a cis/tram isomerization of an­
nuloline, a weakly basic alkaloid from Lolium multiflorum LAM [9). Irradiation with

Ii t after the first TLC develo ment simultaneously causes a cis-» tram and a

Fig. 16: Detection of cis/trans isomerization of piperine by the SRS technique after UV irradia­
tion: (A) original chromatogram, (B) schematic representation.
Fl' F

2
= mobile phase front after development in the first and in the second dimension; a. b.

c = positions of application of the trans/trans-piperine before the first (lD) and before the second
development 2D; "* = cis/trans-piperine, • = trans/trans-piperine, 0 = position of the trans/
trans-piperineafter the first development. Irradiation of the chromatogram with long-wavelength
UV light after app icauon 0 trans trans·plpenne to POSl Ion a er e IT .

trans-rcis isomerization, so that the SRS technique yields four blue fluorescent
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These few examples illustrate impressively how a range of substances can undergo Layer Mediator
chemical reaction when they are exposed to light while on the TLC plate: components substances

, ~"" ~~,.;.o ~lo"n;e structures in oarticular, causing 1<"" _.1· 1t -+ 1t * transitions. Hydroperoxides
Wavelengths between A~ 280 om and 290 nm or longer are absorbed by carbonyl

Polymer. binder bv, oa
• Fluoresc. indicator

, and oxidizing

compounds. Here the free n-electrons of the oxygen enter the antibonding 1t.
compounds

molecular orbital.
Oxidation

It is possible for homolysis to occur when the light energy absorbed by a molecule ~03 +b:~:·
Hydroperoxides ~ and degradation

• Adsorbed 0, and peroxidic substance

. ~. 'M~O" M ;n tho ea f products
reacnes or exc ., 'H~ VVH~' "0 ., oJ' se 0

halogens, atomic halogen: hv
Adsorbed H,O -+ ------> ------> H,O,

Cl2 -> 2 CI'
Metal impuritiesI I

Further characteristic assignments of substance structures to wavelength ranges that.., .~.. .,
are absorbable are to De rounu m me specianst .,.
of the research groups of FASSLER [15, 16] and OELKRUG [17-19] reveal that the sorbent F'RrrNS has demonstrated this possibility with reserpine and rescinnamine by ir-

can exert a considerable additional effect.
radiating at the start zone for two hours and obtaining a characteristic zone pattern

TAKACS et al. [27] have also studied the effects of sorbents. They demonstrated that (fingerprint) after TLC separation of the photochemically produced derivatives [20].

the irradiation of the sorbent layers before use ("activation") causes changes to occur HUCK and DWORCAK exposed developed chromatograms with vanilmandelic acid and

in the stationary phase chemically altering the chromatographic behavior of 3,5- homovanillic acid zones to diffuse daylight and observed the formation of fluorescent

pyrazolidindione derivatives, The authors attrIDuTeOfllese memory errects UTpTIUIIT-
. .

CUIalC o,~ ,u"am~ IV' u"w ~"~'J ""
chemical oxidation of the binders and other materials, According to the following FUNK et aJ. have used a low-pressure mercury lamp without filter to liberate inorganic

scheme (I'. 21) the water film of the layer yields hydroperoxide and the oxygen ozone, tin ions from thin-layer chromatographically separated organotin compounds; these

these two then react - possibly under the influence of metallic impurities or were then reacted with 3-hydroxyflavone to yield blue fluorescent chromatogram zones

fluorescence indicators - with the acrylate and methacrylate polymers. In this manner on a yellow fluorescent background [22]. Quantitative analysis was also possible here

t ••nsmitter substances are oroduced that greatly increase the reactivity of the layer and (Aexc = 405 nm, An=436 fill, monochromatic filter). After treatment of the

which remain active for days. This "post-photo effect" generally leads to the same reac- chromatogram wan nton X-IW (nuorescence ampttttcatton uy a ractor OJ oJ

tion product as that produced by direct irradiation of the plate after application or after detection limits for various organotin compounds were between 200 and 500 pg

chromatography of the sample under investigation. (calculated as tin).
Fifteen ~-blockers have also been activated photochemically with the same radiation

unit (HERAEUS, Hanau; OSRAM STE 501; UV lamp TNN 15-3200/721)[23]. Their
detection limits, the working range and associated standard deviation of the method

are listed in Table I below. The blue fluorescence ot the chromatogram zones

(A." ~ 313 nm, An> 390 nm) was measured after dipping the chromatogram in liquid
paraffin - n-hexane (I +2). Figure 18 illustrates the separation of seven ~-blockers.

The reactions described above also explain reactions that occasionally occur during
TLC and are frequently regarded as interferences. Of course, they can also be

deliberatelv emploved for photochemical activation of applied or thin-layer

chromatographically separated samples.
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'Thble 1: Detection limits, working ranges and method standard deviation Vw for quantitative This chapter ends with a tested procedure to represent the many photochemical reac-

analysis of ~-blockers.
tions on silica gel.

n ••~.;~_ limit Wcrkinz ranee
Substance [ng/chromatogram zone] w 0

5 8-70 ±3.7
Procedure Tested

Acebutolol
Atenolol 100 0.3. *) 0.3. *)

Bupranolol 50 60-220 ±2.3

Carazolol 5 10-80 ±4.5
M

n , *' n , • ".,.~ ~. ~ .
Pindolol 5 1090 ±1.7 •
*) not available in the Greater Celandine [25]

4
Layer: Silica gel Irradiation: A. = 254 nm

3

Reaction
--z

The reaction mechanism has not been elucidated. The processes occurring are
presumably those already discussed in Section 1.1.

e
Vi Sample preparation: Dried greater celandine was pulverized and briefly boiled in

5 C n n< ~nl o •.If...: • .~:. .c.

~
u: a separating funnel and adjusted to pH 10 with ammonia solution and extracted once

~l
with chloroform. The organic phase was dried with sodium sulfate and evaporated to
dryness under reduced pressure. The residue was taken up in methanol and used as the
sample solution for TLC.

Fla. 18: Fluorescence scan of a chromatogram track with 250 ng each of atenolol (1). acebutolol ..
(2). cartelol[31.pindolol (4). bunitrolol(5). alprenolol (6)and penbutolol (7) per chromatogram - . u. 4 UVU5H cu"'uu~,

zone. with chamber saturation and the exclusion of light.

Layer HPTLC plates Silica gel 60 F2s• (MERCK). before application of

While FUNK et al. did not use temperatures above 30'C during the irradiation times
the samples the layer was developed to its upper edge with

discussed above, SISTOVARIS combined UV irradiation with simultaneous heating (70 'C,
chloroform - methanol (50 + 50) to precleanse it and then dried

2 h) of the TLC layers [24). Alter this treatment normrensme ana Its metaoo ites ap-
at 110"C for 30 min.

peared as intense yellow fluorescent chromatogram zones on a dark background. MObile phase Toluene - methanol (90+ 10)
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Migration distance 7 em

Rnnning time 15-20 min

e ec on an res
of warm air and then examined under long-wavelength UV light (A = 365 nm):

A whole range of separated celandine extract components are visible as intensely

fluorescent chromatogram zones; however, chelidonine does not emit fluorescent light

at this stage, but fluorescence quenching is likely to occur under short-wavelength UV

light (A = 254 nm) (Fig. IA and IB).
The chromatogram was then rrra late WIt s art-wave eng ig

for 3- 5 min and examined again under long-wavelength UV light (A = 365 nm).
Now chelidonine produced an intense green fluorescent chromatogram zone; in addi­

tion there were other intensely fluorescent zones in the track of the celandine extracts
- some of which were not previously visible or had another color shade (Fig. IC). In

addition the general fluorescence was increased as a result of the UV irradiation.

Figure II illustrates the corresponding fluorescence scans.

c
o
u:

B

A

Fig. II: Fluorescence scan of a Chelidonium extract chromatogram track with ca 5 IJ.g chelidonine
(A) before and (B) after I h irradiation with short-wavelength UV light; two new zones are ap-
parent t at were not previous y etect 2. 26].

In situ quantitation: The fluorimetric scan was carried out at Aexc ~ 313 nm and the

fluorescence emission was measured at An >400 nm (cut off filter) (Fig. II).

References

Fig. I: Chromatogram of celandine extract (Track 2) and a chelidonine standard (Track 1):
(A) detection of fluorescent zones in long-wavelength UV light, (B) detection of UV absorbing
zones in short-wavelength UV light by fluoresc~nce .q~enching and (e) detection ?f photo-

[1] Stahl, E.: Dilnnschichl-Chromalographie, ein Laboratoriumshandbuch, 2. Ed., Springer,
Berlin 1%7.

[2] Henning, H., Rehorek, D.: Pholochemische und photokataiytische Reaklionen von Koor­
dinationsverbindungen, Akademie-Verlag, Wissenschaftliche Tascbenbucher Rd. 300, Berlin
(DDR) 1987.

Frankfurt 1970.
[4] Kortum, G., Braun, W.: Liebigs Ann. Chem. 1960, 632, 104-115.
[5] Kortum, G. in: Symposiumsband ..Optische Anregung organischer Systeme", Proc. 2. Int.

Farbsymp. 1964,Verlag Chemie, Weinheim 1%6.
[6] Voyatzakis,E., Jannakoudakis, D., Dorfmilller,T., Sipitanos, c., Stalidis, G.: CampI. Rend.

1960,251, 26%-2697.

rau-g-e -

, ..
[8] Jork, H., Kany, E.: GDCh-Training course No. 301 "Dunnschicht-Chromatographie fur

Fortgeschrittene", Universitat des Saarlandes, Saarbrucken, 1992.
[9] Schunack, W., Rochelmeyer, H.: Arch. Pharm. 1965, 298, 572-579.

[10] Jork, H., Ganz, 1.: GDCh-Training course No. 301 .Dunnscnicht-Chromatograpnle fur
Fortgeschrittene", Universitat des Saarlandes, Saarbrticken, 1991.

[11] KO~1im. G.: Kolorimetrie - Photometrie und Spektrometrie, Springer, Berbn-Gouingen-

r Cheli­

donine

222

wavelengthUV light. [12] Gauglitz, G.: Praktische Speklroskopie, Attempto Verlag,Tubingen 1983.



26 I Activation Reactions

[13] RUcker, G.: Spektroskopische Methoden in der Pharmazie, Rd. I, Wissenschaftliche Verlags­

gesellschaft, Stuttgart 1976.
[14] Staab, H. A.: Einfuhrung in die theoretische organische Chemie, Verlag Chemic, Welnheim

1959.
[I a er, .• unt er,
[16] Falller, D., Gunther,W.: Z. Chem. 1978,18,69-70.
[17] Oelkrug, D., Erbsc,A., Plauschinat, M.: Z. Phys. Chem. N.F. 1975, 96, 283-296.
[18] Kessler, R. W., Oelkrug,D., Uhl, 5.: Le Vide, les Couches Minces 1981, 290, 1338-1341.
[19] Krablichler, G., Schluter, I., Oelkrug,D., Proc. IX. fUPAC Symp. Photochem., Pau 1982,

188.
[20] Frijns, J.M. G. 1.: Pharm. Weekblad 1971, 106, 605-623.

u ." , .. . • •
[22] Funk, w., Kornapp, M., Donnevert, G., Nelz, 5.: J. Planar Chromatogr. 1989, 2, 276-281.
[23] Funk, w., Azarderakhsh, M.: OfT Fachz. Lab. Supplement "Chromatographie" 1990,

31-39.
[24] Sistovaris, N.: 1 Chromatogr. 1983, 276, 139-149.
[25] Hahn-Deinstrop, E.: Private communication, Fa. Heumann, Abt. Entwicklungsanalytik, D­

8500 Nurnberg I.

[27] Takacs, M~, K~rtesz, P.: W'i~ner, E., Reisch, 1.: Arch. Pharm. 1985, 318, 824-832.

1.2 Thermochemical Activation

As is well known chemical reactions are accelerated by increasing the temperature. This
also applies to eterogeneously cata yze reactions ta mg p ace on t e sur ace 0 po ar
sorbents such as aluminium oxide or silica gel (Tables 2.1 and 2.2), Such reactions have
also been reported on the moderately polar NH2 layers. ALPERrN et aJ. have described
the activation of cellulose to yield specific information concerning the substances
chromatographed [I].

In the simplest case the developed chromatograms are heated to the required
temperature on a hot plate (Fig. 19) or in a drying cupboard. More rarely infrared
heaters are used to heat the system [2). Gas chromatograph ovens can be used if exact
adjustment of the temperature is required [3].

A B

HR, 19: TLC plate healer 1ll (CAMAG) (A), (DESAGA) (B).

When the compounds are heated close to their decomposition temperatures, in con­
tact with the surface of the active sorbents, while fluorescent substances are produced.
Further heating can, however, lead to complete carbonization. The details of the reac­
tions taking place are not currently known [4].

SEGURA and Garro have postulated that nitrogen-containing compounds form
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of malonaldehyde with amino acids to yield SClUFF'S bases - a hypothesis that is sup- Table 2.1: Summary of some examples of detection after merely heating aluminium oxide layers

ported by the occurrence of appropriate IR bands [5].
(Types 1501T or 6O/E) after chromatography.

In general compounds with heteroatoms (N, 0, Sand P) are more amenable to Substances Temperature/time Remarks Ref.

"fluorescence reactions" than pure hydrocarbons. Under the influence of the catalytic

sorbents substances rich in n-etectrcns are tormeo, tnat conjugate rigiu reaction
Doc"o'A_o _ 0 O"'W" "

0

products that are fluorescent when appropriately excited. The formation of fluorescent
aminocarb, captan, fluorescent or nonfluorescent pesticides

derivatives is frequently encouraged by gassing with nitrogen or carbon dioxide.
ditolatan, landrin, and amplification of natural fluores-

Changes of pH can also yield specific evidence. Thus, it is frequently possible to alter
rotenone cence. There are some differences be-

the excitation and fluorescent wavelengths of many fluorescing compounds in this man-
tween basic and acidic aluminium oxide

nero In addition there is a range of nonfluorescent substances that can be derivatized
layers.

by exposure to ammonia gas, ammonium hydrogen carbonate or acids (e.g. HCl, Htlr) ~ 4-3-Ketosteroids, e.g. 180°C, 20 min Pale blue induced fluorescence [8]
to yield products that are able to fluoresce. The impregnation of the layer with am- testosterone and epi- O.fl = 440 TIm) for 6.4-3-ketosteroids,

monium acetate or hydrogen sulfate, that is frequently recommended, serves the same testosterone in urine detection limit: 5 ng.

purpose. Examples of this behavior are to be found in the reagent monographs.
The following Tables 2.1 to 2.3 summarize some examples based exclusively on ther-

t!.4-3-Ketosteroids, e.g. 180°C, 20 min Conversion of A 4-3-ketosteroids or [17]

mochemical reactions on the sorbent surface which lead to the formation of fluorescent
trimethylsilyl- or 150°C, their trimethylsilyl or acetyl derivatives

reaction products. The derivatives formed frequently remain stable for weeks [6] and
'.0' coy

the fluorescence can frequently be intensified and/or be stabilized by treatment with
detection limits were improved by 65 (t/o

viscous liquids (liquid paraffin, Triton X-lOO, polyethylene glycol etc.),
for the acetates. A 5-3·keto· and A 5_3_

Quantitation is possible in many cases [6-15]. However, the activation reaction does
OR-steroids also react with the same

not always yield a single reaction product (check by SRS method !), so the dependence
sensitivity.

"n' duration of heating must be checked Testosterone 180°C 20 min Induced fluorescence (A, > 430 nm cut 'w

for each product. It can be taken as a rule of thumb that there will be a linear response off filter) by thermal treatment of the

between measurement signal and amount applied over the range 10 to 100 ng substance chromatogram, the fluorescence in-

per chromatogram zone [5].
creased by a factor of 2.5 by dipping in

Since the literature cited did not reveal a significant effect of the differing pore a solution of Triton X-IOO - chloro-

systems of the various types of layer the aluminium oxide and silica gel types (60, 80,
form (I+4). Working range: 2-50 ng

.. _. 'nrl'oo'nro onA substance per chromatogram zone.
WV, ere, I "" ... op

trace impurities in the sorbents.
Prewashing the layers with methanol-

ammonia solution (25'70) (50+50) in-
creased the precision.

Testosterone 180°C, 20 min Induced fluorescence and fluorescence [9]
amplification by a factor of 25 by dip-

<

Triton X-loo - chloroform (1+4).

.6,4-3-Ketosteroids. e.g. 150°C, 20 min Conversion of A4-3-ketosteroids into [4]
progesterone in plasma fluorescent derivatives (A,n = 440 nm).

Relatively selective for progesterone at

150 cC. detection limit: 2 5 ng.
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Procedure Tested Detection and result: The dried chromatogram was heated in the drying oven at 180"C
for 20 min. After cooling to room temperature it was dipped twice for I s into a solu-
tion of Triton X-loo - chloroform (I +4) which stabilized the fluorescence and in-
creased its intensity by a factor of 2.5. Between the two dipping steps the chromatogram

- c•. Of' ... .~o"
Testosterone L~, l~J Testosterone (hR f : 65 -70) appeared under long-wavelength UV light (A.= 365 nm)

as a pale blue fluorescent zone on a dark background.

Layer: Aluminium oxide Temperature: 180 DC The detection limit was less than 2 ng substance per chromatogram zone.

In situ quantitation: The fluorimetric scan was carried out at A.exo = 365 nm and the
• • • -'A _&& " r>" n'

-n

Reaction

At elevated temperatures in the presence of oxygen the aluminium oxide layer catalyzes
the formation of blue fluorescent "aluminium oxiue sur ace compounas wun -

hydroxy-3-oxo-A4.6- steroid structures [4]. Aluminium oxide acts as an oxidation

catalyst for an activated methylene group.

TH1 THJ

,[=0 t=O

od? AI2O)
0 C

+0, )~+H20 iii
0

150°C ~
0' sL I!-I ,0

- _.~- -'
Progesterone 4-Hydroxy-3-oxo-li 4,6-steroid derivative

Metbod Ascending, one-dimensional development in a trough chamber
without chamber saturation. A~

Layer TLC plates Aluminium oxide ISOF254 (MERCK); before applica-
tion of the samples the layer was developed twice to its upper Fi2. I: Fluorescence scan of a blank track (A) and of a chromatogram track with 4 ng testosterone.
edge with methanol - ammonia solution (25%) (50 + 50) to pre-
cleanse it and then dried after each development at 120"C for

30 min. Analogous examples have been described for "silica gel chromatograms". Table 2.2

Mobile pbase Toluene - 2-propanol (10+ I) gives an overview.

Migration distance 8cm

~ ""8
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Table 2.2: Summary of some examples of fluorimetric detection after merely heating silica gel
Table 2.2: (continued)

layers after chromatography. Substances Temperature/time Remarks Ref.

Substances Temperature/time Remarks Ref. Pesticides, e.g. fuberidazol 2OO"C. 45 min Amplification of the natural [22]

Essential oil components 800 9OO"C Induction of fluorescence in a special [IK]
- -, ..

apparatus.
bathochromic shift of the excitation

and emission maxima; detection limits:

Steroids, e. g. cholesterol, 1I0-150"C, Conversion to fluorescent derivatives by [5] 5-100 ng.

triolein, androsterone; 2-12 h heating. Pesticides, e. g. 2OO"C, 45 min Induced fluorescence (A.n > 430 nm, cut [23]

sugars, e.g. fructose, cournatetralyl, methabenz- off filter); detection limits: 6 600 ng.

g ucose, noose; tmazuron, propy tsom,

amino acids, pyrimidines, naptalam, thioquinox,

purines, alkaloids warfarin etc.

Alkaloids, e. g. raubasine 120°C, I h Amplification of the natural fluores- [10] Coumaphos 2OO"C, 20 min Resid ue analysis; induced fluorescence [11]

and its metabolites in cence of raubasine ('-n ~ 482 nm), on heating (A.n > 400 nm); detection

"~ ..--'... I hHe detection limit 20 ng. limit: I ng.

Alkaloids, e.g. reserpine, 105"C, 2 h Induced fluorescence O..n > 500 nm, [19]
Porasan, coumaphos, 2OO"C. 20 min Induced blue fluorescence ('-n = 430 nm [24]

rescinnamine cut off filter). Possibly formation of
coroxon or 450 nm), identification of the fluo-

3-dehydro derivatives.
rescent derivatives as chlorferon or

4-methylumbelIifelOne.

Alkaloids, e.g. reserpine, 105°C, 2 h or Induction of stable fluorescence [12] Coumaphos zoo-c. 20 min Residue determination in honey, in- [14]

ajmaline, resctnnarrune tu'"L, TJ1l \~n .> .0 , WH, CU, orr

limits 5-20 ng.

'vn

off filter); detection limit: 0.5 ng.

Alkaloids, e.g. cocaine, 280"C. 8 min Pale blue induced fluorescence [13] Rubratoxin B 200 °C, 10 min Induced fluorescence that can be inten- [25]

ecgonine, benzoylecgonine, or 260"C, ('-n> 390 nm, cut off filter),
sified by gassing the previously heated

ecgonine methyl ester 10-30 min fluorescence amplification by a factor
chromatogram plates with ammonia

of 2 on dinning in liquid paraffin solu-
vapors (10 min). This also alters the

tion; detection limits: < 10 ng.
COlOr me emtrtedngru lU ValO mue.

Alkaloids, e. g. lupanine, 130°C, 17-35 h Induced blue fluorescence [6]
Glucose or 135°C, 3 min Induced yellow fluorescence. [26]

angustifoline, sparteine, ('-fl ~ 400 nm), detection limits: 10 ng.
merhylgfucosides 01 140°C,

lupinine, hydroxylupanine
10 min

.om
Sugar derivatives "Mild heating No details of whether fluorescence was [27]

res lCloes, ;'l;. uu."u. , "'
n. "

azinphos-methyl, menazon, 20-120 min of natural fluorescence; detection burner" occurred.

imidan, phosalone, limits: 10-300 ng.

zinophos
Sugars, e. g. glucose, 160"C, 10 min Production of fluorescence by heating [28]

fructose, galactose, the chromatogram after covering it with

Organophosphorus 2OO"C, 45 min Induced fluorescence or amplification [21] mannose etc. a glass plate. Sugar alcohols and C.-C.

~ot;c;"e< e . coumanhos of natural fluorescence, detection
bonded oligosaccharides do not react;

menazon, maretin, dursban limits: 1 80 ng. "5'
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Table 2.2: (continued)
Method Ascending, one-dimensional development in a trough chamber

without chamber saturation.

Substances Temperature/time Remarks Ref.
Layer HPTLC plates Silica gel 60 F254 (MERCK) .

Sugars,e.g. glucose, 80~260°C, Production of fluorescence by [3]

-'- temperature gradients nO°C/30 s) to Mobile phase Methanol water dioxane sodium acetate solution

finose, cellobiose, 200°C, 5 min determine the optimum heating temper-
(aqueous, u.z rnor/ L, pri ,vI clUI

methylated sugars ature for the individual substances. Migration distance 5cm
Oligosaccharides require higher temper-

atures than monosaccharides. Detection Running time 30 min

limit: I nMol. The fluorescence colors
are characteristic particularly for the Detection and result: The chromatogram was briefly dried in a stream of cold air then
methy ated sugars. heated for 10 to 3Umm at LOU -c in a urymg oven. Arter coo ing 0 room

Lipids, e.g. jl-sitosterol, 200°C, t5 min Induced fluorescence; detection limits: [3] (ca. 15 min) it was dipped in a solution of liquid paraffin - n-hexane (I + 2) for 3 s.

geraniol. dolichol, < I ug cholesterol. This stabilized the fluorescence and intensified it by a factor of about 2.

squalene, cholesterol On examination under long-wavelength UV light (A. ~ 365 nm) ecgonine methyl ester

C-Nucleosides Moderate No details of whether fluorescence or [291 (hRr 30-35), cocaine (hR f 45-50), ecgonine (hRr 55-60) and benzoylecgoninc (hR r

h_';n. ~n carbonization was produced. 70 75) appeared as pale blue fiuorescent chromatogram zones on a dark background.

a hot plate The detection limits were less than 10 ng substance per chromatogram zone.

Nomifensine and 70'C. 2 h Heating and simultaneous UV irradia- [30]

metabolites + UV254
tion produced intense yellow Iluores-

cence (1"0 > 460 nm, cut off filter). ,
3 4

Procedure Tested 2

T. A. n _.
....JI r,,~ 361

c
0

'r
't It

Cocaine, ecgonine, ecgonine methyl ester, benzoylecgonine iii I

Layer: Silica gel Temperature: 260°C I \) \J

Fi2. I: Fluorescence scan of a chromatogram zone with 300 ng each of ecgonine methyl ester (I),.. . .~

, ~.'

Reaction

At elevated temperatures and possibly under the catalytic influence of the sorbent sur-
Note: The sodium acetate was added to the mobile phase solely to improve the separa-

face there is probably elimination of functional groups to yield aromatic ring systems
tion. It had no detectable effect on the production of fiuorescence during thermal ac-

L11<" au
• '" lio-ht 11 .1", nm)

tivation, since the fiuorescence reaction also occurred in the absence of sodium acetate.
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In situ quantitation: The f1uorimetric scan was carried out at Ie"" = 313 nm and the Procedure Tested
fluorescence emission was measured at len > 390 nm (cut off filter FI 39) (Fig. I).

The last example for thermal activation to be discussed involves amino phases.
Table 2.3 lists the publications concerning the specific detection of sugars ana creatme Catecholamines, Serotonin andderivatives by means of the fluorescence obtained on heating mobile phase-free "amino

layer chromatograms". Metabolites [37]
Table 2.3: Summarv of some examples of fluorimetric detection after thermal treatment of amino I T ~..~~. Nn .. ~lH"" ",,) ·l<;Oor
layers after chromatography.

.
Substances Temperature/time Remarks Ref.

Sugars, e.g. lactose, 120"C, 15 min Violet fluorescence on a dark blue [31]

glucose, fructose background. Reaction

Sugars, e.g. actose, I'::'V '--, I.) min
.",

muucou

glucose, fructose in nanogram range. Heteroaromatic ring systems are formed presumably with loss of functional groups, at

Glucose, fructose Infrared lamp Heating produced stable bluish-white [33] elevated temperatures and probably under the catalytic influence of the aminopropyl

or 170"C fluorescence P"exc = 365 om and groups on the sorbent surface. The compounds so formed are excited to fluorescence

each for 3 min l.n > 400 nm, cut off filter K 400), by long-wavelength UV light (Ie = 365 nm).
detection limits; 5-10 ng.

Sugars, e.g. glucose, rham- 160"C, 3-4 min Induction of brilliant stable tluores- [21 Method Ascending, one-dlmenslOiUiftwo-told development (10 mill mter-

nose, xylose etc. or infrared lamp cence "'exc = 365 nm and "'n >400 nrn, mediate drying in stream of cold air) in a trough chamber without

(cut off filter K 400),sugar alcohols do chamber saturation.
not fluoresce; detection limits: 5-10 ng. Layer HPTLC plates NHz Fz54s (MERCK).

Creatine. creatinine, uric 150"C, 3-4 min Stable fluorescence "'= == 365 nm and [7] Mobile phase Chloroform - l-propanol - formic acid (50+10+5)
.nn _ ,;~.. . v .~,

-vn

Migration distance
Induced fluorescence "'exc == 365 nm and

2 X 7cm
Sugars, e. g. sucrose, 150°C, 3-4 min [341

ribose, xylose l.n > 400 nm, (cut off filterK 400). Running time 2 x 30 min

Detection and result: The chromatogram was dried for 10 min in a stream of warm air
and heated to ca. 150HC under an infrared lamp, on a hot plate or in a drying cupboard
to , lO mtn:

Noradrenaline ("hRr" -15) *), adrenaline ("hRr" - 20), serotonin ("hRr" - 35),
vanilmandelic acid ("hR,' -45), creatinine ("hRr" - 50), hydroxyindoleacetic acid
("hRr" - 55) and homovanillic acid ("hRr" - 85) appear on examination in long-wave-

") The figures given here are calculated in the same manner as hRfeven though two developments
were carried out.
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length UV light (A= 365 nm) as brilliant pale blue fluorescent chromatogram zones on
a dark background (Fig. IA). Vanillic acid ("hRr" - 90), on the other hand, only
fluoresces weakly, but produces appreciable fluorescence quenching on NH 2 layers
containing a fluorescence indicator (Fig. lB).

2
1

a
Vi

I
~ ~
LL

I
A B

Serotornn

Adrenaline
Noradrenaline

Start

Mobile phase front
Homovanillic acid

Vanillicacid

Hydroxyindoleacetic acid
Creatinine

vanilmandelic acid

Fig. I: Chromatogram of catecbolamines, serotonin and some metabolites together with
creatinine: A) examination at A. = 365 nm, B) examination at ).. = 254 nm.

between 5 ng (adrenaline, noradrenaline) and 30 ng (hornovanillic acid) substance per
chromatogram zone. c n

In situ quantitation: Fluorimetric evaluation was carried out by excitation at several
wavelengths and by measuring the fluorescence emission. (Fig. II).

Fig. II: Fluorescence scan of a chromatogram track with 500 ng each of noradrenaline (1),
adrenaline(2), serotonin (3), vanilmandelic acid (4), 5-hydroxyindoleacelic acid (6), homovanillic
acid 7 and vanillic acid 8 to ether with 230 ng creatinine, all per chromatogram zone: measure-
ment at ~a, ~ 313 nrn and ~n >390 nrn (cut off filter Fl39 (A)), ~a, ~ 365 nm and ~n >430 nm
(cut off filter FI 43 (B)), ~= ~ 405 nm and ~n >460 urn (cut off filter Fl46 (C» and at
~~, ~ 436 urn and ~n > 560 urn (cut off filter Fl 56 (0)). Under the conditions used for scans B
and C some substances appear as double peaks on account of fluorescence quenching at the center
of the chromatogram zones as a consequence of the substance concentration being too high.
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Some examples of substances present in chromatogram zones being made highly
fluorescent by exposure to electrochemical stimulation in an atmosphere of nitrogen are
listed in Table 3 [I]. The plates used were "Permakote" silica gel layers containing no
organic binder. However, silica gel 60 HPTLC plates (MERCK) were also employed;
these yield a considerable background fluorescence on account of the organic binder

'''y wm",u.
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It is also possible to ionize the gases at normal atmospheric pressure instead of using Table3: Some substances that produce intense fluorescence when treated with ionized nitrogen

a plasma chamber [2]. In this case the gas is passed through a high tension field at a after they have been chromatographed [1].

flow rate of 5 to 30 L/min (spark discharge: 20 kV, 0.5 MHz) and blown onto the
Substance Exposure time [s] Substance Exposure time lsl

chromatogram (Fig. 20). As in the case of the electric vacuum discharge-chamber
descnneu above the cnromatograpnea SUDS""I""' are actfvared LV intense

~L <n ~L • 180

emission. Under favorable conditions (low background layer fluorescence) it is still Cholesteryl pelargonate 60 Morphine 180

possible to detect 1 ng chlorpromazine or n-C22H46 visually. Hence this mode of ac-
Progesterone 60 Codeine 180

tivation is just as sensitive as the thermochemically generated fluorescence described
Testosterone 60 Cocaine 180

Dieldrin 60 Dimerol 180
in Chapter 1.2 [3]. Tetrahydrocannabinol 60 Phenobarbital 180

Inositol 60 Chlorpromazine 180

Tesl gas Laurylalcohol 180 d-Amphetamine sulfate I~U

1
n-C22H46 180 Methadone 180

Phenol 180

51001 eIoctrodes TI
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Fig. 20: Schematic representation of an electric spark discharge chamber for the activation of
gases at normal atmospheric pressure for the production of fluorescence in substances separated
by thin-layer chromatography [2].



2 Reagents for the Recognition
of Functional Groups

The aim of most screening methods is to produce a yes/no decision, concerning
whether the concentration of a certain substance in a sample exceeds a given limiting
concentration or not. For instance, if the concentration of a substance lies below a per-

.L ,no'"o. ,h. o"~nl,

However, if the content is in the region of or above the permitted limit, then the result
must be confirmed by means of an exact quantitative determination.

Such yes/no decisions are of great importance in foodstuffs control and environmen-
tal analysis. They also play an important role in pharmacy in the form of content
uniformity tests. Without suitable screening methods for rapid detection of positive

'0."'1-'''' H wuu'u ,~o.H.c,y

icological investigations or to recognize medicament abuse.
Thin-layer chromatography is an excellent screening method because:

• Many samples can be chromatographed alongside each other.

• It is possible to chromatograph reference substances on the same TLC/HPTLC
nl", and thus comnare unknown samples in the same defined svstem.

• Only a few milliliters of mobile phase are required for the separations so that there
are scarcely any disposal problems.

• The whole chromatogram can be taken in at a glance and an immediate comparative
evaluation can be made.

• It is often possible to carry out any clean-up step that may be necessary in the con-
_& ;n "n" ,,,,nt "',"n_un ;0 "00

"0

complex than for other forms of chromatography.

• There is no necessity to regenerate the sorbent since TLC/HPTLC plates are not
generally used twice.

The unequivocal recognition or exclusion of particular substances in question is of
especial importance for such screening methods. As far as the chemist is concerned this
can involve a deliberate search for substances with particular functional groups; par-
ticular questions that might require answering might include the following:

• Does the sample contain a substance with a carbonyl group or one that has been
produced by oxidation of an alcoholic OH group?

• Does the reduction of the sample molecule lead to the formation of substances con-
..

14HHH/; aUUHU /;'UUI-' •
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• Are there substances in the sample capable of coupling reactions and where are they
Table 4: (continued)

to be found in the chromatogram? Functional Reagent Remarks Reference

These few questions serve to demonstrate that there must be great interest in group

characterizing chemical comnounds bv means of their reactive functional zrouns. The Arnines Ninhvdrin Reddish or bluish chromatogram zones [3,9]

most important group-specific reagents for postchromatographic derivatization are (primary) are produced, amino sugars and amino

listed alphabetically in Table 4 below: acids also react. Unexpectedly ascorbic

acid also reacts.

Table 4: Reagents suitable for the recognition of functional groups. Amines Diphenylboric anhydride Fluorescent reaction products are pro- [3,10, 11]

(primary + salicylaldehyde duced.
r. m~~m

Reagent Remarks Reference
aromatic)group

Acetylene Dicobaltoctacarbonyl Formation of colored complexes. [11] Amines o-Phthalaldehyde (OPA) In the presence of mercaptoethanol [3, 121
compounds After the reagent excess has been (primary) o-phthalaldehyde reacts with primary

washed out, reaction with bromine amines and amino acids to yield

vapor yields cobalt bromide, which fluorescent Isoindole derivatives.

>Cd." u-nu.u - - 'v

yield red chromatogram zones on an Amines Trinitrobenzenesulfonic On heating primary amines react with [3, 13]

almost colorless background. (primary) acid (TNBS) TNBA to yieLd intensely colored

Aldehydes -t-Amino-Lhydrazino-S.
MEISENHEIMER complexes. Amino acids

Aldehydes yield violet chromatogram [2] also react.
mercapto-l,2,4-triazole zones on a whitish-yellow background.
(Purpald reagent) Some alcohols form yellow to orange- Amines Fluorescamine Primary aliphatic and aromatic amines [3, 14],

colored Clfroma ogram zones. (primary} yield ".om U ....de>

Aldehydes 2,4-Dinitrophenyl- Formation of colored hydrazones or [3,4]
aromatic amines yield stable yellow-

hydrazine osazones. It is possible to distinguish
colored derivatives that can be eluted

between saturated and unsaturated
from the TLC layer [16].

hydrazones using potassium hexacyano- Amines Sodium nitrite + Diazotization of the primary amine [3, 17]
ferrate(II1) [5]. (primary a-naphthol or BRATlUN- followed by coupling with a-uaphthol

Aldehydes Hydrazine sulfate + Aromatic aldehydes yield colored [6] aromatic) MARSHALL reagent or N-(I-naphthyl)-ethytenemamme. sui-

hydrochloric acid hydrazones. fonamides also react [18].

Alcohols 4-(4-Nitrobenzyl)- Amino compounds, esters and ethers [7] Amines 4-(Dimethylamino)-benz- Alkaloids and indole derivatives also [17]

pyridine do not interfere, but phenols and acids (primary aldehyde + acid react [19].

as well as epoxides, olefins and aromatic)
substances en"',;";""

probably do. Amines Fast blue sa t H, ast Intense y COlOreU azo eyes are pro- [0,

(capable of blue salt BE, fast black duced. Catecholamines [20], imidazoles
Alcohols (diols, Lead(IV) acetate - Diol cleavage of vicinal diols, e.g. [3, 8] coupLing) salt K, diazotized [21] and phenols also react.
polyols, sugars) dichlorofluorescein sugars, sugar alcohols. The lead sulfanilic acid (PAULY'S

tetraacetate consumed is no longer reagent), diazotized
available to decompose the fluorescent sulfanilamide or

..

-
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Table 4: (continued) Table 4: (continued)

Functional Reference
Functional

Reagent Remarks ReferenceReagent Remarks
group group

,., 0' ve- l"J

(primary and oxa-I,3-diawle (NBD tives are produced. Phenols and thiols derivatives maniacal (DEDONDER'S, chromatogram zones on a pale gray

secondary) chloride) also react. TOLLENS' or ZAFFARONI'S background.
reagent)

Amines p-Chloranil The reaction depends on the catalytic [17, 22]

(primary and effect of silica geL Monochlorobenzene, Ketones 2,4-Dinitrophenyl- Formation of colored hydrazones or [3,4]

secondary as solvent for the reagent, also con- hydrazine osazones. It is possible to distinguish

aromatic) tributes. There is no reaction on between saturated and unsaturated

cellulose layers. hydrazones using potassium hexa-

cyanoferrate(lIl) [5].

Amines Sodium nitroprusside Secondary aliphatic and alicyclic [23, 24]
Benzylcyanide + benzyl-

(secondary + acetaldehyde amines yield blue-colored chromato-
Nitro derivatives Nitro compounds, e.g. explosives, or [3O]

aliphatic and gram zones (e. g. morpholine, dtethanol-
trimethylammonium pesticides containing nitro groups yield
hvdroxide oc.v to h'n;<h_ocppn

OH"

zones on a brownish background.

Arnines Cobalt(lI) thiocyanate Long-chain primary, secondary and ter-
Peroxides I-Naphthol + N'l-ethyl-

(long-chain tiary amines and long-chain quaternary A quinonimine dyestuff is produced on [3]

primary, secon- ammonium salts yield blue chromato-
N 4-(2-methanesulfon- reaction with peroxides.

dary and tertiary gram zones on a pink background. [25]
amidoethyl)-2-methyl-

olus quaternary
1,4-phenylenediamine

ammonium salts
(peroxide reagent)

Carboxyl groups Indicators, e.g. Detection depends on the color change [2,26] Peroxides lron(lI) sulfate + Peroxides rapidly oxidize iron(II) to [31, 32]
(carboxylic acids) bromocresol green, of the indicator in acid medium. [3, 27] ammonium thiocyanate iron(lII) ions which react to yield

bromocresol green + Quaternary ammonium salts give a brown-red iron(III) thiocyanate com-
bromophenol blue + color change in some cases [2]. plexes,
nnt~~~illrn nermanzanate

bromocresol purple, Peroxides Potassium iodide + Peroxides release free iodine which [17, 33]
methyl red + bromo- starch forms a blue complex with the starch.
thymol blue

Peroxides N, N-Dimethyl-I.a- Peroxides, e.g. alkyl hydroperoxides, [17]
Carboxyl groups 2,6-Dichlorophenol- Organic acids release the red un- [3] phenylenediamine (N,N- oxidize N,N-DPDD to WURSTER'S red [34]
(carboxylic acids) indophenol (llLLMANN'S dissociated acid from the blue [28, 29] DPDD), N,N,N',N'-tetra- and TPDD to WURSTER'S blue.

reagent} mesomencany staouizeo pneno a e methyl-l,4-phenylene-
anion. Reductones reduce the reagent diamine (TPDD)
to a colorless compound.

Phenols 7-Chloro-4-nitrobenzo- Fluorescent 4-nitrobenzofuran [3]
Carboxyl groups Aniline + aldose The action of acid causes glucose to be [3] 2-oxa-l,3-diawle (NBD derivatives are produced. Primary and
(carboxylic acids) (e.g. glucose) converted to furfural which reacts with chloride) secondary aromatic amines and thiols

aniline to yield a colored oroduct.
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Table 4: (continued) tivity depends on the ready polarizability of the carbonyl group as a result of the indue-

Functional
tive effect of the carbonyl oxygen.

Reagent Remarks Reference
group 8-

8+ 0-:
.nucnecry crmncu ~u UYC> arc nn mcu. 1', 1 f J K' -",

of coupling) blue salt BB, fast black Catechclamines [20, 35], imidazoles H

salt K, diazotized [211 and amines capable of coupling
The carbonyl group also possesses electrophilic properties at the carbon atom and

sulfanilic acid (PAULY'S also react.
reagent) diazotized nucleophilic properties at the oxygen atom. Nucleophilic attack of the carbonyl group

sulfanilamide or is favored if this is attached to an aromatic ring (inductive effect) and there is also a

a-nitroaniline rnethoxy or phenolic OH group present in the 4-position. Changing a neutral reaction

Thiols, Sodium metaperiodate Substances with divalent sulfur yield
medium by proton addition has the same effect.

[36]

thioethers, + benzidine white chromatogram zones on a blue
+ )~~Idisulfides background. +H+ R_C/

OH
R-C --, -,

Thiols 7-Chloro-4-nitrohenzo-
H H

Fluorescenta-nitrcbenzofuran [3]
'_nv _, '_0;'7n'- Do' .- -, ..

:
(NBD chloride) secondary aromatic amines and

phenols also react. • bases

• C-H acidic compounds

• crypto bases.

It should be remembered that the group-specific reagents listed in Table 4 are rarely
completely selective, for there are almost always a few substances that do not contam • fie cuer~ >dy' easity delineated:

the particular group and yet give a comparable reaction! The detection of ascorbic the classification is useful in practice [38]. A selection of "base" reactions is listed in

acid with ninhydrin is a spectacular example of this. Ninhydrin usually reacts with Table 5.

primary amino groups. The other side of the coin is that there is scarcely a more sen-
sitive reagent for vitamin C even though this substance does not contain an amino
arouo. rabl••. D •• _,; __ ., ".._....;," .,"-_... --- ._0•

In addition the role played by the sorbent on which the chromatography is carried
out must not be neglected. For instance, it is only on aluminium oxide layers and not Reactants Reaction/reaction product

on silica gel that it is possible to detect caffeine and codeine by exposure to chlorine
gas and treatment with potassium iodide - benzidine [37]. The detection limits can + H-Q-H

-, ,OH
- /C'OH Hydratesalso depend on the sorbent used. The detection limit is also a function of the hR f

-r-i, -, .,
migration distance is short than it is for components with high hRf values. Hence,
compounds with low hR f values are more sensitively detected. f'o::o + H-Q-R

-, ,OH +ROH(!I') " flR- C ~--
/C'OR Acetals and ketals

These reactions at particular functional groups of the sample molecule are closely
/ 'OR -Hp

hermiacetal

related in an inverse sense with those reagents which bring their own functional group -, ,SR

into the molecule. The numerous "aldehyde - acid" reactions are an example.
+ H-S-R - /C'SR Mercaptals

umerous monograpns v' ,UCH reac ions are aireauy includedrn voiume 14. I'heit reac-
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Table 5: (continued) Table 6: Reaction of carbonyl compounds (aldehydes, ketones) with C-H acidic compounds,

a selection.
Reactants Reaction/reaktion product

Reactant Reaction/reaction product
H-, -, .PH -, o ,

/
." -.

/ 'NHR -nn /
,,.

OH
H "(::::0

I
+ H-C~N ~ -(-(=N Cyanhydrins

/ I

+ \iH 2-OH -- 'C::::NOH Oximes
/

OH

'c=o H-C=.C-H
I

Ethinylization+ ~ -C-C=C-H

-- 'C=N-NHR (Substituted) hydrazones / I
+ NH 2-NH-R / ,,"

"c=o '" I ~ Aldol addition+ -CH2-C, ~ -C-CH-C

+ NH~-NH-CO-NH2 -_ .... 'C::::N-NH-CO-NH, Semicarbazones / H(R) I I ""H(R)
/ .

1",0
,c=c-c1-° Aldol condensation

-,
'CH/CH OH NR1 / I 'H(R)

'c=o + H-NR1 ~
/ "c/ -- 'c=<-/ Enamines

-n.o

'''' "y CH3-< .,,0
\r-C, + » --- Ar-CH=CH-C PERKIN reaction

H CH 3- C,O -CH1CUOH 'OH
OH

OH "c/ /-0

'c=o + / / 'sg;;o Bisulfite addition compounds
s=o - /0 ~o ~o/ "ONa

-,
DNa '\r-C: + IH2-C

, ~
Ar-CH=C-( ERLENMEYER reaction

H OH ~=c~o
H ,H NH-{' C6Hs'c=o + "C=P(C6Hsh 'c=c WrlT1G reaction

/ R/
-!C,H))PO / -,

R C~H<i

0
/\

DARZEN'S glycide ester synthesis+ CH2-COOR ~
-C-CH-COOR

I ICJ

"c=o + zc" + 2H - ~CH-OH Hydrogenation to alcohols
/
x x

/ "(-0 + CH --- 'c-c/
-.;

yy

C-H acidic compounds do not possess any basic properties. But they can form anions It is not possible to draw a sharp boundary between the reaction of C-H acidic
in the presence of strong bases, and these possess sufficiently strong nucleophilic pro- substances (e. g. aldol reactions) and the reactions of cryptobases. The cryptobases in-
nerties to be able to add to a oolarized carbonvl aroun, Examoles are listed in Table 6.

"0 '0'

atoms are rendered negative by the + I effect of the metal and, hence, are readily

transferred to a carbonyl group together with their bonding electrons. Hydrogen atoms
attached to carbon atoms can also react when they are subject to great electron pressure.

Here the presence of LEWIS acids induces reactions which usually take place via a cyclic
transition state where all electron transfers are simultaneous. The named reactions

,u 'n ianre are examples.
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Table 7: Reactions of carbonyl groups with cryptobases.
References

Reactant Reaction/reaction product

AI(OR),

[1) schulte,. K. E., Ahrens, F., Sprenger, E:: Phar'!!. Ztg.. 19013, 1~~ ~lo6;-,~169.

'c-o + "CH OH ~CH OH + "c-o MEERWEIN-PoNNDORF reduction L"J ue ~" P., ,.. ".

/ R/ R/ OPPENAUER oxidation
[3] Reagent monograph in: Jork, H.• Funk, W., Fischer, W., Wimmer, H.: Thin-Layer

Chromatography Reagents and Detection Methods, Vol. I a, VCH-Ver1agsgesellschaft,Wein-

R-CHO R-CHO
AI(OR),

R-COOCH2-R CLAISEN-l'rSCENKO reaction
heim, Cambridge, New York, 1990.

+ [4] Holloway, P. J., Challen, S. B.: 1 Chromatogr. 1966, 25, 336-346.
[51 Mehlitz, A., Gierschner, K., Minas, T.: Chemiker Ztg. 19013,87,573-576.

o_run o_run ,n ow .-roou + R CH·nH CANNIZZARO reaction
[6] Sundt, E., S~cca~di, A.: Fo~du1ec:n. 19012, ~614), 8~-9l.

. '01;0 dn 7._.
l .,
[8] Wassermann, L., Hanus, H.: Naturwissenschaften 19013, 50, 351.

'c=o + HN
/

HCOOH ' / LEUCKART-WALLACH reaction
[9] Fahmi, R. A.• Niederwieser, A., Pataki, G.• Brenner, M.: Helv: Chim. Acta 19011, 44,

+ --- CH-N + cO2 + HzO
/ , / -, 2022-2026.

~C::MgX ~C::H

[101 Hohaus, E.: Fresenius Z. Anal. Chem. 1982,310,70-76.

'c=o + R-MgX - +1120 GRIGNARD reaction [11] Hohaus, E.: Fresenius Z. Anal. Chem. 1984,319, 533-539.
/ _XMgOH [121 Lindeberg, E. G. G.: 1 Chromatogr. 1976, 117, 439-441.

"" ..._, "T Po;.n•• " . r i Chromatozraohia 1970 3 205 210.

4 'c=o + LiA1H4 ------ (~CH-O)4 A1Li~ 4'CH-OH
Reduction with complex [14] Singh, A. K., Granley, K., Ashraf, M" Mishra, u 1 Planar Chromatogr: 1989,2,410-419.

/ / hydrides [15] Nowicki, H. G.: J. Forensic Sci. 1976, 21, 154-162.
[16] Rinde, E., Troll, w.:Anal. Chem. 1976,48,542-544.
[17] Compare the corresponding reagent monograph in this volume.
[18] Bican-Fister, T., Kajganovic, V.: J. Chromatogr. 19013, 11, 492-495.

. h ~on" of the reazents treated in Volumes
[19J Heacock, R. A., Mahon, M. E.: J. Chromatogr. 19015, 17, 338-348.
;,n; o--.. ra-Cardon R. Soehrina K.: Med. exo. 1964, 10, 251 257.

I a and I b. The following examples can be listed: [211 Grimmett, M. R., Richards, E. L.: 1 Chromatogr. 19015, 20, 171-173.

4-Aminobenzoic acid + sugars
[22] Pires, L. M., Roseira, A. N.: J. Chromatogr. 1971, 56, 59-67.

• [23J Macek, K., Hacaperkova, J., Kakac, B.: Pharmazie 1956, n, 533-538.

• 2-Aminodiphenyl - sulfuric acid + carbonyl compounds [24] Kloubek, J., Marhoul, A.: Collect. Czech. Chem. Commun. 1963, 28, 1016-1021.

• 4-Aminohippuric acid + monosaccharides
[25] Lane, E. S.: 1 Chromatogr. 19015, 18, 426-430.

• 4-Aminohippuric acid - phthalic acid + sugars
[26] Kirchner, J. G., Miller, J. M., Keller, G. J.: Anal. Chem. 1951,23, 420-425.
rn] Touchstone, J. c., Dobbins, M. F.: Practice of Thin Layer Chromatography, J. Wiley & Sons,

• Aniline diphenylamine phosphoric acid + sugars New York, Chichester, Brisbane, Toronto 1978.

• Aniline - phosphoric acid + carbohydrates [281 Franc, 1., Hajkova, M., Gehlicka, M.: Chem. Zvesti 19013, 17, 542.

Aniline - phthalic acid + sugars [291 Passera, C., Pedrotti, A., Ferrari, G.: J. Chromatogr. 1964, 14, 289- 291.

• Anisaldehyde - phthalic acid + sugars
[30J Ebing, W.: Chimia 19017, 21, 132-133.

• p-Anisidine - phthalic acid + oligosaccharides
[311 Stahl, E.: Chemiker Ztg. 1958,82, 323-329.
[32] Maruyama, K., Onoe, K., Goto. R.: Nippon Kagaku Zasshi 1956, 77, 1496-1498; Chem.

• 4-(Dimethylamino)-cinnamaldehyde - hydrochloric acid + indole derivatives Abstr. 1958, 52, 2665b.

• 2,4-Dinitrophenylhydrazine + carbonyl compounds [331 Stahl, E.: Arch. Pharm. 1960,293,531 537.

• EHRLICH'S REAGENT + indole derivatives
[34J Knappe, E., Peteri, D.: Fresenius Z. Anal. Chem. 19012, 190,386-389.

• EP reagent + terpenes
[351 Wagner, G.: Pbarmazie 1955. 10, 302-304.

• MARQUIS' reagent + alkaloids
[361 Stephan, R., Erdman, J. G.: Nature 1964, 203, 749-749.
[371 Ganshirt, H.: Arch, Pharm. 19013,296,73-79.

• 1,2-Phenylenediamine - trichloroacetic acid + ascorbic acid [381 Organikum, VEB Deutscher Verlag der Wissenschaften, Berlin (DDR) 1977.

• PROCHAZKA'S reazent + indole derivatives

• VAN Uax's reagent + indole derivatives
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3 Reagent Sequences

Thin-layer chromatography has the great advantage that the resnlt of the separation is
stored - usually invisibly - on the TLC/HPTLC plate as on a diskette. In such cases
it needs developing or detecting, rather like an exposed film. This can now be done on-

line or off-line so that the analyst can decide which method to use to detect the
separated substances.

r "yoocu. mwuo, >VH" u, WHiLH La" uc applied ;H we on-line moue trig. OJ ana
physiological methods providing information concerning the effectivity of the sepa-
rated substance can be used. A later volume will treat these bioautographic methods
which can be subdivided into bioassays (off-line) and bioautograrnmes (on-line).

The microchemical detection methods are the most economical methods and the
simplest for the chemist to carry out. No expensive apparatus is required and in certain
circumstances they can be combined with the two detection methods mentioned above.

The aim of microchemical investigations on TLC/HPTLC plates is to provide infor-
mation concerning identity and/or purity. Quantitation is not usually carried out but
is possible at any time. The simple absence of a reaction is frequently taken as evidence
of the absence of a particular substance.

If color reactions occur these serve to help characterize the substance. Thev can onlv
ever act as a pointer to the presence of a substance, but never as proof even when ac-
companied by a separation process. Unequivocal identification requires a mosaic of
many pieces of information (hR f values, color reactions Uv/VIS, IR, Raman, mass
spectra etc).

As is well known the difficulty of analysis of a sample increases as its complexity in-
cr"OO"O AMI"o;, """0"" m;th ,oth. .,.

-

quires that the separation step that follows be highly selective and depends on a detec-
tion step that is as specific as possible. As the selectivity of detection increases there
is also an increase in the reliability of the identification and it is possible to reduce the

demands made on the selectivity of the preceding separation method. This is the case
for radiometric and enzymatic methods and also explains the popularity of..

.~.
"'~H ."", HUUl 1I'C ueecom 'u

choose excitation and measurement wavelengths.

Color reactions are more or less clearly defined reactions of the substances with
suitable reagents. Substance-specific reactions are not usually available, e.g. many com-
pounds with aromatic skeletons give both a positive VITALI-MORIN reaction [1-4] and
a positive MARQUIS reaction [4J. Again, numerous aldehydes react with electron-rich
-vmpounus III acnnc memum to yiem co orea substances (ct. Chapters 2 and 3.1).

-
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Reactions can be exploited more specifically if it is known that particular functional
this purpose various staining reagents, each of which can be used individually for a par-

groups are present [cf, Chapter 2). They still do not allow direct identification, but they
ticular substance class, are applied consecutively to the same chromatogram. After each

increase the specificity of the evidence. The chromatographic separation carried out
application the result is evaluated under visible or UV light and the result recorded

before detection also contributes to this. This reduces the number of potential com-
photographically, if necessary, for it is possible that the result obtained might be

ponents. However, this does not exclude the possibility that there might be several aes royeu 01 maue uy w" "eA' c>vu '''1-'' V'5'

substances in the particular part of the chromatogram involved. This not only applies
to thin-layer chromatography but also applies with equal force to other microanalytical ~ent]
separation methods (OC, HPLC).

It is often possible to increase the selectivity of detection by carrying out a sequence ~~_c • ,~ ,no on" .ho hie alate a technique that is only
~&-~

possible in thin-layer chromatography. In principle it is possible to distinguish between reddish-

two sorts of reagent sequence ("TYPE A" and "TYPE B"), which are discussed in this
~

brown
Primary aminesl Reagentll Reag~ IAlkalnid' ~

and the next volume.
. Dibenzazepines

The examples that are treated below are those sequences where all steps - except the
violet, pink, ---+ yellow, orange

last - are preparations for a color or fluorescence derivatization reaction which is car-
- purple -- blue

.... _A • 0 <nr' nf . , s.itu rrrerreat- .~
'p, • ,,'

ment for a final detection reaction, Such reaction sequences are frequently necessary
Tertiary and ;JY

because all the reagents cannot be mixed together in a single solvent, or because it is
quaternary amines

necessary to dry, heat or irradiate with UV light between the individual reaction steps.
reddish-brown,

--. greenor

The detection of aromatics by the reaction sequence "nitration - reduction - _bluish-purple

diazotization - couple to form an azo dye" is an example of this type (Fig 21).
Secondary amines

~h
~. --

Nitro compounds Fig, 22: Scheme for type B reagent sequence (cf. the reagent sequence "ninhydrin - iron(I1I)

f Reduction
chloride - DRAGENDORFF - potassium iodoplatinate" [6]).

Amino c'ImpoundS

J, Therefore, such sequential in situ reactions are always carried out either in order to

Diazotization and coupling Aromatic Aliphatic xeagen or pnm. ammes prepare a substance for a color reaction that IS to follow or to increase me amoun or

f {- information that is obtained by exploiting a combination of different independent reac-

Azo dye Color reaction, tions. This provides information that could not be obtained using one single reagent.
Fluorescence Both types of reagent sequence are frequently used when the samples are complex

.'ig. 21: Reaction scheme for the detection of aromatics, by means of the reaction sequence. nitra-
in nature (plant extracts, urine, environmental samples etc.). It can happen that an ex-

tion, reduction, diazotization and coupling to an am dye, ana 0 aupna IC rutro compounus ny
opoo n' 0000 A rn"l<i interfere with the reaction of the following reagent B. With the

detection of the primary amino group produced on reduction.
dipping technique it is also possible that reagent transfer might occur making it only

possible to use reagent B once.

The "true" reaction sequences that will be described in Volume I c are frequently used
In such cases it is possible to use intermediate "rinsing troughs" in the form of appro-

in toxicological analysis, since the unequivocal identification of medicaments, intox-
priately prepared dipping chambers (Fig. 23) or diffusion destaining apparatus, such as

'0,_'0 on ,- ... . n, . s almost always reauires the simultaneous detec-
is used in electrophoresis (Fig. 24). These can also be used sometimes to destain the layer

tion of many possible substances with completely different chemical characteristics. For
oacxgrounc wnen single . u,'"\". p
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A B

Thin-layer chromatography usually involves the adsorption chromatographic separa­
tion of substance mixtures into polarity groups. It is well known that clean looking
chromatographic peaks can "hide" several substances. For instance, primary, second­
ary and tertiary alcohols are to be found at very nearly the same hR r.

Here it is possible to acetylate primary alcohols without difficulty while leaving tertiary
alcohols unreacted under the conditions chosen.

Secondly it is possible to carry out "functional chromatography" within the
framework of a two-dimensional development [6-8]. The first separation is followed
by an in situ reaction of the sample substance on the layer; the chromatogram is then

The decision concerning the type of alcohol, is then made on the basis of the positions
of the chromatogram zones: esters migrate appreciable further than their parent
alcohols and acids.

Thirdly, if it is not possible to apply the SRS technique, it can be established whether
a primary, secondary or tertiary alcohol is present by oxidizing the alcohol on the
c roma ograp .c zone n
tion. On oxidation primary alcohols form aldehydes, secondary alcohols ketones and
tertiary alcohols are not oxidized.

• The derivatization is always carried out with an aim in mind,
• Group-specific reagents can provide evidence to characterize the substance,
• The desired results can be obtained by multiple chromatography or multiple in situ

reaction at the same chromatogram zone.

If a group-specific reagent is now used, e.g. one that is chosen to react specifically
with the reducing properties of aldehydes (ammoniacal silver nitrate solution) or to
react with ketones (2,4-dinitrophenylhydrazine [9]) it is very simple to determine which
form of alcohol is present in the sample.

This example demonstrates the following:

Fig. 23: Chromatogram dipping device III (CAMAG) (A), (DESAGA) (B).

•'ig: ~: Dif~usion destaining apparatus (D~AGA). The dish contains the wash liquid and is

Alcohol -f oxidation

secondary~ ketone

tertiary ~ no reaction
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The specific detection of aromatic nitro compounds is a second example. These can

be converted by reduction to primary amines, which are then diazotized and coupled
to yield azo dyes (cf, reagent sequence "Titanium(lll) chloride - BRATTON-MARSHALL

reagent"). Sodium nitrite - naphthol reagent, diazotized sulfanilic acid and other
. mine DOOB NBD

chloride [9]) can also be used in the second stage of the reaction (Fig. 21).
Finally some reagent sequences are included that lead to a selectivity increase on

detection. These frequently yield cationic, anionic or neutral polyrnethynes, azo dyes,

quinonoid or indigoid dyes [4]. Polymethyne radicals, polyenes and metal and charge
transfer complexes are also represented [4]. With such a large number of possibilities

phenols, pyrrole or indole derivatives as reaction partners [4]. Examples are to be found
in the reagent monographs.

Primary alcohols can be selectively detected using reagent sequences involving an in­
itial oxidation to yield aldehydes that are then reacted in acid medium with electron-rich

triphenylmethane dyes.

Secondary alcohols yield ketones on oxidation and these can be reacted with 2,4­
dinitrophenylhydrazine to yield the corresponding colored hydrazones.

These examples form a link with derivatizations depending on redox reactions.

be assigned to various reaction categories. The examples included are taken from the
literature and have been included without their having been checked by the authors.

A gray bar at the side of the text makes this evident.
3.2 Oxidations and Reductions

3.1 Electrophilic Substitutions

Many known color reactions involve electrophilic substitution at an electron-rich
- nz Ideh de - acid rea ents" and

oxidized by atmospheric oxygen, iodine or iron(lll) salts. The products are chromo­
phoric systems frequently containing ortho- or para-quinoid structure.

For instance morphine (1) can be detected by the formation of various quinones via

apomorphine as intermediate [4, 12, 13]. All morphines with an OH group in the 6­

position and a ~ 7.8 double bond (codeine, ethylmorphine etc.) first undergo an acid-

"vanillin reagents"). Here aliphatic or aromatic aldehydes react in acid medium to yield
polymethyne cations which are intensely colored di- or triarylcarbenium ions [4, 10].

o
R- C + Aromatic

'H

OH
I

-~,-
c-, I R

R'

H

-ILO

HO

HO

HO s-:

+ ""

(3)

N-CFL

HO

(2)

N-CH,) .
+

(31 ~- HO

(II

R'R'R'

Fornaldehyde (MARQUIS [I I] and PROCHAZKA reagent), furfural, 4-methoxybenzalde­
hyde, 4-(dimethylamino)-cinnamaldehyde and 4-(dimethylamino)-benzaldehyde (EHR-

. . wi h



64 3 Reagent Sequences

Here the alcoholic hydroxyl is first protonated and then eliminated as water. The
allylcarbenium ion (2) is initially stabilized by elimination of the proton at C-14. Then
the ether link is opened after protonation of the ring oxygen with the formation of
carbenium ion (3), whereby the neighboring C-C bond of the piperidine ring is cleaved

elimination of a proton and ring closure to apomorphine (5).

The ortho diphenolic structure of apomorphine makes it a strongly reducing
substance; hence, in acid medium it forms the blue colored ortho-quinone (6) with
iodine or other oxidizing agent which is in equilibrium with its zwitterionic limiting
structure (7) (PELLARGI'S reaction [14]).

HO

HO "-

In alkaline medium, in contrast, apomorphine (5) yields the two quinones (9) and
(10) [16J:

HO

HO
'" .: 0

HO
(9)

'" N-CH,

<, mo "-
(5)

o -" N
I
CH J

(5) (6) (7)

Redox reactions can naturally lead to the formation of numerous other colored
substances in addition to quinonoid and radical chromophores. These include:

The HUSEMANN and ERDMANN identification reactions for morphine and codeine in
the DAB 9 (German Pharmacopoeia) involve the formation of the red-colored ortho­
quinone (8) via apomorphine (5) under the inf1uence of nitric acid with the simulta­
neous nitration of the benzene ring [15].

• The thalleiochin reaction for the s ecific detection of uinine alkaloids carr In an
oxygen group at C-6 of the quinoline nucleus (e.g. quinine and quinidine) [17J,or the

• KOBER reaction of phenolic steroids with strong acids leading to polymethyne dyes
[18, 19].

• The well-known triphenyltetrazolium chloride (TTC) reaction for the detection of
u-ketolsteroids, pyridinium carbinols and pyridinium glycols can also be included

by reduction of the TTC is composed of highly conjugated double bonds resulting
from the combination of a phenylhydrazone group with an azo group:HO s-: 0

"
NO,

HO "-
~ 0

c-: N-CH) s-: N-CHj
s-, "-

(5) (8)

HC

HC

2H

Formazan

" 5

The following examples of reagent sequences, which include the reagent "Am­
monium monovanadate - p-anisidine" described in the second part of the book can

e c assi ie as re Ox reac ions.



Reagent Sequence for:

• Nitrate and nitrite ions

Reaction

Nitrates and nitrites are first reduced to nitrosyl chloride with thionyl chloride. The
volatile nitrosyl chloride then reacts with 4-aminobenzenesulfonic acid to yield a
diazonium salt that then couples with 8-hydroxyquinoline to form a colored azo com­
pound. Hence, the coupling reagent is applied to the chromatogram first.

Method

The dried chromatogram is first dipped in reagent solution I for 1 s, dried briefly in
a stream of cold air and then dipped in reagent solution 2 for I s. The TLC/HPfLC

the layer appears matt it is covered with a glass plate and kept at room temperature for
5 min. Afterwards it is dried in a stream of hot air and exposed to ammonia vapor.

Nitrate and nitrite ions yield orange-brown to magenta-red chromatogram zones on
a pale yellow background immediately on treatment with ammonia; these zones are
stable for days in an atmosphere of ammonia.

Preparation of the Reagents

Reagent 1

Reagent 2

Reagent 3

Coupling reagent
Dipping solution 1: Dissolve 500 mg 4-aminobenzenesulfonic acid

diethyl ether - water (12 + 12 + I). This solution is stable for several
months. It should be topped up with diethyl ether from time to time
to make up for evaporation losses.

Reduction
Dipping solution 2: Dissolve 3 g thionyl chloride in 100 ml decane.

Adjustment of pH
Ammonia vapor: Place 5 to 10 ml cone. ammonia solution in the free
trough of a twin-trough chamber.

Note: When combined with thin-layer chromatographic separation the reagent provides
a specific detection method for nitrate and nitrite. The color development is often com­
pleted within a few minutes on silica gel plates. In the absence of ammonia vapor traces
of oxides of nitrogen in the laboratory atmosphere can slowly cause the background
to become reddish-brown. The simultaneous presence of the following ions in the
c romatogram zones interferes wrt t e etecuon of mtrate/nitnte: 1-, 10" 10",
MoO~- and H2POi.

The detection limits are slightly dependent on the layer involved, lying between 5 and
10 ng (RP 8, RP 18, silica gel 60) and 50 ng (cellulose, NH2) per chromatogram zone.
The detection of 20 ng nitrate is not prevented by a one hundred-fold excess of the
following ions: NHt, u-, Na t , K+, M g2+ , Ca2 + , Ba2+ , Z0 2+ , Hg2 +, AP+,
SbJ+, Bj3+, Zr 3+, Ag t , Nih, Mn 2+, U01+, F-, CLO", nr. CN-, NCS-, BOi,
SiOJ-, SiF~-, AsO~-, AsOI-, SOJ", S20J", SO~", OW and CH 3COO -. Colored ions
such as Fe3+ I Cu 2+, Cr3+ etc. can, however, interfere.

The reagent can be employed on silica gel, kieselguhr, Si 50000, RP, NH 2 and
cellulose layers.
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Method

tert!JJ..tyl••• Hypoclll4)rite·~.. .'" • •• ...... .,...... - First spray the dried chromatogram homogeneously with reagent I. Then remove excess...
reagent in a stream of cold air in the fume cupboard (ca. 30 min for silica gel and 3 h

for aluminium oxide layers). Then spray the chromatogram lightly with reagent 2.

Urea herbicides give pale yellow and s-triazines blue chromatogram zones on a col-

Purkayasth;t, R.: "SitnultanemJ".~nof.. thtRmdll<O ofAtrazfu~and.UtJuroli in orless background.
Water,SWl, PtantandAnbnal·~ples: by Thin-Layer CbrQlllatogrnphy", Intermit J.En-

reagent sequence modification of the "chlorine- potassium iodide-viron. ATI/II.Chem." 1m 1, 147-15.8. Note: The is a

starch" reagent.

The detection limits - dependent on the TLC layer - lie between 0.2 and 0.5 J.lg

substance per chromatogram zone for atrazine and linuron.
Reagent Sequence for: The reagent can be employed on aluminiumoxide, silica gel, kieselguhr and Si 50000

layers.

• s-Triazine and urea herbicides
e.g. atrazine, linuron

- ~" .1.- ~
~

Reagent 1 Chlorination
Spray solution J: Mix 1 ml tert-butyl hypochlorite with 100 ml
cyclohexane.

Reagent 2 Oxidation

Spray solution 2: Dissolve 1 gpotassium iodide and 1 g soluble starch
in 100 ml water.

Reaction

The s-triazines undergo chlorination at nitrogen to yield reactive N-chloro derivatives
which oxidize iodide to iodine in the second step. This then forms an intense blue

dine-starch ;"UU';UII compiex wi III SlarCII.
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• Protected amino acids and peptides [I, 2]

Preparation of the Reagents

iodide these derivatives oxidizep-tolidine to a deep blue semiquinonoid dye (cf. reagent
monograph "chlorine - o-tolidine - potassium iodide").

Method

The dried chromatogram is evenly sprayed with the first and then with the second
rcagen .

Intensely colored chromatogram zones are produced on a colorless background.

Note: The reagent sequence can be employed on silica gel, kieselguhr and Si 50000
layers.

Reagent 1

Reagent 2

Reaction

Chlorination

Oxidation
Spray solution 2: Solution of potassium iodide and p-tolidine in
glacial acetic acid/water.

Reactive chloramine derivatives are produced in the first reaction step as a result of



~~ , Dnnon_. ~~~..~_~~" , . ~,

Method

lert..Unfy.·..QYPOcbIQrite...... . .' ......... ..JI......... .1:-.. ......... ..... The chromatogram is freed from mobile phase in the drying cupboard (10 min 160°e)
.& ..... and placed while still hot in the chamber with tert-butyl hypochlorite vapor for 5 min .

After removal of excess reagent (15 min stream of warm air) the chromatogram is
sprayed with reagent 2.

•Hcit>;;... ·T .... .,. ·'V."n" ... This yields deeply colored chromatogram zones on a pale background.

.·tm;ls(), ••1$-94.
........ ,Mok1()tM(

Note: The reaaent can be employed on silica gel, kieselguhr and Si 50000 lavers.

Danger warning: o-Toluidine is suspected of possessing carcinogenic properties.
Therefore, the dipping method should be used if possible, if it is decided to use the

Reagent Sequence for: method in spite of this (cr. reagent monograph "Chlorine - o-toluidine reagent").

• Oligourethanes

Preparation of the Reagents

Reagent 1 Chlorination
tert-Butyl hypochlorite vapor: Place 10 ml tert-butyl hypochlorite in
one half of a twin-trough chamber.

Rea~ent 2 Oxidation
Spray solution: Slowly mix a solution of 1.6 g o-toluidine in 30 ml
glacial acetic acid with a solution of 2 g potassium iodide in 500 ml
water.

Reaction

First there is chlorination of nitrogen to yield reactive N-chloro derivatives, which ox-
idize iodide to iodine in the next step. Finally oxidation of the o-toluidine probably
yi01US cororeu quinonoiu o uiume aenvanves.

-



Reagent Sequence for:

Method

75'Xi ations and Reductions

Reaction

Primary and second amines and

The chromatogram is dried in a stream of warm air and placed in the trou h

Wit t e ca cium hypochlorite (reagent I) for 2 min followed by 30-45 s in the free

chlorine released by the gradually decomposing calcium hypochlorite. Excess chlorine
gas is then selectively reduced in the TLC layer by gaseous formaldehyde. The reactive

chloramines produced in the chromatogram zones then oxidize iodide to iodine, which
reacts with the starch to yield an intense blue iodine-starch inclusion complex.

trough of a twin-trough chamber with the formalin solution (reagent 2). The chromato­
gram is then sprayed with reagent 3.

Intense blue-black chromatogram zones are produced on a colorless background.

3 Reagent Sequences74

• Amines, amino acids, amides [I, 2]
Note: This reagent sequence is a modification of

histidine, phenylalanine, sphingosine

Preparation of the Reagents

iodide - starch". MObile phases containing ammonia must be removed completely
before treatment with the reagent sequence, since otherwise the background will be col­

ored too. Some secondary amines (e.g. diphenylamine) and some amides (e.g. 2,4­

dinitrobenzamide) and methionine sulfoxide do not give reactions even in quantities of
up to I to 2 ug.

The detection limi s f

Reagent 1 Chlorination

Chlorine gas: Cover the base of a tightly sealable chromatographic
trough with solid calcium hypochlorite to a depth of ca. 0.5 em, This
salt must be renewed weekly [I, 2].

60 ng substance per chromatogram zone [I]. The detection limits on layers with
fluorescence indicators are about double the amount of substance [I].

The reagent can be employed on silica gel, kieselguhr and Si 50000 layers.

agent uetton 0 excess chlorine

Formaldehyde gas: Fill one trough of a twin-trough chamber with
20 ml formalin solution (37%) [I, 2].

Reagent 3 Oxidation and complex formation

Spray solution: Dissolve I g potato starch, I g potassium iodide and



-
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Reaction

'Cl •• l' .......... II::'! .... '" ci i
...... ... • .t..""ld ••• ,. . ........... The course of the reaction has not been elucidated. Probably redox reactions involving

'7 . ...........""''''' cenumu v}ana arserucuu) are cataiyzeu oy rooroe IOnsana organic 100me compounos

,~ •11" To with methylene blue acting as a redox indicator.

"a'

NOirlnn.'l .. Ar "";'f'"~':'~· t>,.,iliin;';i~·' Acid ··"'''''Iii•• ilf ,""-;,,;,, ... •. <L,
.A.l.~~.$¢fri!tiJ.''''''' ", ....c...~n.w-....l~.

The dried chromatogram is sprayed homogeneously first with spray solution I and then

Reagent Sequence for: with reagent 2. Finally the chromatogram is exposed to an atmosphere of ammonia.
Iodides and organic iodine compounds produce brilliant blue chromatogram zones

on a yellow background.

• Iodide ions and organic iodine compounds Note: The detection limits for iodides and organic iodine compounds are reported to
e.g. thyroxine, triiodo- and tetraiodothyronine be 50 to 100 ng substance per chromatogram zone,

The reagent can be employed on silica gel H layers.

Preparation of the Reagents

Reagent 1 Redox reaction
Spray solution I: Mix solutions I and 2 in a volume ratio of 2 + 3 im-
mediately before use.
Solution I: Dissolve 10 g cerium(IV) sulfate in 100 ml sulfuric acid
(10"10).
Solution 2: Dissolve 5 g sodium metaarsenite in 100 ml water.

Reagent 2 Redox reaction

.." nu," ,

Reagent 3 Neutralization of excess acid
Ammonia vapor: Concentrated ammonia solution in one half of a
twin-trough chamber.



• 17-0xosteroids (17-ketosteroids) [I, 2]
e.g. dihydroxyandrosterone, androsterone, aetiocholanolone,

II-oxoandrosterone

Preparation of the Reagents

Spray solution 1: Phosphoric acid (30 "70).

3.2 Oxidations and Reductions

maining Mo VI to yield a blue-gray mixed oxide (= molybdenum blue). The reduction
of phosphomolybdic acid is pH-dependent.

Method

I and then

reagent 2 and then heated again to llO"C for 10 min.
17-0xosteroids produce blue-black chromatogram zones on colorless to pale yellow

backgrounds.

Note: The derivatized steroids can be extracted from the blue chromatogram zones with

is not interfered with by the presence of phosphoric acid and phosphomolybdic acid.
A yellow background can be bleached by exposure to ammonia vapor [2].

The reagent can be employed on silica gel, kieselguhr and Si 50000 layers .

Reagent 2

Reaction

Redox reaction
Spray solution 2: Alcoholic phosphomolybdic acid (10% in ethanol).

In spite of the numerous publications the reaction mechanism is still not finally
clarified. A large number of organic compounds can be oxidized by phosphomolybdic
aci ,WIt t e re ue Ion 0 some 0 teo to 0 ,w c t en reacts WIt t e re-
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Reagent Sequence for:

• Antioxidants
e.g. 4-hydroxybenzoic acid and its esters

Preparation of the Reagents

Reaction

When oxidized by iron(III) ions 4-aminoantipyrine reacts with phenols to yield colored

reagent in Volume I a). It is an oxidative coupling based on the EMERSON reaction.

Method

The dried chromatogram is first sprayed homogeneously with spray solution I and then
heated to 80"C for 5 min. After cooling to room temperature the TLC plate is sprayed
with water and heated to 80"C for another 5 min, after which it is homogeneously

Red to reddish-brown chromatogram zones are produced on a pale background.

Note: It is recommended that only small quantities of reagents be sprayed.
The detection limits lie between 0.25 and I ~g substance per chromatogram zone.
The reagent can be employed on silica gel, kieselguhr and Si 50000 layers.

Reagent 1 Hydrolysis
S ra solution 1: Dissolve to sodium hydroxide pellets in 100 ml
water.

Condensation
Spray solution 2: Dissolve 2 g 4-aminoantipyrine in 100 ml ethanol.

Oxidation

Reagent 2

Reagent 3

100 ml water.
. Dissolve 8 otassium hexae anoferrate III in
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Reagent Sequence for:

e.g. endosulfan, phosphamidon

Preparation of the Reagents

idizes divalent cobalt to trivalent, which then oxidizes o-tolidine to a blue-colored
quinonoid derivative.

2 Co2+ + 4 OH- + SOr + O2~ 2 CoO(OH) + SOr + H20

Method

wi ray
solutions I and 2 and then, after being allowed to stand for 5 min, they are sprayed with
reagent 3.

Intense blue chromatogram zones are produced on a colorless background; in acid
medium they remain stable for ca. 30 min and then slowly fade.

o e: en e concentrauon a su stance IS su icrent y Ig en osu an and
phosphamidon sometimes appear as yellowish-brown zones after application of the
first two reagents of the sequence.

The reagent sequence is specific for endosulfan and phosphamidon. Other insec­
ticides, e.g. organochlorine insecticides, such as endrin, aldrin, dieldrin, DDT and
BHC, organophosphorus insecticides, such as malathion, parathion, dimethoate,

Reagent 1

Reagent 2

Reagent 3

Reaction

Hydrolysis
Spray solution I: Dissolve 5 g sodium hydroxide pellets in 100 ml

water.

Oxidation

Oxidation
Spray solution 3: Dissolve I g o-tolidine in 100 ml acetic acid (100/0).

quinalphos, phorate and fenitrothion, or carbamate insecticides, such as baygon, car­
baryl and carbofuran do not react. Neither is there interference from amino acids, pep­
tides or proteins which might be extracted from the biological material together with
the pesticides.

Warning: The substances benzidine and o-dianisidin which are classified as car-
cinogenic, react in a similar manner to o-tolidine, which is also suspected of causing
cancer.

The detection limits are I ug substance per chromatogram zone (corresponding to
10 ug/g biological material).

The reagent can be employed on silica gel, kieselguhr and Si 50000 layers.

The sulfite group present in the heterocyclic ring of endosulfan is rapidly hydrolyzed
by alkali. In the presence of atmospheric oxygen it then oxidizes divalent cobalt to.. .
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Reaction
Cl ... ~~ , .' , ... .:a!, I

--"'-.... . ... _.~ _. , Detection depends on the "iodine azide reaction" which is normally extremely slow

... but is accelerated in the presence of divalent sulfur (cf, iodine-potassium chlonde solu-

£:' 'W. ... -~ _. ..... . tion - sodium azide - starch reagent, AWE'S reagent), The reaction involves the con-
version of iodine to iodide, so that the iodine is no longer available for formation of
the intense blue-colored iodine starch inclusion complex. The sodium hydroxide used
as reagent I presumably acts to open the thioether linkage or the thiazolidine ring. The

-, ~ .. sulfhydryl groups accelerate the iodine-azide reaction appreciably more than the sulfur
..............." ........ J.~.. """"'., - bound to the thiazolidine ring.

7.-'''_UR

r< for~ Method

• Antibiotics with a thiazolidine ring
The dried chromatogram is homogeneously sprayed successively with reagents I, 2

e.g. penicillins, cephalosporins and their degradation products and 3.

such as penicillin V, penicillin G, oxacillin, cloxacillin,
Pale chromatogram zones are produced on an intense blue-colored background,

., . . . • r'...~..
Note: Sulfides, thiols and thioethers also The blue

• Sulfur-containing amino acids
react. background of the

e.g. cysteine
chromatogram treated with the reagent sequence fades with time.

The detection limits for penicillin derivatives and cephalosporins are 0.5 to I ug
substance per chromatogram zone.

P ••

The reagent can be employed on silica gel, kieselguhr and Si 50000 layers.

r UI lin:;

Reagent 1 Hydrolytic ring opening
Spray solution J: Sodium hydroxide (c = 2 rnol/L),

~ , ~, ..." ..n " ......, ... ~...." ..n\

-'" Spray solution 2: Dissolve I g sodium azide in a solution of 127 mg
iodine and 200 mg potassium iodide in 100 ml water.

Reagent 3 Iodine starch complex formation
Spray solution 3: Dissolve I g soluble starch in 100 ml water.
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Reaction

a pink-colored derivative (o-quinonoid di-anion) according to the following scheme:

H

~~
/0, ~o:::.-... NaOH

CH -- HCN +
II° CN

Cypennethrin
(NRDC 149)

Synthetic pyrethroids with a-cyano ester group react with sodium hydroxide to yield

f r:

• Pyrethroids with a-cyano ester groups
e.g. fenpropathrin, flucythrinate, fluvalinate, PP 321

H 0

+ HCN --

CN
I

¢
NO,

4-Nitrobenzaldehyde 4-Nitroben­
zoic' cid

Preparation of the Reagents
Method

Reagent 1

Reagent 2

Hydrolysis
Spray solution tSSO ve g so rum y roxi e i
make up to 50 ml with methanol.

Cyanbydrin formation
Spray solution 2: Dissolve 0.3 g 4-nitrobenzaldehyde in 10 ml
2-methoxyethanol (methylcellosolve).

The chromatograms are dried in a stream of cold air and first sprayed homogeneously
with reagent I and allowed to stand for 3 min. Then they are sprayed with reagent 2
followed immediately by reagent 3.

Pink-colored chromatogram zones are produced on a colorless background.

Reagent 3 Formation of an o-quinoid di-anion
Spray solution 3: Dissolve 0.25 g 1,2-dinitrobenzene in 10 ml

2-methoxyethano1.

The detection limits are 100 ng substance per chromatogram zone.
The reagent can be employed on silica gel. kieselguhr and Si 50000 layers.

•
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Reagent Sequence for:

e.g. ReIVI!) , MoI VI), V M

Preparation of the Reagents

Method

The dried chromatograms are first sprayed homogeneously with reagent I and then,

Rhenium, molyhdenum and vanadium ions yield orange, pink and yellow-colored
chromatogram zones respectively on a colorless background.

Note: Iron(III) cations also react and give the well known deep red iron (III) isothio­
cyanate.

provi e .
The reagent can be employed on aluminium oxide, silica gel, kieselguhr, Si 50000,

RP and cellulose layers.

Reagent 1

Reaction

Rednction
Spray solution 1: Dissolve 10 g tin(II) chloride in 100 ml 6 mol

hydrochloric acid.

Spray solution 2: Dissolve 5 g ammonium thiocyanate in 10 ml water.

The initial step of the reaction with tin(II) chloride reduces the highly oxidized metal
in the transition metal anions to low valency cations; these are capable of forming
stable colored complexes with thiocyanate.



Reagent Sequence for:

e.g. funitrazepam

Preparation of the Reagents

Reaction

In the first step tin(II) chloride in acetic acid solution reduces the aromatic nitro rou s
to amino groups. The aromatic amines produced then react with fluorescamine in
weakly basic medium to yield fluorescent derivatives (cf. reagent monograph "Fluor­
escarnine Reagent". Volume Ia).

Method

The dried chromatograms are first sprayed homogeneously with reagent I until the
layer begins to become transparent and then heated to 105 to 1l0°C for 10 min. After
cooling to room temperature they are then sprayed with reagent 2A until the
background is pale purple (color change of the pH indicator phenolphthalein) and then
sprayed with reagent 2B until the layer begins to appear transparent. When the layer
is evenlywetted it is then sprayed with reagent 3 and dried in a stream of warm air (ca.
70°C).

On examination under Ion -wavelen th UV li ht A. = 365 n
tluorescent chromatogram zones on a dark background.

Reagent 1

Reagent 2

Reagent 3

Reduction
Spray solution J: Dissolve 4 g tin(II) chloride dihydrate in 100 ml
acetic acid (5 DJo) and add I ml of a solution of 0.5 g phenolphthalein
in 100 ml dioxane.

pH adjustment
Spray solution 2A: Sodium hydroxide solution (2OJo).
Spray solution 2B: Dissolve 31 g boric acid in 100 ml I mol sodium
hydroxide solution and dilute with 800 ml water. Adjust the pH of this
solution to 8.4 and make up to 1000ml with water.

Condensation
Spray solution 3: Dissolve 100 mg fluorescamine in 100 ml acetone.

Note: The detection limits for flunitrazepam and its 7-nitrodesmethyl metabolites are
1 to 2 ng/ml plasma or 0.5 ng substance per chromatogram zone.

The reagent can be employed on silica gel, kieselguhr and Si 50000 layers.
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Reagent Sequence for:

• Oxidized aromatic amines
e.g. metabolites of parathion

Pre aration of the Rea ents

Method

The dried chromatograms are first sprayed homogeneously with reagent I and then,
after an interval of a few minutes, with reagent 2.

The oxidized aromatic amines yield yellow-colored chromatogram zones on a col­
orless background.

Note: The reagent can be employed on silica gel, kieselguhr and Si 50000 layers.

Reagent t

Reagent

action

Reduction
Spray solution 1: Dissolve 0.5 g titanium(III) chloride in 100 ml

N hydrochloric acid.

on ensa Ion
Spray solution 2: Dissolve 0.5 g 4-(dimethylamino)-benzaldehyde in a
mixture of 50 ml ethanol and 50 ml glacial acetic acid.

In a first step oxidized aromatic amines are reduced with titanium(III) chloride in
glacial acetic acid solution and then condensed to a colored SCHIFF'S base with

lamino -benzaldeh de cf. Chapter 2).



3.3 Azo Coupling

Coupling reactions with diazoniurn salts to yield intensely colored azo derivatives have
often been used for the detection of phenols, primary aromatic amines an e ec ron­

rich heterocyclics.
These reactions can be opened up to all substances that can yield aniline derivatives

in acid or basic medium. Carbamic acid derivatives, numerous variations of which are
used as plant treatment agents, provide a striking application. As do urea herbicides
and a variet of dru substances e.g. benzodiazepines or phenylbutazone derivatives.

The aromatic nitro compounds make up another group of substances. These can also
be formed directly on the TLC layer as a result of the frequently used VITALI reaction
[24]. They are detected - as shown in Fig. 21 - by reduction and coupling to azo dyes.

The examples reproduced below have been taken from the literature.

3.3 A a Cou lin 95

or:

• Diuretics
e.g. hydrochlorothiazide (Esidrlxe)

Preparation of the Reagents

Reagent 2

Reagent 3

Hydrochloric acid vapor: This can be generated by placing 10 ml fum­
ing hydrochloric acid (37'70)in one trough of a twin-trough chamber.

Diazotization
Spray solution 1: Dissolve 4 g sodium nitrite in 40 ml water. The solu­
tion is stable over a long period.
Spray solution 2: Hydrochloric acid (10"10).

Destruction of excess nitrite
Spray solution 3: Dissolve 500 mg ammonium amidosulfonate
(amidosulfonic acid ammonium salt) in 100 ml water.
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Reagent 4 Coupling
of cold air, sprayed with reagent 3, dried once again in a stream of cold air and finally

Spray solution 4: Dissolve 100 mg N-(I-naphthyl)-ethylenediamine sprayed with reagent 4 and dried in a stream of warm air.

dihydrochloride in 100 mI ethanol. The solution should always be Red chromatogram zones are produced on a light background.

made up fresh even though it remains stable for several days.
".~. '" "0'

-,., • Tn

spectra of the chromatogram zones before derivatization this reagent sequence becomes
virtually specific for hydrochlorothiazide and its related derivatives in the analysis of

Reaction
urine. Hence, it is possible to use it for drug monitoring and doping control.

The detection and determination limits are less than 0.1 and 0.2 rng hydrochloro-
thiazide per liter body fluid and thus appreciably lower than the therapeutic levels

In the first reaction step the heterocyclic ring is opened by hydrolysis to yield a primary
wrucn are repo eo 10 u",w",," u..c ,,"u .0'0' •

amino group, that is then diazotized and finally coupled with N-(I-naphthyl)-
The reagent can be employed on silica gel, kieselguhr and Si 50000 layers.

ethylenediamine to yield an azo dye.

" #"\
~, /"

H NO SJC:XS02
NH2 o-N~NH,

H2N02SXXS'NH l.HCl/HP 2 2 '"

CI s-, N)
2. NaN0 2 ' HCI 1 h +

Cl N=N cr
H

Hydrochlorothiazide Diazonium salt

H2N02Sx::xS02NH2
"'"I

Cl '" N=;Y
~ ~NH2

1 N
"'" H

Redazo dye

MelDOn

The dried chromatograms are first exposed to hydrochloric acid vapor (reagent I) for
a few minutes and then heated to 120°C for 5 min to remove excesshydrochloric acid.
After cooling to room temperature the TLC/HPTLC plates are successively sprayed
homogeneously with spray solutions 1 ann z. i ney are men ariea ,,;cuy;,," >"ca'"
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Reagent Sequence for:

• Imidazole antimycotics

e.g. clotrimazole [1, 2]

Reaction

The mechanism of the reaction has not been elucidated. Presumably iodine eliminates

this then couples with diazotized sulfanilic acid to yield an azo dye.

_9-0

Clotrimazole (Bayb 5097)

Method

T r n Iwi nl n a

Preparation of the Reagents

Reagent 1

Reagent 2

Reagent 3

Cleavage by iodine

pH adjnstment
Spray solution 2: Dissolve 20 g sodium carbonate in water and make

up to 100 m!.

Coupling with PAULY'S reagent

acid.
Solution B: Dissolve 10 g sodium nitrite in water and make up to

100 mi.
Spray solution 3: Mix 8 parts by volume solution A with 2 parts by
volume solution B immediately before use; this mixture can be used

or a ou

to lOO"C in a vacuum drying cupboard, first at atmospheric pressure for 15- 20 min

and then under vacuum for a further 5-10 min (removal of excess iodine). After cool­
ing to room temperature the chromatograms are sprayed with reagent solution 2 and

then dried at 100"C (atmospheric pressure). The chromatograms are finally sprayed
with reagent solution 3 and dried at lOO"C [1, 2].

A~ 530 nm, are produced on a colorless background.

'1ote: The reaction is very specific for N-substituted imidazole derivatives. In serum in­

vestigations the detection limit was 50 ng clotrimazole per milliliter serum. The reagent

can be employed on silica gel, kieselguhr and Si 50000 layers.



Reagent 4

Reaction

Conpling

Spray solution 4: Dissolve I g N-(I-naphthyl)-ethylenediamine
dihydrochloride in 100 ml methanol. This solution should be made up
fresh, even though it is reported to be stable for several days.

Reagent Sequence for:

• Aromatic substances
e.g. antidepressives

such as amitriptyline, nortriptyline

Preparation of the Reagents

The first step of the reaction involvesnitration of the aromatic skeleton of the substance
to be detected. Then the aromatic nitro derivatives so produced are reduced with
sodium dithionite, in acid medium, to the corresponding amines; these are then
diazotized and coupled with N-(I-naphthyl)-ethylenediamine to yield an azo dye
(cf. Fig. 21).

Method

The dried chromatograms are first sprayed homogeneously with reagent I until the
layer begins to become transparent and are then heated to 125-130°C for 15 min. After
cooling to room temperature the TLC/HPTLC plates are homogeneously sprayed with
reagent solution 2 and heated to 80- 85"C for 8 min. After cooling to room temperature
the plates are sprayed homogeneously with reagent 3 and then thoroughly dried (ca.

agen

Reagent 2

Reagent 3

Ira 100

Spray solution J: Mix equal volumes of mtnc acid (65"70) and
methanol while cooling with ice. The reagent solution may be kept for

several weeks.

Reduction

Diazotization
Spray solution 3: Dissolve 400 rng sodium nitrite in 20 ml I mol
hydrochloric acid solution. The solution should always be made up
fresh.

and then dried in a stream of warm air for I min.
Reddish chromatogram zones are formed on a light background.

Note: Derivatization with this reagent sequence in combination with extraction and
TLC separation is specific for amitriptyline and nortriptyline in the analysis of plasma;

mp oyrnen in p armaco me ic s U ies, e.g.
aIter the oral administration of a single dose of 25 mg amitriptyline.

The plate should be heated as rapidly and as evenlyas possible after the first spraying
step; this is best done on a thick preheated aluminium plate in a drying cupboard equip­
ped with ventilation allowing the nitric acid vapors to be removed using a water pump
vacuum. Sodium dithionite is better than tiranium(lll) chloride or tin(II) chloride for

e re ucnon 0 t e rutro envatrves 0 amitrityline and nortriptyline.
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The amino derivatives of amitriptyline and nortriptyline produced at the second
heating stage exhibit intense pale yellow fluorescence on examination in long-wave­
length UV light (),,= 365 nm), but this is not sufficiently reproducible for quantitative

in situ work.
The detection limits for amitriptyline and nortriptyline are ca. 500 pg su stance per

chromatogram zone.
The reagent can be employed on silica gel, kieselguhr and Si 50000 layers.

Reagent Sequence for:

• Aromatic substances
e.g. antitussives II]

such as chlorpheniramine, codeine
e.g. mucolytics [2]

such as adamexine, bromexine

Preparation of the Reagents

Reagent 1 Nitration
Spray solution J: Cautiously and with cooling mix 30 ml nitric acid
(65'70) with 10 m! sulfuric acid and add the mixture with cooling and
mixing to 40 ml methanol. The reagent solution may be kept for

several weeks.
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Reagent 2 Reduction its high sensitivity also makes it suitable for pharmacokinetic studies after the oral ad-

Spray solution 2: Dilute 4 ml of a solution of 15 g titanium(I1I) ministration of a single therapeutic dose. If excited with long-wavelength UV light

chloride in 100 ml hydrochloric acid (4'70) to 20 ml with methanol. 0."" = 365 nm) after the first reaction step codeine produces a fluorescent emission

This solution is only stable for about 1 h and should, therefore, always O.fl > 578 nm) which can be used for quantitative measurement.

be made up fresh. 1 ne pate snoum ne nea eo as rapiOlY ana nomogeneous y as possiOie aner me Irs

Reagent 3 Diazotization
spraying step; this is best done on a thick preheated aluminium plate in a drying cup-
board equipped with ventilation allowing the nitric acid vapors to be removed using a

Spray solution 3: Dissolve 400 mg sodium nitrite in 20 ml I mol water pump vacuum [I].
hydrochloric acid. This solution should always be made up fresh. The detection limits are I to 2 ng/ml plasma for chlorpheniramine [IJ and 50 and

Reazent 4 Counllne 250 ng per chromatogram zone for adamexine and bromexine respectively [2].

Spray solution 4: Dissolve I g N-(I-naphthyl)-ethylenediamine di- The reagent can be employed on silica gel, kieselguhr and Si 50000 layers.

hydrochloride in 100 ml methanol. The solution should always be
made up fresh even though it remains stable for several days.

Reaction

The aromatic skeleton is nitrated in the first reaction step. Then titanium(III) chloride
in acid medium is used to reduce the aromatic nitro compounds so produced to the cor-
responding amines, which in turn are diazotized and coupled to N-(I-naphthyl)-
ethylenediamine to yield an azo dye (cf. Fig. 21).

Method

The dried chromatograms are first sprayed homogeneously with reagent I until they
start to become transparent and then heated to 110-115°C for 10-15 min. After cooling
to room temperature the TLC/HPTLC plates are sprayed with reagent 2 and heated to
1I0-1I5°C for 5 to 30 min. The layers are cooled to room temperature, sprayed with
reagent 3 and then dried in a stream of cold air for 10 min. Finally the chromatograms
are treated with reagent 4 and dried in a stream of warm air (ca. 50 60°C) for I min.

Chlorpheniramine produces purple zones and codeine bluish-gray zones on a light
background [IJ. Adamexine and bromexine produce pinkish-violet zones, that are
stable for ca 24 h in the dark, on a yellowish-white background [2].

Nofp, Derivatization with this sequenceof reagents in combination with extraction and
TLC separation is virtually specific for chlorpheniramine in the analysis of plasma [IJ;
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Reaction

Method

The dried chromatograms are first treated with nitrous fumes for about 5 min. The ex­
cess nitrous fumes are then removed in a stream of cold air (ca. 5 min) and the
TLC/HPTLC plates are sprayed homogeneously with reagent 2.

Clenbuterol, for example, yields pink-colored chromato am zones on a Ii ht
background.

• Aromatic amines
e.g. c1enbuterol [I]

N-methyl-N-(4-aminobenzyl)-amino derivatives of isocyanates [2]

Note: This reagent is a modification of the BRATlON-MARSHALL reagent, Isocyanates
can be made accessible to this modification of the BRATlON-MARSHALL reagent by reac­
ting prechromatographically with N-methyl-N-(4-aminophenyl)-amine to give the cor-

Preparation of the Reagents
H

O=C=N-Q-N=C=O + 2H2N-o-~N/ ---
- "CH,

rea enva ive WI

primary aminegroups

o 0

H2N-o-~N-g-N-Q-N-~-N-o-~NH,
- I I I 1-

CH, H H CH,

This combination of the modified BRAT1ON-MARsHALL reaction with prechromato­
graphic derivatization with N-methyl-N-(4-aminophenyl)-amine allows specific detec­
tion of isocyanates, that is especially applicable to aliphatic isocyanates.

N-Methyl-N-l,4-Diisocyanato-

I n diamine di-

hydrochloride in 100 ml ethanol [I]. Alternatively it is possible to use
I g N-(I-naphthyl)-ethylenediamine dihydrochloride in 100 ml di­
methylformamide - hydrochloric acid (c ~ ImollL) (I + I) [2].

Coupling

tazonza 100

Nitrous fumes: Nitrous fumes can be generated in one trough of a
twin-trough chamber by mixing a solution of I g sodium nitrite in
5 ml water with 5 ml fuming hydrochloric acid.

Reagent 2

Reagent 1
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Reaction

Aromatic nitro compounds are reduced to the corresponding amines by tin(TI) chloride
in acidic medium. These are then diazotized via the gas phase with nitrous fumes and
finally coupled with I-naphthol to yield an azo dye.

Reagent Sequence for: The chromatograms are dried in a stream of cold air and then dipped in reagent 1 for
2 s, dried in a stream of cold air for 10min and then cooled to - 20°C for 15 min. The
cold chromato ram is then laced in the free trou h of win-

• Aromatic nitro compounds [II

e.g. herbicides
such as trifluralin, pendimethalin

e.g. fungicides
such as dinocap

ing reagent 2 for 10min for the purpose of diazotization via the gas phase. After
removal of excess nitrous fumes by exposure to a stream of cold air for 5 min, the
chromatograms are dipped in reagent 3 for 2 s and dried in a stream of cold air for
5 min.

Chromatogram zones of various colors are produced on a colorless background.

Preparation of the Reagents

Note: The treated chromatogram should not be exposed to UV light or heat, neither
should it be covered with a glass plate, since this causes it to turn dark brown in a short
period of time. Nitrous fumes are corrosive so the diazotization and azo coupling
should be carried out in the fume cupboard (rubber gloves).

The selectivity of the detection reaction can be increased by exposing the

Diazotization

e reagent can be employed on silica gel, kieselguhr, Si 50000 and RP layers.

can be done by placing 10ml ammonia solution (25%) in the free trough of a twin­
trough chamber. The result in general is that all chromatogram zones acquire a red to
yellow-brown color, with the detection sensitivity of some substances being increased,
while it can be reduced for others.

The color shades of the chromatogram zones and above all the pale background pro-
y .s ec rnque are s iuze y ipping e c omatogram in a so ution a

liquid paraffin - n-hexane (I + 2) for 2 s. The color shades produced on silica gel and
RP layers are not identical.

The detection limits for 2,6-dinitroaniline herbicides are between 20 and 200 ng
Substance per chromatogram zone (Table I). Similar results are also obtained with
methyl and ethyl parathion (pink-colored zones).I I-na hthol in 100 ml ethanol. The

Conpling

ttrous urnes: ix a s
5 ml fuming hydrochloric acid in one trough of a twin-trough chamber
to generate nitrous fumes. The reagent should always be made up

fresh.

solution may be stored in the refrigerator for several weeks.

Reduction
Dipping solution 1: Dissolve 2 g tin (II) chloride dihydrate in 20 ml
hydrochloric acid (25OJo) and dilute with 30 ml methanol. The reagent

should always be made up fresh.

Reagent 2

Reagent 3

Reagent 1
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Table 1: Absorption maxima and detection limits for some 2,6-dinitroanitine herbicides on sili~a 2,6-dinitroaniline compounds were converted to colorless derivatives by this process.
gel layers after treatment with the reagent sequence and after additional exposure to ammonia The chromatogram was then cooled to -20"C for 15 min and exposed - still cold -

vapor. to nitrous fumes for 10 min for diazotization; these fumes were generated in the empty

Without ammonia vapor Witb ammonia vapor trough of a twin-trough chamber by mixing 5 ml aqueous sodium nitrite solution
"not. \ "nth' 'n < _1 f,,_'no .. D~n.". . • r"~m~,; h"

Substance A..n~ Detection mu S A.m~ ~

exposing the layer for 5 min to a stream of cold air and the chromatogram was dipped[nm] [ng] [run] [ng]

20 485 20
in reagent 3 for 2 s and dried in a stream of cold air for 5 min.

Oryzalin 455 The chromatogram zones produced were brown for oryzalin (migration distance
Nitralin 444 20 48t 20

Dinitrarnin 440 200 452 100 4-6 mm) and nitralin (10-15 mm), yellowish-brown for dinitramin (18-22 mm) and

Pendimethalin 583 5 496 20 isopropalin (58-62 mm), blue for pendimethalin (38-42 mm), violet for butralin
.n t . " ••r ,~. . fa ."

Butralin 572 5 'lJ' .v '-C' ;

FluchLoralin 498 20 498 20 the background was colorless (Fig IA).

Isopropalin 437 20 44t 20 These chromatograms acquired a dark brown coloration within seconds if they were

Trifluralin 448 40 436 50 heated or exposed to UV light; the same effect was observed on covering the chromato-
gram with a glass plate!

The chromatogram was then placed in a twin-trough chamber with ca. 10 ml am-
menta,mUliull \",,0 OJ 'U tncrease <Il0 sensitivity ,"" , WHO'

Procedure Tested were red in the case of oryzalin, nitralin, dinitramin, pendimethalin, butralin and
fluchloralin and yellowish-brown in the case of isopropalin and trifluralin (Fig. IB).
The detection sensitivity was sometimes increased and sometimes decreased (Table I).

2,6-Dinitroaniline Herbicides [2] The colors obtained in this manner, and above all the pale background, were

one-aimensionaJ~
stabilized by dipping the chromatogram finally in a solution of liquid paraffin - n-

Method Ascending, ... hexane (1+ 2).
trough chamber without chamber saturation and with 10 min The detection limits are 20-200 ng substance per chromatogram zone (cf. Table I).
drying (cold air stream) after the first run.

Layer HPTLC plates Silica gel 60 (MERCK),that were prewashed by im- In situ quantitation: The adsorption photometric evaluation in reflectance, before ex-

mersing them in 2-propanol overnight and then drying at 1I0"C posure of the chromatograms to ammonia, was carried out at A= 460 nm (Fig. HA)

t . . <" . tmmediatelv before the first development the HPTLC and A- 580 nm (Fig. lIB), that after ammonia treatment at A- 490 nm (Fig. IIC).

plates were conditioned for 20 min at 30"70 relative humidity, e.g.

over sulfuric acid (50"70, gig).

Mobile pbase I. n-Hexane - toluene (17+10)
2. Toluene - methanol (85+15)

M;o....,;"n distance I. 8.5 em
2.1.5 ern

Running time I. 35 min
2.3 min

Detection and result: The chromatogram was dried for 10 min in a stream of cold air
• • • r'

and rnppea III reagent or" sa 'Ill'
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A

M 6
B

4 M 6

Reagent Sequence for:(A) and after additional treatment with ammonia vapor (B): 1 = oryzalin, 2 = nitralin,
3 = dinitramin, 4 = pendirnethalin, 5 = butralin, 6 = fluchloralin, 7 = isopropaHn, 8 = trifluralin,

M = mixture.

Fig I: Chromatogram of 2,6- imtroam De er ret

• 4-Nitrophenyl esters
e.g. thiophosphoric acid insecticides [I]

2 3
Preparation of the Reagents

Fig. II: Reflectance scans of a chromatogram track with 200 ng g each of oryzalin (I), nitralin (2),
pendimethalin (4), butralin (5), f1uchloralin (6), isopropalin (7), trifluralin (8) and of 1000 ng

zone' measurement at A=460 nm (A), 580 nm (B) and 490 nm

A B c

Reagent t

Reagent 2

Reagent 3

Reduction
Dipping solution 1: Make 10 ml titanium(lll) chloride solution
(c ~ 15% in 10"70 hydrochloric acid) up to 50 ml with acetone [I].

Diazotization
Di. in solution 2: Dissolve 0.5 g sodium nitrite in 10 ml water and
make up to 50 ml with a mixture of 8.5 ml hydrochloric acid (32%)

and 41.5 ml ethanol [I].

Coupling
Dipping solution 3: Dissolve 0.5 g N-(I-naphthyl)-ethylenediamine
dihydrochloride in 5 ml water and make up to 50 ml with ethanol [I].

(e); x ~ dipping fronts.
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Reaction tion 2 for 3 s or homogeneously sprayed with it and fmally, after drying in a stream

of warm air, they are dipped in reagent solution 3 for 3 s or homogeneously sprayed
with it.

Titanium(lII) chloride (particularly in slightly alkaline medi~m) reduces the p-ni~ro Thiophosphoric acid insecticides and benzodiazepines yield reddish to bluish-violet-

groups 0 r the truopnospnate msec iciaes 0 amino groups, w<Ucn ~_ """. ,,,,,.'ou :""" , ~~.,,"~.. . W'VHO» vac..gwunu.

nitrite in acid medium in a second step to yield a diazonium compou~das m~ermedlate.

Note: The reagent sequence can also be deployed in two stages with an intermediateThis is then coupled to N-(I-naphthyl)-ethylenediamine dihydrochloride to YI~ld an ~o
chromatographic development using the SRS technique (separation - reaction _d e (3). In the case of benzodiazepines the first reaction step includes an additional acid
separation) [2). When carrying out the acidic, reducing hydrolysis of benzodiazepinesh~drolYSis to the corresponding benzophenone derivative [2].
it is recommended that, after treatment with titanium(lII) chloride in hydrochloric acid,

+ .uc '~p.a.. ue covered witn a g ass prate ana treated to 100°C for ca. 10 min; after-

H ~ ;:xNH
2 nN=N wards the amines that have been formed can be released for subsequent separation by

"'I "'I
exposing the plate to ammonia vapor [2].N-C

NH, e-, 60 ~ + >-.
n -, W,TiCl3

N=N 60 The diazotization reaction can also be initiated via the vapor phase, e.g. with ethyl>-.1 /CH 2 ---

nitrite that can be generated in one trough of a twin-trough chamber by adding a fewO,N AN
drops of cone, hydrochloric acid to a mixture of ethanol and saturated aqueous sodiumf"
mtnte so tution (I +I) [3]; the less volatile amyl nitrite can be used as an alternative [3]."'v'

(2) (3) The detection limits for thiophosphoric acid insecticides are 100 ng and for ben-(I)
Diazonium compoundNitrazepam Aromat. amine

zodiazepines 20 ng substance per chromatogram zone.

The reagent can be employed on silica gel, kieselguhr, Si 50000, RP and cellolose
H-NH-CH2-CH2-NH2 I layers.

(3) + 2 -

~

I(4)

Procedure TestedN-( I-N aphthyL-)-ethylenediamine

H2N-CH2-CH2-NHnN=N-Q-N=NnNH-CH2-CH2-NH2
Organophosphorus Insecticides [lJ

~A co ~A

( A Method Ascending, one-dimensional development in a trough chamber
without chamber saturation.

(5)

LayerAzo dye
HPTLC plates Silica gel 60 F254 extra thin layer (MERCK).

MObile phase n-Hexane - diethyl ether - ethanol - ethyl acetate - formic
U,,"

Method
Migration distance 8cm

Running time 28 min
After the chromatograms have been freed from mobile phase in a stream of warm air

Detection and resnlt: The developed chromatogram was dried for 3 min in a stream offor 3 min they are immersed in dipping solution I for 3 s or homogeneously sprayed
• ~L •• on' Min. wo

erseo ror S10 nipping so ution I ana dned in a stream of warmnu.. ,""U _.



air. It was then immersed in dipping solution 2 for 3 s and finally treated with dipping

solution 3.
Azinphos methyl (hRf : 15-20), azinphos ethyl (hR f 20-25, parathion methyl (hRr=

40-45), fenitrothion (hR f : 45--50), parathion ethyl (hR f : 60-65) and phoxim (hRf :

60-65) appear as red-colored chromatogram zones on a co or ess ac groun
The detection limits are 80-100 ng substance per chromatogram zone.

In sitn quantitation: The absorption photometric evaluation in reflectance was carried

out at the wavelength A. = 550 nm (Fig. I).

2

5

c

Reagent Sequence for:

• Aromatic nitro compounds
e.g. dinitrophenyl derivatives of primary and secondary arnines

<Ii

I

Fi . I: Reflectance scan of a chromatogram track with 300 ng substance per chromatogram zone:
1 == azinphos methyl, 2 == azinphos ethyl. 3 == parathion methy • 4 == emtrot ron, == parat Ion

ethyl + phoxim.

Reagent 1

Reagent 2

Reagent 3

Reduction
Spray solution: Dilute I ml titanium(lII) chloride solution (c = ca.
15"1. in hydrochloric acid (10"1.» to 10 ml with hydrochloric acid
(20"1.) or sulfuric acid (20"1.) and mix with 10 ml pyridine and 5 ml
glacial acetic acid.

Diazotization

Nitrous fumes: These can be generated in one trough of a twin-trough
chamber by mixing a solution of I g sodium nitrite in 5 ml water with

Coupling
Spray solution: Dissolve 0.5 g N-(l-naphthyl)-ethylenediarnine di­
hydrochloride in 100 ml water, containing 2 drops cone. hydrochloric
acid.
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Reaction 3.4 Metal Complexes

Th_ dinitronhenvl derivatives are reduced by titanium(III) chloride in acidic medium The cations of some transition metals are electron acceptors that are capable of com-

in the first step of the reaction to the corresponding aromatic amines; these are then plexing with colorless organic compounds having electron donor properties. Colored

diazotized and coupled with N-(l-naphthyl)-ethylenediamine to yield an azo dye (cf. complexes are formed as a result of changes occurring in the electron orbitals of the

Fig. 21). central metal atom [4). The most important of these chelate formers are Cu 2+, Fe3+

and Co'+ ions, which have a great affinity for compounds containing oxygen or
nitrogen.

The freuuentlv used biuret reaction of nroteins results in the formation of the follow-

Method ing reddish-violet complex in alkaline medium [4, 25, 26]:

The dried chromatograms are first sprayed homogeneously with reagent I, then dried R °'t-l 0

for 2 to 3 min in the air and for ca. 10 min at 60°C in a drying cupboard until the ~N\r;;
pyridine has completely evaporated. Atterwaras tney are urie y sprayeu with " little c.u 2N,

hydrochloric acid (25%) and exposed to nitrous fumes (reagent 2) for several minutes. 1-j\;r-
Finally after removal of the excess nitrous fumes in a stream of cold air the

chromatograms are sprayed with reagent 3.
o RHo R

Blue-violet chromatogram zones are produced immediately on a pale background.

Note: This reagent sequence can be employed to great advantage after the prechromato- Aromatic ernano amine aerivatives, e.g. epnearine, aiso yiela mue-co oreo cne a es

graphic derivatization of primary and secondary amines with 2,4-dinitrofluoro- with Cu 2+ ions (CHEN-KAO reaction [4, 27]).

benzene; this makes for virtually specific detection of aliphatic amines. Mono- and polyhydric phenols and enols frequently form characteristically colored

The detection limits for the aliphatic amines methyl, ethyl and isopropylamine are complexes with Fe3+ ions [4, 28, 29]. Here monohydric phenols usually produce

a few nanograms substance per chromatogram zone. reddish-violet colors, while pyrocatechol derivatives yield green chelates [4]. Detection

Th, reacent can be cmnloved on silica gel, kieselguhr and Si 50000 layers. of acetone using LEGAL'S test is based on the formation of an iron complex [4]. The
Saineapplies to the thioglycolic acid reaction of the German Pharmacopoeia (DAB 9)
[4, 30].

The ZWIKKER reaction involving Co'+ salts is frequently used for the detection of
barbituric acid derivatives [31- 35], but some purine, pyridine and piperidine derivatives
and heterocyclic sulfonamides also yield colored derivatives. The ZWIKKER reaction is
particularly sensitive when it is possible to form a tetrahedral complex [Co(Barb), .
X,] (X - donor ligand, e.g. amine) [4].

--
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Reagent Sequence for:

• Mandelonitrile glycosides (cyanoglycosides)
e.g, amygdalin, prunasin, taxiphyllin, vicianin

Preparation of the Reagents

H2~-OH

+ ~ /\
R-C=N

Amygdalin: R= HO
HO

Method

H

r~-OH
/

R-C

cim

Amide oxime

CH,OH
o

OH \H,
HO~O
HO~O H

OH 6

R,
C-NH,O-N

t \, / \-R
'o--:-le"-NH
H2~ ?

C=N
It

Reagent 1

Reagent 2

Nncleophilic snbstitntion
Spray solution I: Add 9.5 g finely ground anhydrous potassium car­
bonate portionwise to an ice-cooled solution of 14 g hydroxylamine
hydrochloride in 20 ml water. When the evolution of CO, gas has
stopped add 80 ml ethanol. Stir for a further 30 min at O"Cand filter.
Th s ra solution 1 that is produced has a pH of 5.0 to 5.5 and may
be stored in the refrigerator for ca. 10 days.

Complex formation
Spray solution 2: Dissolve 1.5 g iron(III) chloride in 100ml methanol.

The dried chromatograms are first sprayed homogeneously with reagent 1 and then
allowed to stand at room temperature for 15 min. They are then sprayed homogeneous­
ly with reagent 2.

Mandel?nitri~e glycosid~s with D-configuration (e.g. prunasin, taxiphyllin, p-O-

w g
zones on a colorless background. L-isomers (e.g. sambunigrin, dhurrin, p-O-methyl­
dhurrin, neoamygdalin) gradually yield chromatogram zones that are pale brown in­
itially.

Note: The colors of the chromatogram zones produced by the mandelonitrile glycosides

Reaction

Firstly there is nucleophilic attack of the nitrile carbon atom by hydroxylamine. An
im is roduced: this then forms an intensely colored complex with the

iron(lII) chloride.

nge W[ [me: ose 0 t e -isomers turn stee ue WIt In an our, w le the L-
isomers turn reddish-brown during this time. It is possible to distinguish between 0­
and L-forms on the basis of these typical color differences and color changes, Both
isomeric forms have a dark brown color after about 24 hours.

The detection limits for mandelonitrile glycosides are 3 to 5 ug substance per
chromatogram zone.

e reagent can be employed on silica gel, kieselguhr and Si 50000 layers,
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3.5 Halochromism and Charge-Transfer Complexes

Numerous colorless organic compounds with extended n-electron systems can be con-
verted to colored cations or anions with polymethyne chromophors by protonation or
deprotonation. The intense coloration of the corresponding "salts" is usually at­
tributable to the fact that the lone pairs of electrons of the heteroatoms participate in
the mesomerism of the conjugated ll-electron systems [4].

The well-known BORNTRAGER reaction for the detection of 1,8-dihydroxyanthraqui­
Ie of such halochromism [36-38):

CTcomplex
Procaine+ 1,3,5-Trinitrobcnzene

CTcomplex
4-(Dimethylamino)-4'-( diethylamino)-diphenylmethane

(ARNOLD's reagent) + 1,3-DinilrObenzene

The reaction between 4-nitrophenacyl esters and DMSO/diethylamine, described by
KALLMAYER et al., is also a halochromic reaction [39].

Charge transfer complexes (CT complexes) primarily occur in planar organic

o

mo ecu es WIt conjuga e ll-e ec r

o

H
/ -,
000

3.6 Reagent Sequences with Complex Reaction
Patterns

In addition to the reagent sequences with clearly detectable reaction mechanism, which
have already been described, many sequences of reagents not covered by any of the
reaction types described have also found application in thin-layer chromatography. The
reaction sequences that remain to be described were all designed to provide as specific
a detection of the separated substances as possible.

CT complex:
lert.-Amine + Tetracyanc­

quinodimethane

CTcompLex:
Xanthydrol + DDT

Cfcomplcx:
Phenobarbital + Sodium

nitriteIH,S04
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Fluorescamine

RNH,

Reagent Sequence for:
Method

• Secondary amines
e.g. benzimidazole, sarcosine, morpho line The dried chromatograms are first sprayed homogeneously with reagent I and then

heated to 110"C for 15 min. After cooling to room temperature the layer is sprayed with
reagent 2 and then left in the dark at room temperature for 10 min. Finally the
chromato ram is s ra ed with reagent 3 and heated to 60"C for 5 min.

Observation under UV light (J,. = 254 or 365 nm) reveals intense fluorescent
chromatogram zones on a dark background.

of primary and secondary amines. Taurine is preferred as the essential component of
reagent 3 over the multiplicity of other possibilities because it produces intense
fluorescence; it is also not very volatile and is readily available. Amides and substances
with peptide linkages, e.g. hippuric acid, are not detected, neither are secondary amines
that are volatile at high temperatures.

Note: Primary amines yield fluorescent chromatogram zones even before the applica­
tion of reagent 3. Secondary amines do not yield fluorescent derivatives until they have

h rant se uence allows the ste wise detection

Spray solution I: 0.05 mol sodium borate buffer (pH 10.5).

Reaction

Reagent 2 Spray solution 2: Dissolve 20 mg fluorescamine in 100 ml acetone.

Reagent 3 : . mo aurine in .

Reagent 1

Fluorescamine reacts directly with primary amines to yield fluorescent derivatives of
the general formula I. On the other hand, secondary amines react in weakly basic
medium to yield nonfluorescent derivatives of type II; after the hydrolysis of excess
fluorescarnin these are converted to fluorescent products of type I by reaction with
a primary amine, e.g. taurine.

the layer, e.g. by heating the chromatogram (10 min 110"C). The first reagent treat­
ment, including the heat treatment, should be carried out twice if a mobile phase con­
taining acetic acid is used for development.

The detection limits for secondary amines lie between 2 ng (morpholine) and 500 ng
(benzimidazole) substance per chromatogram zone.

se



Preparation of the Reagents

Reagent 1

Reagent 2

Reagent 3

Reaction

Spray solution 1: Dissolve 2 g l-chloro-2,4-dinitrobenzene in 100 ml
ethanol.

Spray solution 2: Dissolve 12 g sodium hydroxide pellets in 100 ml
methanol.

Ammonia vapor: Concentrated ammonia solution in the free trough
of a twin-trough chamber.

on a colorless to slightly yeJlow background.

Note: The colors of the chromatogram zones fade relatively Quickly. A temperature of
1800C should not be exceeded in the first heating step, otherwise the sensitivity of
detection will be reduced.

The detection limits for nicotinic acid and nicotinamide are 200 ng substance per
chromatogram zone.

Nicotinic acid and related compounds react with l-chloro-2,4-dinitrobenzene in the

decarboxylates at elevated temperature. In alkaline medium this derivative first adds an

hydroxyl ion and then undergoes ring opening to yield the colored derivative II.

126 3 Reagent Sequences

+
Cl

ANa,
y

NO,

Method

3.6 Reagent Sequences with Complex Reaction Patterns

r COOH
+1
N ct 2NaOH

<rNa, --=NaCI
I -H,D

""-

NO,

1\

127

• Vitamins
po 0 nir-rrrinir- ar-id rrir-ofinarnirle
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• Univalent inorganic anions
e.g. chloride, bromide, iodide, nitrate, thiocyanate

Preparation of the Reagents

tetraphenylhydrazine, which then undergoes a benzidine rearrangement and the product
is oxidized to a blue-colored N,N'-diphenyldiphenoquinonediimine sulfate. In sulfuric
acid medium iodide and bromide are oxidized to the elementary halogens, which are
also probably capable of oxidizing diphenylamine to colored derivatives. On the other

v r e amine comp ex reagen
to yield elementary silver, which produces brownish-black chromatogram zones.

The dried chromatograms are sprayed homogeneously with reagent I and then with
reagent 2 and finally dried in a stream of warm air for 5 to 10 min.

Chromatogram zones of various colors are produced (bromide: yellow, iodide: pale
re • t rocyanate: re , mtrate: ue and chloride: black) on a colorless background.

Note: The reagent can be employed on silica gel, kieselguhr and Si 50000 layers.

Reagent 1

Reagent 2

Reaction

Spray solution 1: Dissolve 1 g iron(II1) chloride and 1 g diphenyl-
amine In m cone. su une aci .

Spray solution 2: Ammoniacal silver nitrate solution (precise composi­
tion not specified).

The mechanism of the reaction has not been elucidated. Presumably several reactions
occur simultaneously. Thiocyanates react with iron(II1) salts with the formation of red-
co ore comp exes. n su unc aci me urnnt ra e or nt n e OX) ze p eny amine 0



Reagent Sequence for:

• Amino acids

HO

N=C=S

Fluorescein isothiocyanate

Method

H
I

R-C-COONa
I

Aminoacid

HO

N R
I I

S=C-NH-CH-COONa

Fluorescein thiourea derivative

Preparation of the Reagents

Reagent 1

Reagent 2

Reaction

Formation of thiourea derivatives
Spray solution 1: Dissolve 10 mg fluorescein isothiocyanate in 100 ml
0.1 mol sodium hydroxide solution.

Ninhydrin solution
Spray solution 2: Dissolve 250 mg ninhydrin in 100 ml acetone.

The chromatograms dried in a stream of warm air are first sprayed homogeneously with

n e 0 or mm, er coo mg 0 room temperature ey
are sprayed with reagent 2 and dried in a stream of cold air. Finally they are heated
again to 90 °C for 10 min.

The reagent sequence produces colored chromatogram zones of substance-dependent
color, some of which appear before the final heating step. The background remains col­
orless. Some of the zones fluoresce with various colors, when examined under UV light

= 8 nm.

Note: This reagent sequence is less sensitive than ninhydrin alone. However, it possesses
the advantage that the colors produced by the individual amino acids vary (Table I),
whereas ninhydrin alone only produces reddish-violet colored zones.

The visual detection limits are 0.3 to I ug substance per chromato ram zone.
The reagent can be employed on silica gel, kieselguhr and Si 50000 layers.

The amino acids probably react with the fluorescein isothiocyanate to yield fluorescein
thiourea derivatives. These are hydrolyzed at elevated temperature in alkaline medium
so that the amino groups that are produced can then react with ninhydrin.



c i n P, terns 133

Table 1: Color reactionsof amino acids with fluoresceinisothioeyanate - ninhydrin(extract from
original table).

Color of the chromatogram woes in visible light
Beforeheating After heatingAmino acid

Alanine
Arginine
Asparagine
Aspartic acid
Cysteine
Cystine
Hy QXYPro me
Lysine
Proline
Serine

grayish-pink
mauve
yellow-orange
pale mauve
mauve
light beige

mauve
straw-colored
pink-violet

gray
grayish-pink
orange-yellow
dark violet
brown
yellow

grayish-pink
deep yellow
grayish-pink Reagent Sequence for:

e.g. threonine and allo-threonine

Preparation of the Reagents

Reagent 1

Rea ent 2

Reaction

Condensation and decarboxylation
Spray solution 1: Dissolve 0.4 g ninhydrin and 5 ml 2.4.6-collidine in
2-propanol and make up to 100 ml.

De rotonation
Spray solution 2: I percent ethanolic potassium hydroxide solution.

The mechanism of the fluorescence reaction has not been elucidated. See Volume I a
"Ninhydrin - Collidine Reagent" for the ninhydrin reaction.
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Method

begin to be transparent and then heated to 80 'C for 20 min. After cooling to room
temperature the layers are sprayed several times with reagent 2. After this treatment the
chromatograms are stored for an extended period (24 h or longer), under the influence
of daylight, in a twin-trough chamber, whose spare trough is filled with 72 percent

glycerol (by volume).

red fluorescent chromatogram zones on a dark background for threonine and allo­

threonine.

Note: Detection is reported to be specific for threonine and allo-threonine. The
presence of collidine in reagent I is reported to have a favorable effect on the produc-
tion 0 t e uorescence. en t e su s ce coneen ra ion is ig
only occurs at the outer edges of the chromatogram zones (quenching as a result of high
concentration). Immediately after treatment with reagent 2 threonine and allo-threo­
nine produce characteristic pale green or sometimes yellow green to dirty blue-green
fluorescence emissions in long-wavelength UV light (),. = 365 urn), but these are only
visible for 10 to 20 min.

The detection limits for threonine and allo-threonine are less than I ng su stance
per chromatogram zone.

The reagent can be employed on cellulose layers.

• Pharmaceuticals and metabolites
e.g. diuretics, antihypertensives

such as chlorothiazide, hydrochlorothiazide, methyldopa

Preparation of the Reagents

Reagent 1

Reagent 2

Spray solution 1: Treat I ml of a platinum chloride solution (5"10) with
1.5g potassium iodide and mix with 3 ml cone. hydrochloric acid and
II ml water.

Spray solution 2: Sodium hydroxide (c = I moliL).

S ra solution 3: A saturated solution of 1,2-naphthoquinone-4-
sulfonic acid sodium salt in ethanol - water (I + I).
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Reaction

The mechanism of the reaction has not been elucidated.

Method

The chromatograms are dried in a stream of warm air, then lightly sprayed successively
with reagent I and reagent 2, followed by reagent 3. Finally they are heated to 110°C
for 5 to 10 min.

Chlorothiazide, hydrochlorothiazide and methyldopa produce pink-colored chroma­
togram zones on a pale background.

Note: The three reagents should be applied as quickly as possible after each other. In
combination with the Rf value, and with UV detection before application of the
reagent sequence this procedure allows the identification of therapeutic quantities of
thiazide diuretics and methyldopa in urine together with a series of other therapeutic
agents. Mobile phase residues e.g. acetic acid, should be completely removed from the

Reagent Sequence for:

• Nitrogen-containing compounds
e.g. alkaloids

such as cocaine, lidocaine

Preparation of the Reagentschromatograms be ore application 0 t e reagent sequence.
The detection limits for chlorothiazide, hydrochlorothiazide and methyldopa are 5 ug

substance per milliliter urine (working with 5 ml samples).
The reagent can be employed on silica gel, kieselguhr and Si 50000 layers.

Reagent 1

Reagent 2

Spray solution 1: Sulfuric acid (5"10).

Spray solution 2: Treat 3 ml hexachloro latinic IV acid solution
(10"10) with 100 ml aqueous potassium iodide solution (6"10) and dilute
with 97 ml water.

The reaction is a redox reaction whose individual steps have not been elucidated.
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Method References

The dried chromatograms are first sprayed homogeneously with reagent I and then [I] Schwenker, G.: Arch. Pharm. 1965, 298, 826-838.

oversprayed with reagent 2. IZI Kovar, K.-A., Pichler, H., Pieper, R., Walter, D.: Identifisierung von Arznetstoffen,

Cocaine and lidocaine instantly produce purple-blue chromatogram zones on a col-
WissenschaftL verlagsgesellscbaft, 5. Aufl., S. 65, Stuttgart 1985.

orless background.
[3] Kovar, K.-A., Schlecht, I., Weber, R., Guarnieri, A., Varoli, L.: Arch. Pharm. 1985,318,

149-157.
[4] Pindur, 0., Witzel, H.: Disch. Apoth. Zig. 1988, 128,2127-2136.

Note: The colors of the chromatogram zones change gradually and peripheral rings of [5] Stead, A. H., Gill, R., Wright,T., Gibbs, J.P., Moffat, A.C: Analysl1982,I07, 1106-1168.

color form. The lidocaine zone. for example, becomes brown with a blue-gray ring and [6] Kaess, A., Mathis, C: Ann. pharmac. franc. 1966, 24, 753-762.

the cocaine zone becomes brown with a very weak purple ring, that becomes paler with [7] Mathis, C, Ourisson, G.: J. Chromatogr. 1963, 12, 94-96.

time. When the cocaine and lidocaine zones are not adequately separated a
[8] Kaess, A., Mathis, C: Ann. pharmac. franc. 1965, 23, 267-274; 739-747.

characteristic blue-gray band-shaped zone appears above the lidocaine and becomes
[9] Jork, H., Funk, W., Fischer,W., Wimmer,H.: Thin-layer Chromatography Reagents and

Detection Methods, VoL 1a, VCH-Verlagsgesellschaft, Weinheim, Cambridge, New York,
more emphatic as the cocaine zone disappears with time. 1990.

The color differences between lidocaine and cocaine zones become clearly apparent [10] Pindur, 0.: Pharm. Unserer Zeit 1982, JI, 74-82.
of, • oro dohl , fnr ohn.. ' , " Th~, _,." " nnoo:"o • 0_0" __ ,_" rill Rehse, K. Kawerau H. n.: A~h Pharm 10'. M7 a,. -04'

lidocaine in mixtures, even when the two substances are scarcely separated from each [12] Muller,A. in Hartke, K., Mutschler, E. : DAB 9 Kommentar: Wissenschaftliche Verlagsgesell-

other.
schaft, Stuttgart 1988.

The reagent can be employed on silica gel, kieselguhr, Si 50000, RP and cellulose
[13] Erhardt, P. W., Smith, R. V., Sayther,T. T., Keiser, J. E. J. Chromatogr. 1976, Jl6, 218-224.
[14] Rehse, K.: Naturwissenscbaften 1968, 55, 390.

layers. [IS] Rehse,,I(.: Arch. Pharm. 1972, 305, 625-629.

~~~! Rehse, ~~: ~rch.:. Pharm._~96~, 302, 4~7-494.
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[19] Kimura, M., Kawata, M., Akiyama, K., Harita, K., Miura, T.: Chem. Pharm, Bull. 1973,

21, 1720-1726; 1741-1746.
[20] Auterhoff, H.: Disch. Apoth. Zig. 1962, 102, 765-767.
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[26] Freeman, H. C, Smith, W. L., Taylor, J. C: Nature 1959, 184, 707-710.
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Acridine Orange Reagent

Reagent for:

• Dicarboxylic acids.. . " ". .
• Aryl- and heteroarylpropionic acids

e.g. carprofen, naproxen [3]

~H C I /CH3
3 'N ~ N s-, N+ Cl "

CH, CH,

C17HzoCIN3

M,= 301.82

Preparation of the Reagent

~. 'nn" .
·...,"u~ .muunu u .... .~ '" "5' ..". . .

]00 ml ethanol [3].

Spray solution Dissolve 0.05 g acridine orange in ]00 ml ethanol [I, 2].

Storage The reagent solutions may be stored for a longer period.

Substances Acridine orange
Ethanol
Hydrochloric acid (32"10)

--



--

Acrtdtne urunge ".ag.'"1'1'1 ..."uu, ~,u"5< "<u5e", ~J

Reaction Table 1: Fluorescence colors of the chromatogram zones and of the layer background as a func-
tion of the reagent employed and of the excitationwavelength [I].

Fluorescence excitation at: 254 om 365 nm
Acridine oranze chanaes its fluorescence color from pale yellow-green to yellow in a rnlnr nf· 7_ 7.

specific pH range (pH 8 10) [1,4].
Acridine pale blue yellow-green pale blue pale yellow

~CI- .o.c. 9-Phenylacridine blue-green yellow blue-green yellow
H3C, ~ I ~ +/CH 3

~
H3C., s-, I ... h .......CH3 Acridine orange yellow-green red-violet yellow-green red

N N N N N N Dibenz[aj]acridine deep blue pale blue deep blue pale blueH,C/ H "CH, H
3C/

"TH3
9-Phenoxyacridine deep blue pale blue deep blue pale blue
D_ ..
9-(m-Methylphenoxy)acridine deep blue pale blue deep blue pale blue
9-(p-Aminophenoxy)acridine deep blue pale blue deep blue pale blue

Method

~L <. <. "" ""or, ." ,~'"~-

perature, immersed in the dipping solution for 2 s or homogeneously sprayed with the Procedure Tested
spray solution, dried in a stream of cold air for 10 min and then heated to 120°C for

30 min [I].
Observation under short- and long-wavelength UV light (1.. = 254 urn or 365 nm) re- Carprofen and Naproxen [3]

veals yellow to orange fluorescent chromatogram zones on a yellow-green fluorescent

oacxgrounc. lnemuu M.scenuing, one-uimensionar ueveiopment III a rougn cnamner
with chamber saturation. After sample application the HPTLC

Note: Other acridine derivatives can be used as reagents instead of acridine orange plate was preconditioned for 30 min in the mobile phase-free
(Table I) [I, 5]. The detection limits lie between a few ng and 100 ng substance per chro- trough of a twin-trough chamber (without filter paper lining).
matogram zone depending on the substance [I, 3]. If 2-methoxy-9-isothiocyanato-

Layer HPTLC plates Silica gel 60 (MERCK).
acridine is used as reagent fatty acids can also be detected, whereby the visual detection
limits are in the nanogram range at U.I ug SUbstance per cnrornatogram zone PJ· monue pnase Hexane dretnyl etner i-outanot ethyl acetate

The reagent can, for instance, be employed on silica gel, paraffin-impregnated silica (65+15+11+9).

gel, kieselguhr and Si 50000 layers. Migration distance 6 cm

Running time 20 min

uetecnon and result: rne developed chromatogram was dried for 30 min at 120°C,
cooled to room temperature and immersed in the dipping solution for 2 s. Then it was
dried in a stream of cold air for 5-10 min.

On visual inspection in daylight carprofen (hR f 40-45) was recognizable as a
pink-colored chromatogram zone on a yellow background. In long-wavelength UV light
(1.. ~ 365 urn) carprofen appeared as an orange and naproxen (hR f 55-60) as a yellow
tluorescent chromatogram zone on a yellow-greenish fluorescent background.
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In sitn qnantitation: For fluorimetric evaluation there was excitation at Aexc = 313 nm Ammonium Monovanadate-
and the fluorescence emission was measured at An = 365 nm (monochromatic filter

p-Anisidine ReagentM 365). This arrangement yielded the most intense signals. (The emission beam at
• • • ~OD .hon .hD vi,ih]p vellow fluorescence. \ Further

treatment of the chromatogram with liquid paraffin - n-hexane (I +2) is not to be rec-

ommended.
The photometric detection limit of carprofen was at 4 ng substance per chromato-

gram zone; 100 ng substance per chromatogram zone could be detected visually.

1
Reagent for:

• Phenols [1- 3]

H2N'O--
I h CH,

0/

''ltt.vv, "'7n9 'v

M, ~ 116.98 Mr = 123.16

Ammonium monovanadate p-Anisidine

2

c;

C 0

Vi u:
I "-J ,..I

Preparation of the Reagent

Fig. 1: Fluorescence scan of a chromatogram track with 200 ng each of carprofen (1) and Solution I Dissolve 2.5 g ammonium monovanadate (ammonium metavana-
naproxen ~L.) per cnroma date) in 20 ml water and add 20 ml ethanol. Filter off the precipi-

tate that is formed.

Solution II Dissolve 0.5 g p-anisidine in 50 ml ethanol, add 2 ml phosphoric

References acid (85 "'0) and make up to 100 ml with ethanol. Filter off the pre-
cipitate that is formed.

[I] Siirbu, c., Horn, M., Marutoio, c.: 1 Chromatogr. 1983,281, 345-347.
Dipping solution Mix equal volumes of solutions I and II immediately before use.

[2) Kreuzig, F. in: L. R. Treiber, Quantitative TLC and its Industrial Applications, Chromo Science Storage Reagent solutions I and II may be stored for a longer period.
Series(J. C02es, Ed.),Vol. 36 S. 262-263, MarcelDekker, NewYork, Basel,Hong Kong,1986.

Substances Ammonium monovanadate3] Honermann, D.: Thesis, Fachhochschule GieBen-Friedberg, Fachbereich Technisches Gesund-

heitsesen, 1991. Ethanol absolute
[4] Jork, H., Funk, W., Fischer, W., Wimmer, H.: Thin-layer Chron:atogrophy - Reagents and p-Anisidine

Detection MetnUll>, o. a, p. , "U ". Phosphoric acid (85 %)
[5] Sarbu, C., Coman, V., Marutoiu, c.. 1 Planar Chromatogr. 1991,4, 325-326.

-
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Reaction Layer HPTLC plates Silica gel 60 (MERCK); before application of the
samples the layer was developed once to its upper edge with chlo-
roform - methanol (50 + 50) to precleanse it and then dried at

. ,h, e nre- 110°C for 30 min.

:~~a~~;'~xidizes the phenols to quinones, that then react with p-anisidine to form Mobile phase Toluene

quinonimines. Migration distance 6cm

0- NH.vo, =0 -0-- Running time 10 min~ h OH-.-.-O O+2H2N OCH3 _ 2 H OOxidation - - 2

~.

,...." .~ ~.
and immersed in the dipping solution for 2 s, dried for 2 min in a stream of warm air

CH,o--O-N=ON-o-OCH3 and heated for 1 min to 110°C (Thermoplate DESAGA). 2,5-Dimethylphenol (hRr
25-30) and 2,6-dimethylphenol (hRr 40-45) appeared as turquoise-colored chromato-

Quinonimine gram zones on a violet background and were converted to blue-violet zones on a
flesh-colored background on exposure to ammonia vapor for 5 min.

In situ quantitation: The absorption photometric scan in reflectance was carried out

Method at A, = 590 nm after exposure to ammonia vapor. The detection limits were 20 ng sub-
stance per chromatogram zone (Fig. I).

e- HI • ;n. drpO~ nf ~rm air and then immersed in 2

the dipping solution for 2 s or sprayed homogeneously with it, dried for 2 min in a ,
stream of warm air and then heated to 110°C for 1 min.

Dimethylphenols yield turquoise-colored chromatogram zones on a violet back-
ground, that are converted to blue-violet zones on a flesh-colored background on brief

exposure to ammonia vapor.

Note: The detection limits are 20 ng substance per chromatogram zone.
The reagent can, for instance, be employed on silica gel, kieselguhr and on Si 50000 C

c o

layers. iii u:

I I
Procedure Tested Fig. 1: Reflectance scan of a chromatogram track with 200 ng substance per chromatogram zone:

1~ 2.5-dimethylphenol. 2 = 2,6-dimethylphenoL

Dimetbylpbenols [1-3]

,,_.L ... • o~pn";nn nnp_ in a trouzh chamber

without chamber saturation.

I
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References Ammonium Thiocyanate Reagent

rr M ••• C P .. n> w . Priva e communication Fachhochschule Gie8en FachbereichTechnisches
(Ammonium Rhodanide Reagent)

Gesundheitswesen, 1989.
[2J Hoffmann, A., Funk, W.: OTT Fachz. Lab. Supplement 3 "Chromatographic" 1988, 12-19.
[3J Hoffmann, A.: Thesis, Fachhochschule GieBen, FachbereichTechnisches Gesundheitswesen,

1987.

Reagent for:

• Cations NH 4SCN
e.g. cobalt(II), iron(III) [I] CH4N2S

rhenium(VII), molybdenum(VI), vanadium(V) [2] M,= 76.12

Preparation of the Reagent

" .... -6 ._--- ~'ooV' ...... ••U .,J UU ,,~~'uuo "HU

add 5 ml glacial acetic acid [I].

Storage The dipping solution may be stored for at least I week.

Substances Ammonium thiocyanate
Acetone

~"'" a"u \'~ ""J

Reaction

Thiocyanate ions form stable complex salts, e. g. intense red with iron (III) and pale blue
with cobalt(II) cations.



152 Ammonium Thiocyanate Reagent
Ammonium J niocyana e~eagen J)j

Method
Detection and result: The developed chromatogram was dried for ca. 5 min in a stream
of cold air, immersed in the dipping solution for 2 s and then dried for 3 min in a

stream of cold air.

The chromatogram is freed from mobile phase, immersed 10 me uip . , 'u,
Cobalttll) ions thR< 65-70\ yielded pale blue and iron(IlI) ions (hRr 85 90) red-

2 s or homogenoeously sprayed' with it and then dried for 3 min in a stream of cold air.
brown chromatogram zones on a colorless background. The detection limits per chro-

Cobalt produces pale blue and iron red-brown chromatogram zones on a colorless
matogram zone were 2 ng for iron and 20 ng for cobalt.

background. In situ quantitation: The absorption photometric scan in reflectance was carried out

Note: Substances that form more stable colorless complexes with the metal ions (e.g.
at A.max = 610 nm for cobalt and at A.max = 480 nm for iron (Figure I).

EDTA, phosphates, phosphonic acids etc.) than thiocyanate interfere with the reacllon.
Re(VII), Mo(Vl) and V(V) cations are detected by first spraying the chromatogram

with tin(lI) chloride solution (10% in 6 N hydrochloric acid) and then with ammonium
thiocyanate solution (5001. in water). This leads to the formation of orange, pink or yel-

low-colored complexes [2].
Th_ o 1;~;" fnr iron and cobalt cations on cellulose layers are 2 and 20 ng

substance per chromatogram zone [I].
The reagent can be used, for example, on aluminium oxide and on cellulose layers.

~

• I u::"u::u
0

~If
"E
0

iii a u:
Iron(III) and Cobalt(I1) Ions tu I iii I

'- I
Metbod Ascending, one-dimensiona oeveiopment iu a HUUgu ~..u_, B

with chamber saturation.

Layer HPILC plates Cellulose FZ54' (MERCK); before application of

Fig. 1: Reflectance scans of a chromatogramtrack with 200 ng cobalt(lI) chloride and 50 ng
iron(lII) chlorideper chromatogramzone.A) scannnedat .. = 610nm and B)at .. = 480 nm (dif-

the samples the layer was developed once to its upper edge with
ferent reproduction scales!): 1= cobalt(lI) ions, 2 = iron(lII) ions

chloroform - methanol (50 + 50) to precleanse it and then dried
O~ e, >< .

Mobile pbase Methanol - hydrochloric acid (32%) - water (80+ 16+4).

Migration distance 5 em
References

Running time 30 min
III Netz, S., Funk, W., Fachhochschule GieBen, Fachbereich 'Iechniscbes Gesundheitswesen

. .. - '

[21 Gaibakian, D. S., Rozylo, 1., Janicka, M.: J. Liq. Chromatogr. 1985,8, 2969-2989.



4,4'-Bis(dimethylamino)­
thiobenzophenone Reagent

(Michler's Tliioketone)

4,4'-Bisfdimethylaminojthiobenzophenone Reagent 155

Reaction

The reaction has not been elucidated. Presumably MICHLER'S thioketone reacts with

organomercury compouuus lU yield intensely .u, . . ",

methane derivatives.

Reagent for:

• Organomercury compounds [1-5]

Preparation of the Reagent

TH3 TH3Nopr-N,
H C' I I CH,

3 """ '"

s
C 17H2oN2S

M, = 284.43

'. 3

Method

The developed chromatogram is dried in a stream of cold air, immersed in the dipping
solution for 2 s, then dried in a stream of warm air for 5 min and heated to 110°C for

1- 2 min until the coloration reaches its maximum.
Violet chromatogram zones are formed on a pale yellow to pale green background.

Note: The detection limits are 1-2 ng substance per chromatogram zone.
The reagent can be used, for example, on silica gel, kieselguhr and Si 50000 layers.

Stock solution Dissolve I g 4,4'-bis(dimethylamino)thiobenzophenone (MICHLER'S
. ,~

Dipping solution Dilute I ml stock solution to 100 ml with chloroform.

Storage The stock solution is stable for several weeks in the refrigerator.
The dipping solution is light-sensitive and should, therefore, always

be made up fresh.

Procedure Tested

Organomercury Compounds [1-3J

Substances 4,4'-Bis(dimethylamino)thiobenzophenone
Chloroform

Method

Layer

Ascending, one-dimensional development in a trough chamber

without chamber saturation.

HPILC plates Silica gel 60 (MERCK); before application of the
samples the layer was developed once to its upper edge with chlo­
roform - methanol (50 + 50) to precleanse it and then dried at

IIU 'u,



- , ..
ago ago

Mobile phase n-Hexane - diisopropyl ether - tetrahydrofuran (85+10+5). References
Migration distance 5 em

Running time 16 min [I] Enders,A.: Thesis,Fachhochschule Gielsen, Fachbereich Technisches Gesundheitswesen 1989.
LZrFuilK, W., Cleres, L., Enders,A., t'ltzer, H., xornapp, M. m enscne. . , Laubereau, .G.

Detection and resnlt: The chromatogram was freed from mobile phase for 15 min in (Hrsg.): Water Pollution Research Report 17, Commission of the European Communities
1989.

a stream of cold air and immersed in the dipping solution for 2 s, dried for 5 min in [3] Funk, W., Enders, A., Donnevert, G.: J. Planar Chromatogr. 1989,2, 282-284.
a stream of warm air and then heated to 1l0-130"C for 1-2 min, until the color of the [4] WestM,G.: Acta Chern. Scand. 1'Hi6,20, 2131-2137.
chromatogram zones reached maximum intensity. [5] Fishbein, L.: Chromatogr. Rev. 1970, 13, 83-162.

Methylmercuric chloride (hR f 20-25), ethylmercuric chloride (hR f 25-30),
phenylmercuric chloride (hR f 35-40), dimethylmercury (hR f 65-70) and diphenylmer-
cury (hR f 75-80) appeared as violet zones on a pale yellow to pale green background.

Note: With the mobile phase described a pale colored B-front appeared at hR f 5-10,
but it did not affect the interpretation of the chromatogram.

In situ quantitation: The absorption photometric scan in reflectance was carried out
at )"= 560 urn. The detection limits lie between 1 and 2 ng substance per chromatogram
zone.

2

1
5

4

a

~\
'E

iii f1)
'/ '--:I' "----.:

Fig. I: Reflectance scan of a chromatogram track with 30 ng substance(calculated as Hg) per
chromatogram zone: I ~ methylrnercuric chloride, 2 ~ ethylmercuric chloride, 3 = phenyl-
mercuric chloride, 4 = dimethylmercury, 5 = diphenylmercury
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N-Bromosuccinimide Reagent Reaction

The mechanism of the reaction has not yet been elucidated [4]. In the case of
)-hyaroxyIlavonoias i IS assumeu tna coioreo aooucrs are ormea [1J.

Reagent for: ,/OH Honol OH

u-Hydroxyquinones, 5-hydroxyflavones [i] HOnO
I
I: + .c-• ::;rn;- : I I• Amino acids Z-nrotected amino acids I

6H g un ?
Utt

e.g. histidine and histidine derivatives [2, 3] °',carnosine [2]
OVO

O~O
Quercetin jq-Bromosuccinimide Colored adduct

Br

C4H4BrN02

Mr = i77.99

Method

Preparation of the Reagent
The chromatograms are freed from mobile phase in a stream of warm air, immersed
in the dipping solution for 3 s or homogeneously sprayed with the spray solution and
then heated to i20°C for 20 min.

This yields yellow to brownish colored chromatogram zones, which emit pale blue
Dinnino solution Dissolve n ~ • N_ ..

IIVl '" .. '''' .-

Spray solution Dissolve 0.5 g N-bromosuccinimide in 25 ml i-butanol lll-
(A. = 365 nm).

Storage The reagent solutions may be stored for ca. i week in the refriger- Note: The detection limits for a-hydroxyquinones and 5-hydroxyflavones are 5 ~g [i]
ator [3]. and for histidine 20 ng substance per chromatogram zone [3].

Substances N-Bromosuccinimide The reagent can be used on silica gel, kieselguhr, Si 50000 and cellulose layers.

Acetone
i-Butanol



orn sr: .. D.
- . .

rrceagenr 101

Procedure Tested References

Histidine and N-a-Z-L-Histidine [3] [IJ Tiwari,K. P., Masood, M.: Indian J. Chem. Sect. H, 1979, 18H, 97-98; Chem. Abstr. 1979,
91, 116888d.

Method Ascending, one-dimensional development in a trough chamber [2] Carlo Erba, CompanyliteratureDerivatizing Agents, p, 79.
[3J zeller, M.: Private communication, Ciba-Geigy AG, Zentrale Analytik/FD 2.3, K-I27.270,

with chamber saturation. Basel, 1991.

Layer TLC plates Silica gel 60 F254 (MERCK).
[4J Brand, L., Shaltiel,S.: Biochem. Biophys. Acta 1964,88, 338-351.

Mobile phase Chloroform - methanol - ammonia solution (320J0)
(20+16+10).

Migration distance 7cm

Running time 30 min

Detection and result: The chromatogram was freed from mobile phase in a stream of
warm air for 15 min, immersed in the dipping solution for 3 s, dried in a stream of cold
air for 5 min and then heated to 120°C for 20 min. Finally, the chromatogram was im-
mersed for 2 s in a solution of liquid paraffin - n-hexane (I + 2) in order to stabilize
and enhance the fluorescence (factor ca. 4).

Histidine (hR f 35-40) and N-a-2-L-histidine (hR f 45-50) yielded brown chromato-
"ram zones with' nol. hi ' • -
UV light (A= 365 nm). The detection limits lay at 20 ng substance per chromatogram
zone.

In situ quantitation: Fluorimetric evaluation was carried out with excitation at
Aex, = 365 nm and the fluorescence emission was measured at An > 400 nm (cut off fil-

v.nn,

1

C
2 0

0 U::

I VLJ
Fig. 1: Fluorescence scanof a chromatogram trackwith200 ngeach of histidine(I) and N-a-Z-L-
histidine(2) per chromatogram zone.

-
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N-Bromosuccinimide-Robinetin Substances N-Bromosuccinimide
Robinetin

Reagent Ethanol
Acetone
mUHliH~

Carbon tetrachloride

Reaction

Reagent for: It is assumed that the hydrogen bromide released on the oxidation of thiophosphoric

• Pesticides
acid insecticides with N-bromosuccinimide or bromine vapors forms intensely fluores-

e.g. thiophosphoric acid insecticides [I, 2]
cent salt-like derivatives with 3-hydroxyflavones - such as robinetin [I, 2, 4].

,;500 OH

~n
H0Ylr0 I: Bra

OH

"I I OH ~ ,.,+ '" I
I ~

OH
~,

Uti

Br OH

C4H4BrN02 C15H lOO, OH

M, ~ 177.99 M, = 302.23

N-Bromosuccinimide Robinetin

Preparation of the Reagent
Method

Solution I Make 3.2 ml bromine up to 100 ml with carbon tetrachloride in
The chromatograms are freed from mobile phase in a stream of warm air and then at
105DC for 5 min, immersed in the dipping solution I for 3 s [3] or placed still warm

a measuring cylinder [I]. for 10 s in a twin-trough chamber, whose vacant trough has been filled with 10 ml of

Dipping solution I Dissolve 50 mg N-bromosuccinimide in 50 ml acetone [3]. solution I [5, 6]. Then after drying in a stream of cold air (after evaporation of the ex-

-- <fl • ~fl f1l
cessive bromine vapor) the chromatograms arc immersed in dipping solution II for 3 s

m ....'R" .. "0
.., . .. ..

U> ~V~IllY sprayeu <U H limH <U~ '''Y~'' U~l"H

Storage The dipping solutions may be stored in the refrigerator at 4 DCfor 105DC for 5 min.

ca. 2 weeks [3]. In long-wavelength UV light (A,= 365 nm) yellow-green fluorescent chromatogram
zones arc visible on a weakly fluorescent background.



,n ,,-, _ D~h;., ;. Dnna .. _n_~' n. "-0'

Note: A range of pesticides can be detected on cellulose layers using 3-hydroxyflavones In situ quantitation: The fluorimetric evaluation was carried out at A.exe = 365 nm and
without prior bromination. Thus, the natural fluorescence of robinetin or fisetin, which the fluorescence emission A.fl >430 nm was measured (cut off filter Fl 43).

is weak in a non-polar environment, is significantly enhanced by the presence of polar
pesticides [2, 5, 7, 8].

I ne detection nrruts ror truopnospnate msecucioes are 40- lW ng suostance per cnro-

matogram zone [I].
The reagent can be used on silica gel, kieselguhr, Si 50000 and cellulose layers.

,

2

Procedure Tested 8

3
5

Tbiopbospboric Acid Insecticides [3]

...n .....d 'oan.";., ,n_ . ;.. ,na" "".~hn, C

without chamber saturation.
0 LLV;

Layer HPTLC plates Silica gel 60 F2, . , extra thin layer (MERCK), that 1 4 91
had been prewashed by immersing overnight in 2-propanol and 7

Mthen dried at 1I0°C for 30 min .

..
UJ

t~acid (543 + 200+ 130+ 127+ 1).

Migration distance 8cm V

Running time 35 min Fig. 1: Fluorescence scan of a chromatogram track with 300 ng of each substance per chromate-
gram zone:
I - oxvdemeton-methvl 2 - omethoate, 3 - demeton-S-methvlsulfon, 4 - methamidoohos,

~..~ .. u" ..." .~o~, •• ,~ ....~ .... ,..~~.. n~ ... ~, .v, ......,
5 dimethoate, 6 trans-mevinphos. 7 css-mevinphos, 8 dichlorophos, 9 trichlorfon.

immersed in dipping solution I for 5 s, dried in a stream of cold air for 3 min and then

immersed in dipping solution II for 3 s. It was then heated to 110"C for 5 min, cooled
to room temperature and dipped in a solution of liquid paraffin - n-hexane (I + 2) for

I s in order to stabilize and enhance the fluorescence. The chromatogram was then

dried in a stream of cold air and evaluated after allowing to stand for ca. 30 min.
~ "

10 ong-waveiengtn U ugnt \"- . "OJ nm) oxyoemeton-metny \[1J'[r "-lUI,
omethoate (hR r 15-20), demeton-Ssnethylsulfon (hR r 30-35), methamidophos (hR r
40-45), dimethoate (hRr 55-60), trans-mevinphos (hRr 60-65), cis-mevinphos (hRr
70-75), dichlorophos (hR r 75-80) and trichlorfon (hR r 85-90) appeared as yellow flu- [I] Frei, R. W., Mallet, Y., Pothier, c.. J Chromatogr. 1971,59, 135-140.

orescent chromatogram zones on a weakly fluorescent background.
[2] Mallet, Y. N., in 1. Harvey, G. Zweig (Ed.): Pesticide Analytical Methodology. ACS Sym-

posium Series 1980, 136, 127-157.
The detection limits lay at 100 ng substance per chromatogram zone. [3] Pitzer, H.: Thesis, FachhochschuleGieSen, FachbereichTechnisches Gesundheitswesen,1990.

[4] Lawrence, 1. F., Frei, R. w.: J Chromatogr: 1974, 98, 253 270.

--
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[5] Mallet, V., Frei, R. W.: J. Chromatogr. 1971,56, 69-77. Cacotheline Reagent[6] Sherma, J. in: J. Sherma,G. Zweig (Ed.): Analytical Methods for Pesticidesand Plan/ Growtb
Regulators, Vol. 7, S. 38, AcademicPress, 1973.

[7] Mallet, V., Frei, R. W.: J. Chromatogr: 1971,54, 251-257.
[8] Mallet, V., Frei, R. W.: J. Chromatogr: 1971, 60, 213-217.

Reagent for:

f{9yyo• Ascorbic acid [I, 2]

\o~ N/I'''"O
H W

o 0'" "0-

OH

C21H21N307

u A" A'r

Preparation of the Reagent

Dipping solntion Dissolve 50 mg cacotheline in 50 ml water and make np to 100 ml
with ethanol [2].

Spray solntion Dissolve I g cacotheline in 50 ml water [I].

Storage The reagent solutions should always be made up fresh.

Substances Cacotheline
Ethanol

Reaction

Cacotheline is a redox indicator which is yellow in the oxidized form and reddish-violet
in the reduced form.
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Method of reagents, which can also be applied in the reverse order, leads to the disappearance

of the red-brown coloration of the ascorbic acid zone within 15 to 20 min!

_ c In situ ouantitation: The absorption photometric evaluation in reflectance was carried
'HC -g

for 10 s or sprayed homogeneously with the spray reagent and then dried in a stream out at the wavelength", = 500 nm (Fig. I).

of cold air [2] or heated briefly to 110°C [I].
Ascorbic acid produces reddish-brown to violet chromatogram zones on a yellow

background [2). 1

rxote: uenyaroascoroic acio noes uu eact L~, OJ.

The detection limit for ascorbic acid is less than 100 ng substance per chromatogram

zone [2].
The reagent can be employed on silica gel, kieselguhr and Si 50000 layers.

2

I
~ -:=
0 0

i'ii u:
Procedure Tested I ---~
Ascorbic Acid 131 Fin 1: Reflectance scan of a chromatogram track with 500ng each of ascorbic acid (I) and

dehydroascorbic acid (2) per chromatogram zone.

Method Ascending, one-dimensional development in a trough chamber
with chamber saturation.

Layer HPTLC plates Silica gel 60 F25• (MERCK). References
Mnhilo nhase Ethanol 196"10\ acetic acid 110"10\ 195+5\.

Migration distance 5cm

Running time 30 min
[II E. MERCK, Company brochureStaining Reagentsfor Thin-Layer and Paper Chromatography,

Darmstadt 1980.
[21 Schnekenburger, G.: Thesis, Fachhochschu1e Giellen, Fachbereich Technisches Gesundheits-

Detection and result: The dried chromatogram was immersed in the dipping solution wesen, 1987.

fM' on" '~pn ~po'p" ~";pf1. In 110 or
[31 Ganz, J., Jork, H.: InCom, short course, DUSseldorf 1993.

Ascorbic acid (hR f 50-55) appeared as a brown-red chromatogram zone that was
only stable for ca. 20 min; the background was yellow.The detection limit was less than
100 ng substance per chromatogram zone.

Note: Dehydroascorbic acid, the decomposition product of ascorbic acid, does not
n

__H , _~", IhD, ~"_7tl\ hu

further treatment of the chromatogram with 2,4-dinitrophenylhydrazine. This sequence
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Chloramine T Reagents 6. Exposure to hydrochloric acid vapor instead of application of 5"10 methanolic hydro-
chloric acid leads to approximately comparable results.

,
A variety of chloramine T reagents, involving the use of chloramine T for chlorination
or oxidation reactions, have been described in the literature. These are described in de-
tail individually in the following monographs.

In these reagents chloramine T - a white powder containing approximately 25"10 ac-
e:tive chlorine - is used as a substitute for hypochlorite or chlorine gas. The reactions t: 0

take place in either acid (hydrochloric acid, sulfuric acid, trichloroacetic acid) or alka- Vi u.

line medium (sodium hydroxide). I 2 3 I
Comparative investigations have revealed that varying the acid used or replacing

it by a base is generally accompanied by changes - sometimes drastic - in the sensi- A
tivity of detection. The information that follows is intended to help the TLC user to
choose and optimize the most suitable chloramine T reazent for a narticular armli;

cation:
I. When using chloramine T-mineral acid reagents care should be taken to treat the

2
layer with chloramine T first and then with mineral acid. The sensitivity is consider-

1
ably reduced if the plate is, for example, merely dipped once in a combined reagent
consisting of chloramine T in 5 percent sulfuric acid. e:, ~ .e 0 0

v r m ...-.u. Vl 3 u.
acid reagent since the detection sensitivity and also the color of the fluorescences I ~LA.Jproduced depend to a significant extent on the choice of acid. This is illustrated for
the purine derivatives caffeine, theobromine and theophylline in Figure I and B
Table I.

3. Only theophylline yields an intensely fluorescent derivative under long-wavelength Fig. 1: Comparison of the detection sensitivity after derivatization of three purine derivatives with. .. . .. m. .
U light WIlen rreareu with ctrtoramtne 1 sooium nyaroxme reagem. 1 ne punne

~:cu:·:;~tIlIn. ~n = 440nm (monochromatic filter M 440): 1= theophylline, 2 ~ theobromine,
derivatives caffeine and theobromine investigated at the same time fluoresce very
weakly or not at all.

3 = caffeine.

4. Digitalis glycosides that react well with various chloramine T - trichloroacetic acid
or mineral acid reagents are not excited to fluorescence after treatment with
chloramine T - sodium hydroxide.

5. The phenols pyrocatechol, resorcinol and hydroquinone can be detected with all
chloramine T reagents. The detection sensitivity is about the same with chloramine
T - sodium hydroxide and chloramine T - trichloroacetic acid. In all cases the de-
tection limits are ca. 75 ng substance per chromatogram zone after the plate has been
subsequently dipped in a paraffin oil solution. Somewhat less favorable detection
limits of 150 to 200 na substance per chromatogram zone are obtained after treat-
ment with chloramine T - hydrochloric acid and chloramine T - sulfuric acid.
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Table 1: Fluorescence color and detection limits of the derivatives formed by reaction with various Chloramine T- Mineral Acid Reagentreagents incorporating chloramine T.

Chloramine T reagent with
sunstance ttLl 12:;U, CCI,COOH NaUH

Theophylline yellow-green blue blue blue
100 100 100 50

Theobromine blue yellow yellow no fl. Reagent for:
100 50 300 -

Caffeine blue yellow blue no fl. ... Purine derivatives II 31
200 300 300

Digoxin blue blue blue no fl.
e.g. caffeine, theophylline, theobromine

50 50 50 - • Steroids, sterols [4, 5]

Digitoxin yellow yellow yellow e.g. dehydroepiandrosterone, cholesterol,
o Na+

no fl. H3C-o-S- W
50 50 50 - solasodine, estriol, testosterone - 0 'CI

Pyrocatechol pale yellow pale yellow yellow-orange yellow
,~

"' "' " l-frl n.so C,H,CINNaO,S . 3H °
Resorcinol pale yellow pale yellow yellow yellow-orange

100 100 75 75
M, = 36.46 M, =98.08 M,=281.69

Hydroquinone yellow yellow red-brown red-brown Hydrochloric Sulfuric acid Chloramine T

100 75 75 75 acid

* Fluorescence color~ pr?du~ed.on .excita~i~: at 1.. = 365 om; detection limits in ng per chromato-

""

Preparation of the Reagent

. .~

Dippmg soiunon I tnssorve ~.J g : 1 ~v aa ,,~.~. ~a

methanol [6, 7).

Dipping solntion II Cautiously mix 47.5 ml methanol with 2.5 ml cone. sulfuric or

hydrocWoric acid with cooling [6, 7].

Spray solution I Dissolve 10 g chloramine T in 100 ml water [1-3).

Spray solution II Hydrochloric acid (c = I mol/L) [1-3).

Spray solution III Dissolve 2 g chloramine T in 100 ml cone. sulfuric acid [4, 5).

Storage Contrary to what literature reports spray solutions I and III
should always be made up fresh; as should dipping solution I.
.. • • Tl "~~ snrav solution II mav be stored for an ex-

tended period.
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»o-

Substances Chloramine T trihydrate long-wavelength UV light (A~ 365 run), blue or yellow fluorescent zones become visi-

Hydrochloric acid, I mollL ble now.

Hydrochloric acid (32%) Steroids: The developed chromatograms are freed from mobile phase in a stream of
Sulfuric acid (95-97 "10) cold air then either immersed for 2 s in dipping solution I and, after brief intermediate
Metnanot drying in a stream of warm air, immersed in dipping solution II for 2 s or homoge-

neously sprayed with spray solution III and, after being left for 5 min at room tempera-

ture, heated at 110'C for 5 min and evaluated.

Reaction
Even before heating steroids frequently yield characteristic, pale yellow to dark pur-

ple colored zones, whose colors generally change on heating [4] and which are usually
~veitp~ tn in long-wavelength UV light II., 365 nm) [6).

Purine derivatives (e. g. xanthine) are oxidized by chloramine T in the presence of hy- Note: The detection of steroids is more sensitive than with the LIEBERMANN-BuRCHARD
drochloric acid and form purple-red ammonium salts of purpuric acid (murexide) with reaction. Visual detection limits of 0.2 to 5 I1gsubstance per chromatogram zone have
ammonia. Whether the murexide reaction is also the cause of the fluorescence is open been reported [4]; photometric detection limits are appreciably lower being a few
to question. nanograms substance per chromatogram zone [6]. The reagent with sulfuric acid is

. . . . .. .,estrogens [61.
0 H 0 0 However, the hydrochloric acid-containing chloramine T reagent yields the best colora-

HNlN 1. Chloramine TIHCl

XNX2. NH40H HN"'" NH tion results for purine detection; here it is more sensitive than the reagents containing
oJ-N r:> Oxidation iON 00 N..(,O trichloroacetic acid or sulfuric acid [6]. The fluorescence occurring with purines can

H H H be increased (factor 2) and stabilized by finally dipping the chromatogram in liquid par-

Xanthine Murexide affin - n-hexane (1+ 2) [6]. .. v, "'''''''
Lne reageltL cau uc u>cu, w. c~",,,.... v .. ,,"C. 15" ..".

as well as on RP, CN, NH z and DIaL phases. Cellulose and polyamide 11 layers char

on heating.

Method
'"' -,", T .."t.... 1

Purine derivatives: The chromatograms are freed from mobile phase in a stream of
Xanthine Derivatives [6, 7)

warm air, immersed in dipping solution I for 2 s and either placed while still damp in
an atmosphere of hydrochloric acid for 10 min [6] or immersed in dipping solution II Method Ascending, one-dimensional development in a trough chamber
for I s after brief intermediate drying. Alternatively, they can be sprayed hornoge- with chamber saturation.
neousiy WIllI spray so uuon 1 ana men, a er one intermediate urymg witn spray SOIU-

Layer HPTLC plates Silica gel 60 (MERCK).tion II [1-3]. In both cases the chromatograms are then heated to ca. IOO'C - until
the chlorine odor disappears - and then placed for ca. 5 min in the empty trough of Mobile phase Ethyl acetate - methanol - ammonia solution (25"10)

a twin-trough chamber which has been filled with ammonia solution (25"10). (16+4+3).
Purine derivative yield pinkish-red chromatogram zones on an almost colorless

Migration distance 6cm
background [1-3]. The chromatogram is then heated to ca. lOO'C again until the color
development reaches maximum intensity (yellow to orange). On excitation with n.unmng nme '0 ......
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Detection and result: When viewed under short-wavelength UV light (A= 254 nm) dark Procedure Tested 2
zones were visible due to fluorescence quenching.

With larger amounts of substance red zones appeared on a white background. When
viewed under long-wavelength UV light (A~ 365 urn) clear fluorescence could be seen Estrogens [6)
"'" ,u",e' u ,", eeu rum mobile pnase IOr , nun

in a stream of cold air, immersed in dipping solution I for 2 s and immediately exposed, Method Ascending, one-dimensional development in a trough chamber
while still damp, to hydrochloric acid vapors for 10 min (twin-trough chamber, whose with chamber saturation.
second trough had been filled with 10 ml hydrochloric acid (32 "10». The chromatogram

Layer HPTLC plates Silica gel 60 (MERCK).
was heated to 110°C for 10 min and then, after cooling to room temperature, placed
in the vacant trough of a twin-trough chamber filled with 10 ml ammonia solution Mobile pbase Toluene - ethanol (90+ 10).
('" OJ or IV min. men It was neatea once agam to l1uoC tor 10 min and, after cool-

Migration distance 7cm
ing, dipped in a solution of liquid paraffin - n-hexane (I + 2) for 2 s in order to in-
crease (factor 2) and stabilize the fluorescence. Running time 15 min

In the concentration range above I ug substance per spot, red-colored chromatogram
zones (murexide reaction) could be seen on a pale background; these could be excited Detection and result: The chromatogram was freed from mobile phase in a stream of

to blue (caffeine, hR f 75- 80: theobromine, hR f 55-60) or yellow (theophylline hR, cold air for 5 min, immersed in dipping solution I for 2 s and dried in a stream of warm

35-40) fluorescence on a dark background in long-wavelength UV light (A= 365 urn). air for I min. It was then immersed in dipping solution II for 2 sand neated to IIVOC

If the fluorescence was excited at a wavelength of Aexc = 313 nm, then the detection for 10 min. The chromatogram was then placed for 5 min in a twin-trough chamber,

limits were 200 ng (caffeine, theophylline) to 400 ng (theobromine) substance per chro- whose second chamber had been filled with 10 ml ammonia solution (25 "10), and then

matogram zone. At an excitation wavelength Aexc = 365 nm the detection limits were heated to 110°C for 5 min. After cooling the chromatogram was immersed for 2 s in

appreciably lower at 100 ng substance per chromatogram zone for theobromine and liquid paraffin - n-hexane in order to increase (factor 2) and stabilize the fluorescence.

theophylline. The sensitivity remained unchanzed in the case of caffeine. After treatment with dipping solution II and subsequent heating the estrogens al-
ready appeared as earth brown (estriol, estradiol) and yellow-brown (estrone) chro-

In situ quantitation: The fluorimetric evaluation was made either at Aexc ~ 313 nm and matogram zones, which could be excited to pale yellow fluorescence on a colorless

An> 390 nm or at Aexc ~ 365 nm and An> 390 urn (Fig. I). background in long-wavelength UV light (A = 365 nm).

After exposure to ammonia vapor and treatment with paraffin oil estriol
2 (hRr= 15-20), estradiol (hR, 30-35) and estrone (hR f 35-40) appeared as white-yel-

l In", ,,,"pc on a colorless background when excited in

long-wavelength UV light (A = 365 nm). The detection limits for all three estrogens

e c were in the 50 ng range on absorption photometric measurement and 10 ng substance
0 per chromatogram zone on fluorimetric evaluation.Vi

3 u:
I uL)\j In situ quantitation: The absorption photometric measurement was made at

,on ~, , ,nth pveitot;nn

Fig. 1: Fluorescence scan of a chromatogram track with 500 ng each of theophylline (1),
-0'

theobromine (2) and caffeine (3) per chromatogram zone. at Aexc ~ 365 nm and measurement at An> 560 nm (Fig. 28).

--
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Chloramine T- Sodium Hydroxide
Reagent

Reagent for:

Fig. 2: Reflectance scan (A) and fluorescence scan (B) of a chromatogram track with 1 ~g (A) or
200 ng (B) each substance per chromatogram zone: 1 = estriol, 2 = estradiol, 3 = estrone.

[I] Ganshlrt, H., Malzacher, A.: Arch Pharm. 1960, 293, 925-932.
[2] Baerheim Svendsen, A.: 1. Planar Chromatogr. 1989, 2, 8-18.
[3] E. MERCK, Company brochure Dyeing Reagents for Thin-layer and Paper Chromatography,

Darmstadt 1980.
[4] Bajaj, K. L., Ahuja, K. L.: 1. Chromatogr: 1979, /72, 417-419.
[5] Ahuja, K. L., Bajaj, K. L.: 1. Am. Oil Chem. Soc. 1980,57, 250-251.
[6] Netz, S., Funk, W.: Privatecommunication,FachhochschuleGieBen,Fachbereich Technisches

Gesundheitswesen 1990.
[7] Ganz, J., Jerk, H.: Private communication, Universitat des Saarlandes, Saarbrucken, 1991.

• Polybasic phenols
e. g. 1,2- and I,3-dihydroxybenzene derivatives,

vicinal trihydroxybenzene derivatives [I]

• Flavonoids [I]
• n-Nitroso-Bvnaphthol [I]

NaOH

M,= 40.00

Sodium hydroxide

r'reparanon 01 me «.eagem

~ Na+
HC O-S-N"
3~11 -,

o Cl

C7H7CINNaOzS . 3HzO

M, ~ 281.69

Chloramine T

Dipping solntion

Spray solution

Storage

Dissolve 5 g chloramine T in 50 mI water with shaking. Add
500 mg sodium hydroxide to this solution and dissolve also with
shaking. Then dilute with 50 mI methanol.

Dissolve 5 g chloramine T in 100 ml 0.5 percent sodium hydrox­
ide solution [I].

The dipping reagent may be stored in the refrigerator for several

weeks.
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Substances Chloramine T trihydrate Procedure Tested
Sodium hydroxide pellets
Methanol

Dlavdroxvbenzenes 12 31

Reaction Method Ascending, one-dimensional development in a trough chamber
without chamber saturation.

Layer HPTLC plates NH 2 F254s (MERCK).

The mechanism of the reaction has not yet been elucidated; it is assumed that 1 2- UR"". n ..... Tnl".n. et hvl .c.'.'. ""ann' "" L'" ",{\\
dihydroxybenzene is oxidized to quinone and vicinal trihydroxybenzene derivatives to

Migration distance 6cmhydroxyquinones [I].

Running time 15 min

Detection and result: The chromatogram was dried in a stream of cold air for 5 min.
Method . "nrloT ""~ri_ , lTV';."," .,<A __\ To..on'oA A"I.- ~nn." n_ "

pale blue, fluorescent background. Immersion in the dipping solution for 2 s, brief dry-
ing in a stream of warm air and then heating to 110-120 °C for 10 min yielded, on ex-

The chromatograms are freed from mobile phase in a stream of cold air, immersed in amination under long-wavelength UV light (l..= 365 nm) pale yellow (pyrocatechol,
the dipping solution for 2 s or homogeneously sprayed with the spray solution, allowed hR f 35-40), yellow (resorcinol, hR f 45-50) and red-brown (hydroquinone, hR f 50-55)
to stand at room temperature for 5 min and then heated to 120°C for 10 min before fluorescent chromatogram zones on a pale blue, fluorescent backgound. After dipping

'- ...
"', -.. "UlllJUIUXY- OH IlLjU'U I'''''''U'' w,,='cv C~J -wcrc- """" ,,"U "0

benzene derivatives purple zones and vicinal trihydroxybenzene derivatives brown chro- substance per chromatogram zone.
matogram zones on an almost colorless background [I]. The zones fluoresce under
long-wavelength UV light (l..= 365 nm) [2]; a-resorcinic acid with a peach color,
flavonoids and phloroglucinol with a yellowish-red color [I].

I. . .: ,,"U ,,"""u xyoenzene denva-

~tives do not react under these conditions but can be made visible by spraying afterwards
with FOLIN-CIOCALTEU'S reagent [I]. Flavonoids, anthraquinone derivatives and a-
nitroso-l3-naphthol yield a red color with alkalis alone [I]. Steroids and aromatic
amines do not react [1],

The fluorescence of the chromatogram zones of some phenols can be increased by
a '''ClUI U, L "lIU ""oi izeo oy oippmg me cnromatogram III IIqUlU paraffin n-hexane

U
3

C(1+2) [2].
0

The visual detection limits for polyphenols and flavonoids are 0.2 to I ug substance u::
per chromatogram zone [1]. The photometric detection limits are appreciably lower (see I"Procedure Tested").

The reagent can be used on silica gel, kieselguhr, Si 50000, NH 2 and cellulose layers. "'0 ,. 'o~ 0<" ,~"1< . "'" •. _no" n' 11\ ""~T_

cinol (2) and hydroquinone(3) per chromatogramzone.

-
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In situ quantitation: F1uorimetric evaluation was carried out under long-wavelength Chloramine T-
UV light with excitation at "'exc = 436 om and detection at len > 560 nm (Fig. I).

Trichloroacetic Acid Reagent
(Jensen's Reagent)

References

'" 1>0;0; .. ••~_ v .. · ~~ '"' '"" ."
[2] Netz, S., Funk, W.: Private communication, Fachhochschule GieBen, Fachbereich Technisches

Reagent for:Gesundheitswesen 1990.
[3] Ganz, J.• Jork, H.: Private communication, Universitat des Saarlandes, Saarbrucken, 1991.

• Digitalis glycosides [1-11)
e.g. digoxin, digitoxin, ~-methyldigoxin,

~_ o~" ,,_ .. aitnv;n

acetyldigitoxin, acetylgitoxin

~ Na+

H3C-o-S-W
- () 'ct

CCI3COOH C,H,CINNa02S. 3H2O

M, = 163.39 M,= 281.69

Trichloroacetic acid Chloramine T

Preparation of the Reagent

Dipping solution Dissolve 10 g trichloroacetic acid and 0.4 g chloramine T (N-
chloro-4-methylbenzenesulfonamide sodium salt) in a mixture of
80 ml chloroform, 18 ml methanol and 2 ml water [11].

Solution I Dissolve 3 to 5 g chloramine T in 100 ml water.

Solution II Dissolve 25 g trichloroacetic acid in 100 ml ethanol.
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Spray solution Mix 10 ml solution I with 40 ml solution II immediately before
use [1-5].
Other proportions, e.g. 1+15 [6, 10] and 2+8 [7], have also been
recommended.

Procedure Tested 1

Storage

Substances

Solution I should always be made up fresh. The dipping solution
may be stored in the refrigerator for several days [11]. Solution II
may be stored for longer periods.

Chloramine T trihydrate

Trichloroacetic acid
Chloroform
Methanol

Metbod

Layer

Mobile phase

Ascending, one-dimensional development in a trough chamber
with chamber saturation.

TLC plates Silica gel 60 F254 (MERCK). The layer was prewashed
before use b develo in with chloroform - methanol 50+ 50
and then drying at 110°C for 30 min.

Ethyl acetate - methanol - water (81+ 11+ 8).

Reaction

The mechanism of the reaction has not been elucidated.

Method

The chromatograms are freed from mobile phase in a stream of warm air, immersed
in the dipping solution for I to 2 s or homogeneously sprayed with the spray solution
and then heated to loa-150 aC for 5-30 min [2-7, 10, 11].

Digitalis glycosides yield yellow or blue fluorescent chromatogram zones on a dark
background when examined under long-wavelength UV light ()"= 365 nm) [I, 4, 5-7].

Note: If the mobile phases contains formamide the chromato rams should be freed
from it by heating to 130-140°C in the drying cupboard for I h before applying the
reagent [6].

The detection limits for digitalis glycosides are 12- 50 ng substance per chromato­
gram zone [2, 8].

The reagent can, for instance, be used on silica gel, kieselguhr, Si 50000, cellulose
and RP la ers.

Migration distance 10 em

Running time 25 min

romaogramo a lYO e ey extrac - e orean n a er reamen WI

JENSEN'S reagent, photographed in long-wavelength UV light (l, =365nm) [13].
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Detection and result: The dried chromatogram was half covered with a glass plate in
1 2

the direction of development and the other half was homogeneously sprayed with the A

0spray solution. The glass plate was then removed and the whole chromatogram heated

tn l~I\'C for 5-10 min allowed to cool to room temperature and examined under

long-wavelength UV light (Ao 365 urn). ) U
c;

In Fig. I it can be seen that the reagent applied to the right-hand side of the chro-
0 0

Vi u::
matogram has, on the one hand, intensified the fluorescent zones of the cardenolides, I I
but that there are, on the other hand, other substance zones whose fluorescence, com-
pared with the natural fluorescence on the left-hand side of the chromatogram, has

-
Fig. 2: Fluorescence scan of a chromatogramtrack with 500 ng each digoxin(I) and digitoxin(2)

_A , nn trpot~.nt with the reazent. The reagent is not suitable after treatment of the chromatogram with reagent and paraffin oil solution.

for in situ quantitation.

Procedure Tested 2
References

[I] Winsauer, K., Buchberger, W.: Chromatographia 1981, 14, 623-625.

Digitalis Glycosides [l4] [2] Bloch, D. E.: 1 A.I:<oc. Off. Anal. Chem. 1980,63,707-708.
[3] Sabatka. J. 1., Brent, D. A., Murphy,1., Charles, 1., Vance, 1., Gault, M. H.: 1 Chromatogr:

Method Ascending, one-dimensional development in a trough chamber
1976, 125, 523-525.

with chamber saturation.
[4] Kibbe, A. H., Araujo, O. E.: 1 Pharmac. Sci. 1973, 62, 1703-1704.
[5] E. MERCK, Company brochureDyeing Reagents for Thin-layer and Paper Chromatography,

Layer HPfLC plates Silica gel 60 F254 with concentration zone (RfEDEL
Darmstai:lfl98lf.

[6] Czerwek, H., Hardebeck, K., Kaiser, F., Schaumann, w., Wolfahrth-Ribbentrop, A.: Arz-
DE HAEN, MERCK). neim: Forsch. 1971,21, 231-234.

Mobile phase Acetone - dichloromethane (60+40).
[7] Pachaly, P.: Dunnschicht-Cbromatographlc in der Apotheke, 2. Auf!., Wissenschaftliche

verlagsgesellschatt,Stuttgart 1983, 188.

Migration distance 5cm
[8) Lutz, U.: Osterr. Apoth. Ztg. 1971,25, 250.
[9) Balbaa, S. I., Hilal, S. H., Haggag, M. Y.: Planta Med. 1971,20, 54-59.

Running time 8 min llVI Kruger, u., ichtl, m.; v,,,,. npvu. "'•. D , ,
[11] Horvath, P., Szepesi,G., Hoznek, M., Vegh,V., Mincsovics, E.: Proc. Int. Symp. Instrum.

Detection and result: The dried chromatogram was immersed in the dipping solution
High Perform. Thin-Layer Chromatogt: (HPTLC!, 2nd, Interlaken 1982,295- 304.

for 2 s and heated to 110'C for 10 min. Observation in long-wavelength UV light re-
[12] Hahn-Deinstrop, E.: Privatrnitteilung, Heumann-Pharma, Abt. Entwicklungsanalytik,

Heideloffstrafle 18-28, D-90478 Numberg I, 1990.
vealed fluorescent zones for digoxin (hR, 30-35) blue and digitoxin (hR f 40-45) [13] Hahn-Deinstrop, E.: GIT Fachz: Lob. Supplement 3 "Chromatographie" 1989, 29- 31.

vellow.
[14] Ganz, 1.. Jork, H.: Private communication, Universitat des Saarlandes, Saarbrucken, 1991.

The fluorescence can be stabilized and enhanced by ca. 2001. by dipping in a solution
of liquid paraffin - n-hexane (1+ 2) for 2 s. The detection limits after dipping in the

paraffin solution are 50 ng substance per chromatogram zone.

In situ quantitation: The fluorimetric evaluation was carried out under long-wave-
]pnMh T'V \;oht at 1 - 365 urn and the fluorescence emission was measured at An
>400 urn (cut off filter K 400) (Fig. 2).
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p-Chloranil Reagent Preparation of the Reagent

Dipping solution Dissolve 0.5 g p-chloranil in 90 ml ethyl acetate, cautiouslv make
up to 100 ml with 10 ml sulfuric acid (ca. 96"10) and homogenize
for 5 min in the ultrasonic bath or by vigorous shaking.

Reagent for: Spray solution I For alkaloids, phenothiazines, penicillins, diuretics, tertiary
aliphatic amines and steroids: Dissolve 200 mg to I g p-chloranil

• Aromatic amines [I) in 100 ml dioxan, acetonitrile or toluene [2-11].
e.g. amune, oipneny armne, amsiome

Spray solution II For aromatic amines: Dissolve 200 mg p-chloranil in 100 ml• Alkaloids [2, 6)

e.g. ephedrine, emetine, cephaeline, cytisine,
chlorobenzene [1].

coniine, y-coniceine, anabasine, brucine, Spray solution III For sec. amines: Dissolve 100 mg p-chloranil in 100 ml dioxan or

syrnphytine, harmaline, berherine, reserpine, acetonitrile (2).

papaverine, morphine
"'." ....0. The reagent soluti 11p",1

• tert-N-Ethyl derivatives one week [2).
e. g. local anesthetics

such as procaine, lidocaine, tolycaine 17] Substances p-Chloranil

• Phenothiazines Ethyl acetate

e.g. phenothiazine, promazine, promethazine [8) Sulfuric acid (95-97"10)

• Benzodiazenines Acetonitrile

e.g. chlordiazepoxide, diazepam, prazepam [2] Acetaldehyde

• Steroids Dioxan

e.g. I7Il-estradiol, dienestrol, estrone, Toluene

stilbestrol, 2a-xanthatocholestan-3-one [9] Chlorobenzene

• Antibiotics

'."" ,,,.,,
such as ampicillin, amoxycillin, cloxacillin,

pivampicillin, oxacillin, nafcillin Reaction
• Diuretics

e.g. acetazolamide, ethoxolamide, quinethazone,
furosemide, henzthiazide, methazolamide [Ill 0 Secondary amines react at room temperature with acetaldehyde and p-chloranil accord-

. . CI,,)l/CI . .. . . . .. . .- IHl

CIYCI

"5 -

e.g. gliclazide [II] derivatives (2):
0 0

C6Cl.0 2 /R /R CI~C1
CH,CHO+HN' -=ii;D CH,=CH-N,R' ~II

M, = 245.88 R'
~~ /R

CI CH=CH-N
o 'R'

Dialkylaminovinylquinone derivative
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In the case of tertiary N-ethylamine derivatives the N-ethyl group is first selectivelyoxi- Sec. "amine alkaloids" yield blue-colored chromatogram zones on a colorless to pale
dized byp-chloranil to an enamino group which then condenses with excessp-chloranil yellowbackgound at room temperature [2]. Aromatic amines, phenothiazines, steroids,
to a blue aminovinylquinone derivative [7]. Secondary N-ethyl derivatives do not yield diuretics and penicillins yield yellow,orange or reddish-brown to purple chromatogram
blue aminovinylquinone derivatives; they probably react directly with chloranil by zones at room temperature [I, 8-11]. On heating tertiary N-ethyl derivatives also yield
nucleophilic attack at one of the four chlorine atoms to yield aminoquinones of other blue-colored chromatogram zones, this time on a pale yellow background [7]. Other
colors [7). It has also been suggested that some classes of substances react to yield N-containing pharmaceuticals, 0. g. some benzodiazepines, yield grey, brown or vio-
charge transfer complexes [I, 5, 8, 12]. let-brown zones on heating [7].

9H
Note: It is reported that the use of chlorobenzene as solvent is essential when the re-

O ..I CI agent is to be used to detect aromatic amines [I]. In the case of steroids, penicillins,.:XX: /K )C;( /~ diuretics and alkaloids the reaction should be accelerated and intensified by sprayingI I + CH,CH,N -- I + CH,=CH-N,
- " ~ ~ afterwards with dimethylsulfoxide (DMSO) or dimethylformamide (DMF), indeed thisCI CI R CI CI

o OH step makes it possible to detect some substances when this would not otherwise be pos-
Chloranil Dialkylethyl- Dialkylvinyl- sible [5, 9-11); this latter treatment can, like heating, cause color changes [5, 9). Penicil-

amine amine lins and diuretics only exhibit weak reactions if not treated afterwards with DMF [10,
~ 111 Steroids alone also vield colored derivatives with nMsn IQl Treatment -<,

Cl,*CI /R Cl~Cl with diluted sulfuric acid (c = 2 mol/L) also leads to an improvement in detection sen-
I + CH,=CH-N, -- I I R sitivity in the case of a range of alkaloids. In the case of pyrrolizidine alkaloids it is

CI "" CI R' CI CH=CH-N/ possible to use o-chloranil as an alternative detection reagent; however, in this case it
0 o 'R'

is recommended that the plate be treated afterwards with a solution of 2 g 4-(dimethyl-
Chloranil Dialkylvinylamine Dialkylaminovinylquinone amino)-benzaldehyde and 2 ml boron trifluoride etherate in 100 ml anhydrous ethanol

derivative . . ·_n. ." . ,.,
-p ~l'

The blue derivatives formed with the reagent by alkaloids remain stable for at least
one day and usually much longer (cover the chromatogram with a glass plate) [2, 6, 7].
The shade of color produced can be affected by fluorescence indicators incorporated
in the silica gel layer (7). Tertiary amine alkaloids do not react at room temperature with

In the case of aromatic amines there is an initial nucleophilic substitution catalyzed by the acetaldehyde-containing reagent [2J.
~ . .. .. . ..

'0' . C' -J , 1V to ~v 1JlIlV1 alVHlauc

that undergoe oxidative cyclization to the corresponding dioxazines [I). amines [I), 100 ng for phenothiazines (8), 0.5 to 2 ug for secondary amine alkaloids [2],
5 to 50 ug for N-ethyl derivatives [7], I to 3 ug for penicillins (10), I to 4 ug for diuretics
and I to 2 ~g for a range of steroids [9]. There have been some reports of appreciably
lower detection limits of 40-400 ng substance per chromatogram zone and evenless for

Method alkaloids [6].
I ne crppmg reagent can De usee, ror exarnpie, on sinca gel, kieselguhr, ~I ,UUUU,

RP 18, NH2, Diol and CN layers. It is not possible to detect aromatic amines on cellu-
The chromatograms are freed from mobile phase in a stream of warm air, then im- lose layers [IJ.
mersed in the dipping solution for 2 s or homogeneously sprayed with the appropriate
spray solution. Then, in the case of N-ethyl derivatives, the plate is heated to 105-110°C
for 2 min to accelerate the reaction [7). Heating (0. g. to 80-105 °C for 15 min) can also
lead to color intensification and color change in the case of other alkaloids [5, 6).



p-Chloranil Reagent n-Chloranil Reaeent 193192

Procedure Tested In situ quantitation: Direct measurement of the UV absorption at wavelength

A= 280 nm was preferred for quantitative in situ evaluation since the reagent treatment

did not yield more exact results.

Opium Alkaloids [l3] 4

Method Ascending, one-dimensional development in a trough chamber 4 5
with chamber saturation.

Layer HPTLC plates Silica gel 60 F25• (MERCK). 3
1 6Mobile phase Acetone toluene ethanol ammonia solution (25 Ofo) 1

(40+40+6+2).
2

"Migration distance 7cm
3 6

iii

"
1:

\ 5 1:Running time 7 min
iii

1\1 r\

0

\ - 1Detection and result: The chromatogram was freed from mobile phase in a stream of 2
warm air, immersed in the dipping solution for 2 s and then heated to 140°C for 5 min. .l" ~ ~ Cj \.. \J\ IvW~ \.---
(Caution! The back of the HPTLC plate is contaminated with sulfuric acid.)

A B
Narceine (hR r 1-5) yielded red-brown, morphine (hR r 5-10), codeine (hRr 15-20)

Fig I' Reflectance scan of a chromatogram track with 1 ug of each substance per chromatogram
and thebaine (hRr 35-40) brown-violet, papaverine (hRr 60-65) light brown and nar- zo~e (exception: papaverine: 5 J.lg). Chromatogran: (A) before ~d (B) after ~eagen~treat~ent
cotine red chromatogram zones on a colorless background. Since the colors fade in the (registration of B with double sensitivity): 1 = narceme, 2 = morphine, 3 = codeine, 4 - thebaine,
air it is recommended that the chromatoaram be covered with a "lass plate ~ t"l':I naverin 6 narcotine.

After treatment with the reagent the detection limits for opium alkaloids are
50-500 ng per chromatogram zone, this is sometimes a somewhat lower sensitivity than
that obtained by direct measurement of the UV absorption (cf. Table I). However, the Referencescolor reactions provided additional specificity.

Table t: Comnarison of the detection ,pndt;vitip,
[I] Pires, L. M.• Roseira,A. N.: 1. Cnromatogr: "11, JO, )~-b/.

Detection limits (ng) [2] Taha, A. M., Rucker, G., Gomaa, C. S.: Plan/a Med. 1979,36,277-278.
Substance [3] Stahl, E., Schmitt, W.: Arch Pharm. 1975,308, 570-578.

UV"<J p-Chloranil [4] Unger, w.: Plan/a Med. 1977,31, 262-265.
Narceine 50 100 [5] Agarwal, S. P., Abde1-Hady Elsayed,M.: Plan/a Med. 1982,45, 240-242.

[61 Huizing, H. 1., De Boer, F., Malingre,Th. M.: 1. Chromatogr. 1980, 195, 407-411.Morphine 50 50
17] Taha, A. M., Ahd El-Kader, M. A.: 1. Chromatogr: 1979, 177, 405-408.Codeine 50 '0 [8J Forrest, J. tI., NeaCOCK, K. .: J. u romatogi . ., OJ, U, <JThebaine 20 20 [91 Agarwal, S. P., Nwaiwu,1.: 1. Chromatogr: 1984,295, 537-542.

Papaverine 5 500 [IOJ Agarwal, S. P., Nwaiwu, 1.: 1. Chromatogr. 1985, 323, 424-428.
Narcotine 50 50 [IlJ Agarwal, S. P., Nwaiwu, 1.: 1. Chroma/ogr. 1986,351, 383-387.

[121 Molyneux, R. 1., Roitman, 1. N.: 1. Chromatogr: 1980,.195, 412-415... .
[13] Klein,I., Jork, H.: GDCh-trainingcourseNr. 300 "Emfuhrung in die Dunnschicht-Chroma-

rographie", Universitat des Saarlandes, Saarbrttcken, 1990.
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Chlorine-Potassium Iodide-Starch Dipping solution Dissolve 250 mg potassium iodide in 25 ml water, mix with a

Reagent
solution of 750 mg starch (soluble starch according to ZULKOW-

SKY) in 25 ml water and dilute with 30 ml ethanol (99.5%) (12).

Spray solution Mix a solution of 0.5-4 g potassium iodide in 50 ml water with
a solution of 1.5- 2 g starch in 50 ml water (8) and add 20 ml
ethanol [9, 10).

Storage The spray solution should always be made up fresh (10).

Reagent for: Substances Potassium iodide
Starch, soluble according to ZULKOWSKY

• Amino, imino, amido groups Potassium permanganate

e.g. peptides [1-4) Hydrochloric acid (32"1.)

such as vasotocin analogues [5] Ethanol

e.g. phenylalkylamines
such as chlorphentermine, cloforex [6)

r-rr
'0' xeacuon

e.g. phenylbutazone, prenazone [8)

• Phthalimide and derivatives [9]

• Pesticides Treatment with chlorine gas converts amines to chloramines, whose active chlorine ox-
e.g. fungicides (10)

such as benomyl, 2-aminobenzimidazol (2-AB),
idizes iodide to iodine. This then forms the well-known, deep blue iodine-starch com-

plex [13J.
--rrremy r-..-

e.g. triazine herbicides
such as simazine, atrazine, propazine

prometryn, prometon, ametryn [II) Method
KI (C6H IOO 5)n

M, -166.01 M,-7000 The chromatograms are freed from mobile phase in a stream of warm air and treated
Potassium iodide Starch with chlorine gas for 1- 5 min, for example, by placing in the vacant trough of a twin-

trough chamber filled with 10 ml each of solution I and solution II [10). After the ex-
cess chlorine has been removed (ca. 5-10 min stream of cold air) the chromatograms
are immersed in the dipping solution for I s (12) or homogeneously sprayed with the

Preparation of the Reagent In general, deep blue chromatogram zones are produced immediately on a colorless
background.

Solution I Dissolve 3 g potassium permanganate in 100 m1 water. Note: Instead of chlorine gas treatment the chromatograms can be exposed to bromine

'"
~. .. ~ ,:A ,,,.,., .",,,.,, _, mo'.

vapor [8) or sprayed with bleach solution. In the case of phthalimide derivatives the_.
, en c Hoa,ou .u•• H a, <D' '--
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chromatograms remain unchanged for ca. 2 to 3 hours, then they begin to darken [10,
12). The color of the chromatogram zones turns brown on drying; the original blue
color can be regenerated by moistening the chromatogram with water vapor (12).

The starch according to ZULKOWSKV yields a clear solution in cold water without
neaung; uus so utton can Dediluted with ethanol Without precipitation ot msorunies.
For instance 10 ml of a 3 OJo aqueous starch solution can be mixed with 9 ml ethanol
(99.5010) without the precipitation of starch [12].

The detection limits for triazine herbicides are 10-20 ng [II, 12), for phthalimide
derivatives 50-100 ng [9J and for fungicides 50-500 ng substance per chromatogram
zone [10].

colorless background (Fig. lA). In order to prevent spot diffusion when the
chromatogram is dried the TLC plate is placed on a hot plate at 50°C and a stream
of warm air was also directed at the layer from a fan (2 min). On drying the color of
the chromatogram zones changes from blue-violet to brown (Fig. lB) and the whole
ayer necomes carx aner a prorongec perioa. 1ne U';5;H~ u'u. U. ""

chromatogram zones can be regenerated by moistening the layer with water vapor.

In situ qnautitation: The absorption photometric evaluation was carried out in reflec­
tance at wavelength A. = 550 nm (Fig. lC).

Procedure Tested

The reagent can, for instance, be used on silica gel, kieselguhr, Si 50000, cellulose,
Diol and RP layers (12). NH 2 phases are not suitable, since the dipping solution elutes
a brown-violet solution from the NH 2 layer, which itself remains white [12].

Polyamide and CN phases are not suitable either because the layer background is col­
ored yellow [12].

Method

Layer

u

Ascending, one-dimensional development in a trough chamber
with chamber saturation.

HPTLC plates Silica gel 60 F254 (MERCK).

T. m, ,,,

1
2 3

(fl.

4
110 110 " "• .. .

"• • ,. "
iii 'E

I 0u:
~ I

1 2 G 3 4 1 2 G 3 4 v

A B C

Hg. 1: Chromatogram of triazines (A) after immersion in the dipping solution and (B) after addi­
tional heating and (e) reflectance scan of a chromatogram track with 170 fig each of atraton (1),
cyanazin (2), terbutylazin (3) and anilazin (4) per chromatogram zone.

Migration distance 5 em

Running time 8 min

Detection and resnlt: The chromatogram was freed from mobile phase in a stream of
. r.. ~,~, -

mosphere had previously been generated by pouring ca. 3 ml hydrochloric acid (25010)
over ca. 0.2 g potassium permanganate in the vacant trough. The chromatogram was
immersed for I s in the dipping solution after removal of the excess chlorine (5 min
stream of cold air).

The triazines atraton (hR, 15-20), cyanazin (hR f 30-35), terbutylazin (hR, 45-50)
.. f 'U <JJ • • y appear a, vio e:-0me cnroma ogram zones on a

[II Bryan,W.M., Hempel, J. C., Huffman, W.E, Marshall, G. R., Moore,M. L., Silvestri, J.,
Stassen, E L., Stefankiewicz, J. S., Sulat, L., Webb, R. L.: 1. Med. Chern. 1988,3/,742-744.

[2) Hocart, S. J., Nekola, M. Y., Coy,D. H.: 1. Med. Chern. 1988,3/,1820-1824.
[31 Allen, M. C, Fuhrer, W., Tuck, B., Wade, R., Wood, J. M.: 1. Med. Chern. 1989,32,

16)l lt061.
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[41 Callahan,J. E, Ashton-Sbue, D., Bryan,H. G., Bryan,W.M., Heckman,G. D., Kinter, L. B., Chlorine-4,4'-Tetramethyldiamino-McDonald,1.E., Moore,M. L., Schmidt,D. B., Silvestri, 1. S., Stassen,E L., Sulat, L., Yim,
N. C E, Huffman, W.E: 1. Med. Chern. 1989,32, 391-396. diphenylmethane Reagent[51 Buku, A., Gazis, D., Eggena, P.: 1. Med. Chern. 1989,32, 2432-2435.

.. , ., ~ ","•. , D' .A.. , ., v. , n.. ,..;. . ", .~, 1 0< n,

[7J DiCuollo,C. 1., Miller,1. A., Mendelson,W. L., Pagano, 1. E: 1. Agric. Food Chern. 1974, (TDM Reagent)
22, 948-953.

[81 Schutz, C, Schiltz,H.: Arzneirn. Forsch. 1973,23,428-431.
[9] Ackermann,H., Faust, H., Kagan,Y.S., Voronina, V.H.: Arch. Toxikol. 1978,40,255-261.

[101 Balinova, A.: 1. Chromatogr: 1975, Jll, 197-199.

[111 ~~~::' ~.;.;,Fr~~~ri~~~~., Karlhuber, B., Szekely, G., Stammbach, K.: Fresenius Z. Anal.

[12] Meiers.B.. Jork, H.: GDCh-training course No. 302 "Moglichkeiten der quantitativen Aus-
Reagent for:wertung von DOnnschicht-Chromatogrammen". Universitat des Saarlandes, Saarbrucken,

1992.
[131 Ryden, N. H., Smith, P. W. G.: Nature 1952, 169, 922-923. Amino acids, amides, peptides [IJ•

• Secondary amines [I, 2J

• Phenols .r- CH]
e.g. phenol, p-nitrophenol, chromotropic acid I N

N-hydroxysuccinimide, pentachlorophenol [I) (N~ 'CH,

• Triazines H,C "- s-,

e.g. atrazine, trietazine, prornetryn, simazine [2] C nH22N 2

• Chloranils (3) M, = 254.38

Preparation of the Reagent

Solution I Dilute 20 ml sodium hypochlorite solution (13-14"10 active chlo-

rine) with 100 ml water [IJ.

Solution II Dissolve 2.5 g 4.4'-tetramethyldiaminodiphenylmethane (TDM,

MICHLER'S base, N,N,N',N'-tetramethyl-4,4'-diaminodiphenyl-. .., . . -,
rnetnane) in .v uu ~'''''u "" ·u '0

and make up to 100 ml with 80% 2-propanol.

Solution In Dissolve 5 g potassium iodide in 100 ml 80% 2-propanol.

Solution IV Dissolve 300 mg ninhydrin in 10 ml glacial acetic acid and dilute

to 100 ml with 80% 2-propanol.
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Dipping solntion Mix solutions II and III together and add 1.5 ml solution IV. Yellowchromatogram zones are first formed at room temperature; the color of these
zones generally changes to green and then to blue-black. This color change can be ac-

Storage Solutions I to IV may be stored in the refrigerator for several celerated by heating or irradiating with long-wavelength UV light (A. = 365 nm) [IJ; at
weeks. The dipping solution may be kept in the dark for I month the same time the background also takes on a greenish color.
at room temperature 1'1.

Substances Sodium hypochlorite solution Note: The TOM reagent can be used everywhere, where o-tolidine is employed. It can

4,4'-Tetramethyldiaminodiphenylmethane also be used on chromatograms, that have already been treated with ninhydrin, PAULY

Potassium iodide or ammonia perchlorate reagent or with iodine vapor [I]. Water may be used in place

Ninhydrin of 80"10 2-propanol when making up solutions II, III and IV. The chlorine gas atmo-

Ace';c oc;n {\MOI,' snhere in the chromatography chamber can also be created by pouring 5 ml hydrochlo-

2-Propanol ric acid (ca. 20"10) onto 0.5 g potassium permanganate in a beaker; such a chlorine
chamber is ready for use after 2 min.

Chloranils, which are formed from polychlorine phenols by heating briefly with

Reaction
cone, nitric acid, can be detected, without chlorine treatment, with TOM reagent, fol-
lowed by heating (10 min 110°C) [3J. Phenols yield variously colored chromatogram
7nne, (e" rrhenol : mauve. .. crev. 8-hvdroxvouinoline: liaht brown

4-tert-butyl-pyrocatechol: red [I)).
Presumably the active chlorine of the chloramines formed by reaction with chlorine gas Before treatment with chlorine gas or hypochlorite solution, pyridine-containing mo-
or hypochlorite reacts with TOM in the presence of acetic acid to yield dark blue, bile phases must be removed completely from the chromatograms, if necessary, by pro-
mesomerically stabilized quinoid reaction products that possibly rearrange to yield longed drying in a stream of warm air [I]. The colored chromatograms may be stored
triphenylmethane dyestuffs. for several days in the dark under cool conditions [I] .. .

,- -J

(CH3),N N(CH,h. .,
rH3C'~=O=c--o-lH,] spraying the chromatograms with cone, hydrochloric acid and then heating (20 min,

~ Acrive chlorlne l ClLr H
110°C), before applying the reagent [IJ.

'" h / - H ~ fi -,
H3C CH, The detection limits for triazines are 20 ng [2] and for amino acids - with a few ex-

ceptions - 0.1 to I ug substance per chromatogram zone [I]. In the case of peptides

50 ng can be detected visually.
.. . .

Phenols are probably initially oxidized to quinones, which then presumably react fur-
uo u>ou , "'O>0>5um, ~. ,vvvv, . ".-

ther to yield triphenylmethane dyestuffs.
lulose layers.

Warning: 4,4'-Tetramethyldiaminodiphenylmethane is thought to be carcinogenic [4].
Therefore, the dipping solution should be used if possible (gloves i). It is only in this

Method way that it is possible to guarantee that the spray vapors do not come into contact with
tnc skin or respiratory tract.

The chromatograms are freed from mobile phase (15 min 1000C), placed in the empty
chamber of a twin-trough chamber containing 20 ml solution I (chlorine chamber) for
1 min or homogeneously sprayed with solution I until the layer begins to be transpar-
enr. Thev are then freed from excess chlorine in H stream of warm air- for ~o min anrl
immersed in the dipping solution for 3 s or sprayed homogeneously with it.

--
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Procedure Tested References

Triazines 151 [I) VonArx, E., Faupel, M., Brugger, M.: J. Chromatogr. 1976, 120, 224 228.
[2J Szoke y, G., eicx, ., "-0', e.: J. rtanar . 1707,., J" J'•.

Method Ascending, one-dimensional development in a trough chamber
[31 Ting, H.-H., Quick, M. P.: J. Chromatogr. 1980, 195, 441-444.

with chamber saturation.
[4) Fourth Annual Report on Carcinogens (NTP 85-002, 1985) S. 130.
[51 Ehlert, W., Jork, H.: GDCh-training courseNr, 301 ..Dunnschicht-Chromatographle fur Fort-

Layer TLC plates Silica gel 60 F254 (RIEDEL DE HAEN)
geschrittene", Universitat des Saarlandes, Saarbrucken 1990.

Unh;'. nhase Cvclohexane dichloromethane dioxan tetrahydrofuran

(80+ 10+ 5+ 5).

Migration distance 7cm

Running time 20-25 min

~. "", The chromatozram was freed from mobile phase and nlaced in
an atmosphere of chlorine gas (twin-trough chamber, containing 20 ml solution I in the
second chamber) for I min. Then the excess chlorine was removed (30 min stream of
warm air), the treated chromatogram immersed in the dipping solution for 3 s and

dried on a hotplate (60-70°C).
Depending on the duration of heating yellow-green to dark green chromatogram

Th " •••_.;~~ ,,~:>o ~r .1..
triazine herbicides cyanazine (hR f 25-30), simazine (hR f 30-35), atrazine (hR f 40-45),
terbutylazine (hR f 45-50) and anilazine (hR f 60-65) were 20 ng substance per chro-

matogram zone.

In situ quantitation: The absorption photometric evaluation in reflectance was carried

UUl ar '" - .DJ nm ';5. 'J.

2

A~
1

A
5

0 A AfV;

LJ \J \J ~ LvJ \.!
Fjg. 1: Reflectance scan of a chromatogram track with 100 ng each of 1 :::; cyanazine, 2 = simazine,
3 = atrazine, 4 = terbutylazine, 5 = anilazine per chromatogram zone.
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Chlorine-o-Tolidine- Preparation of the Reagent

Potassium Iodide Reagent "nln'inn I Dissolve 1\ 5 " o-tolidine '3 3'- dimethvlhenzidine) in ~ ml orp!;r

(Reindel-Hoppe Reagent) acid (100"70) and make up to 250 ml with water or 80"70
2-propanol [26, 27J.

Solution II Dissolve 2 g potassium iodide in 10 ml water.

Dipping solution Combine solutions I and II and make up to 500 ml with water or
21\01" '_nMn.nA' r'" ",

Reagent for: Spray solution Dissolve 160 mg o-tolidine in 30 ml glacial acetic acid and make
up to 500 ml with water; dissolve 1 g potassium iodide in this so-

• Compounds that can be converted to chloramines [1-4J lution [4, 14, 16, 17, 28-30J.

e.g. amino acids, peptides, proteins and derivatives [5-13] Storage Dipping and spray solutions may be stored in the refrigerator for
such as cvclochlorotin simatoxin 1141 .." ro. '"

aspartic acid derivatives [15]
carbobenzoxyamino acids [16) Substances o-Tolidine

caprolactam oligomers [17] Potassi urn iodide

phenyl carbamate herbicides Potassium permanganate

such as chloropropham [18, 19J Hydrochloric acid (32"70)

urea and urea derivatives [20, 21J Acetic acid (100"70)
carbamide derivatives [IOJ 2-Propanol

• Pesticides

• Triazines and their hydroxy derivatives [22, 23J
e.g. atrazine, simazine [18, 19, 24]

Reactionmetribuzine [25]
prometryn [18, 24, 26, 27)

• Vitamins [28-30)
e.g. vitamins B.. B20 B6, nicotinamide, panthenol The action of chlorine gas produces, for example, chloramine derivatives from herbi-

• Pharmaceuticals cides, amino acids, peptides and proteins; the active chlorine of these derivatives then
e.g. sulfonylurea derivatives [31, 32)

meprobamate, barbiturates [33J HJC CHJ H,C CHJ

sulfonamides [34] H2N-f 4 ,>-NH2 H2N--{ H ')-1 Active chlorine
NH2--H'-~

central stimulants [35J
CI4Hl6N2 o-Tolidine

Mr =212.30
[ H HJC CH

J
H H HWJ H ]

o-Tolidine
'~/ ,- - +/

N 'N--N' N
HI - - 'H H/ - - 'H

Diphenoquinondimine radical

-



oxidizes o-tolidine in the presence of acetic acid and potassium iodide to produce a
deep blue dyestuff (diphenoquinonediimine radical) [II, that exhibits semiquinonoid
character (2). The active chlorine possibly also reacts with tbe potassium iodide to liber­
ate iodine which is capable of complex formation with the serniquinonoid reaction

product, thus deepening its color.

Method

The chromatogram is freed from mobile phase in a stream of cold air and then exposed
to an atmosphere of chlorine gas for 30 s - I h. This chlorine gas can be generated
in a trough chamber by pouring 5 ml ca. 20'70 hydrochloric acid onto 0.5 g potassium
permanganate placed in a beaker; the chlorine gas chamber is ready for use after ca.

2 minutes.
. , th.n , f•••rl f.n~ . , 0

air for 30 min, immersed in the dipping solution for 3 s or homogeneously sprayed with
the spray solution and dried for 5 min in a stream of warm air [26).

Usually blue-grey colored chromatogram zones are produced on a colorless [19, 24,
25] to pale grey background [26); cyclochlorotin and simatoxin yield brilliant yellow
zones [14] and urea derivatives yellow, green or blue colors [21).

Note: The dipping solution can also be used as a spray reagent. The quantitative scan
should not be delayed for more than I h since the background begins to darken after
this [26). The chromatogram should not be completely freed from water before expo­
sure to chlorine gas (2), moistening in water vapor has even been suggested [I, 16]. The
chromatogram should first only be sprayed or dipped in the reagent at one corner. If
me nacxgrouno oecornes mue mis is a sign tnat (races or chtnrme gas <uc stilt I"C>C"',

in such cases the chromatogram should be exposed to air for longer after treatment with
chlorine gas [16, 24, 28-30].

Instead of exposing the chromatogram to chlorine gas it can be dipped in a solution
of chlorine in carbon tetrachloride [24) or, in some instances, pretreated with sodium
hypochlorite [4] or tert-butyl hypochlorite solution (8). Treatment with chlorine gas is
not necessary tor chloramines; here the chromatogram can be treated with tne spray
solution immediately after development and drying [36]. A modified reagent includes
sodium tungstate solution in making up the spray solution [20]. In some cases the col­
ored zones fade within a few minutes [24). An additional treatment with I '70 ammo­
nium molybdate in acetic acid (c = I mol/L) stabilizes the colored zones [I]. A series
of chlorinated pesticides and biphenylenes can be detected with o-tolidine followed by
exposure to light (see o-tolidine UV light reagent).

The detection limit is I ppm for cyclochlorotin and 12-100 ng substance per chro­
matogram zone for triazines [18, 19, 25-27).

The reagent can be used, for example, on silica gel, kieselguhr, Si 50000 and cellulose

layers.

Caution: o-Tolidineis very toxic and possibly carcinogenic! For this reason the dipping
method should be preferred. This is the only way to ensure that the spray mist does not
reach the respiratory tract or skin.

Procedure Tested

Triazines (26, 27]

Mpthod Ascendinz, one-dimensional develooment in a trough chamber
without chamber saturation.

Layer HPTLC plates Silica gel 60 F254 (MERCK, RLEDEL-DE-HAEN); be­
fore application of the samples the layer is immersed in
2-propanol for 12 hours (preferably overnight) for purification
purposes and then activated on a hot plate for 60 min at 1l0°C.

Mobile phase I. n-Pentane - chloroform - acetonitrile (50+40+ 10) (Fig. I).
2. Cyclohexane - dichloromethane - dioxan - tetrahydrofuran
(80+ 10+5 +5) (Fig. 2).

Migration distance 5-7 em

Running time 20 - 25 min

Detection and result: The chromatogram was freed from mobile phase for 5 min in a
stream of cold air and then for 15 min on a hot plate (Thermoplate DESAGA) at 60 'C.
It was then exposed for 30 s to an atmosphere of chlorine gas, that had been generated
in a twin trough chamber by pouring 5 ml hydrochloric acid (ca. 20%) onto 0.5 g po­
tassium permanganate placed in one of the troughs (waiting time 2- 5 min after the acid
"au vccu , OIC ,~ weu H ccu

from excess chlorine for 30 min in a stream of warm air, immersed in the dipping solu­
tion for 3 s and dried for 5 min in a stream of warm air.

The substances aziprotryn (hR r 80-85), dipropretryn (hR r 70-75), prometryn (hRr

65-70), ametryn (hRr 55-60), desmetryn (hR r 40-45) and methoprotryn (hR r 30-35)
separated using mobile phase I and the components terbutylazine (hRr 45-50), at-
razme (nJ(r j)-4U), srmazme (hKr jU-j)) ana cyanazine (nJ(r "U-"'J cnroma 0-



2U~ "'''''' "'~'V-
r~I~';M _ '_"""_"_' D. ,,"An DnnnnM' 'nn

Ub'

graphed with mobile phase 2 all yielded blue-grey chromatogram zones on a pale grey [3] Krebs, K. G., Heusser, D., Wimmer, H. in Stahl. K (Ed.) Dunnschicht-Chromatographie, ein

background. Anilazine (hR, 60-65, mob. ph. I) did not produce a color, but it could
Laboratoriumshandbuch, 2. Ed., Springe" Berlin, Heidelberg, New York 1967, S. 822.

be quantified well without reagent treatment at A. = 223 nm,
(4J E. MERCK, Company brochure "Dyeing reagents for Thin-layer and Paper Chromato-

graphy", Darmstadt 1980.

Note: Since the plate background begins to darken after I h it is necessary to carry out

(5J Humphries, J., Wan, Y·P., Fisher, G., Folkers, K., Bowers, C. Y.: Biochem. Biophys. Res.
commun IY/4,) , 01)-00-'.

quantitation within this time.
[6J Stverteczky, J., Hollosi, I., Bajusz, S.: Acla Chim. 1975, 87, 269- 283.

The detection limits for triazines are in the range 10-20 ng substance per chromato-
[7] Stverteczky, 1., Bajusz, S.: Acta Chim. Acad. Sci. Hung. 1976,88,67-74.
[8] Halstrom, 1., Kovacs, K., Brunfeld, K.: Acta Chem. Scand. 1973,27, 3085-3090.

gram zone, [9] Kajtar, M., Hollosi, Riedl, Z.: Acta Chim. Acad. Sci. Hung. 1976, 88, 301- 308.
[10] Szabo, A.: Analyst 1981, 106, 602-604.

In sitn uuantnation: The absorntion nhotometric measurement in reflectance was car- [11] Arnold, W·H., White, W, Flouret, G.: J. Med. Chem. 1973, 16, 1054 1055.

ried out at a mean wavelength of A. 650 nm (Fig, 1) and 495 nm (Fig, 2). l'"J rouum, u. ., "",,"u, '. -, 'g, ., ., .,
Rippel, R. H.: J. Med. Chem. 1973, 16, 369-373.

1
[13] Flouret, G. R., Morgan, R, L, Gendrich, R., Wilber, J., Seibel, M.: J. Med. Chem. 1973,

2 5
16, 1137-1140.

3 [14] Ghosh, A. C., Manmade, A., Bousquet, A., Townsend, 1. M., Demain, A. L.: Experientia

4
1978, 34, 819-820.

[15] Schon, I.: Acla Chim. Acad. Sci. Hung. 1982, 109 219-222
~ . ~.~, .nLO " ,~, , .. .. . . "

2 [17] Reinisch, G., Gohlke, u.: Faserforsch. u. Textiltechn. 1972, 23, 415-420.

3
[18J Engst, R., Noske, R.: Nahrung 1970,14,623-629.

4 [19] Ambrus, A., Hargitai, E., Karoly, G., FUlop, A., Lantos, 1.: J. Assoc. Off Anal. Chem. 1981,
64, 743-748.

1
[20] Kynast, G.: Z. Anal. Chem. 1970, 251, 161-166.
[21] Ludlam, P. R.: Analyst 1973, 98, 116-121.

"
,", "", ~ u •.7.'. ~'.' c. ,n" nn Ln "'

Vi
[23J Sherma, J., Zweig, G.: Analytical Methods for Pestizides and Plant Growth Regulators,

I
c 0

Vol. VII, Academic Press, New York, London 1973.
0 Vi C [24] Koudela, S.: J. Chromatogr. 1970, 53, 589-591.u: 0

1.
6 L \J ~f

[25J Wirthgen, B., Raffle, W.: Nahrung 1977, 21, K27-K29.

~J V
[26] Battenfeld, R.: Thesis, Fachhochschule Giefsen, Fachbereich Technisches Gesundheitswesen,

\. "
1990.

27 Ph'p<' ur 1M' r.r . ,-,nrh·r,inincr cour e Nr. 301 Universitat des Saarlandes Saarbrucken

Fig. 1 t'ig.2
1990.

[281 Thielemann, H.: Pharmazie 1977, 32, 51.

Fig. 1: Reflectance scan of a chromatogram track with 200 ng substance per chromatogram zone:
[29] Thielemann, H.: Z. Anal. Chem. 1974, 271, 365-366.

1 ::::: methoprotryn, 2 ::::: desrnetryn, 3 ::::: ametryn, 4::::: prometryn, 5 ::::: dipropretryn, 6 ::::: aziprotryn
[3D] Thielemann, H.: Pharmarie 1981, 36, 574.

Fig. 2: Reflectance scan of a chromatogram track with 100 ng substance per chromatogram zone:
[31] Speck, u., Mutzel, W., Kolb, K. H., Acksteiner, B., Schulze, P. E.: Arzneim. Forsch. 1974,

1 ---= cvanazine, 2 - simazine, 3 - atrazine, 4 - terbutylazine, 5 - anilazine
24, 404-409.

[321 Kopitar, Z.: Arzneim. For.sch. 1975, 25, 1455 1460.
[33] Thielemann, H.: Fresenius Z. Anal. Chem. 1989, 334, 64.
[34] Pauncz, 1. K.: J. High Resolul. Chromatogr: Chromatogr. Commun. 1981,4, 287-291.

References
[3S] Ryrfeldt, A.: Acla pharmacol. et toxicol. 1970, 28, 391-405.
[36] Thielemann, H.: Pharmazie 1977, 32, 182-183.

" D ...~l1;p< I. Nnlu~i« 1961 16 554.
(2J Reindel, E, Hoppe, W.: Chem. Ber. 1954, 87, 1103 1107.
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Chlorine-o-Toluidine Reagent Reaction

Pentides for example, vield chloramine derivatives on exoosure to chlorine noo' 'hooe
derivatives oxidize a-toluidine to a blue semiquinonoid dyestuff in the presence of
acetic acid.

Reagent for:

• Amines, amides -- .. .
e.g. hexamine, urea derivatives, melamine resins [I, 2]

peptides [3-6]

OC
CH3• Triazines [7] 7

1• Vitamin BI> B2, B6 ""- The chromatograms are freed from mobile phase and then treated for 5-10 min with
NH, chlorine gas. This can be produced in the vacant trough of a twin-trough chamber by

C7H9N pouring 5 ml hydrochloric acid (ca. 20"1.) over 0.5 g potassium permanganate. After

M,= 107.16
the excess chlorine has been removed the TLC plates are immersed in the dipping solu-
tion for I s or homogeneously sprayed with the spray solution and laid out in the air.

Yellow, green, gray or blue chromatogram zones are produced on a colorless
background [I, 2, 7].

Note: Chloramines do not reouire exnosure to chlorine zas before aonlication of
YreparaUon 01 the Keagem a-toluidine. A range of halogen-containing substances (e.g. bromazine, hexachloro-

cyclohexane isomers) can be detected with a-toluidine (I "1. in ethanol) after subsequent
irradiation with UV light (J..= 254 or 366 nm; 10-15 min) [I, 8].

Dipping solution Dissolve 2.5 ml a-toluidine in a mixture of 45 ml diethyl ether The detection limits for triazines are 300 ng [7] and for urea formaldehyde reaction
and 5 ml glacial acetic acid [7]. products they are I to 5 ug substance per chromatogram zone [I].

.. . .. The 'eonen' con he n<ert nn <;];co ne1 I o: (finN> '0•.0_0 no r-M .....:.
"I'rdy .umuun wo>u.' 6 - o·

NH2 and cellulose layers are not suitable. Amino layers, for example, turn yellow
Storage The reagent solutions may be stored for several weeks [I]. under influence of the reagent [7].

Substances a-Toluidine
Acetic acid (100%) Warning: a-Toluidine is highly poisonous and possibly carcinogenic! Therefore, the

Potassium permanganate dipping solution should be employed if possible. This is the only way to ensure that
.c,

a~,u \~J

Diethyl ether

--



(ca. 3 min in a stream of warm air) the chromatogram was immersed for 1 s in the dipp­

ing solution and left in the air for a few minutes.
yanazm f - appeare as gray, ter u y azm f Y'

anilazin (hRr 35-40) as pale blue chromatogram zones (Fig. I). The intensity of the
spots increased during one hour but did not change thereafter. The detection limits for
all three substances were 300 ng per chromatogram zone. These amounts could also

readily be detected visually.

•'ig. 1: Thin-layer chromatogram of triazines (amount applied: 4 ug each substance per
chromatogram zonej Tracks I and 5 = mixture, Track 2 = cyanazin, Track 3 = terbutylazin, Track
4 = anilazin.

.Fig.2: Reflectance scan of a chromatogram track with 2 ug each of cyanazin (1), terbutylazin (2)
and anilazin (3) per chromatogram zone.
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[I] Ludlam, P. R.: Analyst 1973, 98, 107-115.
[2] Schindlbauer, H., Dabernig, G.: Fresenius Z. Anal. Chem. 1984,319, 399-402.
[3] Davidek, J., Velisek, 1.: Proc. Int. Congress of Food Science and Technology, 6th, Dublin

1983, 219-220.
[4] Gall-Ist6k, K., Zara-Kaczian, E., Kisfaludy, L., Deak, G.: Acta Chim. Acad. Sci. Hung. 1982,

lIO, 441-446.
[5] Balaspiri, L., Papp, G., T6th, M., Sirokrnan, E, Kovacs, K.: Acta Phys. et Chem. 1979,25,

179-185.
[6] Mezo, 1., Seprodi, J., Erchegyi, 1., Horvath, A., Nikolics, K., 'Ieplan, 1., Vigh, S., Kovacs, M.,

Flerk6, B., Coy, D. H., Pedroza, E., Nekola, M. V., Schally, A. V.: Acta Chim. Hung. 1984,
lI6, 173-187.

[7] Jork, H., Meiers, B.: GDCh-training course No. 301 "Diinnschicht-Chromatographie fur
Fortgeschriuene", Universitat des Saarlandes, Saarbrucken, 1992.
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Migration distance 7 em

Running time 14 min

Detection and result: The chromatogram was freed from mobile phase in a stream of
warm air and placed for 5 min in a twin-trough chamber in which a chlorine gas at­
mosphere had been produced (by pouring ca. 6 ml hydrochloric acid (20"70) over 0.4 g
potassium permanganate in the vacant trough). After removal of the excess chlorine

Triazines [7]

Method

Mobile phase

Ascending, one-dimensional development in a trough chamber

with chamber saturation.

Cyclohexane - dichloromethane - tetrabydrofuran - dioxane

(80+ 10+ 5+ 5).

In situ quantitation: Absorption photometric evaluation in reflectance was carried out

c
o
u:
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Copper(II) Sulfate- Reaction

Sodium Citrate Reagent
Reducing suaars convert connen ll) salts to red connerrl) oxide. Evidentlv the nhenolic

(Benedict's Reagent) OH groups of many f1avonoids and cumarins are also capable of reducing copper(II),
probably leading to strongly fluorescent quinoid systems. Substances with orlho-
phenolic OH-groups have their natural fluorescence reduced, those with isolated OH-
groups have this enhanced [6].

Reagent for:
Na+ 0- 0 Method

• Reducing sugars [I]

o~o-• Flavonoids [2-5]

• Cumarins [4] After development the chromatogram is freed from mobile phase in a stream of warm
Na Na· air, immersed in the dipping solution for I s or homogeneously sprayed with it, dried

CuSO.·5H2O C6H,Na307 . 2H2O for 5 min in a stream of cold air and, in the case of f1avonoidsand cumarins, is immedi-

M,~249.68 M, = 294.10
ately examined under long-wavelength UV light (A. = 365 nm) [7]. Reducing sugars are
detected by heating to 105°C for 30 min after dipping or spraying [I].

Copper sulfate Sodium citrate When examined under long-wavelength UV light (A. = 365 nm) cumarins yield light
blue 171 and f1avonoids vellow-areen 12, 31fluorescent chromatozram zones on a dark
background. Reducing sugars yield brilliant orange-colored zones on a colorless to pale
beige background.

Preparation of the Reagent Note: The dipping solution can also be used as a spray solution [7]. Chromatograms
of natural product extracts should always be examined under UV light before using
B~",pmrT" Teocren' .ince • ore TP<1"ce~ 'n 0 crTeo'eT nT ]e«eT

Solution I Dissolve 17.3 g copper(II) sulfate pentahydrate in 100 ml water.
degree by the reagent.

The detection limits for cumarins are 5 ng substance per chromatogram zone 17].
Solution n Dissolve 173 g Iri-sodium citrate dihydrate and 270 g sodium car- They can be appreciably lowered by dipping the mobile phase-free chromatogram in a

bonate decahydrate in 600 ml water. solution of liquid paraffin - n-hexane (I +9) [8].

Dipping solution Slowly add solution I to solution II with stirring and make up to
The reagent can be used on silica gel, kieselguhr, Si 50000, cellulose and polyamide

I L with water [I].

Storage The dipping solution can be stored for several weeks at room tem-
perature.

Substances Copper(lI) sulfate pentahydrate
Iri-Sodium citrate dihydrate
Sodium carbonate decahydrate
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Procedure Tested

Method

Layer

Mobile phase

Ascending, one-dimensional development in a trough chamber
with chamber saturation.

HPTLC plates Silica gel 60 F254 (MERCK); before application of
the samples the layer was developed with methanol to precleanse

it and then dried at 1I0"C for 30 min.

Acetone - water - ammonia solution (25'70) (90+7+3).
4

Migration distance 7.5 em

Running time 17 min

Detection and result: The chromatogram was dried in a stream of warm air. Blood-red
fluorescent chlorophyll zones were visible in the region of the solvent front. In the case
of Orthosiphon leaf extract there was an intense pale blue fluorescent sinensetin zone
(hR r 90-95) immediately below this, followed by a series of usually weaker blue fluo­
rescent zones extending right down to the start zone (Fig. lA).

er app lea Ion 0 ENEDI T S re en
stream of warm air) the fluorescence intensity of many of the chromatogram zones is
appreciably reduced. At the same time the fluorescence of other zones is increased
(Fig. 2), so that in stinging nettle extract, for instance, the scopoletin zone (hRr 48-53)
fluoresced most strongly (Figure lB). Dipping for 3 s in liquid paraffin - n-hexane
(I +9) followed by drying in a stream of cold air caused the fluorescence intensity to

increase by a factor of 2.

Note: Allowing the sprayed chromatograms to stand for a longer time and, in particu­
lar, exposing them to heat, reduces the intensity of the fluorescence of the chromato­

gram zones.

In situ quantitation: The fading of the fluorescence on exposure to heat and on allow­
ing the chromatograms to stand makes this reagent unsuitable for in situ quantitation.
Dipping the chromatograms in paraffin solution does not improve this (Fig. 2).

4

Fi f tw natural roduct extracts and associated reference substances A. be-
fore and B. after application of BENEDICT'S reagent.
Track I: sinensetin(hRe90-95), scopoletin(hRf 50-55); track 2: Extr. Urticae (extractof sting­
ing nettle leaves); track 3: Orthosiphon extract; track 4: mixture of stinging nettle and Or­
thosiphon extracts.
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IIU! Umbelliferone [lUI Scopnletin Dansyl Chloride Reagent

5000 5000

~ Reagent for:
3000 3000 H,C" /CH,, • Primary and secondary amines [1-4]

~_n.
" <>-.. such as hordenine, tyramine, synephrine ~

1000 1000 • Amino acids

I
o=s=o• Phenols I

f!l
Cl

A B C 0 1 3 51hl A B C 0 1 3 5 [h] C. 2H 12CIN02S

Po. 0 M, - 269.75

Fig. 2: Increase in fluorescence of the genuine fluorescence (A) by treatment with BENEDICT'S re-
agent (8) and immersion in a paraffin solution (C) and reduction of emission intensities with time
for the two cumarins umbelliferone and scopoletin (curves).

-~ ...-
References

Dipping solution I Dissolve 2 to 5 g sodium carbonate in 50 ml water and make up

[l] Ohlenschlager, I., Berger, I., Depner,W.: Synopsis der Elektrophorese-Iechniken; GlT-Verlag,
to 100 ml with methanol [6].

Darmstadt 1980, S. 183. Dipping solution II Dissolve 100 mg dansyl chloride (5-(dimethylamino)-naphtha-
[2] Mues, R., Zinsmeister, H. D.: Phytochemistry 1975,14, 577; 1976, 15, 1757 1760. lene-J-sulfonyl chloride) in 100 ml ethanol [6].
[3] Theodor, R., Zinsmeister, H. D., Mues, R., Markham, K.: Phytochemistry 1980, 19,

1695-1700. Spray solution Dissolve 50 mg dansyl chloride in 100 ml acetone [3-5].
[41 Krause, J., Reznik, H.: Z. Pflanzenphysiol. 1972, 68, 115-120.

Storage Dipping solution I can be stored for a longer period. Dipping so-[5] Oettmeier,W., Heupel, A.: Z. Naturforsch. 1972,27b, 177-183.
[6] Reznik, H., Egger, K.: Z. Anal. Chern. 1961, 183, 196-199. lution II and the spray solution should be made up fresh daily
[7] Hahn-Deinstrop,E.: Private communication,Fa. Heumann Pharma GmbH & Co., Abt, Ent- and nrotected from lizht,

wicklungsanalytik, D-90478 Ntirnberg 1.
[8] Ganz, J., Jork, H.: Privatecommunication, Universitatdes Saarlandes,Fachbereich 12,Saar- SUbstances 5-(Dimethylamino)-naphthalene-I-sulfonyl chloride

brucken 1990. Sodium carbonate, anhydrous
Methanol
Ethanol (96"70)

--
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Reaction Layer HPTLC plates Silica gel 60 (MERCK).

Mobile phase Ethyl acetate - l-propanol - ammonia solution (25"70)
(12+9+3).

Dansvl chloride that exhibits a blue intrinsic fluorescence, reacts with many amines and
Mlgnuiuu dtstanee 0 cmphenols to yield derivatives with fluorescence of another color.

Running time 20 min
HlC, /CH, H,C, /CHl

R1, &; 6c Detection and result: The chromatogram was freed from mobile phase (the ammonia

NH + -- must be removed completely) and immersed in dipping solution I for 1 s dried in a
D/ '" ~ -He! c-, ~

crre a rn of WOT~ 0;' f", 1" ", .f,p ,I;n' : .

0=5=0 0=5=0 lion II for 1 s and then heated to llO°C for 2 min.
I I

CI N Phenylethylamine (hR, 60-65), tyramine (hR f 45-50), serotonin (hR f 35-40) and, -,
R1 R2 histamine (hR f 20-25) yielded yellow-orange fluorescent zones on a pale light-blue flu-

orescent background under long-wavelength UV light (1.. ~ 365 nm) .

-- .. . 3

The chromatogram is freed from mobile phase, immersed in dipping solution I for I s
or sprayed homogeneously with it, dried in a stream of warm air and immersed immedi-
ately after cooling for 1 s in dipping solution II or sprayed homogeneously with the
f"'OV fnl,,';nn on..l then heated to llO°C for 2 min.

Under long-wavelength UV light (1.. = 365 nm) yellow-orange fluorescent chromato-
gram zones are observed on a pale light-blue fluorescent background. 2

Note: Tertiary amines do not react with dansyl chloride and can be detected by spraying
afterwards with WAGNER'S reagent [1]. The detection limits for amines are in the lower

-::
'0

ViThe reagent can be used on silica gel, kieselguhr, Si 50000, aluminium oxide and RP t;

layers; amino phases are unsuitable. j
C

\j
0

It

j
r'roceuure U:::sU::U

Fig. 1: Fluorescence scan of a chromatogram track with a mixture of biogenic amines with 1 ng
sUb.stance per chromatogram zone: 1 = histamine, 2 = serotonin, 3 = tyramine, 4 = phenylethyl-

Biogenic Amines [6)
amine,

Method Ascending, one-dimensional development in a trough chamber
with chamber saturation.
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In situ quantitation: The fluorimetric quantitation was carried out in long-wavelength Dimedone-Phosphoric Acid Reagent
uv light at A= ~ 365 nm and Aft > 560 nm (Fig. I).

I! is not recommended that the chromatogram then be treated with liquid paraffin
_ n-hexane (1+4) since the intensity 'of the pale light blue fluorescent background is
also increased, so that the difference in emission of the chromatogram zones IS reduced.

Reagent for:

References • Ketosugars [1-4]
s. ,N':

'c'

• Aryl- and heteroarylpropionic acids

[I] Kelley Hornemann,K. M., Neal, 1. M., McLaughlin, 1. L.: J. Pharmac. Sci. 1972,61,41-45.
e.g. flurbiprofen, ketoprofen [5]

[2] Dingerdissen, J. J., McLaughlin, J. L.: J. Pharmac. Sci. 1973,62, 1663-1665.
[31 Sato, P. T., Neal, J. M., McLaughlin, J. L.: J. Pharmac. Sci. 1973, 62, 411-414.

:3~dO[4] Keller, W. J., McLaughlin, J. L., Brady, L. R.: J. Pharmac. Sci. 1973, 62, 408-410.
;_; _ • , ' ••• , ~ , . r-: , ,.. • .""" ?O ,,<_'07

[61 Jungblut, E., Kany, E., Jark, H.: GDCh-tralning course Nr. 302 "Mllglichkeiten der quan- 0

titativen Auswertung von Diinnschicht-Chromatogrammen", Universitat des Saarlandes,
Saarbrucken 1988.

C,H120 2 H,PO.

M,~ 140.18 M,= 98.00

Dimedone Phosphoric acid

Preparation of the Reagent

Dipping solution Dissolve 0.3 g dimedone (5,5-dimethylcyclohexane-1.3-dione) in
90 ml ethanol and mix with 10 ml ortho-phosphoric acid (85'70)
[1,5].

Storage The dipping solution may be stored for an extended period.

uno

Ethanol
ortho-Phosphoric acid (85%)
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Reaction Procedure Tested

Dimedone reacts with carbonyl compounds with the elimination of water yielding the Flurbiprofen and Ketoprofen (5)

condensation product [I). The reaction is specific for ketoses; aldoses do not react or

only weakly [6J. Method Ascending, one-dimensional development in a trough chamber
without filter paper lining. The development was commenced

0 0 30 min after charging the chamber with 5 ml mobile phase.
HJC~ /R[ H3C>C} /RJ

+ o=c" --- C.... Layer HPTLC plates Silica gel 60 (MERCK).
H,C R, -H~O H,C R,

v Mobile phase n-Hexane - diethyl ether I-butanol- - ethyl acetate
Dimedone Carbonyl Condensation (65+15+11+9).

compound product
Migration distance 6cm

Running time 20 min

Method
Detection and result: The chromatogram was freed from mobile phase for 10 min in
a stream of cold air, irradiated for 30 min with unfiltered UV light, then immersed in
the dipping solution for 4 s and finally heated to 110°C for 15 min. The chromatogram

The chromatograms are freed from mobile phase in a stream of warm air, immersed 2

- <. -- • <move" ",;'h i c un il 'he laver begins

to be transparent and then heated to 110°C for 15 to 20 min, after briefly drying in a

stream of cold air.
Yellow chromatogram zones are formed on a colorless background; these zones

mostly fluoresce blue when excited with long-wavelength UV light (A, = 365 nm).

• L -
ated with unfiltered UV light for 30 min before application of the reagent [5]. The
chromatograms can then be immersed in a solution of liquid paraffin - n-hexane
(1+2) in order to stabilize and enhance the fluorescence [5].

The detection limits for aryl- and heteroarylpropionic acids are in the lower nano-
gram range [5, 7). In the case of ketosugars 10-40 ng substance can be detected per

cnromatogram zone [lJ. e
The reagent can, for instance, be used on silica gel, kieselguhr and Si 50000 layers.

~j
0

u:
I

Fig. 1: Fluorescence scan of a chromatogram track with 500 ng each substance per chromatogram
UH<: = ketopro en, L ; nurnipro en.
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was then immersed in a solution of liquid paraffin - n-hexane (l + 2) for 2 s in order N,N-Dimethyl-l,4-
to stabilize and enhance the fluorescence by a factor of about 2.

On excitation with long-wavelength UV light O. = 365 nm) ketoprofen ihr, 35-40) phenylenediamine Reagent
and flurbiprofen (hRf 50-55) appeared as yellow or blue fluorescent chromatogram
zones on a pale blue fluorescent background. The detection limits or, tor instance, nur- (Wurster's Red Reagent)
biprofen were lO ng subtance per chromatogram zone.

10 sito quaotitatioo: The fluorimetric evaluation was carried out under long-wave-
length UV light at '-.xc= 313 om and the fluorescence emission was measured at

An > 390 DID (cut off filter FL 39).

Reagent for:

• Peroxides
References e. g. alkyl hydroperoxides and their esters,

dialkyl and diacyl peroxides, ketone peroxides [2]

[I) Patzsch, K., Netz, S., Funk, w.: J Planar Chromatogr. 1988, 1, 39-45.
cumol hydroperoxide [2, 3J
nonanoyl peroxide, tert-butyl perbenzoate [3]

[2] washuul, 1., Riederer, P., Bancher,E., Wurst, F., Steiner, K.: Z. Lebensm. Unters. Forsch.
sterol hydroperoxides [4]

1974, 155, 77-80.
[3] Kroplin,u: J Agric. Food Chem. 1974,22, 110-116. linoleic acid hydroperoxides [5]

[4] E. MERCK, Companybrochure Dyeing Reagents for Thin-layer and Paper Chromatography, pregnen-17a-hydroperoxides [6J
Darmstadt 1980. • Halogen-contaiuing substances

[5] Honermann,u.: TheSIS, Fachhochschu e Uleuen,racnoereicn iecnruscnes uesunanei!swesen, e.g. chlorine-containing insecticides [I, 7]
1991.

[6] Adachi, S.: Anal. Biochem 1964,9, 224-227. such as aldrin, dieldrin, om, perthane,

[7] Jork, H., Funk, W., Fischer, w.,Wimmer, H.: Thin Layer Chromatography - Reagents and hexachlorocyclohexane, methoxychlor [7]
Detection Methods, Vol.1a, p. 92-93, VCH-Verlagsgesellsehaft, Weinheim, 1990. e.g. bromine-containing hypnotics [I]

e. g. antimicrobials
0 .. 0" 0 ••;"'~_on IT rno.on \ rOl

• Steroids [4]
e. g. ~ 4_ and ~ '-3-ketosteroids, ~ 4-ketosteroid-a-ketols

cholest-5-en-3~,7a(or 7~)-diol

I
• Triazines [9, lO]

H,C\ + Ii""- +
LI j'.\J ""3 LI

H,C

CSHl4Cl2N2

M, = 209.12
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Preparation of the Reagent Method

Solution I Dissolve I g N,N-dimethyl-I,4-phenylenediammonium dichloride The chromatogram is freed from mobile phase, immersed in the dipping solution for

(N,N-DPDD) in 100 ml ethanol at 40°C. 3 s or homogeneous y sprayed with the spray soiunon ana men dried in a s ream 0

Solution II Dilute 10 ml ethanolic sodium ethylate solution (20"10) to 100 ml
cold air. Triazines must be converted to chlorinated derivatives by exposing the chro-
matogram to chlorine gas (see "Procedure Tested") before application of the reagent.

with ethanol. In the case of halogen-containing substances (e.g. insecticides) the chromatograms

Dipping solution Mix equal volumes of solutions I and II; filter off the precipitate arc moistened by spraying with water after treatment with the reagent and then exposed

that forms. to unfiltered UV light for ca. I min [I, 7] or to sunlight for 30 min [8].

Spray solution For peroxides: Dissolve I g N,N-DPDD in a mixture of 50 ml
Peroxides yield reddish-pink to purple-red chromatogram zones on a pale pink-col-

methanol, 50 ml water and 1 ml glacial acetic acid [4, 6].
ored background [2, 4, 5] and halogen-containing substances dirty violet, ultrama-
rine-grey to greenish zones [7, 8]. Triazines yield intense grey to brown zones on a light

Reagents with other compositions are also in use, e.g. 1.5 g N,N- brown background, observed from the back of the plate they are intense purple-red. A
DPDD in methanol - water - glacial acetic acid (128+25+1) series of steroids also react; e.g. 6.4_ and 6.5-3-ketosteroids produce a yellow to brown
[I, 2] or 0.1 "10 N,N-DPDD in chloroform - glacial acetic acid - color and 6.4-3-ketosteroid-a-ketols (e.g. cortisone) orange to pink-orange zones while
water (50+50+10) [5]. the two cholest-5-en-3I3,7a(and 713)-diols only react slowly to yield a blue color [4].

For halogen-containing compounds: Dissolve 0.5 g N,N-DPDD
Note: The contrast between the colored zones and the layer background can be im-

in a mixture of 50 ml solution II and 50 ml ethanol [1, 8].
proved by warming the chromatogram gently [4]. Di-Ierl-butyl peroxide does not react

Storage Solution I and the dipping solution should always be freshly [3]. N,N,N',N'-tetramethyl-p-phenylenediamine (q.v.) can also be used instead of N,N-
made uo. The sprav solution and solution II can be stored for a nDnfl fM '~o Ao'oe"nn nf neroxides '3'. The snrav solution for neroxides araduallv
longer period in the refrigerator. turns dark red in color but it still retains its ability to react for several weeks [4].

Substances N,N-Dimethyl-I,4-phenylenediammonium dichloride The detection limits for peroxides are about 500 ng or with N,N,N',N'-tetramethyl-p-

Sodium ethylate (20"10 in ethanol) phenylenediamine reagent 50 ng substance per chromatogram zone [4]. The detection

Ethanol limits for insecticides are 5 ug per chromatogram zone in the most unfavorable cases [7].
The reagent can be used, for example, on aluminium oxide, silica gel, kieselguhr and

C' <AAnn

Reaction

Peroxides oxidize N,N-DPDD to WURSTER'S red, a semiquinone diimine derivative [4].
Similarly WURSTER'S red is also produced from N,N-DPDD by reaction with halo-
gen-contammg substances III tne presence 0 SOOlUm emy a e ana u igm anu oy reac-

tion with the chlorinated triazines produced by reaction with chlorine [7].

CH,
[ CH1]-0-

1 ~ H2N-oN~ . crH,N ~!J N,
CH3 CH3

'UK' I ~K S reo
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Procedure Tested 1
5

2
3 4

Triazines 110 111

Metbod Ascending, one-dimensional development in a trougb chamber

without chamber saturation.

3j
2

Layer HPTLC plates Silica gel 60 F254s (MERCK, RrEDEL-DE-HAEN); be- D C 1
fore application of the samples the layer is immersed in 2- Vi 0

A
cu: 0 0

propano ror L" nours (prereramy overnignt) ana men ac Iva eo t I I~Vv VUJon a hot plate for 15 min at 110°C.

~
\.J

Mobile pbase 1. Pentane - chloroform - acetonitrile (50+40+10) (Fig. I). U
2. Cyclohexane - dichloromethane - dioxan - tetrahydrofuran ~

(80+10+5+5) (Fig. 2).
Fig. 1 Fig. 2

. u_n. :
Migration distance Icm 'e' •

1 ~ methoprotryn, 2 ~ desmetryn, 3 = ametryn, 4 = prometryn, 5 = dipropretryn,

Running time 25 min Fig. 2: Reflectance scan of a chromatogram track with 100ng substance per chromatogram zone:
1 = cyanazine, 2 = simazine, 3 = atrazine, 4 = terbutylazine, 5 = anilazine.

Detection and result: The chromatogram was first dried in a stream of cold air for
5 min and then for 15 min on a hot plate at 60°C. It was then exposed for I min to

.r
"J .~

5 ml hydrochloric acid (ca. 20"70)onto 0.5 g potassium permanganate placed in a small References
beaker (waiting time ca. 2 min before insertion of the plate). The chromatogram was
then freed from excess chlorine for exactly 5 min in a stream of cold air (prolonged ven-

tilation makes the result worse), immersed in the dipping solution for 3 s and dried for [1] E. MERCK, Company brochure "Dyeing reagents for Thin-layer and Paper chromatography" J

5 min in a stream of cold air. Darmstadt 1980.
'" v. n n_ . r-, , 7 rL ,~, <on '0' '00

'''0 v~r '''-'.J), v~r ""-".J), amony" v~r "' ...
55-60), prometryn (hRr 65-70) and dipropretryn (hR r 70-75) separated using mobile [31 Cornish, L. A., Ferrie, R., Paterson, 1. E.: J. Chromatogr. Sci. 1981,19, 85-87.

[41 Smith, L. L., Hill, F. L.: J. Chromatogr. 1972, 66, 101-109.
phase I and the components cyanazine (hRr 20-25), simazine (hR r 30-35), atrazine [51 Heimann, W., Schreier,P.: He/v. Chim. Acta 1971, 54, 2794- 2803.
(hR r 35-40), terbutylazine (hRr 45-50) and anilazine (hR r 60-65) chromatographed [6] Hrcycay, E. G., O'Brien, P. J., van Lier, 1. E., Kan, G.: Arch. Biochem. Biophys. 1972,153,
with mobile phase 2 all yielded intense grey to brown-colored zones on a light brown 495-501.

background, that appear intense purple-red when viewed from the back of the plate [7] Baumler, J., Rippstein, S.: He/v. Chim. Acta 1961, 44, 1162-1164.
IRi Mo';',•• " . nt,eh 1.lvm'm "uml,rh 1Qlt1 77 'R'-'R~

t WURSTER s reo}. [9J Mobini, K.: Dissertation (in preparation), UniversitittGiellen, Institut fur Rechtsmedizin.
[10] Battenfeld, R.: Thesis, FachhochschuleGiellen,FachbereichTechnischesGesundheitswesen,

In situ quantitation: The photometric evaluation was carried out in reflectance at a 1990.

wavelength of A. = 460 nm (Fig. I) and 545 nm (Fig. 2). The detection limits lay at 15 ng [Ill Ehlert, W., Jork, H.: GDCh-trainiugcourse Nr, 301,Universitatdes Saarlandes, Saarbrticken

substance per chromatogram zone. 1990.

--
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4-(Dimethylamino)- Spray solution Dissolve I g 4-(dimethylamino)-benzaldehyde in 30 ml ethanol
and add 30 ml hydrochloric acid (37"70) [I].

benzaldehyde-Acetylacetone-Reagent Storage The reagent solution should always be made up fresh [l], since it

(Morgan-Elson Reagent)
v>u, U... ...

Substances 4-(Dimethylamino)-benzaldehyde
Acetylacetone
Potassium hydroxide
Ethanol
I-Butanol

Reagent for:
Hydrochloric acid, fuming (37"70)

• Amino sugars
e.g. glucosamine, galactosamine Reaction

° ° H,C, --Q--10 The mechanism of the reaction has not been elucidated.
~ N 1 ~

H,C CH3 I -
H,C H

CsHs0 2 C9HllNO. "'" " .• A .A .... .
r

Acetylacetone 4-(Dimethylamino)-
benzaldehyde

The dried chromatograms are dipped in the reagent solution for 3 s or sprayed
homogeneously with it and then heated to 105°C for 5 min. After cooling to room
temperature the chromatograms are then immersed in the dipping solution or

Preparation of the Reagent
homogeneously sprayed with the spray solution. They are finally dried at 90°C for
5 min [1,2].

Red to brown chromatogram zones are produced on a colorless to yellowbackground
[1].

Solntion I Mix 5 ml potassium hydroxide solution (50"70) wth 20 ml ethanol
[I].

Xote: The reagent is not very sensitive. Detection is also evidently affected by external
Solution II Mix 0.5 ml acetylacetone and 50 ml I-butanol [I]. influences (pH, temperature, heating time etc.), which have an effect on the detection

Reagent solution Mix 0.5 ml solution I with 10 ml solution II immediately before
sensitivity and on the colors of the chromatogram zones [3].

If the order of application of the reagents is reversed and all other conditions keptuse [I, 2].
the same, lemon-yellow chromatogram zones are produced on a pale yellow back-

Dipping solution Dissolve I g 4-(dimethylamino)-benzaldehyde in 30 ml ethanol, ground.
add 30 ml hydrochloric acid 137"70) and dilute with 180 ml The N-acetvl derivatives of 2-aminohexoses aive a reaction even in the absence of
I-butanol [2]. acetylacetone [4].
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The detection limits for amino sugars are ca. 0.5 I1g substance per chromatogram
1

zone.
The reagent can be employed on silica gel, kieselguhr, Si 50000 and cellulose layers

._" nn ">.T n:~l ""A NH lavers.

2

Procedure Tested
c C

Ascending, one-dimensional development in a trough chamber
Vi It

Method Iwith chamber saturation.
\A.l

Layer HPTLC plates Silica gel 60 F254 (MERCK).

Mobile phase 2-Propanol - ethyl acetate - ammonia solution (32%) Fig 1: Reflectance scan of a chromatogram track with 5 I1g galactosamine (I) and I I1g

(10+ 10+ Iu) PJ.

Migration distance 8 em

Running time 90 min
References

Detection and result: The chromatogram was dried in a stream of warm air and im-
mersed for 3 s in the reagent solution and then heated to 105"Clor, min. Aller CUUl-

ing to room temperature it was immersed in the dipping solution for 3 s and then dried [I] Krebs, K. G., Heusser, D., Wimmer, H. in E. Stahl (Ed.): Thin-layer Chromatography -

at 90 °C for 5 min. A Laboratory Handbook, Springer, Berlin, Heidelberg,New York, 1969.

Galactosamine (hRf 30-35) and g1ucosamine (hR f 35-40) produce brownish-red [2] Klein, I., Jork, H.: GDCh-trainingcourse No. 301 "Diinnschicht-Chromatographie fur Fort-

chromatogram zones on a yellow background.
geschrittene", Universitat des Saarlandes, Saarbrucken, 1992.

[3] Belcher, R., Nutten, A. J., Sambrook, C. M.: Analyst 1954, 79, 201-208.
[4J Partridge, S. M.: Biochem. J. 1948,42, 238-248.

In situ quantitation: The absorption photometric evaluation in reflectance was earned [5] Kunz, F.-R.: Thesis, Universitat des Saarlandes, Saarbriicken, 1988.

out at the wavelength" = 400 urn (Fig. I).
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4-(Dimethylamino)- AUTERHOFF described a reagent made up of 4-(dimethylamino)-benzaldehyde, sulfuric
acid with additional iron(III) ions as "VAN URK'S reagent solution". A more correct

benzaldehyde-Acid Reagents name would have been VAN URK-SALKOWSKl reagent, since the SALKOWSKl reagent
(iron(III) chloride/sulfuric acid) has been used alongside the VAN URK'S reagent [8].

Similar errors have been perpetuated in the literature until the present day (cf. [I,
9-11]).

Although more than 150 publications have been reviewed the "dimethylaminobenz-
A whole series of derivatization reagents contain 4-(dimethylamino)-benzaldehyde as aldehyde monographs" that follow only take account of and cite those where there is
a fundamental component. They differ in the type and concentration of the mineral an unequivocal citation of precise formulations - with respect to the acid used in the
acid components used in their preparation. Other components of the reagent generally reagent - so that they can be assigned to the appropriate named reaction. This nro-
playa minor role. ccdure was justified in view of the results obtained for the examples tested for the

The two most commonly used dimethylaminobenzaldehyde reagents bear the names reagent monographs, for there are differences between the two reagents. EHRLICH'S
of their "inventors" who first described the acid component used. They are known as reagent is usually more sensitive and yields better method standard deviations on in situ

EHRLICH'S reagent or VAN URK'S reagent evaluation [12].However, the plate background is yellow in color while it remains white
after the use of VAN URK'S reagent [13], or acquires a slight gray color [12]. Further-

depending on whether hydrochloric acid or sulfuric acid is used in the reagent. Many ~Me the laver does nnt disr-olor with d."rl;no .ftpr thp HOP nf tho V".

publications do not follow this naming system - this is particularly evident where the URK reagent as is the case with EHRLICH'S reagent [14]. Nevertheless the VAN URK
authors give the composition of the dimethylaminobenzaldehyde reagent employed - reagent has been used less frequently for TLC in the past but was primarily employed
so that the reaction names for EHRLICH'S and VAN URK'S reagent have not always been in solution photometry [13], e.g. for the characterization of substances on the basis of
cited correctly in the past. aldol condensations. This also applies to determinations made after elution of scraped-

The fact that many publications just refer to EHRLICH'S or VAN URK'S reagent off chromatogram zones [11, 15-18].
'.L '" ""'~.~_. .h. " ....1 . . • __._0 .h•• ,h_ • C ...

"methods in such publications present a probable source of lack of reproducibility when benzaldehyde is used without the addition of any acid.
an attempt is made to reproduce the results.

A publication by EHMANN reveals how confused the situation is; here the introduc-
tion correctly describes

EHRLICH'S reagent as 4-(dimethylamino)-benzaldehyde - hydrochloric acid and References
VAN UK>o. rcagcur as - ,UHU'"

but the experimental section incorrectly refers to a solution of 4-(dimethylamino)-
benzaldehyde in hydrochloric acid/ethanol as VAN URK'S reagent [I]. [11 Ehmann, A.: J. Chrornatogr. 1977, 132, 267-276.

It can be concluded from the publications of ROHDE [2] and FREUND and LEBACH [2] Rohde, E.: Hoppe-Seyler's Z. Physiol. Chern. 1905, 44, 161-170.
[3,4] that it was EHRLICH who first suggested the use of 4-(dimethylamino)-benzalde- [3] Freund, M., Lebach, G.: Ber: Dtsch. Chern. Ges. 1903,36, 308.

hyde in the presence of hydrochloric acid for color reactions with "methylketols" that [4] Freund,M., Lebach, G.: Ber. Dtsch. Chern. Ges. 1905,38,2640-2652.isi "h.l;p~· p. . .. u,_ 11..>1 I H

was found also to apply to indole derivatives [5J. AUTERHOFF [bJ designated a reagent [6] Auterhoff, H.: Lehrbuch der Pharmazeutischen Chemie, wissenschaftliche Verlagsgesell-
for urobilinogen, consisting of a solution of 2 g 4-(dimethylamino)-benzaldehyde in 20 schaft, Stuttgart 1976.
percent hydrochloric acid, correctly as EHRLICH'S solution. Hence, it is essentially cor- [7] Van Urk, H. W.: Pharm. Weekblad 1929, 66,473-481.

rect to refer to all reagents which contain these components as EHRLICH'S reagent. [SJ Pilet, P.-E.: Rev. Gen. Bot. 1957, 64, 106-122.
[9] Stahl, E.: Dunnschicht-Chromatographie, ein Laboratoriumshandbuch. 2. Ed .. Springer,The designation VAN URK'S reagent can be traced back to a publication in 1929 [7] Berlin1%7.

which describes the detection of ergot alkaloids with 4-(dimethylamino)-benzadehyde [101 Klavehn M. Rochelmever H.: Disch Annth. Ztv ,01>, 1M A77_A.'

in aqueous solution by cautiously underlayering with concentrated sulfuric acid. [II] ROder, K., Mutschler, E., Rochelmeyer, H.: Pharm. Acta Hetv: 1967,42,407-414.
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[12] Schmidt, S.: Thesis, Fachhochschule Gietien-Friedberg, Fachbereich Technisches Gesund- 4-(Dimethylamino)-benzaldehyde-

heitswesen, 1990.
[13] Dorosiev, I., Simova, M., Kolarova, R., Pangarova, T.: Pharmazie 1983, 38, 419. Acetic Acid - Phosphoric Acid Reagent[14] Heacock, R. A., Mahon, M. E.: J. Chromatogr. 1%5, 17, 338-348.
11<1 nAhhplin W. Hartmann V.: Dtsch. Apoth. Ztg. 1980, 120, 1821-1823.
[16] Zinser, M., Baumgartel, C.: Arch. Pharm. 1964,297, 158 164. V~;t' xeagent)
[17] Maier, W., Ergo, D., Greger, D.: Planta Moo. 1980,40, 104-108.
[18] Keipert, S., Voigt, R.: J. Chromatogr. 1972, 64, 327-340.
[19] Ritter,W.: Proc. Int. Symp. Instrum. High Perform. Thin-Layer Chromatogr:(HPTLC), 2nd,

p. 100-113,Interlaken 1982.

Reagent for:

• Terpene and sesquiterpene derivatives
e.g. azulenes, proazulenes [1-9]

such as chamazulene, or matricin

e.g. oisaoo 0 ['<,'

• Sesquiterpene esters
e.g. cinnamoylechinadiol, -echinaxanthol, dihydroxynardol

H3C'NJ~_.~:P

HJC
'23 H

C9H IlNO CH,COOH H,P04

M, = 149.19 Mr ~60.05 Mr = 98.00

4-(Dimethylamino)- Acetic acid Phosphoric acid

benzaldehyde

Preparation of the Reagents

Dipping solution Dissolve 0.25 g 4-(dimethylamino)-benzaldehyde in 50 ml glacial
acetic acid and add 3 ml ortho-phosphoric acid (85 "10) [10].

Spray solution Dissolve 0.25 g 4-(dimethylamino)-benzaldehyde in a mixture of
50 g glacial acetic acid, 5 g ortho-phosphoric acid (85 "10) and

","U-"J uu ""<1 [1

-
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Storage The reagent solutions can be stored for months in well-sealed, Procedure Tested
brown glass bottles [1, 2].

Substances 4-(DimethylaminoI-benzaldehyde
Acetic acid Chamomile oil [10]

ortho-Phosphonc acid
Method Ascending, one-dimensional development in a trough chamber

with chamber saturation.

Layer TLC plates Silica gel 60 (MERCK).

Reaction Mobile phase Toluene - ethyl acetate (7+ 3).

Migration distance 6cm

The mechanism of the reaction has not yet been elucidated. Running time 7 min

Detection and result: The chromatogram was dried in a stream of warm air, immersed
in the dipping solution for 2 s and then heated to BO°C for 20 min.

lUelUOU msaooior oxiae (IlKr""-4) I appearea as pink and bisabolol (hRr 65 70) as mauve-
colored chromatogram zones on a pale yellow background. The detection limits per
chromatogram zone were 40 ng for bisabolol oxide and 250 ng for bisabolol.

The chromatograms are dried in a stream of warm air and then immersed in the dipping
solution for 2 s or homogeneously sprayed with the spray solution and then heated to In situ quantitation: The absorption photometric evaluation in reflectance was carried
SO-BOaC for 10-20 min [I, 2, 10]. out at the wavelength A. ~ 515 om (Fig. I).

Generally blue to violet chromatogram zones are formed on a colorless background.
Azulene appears pale green and proazulenes produce gray, violet, brown, orange or
green chromatogram zones [2].

Note: The EP reagent can be used for the specific detection of matricin in chamomile
extract Hl,

The detection limits per chromatogram zone are 250 ng for bisabolol and 40 ng for
bisabolol dioxide [10].

The reagent can be employed, for example, on silica gel, kieselguhr, Si 50000, CN,

I
diol, RP and cellulose layers.; NH2 and polyamide phases are not suitable since the
whole background acquires a yellow color, and the substances do not react [10].



- Acetic Acid-Phosphoric Acid Reagent
~~~

1; 4-(Dimethylamino)-benzaldehyde-
iii

~ 1 Hydrochloric Acid Reagent
,~. .. . . ~ .,
(rsnrucns l}

i: Reagent for:
e

~

~ I~
• Indole derivatives [1, 3]

II' e.g. egot alkaloids [2, 4-12]

3 such as ergotamine, ergocristine, ergometrine, ergocornine

t
i

dihydroergosinc., lysergamide, isolysergamide

2 t
e.g. ergolinecarboxylic acids [13-16]
e.g. clavine alkaloids [4, 6, 17, 181,..,.

!
such as agroclavine, chanoclavine, penniclavine

I 2 3 e.g. harpagophytum alkaloids [19]
A B such as harpagoside

Fig 1: Chromatogram of a chamomile flower extract and of chamomile oil components (A) and e.g. hallucinatory drugs

reflectancescans (B)of reference tracks with 3.75!1g bisabololoxide(I) and 9.5 ug bisabolol(2) such as LSD [7, 9, 12], psilocybin, psilocin [12, 20]
.. hrom.... to ....ram track with chamomile flower extract (3). e.g. auxins [21 23]

such as 5-hydroxyindole-3-acetic acid, indole-3-acetic acid and their
esters

e.g. tryptophan derivatives [2, 22-29]

References such as tryptophan, tryptamine, serotonin, tryptophol,
N-carbamyltryptophan

e.g, yohimbine alkaloids [30]

[IJ Krebs, K. G., Heusser, D., Wimmer, H. in E. Stahl (Ed.): Thin-Layer Chromatography such as ajmalicine, rauniticine

A Laboratory Handbook, Springer, Berlin, Heidelberg. New York, 1969. c.g. pyrrolizidine alkaloids [31]

[2] Konig,H., Walldorf, E.: Fresenius Z. Anat. Chem. 1979,299, 1-18. such as symphytine N-oxide and echimidine N-oxide
[31 Messerschmidt, W.: Disch. Apoth. Zig. 1973, Il3, 745-748. e.g. peramine [32]
[4] Belliardo, E, Appendino, G.: 1. Liq. Chromatogr. 1981,4, 1601-1607. • Amines [I]
[51 Bauer, R.,.~~a~, I., wagne:'n~: ~IS;~~ Apoth. Zig. 1986, /26, 1065-1070. e.g. primary aromatic amines [33-36]

[7J Stahl, E., Schutz, E.: Arch. Pharm. 1978,2Il, 992 1001. urea and thiourea derivatives [28, 29, 37]

[8] Stahl, E.: Disch. Apoth. Zig. 1953,93, 197-200. c. g. urea, thiourea

[91 Stahl, E., Schilz, W.: Chem.-Ing.-Techn. 1976,48,773-778. ! • Drug substances (38, 39)
[10] Meiers, Bl., Jork, H.: Private communication, Universitat des Saarlandes, Saarbrtic~ e.g. sulfonamides [40-42]

1992.
[111 ::;~~n~~.~'l'o:~adt, S., Zgainski,E. M.: Drogenanatyse, SpringerVerlag, Bertin,Heidelbeq

such as sulfanilamide, sulfanilthiocarbamide, sulfathiazole
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Alternatively make up a stock solution of 10 g 4-(dimethylamino)-

Reagent for: benzaldehyde in concentrated hydrochloric acid and dilute one part
by volume with 4 to 10parts by volume acetone immediately before

A
spraying [20, 25, 26, 28, 29, 44].

e.g. cyclopiazonic acid [43], PR toxin or PR imine [44] Storage The reagent solutions may be stored for several weeks [4, 53]. The
diacetoxyscirpenol [45] spray solution that has been diluted with acetone is not stable and

• Pesticides should therefore always be made up fresh [28].
e.g, phenylcarbamate and phenylurea herbicides [34, 36]

Snbstances 4-(Dimethylamino)-benzaldehydesuch as asulam, chlorbromuron, chlortoluron, diuron, linuron

• rViI Hydrochloric acid (32"70)

e.g. tetryl, TATB(I,3,5-triarnino-2,4,6-tetranitrobenzene) Hydrochloric acid (25"70)

• Carbapenem antibiotics [46] Methanol

• Gangliosides [47, 48] Ethanol

e.g. GMI, GM2, Fuc-GMI, GTi b, GDl a, GDl b Ethanol (96"70)

• Bitter substances I-Butanol
e.z, limonin 1491. nomilin [50l HC ()

• Pyridine derivatives l~e.g. citrazinic acid, citrazinamide [51] HJC H

HCl C9H llNO ReactionM, = 36.46 M,= 149.19
Hydrochloric 4-(Dimethylamino)-

auu
Electrophilic substitution, e.g. of the 2-position of the indole ring, followed by the
elimination of water leads to the formation of cyanin dyes from ergot alkaloids [53].

Preparation of the Reagent
0'e/H

,0 \IA N~ ,y-- C-NH-R H'+ HC

Y l=lJN) H,o

Dipping solntion Dissolve 300-500 rng 4-(dimethylamino)-benzaldehyde in 25- ,N, H' 'CH3
40 m1 methanol and treat with cooling witb 10 ml hydrochloric

HJC CHJ

acid (32"70); the temperature should not fall below 20°C or rise
above 40°C [52, 53]. r- n 0 n 0

.~h;n.. ,1",; ,n .f,fVl ).!~_'=__ D ).! ,= D

benzaldehyde with a mixture of 54 ml I-butanol, 9 ml ethanol HJCf='(J) H3C~J)-
and 9 m1 cone. hydrochloric acid [46].

H¢ H' 'CHJ H¢ H 'CHJ
Spl'lly solntion Dissolve 1-5 g 4-(dimethylamino)-benzaldehyde in a mixture of ---

50 ml hydrochloric acid (25"70) and 50 ml ethanol (96"70 or 100"70)
[2, 9, 11, 12, 21, 22" 27, 32, 42], methanol [3, 10, 54] or 2- W N
propanol [24]. L HJC Lt13 HJC Lt13
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The same applies to cyclopiazonic acid [43]. cyclohexane, ethanol or I-butanol and then exposed to hydrochloric acid vapor [5, 8,
13-16,43,44,49, 50). Other variants of the reagent involve the addition of a drop of
iron(lII) chloride solution (10"70) [4) or recommend treatment of the chromatogram
afterwards with sodium nitrite (1"70 a ueous to stabilize the colors 6. In exce tional
cases 4-(dimethylamino)-benzaldehyde reacts alone without the addition of other com­
ponents to the reagent [55). The 4-(dimethylamino)-benzaldehyde in the reagent can be
replaced by 4-(diethylamino)-benzaldehyde [35). In the case of pyrrolizidine alkaloids
the chromatogram is sprayed with acetic anhydride - petroleum ether - benzene
(1+4+5) and heated to 95°C for 10 min before being treated with EHRLICH'S reagent
31 . If zinc wd

afterwards exposed to UV light or to the vapors of aqua regia or nitric acid [2, 12).
4-(Dimethylamino)-benzaldehyde - hydrochloric acid reacts less sensitively than

4-(dimethylamino)-cinnamaldehyde - hydrochloric acid in the detection of indole
derivatives, but the former is better for differentiation of substances on account of the
multiplicity of different color shades produced.

aromatics [35).

Some substances only react slowly at room temperature [20, 22). The colors that ap­
pear initially generally alter over a period of a few hours and then remain stable for
a virtually unlimited period [21). The addition to the reagent of smalI quantities of ox­
idizing agents (iron(lII) salts, hydrogen peroxide) has been reported to intensify the

__"'-
11,0

4-(Dimcthylamino)­
benzaldehyde

Cyclopiazonic acid

Method

The chromatograms are dried in a stream of warm air, then immersed in the dipping
solution for 2 s to 20 s or homogeneously sprayed with the spray solution until the layer
begins to appear transparent [21, 52, 53). After alIowing the chromatogram to stand for
a few minutes it is then heated to 50-120°C for 2-20 min [12, 24, 47, 52-54). In the

ng su s ance or am me
derivatives [52) and 3-100 ng substance for indole derivatives [2, 4, 5, 32, 53).But some
substances, e.g. dihydroergosine [11) and PR toxin and PR imine [44) can be detected
in quantities smaller than I ng.

The reagent can be employed, for example, on aluminium oxide, silica gel, silver
nitrate impregnated silica gel, kieselguhr, Si 50000 and cellulose layers; RP and CHIR

case 0 gang 10Sl es e c romatograms are covere WIt a g ass pate unng eating
[47,48).

Chromatogram zones of different colors (yellow, orange, red, brown, green, blue) are
formed - mainly within a few minutes even before heating - on an almost colorless
to slightly yellow background [2, 4, 21, 22, 52-54).

For example, ergot alkaloids produce without exception blue chromatogram zones,

ases are so suita e.

Procedure Tested 1

Aniline Derivatives [52)

while clavine alkaloids primarily produce green colors [4]. Urea derivatives and primary
aromatic amines yield yellow chromatogram zones [28, 33, 34, 36, 37) and PR toxin and
PR imine emit intense blue fluorescence on excitation with long-wavelength UV light
(J..= 365 nm) [44).

Note: Several variants of the reagent have been described in the literature. Thus
chromatograms can be sprayed with a solution of 4-(dimethylamino)-benzaldehyde in

Method

ayer

Ascending, one-dimensional development in a trough chamber
without chamber saturation.

HPTLC plates Silica gel 60 F254 (MERCK).

-
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Mobile phase Toluene Procedure Tested 2
Migration distance Scm

Running time 25 min "rant ,n 1"'11

Detection and result: The chromatogram was dried for 5 min in a stream of cold air, Method Ascending, one-dimensional development in a trough chamber
immersed in the dipping solution for 2 s, dried brielly in a stream of warm air and then without chamber saturation.
heated on a hot plate to 110°C for 2 min.

Layer HPTLC plates Silica gel 60 F25• (MERCK).2,4-Dimethylaniline (hR f 5-10), 4-chloroaniline (hR r 10-15), 3-chloroaniline (hR r
20 25' 4-chloro-2-nitroaniline IhR 30-3" 2-chloroanirne !hR. 3, 'Iii .n,1 ,1;nhon"L "~h"fi nhaoa "" ~n. ",

amine (hR f 70-75) appeared as yellow chromatogram zones on a pale yellow back-
Migration distance 6cmground. The detection limits were between 4 ng (4-chloroaniline) and 20 ng (diphenyl-

amine) substance per chromatogram zone. Running time 17 min

In situ quantitation: The absorption photometric evaluation in rellectance was carried Detection and result: The chromatogram was dried for 5 min in a stream of cold air
_ ••• _ ••h A" __ IY:; 1\ . <•. '" ,.,

"5

1 - in the dipping solution and then immediately heated to 115°C for 15 min in the dry-
ing cupboard; the TLC plate was only to be supported on its side on two metal tracks.

After cooling to room temperature the chromatogram was immersed for I s in a solu-

2 1
C
.t:

3 6 '" I.c
"0.
0-

S is

" AA j 2Vi 3

I VVLVL

Fig 1: Reflectancescan of a chromatogram track with 100ng each of 4-chloroaniline (2) and 3-
Cchloroaniline (3)and 200 ng 2,4-dimethylanitine(I), 4-chloro-2-nitroaniline(4), 2-chloroaniline(5)

and diphenylamine (6) per chromatogram zone. 2 2
1J1

Ij
"u v.. lJ

Fig 2: Reflectance scan of a chromatogram track with 90 ng of each substance per chromatogram
>A_ • •• • '"

mesylate, 4 = ergotamine tartrate.

--
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tion of liquid paraffin - n-hexane (I +2) and dried for 5 min in a stream of cold air;
[24] Zahn, H.: Arztl. Lab. 1984, 30., 279-283.

the purpose of this last immersion was to stabilize the reflectance signal of methysergide
[25] Gartz, 1.: Pharmazie 1985, 40, 431-432.
[26] Gartz, J.: Pharmazie 1985, 40, 432.

in particular. [27] Burstell, H., Hilgenberg, w.: Bioi. Zbl. 1975, 94, 389-400.

Lisurioe
", n.n ,n ,n '28; Heathcote, J. G., Davies, D. M., Haworth, c.. 1. Chromatogr. 1971, 60, 103

"'<HO"'O f
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4-(Dimethylamino)-benzaldehyde- Preparation of the Reagent

Sulfuric Acid Reagent
Dipping solution Dissolve I g 4-(dimethylamino)-benzaldehyde in a mixture of

tvan UfK S xeagent) 4) mt water and 5 mI sulfuric acid (95-97070) and make up to
100 mI with water [2].
Variant I: Dissolve 2 g 4-(dimethylamino)-benzaldehyde in 45 ml
methanol, add 5 ml sulfuric acid (95-97070) cautiously with cool-
ing and make up to 100 ml with methanol [16].

~ for· Variant 2: Dissolve 0.3 g 4-(dimethylaminol-benzaldehvde in
~

90 mI methanol and add 10 ml sulfuric acid (95-97070) cautiously

• Primary aromatic amines [I]
with cooling (ice water). When preparing this dipping solution

• Alkaloids
the temperature should be kept within the 20-40°C range [17].

e.g. tropane alkaloids Spray solution For indole derivatives: Dissolve 50 mg 4-(dimethylamino)-benz-
such as atropine, scopolamine [2] aldehyde in 1 ml cone. sulfuric acid and make up to 100 ml with

e.g. ergot itl..a OIuS .'u~.v. L'.'

such as ergotamine, ergocryptine, ergometrine [3, 4, 17] Variant I: Dissolve 0.8 g 4-(dimethylamino)-benzaldehyde in a
e.g. c1avinealkaloids mixture of 90 ml 95070 ethanol and 10 ml 98070 sulfuric acid [9].

such as chanoclavine, agroclavine [3, 5, 6] For monoterpene ketones: Dissolve 200 mg 4-(dimethylamino)-

• Pharmaceutical active ingredients benzaldehyde in 20 ml cone. sulfuric acid [14].
e.g. sulfonamides Storage The reaeeni ,,~,

such as sulfasomidine, sulfadiazine, sulfamerazine [1, 7]
SUbstances• Addictive drugs 4-(Dimethylamino)-benzaldehyde

e.g. lysergic acid diethylamide (LSD) [4, 8-10] Sulfuric acid (95- 97070)

psilocybin, monomethyltryptamine [9] Methanol

• Indole and hydroxyindole derivatives Ethanol

e.g. tryptophan metabolites 1111
cyclopiazonic acid (mycotoxin) [12]
4-, 5-, 6- and 7-hydroxyskatoles [13]

Reaction• Monoterpene ketones
e.g. menthone, pulegone, carvone, piperitenone [14]

• Carbamate pesticides
e 0 fennrnn ~nnnrnn linnrnn rorho~1 11" 4-lDimethvlo~;nn\- . reort.;n ,r'''', .", .r

UJL~N~O cyclopiazione or ergot alkaloids and forms a cyanin dyestuff by electrophilic substitu-
HJC H lion in the 2-position followed by the elimination of water [12, 17].

H2SO4 C9H IINO

M,= 98.08 M, ~ 149.19
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In the case of carbamate pesticides the chromatogram is heated to 150'C for 20 min

¢
I C-NHR after the application of the reagent. Spraying later with a solution of 2 N sodium

+ H:.C-N~ r+ hydroxide solution to improve the color contrast is recommended [15). Occasionally a
N small amount of iron(III) chloride is added to the reagent [13].

H/ 'CH
~, u,.. carried vue ,u. Ir"v min auo, HOa ing tne

H3C
"CH} chromatogram [2].

+ The detection limits for sulfonamides lie at 10- 50 ng [7], for lysergic acid
diethylamide at 50 ng [4] and for tropane alkaloids at 50-500 ng substance per
chromatogram zone [2, 16].

In the case of lysergic acid derivatives spraying with sodium nitrite solution after-

~II ~II
wares stabilizes tne co oreu cnromatogram zones [IOJ.

I C-NHR + I C-NHR The reagent can be used, for example, on aluminium oxide, silica gel, kieselguhr and
H C-N '" v H 3C-N I v+

Si 50000 layers; cellulose layers are not suitable.3 _ +
I NN

H~ H/ 'CH3
H-C H/ 'CH3-- LJJI I

~+ ~ Procedure Tested 1
/ -,

/ " H3C CH3H3C CH3

Tropane Alkaloids (16)

M.th.. d - -".MeIDOO without chamber saturation.

Layer HPTLC plates Silica gel 60 F254 (MERCK) that are prewashed,

The chromatograms are freed from mobile phase in a stream of warm air, then either before application of the samples, by developing in chloroform -

immersed briefly in one of the dipping solutions or homogeneously sprayed with one methanol (50+ 50) to the upper edge of the plates and then dried

of the spray solutions, until the laver bezins to be transparent. Then thev are heated for 30 min at 110'C.

to 105-120'C for 10-30 min [2, 9,14, 16, 17]. Mobile phase Acetone - toluene - ammonia solution (25'70) (40+15+5).
Indole derivatives yield red to blue-violet chromatogram zones on an almost colorless

Migration distance 5 embackground [2, 3, 12]; these zones gradually fade [12]. Monoterpene ketones yield
yellow-gray to red-brown chromatogram zones [14]. Hydroxyskatoles initially yield Running time 10 min
yellow chromatogram zones but these change color to gray-brown or green-brown on
heatinz or if allowed to lie" 11 n. . ~'-

. u 'UCU'" "uH" ~. um.. u«

ammonia was completely removed (ca. 45 min), cooled in a stream of cold air for
Note: The individual components of the reagent can also be applied separately one 5 min, immersed twice in the dipping solution (variant I) for 10 s, with brief inter-
after the other [12, 15], e.g. the chromatogram is first immersed in an 8'70methanolic mediate drying in a stream of cold air, and then heated to 120'C for 30 min.
4-(dimethylamino)-benzaldehyde solution and then, after intermediate drying, sprayed Atropine (hR f 30-35) and scopolamine (hR f 60-65) appeared as red chromatogram
with 25'70 sulfuric acid [12]. 4-(Dimethylamino)-benzaldehyde can be replaced in the zones on a reddish-gray background. The detection limits lay at 50 ng substance per
rpo, >n' ,;,h "

--
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IIIn sito qoantitation: The absorption photometric evaluation in reflectance was carried intermediate drying in a stream of cold air and then heated, while still damp, to 95°C
out at wavelength A. = 500 nm (Fig. I). for I min on a hot plate. Then, after cooling to room temperature, it was immersed for

I s in a solution of liquid paraffin - n-hexane (I +2) to stabilize the reflectance signal

2 of dihydroergotamine and dried for 5 min in a stream of cold air.

I
LpU';UO UYU<U5'" rn",....0 VW f JV- JJ', moUJysergiae maleate (hR f 40-45),

dihydroergotamine mesylate (hR f 45-50) and ergotamine tartrate (hRf 70-75) ap-
peared as gray-violet chromatogram zones on a colorless background. The detection
limits - calculated for the free base - were 15-30 ng substance per chromatogram
zone.

D suo quanma Ion: Arter waitmg ror 5u mm the absorption photometric evaluation
C in reflectance was carried out at wavelength A. = 590 nm (Fig. 2).0

et
1 j 1 3

A t I2 I

B --.JLJL
I

I.
Fig. 1: Reflectance scan of a chromatogram track of an Atropa belladonna extract (A) and of a
referencetrack (B) with 200 ng of both atropine (I) and scopolamine (2).

c
iii
I -I 5

et,.... I.....J IProcedure Tested 2

Fig. 2: Reflectance scan of a chromatogram track of 90 og each lysuride hydrogen maleate (I),
v. .... ,~. ,,~, . '" .. .

-e- " .,.' v'
chromatogram zone.

Method Ascending, one-dimensional development in a trough chamber
without chamber saturation.

Layer HPTLC plates Silica gel 60 F254 (MERCK).

, . - vp

Migration distance 6cm References
Ronning time 17 min I

IDetection and result: The chromatogram was freed from mobile phase in a stream of
IIJ Lee, S.-C.: 1 Chromatogr. 1974, 93, 480-484.
[2] Dorosiev, I., Simova, M., Kolarova, R., Paogarova, T.: Pharmazie 1983,38, 419.

,~.~u ~J .v. , , WIUJ UIIOI ljJ oauam, L. 1\. R., Nairn, N., EI-Refai, A. H.: Z. Anal. Chern. 1977,284,47 48.
!
I
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[4] Cortivo, L. A. D., Broich,J. R., Dihrberg, A., Newman,B.: Anal. Chem. 1966,38, 1959-1960. Dimethylglyoxime Reagent[5] Hsu, J. c., Anderson, J. A.: Biochem. Biophys. Acta 1971, 230, 518-525.
[6] Cavender, F. A., Anderson, J. A.: Biochem. Biophys. Acta 1970, 208, 345-348.

(Diacetyldioxime Reagent)[7] Srivastava, S. P., Dua, V. K., Mehrotra, R. N., Saxena, R. C.: J Chromatogr. 1979, 176,
145-147.

[8] Roder, E., Surborg, K. H.: Z. Anal. Chem. 1971,256,362 363.
[9] Brown, J. K., Shapazian, L., Griffin, G. D.: J Chromatogr. 1972, 64, 129-133.

[IOJ Bailey, K., Verner, D., Legault, D.: J. Assoc. Off Anal. Chem. 1973, 56, 88-99.
[11] Byrd, D. 1., Kochen, W., Buhner, R., Brauer, I., Trefz, F.: Z. Kiin. Chem. Kiin. Biochem.

1972, 10, 175-176.
[12] Popken, A., Dose, K.: Fresenius Z. Anal. Chem. 1983, 316, 47-50. Reagent for:
[13] Heacock, R. A., Mahon, M. E.: J. Chromatogr. 1965, 17, 338-348.
[14] Rothbacher, H., Suteu, F.: J. Chromatogr. 1974, IW, LI6-239.
[15] Abbott, D. c., Blake,K. w., Tarrant, K. R., Thomson, 1.: J. Chromatogr. 1967,30, 136-142. • Cations
[16] Muller,J.: Thesis,FachhochschuleGiellen,FachbereichTechnisches Gesundheitswesen, 1987. e.g. nickel [1-7]
[17} Schmidt, S.: Thesis, Fachhochschule Giellen, Fachbereich Technisches Gesundheitswesen,

cobalt [4-7]
1990.

[18] Genest, K.: J. Chromatogr. 1965, 19, 531-539. copper, iron, manganese, silver [6]

DMSO complexes of cobalt, nickel [8] H3C /CH3

y",,,-
HO-N N-OH

C.HsNP 2

M, = 116.12

Preparation of the Reagent

uippmg sotutton DISsolve I g dimethylglyoxime (diacetyldioxime) in 100 ml eth-
anol.

Spray solution Dissolve 0.1 to I g dimethylglyoxime in 100 ml 96 OJ. ethanol [I, 5]
or in ammonia solution [4, 8].

Storage The reagent solutions may be stored for longer periods.

SUhstances Dimethylglyoxime
Ethanol

Ammonia solution (25%)

--
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Reaction Layer HPTLC plates Cellulose F254s (MERCK) that have been pre-
cleaned by developing once to the upper edge of the plate with
chloroform - methanol (50+50) and then dried at 1l0°C for

A series of metal cations (Ni, Fe, Co, Cu, Pt) form colored complexes with 30 min.

drmethylglyoxrme III ammoma SOlUtIOn or weaxry acunc memum. Mobile phase Ethanol water nitric acid (65"10) (70+18+12).

O-H.. O Migration distance 6cm
I t

Running time 45 minH3C-C=N N=C-CH,

I >< I Detection and result: The chromatozram was dried for <; min in 0 "room of r-otd airHC CN NCCH

6"H-6 immersed in the dipping solution for 2 s, dried for 2 min in a stream of cold air and
exposed to ammonia vapor (25% ammonia solution in the vacant trough of a twin
trough chamber) for 3 min.

Nickel cations (hRf 35-40) appeared as red and cobalt cations (hRr 40-45) as yellow
chromatogram zones on a colorless background.Method The 'et;An H~;,o lou at ?O no onh"on, . ner

In situ quantitation: The absorption spectrophotometric measurements in reflectance
The chromatograms are freed from mobile phase in a stream of warm air, immersed were made at a mean wavelength A. = 480 nm (Fig. IA) or at wavelength A. = 450 nm
in the dipping solution for 2 s or sprayed homogeneously with the spray solution, then for cobalt (Fig. IB) and A. = 510 nm for nickel (Fig. IC).
dried in a stream of cold air and exposed to ammonia vapor in a twin-trough chamber.

Red-violet (Ni), red-brown ICo Fe, Cu), flesh-colored IMn) or pale erav-violet IMn)
chromatogram zones are produced on a colorless background [6, 7].

Note: The detection limits for nickel and cobalt cations are 20 ng substance per chro- 1
matogram zone [9].

The reagent can be used, for example, on aluminium oxide, silica gel, kieselguhr,
<:: <OIlM ~p ami eelh.10<e 10"ero <:~'!;n~ _. >oeo on'! 7;rM_

nium oxide layers are also suitable [I].
e2 0

,
~

u:
N e

I 0 eu: 0

a I 1 t u:no -" Tp..tptl c
LO

~
Ul Vi II I I I \ .-J-Nickel and Cobalt Cations [9]

A B C

Method Ascending, one-dimensional development in a trough chamber
Fig: 1: Reflectance scansof a chromatogram track with 200 ng each of nickel(1)and cobalt (2)

~u" per cnromatogram zone: Scans at }., 480 nm (A), 450 nm (B) and 510 nm (C).
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References 3,5-Dinitrobenzoic Acid-

[I] Sen, A. K., Das, S. 8., Ghnsh, U c.: 1. Liq. Chromatogr. 1985,6. 2999-3008.
Potassium Hydroxide Reagent
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• Steroid glycosides and aglycones
e.g. cardenolide glycosides [1-7)

from Anodendron [8], Digitalis [9-12),

Strophantus [13, 14] and
Convallaria species

~H
""I'" ,,~

2

C7H.NP6 KOH

M, = 212.12 M,= 56.11

Preparation of the Reagent

Solution I Dissolve 2 g 3,5-dinitrobenzoic acid in 100 ml methanol.

. 0 U Ion u VISSO ve J • g po assium nyu, xide tn HN uu mcrnarnn.

Dipping solntion Dissolve 0.5 g 3,5-dinitrobenzoic acid in 50 mt ethanol (96"70)
with gentle warming and mix with 50 ml sodium hydroxide solu-

tion (c = 2 mollL) before use [17J.

Spray solntion Mix equal volumes of solution I and solution II before use [I, 8,

IV, 14\.

-
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Storage Solutions I and II may be stored for extended periods. cessfully to layers that have previously been treated with p-toluenesulfonic acid or

Substances 3,5-Dinitrobenzoic acid vanillin - perchloric acid reagent [I]. The instability of the colored derivatives pro-

Potassium hydroxide pellets
duced makes the reagent unsuitable for quantitative analysis [16].

Methanol
The detection limits for Convallaria glycosides are 20 ng substance per chromato-

Ethanol
gram £UHO [WJ.

Sodium hydroxide solution The reagent can, for instance, be used on silica gel, kieselguhr and Si 50000 layers.

~ Procedure Tested I

The y-Iactone ring of the steroid skeleton forms an intermediate cardenolide anion in Cardenolides [16]

alkaline medium that nucleophilically adds to the 3,5-dinitrobenzoic acid in the posi-
Method Ascending, one-dimensional development in a trough chambertion ortho to the two nitro groups. A mesomerically stabilized red-violet anion is pro-

witb r-bamber
uuccu W"'p.~}.

Layer TLC plates Silica gel 60 F254 (MERCK) that had been precleaned

Ow ;~
before applying the samples by developing once with methanol -

0 chloroform (50+50) and then dried at 110°C for 30 min.

" + - t)"
+20H fu~ " ' Mobile phase Ethyl acetate - methanol - water (81+ 11+ 8).H _lg'N h COOH

lOt ~2 L~~ MigratIOn distance 10 em

MEISENHEIMERcomplex Running time 25 min

Detection and result: The chromatogram was freed from mobile phase and homoge-
neously sprayed with the spray solution.

Tt. ' 'Ln < om ~n "

Method strophanthin (hRf 50-55) immediately formed red-violet chromatogram zones that
gradually faded. Hence, the reagent was not always suitable for quantitative work.

The visual detection limits were 20 ng substance per chromatogram zone.
The chromatogram is freed from mobile phase, immersed in the dipping solution for
2 s or homogeneously sprayed with the spray solution. Alternatively the chromatogram
c~" 'l"~I'u "5' 'UU"" ~..u "" n' u .. ~"" 'v'uuv" u.

Blue to blue-violet chromatogram zones are formed on a colorless background; these
gradually fade [11, 16].

Note: In the second spray potassium hydroxide solution can be replaced by sodium hy-
droxide solution or by a solution of 17 g benzyltrimethylammonium hydroxide in
lUV uu "percen metnanor ["J. 1 He"'EDDE reagent ['OJ can a so ne app rea very sue-
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Fig. 2: Absorbance scan of a chromatogram track with 500 ng each of digoxin (1) and digitoxin (2)
per chromatogram zone.

of warm air. Digoxin (hR f 30-35) and digitoxin (hR f 40-45) yielded violet chromato­
gram zones on a colorless background. The detection limits were 50 ng substance per
chromatogram zone.

c
o
u:o

iii

In sitn quantitation: The absorption photometric scan at ),.max = 550 nm had to be
carried out immediately, since the colors of the derivatives only remained stable for ca.
10-15 min; exact quantitative analysis was not always possible.

BA

2

3

Fig. 1: Chromatogramsof reference substances (A) and of a lily of the valleyextract (B): 1 =
g-strophanthin, 2 = convallatoxin, 3 = k-strophanthin

Procedure Tested II
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[II] Kruger, D., Wichtl, M.: Dtsch. Apoth. Ztg. 1985,125, 55-57.
[12J Wagner, H., Haberrneier; H., Schulten, H.-R.: Helv. Chim. Acta 1984, 67, 54-64.
[13] Kartnig, Th., Danhofer, R.: 1 Chromatogr. 1970,52, 313-320.
[14] Kube1ka, w., Eichhorn-Kaiser, S.: Pharm. Acta Helv. 1970,45, 513-519.
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Method Ascending, one-dimensional development in a trough chamber
with chamber saturation.

Layer HPTLC plates Silica gel 60 F214 with concentrating zone (RIEDEL

DE HAEN, MERCK).

Mohile phase Actone - dichloromethane (60+40).

Detection and result: The chromatogram was freed from mobile phase, immersed in the

Migration distance 5 em

Running time 8 min
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Fast Black Salt K- Preparation of the Reagent

Sodium Hydroxide Reagent Dipping solntion I Dissolve 500 mg fast black salt K (Echtschwarzsalz K, diazotized
4-amino-2,5-dimethoxy-4'-nitroazobenzene zinc double salt) in
100 ml water with heating. Filter off any undissolved com-

Reagent for: ponents, Dilute the filtrate with methanol (I + I).

Dipping solntion n Methanolic sodium hydroxide solution (c = 0.5 mol/L).

• Amines
n~:n~o" " Spray solntion I Dissolve 500 mg fast black salt K in 100 ml water; filter off any

such as a-/~alanine, ethylamine, diethylamine, piperidine, mescaline insoluble components [1-3, 5).

desipramine, ephedrine, maprotiline, nortriptyline Spray solntion II Sodium hydroxide solution (c = 0.0.5 mol/L) [1-3, 5).
e.g. aromatic prim. and sec. amines [I]

such as aniline, 2,4.6-trimethylaniline, bromhexine, diphenylamine, Storage The dipping and spray solutions are stable for up to one day.

amethocaine, procaine Substances Fast black salt K
P 0 ornmot;r tort arrrines fIl . .

such as N,N-dimethylaniline, N.N-dimethyl-p-toluidine
.:>UU'UOH UJUWMU ., un

Methanol
• Phenols

e.g. catechin, resorcinol, hydroquinone, morphine [I]

• Salbutanol, isoprenaline, terbutaline [IJ

• Tetracyclines [I) Reaction• A rnmot;r N-hpterocvc1ics
e.g. pyrrole, imidazole, indole [I]

• Quaternary ammonium compounds [2]

• Psychopharmaceuticals Aliphatic primary and secondary amines primarily react with the diazonium compound
e.g. chlorprothixene, haloperidol, sulpyride,

-
fast black salt K to yield colored triazene derivatives [I] according to the following

perphenazine [2] N CI scheme:
oxaflozane and its metabolites [4] ~+ R NH _Ar N-N NH R~Ar NH R + AT NH,

• Analeptics, stimulants [3]
*OCH3

Prim. amin~HCI Triazene derivative
lIAr-N~NJCI-e.g. amphetamine, preludin, captagon [6) : I • (ZnCJ,)1/2

[Ar-N=NICl-
methamphetamine [I, 6] H3CO

+
Fast Black salt K

• Diethyl malonate [I] N :,;NH ~ Ar-N=N-N:::::,

6 Ar-N=N-NH-Ar

• II-Blockers [2, 3, 5] Sec. amine Triazene derivative Triazene derivative

e.g. alprenolol, atenolol, oxprenolol,
propranolol, timolol, acebutolol ~O2

H3CQ

rnetoprolol, sotalol Ar ~ -Q-N-N-Q--N02
NaOH (CI4HI2C1Ns0.J2 . ZnCI2

M, = 40.00 M, = 546.36 OCH3
Sodium hydroxide Fast Black Salt K

It is also probable that there is coupling to colored derivatives in the case of aromatic
amines and phenols (cf, Fast blue salt B reagent).
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Method Migration distance 8cm

Running time 60 min

The chromatograms are dried in a stream of warm air, sprayed homogeneously with Detection and result: The chromatogram was dried for 15 min in a stream of warm air

spray solution I, dried briefly in a stream of hot au, then sprayed lightly With spray and first examined under UV light. Tetracycline, chlorotetracycline, coxycyc me ana

solution 2 and finally dried in a stream of warm air. In the case of ~-blockers this is oxytetracycline fluoresced red under long-wavelength UV light (A. = 365 nm). These

followed with a further light spray with spray solution I [5]. four substances appear as dark zones on a pale blue fluorescent background (f1uores-
Aliphatic and aromatic primary amines yield violet to violet-red chromatogram cence quenching) under short-wavelength UV light (A. = 254 nm),

zones and aliphatic and aromatic secondary amines orange-red to brownish-red The chromatogram was then immersed in dipping solution I for I s, dried briefly in
chromatogram zones on a colorless background; phenols are colored red-violet, light a stream of warm air and then immersed in dipping solution II for I s. It was then dried
brown or green; pyrrole, imidazole, indole yield violet and diethyl malonate yields in a stream of warm air for iO min.
orange zones [I]. f\-Blockers are colored orange to reddish-violet [5]. Tetracycline (hR r 35-40) produced blue and doxycycline (hR r 15-20), chlorotetra-

Note: Color reactions occur even before application of spray solution II [6]. Tertiary
cycline (hRr 25-30) and oxytetracycline (hR r 40-45) produced violet chromatogram

zones on a yellow background. The detection limits for all 4 compounds were 2 ng
aliphatic amines and phenols with blocked ortho and para positions and aromatic N- substance per chromatogram zone (A. = 550 nm) .
• cvlotpn arrrines e a acetanilide, do not react Ill.

The color hues produced in the reaction do not appear to be affected by differing In situ quantitation: The absorption photometric evaluation in reflectance was carried
substituents at the amine nitrogen; however electron-attracting substituents at the out at the wavelength A. = 550 nm (Fig. IA) or = 580 ntn (Fig. 1B).
u-C atom appear to reduce the detection sensitivity of the reaction [I). The colors pro-

duced remain stable for months in the dark. In the light the zones produced by primary

amines fade more rapidly than those from secondary amines [I]. 3
c. , 'n < ,n substance ner

chromatogram zone [6]. f\-Blockers can be detected at 50-100 ng per chromatogram 2 34

zone [5J. 4
The reagent can be employed, for instance, on silica gel, kieselguhr, Si 50000 and RP

layers. 1 5 2

" 1

Procedure Tested
Vi c

\
e " 5 -

LL Vi c:

Tetracyclines (7) ~I I 11,
..........- 'v -......-JV'

Method Ascending, one-dimensional development in a trough chamber A B
with chamber saturation.

Layer HPTLC plates RP 18 WF 254, (MERCK).
Hg I: Reflectance scan of a chromatogram track with 16 ng of each substance per chromatogram
zone: measurementat l. = 550 nm (A) and at l. = 580 nm (B). Note: The ordinatefor (B)has been

Mobile phase Oxalic acid (c = 0.5 mol/L, aqueous) - acetone - methanol compressed by ca. 50"1, in comparison to (A): 1 = doxycycline, 2 = chlorotetracycline.,
] '",,0_, . . .._,._~...-

l~ +1U+b}.
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References Fast Blue Salt BB Reagent

[JJ ujanperd, ., ,an'Ha, ...., na>e, L .. n,,",y.' ~, UJ, LurLU"
![2] Ojanpera, I., Vuori, E.: 1. Liq. Chromatogr: 1987, 10, 3595-3604.

[3] Ojanpera, I., Lillsunde, P., Yartiovaara, J., Vuori, E.: 1. Planar Chromatogr. 1991, 4,
Reagent for:373-378. !

[41 Constantin, M., Pognat, J. F.: Arzneim. Forsch. 1979,29, 109-114.
lSI Ojanpera, I., Ruohonen,A.: 1. Anal. ToxikoL 1988,12, J08-110. • Phenols [I][61 Eberhardt, H., Debackere, M.: Arzneim. Forsch. 1965,15, %9-970.

a
..

I?., ..

2HN" 0 !

~O,-/CHJ • ZnCl,

HJC~OY !

N+ cr:
'"N

2

(C17H18ClNJ03), . ZnCI,

M, ' ~jU~

Preparation of the Reazent

Dipping solntion Dissolve 0.5 g fast blue salt BB (C.1. 37175) in 25 ml water and
make up to 100 ml with methanol [I].

Spray solution Dissolve 0.5 g fast blue salt BB in 100 ml water [2].

Storage The reagent solutions should always be prepared fresh and fast
blue salt BB should be stored in the refrigerator.

Substances Fast blue salt BB
Methanol

!
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Reaction Procedure Tested

Fast blue salt BB couples with phenols, preferably in alkaline medium, to yield intensely I-Naphthol and 2-Naphthol [I]
co ored azo ayes.

2
Method Ascending, one-dimensional development in a trough chamber

2 HN'" °
with chamber saturation.

HN'" ° OH Layer HPTLC plates Silica gel 60 F254 (MERCK) that have been

+r;A hOC,H, precleaned by developing once to the upper edge of the plate withHi OC H
metnanor (JU rJUI ana men atiea at IU -l.- or

J~
~ H5C,O T"

H,C,O NC=N-g-0H
30 min.

N+ CI
Mobile phase Toluene - triethylamine (30+ 10).III

~ ;,N
Migration distance 6cm

Runnino time 12 min

Method
Detection and result: The chromatogram was freed from mobile phase in a stream of
warm air, cooled to room temperature, immersed in the dipping solution for 4 sand
then heated to 1I0"C for 5 min.

2-Naphthol (hR f 50-55) appeared as a pink and l-naphthol (hR f 60-65) as a vio-
The chromatograms are freed from mobile phase in a stream of warm air, immersed ._n ~.. "

'y

in the dipping solution for 4 s or homogeneously sprayed with the spray solution and 2 ng substance per chromatogram zone.
then heated to 1I0-120"C for 5-10 min [I, 2].

Chromatogram zones of various colors are produced on a pale yellow-orange colored In situ quantitation: The absorption photometric evaluation in reflectance was carried
background [I, 2]. out at the absorption maximum of l-naphthol (Amax = 460 nm, Fig. IA) or at the ab-

Note: The dinoina solution can also he used as a snrav solution. RP lavers should be
sorption maximum of 2-naphthol (Amax = 520 nm, Fig. IB), as required.

treated with the methanol-containing reagent on account of its better wetting proper-
ties. In addition it is necessary, particularly after the use of acidic mobile phases, to 1
spray with alkalis, e.g. pyridine, after the heat treatment step [2, 3].

CThe detection limits per chromatogram zone are 30-50 ng for tetracyclines [2, 3] and 0; 2 C
" c

~
1 o

Vi
~

2 ng for 1- and 2-naphthol [1].
d u:

I 2'r" ,. .. ~, <fiNV> on ,
I~\ 1

,
Ulayers.

-
A B

fia. l' <"" nf • m rack with 100na each of z-naohrhol 11\ and 1-
naphthol (2) per chromatogram zone: (A) scanned at l. - 460om, (8) scannedat l. 520 nm.
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References Iodine Reagents

[II Hoffmann, A.: Thesis, Fachhochschule Giellen, Fachbereich Technisches Gesundheitswesen,
1987.

It is very often advantageous in thin-layer chromatography to be able to obtain a[21 Oka, H., lkai, Y., Kawamura, N., Uno, K., Yamada, M., Harada, K.-l., Uchiyama, M., Asu-
kabe, H., Suzuki, M.: 1 Chromatogr. 1987,393, 285-296. preliminary impression of a substance separation by first exposing the plate to a rapidly

[3] Oka, H., Uno, K., Harada, K.-l., Hayashi, M., Suzuki, M.: 1 Chromatogr: 1984,295, carried out, economically priced universal reaction before passing on to final character-
129-139.

ization using group-specific or even better substance-specific reactions.
Iodine is such a universal reagent. It was introduced by MANGOLD [I] as early as 1961

or me anarysis 0 IplUS ana usee again wumn a year oy BARRETT [2J as a nondestruc-
tivc reagent".

Detection by iodine is usually based on physical concentration of iodine molecules
in the lipophilic chromatogram zones without any reaction occurring. Iodine is more
strongly enriched in the substance zones than in the neighboring polar, substance-free
silica gel or alumina layer. The result is brown chromatogram zones on a yellow back-
ground [3J.

Iodine is a less suitable reagent for use on moderately polar phases and RP materials.
The chemical modification of the silica gel that such layers have undergone makes them
considerably more lipophilic, so that the contrast between substance-coated chromato-
gram zone and substance-free background is not very strong. The same applies to
nol amide lavers.

Documentation is carried out as soon as the iodine-colored chromatogram zones
can be readily recognized. Then the adsorbed iodine can be allowed to evaporate in the
fume cupboard or vacuum desiccator, so that the same chromatograms can be sub-
jeered to further reactions and separation steps (e. g. SRS techniques, 2-0 separations,
coupling techniques such as TLC/GC etc.), The chromatogram zones can also be... ..

'0 ,-J>

clathrates that are formed (starch-iodine inclusion compounds) remain stable for
months.

Some substances, e.g. penicillin and pyrazolinone derivatives, are poorly detected by
"iodine staining" with detection limits of 2-4 ug substance per chromatogram zone
[6, 7]. The limits for lipids and for opium alkaloids lie with 50-500 ng [8] in the middle

J~Ulll1 U1H~" P' J.

Exposure of rhodamine 6G-impregnated silica gel layers to iodine vapor for two to
rive minutes followed by irradiation with UV light leads to the sensitive blue coloration
or the chromatogram zones on a greenish fluorescent background [8, 10).

In addition to the "iodine staining" resulting from adsorption or purely physical
"SOlution" of the iodine molecules in the lipophilic chromatogram zones, many
SUDstances can also be made visible by chemical reaction with the iodine [9]. In such
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cases the interaction is not reversible since the iodine is covalently bound. It can readily R3N'12 ---+ R,N-I + 1-

be established whether there has been a chemical reaction between iodine and the test it
substances by application of the SRS technique [II). R,N +1'

Thus, in spite of its lack of reactivity, iodine reacts chemically with unsaturated com-
pounds, whereby the silica gel of the TLC layer can sometimes be assigned a catalytic In aCIOIC merna tne n-IT-complexcan also produce pcnomde anions or periodide com-

role [II, 12). Irreversible oxidations and electrophilic substitution and addition reac- plexes; these - like the iodide anion - are appreciably less reactive than the iodine

tions have been observed on the interaction of iodine with tertiary nitrogen com- cation [13).

pounds; such reactions possibly depend on particular steric relationships or are favored
R,N -H + I)by particular functional groups [13, 14). +

Thp' H" " jc nn«;hlv 0 nne_ejeC'Tnn nv;ilo';nn m;,h ,he ;n;';ol fnT~o';nn
R,N -I + 21- + H+ ---<:

R,N·HI,

of a radical cation:
Table 1 lists examples of the observation and demonstration of such reactions.

R: + 1121 2
-c-s- R"!" + 1-

Reactants Radical-
cation Table 1: Examples of treatment with iodine leading to oxidation, addition or substitution products.

This can then in various The following products can be derived
Substances Sorbent Remarks Referencesreact ways.

schematically: Estrone derivatives Silica gel GF 2S4 Iodination to 2-iodoestrone [121
and 2,4-diiodoestrone

R-O-OH -- Other oxidation Polycyclic aromatic hydro- Silica gel G Formation of oxidation [15]

I
products carbons, indole and quinoline products via the initially

~(
_00

~ ~
azulenes

R: R+ R-OH (Phenols)

~ ~')
Polycyclic aromatic hydra- Silica gel G Monovalent oxidation of [161
carbons the iodine complexes via

R, R=O (Quinones) radical cations yields dimeric
Dimers or or tetrameric aromatics
oltaomcrs

Pyridine, pyrrole, indole, Silica gel G Detection by two-dimen- [11]
quinoline and isoquinoline sional TLC
alkaloids

Charge transfer complexes can also be formed, as shown using a tertiary nitrogen
compound as an example. An iodine molecule first adds to the nitrogen compound: Emetine, cephaeline Silica gel 60 After iodine treatment [171

emetine fluoresces yellow

and cephaeline blue
'" '2 ",,' . '2

The complex that is formed can dissociate to form a cation (n-IT-complex) and an
iodide anion, with the iodide ion reacting with the excess iodine molecules that are pre-
sent. In addition the decomposition of the n-IT-complexcan lead to the formation of
highly reactive iodine cations, which can initiate further reactions - e.g. oxidations or
electrophilic substitutions of aromatic systems [II, 13).
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Table 1: (continued)
So a check must always be made of whether the universal iodine reagent can be used

I

Substances Sorbent Remarks References for nondestructive testing or whether the substances undergo irreversible changes. The

Pharmaceuticals Silica gel Irreversible reaction of [18]
iodine reagents are preferentially used for the detection of lipophilic substances (fats,

nAn' ~ , ..,~ .~ ... lnnn ;f .11 th
iodine with acetylsalicylic

substances were listed and the references cited the iodine monographs that follow only
acid, aethaverine, arnido-
pyrine, ascorbic acid, benzo- include those classes of compounds where the use of iodine as a detection reagent seems

caine, quinine, dihydroco- unusual.

deine, fluorescein, glycine,
hydrocortisone acetate, isoni-

"cuU<;

paracetamol, phenacetin, References
phenol-phthalein, piperazine,
resorcinol. salicylic add,
salicylamide, sulfaguanidine,
thymol, triethanolamine, tris [I) Mangold. H. K,: J. Am. Oil Chem. Soc. 1961.38.708-727.

buffer: detection bv reaction 12] Barrett. G. C,: Nature 1962, 194. lI7l-lI72.

chromatography
l' rorx, 0' rUOK, ", Fischer; •immer, il.. 1 bin-tayer

Detection Methods, Vol. la, VCH-Verlagsgesellschaft, weinheirn, Cambridge, New York,

Quinine alkaloids (quinine, cin- Aluminium oxide Elimination of vinyl groups, [14] 1990.
chonine), barbiturate derivatives, pH 8.6 addition of iodine to double [4] nuna, 1.. Das, A. K,. Ghosh. R,: J. Chromatogr. 1981. 210. 544-549.

retinol, calciferol and chole- bonds, ester cleavage; detec- [5] Sliwiok, 1.. Kowalski, W. J,: Microchem. J. 1972.17.576-587,

calciferol tion by IR
(6] Pan. S. C,: J. Chromatogr. 1973. 79.• 251-255.
[7] Jain. R,. Agarwal. D. D.: J. Liq. Chromatogr. 1982.5.1177-1179.

mv,v.. ,.,<; OHOCd g"' WWUdUUH [I"I [OJ WHOd". ,-=, ."""UaKIT,-u= rir: ,---",

Opium alkaloids (morphine, Aluminium oxide Iodine addition to the ter- [13]
[9] Copenhaver, J. H., Cronk. D. R.• Carver, M, 1.: Microchem. J. 1971. /6. 472-479.

[lO] Milborrow, 8. V.: J. Chromatogr. 1965. /9, 194-197.
codeine), acetylmorphine, oxyco- pH 8,6 tiary nitrogen of the opium [II] Wilko M.• Brill, u. Arch. Pharm. 1968,301. 282-287.
deinone, brucine, phenyl- alkaloids and to the OCH3 [l2] Brown. W,. Turner, A. B.: J. Chromatogr. 1967,26.518-519,
butazone, ketazone, group of the brucine with ill] Sarsunoya, M,. Kakac, B.. Krasnec, L.: J. Chromatogr. 1970.48.353-361.
trimethazone formation of an a-quinone [l4] Sarsunova, M" Kakac, 8., Krasnec, L.: Fresenius Z. Anal, Chem. 1972.260,291-292.

dertvatrve; prcuamy ring
rr er ,.. ." '-";'" , ~, ,n" " "'-,,,

." ,. -F," • .. . '

opening in the case of [l6] Wilk, M.• Bez, W.• Rochlitz, 1.: Tetrahedron 1966, 22. 2599-2608.

phenylbutazone, ketazone
[l7] Stahl. E.: Dunnschicht-Chromatographle, ein Laboratoriumshandbuch, 2, Aufl .• Springer,

and trimethazone; detection
Berlin. Heidelberg. New Jork, 1967.

[18] Schmidt. E: Krankenhaus-Apoth.: 1973.23.10-11.
by IR [l9] Barrett. G. C. in: Giddings. 1. c., Keller. R. A. (Eds.) Advances in Chromatography. Vol. 11.

Thiols and thioethers (dithiaden, Aluminium oxide Oxidation of sulfur and at- [20] 1201 ~~~~,~:~~:' ~ar';~,~ek~er, !::w Yor~. l~~~"",,,o 7 A_ "h"m lQ" ?If? ?~7-?~~
p.v".. au.". ' ...a ....uc ,,~) vee 0.0 Li:1CII. VJ we couore Dona III

[2l] SarSunoya. M.• Kakac, 8.. Maly, V.: Fresenius Z. Anal. Chem. 1969. 245. 154.
the thiazole ring

Alkaloids (codeine, brucine), Aluminium oxide Irreversible complex forma- [21]
phenothiazines (promethazine), pH 8.6 tion or saturation of double
sulfonamides (sulfathiazole). bonds; detection hy IR
vitamins [axerophthcl,

--
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Iodine Vapor Reagent
Reagent for:

• -narmaceu rears
e.g. antibiotics

Reagent for: such as penicillins [37]. maridomycines [38J. ferrithiocin [39)
e.g. amphetamines

such as phentermine, methamphetamine, ephedrine [40J

• Lipids N-cyanobenzylamphetamine [41]
., ". HU,. vexes, Ll'''J c.".

free fatty acids. diglycerides [5]. fatty acid esters [6J, such as chlordiazepoxide [35]. diazepam [35, 36]
prostaglandins [7J, arene-cyclopentadienyl iron complexes [8J e.g, miscellaneous pharmaceuticals [42]

• Phospholipids such as propoxyphene [43], barbital [36], phenacetin. antipyrin [35],
e.g. lecithin [5, 9-11], sphingomyelin [10] triamcinolone acetonide ester [44]

phosphatidylcholine [12], dioleylphosphatidylcholine [13] germine, germine acetate and diacetate [45J,'.. " , ..,. ""j , • "p ~~~V'V> • Cdl"Ul"H

• Steroids [16. I7J • Mycotoxins
e.g. cortisone, testosterone, corticosterone [18] e. g. slaframine [48]

estrone [19), 19-norsteroids [20J • Carbohydrates [49]

• Carotenoids [21J

• Antioxidants 12
"n'. ,- M, • L)j.~L

• Hydroxyacetophenone [23] and benzophenone derivatives [24]

• N-containing glycolate esters [25]

• Diethyl phenyl phosphate derivatives [26)

• Detergents and emulsifiers
e.g. dodecyl benzenesulfonate, Triton X-loo [27] Preparation of the Reagent

.Ionhnl '."~ ~Ol

arlacel A [29]

• Polymers Iodine reagent Place a few iodine cystals on the base of a chamber that can be
e.g. polyethylene glycol derivatives [30, 31] tightly sealed (e.g. twin- trough chamber). Violet iodine vaporizes

polystyrene, polytetrahydrofuran [31J and distributes itself homogeneously throughout the interior of

• Pesticides the chamber after a few hours. Gentle warming of the iodine
e.n. carbamates r321 chamber , tho •• nr .h. 'nA' •.

such as propamocarb [33]
Starch dipping Dissolve 0.5 g soluble starch in 100 ml water with heating.e.g. aziridine derivatives [34]

• Purine derivatives solution

e.g. theophylline, caffeine [35, 36J Storage The iodine chamber should be stored in the fume cupboard.

Substances Iodine
starcn, SOIUOle
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I,
. . . d h nee, should only be carried out if there are only traces of iodineReaction ISvery sensitive an • e . d bl
. otherwise the whole background will be colore ue.m the chromatogram zones,

I

o . ally the starch treatment yields white chromatogram zones on a blue
ccasion . d' bei d

Iodine is enriched to a greater extent in chromatogram zones coated with lipophilic background (cf. procedure tested 2). This is pr~bably a result of 10 me•• e~~:;~~n~~~~_
by a chemical reactirm with <U ....·0 -.,. dsubstances man It IS in a hydrophilic environment. Hence, iodine is ouly physically
background for the formation of a starch-iodine complex. Such ef~ects are.not observe I

"dissolved" or adsorbed. Occasionally a chemical reaction also takes place, such as, for
II I CN and water-wetted RP 18 layers, possibly because insufficient adsorbedexample, with estrone [19] (cf. "Iodine Reagents"). In general it may be said that the on ce u ose, h f t'

iodine is available in the neighborhood of the chromatogra~ zones for t e orma IOnlonger the iodine effect lasts the more oxidations. additions or electrophilic substitu-
of the blue complex or because, for example, the CN phase ISnot homogeneously wet-tions are to be expected.
ted by the starch solution. ,

The detection limits are generally a ew ug .' .

Ithe iodine detection is appreciably more sensitive for some substances: It ISpossible to
detect 200 ng glucose [49] and 10 ng propamocarb per chrom~t~gram z?ne [33.1'

I

Method b sed most advantageously on aluminium oxide, SIlica gel,

I

The reagent can e u .
ki I h S' 50000 cellulose, diol and water-wettable RP 18 layers; there ISless con-
l~~~l l "dl

trast in color on strongly hydrophobic RP 18 phases. NH, and polyami e .ayers are

The chromatograms are freed from mobile phase in a stream of warm air. cautiously not suitable because the iodine is too strong y bound ana me wno e ayer is w.w
I

placed in the iodine chamber and left there for varying periods of time, depending on green-yellow.

I
the substance class (e.g. 5-10 s [I], 15-30 s [17. 50]. I min [38J, 5-15 min [11. 25] or
even up to 30 min [22. 24] or for several hours [42].

Brown-vioiet chromatogram zones are generally formed on a yellow background and, , 'T'A~.8..1 1 I~in some cases these fluoresce mho...., .....A '" .. "

I

H' ~

the evaporation of the excess iodine. Sometimes colorless chromatogram zones are
formed on a brown background. for example, if the iodine reacts chemically with the
substances that are chromatographed. Fatty Oils [51]

I
Carotenoids immediately form an olive-green complex. which fades irreversibly if the

Ascending. one-dimensional development in a trough chamber Iexposure to iodine is prolonged [21]. Method
w.w'w

INote: The iodine evaporates relatively quickly from the layer after a chromatogram has
Layer TLC plates cellulose (MERCK) that have been impregnated by dip-

,been removed from the iodine chamber. This evaporation of the iodine can be con- ping in a solution of liquid paraffin - ~etroleum ether (5+95)
siderably delayed by covering the chromatogram with a glass plate; the edge can also (40-60 'c) for 4 s and then dried in the air for 5 nun, before ap-

I
be sealed with adhesive tape, if necessary. Iodine solution can also be used for detection

plication of the samples.instead of iodine vapor.

- propenies (true tluorscence quencher) MODI e pnase "'eme ," p
I

iodine-containing chromatogram zones on layers containing fluorecence indicator F'54
Migration distance 12 em

I
appear as dark zones on a yellow-green fluorescent background when viewedunder UV
light ().. ~ 254 nm) - even if there are only traces of iodine in the chromatogram zones. Running time I.5h

I
The chromatogram zones colored by iodine can be fixed later by treatment with a

Detection and result: The chromatogram was free.dfrom mobile phase in a stream of0.5 I "10 aqueous starch (amylose) solution. This yields the well known, deep blue
iodine-starch 'nclUslon comp ex wmcn ISstable over a prolonged period. This reaction warm arr ana p aceo in an iOuinecnannxa Wi

I

I

-
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formed on a light brown background (Fig. IA). After waiting for a few minutes while
the excess iodine evaporated from the layer the chromatogram was immersed in the
starch solution for I s and dried in a stream of warm air. It was then possible to
recognize the oil components as blue chromatogram zones on a light background

Migration disWKe 10 em

Running time I.7S h

In situ quantitation: The reagent was not suitable for quantitative in situ evaluations.

Fig. 1: Chromatogram of fatly oils (9 ~g each per 10 mm band) after iodine vapor treatment (A)
and after additional immersion in a starch solution (B): Track I: avocado oil, Track 2: sunflower
oil, Track 3: linseed oil, Track 4: ahnond oil.

In situ quantitation: The reagent was not suitable for in situ evaluations.

warm air and placed in an iodine chamber for 20 min. Brown chromatogram zones
were formed on a pale yellow background (Fig. 2A); these faded very rapidly.
Therefore, the chromatogram was immediately immersed for 1 s in the starch dipping
solution and dried in a stream of cold air.

Pink-colored chromatogram zones appeared on a blue background; these rapidly
c ang co or 0 w e zones ig,

•••43

B

432

A

Procedure Tested 2

Fig. 2: Chromatogram of the detergent dehydrol LS 3 after iodine treatment (A) and after addi­
tional treatment with starch solution (B); amount applied each time 10 ~g as spots.

Method

Layer

Ascending, one-dimensional development in a trough chamber
with chamber saturation.

TLC plates Silica gel 60 with concentrating zone (MERCK).

[IJ Eng, L. E, Lee, Y. L., Hayman, R. 8., Gerstl, 8.: J. Lipid. Res. 1964,5, 128-130.
[2J Stahl. E.: Dunnschicht-Chromatographie; ein Laboratoriumshandbuch: 2. Aull, Springer,

Berlin1967.
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1970, 218, 441-452.
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Iodine Solution Neutral Dn-hnM' ryQl

Iodine Solution, Neutral Reagent Preparation of the Reagent

Dipping solution Dissolve 250 rng iodine in 100 mI petroleum ether [31].

Spray solution Dissolve I to 5 g iodine in 100 ml methanol [2, 3, 5-7, II, 12, 19],
chloroform [I, 4, 16, 18,20, 24J, carbon tetrachloride [15,28, 29],

Reagent for: petroleum ether [17], diethyl ether [26] or acetone [30].

Storage The reagent solutions may be stored in the refrigerator for an ex-
• Lipids (fats, waxes, hydrocarbons) tended period.

'E>' ["J
Substances Iodinemono- and diglycerides [5J

Methanolunsaturated lipids [6]
Chloroform• Phospholipids

e.g. phosphatidylcholine [7], phosphatidic acid [5] Carbon tetrachloride
Petroleum etherphosphonolipids [8, 9]
~,_.L _.L· -otymcr:
Acetonee.g. polyisoprene, polybutadiene [10]

poly(methylmethacrylate) [10, IlJ
polyethylene glycols [12]

• Pyrimidine nucleoside derivatives
Reactione.g. uridine derivatives [13]

.1UKaf0ids
e.g. codeine [14], emetine, cephaeline [15, 16]

Iodine is enriched to a greater extent in chromatogram zones with a coating ofpsychotrine [16], hippadine [17]
lipophilic substances than it is in a hydrophilic environment. Hence iodine is only• Pharmaceuticals [18]
physically "dissolved" or adsorbed. A chemical reaction occasionally takes place tooe.g. benzodiazepines [19], thalidomide [20J
(cf. "Iodine Reagents").

dithiocarbamoylhydrazine [21], neostigmine [14J
4-amidinophenylpyruvic acid [22]
6-mercaptopurine derivatives [23]
cnicine, artemisiifolin, salonitenolide [24] Method• Tertiary amines and quaternary ammonium compounds [25-27]

• Pyrrolidine derivatives [28]

• Imidazole derivatives 1291 N " .,,, 411, IIUlno,>ou• Pentoxifylline [30] in the dipping solution for 3 s or homogeneously sprayed with the spray solution. Only
in exceptional cases, such as, for example, in the detection of emetine and cephaeline,

12 are the chromatograms then heated to 6O-80°C for 10-20 min [15, 16, 31].
M, ~ 253.81 Brown chromatogram zones are generally produced on an almost colorless to pale

beige background; the zones occasionally fluoresce when examined under UV light
. ur '0' nmj Ii>, 10J.
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Note: The last traces of mobile phase must be removed completely - if necessary by
heating the chromatogram - before the reagent is applied [10). For documentation it
is recommended that the chromatogram treated with iodine be covered with a glass
plate in order to prevent evaporation of the iodine.

Mobile phase Dichloromethane - methanol (85+ 15).

Migration distance 2 x 7 em

Running time 2 x 15 min

contrast between the chromatogram zones and the layer background; the well known
blue-colored iodine starch inclusion complexes are formed. This later treatment with
starch solution should only be carried out when the iodine excess has evaporated from
the layer background so that only traces of iodine remain in the chromatogram zones.
Otherwise the whole chromatogram will be colored dark blue (test at a corner of the
c ro

Detection and result: The chromatogram was dried in a stream of warm air for 5 min,
immersed in the dipping solution for 3 s and then, after brief evaporation of the excess
iodine, heated to 60 °C on a hot plate for ca. 10 min. After cooling to room temperature
it was placed for a further 5 min in the vacant trough of a twin-trough chamber, whose
second chamber had been filled with 25 OJ, ammonia solution.

Iodine vapour can be employed as reagent in place of the iodine solution. Water­
resistant layers can be treated with 0.5 to 10J0 aqueous iodine solutions, e. g. I g iodine
and 2 g potassium iodide dissolved in 30 ml water and made up to 100 ml with ethanol
or LUGOUs solution or dilute iodine tincture. These solutions all contain in addition
potassium iodide to form the stable complex KI· 12 with the iodine. This greatly
re uces t e evaporation 0 t e 10 me rom e c roma ogram so a a er rea me
of the chromatogram with the starch solution can lead to a complete blue coloration
of the whole chromatogram, even after an extended period of waiting. Such a
potassium iodide-containing iodine solution has been employed for example for the
detection of choline [32).

In the case of quaternary ammonium compounds the chromatograms can be treated

cent chromatogram zones on a dark background when examined under long-wave­
length UV light (A. = 365 nm) (Fig. I). Emetine - like cephaeline - also yielded a blue

fluorescence on RP-2 and RP-18 layers.
The detection limit was ca. 200 pg for emetine.

o :
but there was good resolution of the subsidiary alkaloids of the ipecacuanha tincture
(Fig. I). The separation and quantitative determination of the main alkaloids (Fig. 2)
can be carried out under the following conditions: Ascending, one-dimensional devel­
opment in a trough chamber with chamber saturation; layer: HPTLC plates Silica gel
60 (MERCK); mobile phase: dichloromethane - methanol - ammonia solution (25 0J0)

Alkaloids in Ipecacuanha Tincture [31]

Procedure Tested

afterwards with sodium nitrite solution in order to intensify the color [27).
The detection limits are mostly in the microgram range, for cephaeline and emetine

they are 200 pg substance per chromatogram zone.
The reagent can be used, for instance, on aluminium oxide, silica gel, kieselguhr and

Si 50000 as well as on cellulose, polyamide, RP, eN, Diol and NH2 phases.

32

+ + ; rmgration IS ance: em; runmng im ; I-

emetine 75-80.

Ascending, one-dimensional, two-fold development in a trough
chamber with chamber saturation.

Method

Layer HPTLC plates Silica gel 60 F254 (MERCK). Fig. 1: Chromatogram of ipecacuahna tincture and of the standard substances: 1 == emetine,
2~
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In situ quantitation: For fluorimetric evaluation excitation was carried out at [12J Bui, K. H., Armstrong, D. W.: 1. Liq. Chromatogr. 1984, 7, 29-43.
A"" = 313 nm and the fluorescence emission of emetine was measured at Aft > 460 run [13J Pischel, H., Holy, A., Wagner, G.: Col/ect. Czech. Chem. Commun. 1981, 46, 933-940.
(cut off filter Fl 46). [14J Giebelmann, R.: Zbl. Pharm. 1976, 115,485-490.

"
[15J Habib, M. S., Harkiss, K. J.: Planta Med. 1970, 18, 270-274.

"
rl61 Stahl, E., Willino, E.: Planta Med. 1978 34 192 202.

"
[17J EI Moghazi, A. M., Ali, A. A.: Planta Med. 1976, 29, 156 159.-,
[18J Grady, L. T., Hays, S. E., King, R. H., Klein, H. R., Mader, W. J., Wyatt, D. K., Zimmerer,"

" R. 0.: 1. Pharmac. Sci. 1973, 62, 456-464."
" [19J S6ljic, Z., Grba, V., Besic, J.: Chromatographia 1977, /0, 751-752.'.'
'"I~ I [20J Pischek, G., Kaiser, E., Koch, H.: Mikrochim. Acta (Wien) 1970, 530-535.1'.1

:::: [21J Olthoff, u, Matthey, K.: Pharmazie 1974, 29, 20-25.
:::\ [22J Richter, P., Wagner, G., Kazmirowski, H.-G., Usbeck, H.: Pharmazie 1976, 3/, 279- 282.

!I\~\
C [23J Wagner, G., Oehlke, J., Pischel, H.: Pharmczie 1974,29, 160 164.

a . 0 [24J Vanhaelen-Fastre, R., Vanhaelen, M.: Planta Moo. 1974,26,375-379.
iii " u: [25J Giebelmann, R.: Zbl. Pharm. 1976, 1/5,491-497.I':: ,

I [26J Snyder, L. R., Palamareva, M. D., Kurtev,B. J., Viteva, L. Z., Stefanovsky, J. N.: 1. Chroma-,
1'1 I I~~ ,

togr. 1986, 354, 107-118.! II \ , I', ',
, (/ I

--~'---~ " '---- [27J McLean, W. E H., Jewers, K.: 1. Chromatogr. 1972, 74, 297-302.C ..
[28J Abdulla, R. E, Lahiri, S. K., Crabb, T. A., Cahill, R.: Z. Naturforsch. 1971, 26b, 95-98.
l2Yj an Balgooy, J. N. A., Marshall, ~. V., Roberts, E.: 1. Neurochem. 1972, /9, 2341 2353.
[30] Smith, R., Yang, S.-K., Davis, P., Bauza, M.: 1. Chromatogr. 1983,281,281-287.

I [31] Meiers, B., Jork, H.: GDCh-training course No. 301 "Dlinnschicht-Chromatographie ftlr
B ... Fortgeschtittene", Universitat des Saarlandes, Saarbrucken, 1992.

A l.. ~ [32] Shiloah, J., Klibansky, c., de Vries, A., Berger, A.: 1. Lipid Res, 1973, /4, 267- 278.

Pig. 2: Fluorescencescan of the chromatogram tracksof the standardsubstancescephaeline (A)
aillfeme melBTand 0 the Ipecacuanha extract (C). Amounts apPlied: cephaeline 0.5 ug,
emetine 0.7 flg per 10 mm track length.
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Iodine-Potassium Iodide Solution, Spray solution II For purine derivatives:
Solution A: Dissolve 0.1 g potassium iodide and 0.2 g iodine in

Acidic Reagent 10 ml 96'10 ethanol [6, 7].
Solution B: Mix 5 ml 25'10 hydrochloric acid with 5 ml 96'10
ethanol [6, 7].

Spray solution In For antibiotics:
Mix 100 ml 1'10 starch solution with 8 ml acetic acid and I ml
0.1 N iodine solution [4].

Reagent for: Storaee The reagent solutions may be stored for an extended period.

Substances Iodine• Alkaloids [I]
Potassium iodide• Polyethylene glycols [I]
Hydrochloric acid (25 '10)• Pharmaceuticals Ethanol (96'10)

e.g. tertiary nitrogen compounds
Acetic acid (100'10)

,,"ph "' ' IJI

chlorphentermine, cloforex [3]
srarcn, so ume

e.g. antibiotics
such as ampicillin and oligomers [4J

penicillin [5J
Reactione.g. purine derivatives

" .

• Pesticides
e.g. fungicides Tertiary nitrogen and iodine initially form a n-a-complex, from which a strongly reac-

such as ridomil [9] live iodine cation is produced; this cation can bring about electrophilic substitutions
on aromatic systems or cause oxidations [2].

12 KI +
M, ~ 253.81 M, = 166.01 "" 2 "" -,

H
R,N: + 1+

Preparation of the Reagent
In acidic medium the n-a-complex can also form periodide anions or periodide com-

plexes and these like the iodide anion are anoreciablv less reactive than an iodine
cation [2J.

Dipping solution Dissolve 0.4 g potassium iodide and 0.8 g iodine in 40 ml 96'10 +
+ R,N-H + 13

ethanol and add 10 ml 25'10 hydrochloric acid [8]. R,N-I + 21- + H+-<
R,N +HI,-

Spray solution I For alkaloids: Dissolve 1 g iodine and 10 g potassium iodide in
50 ml water with war-mine "<l<l7, ml elar-ial . oo'A onA _o~a The detection of antibiotics deoends on the fact that the iodine contained in the

up to 100 ml with water [I]. reagent reacts chemically with these and, hence, is no longer available in the chroma-

--
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togram zones for the formation of the deep blue-colored iodine-starch inclusion com-
Procedure Testedpound. In the case of penicillin derivatives the B-Iactam ring is initially opened by alkali

treatment or with suitable enzymes [10, IIJ. The penicilloic acid thus formed reacts
rapidly consuming 9 equivalents of iodine [10].

~. rt; til

Method Ascending, one-dimensional development in a trough chamber

Method without chamber saturation.

Layer HPTLC plates Silica gel 60 F254 (MERCK).

-,. ~, "
. fie cnroma ograms are reed tram mobile phase in a stream of warm air, immersed

Migration distance 6cmin the dipping solution for 2 s or homogeneously sprayed with the suitable spray solu-
tion and then dried in air or in a stream of cold air Alternatively purine derivatives

Running time 15 min
can be treated successively with the two spray solutions IIA and lIB (with 2 min air
drying in between) [6, 7].

Detection and result: The chromatogram was dried in a stream of warm air, immersed
Spray solution III, which is suitable for the detection of antibiotics, also contains • .. . • ~ •• .•, .. <.. ,. .. " <.

potassium iodide! To detect penicillin derivatives the chromatograms must first be
2 min in a stream of cold air Theophylline (hRf 15-20) and caffeine (hR f 65 70) were

placed - while still damp with mobile phase - for ca. 15 min in an ammonia chamber
immediately visible as blue-violet chromatogram zones, while etophylline (hR f 40-45)

before treatment with spray solution III [5J.
and proxiphylline (hR f 60-65) appeared a little later as brown zones on a sand-colored

This generally produces red-brown to blue-violet chromatogram zones on a sand-
background (Fig. IA). The detection limits for theophylline and caffeine lay at 120 ng

colored background. The detection of antibiotics with spray solution III yields almost
substance and for etophylline and proxiphylline at 400 ng substance per chromatogram

colorless chromatogram zones on a blue background 14 51.
LOHe.

Note: The dipping solution can also be used as spray solution. Since the chromatogram
In sitn quantitation: The absorption photometric scans were carried out in reflectance

zones slowly fade in the air it is recommended that the chromatograms be covered with
at a wavelength of A. ~ 500 nm (Fig. lB).

a glass plate for long-term storage. Color differentiation is possible with purine
derivatives [6, 8J. Diprophylline is not colored [6J.

The subsecuent treatment ~;th .._. .... <• ,.

treatment for the stabilization and enhancement of the "iodine" chromatogram zones
cannot be employed here since the layers - even after lying in the air for several hours
(evaporation of the excess iodine) - still contain so much iodine that the whole
background is colored blue [8].

The detection limits for purine derivatives are 120-400 ng and for antibiotics 50 ng
onhot.n. .., .

The reagent can, for instance, be employed on silica gel, kieselguhr, Si 50000, cellu-
lose and NH2layers; the reaction is appreciably less sensitive on RP 18, CN and Dial
phases, neither is there any color differentiation of the purine derivatives [8J. Cellulose
and polyamide layers are not suitable, since the whole layer background is colored dark
brown [8].



Fig. 1: A) Chromatogram of xanthine derivatives: Track 1: theophylline, Track 2: proxiphylline,
Track 3: mixture,Track 4: etophylline, Track 5: caffeine.
B) Reflectance scan of a chromato ram track with 1.7 thee h Iline 1 3
(2) and proxiphylline (3) and 1.6 ug caffeine (4) per chromatogram zone.
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Iodine-Potassium Iodide Solution­
Sodium Azide-Starch Reagent
(Awe s Reagent, 0 me Zl e

Reaction)

Reagent for:

• Sulfur-containing compounds [1-3]
e. . thiols 4 5 and thioethers 5

sulfide ions [4J
thiourea derivatives
such as phenylethyl- and 4-pentenylthiourea [4J

N-ethyl-N'-benzylthiourea [6]

oxazolidinethione derivatives [4]

S-containing amino acids
such as cystine, methionine [3], cysteine [8J
thiohydantoin derivatives [17], PTH amino acids [9-12]

• Penicillin derivatives and cephalosporins
e.g. penicillic acid, oxacillin, clonacillin,

• Thiophosphorus compounds
e.g. phosphordithioates, disulfides, alkylphosphinsulfides [5J

• Pesticides
e.g. thiophosphoric acid insecticides [5]

1,4-oxathiine derivatives [13]

[IOJ Thomas, R.: Nature 1961,191,1161-1163.
[I1J Pan, S. c.. J. Chroma/ogr. 1973, 79, 251-255.

12
M, ~ 253.81

Iodine

NaN 3

M,65.01
Sodium azide

(C,HIOO,)n
M, = 6500-8000

Starch
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Preparation of the Reagent

Di in solution I Dissolve 0.5 soluble starch in 100 ml
(15).

Dipping solution II Dissolve 0.25 g iodine and 0.4 g potassium iodide in 100 ml
water. Dissolve 0.4 g sodium azide in this solution [15].

Spray solution II Dissolve 1- 3 g sodium azide in 100 ml 0.005 N [8] to 0.1 N iodine
1 .

Alternatively, a solution of 1.27 g iodine in 100 ml 95 '70 ethanol
can be mixed with a solution of 3.25 g sodium azide in 75 '7.
ethanol in the volume ratio I + I, immediately before spraying
[14J.

Storage Dipping solution I may be stored for an extended period; dipping
solution and spray solution II should be stored in the refrigerator
and made up fresh every other day [11].

Substances Iodine
Sodium azide
Potassium iodide

Starch, soluble
Ethanol

The detection depends on the "iodine azide reaction" that normally takes place very
slowly and during the course of which sodium azide reacts with iodine to form sodium
iodide with the production of nitrogen:

mation of the deep blue-colored iodine starch inclusion compound (clathrate complex)
with the starch solution that is also applied [3, 13, 16).

Metho

The chromatograms are freed from mobile phase in a stream of warm air, initially im­
mersed in dipping solution I for I s or sprayed homogeneously with it and then, after
brief intermediate drying in a stream of cold air, either immersed in dipping solution II
for I s or homogeneously sprayed with spray solution II.

In the case of penicillins and cephalosporins the chromatograms are first sprayed
with 2 N sodium hydroxide solution [8].

This yields colorless to slightly yellow chromatogram zones on a deep blue-colored

background.

'IIote: Alternatively I '70 solutions of starch, iodine and sodium azide may be sprayed
successively onto the chromatogram in that order [4, 9]. Other orders of application
are also referred to in the literature [I, 2, 17) and sometimes the starch is also worked
into the layer so that it is not necessary to spray with it [11, 12J. Sometimes the treat­
ment of the chromatograms with starch solution is omitted [5, 6, 14J; in such cases col-

However, the starch solution should not be omitted completely since the color dif­
ference between the chromatogram zones, in which the iodine is reduced to colorless
iodide according to the "iodine azide reaction" mentioned above, and the background
colored brown by unreacted iodine is considerably less than the difference in color be­
tween the deep blue background provided by the starch-iodine clathrate complex and

The blue coloration of the background rapidly changes to brown [11] and then
gradually fades [8]. The color change of the background from blue to brown on com­
plete drying of the layer is reversible: The blue color can be regenerated by treatment

with water vapor [15].
Ridomil, with which the treatment with starch solution was not carried out, is said

ie rown c roma ogra zo

with sodium azide according to the above reaction. It is no longer available for the for-

This reaction is catalyzed by the presence of divalent sulfur - e.g. sulfur ions,
substances with S-S links, thioethers, thiazoles. If such substances are present in a
chromatogram zone then the iodine a lied with the rea ent is consume b r i n

Iz + 2NaNJ 2NaI + 3Nz
be assumed that this detection is based not on the "iodine azide reaction" but on the
physical adsorption and enrichment of iodine in the lipophilic chromatogram zones (cf.
"Iodine Reagents").

The detection limits for ridomil are 2.5 J.1g, for penicillin derivatives and cephalo­
sporins 0.5-1 J.1g [8J, for thiophosphate compounds 30 ng - IOJ.1g and for PTH amino
aci sand l,4-oxat me derivatives ng su stance per c romatograrn zone



Iodine-Potassium Iodide Solution-

Thiophosphate Insecticides [IS]

Procedure Tested

The reagent can, for instance, be used on silica gel, kieselguhr, Si 50000, NH 2 and
Diol layers; RP-18W, eN, polyamide and cellulose phases are not suitable [15].

Fig. 1: Chromatogram of the thiophosphate insecticides (each ca. 500 ng) after treatment with
dipping solutions I and II (A) before and (B) after complete drying of the TLC plate. Tracks 1
and 5: mixture; Track 2: azinphos ethyl; Track :3: malathion; Track 4: diazinone.

Ascending, one-dimensional development in a trough chamber
without chamber saturation.

TLC plates Silica gel 60 F254 (MERCK).

n-Hexane - tetrahydrofuran (5 + 1).

Method

Layer

Mobile phase

ern

Running time 15 min

Detection and result: The chromatogram was freed from mobile phase in a stream of
warm air, immersed in dipping solution I for I s and then dried for 5-10 min in a

tion II.
Azinphos ethyl (hRf 20-25), malathion (hR f 40-45) and diazinone (hR f 47-52)

yielded white chromatogram zones on a blue background immediately. Before in situ
quantitation the chromatogram was dried in the air until no film of moisture could be
seen on the layer surface. It was then dried completely in a stream of warm air whereby

limits were 200 ng substance per chromatogram zone.

In sitn quantitation: The absorption photometric measurements in reflectance were
made at a wavelength A. = 590 am (Fig. 2).

Fig. 2: Reflectance scan of a chromatogram track with 500 ng azinphos ethyl (I), 580 ng
malathion (2) and 590 ng diazinone (3) per chromatogram zone.
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Phenols [1-7][6J Martin, D., Wurbach, G., Hilgetag, G.: Pharmazie 1971, 26, 15 17. •
[7J uttenrauch, K., Ultho , U.: Pharmazie 1973, 28, 523 526. e.g. flavonoid glycosides and aglycones [8-14]
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[II] Sola!, M. C., Bernard, 1. L.: 1. Chromatogr. 1973, 80, 140-143. such as gallic acid and its esters [16]
[12J Boigne, J. M., Boigne, N., Rosa, J.: 1. Chromatogr. 1970, 47, 238-246. phenolic pharmaceuticals [20]
[13J Onuska, F. I., Comba, M. E.: 1. Chromatogr. 1974, 100,247-248. such as phenothiazines [20J
L"j Singh, u. o., Irtpamt; ,..... : . Cnroma ogr. • :Y4 ,200, jj -jLj.

acetylsalicylic acid [22][15J Meiers,BI., Jork, H.: GDCh-trainingcourse No. 302 ..Moglichkeiten der quantitativen Aus-
hydroxycinnamic acid derivativeswertung von Dunnschicht-Chromatogrammen", Universitat des Saarlandes, Saarbriicken,

1992. such as caffeic acid, chiorogenic acid [23]
[161 Awe, W., Neuwald,E, utex, G. A.: Die Naturwissenschoften 1954, 41, 528. I-hydroxyacridone alkaloids [24]
[171 Mahapatra, G. N., Das, H. P.: 1. Chromatogr. 1981, 210, 188-190. gentisyl alcohol [25], gentisyl acid [20]

f..n....1 ,~~,~.

such as orellanin, orellinin, orellin [26]

mycophenolic acid [27]

• Enols
e. g. a-ketolactones [28]

• Hydroxamic acids [7, 29]
-

e.g. penitrem A [30]

• Cholesterol and its esters [34]

• Ergot alkaloids [35]

• Inorganic anions
e.g, nitrite, iodate, chromate, vanadate, selenite, selenate,

anu \Ull rons L'lJ

thiocyanate (rhodanide) ions [32]

FeCI3 · 6H 2O

M, = 270.30

--



308 lron(III) Chloride Reagent

Preparation of the Reagent

Dipping solution

Spray solution

Storage

Substances

Dissolve I g iron(III) chloride hexahydrate in 5 ml water and
"'A ,~,.,.

Dissolve 0.1 to 10 g iron(III) chloride hexahydrate in 100 ml etha­
nol [9, 17, 19, 21, 24], methanol [3, 4, 8, 15, 23, 27], I-butanol
[30], water [5, 20, 31, 32] or dilute hydrochloric acid [7, 29].

The reagent solutions may be stored in the refrigerator (4°C) for

Iron(ITI) chloride, hexahydrate
Methanol
Ethanol (95"10)

chloroform [5]. A post-reaction treatment with saturated sodium carbonate solution
was described in some cases [23].

The detection limits for phenols are 20-100 ng substance per chromatogram zone
[33].

, 'V. H"~U',",

lose and polyamide layers.

Procedure Tested

AminophenoIs [331

Reaction

Iron(III) chloride forms colored complexes with phenols.

Method

Layer

Mobile nhase

Ascending, one-dimensional development in a trough chamber
with chamber saturation.

HPTLC plates Silica gel 60 F254 (MERCK) that have been
precleaned by developing once to the upper edge of the plate with
chloroform - methanol (50+ 50) and then dried at 110°C for
30 min.

Toluene methanol (18+91.

Method

The chromatograms are freed from mobile phase in a stream of warm air, immersed
in the dipping solution for I s or homogeneously sprayed with the spray solution and
then heated to loo-1I0°C for 5-10 min.

Variously colored chromatogram zones are produced, usually before heating, On a
colorless to pale beige-yellow background.

O__Aor rArl tA hh'A_";AIA' 101 ~.h. fl

brown, wine red and red to blue-violet [II, 13], catechols green to blue [15], tannins
blue [17],phenothiazines pink [21], l-hydroxyacridone alkaloids green [24], penitrem A
green to blue-green [30], inorganic anions pale yellow to blue-green [31].

Note: Dilute acetic acid [22], cone. sulfuric acid [25, 34, 35] have also been recom-
•r.~' ,un

MigratioD distance 5 em

Running time 10 min

Detection and result: The chromatogram was dried in a stream of warm air for 10 min,
immersed in the dioninz solution for I s and then heated tA 11(\0(' fAr < ~;n An 0

hotplate.
On a beige-yellow background 2-aminophenol (hRr 55-60) appeared as ochre

brown, 4-aminophenol (hRr 40-45) as violet-brown and 4-aminosalicylic acid (hRf
20-25) as pale brown-violet chromatogram zones.

The detection limits lay at 20 ng substance for 2-aminophenol, 50 ng substance for
J. 1M.e.

In situ quantitation: The absorption photometric scans were carried out in reflec­
tance at a wavelength of either A= 460 nm (Amax (z-aminophenol) or A=520 nm
(Amax (a-aminophcnol) (Fig. I).



Fig. 1: Reflectance scans of a chromatogram track: WIth 500 ng a-arnmosajrcync acid (I). 1 ug
4-aminophenol (2) and 200 ng 2-aminophenol (3) per chromatogram zone: (A) scanned at
'" - 460 nm' IB\ scanned at '" - 520 nm.
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Iron lID Chloride-Potassium Hexacvanoterratetlll) Reaeent 111

Iron(III) Chloride-Potassium Preparation of the Reagent

Hexacyanoferrate(III) Reagent
Solution I Dissolve I g potassium hexacyanoferrate(JII) in 100 ml water.

(Harton'S Reagent) Solution II Dissolve 2 g iron(III) chloride hexahydrate in 100 ml water.

Solution III Dissolve 0.3 to 2 g potassium hexacyanoferrate(III) in lOOml
water.

Sulution IV Dissolve 0.3 to 10 g iron(III) chloride in 100 ml water.

Reagent for:
Ulppmg somuon mmematery oerore use rmx IU nu water, " m soiuuon " I. m so-

lution II and I ml 320,1. hydrochloric acid in a measuring cylinder
and make up to 100 ml with methanol [2].

• Aromatic amines [1, 3]
e.g. anilines Spray solution Immediately before use solutions III and IV are mixed, generally

• Phenols [3] in equal proportions [I, 3, 6-8].

e.g. saisom 0 , aopamme l4J, Storage Solutions I IV may be stored 10 the retngerator with the exclu-
lignans, pyrogallol derivatives [5], sion of light for ca. 2 weeks [6].
zingerone [7],

Substances lron(III) chloride hexahydrate
gallic acid, gallotannins [8],

Potassium hexacyanoferrate(III)
curare alkaloids (tubocurarine [9]) Hydrochloric acid (320,1.)• Phenolic steroids [10- 13],

e.g. estrone, estradiol, estriol

• Analgesics
e.g. aminophenazone [14]

• Anti-inflammatories
Reactione.g. carprofen, zomepirac, diclofenac [IS]

• Pno~;nn 1cptnnpo ""1

• Enol ketones [17]

• Thiosulfates [3] Some of the iron(III) ions in the reagent are converted to iron(II) ions by reducing sub-

• Isothiocyanates (mustard oils) [3, 19, 20] stances and then react to produce Prussian blue or ThRNBULL'S blue.

• Thiourea derivatives [19, 20]
4Fe 3+ + 3FeJ](CN)t- ~ Fe11l[Fe 11lFe l1(CN)6b

• Degradation products of carbamate insecticides [18]
....

FeCll ·6H2O KJ[Fe(CN)6]

M, =270.30 M, = 329.26

lron(III) chloride Potassium hexacyanoferrate(III)



Method

The chromatograms are freed from mobile phase in a stream of warm air, then imm
in the dipping solution for 2 s or uniformly sprayed with the spray solution. In the~
of anti-inflammatories, the plates are then heated to llO°C for 5-10 min [15].1

Blue chromatogram zones are produced on an almost colorless to pale yellow back£,
ground.

N 'T i
solution it is possible to increase the color intensity by spraying afterwards with hy
cbloric acid (c = 2 mol/L) [16]. The blue chromatogram zones remain readily visibl
for ca. IS to 30 min; then they begin to fade, while the background gradually acquires
a blue coloration [14].

The detection limits per chromatogram zone are 100-200 ng for gallic acid ~

The reagent can be used, for example, on silica gel, kieselguhr, Si 50000 and cellulo';
layers.

Substituted Anilines [2]

45-50) and 2,5-dicbloroaniline (hRf 60-65) appeared as pale blue-turquoise-colored
chromatogram zones on a beige-colored background. The detection limits pet chro­
matogram zone ranged from 2 ng (2,3-dimethylaniline) to 10 ng (4-chloro-2-metbyl­

aniline).

In sito quantltatlon: The absorption photometric scan in reflectance was carried out
at a mean wavelength of )..= 670 om (Fig. I).

5

e

Fig, 1: Reflectance scan of a chromatogram track with 200 ng 2,3-dimethylaniline (1),100 ng each
of 4- hl . . an 200 n each of
2,3-dichloroaniline (5) and 2,5-dichloroaniline (6) per chromatogram zone.

Mignltion distance 8 em

Method

Layer

MObile phase

Ascending, one-dimensional development in a trough chamber
ou c e s UTa ton,

HPI'LC plates Silica gel 60 (MERCK).

Toluene
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• Catirms

!
e.g. tin, lead, copper [I]

I QOs-, N'

SH HCl

C9H7NS·HCl

Mr~ 197.69

Preparation of the Reagent

Hipping solution Dissolve 100 mg 8-mercaptoquinoline hydrochloride (thiooxine
hvdrochloride) in 100 ml ethanol fll.

Storage The dipping solution may be kept in the refrigerator for two
weeks [I].

Substances Thiooxine hydrochloride
Ethanol

Reaction

Like R_
, '" 0

_ c.

nlexes with many metal cations.
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W Detection and result: The chromatogram was dried for 5 min in a stream of cold air,

'" N' the organotin compounds were then converted to tin(IV) species by irradiating intensely2W+M2
+ - -

I for 20 min with UV light. Then the layer was immersed in the reagent solution for 3 s
~ N'" -2H+ S-~-I and dried for 5 min in a stream of cold air.
or CJO Dimetnyltm cicruonce (nKr D-.lUj, tnmetnyltin chtortde \Ill(r JJ-OU), dibutyltin

dichloride (hR r 70-75) and tributyltin methoxide (hR r 80-85) appeared in long-wave-
length UV light (A= 365 om) as yellow fluorescent chromatogram zones on a dark

Method background. The detection limits (calculated as Sn) lay between 5 and lOng

(dimethyltin dichloride, dibutyltin dichloride, tributyltin methoxide) and 50 ng

(trimethyltin chloride) substance per chromatogram zone.

The chromatograms are freed from mobile phase in a stream of warm air, immersed
in the dipping solution for 3 s or sprayed homogeneously with it and then dried in a In situ quantitation: Fluorimetric measurements were made by exciting at

stream of cold air for 5 min. A,,, = 365 nm and measuring the fluorescence emission at An > 560 nm (cut off filter

Yellow-colored chromatogram zones are produced that fluoresce yellow when ex-' FI56).

posed to long-wavelength UV light (Ao = 365 nm).
1

Note: The detection limits are in the lower nanogram range.
The reagent can, for instance, be used on silica gel, kieselguhr, Si 50000, cellulose

and RP layers.

Procedure Tested
3

Organotin Componnds III

,n~....>u
c

"uu~, 'HHH UIl~I- VI

mediate drying in a stream of cold air) in a trough chamber with I C
chamber saturation during the second development.

0

ALJ
Li:

Layer HPTLC plates Silica gel 60 (MERCK). I
Mobile phase 1. Diethyl ether - glacial acetic acid (20 + I).

z: iSOuU y mClIlYI xe one glaCI31 ace IC aero n-nexane Fig, 1: Fluorescence scan of a chromatogram track with lUllng suostance (calculated as sn) eacn
tetrahydrofuran - dioxane (8+2+ I + I +1). per chromatogram zone: I = dimethyltin dichloride, 2 = trimethyltin chloride, 3 = dibutyltin

Migration distance 1. 1.5 cm
dichloride,4 = tributyltin methoxide,

2.6 cm

Running time 1. 2 min
.l. ro rmn
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I

Reagent for:
I

• Amino acids, peptides [J]

• Aromatic amines [I, 4, 5]
e.g. parsalmide [6]

• Piperidine denvanves L(J
e. g. taurinopiperidine

• Aliphatic amines [8]

• Ergot alkaloids, LSD [9]

• Phenolic aromatic snlfides, sulfoxides, sulfones [JO]
I• Dinretics [II]

e.g. chlorthalidon, clorexolone, cyclopenthiazide

°oY0

"" h

S03 Na

CIOH,NaO,S

I

Mr~ 260.20

Preparation of the Reagent

Dipping solution For aromatic amines: Dissolve 0.5 g 1,2-naphthoquinone-4-
I

sulfonic acid sodium salt in 30 ml water and add 65 ml ethanol

anu J mace IC aciu LJ J.

I
!

I



----
322 l.I-Naphthoquinone-e-suifonic Acid Reaeent Lz-Naohtnoauinone-t-suttonic Acid Reazent 323

Spray solution For amino acids: Dissolve 0.2-0.3 g 1.2-naphthoquinone-4- Method
sulfonic acid sodium salt in 100 ml aqueous sodium carbonate
solution (5-10"70) [I].

For aromatic amines: Dissolve 0.5 g 1.2-naphthoquinone-4-. The chromatogram is freed from mobile phase in a stream of warm air. immersed in

sulfonic acid sodium salt in 95 ml water and treat with 5 ml gla- the dippmg so u IOnror 2, s or nomogeneousry sprayed wtth LItC ' ....~J ,UlILIl LItC

cial acetic acid [I. 6]; if necessary. filter off the insoluble part [I]. layer begins to be transparent and then dried in a stream of cold air [I].

For aliphatic amines: Dissolve 0.6 g 1.2-naphthoquinone-4-
After a few minutes variously colored chromatogram zones appear on a yellowish

sulfonic acid sodium salt in 12 ml water. make up to 200 ml with
background.

ethanol (90"70) and add 10 ml pyridine [8]. Note: It is possible to differentiate amino acids by color on the basis of the markedly
Storage The dipping solution may be stored in the refrigerator for several different shades produced [2. 3]. Proline and hydroxyproline, that only react weakly

days [5]. the spray solution for amino acids should always be with ninhydrin. also yield pink-red colored derivatives [2]. Ergot alkaloids and LSD are

made up fresh [I]. detected by spraying with 10"70 hydrochloric acid and then heating to 110"C for 20 min

Substances 1.2-Naphthoquinone-4-sulfonic acid sodium salt
after they have been treated with the reagent [9]. Ergot alkaloids and LSD yield red to

Ethanol
purple zones when treated in this manner; other alkaloids. e.g. reserpine, emetine, qui-
nine, strychnine, pilocarpine, atropine, scopolamine, cocaine and opium alkaloids. do

,~ , \" "fOJ not give a reaction [9].
Sodium carbonate decahydrate In the case of diuretics the chromatogram is first sprayed with sodium hydroxide so-

lution (c = I mollL) and then with a saturated solution of 1.2-naphthoquinone-4-
sulfonic acid sodium salt in ethanol - water (50+ 50) [11]. Stable orange-colored chro-

Reaction
matcgram zones appear over a period of ca. 15 min. their intensity increases on storage
in the dark II 2 davs) 1111.

Amino acids yield various colors [I].

Primary amines and substances with reactive methylene groups react with I 2-
Heating the chromatograms after treatment is not generally to be recommended. but

naphthoquinone-4-sulfonate to yield intensely colored p-quinoid derivatives. which.fn
it leads to characteristic color changes in some cases [4].

The detection limits per chromatogram zone are 1- 3 ug substance for ergot alkaloids
the case of aryl amines, are indophenol dyes [12. 13]. [9], 5 ug for diuretics [11] and 5-30 ng for aromatic amines [5].

"''' " ..."O~ __ .'''nn n, I.;poplonhr <:; <OMl\ aluminium

° oxide, polyamide and cellulose layers.

WaH
° 6' '" I I

0:;0+ -- N + NaHS03
'" h

SO,Na II
""

t ,2-Naphthoquinone-4- Aniline p.Quinonoid derivative
sulfonic acid Na Salt
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Procedure Tested 1
2

Aromatic Amines [5)

Method Ascending, one-dimensional, stepwise development (5 min inter-
mediate drying in a stream of cold air) in a trough chamber at t.
20"C without chamber saturation.

3 5Layer HPTLC plates Silica gel F254 (MERCK), which had been
prewasneu oe ore use oy camp ere immersion overmgnt III 1.-

propanol and then dried at 1I0"C for 30 min.

Mobile phase I. Methanol - glacial acetic acid (100+ 1). a

\W
2. Chloroform - n-hexane - diisopropyl ether - <ii

dichloromethane - formic acid (50+35+10+5+0.45). I
lulgrauon mstanee 1. u.o em

\ V
I 8 C

2.6.5 cm
a
u:

Running time 1. I min I
2.25 min

nA'A.". .... -r-t,
Fig. 1: Reflectance scans of a chromato.g,ram track ~~th 100ng each of: 1 = 2.4-diamino-6-

c. .,
< '-_WH. ".

aniline. 6 = 2:6-dimethylaniline,7 = 2-methyl-6-ethylaniline and 8 = 2-chloroaniline.cold air for 5 min, immersed in the dipping solution for 2 s and then dried in stream
of cold air.

After a few minutes 2,4-diamino-6-methylphenol (hRr 5-10), 3-chloro-4-methoxy-
aniline (hRr25-30), aniline (hR r 35-40), 4-bromoaniline (hR r 40-45), 3-chloroaniline

(hRr50-55). 2,6-dimethylaniline (hRr60-65), 2-methyl-6-ethylaniline (hR f 65-70) and, . . .
r ,."u~ - wue. UII it yellOW

background. The detection limits were between 5 ng (2,4-diamino-6-methylphenol) and References
30 ng (2,6-dimethylaniline) substance per chromatogram zone.

In situ quantitation: The absorption photometric analysis in reflectance was carried out [I] E. MERCK, Company brochure "Dyeing Reagents for Thin-layer and Paper Chromate-

at the wavelength A = 510 nm (Fig. I). graphy", Darmstadt 1980.
'" .. ' ". . ,,0<, ro ,m
[31 Giri, K. V., Nagabhushanarn, A.: Naturwissenschaften 1952, 39. 548-549.
[4] Jones, G. R. N.: J. Chromatogr: 1973, 77, 357-367.
[5] Ditthard, A.: Thesis, Fachhochschule Gieflen, Fachbereich Technisches Gesundheitswesen,

1990.
[61 Fleischmann, L.: Arzneim. Forsch. 1980,30,294-298.
[7] Naito, S.-I., Sekishiro, K., Awataguchi, M., 1zushi, F.: 1. Pharmac. Sci. 1972,61, 198-202.
IRl Baudot P' 1 Chromatoer: 1971 59 203-208.
[9] Guven, K. C., Gnneri, T.: Fresenius Z. Anal. Chem. 1977, 283, 32.



-- arylazopyrimidinylpyrazoles 17]
benzothiazoles [8)

arylamines lOfJ

imipramine, desipramine [10, II)
xanthene derivatives [12]
diazepam [2]

• Testosterone [2J

• Acetylacetonates
e.g, or Be, AI, V, t-e, ce, Mn LlJ

• Sugars
e. g. fructose, glucose [2)

• I,I'-Carbonyldiimidazole [2)

• Phospholipids
e.g. lecithin, sphingomyelin [14)

HN03

M,= 63.01

326 1,2-Naphthoquinone-4-sulfonic Acid Reagent

[101 Denisova, L. I., Orlova, V. A.: Pharm. Chern. J. 1973, 7. 233-235. Nitric Acid Vapor Reagent[Ill Maes, R., Gijbels, M., Laruelle, L.: J. Chrornalogr. 1970,53,408-412.
L'.I Feigl L, ~U~O" .. open ,"'" in vrganic natysts, .rn cc., p. j)j-D4. msevrer, Amster-

(Nitrous Fumes/Nitric Oxide Reagent)dam, London, NewYork, 1%6.
[13] Clollen, R.. Clollen, A.: Hochspannungs-Elektrophorese; p. 146,Thieme Verlag, Stuttgart

1962.

Reagent for:

• Aromatics and compounds with aromatic substituents
e.g. ephedrine [1, 2)

oxeladin citrate Fll

catecholamine and serotonin metabolites [3J
insecticides: rotenone, elliptone, deguelin, tephrosin [4J

arylazothiazoles [5)
pyrazolin-5-one derivatives [6)
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Preparation of the Reagent ephedrine etc., fluoresce yellow or blue when excited by long-wavelength UV light

(:l.= 365 nm) [2. 12].

Reagent solution Fuming nitric acid. Note: Nitrous fumes can also be generated in a twin trough chamber e.g. by pouring

Storage Fuming nitric acid may be stored for several months in a tightly
50"70 nitric acid [12]. hydrochloric acid (c = 2 mol/L) [11]or sulfuric acid onto sodium

nitrite.sealed brown glass bottle.
It can be advantageous to heat the chromatogram to 160"e for 15 min before treat-

Substances Nitric acid. fuming (100%) ing with nitrous fumes and to place it in the reagent chamber while still hot [I]. Heating
to 260"e has even been recommended for the purpose of reducing the fluorescent back-

,unA I'''' =hpTPhv thp I"vpr' nreviouslv immersed in I nercent Ludox solution

Reaction
(silicic acid sol) to increase its stability [2]. The fluorescence of the substances detected
usually remains stable for at least 2 weeks [2].

Brief exposure to nitrous fumes (up to 3 min) leaves the fluorescent power of the
acid-instable fluorescence indicator F254• incorporated into most TLC layers. largely

Under the chosen conditions aromatic compounds are nitrated to nitroaromatics [I]. unaffected. so that the nitroaromatics so formed can be detected as dark zones on a
Thp deter-firm of rotpnnnp rt1 "on. . .c' . . r11 v" ..n. nf in o;t" it ;< rr-com.,

po rated into the layer. to metallic silver in the presence of ammonia [4]. The mechanism mended that the fluorescence indicator be destroyed by 10 min exposure to nitrous
of the reaction of many substances leading to fluorescent derivatives has not yet been fumes in order to avoid difficulties in the subsequent evaluation [I].
elucidated [2]. The visual detection limits per chromatogram zone are 2.5 to 3.5 ug for pyrazolin-5-

one compounds [6]. 1- 2.5 ug for arylazothiazoles and arylazopyrimidinylpyrazoles [5.
7] and 2.5-4 ug for benzothiazoles [8]. Nanogram quantities can be detected by photo-

Method
me ric metnocs [IV. l'+J.

The reagent can be used, for example, on silica gel. kieselguhr and Si 50000 layers
as well as on aluminium oxide, cellulose or chiral layers. Neither do difficulties occur
on RP 18, Diol, NH z and eN phases. Silver nitrate- [4J and calcium oxalate-impreg-

The chromatogram is freed from mobile phase in a stream of warm air and placed layer nated layers [9] are also suitable. However. polyamide phases are colored yellow.
down for 4?-45 s [6. 7], I min [5, 8]. 3 min [I, 4], 10 min [I. 14] or 30-60 min [11] in

Danger: Fuming rutrtc acta is very aggressive; eye protec ion anu runner groves 'Hvn'"amoer con ammg '1U rru rurmng mtnc acta. The chromatogram is then
freed from excess nitrous fumes for 5 min in a stream of cold air and occasionally always be worn!
heated to 160"e [I. 2] or 180"e [14] for 15 min. In the case of the rotenone insecticides
(silver nitrate-impregnated layer!) the chromatogram is exposed to an atmosphere of
ammonia for 10 min after it has been reacted with nitrous fumes [4]. while for xanthene
derivatives reaction is followed by irradiation with short-wavelength UV light
(A L)4 nm) tor 5 min [12].

Aromatic compounds generally yield yellow to brown chromatogram zones that usu-
ally absorb UV light at :l.= 270 nm [I]. These compounds can frequently be excited to
fluoresce by long-wavelength UV light (:l.= 365 nm) [2. 12]. Rotenoides yield dark [4].
arylamines, e.g, imipramine and desipramine, pale yellow to brown-red [9. 11J and
catecholamines yellow chromatogram zones on a pale background [31. A whole ranze
of substances. e.g. xanthene derivatives. diazepam. testosterone, glucose, fructose,

-
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Procedure Tested References

Fungicides (l3) [1] Bottler, R., Knuhr, T.: Fresenius!.oAn~:: Chem. ~980, 302, 286-2~~., ?/7 " _'4"
'<J ~"uu, ., ,., ·0'··' ,.

Method Ascending, one-dimensional development in a trough chamber
[3] Huck, R., Dworzak, E.: J. Chromatogr: 1972, 74, 303-310.
[41 Delfel, N. E., Tallent, W. H.: J. Assoc. Ojf Anat. Chem. 1969,52, 182-187.

with chamber saturation. [51 Jain, R., Agarwal, D., Goyal, R. N.: 1 Liq. Chromatogr: 1980, 3, 557-560.

Layer HPTLC plates Silica gel 60 F254 (MERCK).
[61 Jain, R., Agarwal, D.: 1 Liq. Chroma/ogr. 1981,4, 2229-2232.
[71 Jain, R., Agarwal, D., Goyal, R. N.: Fresenlus Z. Anal. Chem. 1981,307, 207-208.

Mobile phase Toluene - n-hexane - diisopropyl ether - ethyl acetate
[81 Jain, R., Agarwal, D.: J. Liq. Chromatogr: 1982,5, 1171-1175.

0.' 0 D n. "V· 7 'n, r".~ 107< no ~"2
(67+20+8+5). [101 Sistovaris:N:, Dagrosa, E. E., Keller, A.: J. Chromatogr: 1983,277, 273-281.

Migration distance 7cm
[11] Nagy,A., Treiber,L.: J. Pharm. Pharmac. 1973,25, 599-603.
[121 Takacs, M., Kertesz, P.: Z. Anal. Chem. 1971,254,367-368. .

Rnnning time 15 min [13] Jork, H., Ganz, J.: Private communication, Universitat des Saarlandes, Fachbereich 12, Saar-

brucken 1990.

Detection and resnlt: The dried chromatogram (5 min in a stream of cold air) was
[141 Zhou, L., Shanfield, H., Zlatkis, A.: J. Chroma/ogr. 1982,239,259-264.

heated to 160°C for 15 min and placed, while still hot, for 10 min in the empty half
of a twin trough chamber whose other trough contained 10 to 15 ml fuming nitric acid.
After exposure the chromatogram was heated to 160°C for 15 min to remove excess ni-
tric oxide. Scanning was carried out after cooling. It was not possible to make a visual
check of the fungicides (= I ~g each) iprodione (hR f 10-15), procymidon (hR f 35-40)

and vinc1ozolin /hR 55-60\ investiaated due to the vellow coloration of the chro-
matogram zones.

In situ quantitation: The absorption photometric scan in reflectance was carried out
at A,= 270 nm (Fig. I).

2

1 3

~

0

u:
a

Iiii

I V",\r
Fig. 1: Reflectance scan of a chromatogram track with 1 ttg each per chromatogram woe:
1 iprodione, 2 procymidon, 3 vinclozolin.
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4-Nitrobenzenediazonium Preparation of the Reagent

Tetrafluoroborate Reagent
Dipping solution I Dissolve 2 g sodium hydroxide [20] or 2.8 g potassium hydroxide

[IS] in 5 ml water and make up to 50 ml with ethanol or meth-
anol.

Dipping solution II Dissolve 25-50 mg 4-nitrobenzenediazonium tetrafluoroborate in

Reagent for:
10 ml diethylene glycol and make up to 100 ml with water [20) or
acetone [l5J.

• Phenols [1-7]
Spray solution I Dissolve 4-15 g potassium hydroxide [I, 4, 7, 16-18] or sodium

e.g. plant phenols [8)
hydroxide [8J in 100 ml methanol, ethanol or water.

estrogens [9J Spray solution II Dissolve 10 to 100 mg 4-nitrobenzenediazonium tetrafluoro-

procyanidins [10) borate in 100 ml methanol [7, 17, 18].

catecholamines [11] Alternatively it is possible to use 0.5 to 2"70 solutions in acetone

.. zeara enone l'~J l1OJ, acetone rueruarun r ;» '1'1 v. _v ' o ••u. o.,u l' . ~

• Aromatic amines [13] saturated solution in ethanol - diethylene glycol (90+ 10) can

e.g. diphenylamine (anti-ageing additive) [14) also be used [8J.

• Pesticides The dipping and spray solutions I can be stored over longer peri-
e.g. carbamate insecticides [I, 4, 7, 8, 15-19J

Storage
ods. The dipping and spray solutions " may only be stored for

such as desmedipham, dioxacarb, phenrnedipham, o r.... I.~...< •••',1. o~~"n" on" ., therefore alwavs he made
propoxur, pyrazon, aminocarb, aldicarb, Up freshly before use [7].
carbofuran, carbaryl, oxamyl

e.g. carbamate herbicides [21) Substances Potassium hydroxide, pellets

such as propanil Sodium hydroxide, pellets

e.g. organophosphorus insecticides [4, 20J 4-Nitrobenzenediazonium tetrafluoroborate

such as parathion, parathion methyl, Diethylene glycol

coumaphos, dichlorvos, Ethanol

fenitrothion Methanol

02N-Q-N'=N
Acetone

BF4-

NaOH C6H4BF4N302

M, = 40.00 M, =236.92 Reaction
Sodium hydroxide 4-Nitrobenzene-

diazonium tetra-
The hydrolytic action of alkalis on the thiophosphate insecticides, such as parathion,fluoroborate
yields free phenols that then couple with the diazonium salt to yield azo dyes.

-
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",S carbamate insecticides [8, 15]. The detection sensitivity is generally betler on silica gel

OC,H s
(C,H,Oj,P" than on aluminium oxide layers [4J. It is possible to detect parathion with a sensitivity

OH

S=L0-Q-N02
~ +

of 5 to 50 pg after it has been oxidized with bromine to paraoxon, by combination with

Ar u - r ~
an enzyme inhibition reaction (choline esterase, substrate: I-naphthyl acetate). White

Na lO~N02j + I02N ---<,\ I)-N+=Nj BF4
zones or mmbmon are proaucea on an orne-reo oacxgrouno L~, ~J.

Parathion-ethyl The reagent can be used, for example, on aluminium oxide, silica gel, kieselguhr and
Nitrophenolate Diazonium salt Si 50000 layers.

I
+ - //'i..

.)=1
, Procedure Usted

N

"N

P Thiophosphate Insecticides [20]

O,N' M.thnd Ascendinz. one-dimensional development in a trough chamber

Azodye without chamber saturation.

Layer HPTLC plates Silica gel 60 F254, extra thin layer (MERCK); be-
fore the samples were applied these were immersed overnight in

Method 2-propanol and then dried for 30 min at 110'C.

u. _l-Tbvon. ~;bth"l .th.r ethanol ethvl acetate - formic

acid (908+40+26+25+1).
The chromatograms are freed from mobile phase in a stream of warm air for 3 min,

Migration distance 8 emthen immersed in dipping solution I for 3-5 s or uniformly sprayed with spray solu-
tion L Then, except in the case of thiophosphate insecticides, the plate is immediately Running time 30 min
immersed in dipping solution II for 3-5 s or homogeneously sprayed with spray solu-

f" ,~ frnrn rnnh;l. nho,. ;n 0 ctream "I'tion TT Tn th. roo nf . .. . • _,. ~ ..... .,.,,- ,..~
warm air for 3 min, immersed in dipping solution I for 3 s, heated to 1I0'C for 15 minplates are heated to 70-1I0'C for 10-15 minutes before the plates are exposed to the

second reagent solution. and then immersed in dipping solution II for 3 s.
This yields variously colored chromatogram zones on a colorless background. The After drying in a stream of cold air coumaphos (hR f 30- 35) appeared as an intense

zones of phenols are reddish to blue-violet [4, 7, 8]. red chromatogram zone on a colorless background, while parathion methyl (hR f

"'-
40-45), fenitrothion (hR f 45-50) and parathion ethyl (hR f 60-65) yielded yellow zones

~ .
. . . .u.~ ~=~ U. VII~1I0 S (e.g. uo "",y u.u w .... ,vu,um "y .... ...

estrogens) [2, 3, 5, 8, 9]. Dipping IS preferable to spraying since it yields darker chro- 10 ng per chromatogram zone.
matogram zones and, hence, improves the detection sensitivity [15]. The presence of
diethylene glycol in the reagent has a favorable effect on the color intensity and stability In situ qnantitation: The absorption photometric scan in reflectance of parathion
of the derivatives [15]. Most thiophosphate insecticides do not give any reaction [4]. methyl, fenitrothion and parathion ethyl was carried out at a mean wavelength of

The detection limits for catecholamines are 10 to 50 ng substance per chromatogram ),max = 406 nm (Fig. IA). Coumaphos was determined at ), = 540 nm (Fig. !B).
.,,, ~,.. eper cnroma ogram zone ror carnaryr ana a senes of other
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Fig. 1: Reflectance scan of a chromatogram track with 300 ng each substance per chrornatoJIJI
zone; (A) scan at A= 406 nm, (B) scan at A= 540 nm: 1 = coumaphos, 2 = parathion m~
3 = fenitrothion, 4 = parathion ethyl.
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Palladium(II) Chloride Reagent Storage The dipping solution can be stored for ca. I month.

Substances Palladium(II) chloride
Hydrochloric acid (32"70)

~'U~'V'

Acetone

Reagent for:

• Thiophosphate esters [1-4) Reaction..
'0' Ir~J

such as dimethoate, bromophos-ethyl, Fac, Rogor,
parathion, chlorthion, Meta-Systox, diazinon,

Palladium(II) chloride forms colored complexes with many aromatic and sulfur-con-
propetamphos, malathion, terbufos,

taining compounds [27J.
azinphos-methyl, demeton, phorate,
disulfoton, vamidothion

• surrur compounas
e.g. mercaptans, sulfides (thioethers), disulfides [24)

Methodpolysulfides [25]
phenothiazines [4)

• Antioxidants
e.g. esters of gallic acid, dialkyl- and The chromatograms are freed from mobile phase for 3 min in a stream of warm air,

diaryldithiophosphates [26, 27) immerseo lor L. s III tne oippmg SOlution [IV] or nomogeneously sprayed with the spray
solution [9J, dried in a stream of warm air and then heated to 1l0-120°C for 10 to

PdCl2
20 min [9, 10).

M, ~ 177.31
Colored zones are formed sometimes without heating [I, 3, 6, 7, 13-15, 18, 24],

organophosphorus insecticides forming yellow-brown [2, 6, 9, 10, 14, 18, 28) to black
chromatogram zones on a colorless [14, 23] to pale yellow [2) or light brown [6, 10) to

pinkish grey [9J background. Mercaptans, sulfides, disulfides and polysulfides appear
white, yellow, orange and brown [24, 25] and antioxidants yellow, grey, brown, pink or
violet [27].

Preparation of the Reagent
Note: It is occasionally recommended that sodium acetate be added to the reagent [2).
Thiophosphate insecticides with a simple P - S bond Yield vellow chrornatosram zones

Dipping solution Dissolve 500 mg palladium(II) chloride in 2.5 ml hydrochloric and those with a P~S double bond yield brown ones on a light brown background [10].
acid (32%) and make up to 100 ml with ethanol [10]. Further treatment of the stained chromatogram with iodine vapors increases the detec-

Spray solntion Dissolve 250 mg to 5 g pailadium(II) chloride in 100 ml ethanol tion sensitivity [7] more than does spraying afterwards with caustic soda solution,

[9], water [I), hydrochloric acid (c = 0.2 ... I moUL) [3, 6, 8, 13,
which is also occasionally recommended [16, 17, 20, 21].

The detection limits for compounds with P =S double bonds are lower than those for15, 19-21,23,27), ethanolic hydrochloric acid [5) or hydrochloric
substances with sinole P - S bonds [71 T'hev are "pr nn o;l;~o BPI.hon nn

acia ace one \JV - JVI l"J, .. OJ.
layers [(5) and are, for instance, 10- 20 ng substance per chromatogram zone for
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organophosphorus pesticides [10). Higher levels of up to 5 ug are regularly reported 2
the literature [6, 7, 15, 17).

The reagent can be used, for example, on silica gel, kieselguhr, Si 50000, polYlUlli4l
On I>D

5

Procedure Tested 6

7
Organophosphorus Insecticides 110, 28, 29] 1 4

3
CMethod Ascending, one-dimensional, two-fold development in a troug

8 9 ~0chamber without chamber saturation. Vi
~ ~ ILaver l-IJYrT r nIota, <:;';e, apl "" (U~Dn. j

Mobile phase 1. Chloroform - diethyl ether - n-hexane - toluen P
IV\)

(29.3+25.7+25 +20). U v
2. Ethyl acetate HI!:. 1: Reflectance scan of a chromatogram track with 100ng each substance per chromatogram

Migration distance 1. 6 ern zone: 1 = demeton-S-methyl sulfone, 2 = dimethoate, 3 = demeton-S-methyl, 4 = triazophos,

0 5 = azinphos-methyl, 6 = azinphos-ethyl, 7 = malathion, 8 = parathion-methyl and 9 = para-

i
1non-ethyl.

Running time 1. 20 min
2.5 min

Detection and result: The chromatogram was dried for ca. 3 min in a stream of WarTI

air, immersed in the dipping solution for 2 s, dried in a stream of warm air for 3 mil roo

and then heated to 110°C for 10 min in the drying cupboard.
Demeton-S-methyl sulfone (hR f 0-5), dimcthoate (hR f 5-10), demeton-Scmetfn

(hR f 20-25), triazophos (hR f 40-45), azinphos-methyl (hR f 40-45), azinphos-etbj
[I] Eder,E, Schoch, H., Muller; R.: Mitt. Lebensm-Unters. Hygiene 1964, 55,98-131.

(hR f 50-55), malathion (hRf 60-65), parathion-methyl (hR f 75-80) and parathion [2) Thier, H. P., Bergner, K. G.: Dtsch. Lebensm. Rundsch. 1%6, 62, 399-402.
ethyl (hR f 80-85) yielded yellow to brown chromatogram zones on a light brown bac1l [lJ Bazzi, 8., Fabbrini, R., Radice, M.: J. Assoc. Off Anal. Chem. 1973,56, 184-187.
ground, with thiophosphate insecticides with P S dou hie bonds n~,r;na ' hrnan [4J E. MERCK, Comnanv brochure "Dveine Reazents for Thin-layer and PQfJPr Chromato-

zones and those with single P - S bonds as yellow zones. graphy", Darmstadt 1980.
[5J Blinn, R. C.: J. Assoc. om« Agr. Chem. 1964, 47, 641-645.
[6J Baumler, J., Rippstein, S.: Hely. Chim. Acta 1961, 44, 1162-1164.

In sitn quantitation: The absorption photometric quantitation was carried out in R 171 Simonovska, 8.: Fresenius Z. Anal. Chern. 1990,336, 515.
flectance at a mean wavelength of A. = 370 nm. The detection limits per chromatograll 18J Suzuki, T., Uchiyama, M.: J. Agric. Food Chem. 1975,23,281-286.
zone lay between 10 ng for dimethoate and 20 ng for parathion-ethyl, [9J HaUCk, H. E., Amadori, E. in Harvey, J., Jr., Zweig, G. (Eds.] Pesticide Analytical Metho-

dology, ACSSymposium Series1980, 136, 162-176.
''''J unk, w., Cleres,L., Pitzer, H., Donnevert, G.: J. Planar Chromatogr: 1989,2, 285 289.
:11 J Frei,R. W., Mallet,V., Thiebaut, M.: Internet. 1 Environ. Anal. Chem. 1971, I, 141-146.
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[121 Mitchell.T. H.. Ruzicka. J. H., Thomson, J.• Wheals.B. 8.: J. Chrornatogr.1968.32, 17-23. Phosphoric Acid Reagent
[131 Wells, D. S., Afif), L. M.• Motoyama, N., Dauterman, W. C.: J. Agric. Food Chern. 19lk\,

34. 79-86.
[14] Tewari, S. N.• Harpalani, S. P.: J. Chromatogr: 1977. 130, 229-236.
[15] Nagasawa, K.• Yoshidome, H.: J. Chrorna ogr: 1...., ~y. LOL-L"".

[16] Lichtenstein, E. P.• Fuhremann, T. W.• Hochberg. A. A., Zahlten, R. N.• Stratman. F. W.:
J. Agric. Food Chern. 1973. 21. 416-424.

[171 Grant. D. L.. Sherwood. C. R.• McCully, K. A.: J. Chromatogr: 1969. 44, 67-74. Reagent for:
[181 Antoine, 0 .• Mees, G.: J. Chromatogr: 1971. 58, 247-256.
[191 El-Oshar, M. A.. Motoyama, N.• Dauterman, W. C.: J. Agric. Food Chern. 1987. 35,

138-144. • Sterols. steroids [1-7)
L.lUJ l"unremann, . ., Lichtenstein. 1:'... r ... n.~/;L.. I."VVU L-Tl~" • .1.70'.1, .zo, e. g. cholesterol [8)
[211 Fuhremann, T. W., Lichtenstein, E. P.• Stratman. F. W.: J. Agric Food Chern. 1978, 26.

1068-1075.
aldosterone, hydrocortisone, androsterone, estradiol [8]

[221 Zulalian, J.. Blinn, R. C.: J. Agric. Food Chern. 1977. 25, 1033-1039. contraceptives [9, IOJ

[231 Kovacs, G. H.: J. Chrornatogr. 1984, 303, 309-311.

I

17-spirosteroids [11)
[241 Kaimai, T., Matsunaga, A.: Anal. Chern. 1978, 50, 268-270. trenbolone [12)
[25) Hiley. R. w.. Cameron. A.: J. Chrornatogr. 1975, 107, 393-395. liquid crystals [13]

..
[271 Van der Heide, R. F.: J. Chromatogr: 1966,24. 239-243. • Digitalis glycosides [14, 15)

[281 Pitzer. H.: Thesis, Fachhochschule Gieben, Fachbereich Technisches Gesundheitswesen, • Indole derivatives
1990. e.g. tryptophan. indole-3-acetic acid [16)

[29] Cleres, L.: Thesis, Fachhochschule Giefsen, Fachbereich Technisches Gesundheitswesen, Amanita toxins [17)
1989. • Quinoxalone derivatives of n-ketoacids

e.z, nvruvic acid fl81

• Components of edible oils (lipids)
e.g. in groundnut oil. castor oil [19]

I

H JP04

i
M, = 98.00

,

Preparation of the Reagent

Dipping solution Mix 50 ml or/ho-phosphoric acid (85"70) carefully with 50 ml

methanol under cooling.

Spray solntion A solution of 10to 50"7. or/ko-phosphoric acid in water [1-6. 10.
11. 13. 17, 18), methanol [9, 17, 19J, ethanol [12, 16. 17, 20J, ace-
tone [17] or carbon tetrachloride - n-propanol (3 +2) [14J.



. n .

"b' "UU neuge", '''J

Storage Both reagent solutions may be stored, cool and in the dark, : The fluorescence can be stabilized by dipping the chromatograms in liquid paraffin
several days. _ n-hexane (I + 2) [21Jor paraffm - carbon tetrachloride (I + 9) [14]. Quantitative eval-

Substances ortho-Phosphoric acid (85010) ualion must generally be carried out rapidly since neither the colors nor the fluores-

Methanol "nces are fast [16, 17). Colored chromatogram zones can be preserved over a longer

Ethanol period by covering the chromatogram with a glass plate [9]-
Detection with phosphoric acid at room temperature (with no heating afterwards) is

,pecifie for trenbolone, since related steroids such as progesterone and testosterone do

not interfere under these conditions [12].
The detection limits per chromatogram zone are below I ~g for steroids [9) (e.g.

Reaction "0 na for trenbolone [12]) and 500 ng for indole derivatives [16].
The reagent can be used on silica gel, silver nitrate-impregnated silica gel [19],

kieselguhr, Si 50000, RP, Diol and NH2 layers. Cellulose layers are less suitable be-

The mechanism of the reaction has not been elucidated [16J. cause after application of the reagent the background itself fluoresces strongly, so that
nuoreseence emission can only be detected after the application of large quantities of

substance per chromatogram zone.

Method
Procedure Tested

The chromatogram is freed from mobile phase in a stream of wanm air, immersed iJIl
• . <. . , ..••

-J' . '-J~' v~&"" ,,'c"".u. l~~. ~~J

to be transparent, then after drying in a stream of warm air it is heated to 105-120 0 Q
for 5-30 min and occasionally (tryptophan derivatives) [16) for 40 min. In exceptionat Method Ascending, one-dimensional development in a trough chamber
cases evaluation is made without heating (trenbolone [12]). without (A) or with chamber saturation (B).

Variously colored chromatogram zones (grey, blue, brown, orange, violet) are pro-
Layer HPTLC plates Silica gel 60 F25• (MERCK) that were prewashed

duced on a pale back~round; the zones frequently fluoresce intensely on exposure to:
before aoolication of the sample, bv develooinz once to the unner

"5'" \~ - J , >till}.

edge of the plate with chloroform - methanol (50+ 50), and then
For instance, trenbolone fluoresces yellow [12) and the qinoxalone derivative of

pyruvic acid yellow-green [18]. In the case of steroids and Digitalis glycosides it is possi-
dried at 1l0°C for 30 min. In the case of example A. the layer was
conditioned to 0010 reI. humidity in a conditioning chamber (overble to differentiate on the basis of various fluorescence colors [8, 9, 15).
cone. sulfuric acid) after sample application.

Note: Like sulfuric acid (q.v.) ortho-phosphoric acid is a universal reagent, with which Mobile phase A. Cyclohexane - diethyl ether (50+50).
aunost all Classes 01 substance can oe cetectec at mgn temperatures (l5u, 180°C) by tl. LnJorororm rnetnanot \~o+:l).

charring: e.g. high molecular weight hydrocarbons (mineral oils) [20J. The colors and
Migration distance A.6cm

fluorescences produced at lower temperatures « 120°C) and their intensities are very
B. 8 em

dependent on the temperature and period of heating. It is not possible to use meta- or
pyrophosphoric acid in place of ortho-phosphoric acid, since, for instance, amanita Running time 15 min
toxins react well with alcoholic phosphoric acid only weakly with aqueous phosphoric
acid ana not at all WIth meta- or pyrophosphoric acid [17].
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I
Deteclion and resull: The chromatogram was first dried in a stream of cold air, im-

The reagent is not suitable for quantitative determinations because the fluorescences

mersed in the reagent solution for 1 to 2 s and then heated to 120-125°C for
are not stable: In Fig. I liquid paraffin - n-hexane (I + 2) was used to stabilize the fluo-

15-20 min. Blue-grey to violet chromatogram zones were produced on a colorless back-
rescence.

ground that could be excited to fluoresce various colors with long-wavelength UV light : _. . ...• orr;." nn' ",;'h .~.;'.';nn

(A 365 om).
On a dark background cholesterol (Eluent A, hR f 20-25) emitted blue, coprostanol

A"" ~ 365 nm and fluorescense emission was measured at An >430 nm (cut off filter

(Eluent A, hR 25-30) blue, 4-cholesten-3-one (Eluent A, hR 40-45) blue, 5a- FI43).

cholestan 3 one (Eluent A, hR f 60) blue, coprostanone (Eluent A, hR f 70) blue, estriol
3-sulfate (Eluent B, hRr 5-10) yellow, II-ketoetiocholanolone (Eluent B, hR f 15-20)
blue, estrone (Eluent B, hR f 20-25) ochre, lI-desoxycorticosterone (Eluent B, hRf References30-35) yellow, 17a-ethinyl-5-androstene-3B,17B-diol (Eluent B, hR f 45-50) ochre, 4-
cholesten-3-one (Eluent B, hR f 55-60) faint blue and coprostanone (Eluent B, hR f
65-70) violet fluorescences.

The detection limits lay between 5 ng and 50 ng substance per chromatogram zone.
[1] Schneider, G.• vincze, I., Hackler, L., Szabo, J., Dombi, G.: Acta Chim. Acad. Sci. Hung.

2

[2] Schneider, G., Vincze, 1., Vass, A., Hackler, L., Dornbi, G.: Acta Chim. Acad. Sci. Hung.
1982. 109, 71-82.

[3] Schneider, G., Vincze, I., Vass, A.: Acta Chim. Acad. Sci. Hung. 1979,99,51 67.
[4] Agocs, P. M., Czaszar, J.: Acta Chim. Hung. 1987. 124, '4 -'4'.
[5] Bednarski, P. 1, Nelson, S. D.: J Med. Chem. 1989,32,203-213.
[6] Schubert,G., Schneider, G., Schade,w., Dombi,G.: Acta Chim. Acad. Sci. Hung. 1982,1JI,

\73-187.

2
[7] Jansen, G. R.• Zanetti. M. E., Hutchinson, C. F.: Arch. Biochem. Biophys. 1910, 138.

433-442.
[8] Szuts,V.H., Souk, B., Polyak,B., Boross, L.: Proc.lnt. Symp. TLC & OPLC, Szeged1984,

359-363.
'" -".' m.

.7 "" f''' __ V". Biochem. 1970 8 131 133.
[10] Schurenkamper; P., Lisse, K., Lunow, E.: Zbl. Gyniikol. 1971,93, 1253-1260.

1\
[11] Szilagyi, I., Solyom, S., Toldy, L.: Acta Chim. Hung. 1984,116. lll-123.
[12] Laitem, L., Gaspar, P., Bello, I.: J Chromatogr. 1978, 147, 538 539.

c: lJVulJVJJ
[13] Agocs, P. M., Motika, G.; zsedenyi, P.: Ac 0 cnun. cau. set. ung. I~ft..:;, 11'. 'V".

a 4
[14] Mincsovics, E., Szekely, T. J., Hoznek, M., vegh, Z., Umbo. I., Szepesi, G., Tyihak, E.:

W
a Proc. Symp. Anal. Steroids, p. 427-431,Eger 1981.

Vi Vi

I I
[151 Clarke, C. J., Cobb, P. H.: J Chromatogr. 1979, 168, 541-549.
[16] Boetor, F. N.: J Chromatogr. 1972,67,371-372.
[17] Palyza, V.: J Chromatogr. 1973, 76,499-501.

Fig. I
[18] Andreev, L. V.: J. Liq. Chromatogr. 1980,5, 1572-1582.

Fig. 2 [19] Srinivasulu,C., Mahapatra, S. N.: J Chromatogr. 1973,86,261-262.
"01 rh,n" ~ Srinivasulu C. Mahanatra S. N.: J Chromotogr. 1975,106, 475 476.

Fig. 1: Fluorescence scan of a chromatogram track with 255 ng cholesterol (I), 535 ng coprostanol [21] Schade. M.: Thesis, Fachhochschulc Gietlen, Fachbereich 'Iechnisches Gesundheitswesen,

(2), 310ng 4-eholesten-3-one (3), 320 ng 5a-eho1estan-3-one (4) and 220 ng coprostanone(5) per 1986.
chromatogram zone. [22] Klein, I., Jork, H.: GDCh-training course No. 300 "Einfiihrung in die Dtlnnschicht-Chro-

Fig. 2: Fluorescence scan of a chromatogram track with 100 ng each of estriol-3-sulfate (1), 11 matograptue .--umversl a: ces oaarranues, poo.

k~toeuocholanone(2), estrone (3) It-desoxycorticosterone (4) and l'te-erhinyl-Scandrosten-Sf 17~-

dIOI (5), together with 1 ug each of a-chotesten-f-one (6) and coprostanone (7) per chromatogram
zone.
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o-Phthalaldehyde- Spray solution Dissolve 0.2 g o-phthalaldebyde cautiously in 100 ml sulfuric acid
(95-97"70) [I].

Sulfuric Acid Reagent Storage The dipping solution is stable for several weeks at room tempera-
ture [3), the spray solution may be stored in the refrigerator for
2-3 days [I].

Substances Phthaldialdehyde
Sulfuric acid (95-97"70)

Reagent for: Methanol

• Ergot alkaloids and derivatives [I, 2)
e.g. lysergic acid, LSD, ergotamine, ergocristine Reaction
e. g. hydrogenated ergot alkaloids

such as dihydrolysergic acid, dihydroergotamine
The mechanism of the reaction has not been elucidated.

'-~
dihydroergocristine, dihydroergotoxin

, 'J
e.g. propranolol, a1prenolol, nadolol

• Histidylpeptides [3) Method• Indole derivatives
e.g. tryptophan, tryptamine,

serotonin, bufotenin
T~o oro freed from mobile nhase in a stream of warm air immersed

0
in the dipping solution for 3 s or sprayed homogeneously with the spray solution and
- in the case of the fi-blockers - heated to 80°C for 3 min.C<H ll-Blockers yield yellow to pink-colored chromatogram zones on a colorless back-"- H
ground, which, like the zones of the ergot alkaloids and hydrogenated ergot alkaloids,

0 can usually be excited to blue fluorescence on irradiation with long-wavelength UV light
H2SO4 CgH60 2 "'" ,,"

M, ~ 98.08 M, = 134.14

Sulfuric acid o-Phthalaldehyde Note: o-Phthaldehyde in the presence of mercaptoethanol or cysteine has already been
discussed as a reagent [4). The present monograph describes the use of o-phthal-
aldehyde in the presence of sulfuric acid. There are, in addition, a number of applica-
tions, which have been described, employing o-phthalaldehyde without any additives

..

Preparation of the Reagent
,,~, >u' rue ueu ""un u, I""'''''
[5-7).

The natural fluorescence of ergot alkaloids is considerably augmented by the reagent

Dipping solution
[I). Heating for longer than 3 min or to more than 80°C leads to a reduction in fluores-

Dissolve 0.5 -1 g o-phthalaldehyde (phthaldialdehyde, °PAl in cence intensity and, hence, should be avoided [3].
~: ml methanol and cautiously add 5 101 sulfuric acid (95-97"70) The fluorescence intensity can be stabilized and enhanced by dipping the
r- • cnromatograms 10 a so uuon 0 iquiu paramn n-nexane \' '''I PI. i ne ue ection
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i

2limits for Il-blockers, ergot and dibydroergot alkaloids and otber indole derivatives )jj
in the lower nanogram range [I, 3, 8).

The reagent can be used, for example, on silica gel, kieselguhr and Si 50000 layers

1

Procedure Tested

P-Blockers [3]
~

"
e

LLMetbod Ascending, one-dimensional development in a trough cbamber iii Iwithout chamber saturation. I "-~
Layer HPTLC plates Silica gel 60 F254 (MERCK), that were prewashed

f a chromatogram track with 50 ng eachof 4-hydroxypropranolol (1)before application of the samples by developing to the upper edge
.C Fig. 1: Fluorescence scan 0

'InO'. uuou and propranolol (2) per comma ogram zone.
at 110°C for 30 min.

Mobile pbase Methanol - ammonia solution (25"70) (99+1).

Migration distance 8 em References
Running time 20 min

Detection and result: The chromatogram was dried for 15 min in a stream of warm air, ' Ka • EM' 1 Chromatogr. 1980, 193, 500-503. . .
[l} Szabo, A., ra~sony. . .: j- Kucan E. in: A. Frigerio (Ed.), Chromatography In BIO-

immersed in the dipping solution for 3 s and then dried at 80°C for 3 min in the drying [2] Prosek,M., Katlc: M., Kame,.. , ; R h, Vall p.27-36 Elsevier, Amsterdam,
chemistry, Medicine and Envtronmenta esearc . , ,

cupboard. After cooling to room temperature it was immersed for 1 s in a solution of

[3] ~:;;derakhsh, M.: Thesis, Fachhochschule GieBen, Fachbereich Technisches Gesundheits-liquid paraffin - n-hexane (I + 2) to enhance (by a factor of ca. 2) and stabilize the flu-
orescence intensity and then dried for 3 min in a stream of ""In o;r 10QQ

[4} Jork, H., Funk, W., Fischer. W., Wimmer, H.: Thin-Layer.Chrr:matographY - Reagents ana4-Hydroxypropranolol (hRr 40-45) and propranolol (hRr 55-60) yielded yellow
Detection Methods, Vol. 1a, VCH-Verlagsgesellschaft, Weinheim, 1990.chromatogram zones on a colorless background that could be excited in long-wave-

[5J Jones, G, R. N.: J. Chromatogr. 1973, 77, 357-367.
length UV light (A = 365 nm) to orange fluorescence on a faint blue fluorescent back- W' h S L' 1 Chromatogr. 1968,32, 315-322.

[6] Turner, T, D" l.t:man'R R:' .eberg A L.' Sundler, E: 1 Chromatogr. 1972,67,81-85.ground. The detection limits were 5 ng substance per chromatogram zone.
l71 Edvinsscn, L., Ha TIson, ., onn " CAe J S Sebben, A.: Talanta 1991,
[8) De Lima, C. G., Pastore, T. C. M., Schwartz, . .• ruz, . .,

In situ . . '8 1303 1307.
"0

A= = 436 urn and measuring the fluorescence emission at An > 560 nm (cut off filter
FI56).
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Potassium Dichromate-Perchloric Spray solutiou Carefully mix equal volumes of solutions I to IV.

Acid-Nitric Acid-Sulfuric Acid
nipping solution Dilute 10 ml of the spray solution with 90 ml water.

Storage The reagent solutions may be stored over long periods.

Keagent Substances Potassium dichromate

(Forrest Reagent)
Perchloric acid (60010)

Nitric acid (65%)

Sulfuric acid (95-97010)

Reagent for: Reaction

• Antidepressives The mechanism of the reaction is not known. Detection probably depends on the rever-
e.g. imipramine derivatives sible formation of colored radicals [2, 3J.

• Neuroleptics
uesipramme, tnrmprarmne [II

e.g. phenothiazine derivatives
such as chlorphenethazine, perazine, promazine [I] Method• Antihistamines

e.g. phenothiazine derivatives
sucn as a imemazme [II 1 ne cnrornatograms are anea in a stream 01 COla au, immersed m tne mppmg so Uti on

for I s or sprayed homogeneously with the spray solution until the layer becomes trans-
KZCrZ07 HClO 4 HN03 H2SO4

parent and then dried in a stream of cold air for 5 min.

Mr = 294.19 M, = 100.46 M, = 63.01 M, = 98.08
Imipramine and its derivatives produce blue, phenothiazines blue, violet, red or

orange to skin-colored chromatogram zones, that fade relatively quickly, on a colorless
Potassium dichromate Perchloric acid Nitric acid Sulfuric acid background (Fig. I).

=>
0 -

0
0 - - -.

Preparation of the Reagent •
Solution I Dissolve 0.2 g potassium dichromate in 100 ml water.

Solution II Perchloric acid (20 %). 1 2 3 4 5 6 7 8 9 10

Solution III Nitric acid (50%). Fig 1: Chromatogram of imipramine and phenothiazine derivatives after staining with FORREST

c. n, n reagent [41: 1= imipramine. 2 = desipramine. 3 = clomipramine. 4 = Iofepramine, 5 = trirnipra-
_"H"H. a ••u \JV 0 . mine, 6 = thioridazine, 7 = chlorphenethazine, 8 = periciazine, 9 = promazine, 10 = promethazine.

--
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Table 11 Colors of chromatogram zones after treatment with FORREST reagent [1]. Procedure Tested
Color Substance

Edge blue, clomipramine imipramine lofepramine trimipramine Dibenzoazepine and Phenothiazine Derivatives [4, 51
centPr n

Red, orange, alimemazine dibenzepine oxypertine promethazine ; "'ethud Ascending, one-dimensional development in a trough chamber
pink antazoline dixyrazine perazine prothipendyl with chamher saturation.

bromhexine fluphenazine periciazine trifluoperazine
TLC plates Silica gel 60 F254 (MERCK).chlorphenethazine fluspirilene perphenazine triffuprcmazine-

Layer

clozapine homofenazine promazine viloxazine "'ubile phase Ethyl acetate - methanol - ammonia solution (25"10)
Blue, violet benperidole imiclopazine thiethylperazine thioridazine (85+10+5).

dihydroergotamine levornepromazine
"'igratiun distance 7cm

No coloration acebutolol butalamine cytarabine fenetyline Running time 10-15 minamfetaminile butamirate dextromethorphane fenproporex
aminophenazone butanilicaine dextropropoxyphene fenyramidol :)

Detection and result: The chromatogram was dried for 15 min in a stream of cold air.amitriptyline chlorazanile diltiazem f1ec.;n;"e ,
apomorphine chloroquine dimetindene tlupentixol immersed in the dipping solution for I s and then dried in a stream of cold air for
articaine chlorpbenoxamine dioxopromethazine glymidine 5 min.
atropine chlorprothixene diphenhydramine haloperidol Immediately after dipping perphenazine (hR f 28-33) appeared as pink-colored.
atenolol chlorotheophylline diphenylpyraline lidotlazine fluphenazine (hR f 30-35), dixyrazine (hR f 33-38) and verophene (= promazine, hR f
bamipine cimetidine disopyramide melperone 38-43) as skin-colored and periciazine (hR f 35-40) as orange, promethazine (hR fbenproperine clemastine dosulepine nortriptyline 43 48) as bright pink, alimemazine (hR 60-65) as skin-colored and dibutil (etho-

c enou ero uoxapram oxomemazine propazine, hR f 75 80) as pink-colored chromatogram zones on a colorless background
biperidene clobutinol doxepine pheniramine (Fig. 2). The colors faded after some time.bisacodyl cLomethiazole doxylamine pimczide

The detection limits of imipramine and its derivatives were 100 ng substance perbromocriptine cLonidine drofenine pipamperone
chromatogram zone.brompheniramine clopamide eprazinone tiotixene

buphenine codeine ethenzamide trazodone
• T~p ••• I....;nn ;n , =.< o,,,;pnbuoivacaine c.ffe;n. In situ

bupranolol cyproheptadine fendiline out at the wavelength Ie= 530 nm (Fig. 3).

Note The colors obtained are characteristic for the various substance classes (Table I).
Thus color tones obtained for phenothiazine derivatives are mainly reddish [I]. If the
chromatoaram ,aw.v_
outer ring surrounding an uncolored center (Fig. I) [I. 4]. The FORREST reagent does
not interfere with subsequent detection with the DRAGENDORFF reagent [I. 4].

The detection limits are in the range 100 to 600 ng substance per chromatogram zone
[4.5].

The reagent can, for example, be employed on silica gel, kieselguhr, Si 50000, RP,
rN NU. ni ..

-J'
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[4] Riemer: F.: Private c~m~u~ication. Universitat Greifswald, 1992.
15] Meiers, Bl., Jork, H.: Private communication, Universitat des Saarlandes, Saarbrucken, 1992.

4
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•
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Fig 2: Chromatogram of dibenzoazepine and phenothiazine derivatives after staining with Fo~

REST reagent: 1 = fluphenazine, 2 = periciazine, 3 = promethazine,4 = alimemazine,5 = mixt~

of substances 1 to 4, 6 = mixture of substances 7 to 12, 7 = dibutil, 8 = levorneprornazine

10

11 C
o

12u:

Fig, 3: Reflectance scan of chromatogram track 6 of Figure 2 with 4 ug substance per
chromatogram zone each of 7 = dibutil, 8 = levomepromazine, 9 = chlorpromazine,
10= vera hen 11 = dix in 12 = er h n
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Potassium Hexaiodoplatinate ReageJ ~--

Reagent for:

· , ""
e.g. vitamin D3 (cholecalciferol), vitamin K, [40]

Reagent for: vitamin B[ (thiamine) [41]

• Indandione derivatives

Organic nitrogen compounds [1- 3]
e.g. pindone, valone [40]• • Thiophosphate pesticides [42]

e.s. drug substances and 'LOI

such as benzodiazepines [10, II], polamidon, dolantin, dilaudid [12] KI H2(PtCI6) . 6H2O
carbamazepine, maprotiline, methadone, methaqualone [13] M,= 166.01 M, ~ 517.92
phencyclidine [14], imipramine, desimipramine [15] Potassium iodide Hexachloroplatinic
morphine [16J, naloxone [17], naltrexone [18]

I

acid hexahydrate
codeine, 6-acetylmorphine [19], oxaflozane [20]

e.g. alkaloids [23- 25]
-'J> ""v.v"u·n, L~~J

in Antirrhinum (26, 27], Corydalis lutea [28]
Hydastis canadensis [29], Thalictrum polygamum [30J Preparation of the Reagent
Cinchona ledgeriana [31]

such as ajmaline, atropine, ergotamine, raubasine, tropine [23]
isocorydlne, styropme, bicucultme [28], thebaine [32] Ilipping solution Mix 3 ml 10"10 hexachloroplatinic(lV) acid solution with 97 ml
hydrastine, berberine [29], strychnine [33], cocaine [34] 10"10 methanol and 100 ml 6"10 aqueous potassium iodide solu-
methylpalaudinium chloride [30] tion [43].

e.g. quaternary ammonium compounds (surfactants) Variant: Mix 45 mllO"1o aqueous potassium iodide solution with
such as bencetonium chloride [35] 2.5 ml 10"10 hexachloroplatinic(IV) acid solution and make up to

e.g. urethanes
J()[l ~1 wi t h water InH 2~52) '441

from the reaction of isocyanates with 1-(2-pyridyl)piperazine [36]
Spray solution Add 3 ml 10"10 hexachloroplatinic(lV) acid solution to 100 mle.g. heroin [19, 34]

• Thiols, thioethers and sulfoxides [37-39J 6"10 aqueous potassium iodide solution and dilute with 97 ml

e.g. sulfur-containing amino acids water [3, 8, 35, 36, 45].

such as cysteine, cystine, methionine [37] Storage The reagent solutions should be stored in brown bottles. They
e.g. antibiotics and derivatives • h .n';n the . . fM ~o wee]; r~1

such as penicillin benzathine and -embonate salts [38]
Substances Potassium iodideamoxicillin, penicilloic and penicillic acids, ampicillin,

Hexachloroplatinic(IV) acid solution (10"10)tritylpenicillin sulfoxide, benzylpenicillin sulfoxide [39]
Methanol• Ketosteroids [3]
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Reaction

The mechanism of the reaction has not been elucidated.

Procedure Tested 1

Brucine, Strychnine in Plant Extracts (43)

Layer nr 1 LL P a es .,i ica ge uv 254 '''H.~'~'' 'u.

prewashed before application of the samples by developing to the
upper edge of the plate with chloroform - methanol [50+50)

and then drying at 110'C for 10 min.

Mobile phase Acetone - toluene - ammonia solution (25"70) (40+15+5).

Migration distance 5 em

Method

The chromatograms are dried in a stream of warm air, immersed in the dipping solution
for 1 to 4 s or sprayed homogeneously with the spray solution and, if necessary, dried
in a stream of warm air.

Chromatogram zones of various colors are produced [35), usually immediately, on
a pale pink background [36, 39, 44]; they can sometimes also be detected under short-

Method Ascending, one-dimensional development in a trough chamber

without chamber saturation.

'0' U U5'" LA ~J" "'HJ l~vJ.• uo «u W'V'dLivH Vi LHO prate uackground

can be very largely removed by washing out excess reagent with water or with I "70 acetic
acid [3, 44J. In some cases the colors of the chromatogram zones become deeper if they
are nea eu 0 "J L or J mill ['1UJ.

Alkaloids produce pale yellow, pink, green, brown, blue or violet zones [23].
Urethanes blue-green to dark violet zones [36]. Thiols and penicillin derivatives appear
immediately as white zones and sulfoxides only after a few minutes as yellow to
yellowish-blue zones on a reddish background [37, 39], which hecomes deep purple on
spraying with water [37].

than primary amines [25J. The dipping solution can also be used as spray solution [44].
Other reagent compositions have also been reported in the literature (I, 3, 6, 12, 13, 15,
12 0 11 m . . "0

methanol [14J or ethanol [37] and/or acidified with hydrochloric acid [3, 33, 37-40J.
The concentrations of hexachloroplatinicrlV) acid have been in the range of 0.05-0.4"70,
those of potassium iodide between 0.5 and 24"70 [46J. A spray solution containing 2%
potassium iodide and 0.23"70 hexachloroplatinic(IV) acid hexahydrate in Nvhydro­

chloric acid is reported to yield the best coloration results with respect to detection sen­
sitivity and color differentiation in the detection of morphine, codeine, quinine.
methadone and cocaine 146]. Acidic reagent solutions have been recommended for ben-
zodiazepines [10, 11]. Sulfones do not react [39].

The detection limits in substance per chromatogram zone are 10 ng for urethanes
136J 10 no - I ro- for alkaloids on" ,0 no fM n, . ;'1; 1>01

The reagent can, for example, be employed on silica gel, kieselguhr, Si 50000, RP 18.
CN, Diol, polyamide and cellulose layers; NH, phases are not suitable - because they
decolorize the reagent [44J.

Runnmg nme lU rnm

Detection and result: The chromatogram was dried for 45 min in a stream of warm air

(removal 01 ammontatj, immerseu or 'I s in we uippiHg , UH'U ... a ,"w'"

of cold air.
Brucine (hR, 30-35) appeared as a blue chromatogram zone and strychnine (hR,

50-55) as a brown one on a reddish-brown background. The detection limits were lower

than 5 ng substance per chromatogram zone.

In situ quantUation: The absorption photometric evaluation in reflectance was carried
•. . OM "0;

VUL ac ""

1
I

:\

2 :1 c
0(/] I u:

A LJIJL I
I I

II
i\B ~ \

Fig 1 ~ Reflectance scan of a chromatogram of Nux vomica extract (A) and of a reference track
with tOO ng each of brucine (1) and strychnine (2) per chromatogram zone (B).
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Opium Alkaloids [441

Procedure Tested 2

Migration distance 7 em

B

Fig 2: Chromatograms of opium alkaloids (A) after immersion in the reagent solution and (B)
after additional washing away of any excess reagent.

254 (/\ ERCK).

ethanol ~ ammonia soluti on (25%)

pates I ica ge

Ascending, one-dimensional development in a trough chamber
with chamber saturation.

ayer

Method

Mobile phase Acetone - toluene
(40+40+6+2).

Running time 10 min

Detection and result: The chromatogram was dried for 30 min at 100°C and first im­
mersed for 1 s in the dipping solution "variant". Morphine (hR f 10-15) and codeine
hR 15- 20 ielded blue-viole r m

35-40), papaverine (hR, 50-55) and narcotine (hRr 65-70) yielded brown-violet
chromatogram ZOnes on a pale red background (Fig. 2A). There was a striking forma­
tion of pale half moon-shaped bands over the chromatogram zones in the direction of
dipping when the chromatograms were dipped - but not when they were sprayed.

It is advisable to remove excess reagent from the chromatogram before recording the
chromatogram zones. This is best done by dipping the treated chromatogram into
several fresh 0.5 "70 acetic acid solutions or b destainin" for two to two and a half
minutes (diffusion destaining apparatus, cf. Fig. 24). The chromatogram is then dried
in a stream of cold air for 30 min. (Warm air causes fading of the chromatogram

I

This procedure yielded a colorless background, on which the colors of the alkaloid
zones became pale brown (narceine), blue (morphine) or violet (codeine, papaverine,
narcotine) (Fig. 2B).

Fig 3: Reflectance scan of a chromatogram trae wit Il~ cac per c rom . g
ccine (1), morphine (2), codeine (3), thebaine (4), papaverine (5) and narcotine (6).

In situ quantltation: The absorption photometric evaluation in reflectance was carried
out at the wavelength )"= 540 nm (Fig. 3). The detection limits in substance per
chromato ram zone were 20 n f r h
300 ng for morphine and 500 ng for narceine.
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Potassium Hydroxide Reagent

• Dalbergion-glycosldes ana therr agiycones LUj

• Pestidices
e.g. thiophosphate pesticides [16]

such as bayrusil, fospirate, noltran, menazon
maretin, dursban, cythioate

• Nitroaryl esters

e.g. umcxa in, sc ,,<un 'J
• Anthraquinone glycosides and their aglycones [2, 4-8)

e.g. chrysophanol, emodin, aloe emodin, rhein [9-121
physcione [9, 11, 12), alizarin [10)

• Xanthone glycosides and their aglycones [13)
e.g. gentisin, isogentisin [14)

• Cumarin glycosides and their aglycones [I, 2)

Reagent for:

317 339.
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M6

Preparation of the Reagent Method

Dipping solution Dissolve 2 g potassium hydroxide in 5 ml water and make up to The chromatograms are dried in a stream of cold air, first sprayed homogeneously with
cu rru wim etnanot 1~~J. rhe reagent and, as in the case ot anthraquinone derivatives rney are urcu dried ill a

Spray solution Dissolve 3 to 10 g potassium hydroxide in 100 ml methanol [I, 2, I steam of warm air for a few minutes [10] or at room temperature for 20 min [11]. In

6, 8-10, 14, 19], ethanol [7, IS, 19) or water [16, 18, 20].
I he case of pesticides the chromatogram is covered by a glass plate and heated to

Storage The reagent solutions can be stored for longer periods.
100-200"C for up to 30 min [16].

Dalbergion glycosides produce green to violet [IS], 2-arylazo-2-nitroethane deriva-

Substances Potassium hvdroxide nellets tives [19] and polyacrylonitrile (20) yellow to orange-red, dinitrophenylhydrazones

Methanol yellow to purple-brown and anthraquinone derivatives orange-yellow to purple-colored

Ethanol substance zones [5, 8, 10, 12] that usually emit yellow or pale red to violet fluorescence
in UV light (A. = 254 or 365 nm) [4, 8, 9]. Some thiophosphate pesticides can also be
stimulated to fluorescence with long-wavelength UV light (A. = 365 nm) [16]. Gentisin

Reaction , Iluoresces yellow-green [14], cumarins green to dark blue [I].
I

Note: Metbanolic sodium hydroxide solution can replace potassium hydroxide solution

The reaction course has not been elucidated (cf. also sodium hydroxide reagent). [16] (q.v.). The production of color tones and fluorescence is very dependent on the

Hydrolyzation reactions and aromatizations are probably primarily responsible for the duration and temperature of heating; hence optimal conditions must be determined

fo~mation of colored and fluorescent derivatives. Substituted nitrophenols - e.g. the empirically [16]. Some thiophosphate insecticides do not form fluorescent derivatives

thiophosphate insecticides - can probably be hydrolyzed to yellow-colored nitro- [\6]. The natural fluorescence of various cumarin derivatives is intensified [I].
n~pn~l.,p on' _n. .A' . . . •• .k treated with reazent be stored for ca.

, J

complexes. Naphthol derivatives with a tendency to form radicals, Cog. 2-naphthyl ben- \5 min to allow stabilization of color when undertaking direct quantitation of anthra-

zoate, react with hydrolysis to yield violet-colored mesomerically stabilized 1,2-naph- qui nones [10].
thalenediol radicals. The detection limits as substance per chromatogram zone are I ug for polyacrylo-

HjC2O,p//S

nitrile [20] and 2-arylazo-2-nitroethane derivatives [19]and 6-100 ng for thiophosphate

n

pesticides [16].
'-'; <("'M., ,pI

.....2'" 'l
~H5C20 °ONO,

,,,. '""0.'" "nu, ,

P" cellulose and polyamide layers as well as on mixed cellulose/polyamide layers [I].
H,C,O/ 0-o-NO, OIl'

HO

Parathion-ethyl MEISfNHEIMER complex

H,C,O / S --0-
. ); +-0 r ~ NO,

...... n .....r.r- n i, - ~ .
Nitrophenolate anion

L ...,.,,,.,.,.....

(00yO
° Thiophospbate Insecticides [221OH"/O~ roO'--- ,... I" -

s, ;:; ° '" ;:; Method Ascending, one-dimensional development in a trough chamber

2 Naphthylbenzoatc Naphthalenediol radical without cnarnoer satura ton,
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Detection and result: The chromato.r,m U~. ..... <_ • •

A 3 g sample of woodruff was added to 30 ml warm methanol

and placed in the ultrasonic bath for 10 min. After filtration the

solution was concentrated to ca. 20070 of the initial volume under
reduced pressure. A portion of the solution was centrifuged at
I~W rpm ror L. mm ana tne clear supernatant was appnea 0 we
layer as a band.

Ascending, one-dimensional development in a trough chamber
with chamber saturation.

Sample solution

Method

Procedure Tested 2

Potassium Hydroxide Reagent 369

orrmc
:

HPTLc plates Silica gel 60 F2S4 extra thin layer (MERCK) that!

,;ere prewashed by dipping in 2-propanol overnight and tben ac­
tlvated at 110°C for 30 min.

n-Hexane diethvl ether •••

acid (909+40+26+25+1).

8 em

30 min

Layer

Mobile phase

Migration distance

Rnnning time

Layer TLC plates Silica gel 60 F2S4 (MERCK).

In sitn quantitation: The absor tion h .
out at the wavelength "A ~ 406 P (F~ otometnc evaluation in reflectance was carried

om rg. I).

1

L
I~

Mobile phase Toluene - tert.-butyl methyl ether - acetic acid (10%)
(40+40+40).

The mobile phase is always freshly made up. This is done by mix­
ing the three mobile phase components in a separating funnel and

shaking vigorously several times; the top phase is used as mobile

y

Migration distance 10 em

Running time 20 min

\rig. ~V).

It is possible to detect 2 ng cumarin per chromatogram zone visually.

Detection and result: The chromatogram was dried in a stream of warm air and then

.u u ..u'" ~ .:".... ~u...ari .. ,"Hf JJ-~J exhibi ,\uc" "0

under short-wavelength UV light ("A=254 nm; Fig. 2A); it is not excited to fluorescence

emission under long-wavelength UV light ("A = 365 om; Fig. 2B). After treatment with
the spray solution (I g KOH pellets in 20 ml ethanol) the cumarin zone produced an

intense yellow-green fluorescence when observed under long-wavelength UV light
(Fig. 2C), which changed to pale blue after heating the chromatogram (2 min, 100"C)

u

U)

I

ce

Fig I: Reflectance scanof a chromato ram .
parathion-methyl '.' ..L· g track wah 300 ng substance per chrornatosram M
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A

C

B

D
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Fig 2: Chromatogram of woodruff extract (track 1: 10 IJ.I 0.1% cumarin solution in methanol,
track 2: 100 ul extract; band length 3 em in each case). Examination in short-wavelength UV light
before spraying with the reagent (A) and in long-wavelength UV light before (B) and after spraying
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I
Mr = 166.01 Mrz 7000

I Substances containing active chlorine or bromine oxidize iodide ions - if necessary

Potassium iodide Starch under the influence of UV Iiaht to iodine, which reacts with starch to yield the well-

I known intense blue starch-iodine inclusion complex.

Preparation of the Reagent
Method

Dipping solution Dissolve 2.8 g potassium iodide and 1.4 g soluble starch accor-
ding to ZULKOWSKY in 70 ml water and dilute with 30 ml absolute Forperoxides: The chromatograms are dried in a stream of wann air and immersed in

ethanol [10]. the dipping solution for 2 s [10]. Alternatively they can first be sprayed homogeneously

Spray solution I For peroxides
with spray reagent IA, allowed to stand for 5 min and then sprayed with spray solution

IB until thev are transparent [1, 4).
• mill '1111 '''4UW 11

'
ml1~'~ For substances containing bromine: The dried chromatograms are immersed in the

glacial acetic acid and add a spatula-tip of zinc powder. Filter off dipping solution for 2 s or sprayed homogeneously with spray solution II and then,
the zinc powder immediately before using the spray solution
[1,4).

while still moist, they are irradiated with intense UV light for ca. I to 3 min. [7, 10].

Solution B: Dissolve I g soluble starch in 100 m1water with boil-
For sulfoxides: The dried chromatograms are sprayed homogeneously with spray

ing [I, 4).
reagent III. After a few minutes they can then be sprayed with spray solution IB to in-
CTe,.e the enlne ennt"".t r8 91.

SplllY solution n For substances containing bromine: Dissolve 4 g potassium In all cases intense blue or brown-colored chromatogram zones are produced on a
iodide and 2 g soluble starch in 100 ml water with warming (7). colorless to brownish background.

Potassium Iodide-Starch Reagent 373

Potassium Iodide-Starch Reagent SplllY solution m For sulfoxides: Dissolve 5 g starch and 0.5 g sodium iodide in
100 m1water with warming. Add I m1cone. hydrochloric acid to
10 ml of the solution immediately betore use L~J·

Storage The reagent solutions may be stored for a few days.

Substances Potassium iodide

Reagent for:
Starch, soluble acc. to ZULKOWSKY
Acetic acid (100"70)

Zinc powder

• Peroxides, hydroperoxides [I, 2] Sodium iodide
e.g. (photoj-oxidation products Hydrochloric acid (32"70)

of limonene [3] Ethanol
linoleic acid [4], methyl linoleate [5]
methyl oleate and methyl elaidate (6)

• Bromine-containing barbiturates and ureides 17]

• Sulfoxides [8]
Reaction

KI (C6H IOOS)n
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Note: Separate potassium iodide and starch solutions can also be used successively [2].
[3] Schieberle, P., Maier, W., Firl, J., Grosch, W: J. High Resolut. Chromatogr: Chromatogr:

Commun. 1987, 10, 588-593.
The detection limits for bromureides are 40 to 200 ng substance per chromatogram: [4] Satoh,T., Matsuda, Y., Takashio, M., Satoh, K., Beppu,T., Arima, K.: Agric. BioI. Chem.

zone (7, 10]. Bromopride, bromazepam, bromhexine and bromocriptine do not react] 1976, 40, 953-%1.
riOt 'j [5] Morita, M., Fujimaki, M.: J. Agric~ Food Chem. 1973,2/,860-863.

The reagent can, for example, be employed on silica gel, kieselguhr, Si 50000, [6] Sliwiok, J., Kowalski, 1., Wasielewska, A.: Microchem. J. 1972,17, 576 5~7.

cellulose and NH2 layers. CN, Diol and polyamide phases are unsuitable.
[7] Vidic, E.: Arch. Toxikol. 1970,27, 19-39.
[8] Chatfield, D. H., Hunter, W H.: Biochem. J. 1973, /34, 879-884.
[9] Thompson, 1. E, Arnold, W N., Morris, C. 1.: Nature 1963, /97, 380-381.

[10] Meiers, Bl., Jork, H.: Private communication, Universitat des SaarIandes. Saarbrucken,
1992.

Procedure Tested

Bromureides [IO]

Method Ascending, one-dimensional development in a trough chamber
with chamber saturation.

Layer TLC plates Silica gel 60 (MERCK).

Mohile phase Dichloromethane - diethyl ether [17+ 3).

Migration distance 5 em

Running time 5 min

Detection and result: The chromatogram was dried in a stream of warm air and im-
mersed in the dipping solution for 2 s. The excess water drops were then removed from
the surface of the layer in a stream of cold air. The chromatogram was then intensively
irradiated with UV light (mercury lamp St 41, distance from layer 5 em).

Bromisoval (hR f 15-20) yielded dark brown chromatogram zones on a light brown
background. Bromopride, bromazepam, bromhexine, bromocriptine, caryophyllene
epoxide and rose oxide did not react.

The detection limit of bromisoval is 40 ng substance per chromatogram zone.

In situ quantitation: Quantitative evaluation was not possible.

References

[I] Krebs, K. G., Heusser, D., Wimmer, H. in E. Stahl (Ed.): Thin-Layer Chromatography -
". "lh , 0,' , 1>. la, . .Ih ,"l,. Vn , 1",,0.

[2] Mangold, H. K.: J. Am. Oil Chem. Soc. 1961, 38, 708-727.
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Potassium Nitrate-Sulfuric Acid Method

Reagent The chromatograms are freed from mobile phase in a stream of warm air, immersed
in the dipping solution for 4 s or homogeneously sprayed with it, dried in a stream of
cold air and then heated to 110°C for 10 min.

Yellow chromatogram zones are produced on a colorless background.

Reagent for: '1ote: The detection limit for colchicine is 5 ng substance per chromatogram zone.
The reaeent can for examnle. be used on silica gel, kieselguhr and Si 50000 layers.

• Alkaloids
e.g. colchicine [I]

KN03 H2SO4
Procedure Tested

.. Hll .. ."OM

Colchicine III

Method Ascending, one-dimensional development in a trough chamber

Preparation of the Reagent
without chamber saturation.

Laver HPTLC plates Silica gel 60 F254 (MERCK) that were prewashed
before use by developing once to the upper edge of the plate, be-

Dipping solntion Dissolve 100 mg potassium nitrate in 5 ml sulfuric acid (95-97".)
fore application of the sample, with chloroform - methanol

and make up to 100 ml with ethanol [I).
(50+50) and then dried at 110°C for 10 min.

Storage The reagent solution can be stored for ca. I month.
Mobile phase Acetone - toluene - ammonia solution (25".) (40+15+5).

Substances t otassium mtrate
Mioration distance 5 em

Sulfuric acid (95-97".) Rnnning time 10 min

Ethanol
Detection and resnlt: The chromatogram was dried in a stream of warm air for 45 min
in order to remove the ammonia completely, then cooled to room temperature (ca.
5 min), immersed in the dipping solution for 4 s, dried in a stream of cold air and then

KeactIOn heated to II0°C lor IU min,

Colchicine (liRe 35-40) appeared as a yellow chromatogram zone on a colorless
background. The detection limit lay below 5 ng substance per chromatogram zone.

The mechanism of the reaction has not been elucidated. Nitration probably takes place.
In sitn qnantitation: The absorption photometric evaluation was carried out in reflec-
tance at a wavelength of A. - 380 nm (Fig. I).
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0 1 Potassium Peroxodisulfate-Vi

~A
c:

I f Silver Nitrate Reagent
"1
L.-J v

A
1

Reagent for:
- -
E 0

Vl u: • Aromatic amines and phenols [1-4]

I I e.g. resorcinol, catechol, aminonaphthols

• Indole, m-dinitrobenzene, pyrene [2]

B • Sulfapyridine [2, 3]

Fig. 1: Reflectance.scanof a chromatogram track of a Colchicum autumnale extract(A) and of "'"2"2 v g g'''JJ

a reference track WIth 1 IJg colchicine (1) per chromatogram zone (B); unknown substance (2). M, ~ 270.33 M,= 169.87

~ n

Preparation of the Reagent

[II Milller, 1.: Thesis, Fachhochschulc GieBen, Fachbcreich Technisches Gesundheitswesen,
1987. Dipping solution Dissolve 1 g potassium peroxodisulfate and 34 mg silver nitrate in

60 ml water and make up to 100 ml with acetone [5].

Spray solution Dissolve I g potassium peroxodisulfate and 17-34 mg silver ni-
trate in a mixture of I ml acetone and 99 ml water [I, 2] or in pure

water [3].

Storage The reagent solutions may be kept for extended periods.

Pn'.«;n~ neroxodisulfate

Silver nitrate
Acetone

-
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Reaction

-Sitver sttrat« «eagen
~.

Migration distance 5 cm

Running time 15 min

Peroxodisulfate ions oxidize aromatic amines onn nhenn!.

ularly under the catalytic influence of silver ions [1-4J.

Method

The chromatograms are freed from mobile phase in a stream of warm air, immersed!
in the dipping solution for I s or homogeneously sprayed with the spray solution an<t]
then heated to 50-liD °C for 2-5 min. :

Yellow, orange to violet or grey-black chromatogram zones are produced, generally
-<. . ~,. •

Note: The dipping solution can also be used as a spray solution. Aromatic amines react
more sensitively than do phenols [I]. The presence of acetone in the reagent increases
the sensitivity for some substances, e.g. for sulfapyridine [2].

The visual detection limits for aromatic amines and phenols are 100-600 ng sub-

,d ..I,. Th =0' first dried in a stream of cold air for

~'min. then immersed in the dipping solution for I s, briefly dried in a stream of cold

air and then heated to 110 °C for 2 min.
2-Aminophenol (hR f 70-75, '-max = 430 nm) appeared as a yellow-green chromato­

ram zone and 4-aminophenol (hR f 60-65, '-max = 360- 380 nm) as a grey-brown chro­
~atogram zone on a colorless background. The photometric detection limits are 50 ng

suu,~u~. v'

In situ quantitation: The absorption photometric evaluation in reflectance was carried

out at a mean wavelength of A,= 400 nm (fig. I).

Procedure Tested

stance per cnromatogram zone [J - j J.
The reagent can, for example, be used on silica gel, kieselguhr and Si 50000 layers.

Fig. 1: Absorption scan of a chromatogram track with 200 ng each per chromatogram zone of
4-aminophenol (I) and 2-aminophenol (2).

Aminopbenols (5)

Method

Layer

Mobile pbase

Ascending, one-dimensional development in a trough chamber
with chamber saturation.

HPTLC plates Silica gel 60 F254 (MERCK) that were prewashed
before use by developing once to the upper edge of the plate, be­
fore application of the sample, with chloroform - methanol
(50+ 50) and then dried at 1I0 °C for 30 min.

Toluene - methanol (10+1O\.

,~

c:
o

LL

I
I

u



382 Potassium Peroxodisulfate- Silver Nitrate Reagent

References
Selenium Dioxide Reagent

[IJ Khulbe, K. C, Mann. R. S.: Fresenius Z. Anal. Chem. 1988, 330, 642.
[2] Khnlbe, K. c., Mann. R. S.: J. Chrornatoer, 19~1 " •••<7 .<0

lJI IVlnlbe, K. c.. Mann. R. S.: J. Chromatogr. 1978, 150. 554 556.
[4] Srivastava, S. P.• Gupta, R. C.• Gupta. A.: FreseniusZ. Anat. Chem. 1972, 262. 31-32.

Reagent for:[5] Netz, S.. Funk, W.: Privatecommunication,FachhochschuleGieBen,Fachberelch Technisches
Gesundheitswesen. 1989.

• Aromatic amines, amino phenols [1]
. ., '"

'0'

• Polyhydric phenols [I]
e.g. resorcinol, pyrogallol

• Reducing substances [1]
e.g. hydrazine, phenylhydrazine, ascorbic acid

• Alkaloids

'0' u

Se02

M,= 110.96

Preparation of the Reagent

uivvi..g >mu. Dissolve v. ' 0 ""'v'" .v~.

glacial acetic acid [2].

Spray solution Dissolve 3 g selenium dioxide in 100 ml water [I].

Storage Both reagents may be stored for longer periods.

Substances Selenium dioxide
Methanol
Acetic acid (100"70)

--
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Reaction Procedure Tested

The reaction mechanism has not been elucidated. Reducing substances presumably re- Aromatic o-Diamines [2)
'''00 r • ..l 00'0'" .....

] ,,"W]

selenodiazoles with selenium dioxide. Method Ascending, one-dimensional development in a trough chamber
without chamber saturation.

roNH2
+ SeO, -- (C(N~e Layer HPTLC plates Silica gel 60 (MERCK).

~ h NH
2

-2Hp '" "" N~ Mobile phase 2-Propanol - chlorobenzene - n-hexane - water - ammonia

2,3-Diaminonaphthalene Selenium Selenodiazole
soiuuon \~) '0) HU+)).

dioxide Migration distance 6cm

Running time 35 min

-- .. w Detection and result: The chromatogram was freed from mobile phase for 5 min in a
stream 01 cola air, Immersed twice in tne aippmg solution or 2 s and then dried for
5 min in a stream of cold air. In order to stabilize and enhance the fluorescence inten-
sity it was then immersed twice for 2 s in a solution of Triton X-IOO - chloroform

The chromatograms are freed from mobile phase in a stream of warm air, then im- (l + 4), with the chromatogram being kept in the dark between and after these dipping
mersed twice in the dipping solution for 2 s or sprayed homogeneously with the spray processes.
solution and then heated to 120°C for 15-20 min. After ca. 30 min, when the chloroform had evaporated, fluorescent chromatogram

Variously coioreu cnrornatogram zones appear, some before heating, on a colorless zones appeared on a dark background on excitation with long-wavelength UV light
background [I]; those produced by aromatic o-diamines are excited to fluorescence by (A. = 365 nm): 2,3-diaminonaphthalene (hR r 70-75), red and 2,3-diaminopyridine (hR r
long-wavelength UV light (A. = 365 om) [2]. 55-60), blue. The detection limits were 3 ng substance per chromatogram zone.

Note: Reducing sugars do not react [I]. In the course of a few days the chromatogram In situ quantitation: The fluorimetric scans were carried out at several combinations
zones gradually acquire brown-black discoloration, presumably as a result of the nro- of excitation and measurement wavelenaths (Fi~. 1\.
duction of elementary selenium [l].

The detection limits for aromatic amines are 1- 2 ug substance per chromatogram
zone [I] and 3 ng substance per chromatogram zone for aromatic o-diamines [2].

The reagent can be employed, for example, on silica gel, kieselguhr and on Si 50000
layers.
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1 1 2 Sodium Hydroxide Reagent

1
I

"
c 8, I Reagent for:
~ "Vi LL C

~I " 0 Vi
I ~

2 u:: IA I II • a-Pyrone derivatives...
UL' "0'

A C cumarin [2-4]
B dicumarol [5]

Fig. 1: Fl~or~scence scans of a chromatogram track with 60 ng each of 2,3-diarninopyridine (l~ I • Phenyl-I,3-indandione metabolites [5]

and 2,3-dlammonaphthalene (2) per chromatogramzone: ' • Mycotoxins

Pj, ~':': 0= ~~5.~,".' ;?d An> 560nm (cut off filter FI 56); B) A",,: ~ 313nm and An> 390nm (CUI\1 e.g. patulin as 2,4-DNPH derivative [6]
a, n ,cw uu r utcr r-r "). • \,/uinones L

e.g. antibiotics
such as xanthornegnin, viomellein [8]

I

• Pesticides

References e.g. insecticides
such as phosalone [9], carbofuran [10], sevin [11]

organophosphorus pesttCiOes

[IJ Mitchell, S. C., Waring, R. H.: 1. Chromatogr: 1978, 151, 249-251. such as bayrusil, cythioate, dursban, menazon [12];

[2] Netz, S., Funk, W.: Privatecommunication,Fachhochschule Gicllen Fachbereich Technisches paraoxon [13]
Gesundheitswesen, 1990. • :_'",-- 2-sec-butyl-4,6-dinitrophenyl herbicides and acaricides [14]

such as dinobuton, 2-sec-butyl-4,6-dinitrophenol

• Pharmaceuticals

I e.g. in urine [15]

• Steroid and stilbene derivatives
e.g. trans-stilbene metabolites [16]

I

/14-3-ketosteroids [17]

• Glucose-8-methionine [18]
I • Homoaentisic acid 1191

! • Arabinosylcytosine [2O]

• Sennosides [21] NaOH

• a-Naphthol [11] M,=40.00



'M Sodium yuroxlue Reagent Sodium Hydroxide Reagent 389

Preparation of the Reagent Colored or, under long-wavelength UV light (A = 365 urn), yellow or blue fluorescent
chromatograph zones appear, even after drying the chromatogram in a stream of cold
air, but sometimes only after heating to 80°C [17], to 130°C [9] or 150°C [22] for

Dinnin!! solution Sodium hv.-lrnv;.-lo .nl"t;nn .0

water (60+40) [22].

Spray solution Sodium hydroxide solution (c = I to 2.5 mollL) in rnethanol-waj Note: It is occasionally recommended that after it has been sprayed the plate should
be covered with a glass plate for several minutes until optimum reaction has occurredter mixtures (e.g. 50+50) [3, 5-7, 9-14,16,18,21].
[II], or be irradiated with long-wavelength UV light (A = 365 urn) [2]. Methanolic po-

Storage The solutions may be stored in the refrigerator for longer periods! tassium hydroxide solution can also be used in place of sodium hydroxide [12] (see Po-

eunsrances oooium hydroxide pellets asslum "J" '''""''/;"'''1' ... ,~, .
Methanol length of heating and on the temperature employed; optimum conditions must be dis-

covered empirically [12].
The 2,4-dinitrophenyihydrazone of patulin and other mono-2,4-dinitrophenylhydra-

zones form red zones, 2-sec-butyl-4-arnino-6-nitrophenol appears as a red-orange zone
Reaction while dinitrophenols and their esters are colored yellow [14]. A whole range of

organopnospnorus pesticides 00 not give any reaction [lolJ.

The detection limits per chromatogram zone are I ng for sevin and a-naphthol [11],
The course of the reaction has not been fully clarified. Hydrolytic and aromatization, I to 100 ng for organophosphorus pesticides, 500 ng for paraoxon [13] and 2 ng for
processes are probably responsible for the formation of colored or fluorescent deriva-'I cumarin [3].
tives (cf. Potassium Hydroxide Reagent). For instance, sevin is converted to a-naphthol., The reagent can, for example, be used on silica gel, kieselguhr, Si 50000, NH2 and
[11] and paraoxon to the yellow 4-nitrophenolate anion [13]. In the case of a-pyrone': dial layers.

. . , it is ~,~ucu ,ua, me aUGlII mew san or tne o-nyoroxycmnanuc acid pro-I
duced by hydrolytic cleavage of the pyrone ring is converted from the non-fluorescent 'I

cis- to the fluorescent trans-form by the action of long-wavelength UV light! Procedure Tested(A = 365 urn) [2].

P"Yo,y,o OH ~OH 0
~OH 4" ",:1, 1""1" uv '"

VV ~c=c/v-v ~, /H
C=C/ \,

H/ 'C-O' Method Ascending, one-dimensional development in a trough chamberH H

" with chamber saturation.0
Cumarin Anionof cis-ortho- Anion of trans-ortho- Layer HPTLC plates Silica gel 60 F254 (MERCK).hydroxycinnamic acid hydrox ycinnamic acid

lno...
Method Migration distance 8cm

Running time 15 min

The developed chromatograms are freed from mobile phase in a stream of cold air for Detection and result: The chromatogram was freed from mobile phase in a stream of
5 min, then innnersed in the dinnina solution for 2 , liT ,.th • •• • •• • r • H

the spray solution and heated to 80-150°C for 5-10 min.
'~'Y _ w. J UUU, ...UU".~ u. oW " ....... "0

to 150°C for 10 ntin.



, .xeagent

Weakly f1u~rescent zones were visible under long-wavelength UV light ('A. ~ 365 II
(Fig. I). Cortisone (hR r 0-5), dienestrol (hR r 10-15), 4-androstene-3,17-dione 01
50-55) and 4-cholesten-3-0~e (hR f 60-65) had an ochre fluorescence. Diethylstii
estrol (hR f 10-15), 1711-ethmyl-I,3,5-estratriene-3,17JJ_diol {hR 25 31'1\ .n~ _.
(/lKr j)-40) had a blue emission.
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Fig. 2: Increase in the fluorescence intensity of dienestrol as a function of heating time after im­
mersion of the chromatogram in sodium hydroxide solution (c = 1 mollL) followed by treatment
with Triton lOO-X and heating to 120"C.

After heating the chromatogram was immersed in a solution of 2 ml Triton X-IOOin
5 ml chloroform plus 35 ml n-hexane in order to intensify the fluorescence and then
dried in a stream of cold air. This brought about an appreciable increase in the fluores­

cence intensity of dienestrol and diethylsilbestrol, while the intensities of the other ste­

roids were only marginally increased (Fig. I).
" . ..no~ .-C. • ,-r.' . v INI ••.,.,

ther increase in sensitivity that was dependent on the length of heating (Fig. 2).
The detection limits lay between 0.5 and 30 ng substance per chromatogram zone.

In situ quantitaliou: The fluorescence scan was carried out at 'A."" ~ 365 nm and

An>430 urn (cut off filter FI 43).

Fig. 1: Fluoresc~nce scan of a chromatogram track with 1 I!g cortisone (1), 100 ng dienestrol (2),
300 ng 17a-ethmyl-I,3,5-estratriene-3,I7B_diol (3). 100 ng estrone (4) and 1 ~g each of 4­
andro,,:ne-3,17-dlOne(5)and 4-cholesten-3-one(6): A. before immersion in Triton X-IOO B. after
tmmerston followedby brief drvine. C. after hp>;;~" In noor fn. Ifl • _ '

20 minutes to increase the fluorescence.
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References Sodium Nitrite-Naphthol Reagent
!~! ~bu-M"ustafa, E. A:, ~~-~:'!' F. K., Fayez, M. B.: 1 Pharmac. So: 1971,60, 788 789.

, .. . . . • u".". •y.~, lIJ, 11'-"1.

[3J Laub, E., Olszowski, W., Woller, R.: DIsch. Apoth. ZIg. 1985, /25, 848-850.
[4J Kroller, E.: Z. Lebensm. Unters. Forsch. 1973, 152, 216-218.

Reagent for:[5J Daenens, P., Boven, M. van: 1 Chromatogr; 1971,57; 319-321.
[6] Stinson, E. E., Huhtanen, C. N., Zell, T. E., Schwartz, D. P., Osman, S. F.: 1 Agric. F""'I

Chem. 1977, 25, 1220-1222.

Primary aromatic amines [I - 3]!~l Vannini,~ ~;~I~~I'o~:o,.G·'lBonava, A.~ Experientia1974, 30,203 205. •
8 Sedmera , ., • . . . ......"cu,. Lnem. L-ommw.t e.g, SUDS I U eo am mes L", JI

OH
1981, 46, 1210- 1216.

• Sulfonamides [3, 6][9J Guardigli, A., Chow, W., Martwinski, P. M., Lef31, M. S.: 1 Agn'c. Food Chem. 1971,19;(
e. g. sulfadiazine, sulfanilamide, sulfathiazole, 0)742-744.

sulfamerazine, sulfamethazine " '"[IOJ Stenersen, 1., Gilman, A., Vardanis, A.: 1 Agric. Food Chem. 1973, 21, 166-l7I.

NaN02 CIOHgO[llJ Frei, R. W., Lawrence, 1. F., Belliveau, P. E.: Z. Anal. Chem. 1971,254,271-274.
[12J Brun, G. L., Mallet, V.: 1 Chromatogr: 1973,80, 117 123. .. .0<0 N"l .. IAA I~[BJ Breuer, H.: 1 Chromatoer. 19M2 ,., I.' I.'

Sodium nitrite l-Naphthol
[14J Bandal, S. K., Casida, 1. E.: 1 Agn'c. Food Chem. 1972, 20, 1235 1245.;
[l5J Bastos, M. L., Kananen, G. E., Young, R. M., Monforte, J. R., Sunshine, 1.: Clin. Chern.;

1970, /6, 931-940. ,1
[16J Sinsheimer, J. E., Smith, R. V.: Biochem. 1 1969, Ill, 35-41. i
[J7J E. MERCK, Company brochure "Dyeing Reagents for Thin-layer and Paper Chromala-!

graphy ", Darmstadt 1980.
[18J Lindsay, R. C., Lau, V. K.: 1 Food SCI: 1971 "'0'_'00

Preparation of the Reagent
I

[19J Humbel, R., M31Chal, c., Neu-Fischer, M.: Z. Klin. Chem. xn« Biochem. 1973, u.
447-448.

[20J Notari, R. E., Chin, M. L., Wittebort, R.: 1 Phar.mac. SCt 1972, 61, 1189-1196.

Dissolve 5 g sodium nitrite in 20 ml water, add 2 ml hydrochloric
[21J Khafagy, S. M., Girgis, A. N., Khayyal, S. E., Helmi, M. A.: Planta Med. 1972, n, 304-309.

Dipping solution I[22] Klein, I., Jork, H.: GDCh-training CourseNo. 301 "Diinnschicht-Chromatographie fur Fort-
acid (32"10)and make up to 100 ml with ethanol [7].geschrittene", Universitat des Saarlandes, Saarbriicken 1989.

rnppmg somnon 11 UISSO ve ) g i-napntno (n-napntnoij in IW tIU etnano [IJ.

Spray solution I Dissolve I to 5 g sodium nitrite in 100 ml hydrochloric acid

(c = 0.2 to I mol/L) [4, 6].

Spray solntion U Dissolve 0.2 to 5 g l-naphthol [4] or 2-naphthol (O-naphthol) [5,

6] in lOOml methanol [4] or sodium hydroxide solution

(c 'U.I mOIlL) [OJ.

Storage All reagent solutions may be stored in the refrigerator for several

days 17].

Substances Sodium nitrite

l-Naphthol
2-Naphthol
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,NmUm , HCU/;Cm Sodium Nitrite svuprurun ncu/;w, O~J

Hydrochloric acid (c = I mol/L) ether [I]. The tl- or II-naphthol in the reagent can be replaced by N-(I-naphthyl)ethyl-
Hydrochloric acid (32"7.) enediamine (cf, BRATIUN-MARSHALL reagent, Vol. I a).
Ethanol A few aromatic amines do not react: e.g. o-substituted diamines yield benzotriazoles
Methanol that cannot couple [I].

The detection limits per chromatogram zone are 250 ng for sulfonamides [6] and

80 ng for substituted anilines [7].
The reagent can, for example, be employed on silica gel, kieselguhr, Si 50000 and eel-

Reaction Julose layers.

Primary aromatic amines are first diazotized by the action of sodium nitrite in acidi~

solution and then coupled, for instance, with I-naphthol to form azo dyes (ct Procedure Tested
BRATTON-MARSHALL reagent, Vol. I a). I

II '}--NH2~ k '}--~=Nl C\-+ >=r0H
-' ()-N=N--<lr-OH Substituted Anilines [7], ;, () Ascending, one-dimensional, two-fold development at 20"C in aMethod

Prim. aromat. Diazonium I-Naphthol Azo dye trough chamber without chamber saturation.
amine salt

Layer HPTLC plates Silica gel 60 F254 (MERCK) that are prec1eaned by
immersion overnight in 2-propanol and then dried at 1l0"C for
>I, ~;n

Mohile pbase 1. Methanol - acetic acid (100+1).
2. Chloroform - n-hexane - diisopropyl ether - dichloro-

Method methane - formic acid (50+35+10+5+0.45).

Migration distance 1. 0.8 em
, ~ <

r ne , are rreeu rom mobt e pnase in a s ream or com air, immersed illl
reagent solution I for I s or sprayed with it homogeneously until the layer begins to be' Running time 1. I min
transparent, dried for 10 min in a stream of cold air (or 5 min at 50-100"C [4, 6]), im-j 2.25 min
mersed in solution II for I s or sprayed with it homogeneously and finally dried in a,
stream of warm air for 5 min. Detection and result: The chromatogram was dried (5 min in a stream of cold air), im-

Pink-red to orange-colored chromatogram zones are formed, usually at once, on 3 '; mersed in dipping solution J for 2 s and then dried in a stream of cold air. It was then
colorless background. Brown to black colors are also sometimes produced [I]. i immersed in dipping solution II for I s and dried in a stream of warm air for 5 min.

Sulfanilic acid (hR f 10-15), 4-isopropylaniline (hR f 25-30), 4-chloroaniline (hR,
Note: The diazotization of primary aromatic amines can also be carried out by treating j 40-45) and 3,4-dichloroaniline (hR f 45-50) yielded pink-colored chromatogram zones
the chromatograms for 3-5 min with nitrous fumes in a twin-trough chamber; the; on a colorless background,
fumes are generated by adding 25% hydrochloric acid to 20% sodium nitrite solution

i
The detection limits lay between 20 ng (4-chloroaniline) and 80 ng (3,4-dicWoro-

in the free trough [5]. Alternatively the diazotization can be carried out by spraying the aniline) substance ner chromatogram zone.
chromatograms with a solution of 3% pentyl nitrite and 3% formic acid in diethyl .'

:j
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In situ quantitation: The absorption photometric scans were carried out in reflectance Sucrose-Hydrochloric Acid Reagent
at a wavelength of A ~ 520 om (Fig. I).

2

0 Reagent for:

• Phenols [I]

1

~
C

~e 0,- u,
0 LJ H~Vi

I It.
--'

HO~ 0

~,Fig. 1: Reflectance scan of a chromatogram track with 30 ng sulfanilic acid (1) and 100 ng each
OH

of 4-isopropylaniline (2), 4-ehloroaniline (3) and 3,4-dichloroaniline (4) per chromatogram zone. OH

C12H220n HCI

M, = 342.30 M, = 36.46

References Sucrose Hydrochloric acid

rn Jones, G. R. N.: 1. Chromatogr: 1973, 77, 357-367.
[2J Stahl, E., Zimmer, C., Juell, S.: Z. Lebensm. Unters. Forsch. 1982, 175. 88 92.
[3J E. MERCK, Company brochure "Dyeing Reagents for Thin-layer and Paper Chromato-

graphy", Darmstadt 1980. Preparation of the Reagent
[4] Gillio-To" M.• Previtera, S. A., Vimereati, A.: 1. Chromatogr: 1%4, 13, 571-572.
[5J Toth, I.: He/v. Chim. Acta 1971, 54, 1486-1487.
[6] Biean-Fister, T., Kajganovic, V.: 1. Chromatogr: 1963, tt, 492-495.

Dissolve 2 g sucrose in 5 ml water and 5 ml hydrochloric acid[7J Ditthard, A.: Thesis. Fachhochschule Giellen, Fachbereich Technisches Gesundheitswesen Dipping solution
1990. (32'10) and make up to 100 ml with ethanol [I].

Slomge The dipping solution can be stored over a onger penou.

Substances Sucrose
HyarocDlori~

Ethanol
Ammonia solution (25 %)

-
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Reaction temperature, treated with ammonia vapor for 5 min in a twin trough chamber whose
empty trough contains 10 ml 25'10 ammonia solution.

Yellow to brown chromatogram zones are formed on a colorless background.
The hexoses that are the initial products of acid 1","_,,1,.., -, "
vated temperature under the influence of acids to yield furfural derivatives (2), Th; Note: In long-wavelength UV light (A = 365 nm) derivatized phloroglucinol emits a
condense, for example, with the phenols to yield triarylmethanes (3), these react furthel reddish fluorescence that is not suitable for quantitative analysis [I].
by oxidizing to yield colored quinoid derivatives (2, 4). Polyhydric phenols, e.g. resor' The detection limits are in the lower nanogram range.
cinol, on the other hand, yield condensation products of Types 5 and 6 [2]. . The reagent can, for example, be used on silica gel, kieselguhr, Si 50000, CN, diol,

cellulose and RP layers.
H H

HO C C OH
H,(L t<H

HOH,C~ '00 'CHO
HH OH

5 Procedure Tested
I

¢~ ""I
I J: u' ."" '" ~

HT3HP +L V -2H 2O ¢-'-O)L-CH,OH C-l!.,)LCHOH "Irihydrlc Pbenols [I]
-HzO ¢ ° 2.: I I Method Ascending, one-dimensional development in a trough chamber

HOH,C~CHO without chamber saturation,OH °-, 3 4 Layer HPTLC plates CN F254s (MERCK).
".,

2

OH HOH2C~CH=OO
Mobile phase Toluene ethyl acetate (80+ 20).

Migmlion distance 6cm+& £( 5 Running time 10 min'" OH

HOn:aO
Detection and result: The chromatogram was dried in a stream of warm air for 10 min,

~
immersed in the reagent solution for 2 s, briefly dried in a stream of warm air and
heated to 110°C for 2 min. After cooling to room temperature it was then exposed to
ammonia vapors for 5 min (5 ml ammonia solution in the empty trough of a twin

CH,OH trough chamber).
6 Phloroglucinol (hR r 15-20) yielded an ochre-colored and pyrogallol (hRr 35-40) a

brown chrornatoaram zone on a colorless backaround. The detection limits were 20 rt rr

Method substance per chromatogram zone.

In situ quantitation: The absorption photometric analysis in reflectance was carried out
either at the absorption maximum of the pyrogallol derivative at Amax = 350 nm (Fig.

The chromatogram is freed from mobile phase in a stream of warm air, immersed in IA) or at the absorption maximum of the phloroglucinol derivative at "'max ~ 420 nm
the reagent solution for 2 s or hornogeneouslv snraved m;,h ;, on" h.;o rt., ".,." ,_ n (J"n 10\

stream of warm air. It is then heated to 110°C for 2 min and, after cooling to room



400 Sucrose-Hydrochloric Acid Reagent

1 Sulfanilic Acid, Diazotized Reagent

1 2
(Pauly's Reagent)

c 2
0

u: c
a I 0 u: Keagem lor:
Vi Vi

I I ~
I • Phenols and amines capable of coupling [4, 8]

w I e.g. aniline derivatives, aminophenols [5]
-..., ....... such as tyramine [9]

A B phenolcarboxylic acids [I, 3]

Fig. 1: Reflectance scansof a chromatogramtrack with200ng each of (1)phloroglucinol and (2) such as gallic acid, caffeic acid, chlorogenic acid
~C >rn ,. ; AOn__ ,m nUD 0.'0.0 f7l

ve-

phenolic aldehydes
such as salicylaldehyde, 4-hydroxybenzaldehyde [3]

-,,-

References
such as coniferyl alcohol [3]
chioro phenols [10]
naphthylamines [6]

[lJ Netz, S.. Funk, W.: Privatecommunication, Fachhochschule GieBen,Fachbereich Technisches
flavonoids [3, 27]

Gesundheitswesen, 1989.
cumarins [I - 3]

[2J Kakac, B., Vejdelek, Z. 1.: Handbuch der photometrischen Analyse organischerverbindun- • Heterocyclics [4]

~ . 0"' ff vertac Chemic Weinheim 1974. e.g. imidazole derivatives
such as histamine [11], clotnmazOIelfZf
kojic acid [13], imidazole thioethers [14]
histidine and metabolites [IS]
indanedione derivatives [2]

• Proteins
e.g. cytochrome C, ovalbumin, aldolase [16]

• Oligo- and polypeptides [18, 21-23, 26J
e.g. Amanita toxins

such as amanitin, phalloidin [17, 20]
0

angiotensin peptides [24, 25]
H2ND-'S OH• um-,

0• Penicillic acid [13]

• Carboxylic acids [29] C6H7N0 3S

e.g.~
'00 10

, "'QW Q-'U,
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Preparation of the Reagent Reaction

Aromatic amines and phenols couple with diazotized sulfanilic acid to yield azo dyes.Solution I

Solution II

Solution II a

Solution III

Dissolve 4.5 g sulfanilic acid (4-aminobenzenesulfonic acid, ani­

line-4-sulfonic acid) in 45 ml cone. hydrochloric acid (32Ofo,

10 mollL) with gentle heating and make up to 500 ml with water.

Dissolve 4.5 g sodium nitrite in 100 ml water.

Dissolve 2.25 g sodium nitrite in 10 ml water and make up to

50 ml with methanol.

Combine 10 ml solution I with 10 ml solutton II whlle coohng In

ice. This solution is ready for use after 15 min reaction at a °C.

Diazonium salt Arom. amine Azo dye

Solution IV

Solution IVa

Dipping solution

SplllY soluhon

Storage

Substances

Dissolve 10 g sodium carbonate decahydrate in 100 ml water.

Dissolve 1.5 g anhydrous sodium carbonate in 15 ml water.

Mix 10 ml portions of solutions I and I1a with cooling to 4"C,
wait 15 min (4"C) and treat with 15 ml solution IVa [28].

MIX equal volumes of solutIons III and Iv Immediately before

use [4, 8, 20].

The spray and dipping solutions should always be made up fresh.
Solution 1Il is stable for up to 3 days at 0 "C. Solutions I, II and

IV are stable over longer periods.

Sulfanilic acid
Hydrochloric acid (32 Ofo)

Sodium nitrite
Sodium carbonate decah drate
Sodjum carbonate anhydrous

Methanol

Method

Tl:l~ chromatograms are freed from mobile phase in a stream of warm air and homogc-

neausly spIdjcd with the fresh}) f)fef)area spray solution until the layer hegins to he

transparent.
Chromatogram zones of various colors appear on a colorless background, usually

immediately but occasionally after a little time [3, 5, 11]. The colors remain stable over

longer periods [20].

Note: The sulfanilic acid can also be diazotizcd in situ on nitrite-impregnated TLC lay­

crs; in this case the chromatograms are merely sprayed with sulfanilic acid solution (2 Ofo
m 10 mol trydrtrctrltrrtc acid) [5]. Diazotized 4-flitroaflilifle eaR also be llsed ill plaCe of

diazotized sulfamlic aCI . n t c case 0 co rimazo , . . .
alcoholic iodine solution to cleave the imidazole ring bound to the molecule, then with

sodium carbonate solution and finally with diazotized sulfanilic acid [12].

2,4,6-Trichlorophenol and 2,3,4,6-tetrachlorophenol do not form dyestuffs [10].
The detection limits for phenols, phenol carboxylic acids, cumarins and flavonoids

are 0.1-1 ug substance per chromatogram zone [I, 3, 7].
The reagent can be used, for example, on silica gel, kieselguhr, Si 50000, RP and cel-

lulose layers.
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II

Procedure Tested 1 2
1

1

\5

Nitrophenols [281 3
II

Method Ascending, one-dimensional development in a trough chamber

with chamber saturation. 4
II

Layer

C ~HPTLC plates Silica gel 60 F254 (MERCK); before the samples u:
were applied these were immersed for 4 h in 2-propanol and then a

v\J I

dried for 30 min at 110"C. After cooling in tbe desiccator the lay-
Vi

ers were protected from atmospheric moisture by covering them I u U I

I em above the start zones with a glass plate.
II

MobUe phase Ethyl acetate - n-hexane (65 +35).
Fig. 1: Reflectance scan of a chromatogram track with 30 ng each of 2,4-dinitrophenol (1) and I

Migmtion distance
,;'_ . . 2\ 60 no each of 2,5-dinitrophenol (3), 4-nitrophenol (4) and 120ng each of

6.5 em 3-nitrophenol (5) and 2-nitrophenol (6) per chromatogram zone.

Rnnning time 13 min

Detecnon and result: The chromatogram was freed from mobile phase in a stream of I

cold air (5 min), immersed in the dipping solution for 1 s and then dried for 5 min in References
a stream of cold air.

b 2,4-Dinitrophenol (hR f 0-5, yellow-brown), 2,6-dinitrophenol (hRf 10-15 yellow-
rown), 2,5-dinitrophenol (hR f 30-35, yellow-brown), 4-nitrophenol (hR f 40~45, yel- [!] Reichling, J., Beiderbeck, R., Becker, H.: Planta Med. 1979,36, 322-332.

10':"), 3-mtrophenol (hRf 50-55, light brown) and 2-nitrophenol (hR r 60-65, pale
[21 Russel, H. A.: Fresenius Z. Anal. Chern. 1970, 250, 125-126.

•'&' "u UII a tigm oeige-co orea background.
i3l Jangaard, N. 0.: J. Chromatogr. 1970, 50, 146 148. I
{4] E. MERCK, Company brochure "1Jyemg Reagen. s70r rtttn-tayer unu cuper

In situ quantitation: The absorption photometric scan in reflectance was carried out
graphy", Darmstadt 1980.

I[5] Dhillon, R. S., Gautam, V. K., Chhabra, B. R.: J. Chromatogr. 1988,435,256-257.

~, a mean wave engtn of "max 420 om (Fig. I). The detection limits per chrornato-
. . ' """ ,." ",0 7<0

10J '-" , ..

gram zone were 5 ng (2,4- and 2,6-dinitrophenol), 10 ng (2,5-dinitrophenol and 3- and
17]Thielemann, H.: Fresenius Z. Anal. Chern. 1978, 292, 237; Pharmazie 1980, 35, 440.

4-mtrophenol) and 80 ng (2-nitropheno]).
[8] Thielemann, H.: Presenlus Z. Anal. Chern. 1974, 269, 125-126; Pharmazie 1980, 35,

329-330.
[9J Evans, C. S., Gray, S., Kazim, N. 0.: Analyst 1988, //3, 1605-1606.

[10] Thielemann, H.: Pharmazle 1970, 25, 367.
[ll] Grimmet, M. R., Richards, E. L.: J. Chromatogr. 1965,20, 171-173.
[12] Ritter, W., Plempel, M., Putter, 1.: Annelm. Forsch. 1974,24,521 -525; Ritter, W.: Proc. Int.

Symp. Instrum. High Perform. Thin-Layer Chromatogr (HPTLCj, 2nd, Interlaken 1982,

100 112.
[13J Dutton, M. E, Westlake, K.: J. Assoc. Off. Anal. Chern. 1985,68,839-842.
[14] Niebch, G., Schneider, E: Z. Naturforsch. 1972, 27b, 675-682.

, .: '.~' .•-~.. ",'<._'0
[161 Jaworek, D.: Chromatographia 1970, 3,414-417.
[17J Andary, C., Enjalbert, P., Privat, G., Mandrou, B.: J. Chromatagr: 1977,132,525-532.

-
[18J Bosshard, H. R.: He/v. Chim. Acta 1971, 54. 951-958.

...
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[19] Brandenburg, D., Gattner, H.-G., Wollmer, A.: Hoppe-Seyler's Z. Physiol. Chem. 1972,353, Sulfanilic Acid-N-(l-Naphthyl)-
599-617.

[20] Palyza, V., Kulhanek, v.: 1. Chroma/ogr. 1970,53, 545-558_ ethylenediamine Reagent[21] Landis, G., Lui, G., Shook, J. E., Yamamura,H. I., Burks, T. F., Hruby,V.1.: 1. Med. Chern..
1989, 32, 638-643.

[22J Neugebauer,W., Elliott, P., Cuello, A. C., Escher, E.: 1. Med. Chem. 1988,31, 1907 191O.'
[23J Samaneu, J., Brandeis, E., Narindray, D., Adams, W., Cash. T.• Yellin, T., Regoli, D.:

1. Med Chem. 1988,31, 737-741.
[24J Bernier, M., Escher, E.: Helv. Chim. Ac/o 1980, 63, 1308-1310.
[25J Escher, E., Bernier,M., Parent, P.: Helv. Chim. Acta 1983,66, 1355-1365.
[26J Coy, D. H., Coy, E. J., Schally, A. V.: 1. Med. Chem. 1973, 16, 83-84. Reagent for:
[27J Chexal, K. K., Handa, B. K., Rahman, W.: 1. Chromatogr: 1970, 48, 484-492.
l~OJ hupper, I.: mesis, racnnocnscnu e u,euen, racnoereicn iecnniscnes uesununeltswesen

• Nitrite [1]1990.
[29] Jork, H.: Private communication, Universitat des Saarlandes, Saarbrucken 1990. • N-Nitrosamines [2, 3]

• Nitro compounds [4]

e.g. explosives
such as RDX, HMX, PETN [5]

HN"'v- NH2

H,N-Q-SOJH cO ·2HCI

'" '"
C6H7N03S C12H,4N2·2HCI

M - 173.19 M,~ 259.18

Sulfanilic acid N-(l-Naphthyl)-

ethylenediamine

dihydrochloride

Preparation of the Reagent

Dipping solution Dissolve 200 mg sulfanilic acid and 600 mg N-(l-naphthyl)-

ethyleneOlamme Olnyuroclllonue in a mtxture u, ~u uu "J' -

chloric acid (32 OJo) and 10 ml water and make up to 200 ml with

ethanol (I).

Storage The dipping solution may be stored in the refrigerator at 4°C for

ca. 3 weeks.
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Substances Sulfanilic acid dihydrochloride [2, 3, 5]. In the case of N-nitrosamines the chromatograms should be
N-(I-Naphthyl)-ethylenediamine dihydrochloride exposed to bright sunlight for 1-2 h before application of the GRIESS reagent [2], or
Hydrochloric acid (32'70) be irradiated with UV light for 10 min while still moist after application of the reagent
Ethanol [3]. Nitro compounds and explosives are detected by first spraying the chromatograms

with sodium hydroxide soruuon ana tnen treanng WtW we reagen ['t, JJ.

The detection limit for nitrite is 10 ng substance per chromatogram zone.
The reagent can, for example, be employed on silica gel, kieselguhr and Si 50000

Reaction layers.

In the presence of acids, sulfanilic acid - like other primary aromatic amines - reacts,
Procedure Testedwith nitrite to yield a diazonium compound that can couple with a suitable aromatic;

amine to yield an azo dye.

+ + Sodium nitrite [IINH, N=NI N=NI

\] H' 19- ~ nNH-CH2- CH2-NH, Ascending, one-dimensional development in a trough chamber1+ NO,--- + - Method
~ Hp

:OlH
~ ;, with chamber saturation.

S03H SO,H

Layer TLC plates Silica gel 60 F254 (MERCK).

Sulfanilic Diazoniurn N-( l-Naphthyll-cthylenediamine Mobile phase 2-Butanol - ammonia solution (25t1lo) (8+2).
acid compound

Ho1s-Q-N=N-g--NH-CH2- CH,-NH,

Migration distance 4cm

Running time 25 min
~ ;,

Azodye Detection and result: The chromatogram was dried in a stream of warm air (10 min)
and then heated to 120'C for 15 min. While still hot (!) it was immersed in the reagent
so u IOn [L S) anu well uriou ill a ",0<U" U. W.U air 'v' >V ....... •

Method
Nitrite (hR

f
25-30) yielded a red chromatogram zone on a pale pink background.

The detection limit was ca. 10 ng substance per chromatogram zone.

In situ quantitation: The absorption photometric evaluation in reflectance was carried
The chromatograms are dried in a stream of warm air for 10 min, then heated to 120·C out at the wavelength A. = 550 nm (Fig. I).
>v, ." ...in auu imrrrersed w"i,e stttt not \'J in tne mppmg so uuon or 1 S or sprayee
homogeneously with it and then dried in a stream of cold air for 10 min.

Nitrite, N-nitrosamines and the explosives RDX and HMX yield reddish-violet;
chromatogram zones on a pale pink-colored background. .

Note: Other aromatic amines, e.g. 1-or 2-naphthylamine in acetic acid solution (GRIESS

reagent), can oe usee as coupling agent instead of N-(I-naphthyl)-ethylenediamine
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1 Tetrabromophenolphthalein

A
c

.2 0

Ethyl Ester-Silver Nitrate-Citric Acidu:
I' I
'-J \ Reagent

Fig 1: Reflectancescan of a chromatogram track with 50 ng nitrite (I). (Duggan Reagent)

References

Reagent for:
[I] Zeller,M.: Privatecommunication, Ciba-GeigyAG,Stofftrennung und Promotion, K-127.270,

Basel, 1991.
• Thiophosphate pesticides [I]

[2] Vasundhara, T. S., Jayaraman, S., Parihar, D. B.: L Chromutogr. 1975 /15 535 541.
[jJ een, N. P., Dalpe, C.: Analyst 1972,97,216 220. _ U>u...". _,

[4] Harlow, M. c., Stermitz, F. R., Thomas, R. D.: Phytochemistry 1975,14, 1421-1423.
COOH[5] Midkiff, C. R., Washington, W. D.: L Assoc. Off. Anal. Chern. 1976, 59, 1357-1374.

~
I

s-, OC,Hs TH2

Brl: I ~",~Br HO-C-COOH
I
CH2

K+-O 1 1 ~
COOHBr Br

C22HnBr404K AgN03 C.Hg07·Hp

M, = 700.08 M,= 169.87 M,~ 210.14

3,3',5,5' -Tetra- Silver nitrate Citric acid

bromophenolphthalein
ethyl ester K salt

- .<" .L.. v ...~
Dipping solution I Dissolve 0.1 g 3,3',5,5'-tetrabromophenolphthalein ethyl ester po-

tassium salt in 50 ml acetone [2].

Dipping solution II Dissolve 0.5 g silver nitrate in 25 ml water and make up to 100 ml

with acetone [2]-



,.

,,, ., n ,~ ~. '. V,L 'V~•. ~"'"o_ "".0'. -Citric Acid Reazent 413
'neag.. e

Dipping solntion m Dissolve 5 g citric acid monohydrate in 50 ml water and make The detection limits for thiophosphate insecticides are 50-100 ng substance per chro-

to 100 ml with actone [2]. ;natogram zone [II·

Storage Dipping solutions I and 11\can be stored in the refrigerator fot
The reagent can, for example, be used on silica gel, kieselguhr, aluminium oxide and

least I week. Dinni '. " . . Si 50000 layers.
'OJ

Substances Tetrabromophenolphthalein ethyl ester potassium salt
Silver nitrate
Citric acid monohydrate Procedure Tested
Acetone

Triazines [2]

Reaction Method Ascending, one-dimensional development in a trough chamber

without chamber saturation.

3,3',5,5'-Tetrabromophthalein ethyl ester ootassium salt is a nll indicator IhM ~h.n_
Layer HPTLC plates Silica gel 60 F254 (MERCK), that were prec1eansed

'0 .L ·.A ".

from blue to yellow in the pH range 4.2 3. II is known that proteins and alkaloids fonlj, uy U'I'I''''''''' VI'

blue-colore~salt-like ~dsorPtion compounds with this indicator that are not destroyell
110°C for 60 min.

by weak acids [3]. Thiophosphate pesticides and triazines possibly form similar com-e Mobile phase n-Pentane - chloroform - acetonitrile (50+40+10).

pounds.
Migration distance 7cm

0 •• __ : __ 1me 25 min

Method Detection and result: The chromatogram was dried for 5 min in a stream of cold air
and for 15 min at 60 "C, then immersed in dipping solution I for 3 s. After drying for
15 min in a stream of cold air it was immersed in dipping solution 1\ for 3 s, dried for

The ~hromat~grams are free~ fr~m mobile phase in a stream of warm air, immersed in: exactly 2 min in a stream of cold air, immersed in dipping solution 111 for 3 sand fi-

. "0 . '..' v, coru ail ro 1J min tmm" sou ill dip
_.. .. .f "" .;. fM < ... 'n

~tng. solution II ~or 3 s. After drying lD a stream of cold air for 2 min they are immersed' The triazines aziprotryn (hR, 90-95), dipropretryn (hR f 80-85), prometryn (hR,

10 dipping solution III for 3 s and finally dried for 5 min in a stream of cold air, 75-80), ametryn (hR f 65-70), desrnetryn (hR r 50-55) and methoprotryn (hR f 40-55)

Blue-colored chromatogram zones are formed on a yellow background. yielded blue-colored chromatogram zones on a yellow background, that turned pale
yellowish-green after ca. 1 h. However, this did not interfere with the quantitative evalu-

Note: The dipping solutions can also be used as spray solutions [I]. The chromatogram arion. The detection limit was 20 ng substance per chromatogram zone.

wuc, d.C IIlUSl rnenseiy oiue-co oreu 0 0 lU m10 a ter the chromatograms have DeeD

treated with ~itric acid [I]. The whole layer background then gradually acquires a bluc>-. In situ quantitation: The absorption spectrophotometric quantitation was carried out

green coloration over a further 10 min period. However, the difference in color between in reflectance at the wavelength A. ~ 565 nm (Fig. I).

the chromatogram zones and their background can be restored once more by further
trea~ment with citric acid before the blue color of the derivatives completely and irre-
versibly fades after about 30 to 40 min [I]. The analogous oxygen compounds to para-
trnon, uicntorvos, naled, mevinphos, phosphamidon and trichlorfon do not react [I].
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45 N,N,N',N'-Tetramethyl-l,4-
1 phenylenediamine Reagent3

(Wurster's Blue Reagent)

c
o 6 0

Vi ~ U::

I ~ Ull Reagent for:

Fig. 1: Reflectance scan of a chromatogram track with 200 ng substance per chromatogram zo~ • Peroxides
1 = methoprotryn, 2 = desmetrvn, 3 = ametryn,4 = prometryn, 5 = dipropretryn.6 = aziPTOtI'}'1l e.g. sterol hydroperoxides [I],

such as cholesterol linoleate hydro peroxide [2]

• Steroids [I]
e.g. 6.4-3-ketosteroids

References • Nitrate esters
e. g. nitroglycerine, diglycerine tetranitrate

ethylene glycol dinitrate [3]
[lJ Sherma, 1. in: 1. Sherrrta, G. Zweig (Bds.), Analvtica Methods c, • Polynitroaromatics [3]

urowtn Regutatars, Vol. VII, AcademicPress. New York, London, 1973. • Pesticides and pesticide metabolites
[21 Battenfeid, R.: Thesis, FachhnchschuleGiefsen, FachbereichTechnisches Gesundheitswesen, e. g. aniline and urea derivatives [4]1989.

carbamate and organophosphorus insecticides [4][3J Feigl,F., Anger,V.: Spot Tests in Organic Anaiysis, 7th Ed., p, 370tf., Elsevier, Amsterdam.
London, NewYork, 1966. triazines [4, 5]

• Aromatic amines
t a, 1-

4-nitroaniline, 4-arnino-3-nitrotoluene [5]

H3C CH3
\~+/cr IIN+ ~;, NIl cr
I \

H3C CH3

ClOHlgCl2N2

M, = 237.17
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Preparation of the Reagent

Dipping solution

Spray solution

Storage

Substances

Dissolv~ 5~ mg N,N,N',N'-tetramethyl-I,4-phenylenediammo_
mum cicruonoe (lI'UU) m 100 ml methanol [5] or acetone [3].

Dissolve I g TPDD in a mixture of 50 ml methanol, 50 ml water
and I ml glacial acetic acid [IJ.

The dipping solution may be stored in the refrigerator for I to 2
weeks. It should alwaysbe prepared fresh for quantitative work [51.

N,N,N',N'-Tetramethyl-I,4-phenylenediammonium dichloride
Acetone
Methanol
Acetic acid (100"10)

After a few minutes drying in air sterol hydroperoxides, nitrate esters, triazines and
aromatic amines yield blue-violet chromatogram zones on a pale blue to violet back­
ground [I, 3]. Polynitroaromatics yield yellow to dark beige zones [3].

Note: The substances that will react with I JUU reagem 00 no au reac wim me cnemi­
cally related N,N-dimethyl-I,4-phenylenediamine reagent (N,N-DPDD, q.v.). Hence it
is possible to use both reagents at the same time to allow differentiation between sub­
stances (cf. Table I) [4]. The reaction on the reagent-treated layer can be accelerated by
brief exposure to UV light [3]. When allowed to stand the spray solution relatively rap­
idlv discolors to a dark violet [I], so it should always be made up freshly. The contrast
between the colored zones and the background can be improved by warming the chro­
matogram. The colors of the chromatogram zones remain stable for several days, while
the background gradually darkens [I].

The detection limits per chromatogram zone are 50 ng substance for sterol peroxides
[I], 20-100 ng for nitrate esters [3] and 5-25 ng for aromatic amines [5].

T. __ ......"~~ f~" ~~.. _nlD ~n .• oxide silica eel. kieselzuhr and

Reaction

Peroxides oxidize TPDD to WURSTER'S blue, a product with a semiquinone diirnine
struc ure [I]. :S1I~1l1arly WURSTER'S blue is also produced from TPDD by reaction with
h~lo~en-co~taImng . substances produced by the reaction of aromatic amines and
tnazines with chlorine gas.

Oxidation

-,
CH,

WURSTER's blue

Method

The Chromato~ram is .freed from mobile phase, lightly but homogeneously sprayed with
the. spray solUl~on or Immersed in the dipping solution for 2 s. Triazines and aromatic
ammes must first be converted to chlorinated derivatives by exposing the chromato-
cram In ehlm';~.. n . (, 'm. ~

Si 50000 layers.

Table 1: Comparison of the reaction of pesticides (amounts applied 0.8 ug, without chromato­
graphicdevelopment) with N,N-DPDD (WURSTER'S Red)and TPDD (WURSTER'S Blue) reagents
[4J: - = negative, (+) ::::: weakly positive and + + + = positive reaction.

Substance class/Substance
WURSTER'S Red WURSTER'S Blue

Reaction Reaction

Aniline derivatives
Alachlor - -

Pendimethalin - -

Trifluralin - -

erazacmor
Metolachlor - (+)

Carbamate pesticides
Aldicarh - +++
Carbetamide - +++
Carbofuran - +++

,,--,,--p, +++
Phenmedipharn - +++
Propharn - +++

Urea pesticides
CWoroxuron (+) +++
Chlortoluron (+) +++

Diuron (+) +++
Dimefuron +++
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Table1 (continued) Table 1 (continued)

Substance class/Substance
WURSTER'S Red WURSTER'S Blue

-- WURSTER'S Red WURSTER'5 Blue

Reaction Reaction
substance class/Substance Reaction Reaction

Fenuran .•;..1" metabolites
Isoproturon +++ .\niline

+++

Linuron - +++ -1-_Bromoaniline +++ +++

Methabenzthiazuron - +++ 1,_Chloroaniline +++ +++

Metobromuron - ~_Chloroaniline +++ +++
+++

Metoxuron - -I_Chloropheool - +++
+++

Monolinuron (+) Dc~ethylatrazine
- +++

+++
Monuran i.: Dichlobenil

Cblorinated bydroearbons
3,4-Dichloroaniline +++

Endosulfan
2,4-Dichlorophenol +++ +++

- 2.6-Dimethylaniline
- +++

Organophosphorus pesticides
Azinophos-ethyl - +++
Chlorphenvinfos - -
~ .

Parathion-methyl (:;
Triazines

Procedure Tested
Atrazine +++ +++
Cyanazine +++ +++
Desisopropylatrazlne +++ +++ Aromatic Amines [5]
Hexazinon d

Metamitron
Metribuzin (+)

Method Ascending, one-dimensional development in a trough chamber

Prometryn
- without chamber saturation.

+++ +++
Propazine +++ +++
Sebutylazine

Layer TLC plates Silica gel 60 F254 (MERCK).

Simazine
+++ +++

Terbutryn
+++ +++ Mobile phase Toluene - ethanol (19 + I).
+++ +

Terbutylazine +++ +++ M'grallon distance ~cm

Uracil derivatives Running time 13 min
Bromacil - +++

Aromatic nitro compounds
Detection and result: The chromatogram was first dried in a stream of cold air for

Dinocap - - 10 min, it was then placed for 2 min in a chamber filled with chlorine gas (cylinder),
n;nM." ~_~.... ,h, c. c. ___~"" _.. ,.' ;n 0 "rpom of cold air for exaetlv 5 min (fume cup-

MiseeUaneou. pesticides board!) and immersed in the dipping solution for 2 s.

Amitrole - +++
After drying for 10 min in a stream of cold air 1,4-phenylenediamine (hR f 5-10),

Bentazon - +++ 2-amino-4-chlorophenol (hR f 15-20), 4-nitroaniline (hR f 25-30) and 1,4-amino-3-nitro-
Chloridazon
Crimidine

- +++ toluene (hR
f

50-55) appeared as blue-violet chromatogram zones on a blue back-
- (+)

Vinclozolin
ground, These could be recognized without difficulty for several days from the back

+++ -,
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The detection limits per chromatogram zone lay between 5 ng (1,4-phenylenediamine, Thymol-Sulfuric Acid Reagent
4-nitroaniline) and 25 ng (2-amino-4-chlorophenol, 4-amino-3-nitrotoluene).

In situ quantitation: The photometric evaluation was carried out in reflectance at a
wavelength of x= 608 nm (Fig. I).

3 Reagent for: I
1 2 I

• Sugars

IE
c e.g. mono-, di- and trisaccharides [\-10, 13]
a

Vl uLJ
fructo-oligosaccharides [I]

I

j • Polyglycerols [11]

I• Sugar alcohol>

H)--o-CH'U e.g. sorbitol [12]

- on' .,r'''' n 4 61
I

Fig. 1: Reflectance scan of a chromatogram track with 125 ng each substance per chromatogram
110

zone: 1 = La-phenylenediamine, 2 = 2-amino-4-chlorophenoi, 3 = a-nitroanilioe, 4 '-=- 4-amino- CJOll'40 "2S0 ,
3-nitrotoluene. ", AO

r r

Thymol Sulfuric acid

References

~f tho
"". ~ -'"

[2] Harland, W.A., Gilbert, 1. D., Brooks,C. 1. w.: Biochem. Biophys. Acla 1973,3/6, 378- 385.
[3) Urbanski, 1., Krasiejko, T., Poludnikiewicz, W.: .I. Chromatogr. 1973,84,218-219.
[41 Kraker, B.: Thesis, Fachhochschule Giel3en,Fachbereich Technisches Gcsundheitswesen, 1991. • 0- IU<07o\ ,n" cau iouslv add
[5] Zeller, M.: Private communication, Ciba-Geigy AG, Stofftrennung und Promotion, rnppmg ,OIUl;UU u" .- E

K-127.2.70, Basel, 1991. 5 ml cone, sulfuric acid.

Storage The reagent solution may be kept for about 2 days [II·

Substances Thymol
Ethanol (96070)

Sulfuric acid (95-97 070)

-
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Reaction Ethyl acetate - ethanol (96010) - acetic acid (600f0) - boric acidMobile phase
solution (cold saturated) (50+20+10+10).

The mechanism has not been elucidated. Migration distance 10 em

Running time )U-)) min

Method
Detection and resnlt: The chromatogram was dried at 55 'C for 30 min, immersed in
the reagent solution for 3 s after cooling and then heated to 1I0'C for 10 min.

The sugars fructosyl-nystose (hR f 15-20), maltotetraose (hRf 15-20), nystose (hR f

The chromatograms are freed from mobile phase in a stream of cold air, immersed ilIll

20), I-kestose (hR
f

20 25), 6-kestose (hRf 20-25), raffinose (hR f 20-25), melibiose
(hR

r
20 25), maltotriose (hR 20 25), panose (hK f ZU-LJj, me ezi 0'0 \,or f .<.0), ".~'u"

the reagent solution for 3 s [1] or sprayed homogeneously with it until the layers be . (hR
f

25), sorbose (hR
f

25-30), trehalose (hR f 25-30), neokestose (hR f 25-30),

to become transparent ~2, 11, 13]. They are then heated to 110-125 'C for 5 to 20= turanose (hR
f

25-30), fructose (hRf 30), maltose (hRf 30), sucrose (hR f 30-35), galac-

[1,2,7, 10, 11, 13] or, m the case of sorbitol, to 170'C for 10-15 min [12]. : lose (hR
f

35-40), glucose (hR f 40), arabinose (hRf 40-45), mannose (hR f 40-45),

The sugars appear as chromatogram zones of various colors (yellow, pale pink red; xylose (hRf 45-50) and ribose (hRr 50) appeared as reddish-blue chromatogram zones

to blue) on an almost Mlnrlocc II.' '- " Hr. • ' , on a oale background (Fig. IA).

to violet-pink coloration [2, 4, 6].
-'6'

Note: The vario~s tones of the colors produced by the sugars, that alter during the first

In situ quantitation: The photometric measurement in reflectance was carried out at
A = 525 nm (Fig. IB). In order to ensure that the zone coloration had stabilized, scan-

hour after reaction [I, 2], make it possible to differentiate according to color. Glucose ning was not commenced until ca. 30 min after the dipping process. The detection limit

and galactose are .somewhat. les.s strongly pigmented than the other sugars [I]. Prolon- for sugars was of the order of 25 ng substance per chromatogram zone.

• • ._yy .." CUT rreasr
on silica gel layers impregnated with bisulfite [10].

The detection limits for sugars are of the order of 25 ng substance per chromatogram
zone [I].

:rh.e reagent can, .f~r example, be used on silica gel, sodium acetate, bisulfite- or boric
acid-impregnated silica gel layers, kieselguhr and silica gel/kieselguhr layers.

Procedure Tested

nuclo-Oligosaccharides [I]

Method Ascending, one-dimensional development in a trough chamber
without chamber saturation.

Layer TLC plates or TLC aluminium sheets silica gel 60 F254 (MERCK).
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3 Tin(ll) Chloride-Hydrochloric Acid-
2 4-(Dimethylamino)-benzaldehyde

Keagent
A

6
A

* <
!> .. c Reagent for:

• "
0• • t.t.. .. ..

0 I • Aromatic nlrrocompounds [1]
Vi e. g. nitrophenols [2, 3]

... ~ 3 'f t; , 'I , I / pesticides [2J
4

V VV V
carboxy IC acia L;, -uin'

B He 0

Fi~. t: (A) Chromatographic separation of sugars. Track 1: fructose, 2: sucrose, 3: glucose, 4:
1 'N-Q-c/

m~ture of t~e substances in tracks 1- 3, 5: mixture of substances in tracks 1- 3 and 6, 6: Fructo-
H}C/ - 'H

oltgosacchandes, 7: l-kestose, 8: mixture of glucose, maltose, maltotriose and maltotetraose,
C9H11NO(B) Absorption scan of track 5 with 200 ng each substance per chromatogram zone: 1 - fructosvl- SnCI2·2Hp HCl

nystose, 1. nystose, 3 'l-kestose, 4 <fructose, 5 sucrose, 6 - glucose. M, = 255.63 M, = 36.46 M, = 149.19

Tin(ll) chloride Hydrochloric 4-(Dimethylamino)-

acid benzaldehyde

References

[1] Grosz, J., Braunsteiner, w.: J. Planar Chromatogr. 1989, 2, 420-423.
[2] Kartnig, Th., Wegschaider, 0.: J. Chrornatogr. 1971,61, 375-377.
[3J Lenkey, B., Csanyi, 1., Nanasi, P.: 1 ua. Chrornatogr. t986,9, 1869-1875. Preparation of the Reagent
[4] Young, D. S., Jackson, A. 1.: Clin. Chern. 1970,16,954-959.
[5J Hiller, K., Bader, G., Schulten, H.-R.: Pharmazie 1987, 42, 541-543.
[6J Kartnig, Th., Wegschaider, 0.: Planta Med. 1972, 21, 144-149. ,r on _1 hu_
LIJ xruger; U., WIChU, M.: Dtsch. Apoth. Zig. 1985,125,55 57. UlpplDg so u iOIl J JJ'»U '< ~ ~

[8] Metwally,A. M., Saleh, M. R. I., Arner, M. M. A.: Planta Med. 1974,23, 94-98. drochloric acid (32"10) and 30 ml methanol [3].
[9] Skopp, K.• Horster, H.: Planta Med. 1976,29,208-215.

Dissolve 0.25 g 4-(dimethylamino)-benzaldehyde in 50 ml of a[10] Adachi, S.: 1 Chromatogr. 1965,17, 295-299. Dipping solution II
[11] Dallas, M. S. 1.: J. Chromatogr. 1970,48,225-230. mixture of ethanol and I-butanol (50+50) [3].
[12] G~osz, 1.: Private communication, Zuckerforschungs-Institut, Zaunergasse 1-3, A-1030 Treat 3 ml15 percent aqueous tin(lI) chloride solution with 15 mlWlen, September 1989. Spray solution I
"01 Kartrrig; • ri, , uruoer,

• . . ' ,or. " 01
., wreuner; .: sec "harm. 1988,56, 161 168. nyurocruonc "CIU \'~ ''''
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Spray solution II Dissolve I g 4-(dimethylamino)-benzaldehyde in a mixture of Chromatogram zones of various colors arc produced on an almost colorless back-

30 ml ethanol, 3 ml hydrochloric acid (32'70) and 180ml ground, most of them can be excited to emit fluorescent light on exposure to long-wave-

I-butanol [I, 2]. length UV light (A~ 365 nm).

Storage The reagent solutions should always be made up fresh. Note: The aromatic amines produced by reduction with SnCl, in acidic medium can

Substances Tin(lI) chloride dihydrate be detected with f1uorescamine (after neurrahzatron OJ tne ayer oy spraying with

4-(dimethylamino)-benzaldehyde dium carbonate) instead of 4_(dimethylamino)-benzaldehyde [5].

U"A ochloric acid 132'10' In the case of dinitrophenols the detection limits are 100 pg to 200 ng substance per

Ethanol chromatogram zone [2, 3].

Methanol The reagent can be used, for example, on silica gel, kieselguhr, Si 50000 and cellulose

I-Butanol layers.

Reaction Procedure Tested

Tin(lI) chloride reduces aromatic nitro compounds to the corresponding amines, these
Nitropbenols [31

tnen react wtth ' ~

0" -0-- /CH3
Method Ascending, one-dimensional step development in a trough cham-

H0-O--NO, ~HO-O--NH2 + "C 1 ~ N
ber with 5 min drying in cold air betweeen the two development

Reduction - H/ - 'CH] H,O steps (1st development at room temperature without and 2nd de-

velopment at -20°C with chamber saturation).

4-Nitrophcnol 4-Aminophenol 4-(Dimcthylamino)- HPTLC plates Silica gel 60 F", (MERCK); before application of
benzaldehyde Layer

the samples the layers were washed by immersing them for 4 h in

CH, 2-propanol, then dried at 110°C for 30 min, before bemg storea

HO-O--N=CH-O--N~ . over silica gel in a desiccator. When the samples were being ap-
- CH3 r above the anolication zone was covered with a glass

SCHIFF's base
plate to avoid adsorption of moisture from the atmosphere.

Mobile phase 1. Methanol
2. Ethyl acetate - a-hexane (65+ 35).

Method
Migration distance I. 0.7 em

2.7 em

n. an

The developed chromatograms are dried in a stream of warm air, immersed in dipping 2. 20 min

solution I for I s or sprayed homogeneously with spray solution I and heated to
c.:

W"-IWTrorllfmm. Aller coo ing the pates are immeTseu in rrrrtrr uelecliUlnlmr .•
min in a stream of cold air

I s or sprayed homogeneously with spray solution II and dried for 5 min in a stream and immersed in dipping solution I for 1 s and then heated to IIO"C for 10 min. Then

of cold air. after cooling to room temperature, it was immersed in dipping solution II for 1 sand
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dried in a stream of cold air for 5 min, Finally the plate was dipped in a solution of In situ quantitation: The absorption photometric scan in reflectance was carried out,

liquid paraffin - n-hexane (I + 2) to stabilize and enhance the fluorescence. for example, at a mean wavelength of )"~ 490 nrn (Fig. I), Here the detection limits lie

In daylight the nitrophenols appeared as variously colored chromatogram zones on between 100 pg (2,4- and 2,6-dinitrophenol) and 2 ng (2- and 3-nitrophenol). The

a pale yellow background, under long-wavelength UV light ()" = 365 nm) they were ex- fluorimetric scan, for example, may be carried out at ),,'" = 408 nm and the fluores-
0;'- , " .. 0< ~". n ' . . , UI) __ 10'" oN ",.~. F1 dhi

, auu uuv.o.-

cence colors are listed in the table below:

Substance hRf Color Fluorescence color

2,4-Dinitrophenol 10-15 orange yellow References
) h_ OI) 0<

2,5-Dinitrophenol
"0

35-40 red orange
4-Nitrophenol 60-65 yellow green [I] E. MERCK, Company brochure "Dyeing reagentsfor Thin-layerand PaperChromatography",
3-Nitrophenol 65-70 yellow-green green Darmstadt 1980.

2-Nitrophenol 80-85 yellow pale green
[2] Thier, H,-P.: DiSCh. Lebensm. Rundsch. 1970,66,393-398.
[3] Kupper, T.: Thesis, FachhochschuleGieBen,Fachbereich Technisches Gesundheitswesen, 1990.
[4J Jurecek, M., Churacek, 1, Cervinka, V.: Mikrochim. Acla (Wien) 1960,102-112.

3 [5J zaxrevsxv, J.-li., Mallet, .: J. i.nroma ogr. ., , lJ., J'J J.',

1
3

2 ,
I

1
2

3

5 J

I. I.

" ~vU ~
C

"1: 1 C

" ~ eiii iii 1.L

~ ~~
1.L

I I ~ I Ir-

A B C

Fig. 1: ~~flectance (A) and tluo~es.cence scans (B. C) of a chromatogram track with 30 ng each
of 2,4-dmHrophenol (1)and 2,6-dmllrophenol (2), 60 ng each of 2,5-dinitrophenol (3)and 4-nitro-
phenol (4) and 120ng each of 3-nitrophenol (5) and z-nitrophenot (6) per chromatogram zone.
Refle~~nce ~~~urement at A:-,490 om (A), fluorescence measurements at A= = 408 om and

exc n
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Tin(lV) Chloride Reagent Reaction

The reaction mechanism has not been elucidated.

Reagent for:

• Sterols, steroids [1, 2]
Method

L"

• Triterpenes [2]

• Fatly acids [l]
The chromatograms are freed from mobile phase in a stream of cold air and then im-

• Amino acids [1]
mersed in the dipping solution for 2 s or sprayed homogeneously with it and then dried

• Purines [1]
for ca. 3 min in a stream of cold air [4].

• Pyrimidines [I]
After reaction the flavonoids, that exhibit weak fluorescence even before derivatiza-

• Carnonydrates [II
';nn onnpor no a colorless back-round as vellow chromatogram zones; they are excited

• Flavonoids [4]
to yellow to reddish-yellow fluorescence by long-wavelength UV light (J,.- 365 nm) [4].

• Phenols, polyphenols [2] Note: Many substances do not react until the temperature is raised, e.g. to 160- 200°C
[1]. The reagent can also be applied via the vapor phase at 160°C [1].

SnCl4
The detection limits for flavonoid substances are 5-10 ng substance per chromato-

...
M, - 260.50

b

The reagent can be employed on silica gel, kieselguhr and on Si 50000 layers.

~ ft .•
.I: Ul me

~ . ...... ..... ......." .......

Dipping solution Add 2.5 ml tin(lV) chloride to 40 ml of a mixture of equal vol- Flavonoids [4)

urnes chloroform and glacial acetic acid [4].

"'ft~p~ -r-i,
Method Ascending, one-dimensional development in a trough chamber

W1Jn cnamoer saturation. "lLO'
orT"

Substances Tin(IV) chloride

"p

plates were preconditioned for 30 min at 100% relative humidity

Chloroform and then developed immediately.

Acetic acid (100070)
Layer HPTLC plates Silica gel 60 F254 (MERCK).

Mobile phase Ethyl acetate water formic acid (85+ 15+ 10).
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Migration distance 5 em References
Running time 15 min

Detection and result: The chromatogram was dried for co 1 min in ,< '"
[1] Segura, R., Navarro, X.: 1 Chromatogr. 1981,217, 329-340. "
[2] E. MERCK, Companybrochure "Dyeing reagentsfor Thin-layer and Paper Chromatography ,air, immersed in the reagent solution for 2 s and then dried for Ca. 3 min in a stream

Darmstadt 1980.of cold air.
[3] Glombitza,K.·W., Gielsdorf,W., Eckhardt, G., Koch, M.L.: Plant~Med. 1975,27, 367-371.

The chromatogram zones, that were slightly fluorescent even before derivatization, [4] Netz, S., Funk. W.: Fachhochschule Gielsen, Fachbereich Technisches Gesundheitswesen,
appeared as yellow zones on a colorless background, under long-wavelength light Private communication, 1989.

(A~ 365 nm) they fluoresced, yellow in the case of rutin (hR f 20- 25), red-yellow in the
case of ouercitrin thR· 1i0-1i,) on" ""prrp,i· (h" Q<_nm.

On account of the noisier background the detection limits for fluorimetric determi-
nation were twice as high as those for reflectance determination where they were 5 ng
substance per chromatogram zone. An additional immersion in liquid paraffin -
n-hexane (1+2) did not lead to an intensification of the fluorescence.

Tn ,it" • Th
was carneu out'"

at A~ 420 nm (Fig. IA), and the fluorescence Scan was carried out at A"", = 436 om
and An > 560 nm (cut off filter Fl 56) (Fig. IB).

2 1

2
3

1

3

I

.8 C -::: C
0 0

l.L Vi l.L

I J ~~U I Il..A......J..L.i
I
iA B

IFig. 1: Reflectance scan (A} and fluorescence scan (B)of a chromatogramtrack with 200ng (A)
. "0 ~DJ eacn SUUSl.<1nce per cnromatogram Zone: I rutin, 2 quercitrin, 3 quercetin.

I



m. n. '"

Titanium(III) Chloride- Method

Hydrochloric Acid Reagent
The dried chromatograms (2 min in a stream of cold air) are immersed in the reagent
solution for 10 s or sprayed homogeneously with it and then heated to llO °C for

10 min.
Yellow chromatogram zones are produced on a colorless background.

Reagent for: Note: The photometric detection limits for ascorbic and dehydroascorbic acids are less

,0 no substance ner chromatogram zone.

• Ascorbic acid, dehydroascorbic acid [I, 2]
The reagent can, for example, be employed on silica gel, kieselguhr and Si 50000

layers.

rtci,
M, = 154.27

~ . '1"'""".",,<1

Preparation of the Reagent
Ascorbic Acid and Debydroascorbic Acid [3)

Method Ascending, one-dimensional development in a trough chamber

Dipping solntion Make 15 ml titanium(llI) chloride solution (c ~ 15"70 in 10 per-
-wirrr ""Hue' ,acu,aUUH.

cent hydrochloric acid) up to 100 ml with ethanol (96"70) [2]. Layer HPILC plates Silica gel 60 F254 (MERCK).

Storage The dipping solution can be stored for longer periods. Mobile phase Ethanol (96"70) - acetic acid (10"70) (95 +5).

Substances Titanium(llI) chloride (15"70 in 10 percent hydrochloric acid) Migration distance 5cm

~'uuuv ,_ ,,"unn;nl: ';lIIe '0 1I1I1I

Detection and resnlt: The dried chromatogram was immersed in the reagent solution

Reaction
for 10 s and then heated to llO°C for 10 min.

Ascorbic acid (hR f 50-55) and dehydroascorbic acid (hR f 65-70) appeared as yellow

chromatogram zones on a colorless background.
I ne detecnon nrmts tor botn ascormc acia ann . ae.u .e.. '0

The mechanism of the reaction is unknown. substance per chromatogram zone.

In situ quantltation: The absorption photometric evaluation in reflectance was carried

out at the wavelength A= 400 nm (Fig. I).
,



436 Titaniumtlll) Chloride-HyarocfllOfic ACIO neugeru

, Uranyl Acetate Reagent

2
Reagent for:

• Substances absorbing UV light

0
C Col;. ar omarrcs ", ~" I'

::Vi l.L
• Histidine [2]

I V I
• Sterols, fatty acids, triglycerides,

essential oil components [3]
\-- • Flavones, quinones

Fia 1: Reflectance scan of a chromatogram track with 2 Ilg each of ascorbic acid (I) and

dehydroascorbic acid (2) per chromatogram zone. tLn3LVV 2uv2' ~H2~

M,= 424.15

References

[I] Funk, W., Schnekenburger, G.: GIT Fachz. Lab. Supplement 3 "Chromatographic" 1989,
Preparation of the Reagent

90-96.
[2] Schnekenburger; G.: Thesis, Fachhochschule Giefien, Fachbereich Technisches Gesundheits-

wesen, 1987. Dipping solntion
[3] Ganz, 1., Jork, H.: InCom, Training course, Dusseldorf 1993.

Dissolve I g uranyl acetate in 20 ml water with warming and

make up to 100 ml with ethanol [3].

Spray solntion Dissolve I g uranyl acetate in 100 ml water [I, 2].

Storage The dipping solution can be stored over a longer period.

Snbstances Uranyl acetate dihydrate
Ethanol

,
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Reaction
Migration distance 5cm

Running time 7 min

, ".'~"nn on" result: The chromatoaram was heated to l200e for 60 min and then
T

absorbing UV light. It is also possible to detect certain substances whose absorption cooled to room temperature, dipped in the reagent solution for 3 s and then dried at

wavelengths interfere with the uranyl cation [I]. l200e for 30 min. Cholesterol (hR, 10-15), stearic acid (hRr 20-25) and tripalmitin

(hR, 45-50) were visible uuder long-wavelength UV light O. = 365 urn) as dark chro-
matographic zones on a yellow fluorescent background. The visual detection limits
were 100 ng substance per chromatogram zone for cholesterol aud tripalmitin and
<M , 7~n' f~r stearic acid.

Method
In situ quantitation: The fluorimetric analysis was carried out at A.exc = 313 nrn and at
A.fl > 560 urn (cut off filter FI 56). The chromatogram zones gave a negative signal (the

The chromatogram is freed from mobile phase, immersed in the dipping solution for fluorescent background was set at 100"10 emission).

3 s or homogeneously sprayed with the spray solution and then heated to lOO-120oe

for 10 30 min tn. j

When examined under UV light (A. = 254 or 365 nm) dark chromatogram zones are

observed on a yellow-green fluorescent background.

Note: Uranyl nitrate can be used instead of uranyl acetate [I]. The detection limits for
purines are 10 ng substance per chromatogram zone.

The reagent can, for example, be used on silica gel, kieselguhr and Si 50000 layers;

cellulose [1] and RP layers are unsuitable.
0 ~Vi LL

Procedure Tested
LU '.vJ ~J

Fig. 1: Fluorescence scan of a chromatogram track with 400 ng cholesterol (1), 200 rng stearic acid
(2) and 400 ng tripalmitin (3) per chromatogramzone.

Sterols, Fatty Acids, Triglycerides [3]

]\,f••hn" ~n._ . in a trouah chamber

with chamber saturation. References
Layer HPTLC plates Silica gel 60 F254 (MERCK). Before application of

the samples the layers were washed by immersing them for I h in

methanol, then dried at 1100e for 30 min.
[I] Sarbu, c., Marutoiu, C.: Cnromatographia 1985,20, 683-684.

]\,f_"". _h••_ ", ..hu' o.h.. •'.e'. I ocptic oci" t~O .'0 . n

[2] Scherz. H., Weisz, H.: Mikrochim. Acta (Wien) 1967, (2), 307- 309.

,_l-I.vono [3] Kany, E., Jork, H.: GDCh-training course No. 301 "Dtinnschicht-Chromatogrophie fur Fort-
geschriuene", Universitat des Saar andes, Saarbrtlcken 1::100.
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Vanillin Reagents • In the case of reagent 2 the zones for indole and the three ergot alkaloids only ap-
peared as strawberry red, or violet zones on a pale background when the plate was
heated to 70°C.

• The coloration of the chromatogram zones was the same for all three variants of.. ,,' ~;~ ~o_o~~ ~_ .... 0 _0....0 _, th,. ~;np~l OP;~ H<P~

The "aldehyde acid" reactions have already been described generally in Chapter 2. • In the case of reagent I the background turned yellow transiently on heating and
There it was pointed out that a nucleophilic attack at a carbonyl group is particularly
easy when this is attached to an aromatic ring that bears an "electron withdrawing"

then returned to a white color on cooling.

group at position 4. The reactivity of the carbonyl group is greatly increased in acid • The detection limits obtained are tabulated below:

medium:
Detection limits in ng per chromatogram zone

OH OH
H2S O 4 H, P0 4 HCI

qOCH
1 qOCH3 Indole 7 6 8

",I +H+ -- :1-- Ergotamine tartrate 25 25 22
c~51 +C-OH Ergotaminine 8 14 20
I - I -

H H Ergobasine 8 6 20

Evidently the reaction of the indoles investigated with fuming hydrochloric acid is

Classical examples of this type of reaction are the various dimethylaminobenz- less sensitive as is the case for the two other vanillin reagents.

aldehyde reagents (q.v.) and vanillin-acid reagents, of which one, the vanil1in- Aromatic aldehydes react in basic as well acidic medium. Thus vanillin and primary

phosphoric acid reagent, is already included in Volume I a. The aldol condensation of amines yield SCHIFF'S bases (cf. vanillin-potassium hydroxide reagent in Volume I a).

estrogens is an example for the reaction mechanism (ef. Chapter 2, Table 6). According '-'UlUlCU "lC wnncu ill lllC~~o nvu.u v 'AV' .U

to MAWWAN indole derivatives react in a similar manner [I]. LoNGO has postulated that amines, indole derivatives and lysergic acid derivatives do not react.

catechins yield intensely colored triphenylmethane dyes [2].
In order to be able to recognize the influences exerted by the various mineral acids

used in vanillin reagents the three reagent variants listed below were prepared:

Reagent I: A solution of 1 g vanillin In 70 mt ethanol ('16"10) was treated cautiously
References

with 10 ml cone. sulfuric acid.
Reagent 2: A solution of I g vanillin in 70 ml ethanol (96OJo) was treated with 10 rnI [1] Malowan, L. S.: Biochim. Biophys. Acta 1948, 2, 95-%.

ortho-phosphoric acid (85OJo). [2] Longo, R.: J. Chromatogr. 1970, 49, 130-138.
Reagent 3: A solution of I g vanillin in 70 ml ethanol (96OJo) was treated cautiously {3] Meiers, BI., Jork, H.: Private communication, Universltat des Saarlandes, Saarbrucken, 1992.

with 10 ml fumina hvdrochloric acid 137OJo).

Their reaction was tested on the individual components of the test mixture indole,
ergotamine tartrate, ergotaminine and ergobasine [ergometrine) [3]. The results ob-

+
tained were as follows:

• In the case of reagents I and 3 the indole zone could be recognized even before
., -" ~AO~

·c, 'c'
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Vanillin- Hydrochloric Acid Reagent
Reaction

In the presence of strong acids catechins react with aromatic aldehydes to yield
". .. <••- ,,-

«e

following condensation product;

Reagent for:
H -d-CH

,
0:1= OCH,

(:rJ +'C~~OH --'i....
: 'N CH-o-OH

• Phenols
'" 'N c? - -H~O

e.g. hydroxyindole derivatives [I, 2] 0 Indole Vanillin Condensation product

• Catechins, gallocatechins [3-12] H'COdH

• Alkaloids
e.g. lysergic acid derivatives [2]

HO '"

CgHgO, HCI

Mr~ 152.15 M, ~ 36.46 _... .
Vanillin

The chromatograms are dried in a stream of cold air, immersed in the dipping solution
for I s or homogeneously sprayed with the spray solution. They are then dried in a

~ .. ~ stream of cold air.

• --ur un; Alkaloids produce variously colored chromatogram zones (yeuow, pinK, orowrr;prrr-
ple) on a light background [2]. Indole and the catechins appear red [4, 5, 8, 9, 12, 16].

Dipping solntion Dissolve I g vanillin in 70 ml ethanol (96"1.) and cautiously add
If the catechins are acetylated it is necessary to heat to 105'C for 5 min after treatment

10 ml fuming hydrochloric acid (37"1.).
with the reagent [8]. Lysergicacid derivatives should also be heated to 75 'C for 5 min.

e r-c I 'A , " "on'";n ;n 100 ml hvdrochloric acid 137"1.) [I, Note: The reagent can also be applied by first treating the chromatogram with an

7, 12, 13] or 50 percent methanolic hydrochloric acid [2]. unacidified solution of vanillin and then exposing it to hydrochloric acid vapor [3, 9].

Storage The reagents are stable for longer periods.
Catechin derivatives should be evaluated rapidly (within 10 min), since the red colora-
tion is not stable in daylight and fades relatively quickly [5, 9].

Substauces Vanillin The detection limits in substance per chromatogram zone are 500 ng for alkaloids

Hydrochloric acid, fuming (37"1.) [2], for indole or ergot alkaloids they are as low as 10 to 25 ng per spot [16].
n m<",. The reo "en' eon for exarnnle, be emoloved on silica gel, kieselguhr, Si 50000, NH 2,

Methanol Diol, CN, RP, cellulose and polyamide layers.
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Procedure Tested 4

Indole Derivatives (16)
.p;)

Method Ascending, one-dimensional, 2-fold development in a trough - 7<;

chamber with 5 min intermediate drying in a stream of cold air. 1

The first development was carried out in an unsaturated normal 1 C C

chamber, the second with chamber saturation. Direct light was ex-
e e

LL LL

eluded. I
~

ii f I.2 2 3
.g

Layer HPTLC plates srnca gel bU1:'254 (MERCK), wrncn were prewasnea
V1 V1

by immersion overnight in 2-propanol and then dried at 110°C ~lUU I il ~t J
for 20 min before application of the samples. 1 2 G 3 4

.... LJW ~

Mobile phase I. Dichloromethane - ethanol (99.5070) (50+50). A B C

2. Dichloromethane - n-hexane - ethanol (99.5%) (9+2+1). Fig 1: Chromatogram of ergot alkaloids and indole (A) and reflectance scans of chromatogram

Migration distance I. 1 em
r!. "Rf'I no .. '" h substance oer chromatogram zone measured at A, 510 om

2.4cm
(B) and at A~ 580 nm (C): I ~ ergobasine, 2 = ergotamine, 3 = ergotaminine, 4 = indole.

Running time I. 2 min
2.5 min

~ A

une",uu UUUT<J>Uff.

in the dipping solution for I s and then heated to 70°C for 5 min (hot plate).
Ergobasine (= ergometrine, "hR f " 20-25)·), ergotamine D-tartrate ("hRr" 35-40)

and ergotaminine ("hR f " 60-65) produced violet chromatogram zones on a colorless [I] Wurziger, J., Harms, u: Gordian 1970, 70, 376-378.

background, Indole ("hRr" 75-80) acquired a strawberry red color even in the cold.
[2] Court, W. E., Iwu, M. M.: J. Chromatogr. 1980, 187,199-207.

The detection limits in substance per chromatogram zone were 8-10 ng (indole) and 20
[31 Schulz, 1 M., Herrmann, K.: Z. Lebensm. Unters. Forsch. 1980, 171, 278-280.

ro 1.) ng (ergot aixa otds):
[4] Wahner; C., Schonert, J., Friedrich, H.: Phurmazie 1974, 29, 616 617.
1'1 t-neuncn, H., wreuemeyer, .. an a Meu. t'/O• ..lV, .,.,..J -,[".J •

[6] Friedrich, H., Schonert, 1: Arch. Pharm. 1973,306,611-618.

In situ quantitation: The absorption photometric evaluation in reflectance was carried [7] Mosel, H.-D., Herrmann, K.: J. Sci. Food Agric. 1974,25,251-256.

out at the wavelength A.max = 510 rim for indole and A.max ~ 580 nm for the ergot
[8] Friedrich, H., Engelshowe, R.: Plante Med. 1978,33,251-257.

alkaloids (Fig. I).
[9] Schulz, J. M., Herrmann, K.: Z. Lebensm. Unters. Forsch. 1980, 171, 278- 280.

[10] Foo, L. Y., Hrstich, H., Vilain, C.: Phytochemistry 1985, 24,1495-1498.
[1I] Scholtz, K. H.: DIsch. Apoth. ZIg. 1980, 120, 175-180.

l'"J C. "'hKU<, 'V ". ".'
Darmstadt 1980.

[131 Zaprometov, M., Grisebach, H.: Z. Naturforsch. 1973, 28c, 113-115.
[14] Longo, R.: J. Chromatogr. 1970, 49, 130-138.
[15] Malowan,L. S.: Biochim. Biophys. Acta 1948, 2, 95-96.
[l6] Meiers, Bl., Jork, H.: GDCh-training course No. 301 "Diinnschicht-Chromatographie fur

.) The figures given were calculated as hR f values even though two developments were involved. Fortgeschrittene", Universitat des Saarlandes, Saarbrucken, 1992.
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Vanillin- Sulfuric Acid Reagent Preparation of the Reagent

Dipping solntion Dissolve 250 mg vanillin in a mixture of 50 ml I-propanol and

Keagem ror :
M ..,< ,n,

• Steroids [1-4J

sulfuric acid portionwise with stirring and cooling to -15°C

e.g. anabolics [5J

[22J.

such as boldenone, testosterone, estradiol
Spray solution Dissolve 0.5 g vanillin in a mixture of 85 ml methanol, 10 ml

• Bile acid methyl esters [6]
acetic acid and 5 ml cone. sulfuric acid that has been prepared

• t-ssenna 01 components \'t, -lUI
under cooling (ice bath) [IOJ.

e.g. terpene hydrocarbons (3, II), farnesol (\2)
The literature also contains other compositions, e.g. solutions of

• Sesquiterpene derivatives [3, 13]
0.5 to 5 g vanillin in I to 20"7. ethanolic [3, 7, 14, 15, 20) or

e.g. parthenin, hymenin, xanthinine, xanthumine [14J
methanolic [18, 21, 23J sulfuric acid, occasionally also in 80 per-

• Iridoids [15J
cent ethanolic [4, 6, 25] or undiluted conc. sulfuric acid [4, 5, II,

• Carotinoids [3J
12], where the addition of 3 drops acetic acid is recommended in

• Polyacetylenes (polyolefins) [3]
some cases 13 141.

• Phenols [3, 4] Storage The spray solutions should always be made up fresh [3]. The col-

e.g, 3-methoxy-4-hydroxyacetophenone [16J, holocalin [17] orless dipping solution can be stored in the deep freeze for 2

e.g. antioxidants [18] weeks [22].

gallate esters, 2,6-di-tert-butylphenol

• Catechins, tannins [I]
Substances Vanillin

• Valepotriates [I]
c ..If...'" "":A (Q'. 9701.\

• Flavonoids [3J
Acetic acid (100"7.)

• Cardenolides (cardiac glycosides) [I, 19]
Methanol

• Ginsenosides [20J
Carbon tetrachloride

• Higher alcohols [4]
I-Propanol

• Fattv acids 131

• Antibiotics
e.g. lincomycin [21], primycin [22] Reaction

monensin, narasin, salinomycin, lasalocid [23]

• UV absorbers [24] °
e.g. eusolex, cyasorb, prosolal, parsol, witisol H,COif

I'" H
h The general aspects of the "aldehyde-acid" reaction were discussed in Chapter 2. Thus

NU it is readily understood that catechins, tor example, can react WItharomatic aidenynes

H2SO4 CgHg0 3
in the presence of strong acids to yield colored triphenylmethane dyes [26].

M, = 98.08 M,= 152.15
Vanillin
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Method Procedure Tested

The chromatograms are dried in a stream of cold air, immersed twice for I s (with in- Essential Oil Components [10]

termediate drying in a stream of cold air) in the dipping solution [22] or sprayed once
homogeneously with the spray solution and then slowly heated, e.g. on a not p a e, 0 ......ouu "0' ~b

70 'C for ca. 10 min [3J or heated to 100-120 'C for 2-15 min [4, 12, IS, 18, 22, 25]. with chamber saturation.

Differently colored chromatogram zones (yellow to dark violet) appear, some before Laver TLC plates Silica gel 60 F", (MERCK), that had been prewashed
heating, on a light background; the colors alter over a period of 24 h, exceptionally
over 48 h (polyolefins) [3J. Monoterpenes steroids and carotinoids yield bright yellow

before application of the samples by developing once to the upper

to violet zones [3, 25], fatty acids yield gray colors [3], flavonoids [3J, methyl esters of
edge with chloroform - methanol (50+ 50) and then drying at

bile acids [6J and lincomycin [21] are colored yellow. The chromatogram zones of
1l0'C for 30 min.

farnesol are reddish [12J and primycin gray-violet on a pink-colored background [22J. Mobile phase Toluene - ethyl acetate (93+ 7).

Cardenolide aglycones, that are not oxidized at the C-14 atom of the steroid skeleton, Migration distance 13 em
form blue-colored spots [I]. --

,,~

Note: The chromatogram zones exhibit a broad spectrum of colors [3, 12] that is very
dependent on the duration and temperature of heating. Therefore the optimum reaction

Detection and result: The chromatogram was dried in air (!) and then evaluated under

conditions must be determined empirically. With a few exceptions (ferulic, 4-amino- snor -wave engtn lAo • LJ' u u , "5. rt) dllU uuuci "0- .u. "0' '5'

benzoic and cumarinic acids) aromatic carboxylic acids do not react [3J. The reagent
IB) UV light and documented photographically [27J. It was then sprayed homcgcnc-

in 80"7. ethanolic sulfuric acid is reported to be most sensitive for steroids [25J.
ously with the reagent solution and observed as it was heated to 120°C on a hot plate.

The detection limits in substance per chromatogram zone are 50-100 ng for ses-
Chromatogram zones of various colors (Fig. IC, see Table I for substance assignment)

quiterpene lactones [3] and 100 ng for lincomycin [21] and primycin [22].
are produced whose color shades and intensities alter with increasing duration and

It is possible to replace the vanillin in the reagent by 4-dimethylaminobenzaldehyde,
temperature of heating. Hence the optimum duration and temperature of heating must

4-hydroxybenzaldehyde, salicylaldehyde, m-anisaldehyde, cinnamaldehyde, 4-hydroxy- be determined empirically.

benzoic acid or vanillic acid [3]. However, the range of colors obtained is not so broad.

'",~~oe reagent can, for example, be employed on silica gel, kieselguhr, Si 50000 and RP
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they were photographed and p otograp s were t en a en a regu ar III erva s, e.g. every
10 s, until the colors on the chromatogram ceased to change.

In situ quantitation The fact that the colors of the chromatogram zones changed means
that quantitative in situ evaluation is only meaningful in rare cases.

500ng

200 ng

100ng

500 fig

Detection limit

Note: In order to document the color changes photometrically during the heating pro­
cess the hot-plate was placed on the document table of a reproduction camera placed
in the fume cupboard (!). The camera was focused when the plate was cold and the
heating process was commenced. When the first colored chromatogram zones appeared

Substance Color on det. hRf value

Anethole brown 55-60

Bergamot oil (2 major zones) reddish brown 20-25

Bornyl isovaleriate dark blue 75-80

Cineole dark brown 30-35

Hydroxycitronellal dark brown 5-10

Isobornyl acetate brownish gray 55-60

I~omenthone yellowishgreen 35-40

bluish ra 20-25

dark blue 45-50

pink 65-70

Menthol dark blue 15-20

Menthone yellowishgreen 45-50

Menthyl acetate green 45-50

Patchouli oil (2 main zones) violet 30-35

VlO et

Pulegone dark brown 30-35

Rose oil brownish gray 10-15

Rose oxide brownish gray 35-40

Sandalwood oil (2 major zones) grayish blue 20-25

grayish blue 70-75

Table 1: Essential oil components with hRf value, color and detection limits.

Fig 1: Chromatograms of various essential oils photographed (A) under shorr-wavelen
(A~ 254 nrn) and (8) long-wavelength (A~ 365 nrn) UV light before treatment with the reagent
and (C) in daylight after detection with the vanillin - sulfuric acid reagent.
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LrEBERMANN-BuRCHARD Reagent Ib 175

MANDELIN'S Reagent la 426-429

MARQms' Reagent 1a 299-302

MICHLER'S Thioketone Reagent Ib 154-157

MORGAN-ELSON Reagent 1 b 232 235

NEU'S Flavone Reagent la 277-280

PAULY'S Reagent 1 b 201, 401-406

REINDEL-HoPPE Reagent Ib 204-209

SALK?WSKI Reagent la 314-317; 1 b 237
, D.on.nt la 256-259

VAN URK'S Reagent 1 b 236, 252 258

VAN URK-SALKOWSKI Reagent Ib 237

WURSTER'S Blue Reagent Ib 415-420

WURSTER'S Red Reagent Ib 227-231,417-419



456 Named Reagents and Reazent Acronvms

Reagent Acronyms Index
ANS Reagent ]a 191-194
DBA Reagent la 281-283
r

'"0 'a ~a -~a

EP Reagent Ib 239-242 A Acids, organic la44, 45, 70, 91,170-178,
FCPA Reagent ]a 314-317 ABP=2-amino-5-bromophenykpyridin-2-yl) 229,231,232,248-250,256-258,307,
INH Reagent La 318-321 methanone la 226, 227 308,426; Ib 48
MBTH Reagent la 347-350 Absorption Ib 16 Aconitic acid la 249

MDPF Reagent la 344-346 Absorption coefficient, molar decadic Acridine Ib 145

"nu-uuoriue xeagen
,. n

ra .lj~-.l41

NBP Reagent la 359-363 Absorbance measurement Ia 9,17,31 Acridine derivatives Ib 144

N,N-DPDD Reagent I b 228, 417 Absorption scans la 17,31,32 Acridine orange Ib 143, 145

Iodine- Azide Reagent Ib 301-306
Absorption spectra, recording Ia 30, 31 -, pll-dependent fluorescence 91

Acaricide,2-sec-butyI4,6-dinitrophenyl Activation, electrochemical Ib41
OPA (OPT) Reagent la 380- 384; I b 348 Ib 387 -, photochemical Ib 13
Purpald Reagent Ib 46 ACB-2-amino-5-chlorobenzonhenone -, thermochemical Ib 27
TCNE Reagent la 416 419 la227 Activation of the layer Ia 124ff
TDM Reagent Ib 199-203 Acebutolol Ib 22, 268, 354 N-Acylglycine conjugates Ia 176
TNBS Reagent la 423-425 Acesulfame la390 Acylon Ib301

TPDD Reagent Ib 415-420 Acetanilide la65 Adamexin Ib 103, 104, 105

Acetazolamide Ib 188 ADB=2-amino-2',5-dichlorobenzophenone

Acetone, dipole moment la97 la 227
Acetophenone lalT,lr AVe, mUllip e ueveioprnen 1U "

3-p-Acetoxyglycyrrhetic acid chloride ADCchamber Ib 14, 15

la65 Addictive drags la 76; Ib 58,243,252

Acetylacetonates Ib 327 Adenine Ib 74
Acetylation, in situ la68 Adipic acid la 175,233,249,250,308

Acetylbromodiethylacetylurea la65 Adrenaline Ia 392 ff
. ,,:,rc

1 h ""

Acetyldigitoxin Ib 183 Aflatoxin BJ, B2 la 103

Acetyldigoxin Ia 303 Aflatoxins Ia 69,103, 411

-, a-,p- Ib 183 Agarofuran la376

Acetylene derivatives la 359, 361,362; AGFA-Copyrapid, CpN paper la 135

lb46 -, CpPpaper la 135

Acetylgitoxin Ib 183 Aglycones Ib 263, 307, 365, 448

Acetylmorphine Ib280 Agroclavinc Ib 243, 252

6-Acetylmorphine Ib358 Ajmalicin Ib243

Acetylsalicylic acid la 308 Ajmaline Ib 32,358

ACFB=2-amino-5-chloro-2'-fluorobenzo- Alachlor Ib417

phenone la227 Alanine la 246, 267, 268, 296,297;

Acgonin Ib 32 Ib 132,268
.M



---

r c o 1<0

Albumins la 74 -, ergot la 380, 381; Ib 236, 243, 245, Aloe emodin Ib365 -, secondary la 225, 238, 239. 252, 260,
Alcohols la 70, 77,106; Ib 46, 446 246.248.252,253,255,307,321,323. Alprenolol la 299, 429; Ib 22, 268, 348 266,294,295,344; Ib 48, 75, 117, 118,
Alcohols as 3,5-dinitrobenzoates la44 348,349,440,441,443-445 Anti-ageing additives Ib 332 124,125,189,199,219,441
-, monounsaturated la 89 -, harpagophytum Ib 243 Aluminium chloride la 147 -, secondary aliphatic la 238, 239,252,

I, <'7 <" 7{\ ,(\" Ih ", lh ><> ' , , O,,{\. ,Oh"_07{\

-, saturated la 89 -, hydrogenated ergot tb 348 Aluminium oxide la89 -, secondary aromatic la 252, 260;
-, secondary la 57, 68, 70, 106; Ib 61 -, I-hydroxaaeridone Ib 308 Amanita toxins Ib 343, 344 Ib 49, 268, 270
-, tertiary la57,68, 106; Ib61 -, l-hydroxyacridone Ib 307 Arnanitin Ib401 -, tertiary Ib 48, 220, 290, 360
Alcohol erhoxylates Ib 282 -r-, indole la 66, 314; Ib 279 AMD, multiple development Ib2 -, tertiary aliphatic Ib270
Aldehydes la 72, 273; Ib 46,51-54 -, Ipecacuanha Ib 292 AMDsystem la 132; Ib 14 -, tertiary aromatic la 252, 260; Ib 268

-, aliphatic la 76,157 -. isoquinoline la 46, 66, 262 AMD technique Ib4 Arnination of sugars la 56
-, aromatic la 76 -r-, morphine la 299, 301,351,352 Amethocaine Ib268 Aminitintoxins Ib401
-, differentiation Ib 46 -, - hyrogenated Ib 348, 349 Amctryn Ib 194,207,208,230,231,413, Amino acid 2-anilino-5-thiazolinone deriva-
-, phenolic la 72 -, opium Ib 192,277,280,283,362, 414 tives la 75
-, a, p-unsaturated la 106 363,323 Amfetaminile Ib 354 Amino acids la 45,58,61,75,76,87,88,
Aldehyde acid reaction Ib440 -, oxidation la 50 Amides Ib 74, 125, 199,210 90, 107,232,234,238,240,245,246,
Aldicarb Ib 332, 417 -, pyridine Ib 279 4-Amidinophenylpyruvic acid Ib290 265,267,294,354.380-382,423,434,

'"' ~. ~ e- ." ", <co
, "J'

Ib 191
nuuo groups w

199,201,204,219,321-323,430Aldol addition Ib 53 - , pyrrolividine Amiloride la 104
Aldolase Ib401 -, quinine la 88, 314; Ib 280, 324 tert-Amines Ib 122 -, aromatic la 381
Aldol condensation Ib 53 -, quinoline Ib279 Amines la 58, 75, 76, 91,106,223,239, -, carbobenzoxy Ib204
Aldopentoses la 158 -, reduction la60 252,260,265,284,294,296,344,354, -, hydroxy Ib 133
Aldoscs la 158,176,177,180,181,185, -, steroid la206 434; Ib 74, 210, 220, 243 -, reduction la 61

203 273 274 428- Ib 224 - Thalictrum noiveomum Ib 358 ,~, ' lh 07{\ sulfur-containin r Ib 84 301 358
Aldosterone la321; Ib343 -, Tropane Ib 34, 252, 255 -, aliphatic Ib 118,321,322 -, Zcprotected Ib 158
Aldrin la 76; 1b 83. 227 -, Veratrum la420 -, aliphatic tertiary Ib 189 4-Arninoantipyrine la 151
Alimemazine Ib 352.354-356 -, Yohimbine Ib 243 - aromatic la66,151,252,284,294, q-Aminoazobcnzene derivatives la 303, 304
Aliphatic hydrocarbons Ib42,43 C 22 Alkane Ib42,43 416,426,428; Ib 48,106,180,188- 2-Aminobenzimidal.Ole (2-AB) Ib 194

Alizarin la 143; Ib 365 Alkanolamines la284 191,269,312,379,380,321-324,332, 2-Aminobenzoic acid la 175
Alkaline earth cations la 312 Alkcnylacylcthanolamine phosphatides, 383, 384, 395, 403, 415-417, 419 a-Aminobenzoic acid la 171, 175; Ib448
Atxatoius ra I, 4: , DU, M, j DO, 10 I, LUD, aero nyuro ySIS aDL -, biogenic la 70, 88, 284, 356; Ib 220 Ammobcnzopncnones 1a LL , LD

234,238,240,262,263,273,299,301, Alkenylacylglyceryl acetate la 70 -, capable of coupling la 288; Ib 401 2-Amino-5-bromophenyl(pyridin-2-yl)-
303,314,351,380,381,411,420; Alkenediacy lethanolamine phosphatides, -, oxidized aromatic Ib 92, 93 methanone (=ABP) la 226,227
Ib 18,32.48, 137, 188-191,290,292, acid hydrolysis la62 -_ primary la 76,106,223-225,238,239, Aminocarb Ib 29, 332
296,358,360,376,383,442,443 Alkylacylglyceryl acetate Ia 70 252,260,265,266,269,284,294-296, 2-Amino-5-chlorobenl.Ophenone (=ACB)

-r-, Antirrhinum Ib 358 Alkylamines la 284 344,380,381,423,434,435; Ib47,48. la 226. 227
.000 "" , ><0'" " 'LA

,
,-

-, Chinchona legeriana Ib 358 Alkylglycosides la426 441 (=ACFB) Ia 226, 227
-. c1avine Ib 243 Alkyl hydroperoxides Ib49.227 -, primary aliphatic la 238, 239, 252, 2-Amino-4-chlorophenol Ib415.420
-. Colchicum la420 Alkyl hydroperoxide esters Ib227 260,284,296; Ib 47. 268-270 5-AminodibenLOcycioheptane derivatives
-, Cholchicum autumnale Ib 378 Alkylphosphine sulfides Ib 301 -, primary aromatic la 223-225_ 252, la45,231
-, Corydalis lutea Ib 358 Alkylresorcinol derivatives la288 260; Ib 47, 48. 50, 94, 243, 246, 252, 2-Amino-2' ,5-dichlorobenzophenone
-r-, curare Ib 312 Allobarbital la 338 268 393 394. 340 (=ADB) la226,227
-, dihydroergot Ib 350 Almond oil Ib 286 -. quatemary Ib 290, 360 2-Aminodiphenyl la 157,158



Index 461

Arninoglycoside antibiotics Ia 107,270, Amyl nitrite reagent Ib 115 Anthanthrene Ia39 Arabinosylcytosine Ib 387

284,354,380,423,434 Amylose Ia 173 Anthocyanins,oxidation Ia 59 Arachidic acid Ia 230, 402,405

Amino groups Ib 194 u-Arnyrin Ia44, 63, 69 Anthocyanidines Ia 277 Arbutin Ia 179, 325,327,328

4-Ami~?~exoses,N-acetyl derivatives ~-Amyrin Ia69 Anthracene Ib 16 -, methyl Ia 327

,IC.';". h"A,ph,,·;, Anthracene derivatives Ia 166, 167 Arene-cyclopentadienyl-iron complex

4-Aminohippuric acid Ia 160, 163 Ia63 Anthraquinone Ia 359; Ib 16 IbL'L

Aminonaphthols Ib 379 Anabasine Ib 188 Anthraquinone derivatives Ib 180,367 Arginine Ib 132

2-Amino-5-nitrobcnzophenone (=ANB) Anabolics Ia 303,411,430,432; Ib 446 Anthraquinone glycosides Ib 365 Arlacel A Ib 282

Ia 226, 227 Anacardol Ia 288 Anthrone la 78, 202 ARNOLD'S reagent Ib 123

4-Amino-3-nitrotoluene Ib415,419 Analgesics Ib 312 Antibiotics Ia 7,107,109,148,166,195, Aromatics Ib 58, 100, 101, 103, 104,327,

Amino uhascs Ia 3 ANB-2-amino-5-nitrobenzophenone 270,284,354,380,411,423, 434; !.~" 437

Aminophenazone Ib 312,314,354 Ia 226,227
.h·no

100, "O~, "~"-L7 , ,'U' " "
2-Aminophenol Ib 309, 310, 381 Androgens Ia 195,318,411 446 Arseniccations Ia 144

4-Aminophenol Ib 309, 310, 381 ~4-Androstendione-(3, 17) Ia 32, 89 - aminoglycoside Ia 107,270,284, Artemisiifolin Ib290

Arninophenols Ib 309, 381, 383, 401 4-Androsten-3,17-dione Ib274 354,380,423,434 Articaine Ib 354

9-(p-Aminophenoxy)acridine Ib 145 Androst-5-en-1 7-on-3~-ol, oxidation -r-, bioautographic determination Ia 109 Artisil blue 2RP Ia 129

l-Aminopyrene Ia 61 Ia59 -r-, carbapcnem Ib 244 Aryl arnines Ia66, 151,294; Ib322, 327

-l-\lIIino s
.. ,. "" ,., h. 10 lQ<; , primary Ib 349

WJ' " "
Amino sugars Ib 47,232-235,354 Anethole Ib451 -, macrolide Ia 195 2-Arylazo-2-nitroethane derivatives

Aminotrimethylenephosphonic acid Angiotensin peptides Ib401 -, tetracycline Ib 273 Ib 365

Ia 172 Angustifoline Ib 32 Antibiotics withthiazoIidine ring Ib84 Arylazopyrimidylpyrazoles Ib 327, 329

Aminotriptyline Ib 100-102 Anilazine Ib 196, 197,202,208,212, Anrideprcssives Ib 100,352 Arylazothiazoles Ib 327, 329

Amitrol Ib418 213,230,231 Antidiabetics Ib 188 N-Ary1-N'-bcnzenesulfonyl thiocarbamides

,~~. 'rt O. 00 "'" Anilide herbicides Ia 223 225 Antiepileptics Ia 252, 254, 303,304,364 Ia 248, 249

, dipole moment Ia 97 Aniline Ia 152, 176, 179, 185, 188,253, Antihistamines La 260;Jl) j)L -myF" ," -

Ammonium cations Ia 144 261; Ib 188,268,322,324,325,419 Antihypertensives Ia 426; Ib 135 Ia43

Ammonium compounds. quaternary Anilinederivatives Ib 94, 247,401,415, Antimicrobially activesubstances Ib227 Arylglucosides Ia 185, 186

Ib 48, 292, 358 417 Antirnonytlll) chloride reagent Ia 206, 207 Aryloxybutanolamine derivatives Ia45

-, quaternary salts Ib48 Anilines Ib 312 Antimony(V) chloride reagent Ia210 Arylpropionic acids Ib 143, 223,224

Ammonium hydrogen carbonate, "vapor" -, substituted Ia284; Ib 314, 393, 395 Antimonycations Ia 144 N-Arylthiosemicarbazides Ia 248

Ia86 x-Anitinonaphtna ene
' .. , •. ~O ,.e~~h'eaeid Ia216 256 257,372-374,

-SUlIonIC aciuam- "

Ammonium salts,quaternary Ib48 moniumsalt Ia 44,88, 191 Antineoplastic agents Ib365 376,377,426; Ib 47,50, 167-169,383,

Ammonium sulfate la 89 Aniline phthalate reagent Ia 78,188 Antioxidants Ia 45,75, 108, 195,210, 434-436

.J~'r~ . t_ .",,, "-;--,, ;---~~~:" 1h ano ?11; ?52. 254. 260. 376. 377 426,428; , metabolites Ia 45

Ammonium vanadate, mono- la ~Y, 4Lo monovalent inorganic 10 tL.l"\ .L11 uv, "'0", JJV, --'--'"',

Amoxycillin Ib188,358 -, organic Ia 44, 388, 389; Ib 307 Antipyrin Ib283 Asparagine Ib 132

<C r~ ,nn. '.'010< Antithvroid oharmaceuticals Ia 248, 249 Aspartic acid Ib 132

Ib 268,283 Anisidine Ib 188 "Antitussives Ib 103 Aspartic acio dertvattvex 10 LV

Amphetamine sulfate Ib43,188 m-Anisidine Ia 67 Apomorphine Ib64 Asperulae herba Ib369

Ampicillin Ia 173,174; Ib 84.296, 301, o-Anisidine Ia 67 Application a, bands Ia 57 Asulam Ib244

358 p-Anisidine Ia67,199 Application errors Ia 131 Atenolol Ia 429; Ib 22, 268, 354

Ampicillin oligomers Ib 301 Annululcline Ib 18, 19 Application scheme Ia131,132 Atraton Ib 196, 197

Arnvzdalin Ia 179; Ib 120, 121 ANS reagent Ia 44,88. 191 Application solvent' Ia 131 Atrazin Ib 68, 69, 194, 199, 202, 208,

Arnylenes as stabilizers of solvents Ia 120 Antazoline Ib 354 Arabmose la i o , r uz., D
"n", A1Q



Index 463

Atropa belladonna extract Ib 256 Benzodiazepine derivatives la225, Bioautographic determination with tissue Bromine in mobile phase la 58

Atropine Ib 252,255,256,354,358,323 265-267,310; Ib94, 113-116, 188,191, homogenates la 109 Bromine V3JX>f as reagent la 64.86

Auxins Ib243 283,290,358, 360 -, with cell organelles la 109 Bromexine Ib 103-105

Avocado oil Ib286 Benzodiazepin-2-one derivatives la420 -, with test organisms Ia 109 Bromine-containing hypnotics Ib 227
•• 1n n .. , Biodetection, alkaloids la 109 Bromine-containing substances Ib 373

~b'

Axerophtbol Ib280 225 -, antibiotics Ia 109 Bromhexine Ib 268,354,374

Azinphos-ethyl Ib 116,304,305,340, Benzoic acid la 45,71,75, 175, 178,230, -, bitter substances la 109 Bromide anions la 190; Ib 128, 129

341,418 308 -, enzymatic limit determination la 109 Bromination la65,66

Azinphos-rnethyl Ib 32,116,338,340, Benzo(b)fluorantbrene la 39. 85 -, insecticides la 109 Bromisoval Ib 374

341 Benzo(k)fluorantbrene Ia 39, 86 -r-, mycotoxins Ia 109 a-Bromoisovalerianylurea la65

Aziprotryn Ib 207,208,413,414 Benzo(ghi )perylene la 39, 85 -, phytohromones la 109 Bromite anions la 188

Aziridine derivatives la 359; Ib 282 Benzophenone derivatives Ib282 range 0 varia io r a '"
..

W J~' , _'~J,

Azo dyes la 66, 67, 68 Bcnzo(a)pyrene la 39, 85, 103
- range of variation la 110 Bromocresol blue la45

Am coupling Ib 94ff p-Benzoquinone derivatives Ia 72
- reprint techniques la 109 Bromocresol green Ia 45, 228

Azomethynes la66 Benzothiazoles Ib237 - spice la 109 Bromocresol purple la 45,231

Azo compounds Ib 19 Benzoyl chloride la 70 - zoo hormones la 109 Bromocriptin Ib 354, 374

Azulenes Ia 66; Ib 239,240,279 Benzoylecgonine Ib 32, 34, 35 Biogenic arnines Ib220 4-Bromophenacyl bromide Ia 71
I"~';n •• -ico &-'hnm'lnhen"cvl esters la 72

J, r-oenzpyrene HIlIU

II Benzthiazide Ib 188 Biperidene Ib 354 Bromopheniramine Ib 354

Bamipin Ib 354 Benztriazole,2-(2-hydroxy-5-methyl-phe- Biphenyls, chlorinated Ib206 Bromophenol blue la 45,228

Barhital Ib 283 nyl)- la282 2,2' -Bipyridine, reagent la216 Bromophos-ethyl Ib 338

Barbiturates Ib204 -, 2-(2-hydroxy-3-( l-methylpropylj-Svrerr- Bisabolol Ib239-242 Bromopride Ib 374

-, bromine-containing Ib 372 butylphenyl)- la 283 Bisabololoxide Ib 240-242 Bromothymol blue la45

n •. '.' ' •. 'n &, "" . "J'.."'. ,_nhpm"'_ Bisacodyl Ib 254 Bromureides Ib374

252,254,260,337-343; Ib 119,280 la281ff Bis-3,4-henzpyrenyl la60 Brucine ra60, 67.315, 316; Ib 188,280,

Barium cation la 144, 145,311,312 Benzylpenicillin sulfoxide Ib 358 Bis-(2-ethylhexyl)phosphoric acid la 174 361,383

BARTO~'s reagent Ib 312 Berherine la 44, 213; Ib 188,358 Bis-(2-ethylhexyl)phosphoric acid deriva- Bufotenine la 380: Ib 348

Basic orange] 4 Ib 143 Bergamot oil Ib 451 lives la t74 Bunitrolol la429; Ib 22

Bay b 5097 Ib 99 Beryllium cations la 144,145,311, 312 Bis-Ihaloalkyl) sulfides la 359 Buphcnin Ib 354

Baygon Ib 83 BESTHORN's reagent la 347 Bismuth cations la 144, 311 ~upivacaine Ib 354

Bayrusil Ib 365,387
." ." 1<

Beta-blockers Ia 74, 299, 301, 426-428; D -- .,

Behnic acid la 73 Ib 21, 22, 268,270,348-350 Block copolymers Ib 365 Butalamine Ib354

Benctonium chloride Ib358 Beta- fronts la 126 Blue tetrazolium reagent la 219ff Butamirat Ib 354

BENEDICT'S reagent Ib 214-218 Beta-radiation la 12 Boldenone Ib446 Butanilicaine Ib 354

Benomyl Ib 194 Betulinic acid. oxidation la 59 L-Bomeol glucoside la327 Butralin IbllO-112

Benperidole Ib 354 BHC Ib 83 BOR~TRAGER reaction Ib 122 Butter yellow Ib 19
>L 1< n' H' 1<. Bornvl isovalerate Ib451 2-se('-But vl-4-amino-6-nitrophenol Ib 389

Bentazon Ib418 Bile acids la 43, 195, 206, 333. 334, 364, BRAITO~-MARSHALL reagent la 223; Ib Butylhydroxyanisole (=BHA) la 262

Benzatropin Ib 354 365,376,41 t 47,106, tl3 Butylhydroxytoluenc (=BHT) la 262

Benzidine treatment la 90 Bile acid conjugates Ia 376 Brilliant green la44 -. as stabilizer la 120, 359, 361,363

Benzimidazole Ib 124. 125 Bilc ac id methy I esters Ib446,448 Bromacil Ib418 tert-Butyl hypochlorite, as reagent la 86,

Bcnzocain, acid hydrolysis la63 Binding agent, influence on staining la 123 Bromate anions la 188, 190 87,89,234

S-Bioallethrine la 359 Bromazcpam Ib 374 2-.\e('-Bury1-4,6-nitrophenol Ib 387

nromazme 1.U Ll rrt-ou Y pei UCnLOa,c w ~~



-_.

464 Index
naex 40J

C 1,1'-Carbonyldiimidazole Ib 327 Cellobiose Ib 34 Chloroaniles Ib 199,201
Cactus alkaloids Ib229 Carbonyl compounds Ia 71, 72, 76,106, Cellulose, microcrystalline Ia 123 2-CWoroaniline Ib 248, 324, 325
Cadmium cations Ia 144,311 157, 158, 179-181, 185,202,273,274, -, native Ia 123 3-CWoroaniline Ib 248, 324, 325,419
Caffeic acid Ib 307, 401 347; Ib21, 51-54 Central stimulants Ib 204, 268, 270 4-Chloroaniline Ib 248, 395, 396,419Caffeine Ia 65 90' I h <11 1.,n_.", ,.,10 r-, ." ..

, nitration ra 0~~l"'""'U .- "', """, "w '00, """,282, 296, 299, 300, 354 Ib425 291,293,294 Chlorobenzaldehyde derivatives Ia 72Calciferol Ib 280 Carboxylic acids, la44,45, 70, 91,170- Cephelosporins Ib 84, 85, 301,303,304 2-CWorobenzoic acid Ia 72Calcium cations Ia 144, 145,311,312 178,229,231,232,248-250,256-258, Cephelosporin C Ib 84, 301 3-Chlorobenzoic acid la72
Calibration of the wavelength scale Ia 21 307,308,426; Ib 48, 49, 401 Ceporin Ib301 4-CWorobenzoic acid Ia 72Campesterol la213 - aliphatic la45,173 Ceramides la411; Ib282 Chlorobromurone Ib244

ilCannabinoids Ia 288, 291 , aromatic Ia 173, 307 Cerium cations Ia 144 4_ '.0<.., .<. ·.h
LA:-<NIZZARO reaction 10)4 , polybasic Ia 232, 248, 249 Cetanol, reaction with 8-bromomethy1- 188,283
Canrenone la411 -, reducing la246 benzo-d -pyrido( I ,2-a)pyr -imidin-6-one Chi orogenic acid Ib 307, 401
Caprolactam oligomers Ib204 Carboxyhemoglobin, dipole moment la97 Ia 106 5-CWoroindole la418
Capsaicinoids la65 Cardenolides Ib 185, 186,265,446 C-H acid compounds Ib 52 3-Chloro-4-methoxyaniline Ib 324, 325Captagon Ib 268 Cardenolide glycosides Ib 263 Chalcone, Ia 303, 304 5-CWoro-2-(methylamino)benzophenone
Caplan Ib 29 -, acid hydrolysis la62 Chamazulene Ib239 (=MACB) la226,227r'm'''~r'' Ih OQ3 ~. .

v.namrer saturation ra tL4, tLO 4-Chloro-2-methylaniline Ib314,315"'''"U", IV', I~J,

Caramel Ib 4 303-305,411,420,421,430,431,438, Chamber system, choice of Ia 124 4-Chloro-2-nitroaniline Ib 247, 248Carazole Ib22 439; Ib 185, 263, 266,446 Chamomile extract Ib240,242 7-Chloro-4-nitrobenzo-2-oxa-I,3-diazole
Carbadrine Ia 76 Cardol la288 Chamomile oil Ib241,242 Ia 238
Carbamates Ib282 Carnosine [2J Ib 158 Chanoclavin Ib 243, 252 4-Chlorophenol Ib419
Carbamate herbicides Ib 332 Carotenoids Ia 206; Ib 282, 284, 446, 448 Charge transfer complexes Ib I22ff, 179 CWorophe~ols Ib401
Carbamate insecticides Ib 83,332,334 415 Carotines Ih n r-, ,y

-, degradation products Ib212 Carprofen lb 143,145,146,312 Chelate formers Ib 119 Chloroplast pigments Ia 303
Carbamate pesticides la44, 74,104,107, CARR-PRICE reagent la206 Chelates lb 119 Chloroquine Ib 354, 358

223,225,288,290; Ib 252, 255, 417 Cartelol Ib 22 Chelidonine lb 23-25 Chiorotetracyc line Ib271Carbamazipine Ia 105,244,254,359, Carvacrol la 153 Chenodesoxycholic acid Ia 334 Chlorotheophylline Ib 354
360,397; I b 358 Carveol Ia 76 Chinchonine Ib 280, 383 Chlorothion Ib 338

Carbamide derivatives Ib204 Carvone Ia 72, 376; Ib 252 4-Chloroacetanilide la65 Chlorothvrnol la67
lD'Jq i.aryopnyuene Ia 197, 198,214 Chloramine derivatives Ib 204, 205, 211 Chloroxuron Ib417 ,

N-CarbamyItryptophan Ib 243 -r-, epoxide Ia 197, 198; Ib 374 Chloramphenicol Ib74 Chlorphenethazine Ib 352, 354, 355
Carbapenem antibiotics Ib244 Castor oil Ib 343 Chlorate anions la188-190 Chlorpheniramine Ib 103-105Carbaryl Ib 83, 252, 332,334 Catechins Ib 268,307,308,379,440, Chlorazanile Ib354 Chlorphenoxamine Ib354Carbazoles Ia 252, 260, 416 442,443,446,447 Chloride Ib 128 Chlorphentcrmin Ib 194,296Carbetamide Ib417 -, acetylated Ib443 Chloride anions Ia 190; Ib 129 Chlorpromazine Ib 42, 43,356Carbofuran lb 83 330 'Q~ A'~ r-. .. "

v.ruoropropnam ra IUO; 10 LV'>, 'It ,.v >U

Carbohydrates Ia 154,164,185,188, 392,393,395,396; Ib 37-39, 48, 50, < Chlorination Ia 65, 90 Chloropropionic acids la46
195, 199,219,277,278,303,304,408, 328,332,334 Chlorine gas, dipole moment la97 Chlorprothixen Ib 268,354
426,428; Ib 33, 34, 36, 47, 232-234, Catecholamine metabolites Ib37-38,327 Chlorine-containing insecticides Ib 227 Chlorthalidon Ib 321
283,327,421,424,430 Catecholamine, triacety1derivatives la393 Chlorine insecticides Ib83 Chlorthiazid Ib 135, 136- reducing Ia 188; Ib 215 Cations la 143-146, 310-313, 398; Chlorine vapor reagent Ia 64,86 Chlortoluron Ib244,418

Carbon dioxide dipole moment Ia 97 Ib119,151,259,317 Chlorite anions la 1QR • xo ~L ic.: 'h oon ''0
Laroon UISUl1I{ e ra I J Celandine Ib 23, 24 2-Chloroanile, diazotization la67 u-Cholestanol la43,65

I
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5-a-Cholestan-3-one Ia 43,334-336, Citrinine 1369,147,148 Contactinsecticides Ib 18 Curnol hydroperoxide Ib 227
421,422; Ib 346 Citronellal 13158,159 Contamination of the place of work 1392 Curare alkaloids Ib 312

Cholest-5-en-3~,7a-diol Ib227,229 Citronellol 1368-70,327 Continuoussources 1320 Cyanazin Ib 196, 197,202,208,212,
Cholest-5-en-3~,7~-diol Ib 229 Citronellyl acetate 1368 Contraceptives 13206; Ib 343 213,230,231,418
J'h, 'C'O"_'_ 1. "~_,,~,, ~"O' r. HOC' 1h " 1h "~, ' 'L <0

Ib 346, 390 Clathrate complex Ib 303 Convallatoxin Ib 265, 266 N-Cyano benzylamphetamine Ib 283
Cholesterol 1344,65,104,147,148, Clavin alkaloids Ib 243 Copper( II) acetate 13242 Cyanogen bromide elimination Ib 126

191-194,213,214,248,333-336,351, Clavine alkaloids Ib 246, 252 -, nitrate 13245 Cyanogen bromide vapor 1386
376,377,385-387,411,421,422,438; Clean up 13119 -, sulfate 13248 Cyano phases 133
Ib 32, 34, 43, 173,307,343,346,439 Clemastin Ib 354 Copper cations 13144,145,311; Ib259, Cyasorb Ib446

-, dehydrogenated 1366 Clenbutcrol Ib 106, 107,354 260,317 Cyelamate 13388ff
-, esters 1344,70,147,191,248,333, Clobutinol Ib 354 Coproporphyrin 1399ff Cyelitols 13325

411,438,439; Ib 290,307 Cloforex Ib 194, 296 Coprostanol 13104,334-336,385-387, Cyeloehlorotin Ib 204, 206, 207
- gangliosides 1345 Clomethiazole Ib 354 421,422 Cyclodextrins 13202
- glucuronidcs 1345 Clomipramine Ib 352, 354, 355 Coprostanone 13104,334,335,421,422; Cyclohexanol 1343
- propionate 1389 Clonacillin Ib301 Ih 346 Cyclohexansulfamic acid 13 174
Chlolesterollinoleatc hydrop~r~xide1b 415 Clonidine Ib354 Coroxon Ib33 Cyclohcxylaminc derivatives 1345

~, "
~y --

Cholic acid 13334 Clorcxolon Ib321 Corticosteroids 13219,222,318 Cyelopentylphenols Ib282
Cholinesterase Ib 335 C1otrimazol Ib 98, 99, 401, 402 Corticosterone 13221,321;lb282 Cyclopiazonic acid 1b 244, 245, 252, 253
Chromateanions Ib307 Cloxacillin Ib 84,188 Cortisone 13221; Ib 229, 282, 390 Cypenmethrin Ib 87
Chromatogram dipping apparatus Ib60 Clozapin Ib 354 Coumaphos Ib 32,33,332,335,336 Cyproheptadine Ib354
Chromatographic errors 13131 Cnicin Ib290 Coumatetralyl Ib 33 Cysteine Ib 84,132,301,349,358
Chromiumcations 13144 311 Cobalt cations 13144311' Ib 151-153 rounlinuTLr-FID Ib6 Cvstcinc adducts 13106
Chromophores 13 57 259-261 -, HPLC-HPTLC Ib 5 Cystin Ib 132,301,358
Chromotropic acid Ib 199,201 Cobalt-DMSO complexes Ib 259 -, TLC-FTIR Ib6 Cytarabin Ib354
Chryscnc 1339 Cobalt nitrate 1389 -, TLC-MS Ib 6 Cythioates Ib 365, 387
Chrysophanol Ib 365 Cocaine Ib 32, 33, 34, 43, 137, 138,323, -, TLC-Raman Ib 6 Cytidine 1363
Cimitidinc Ib354 358,360 Coupling with a-naphthol 1367 Cytidincdiphosphatc-glucosc, enzymatic
Cinchona alkaloids 13314 Codeine 13108,299,301,302,351,353; -r-, Fast blue salt B 13288ff cleavage 1363
Lineo e 13 L ; 1D4~ ID4, ,~U,tJ, ,04, JUj-JU~, j~L, J~j, , i-ast blue sau nrs 13 L'iO Cytidmc 5'monophosphatc 1363
Cinerin 1 Ibl8 254,280,290,358,360,362,363 - Fast blue salt K 1368 -, enzymatic cleavage 1363
Cinerin 11 Ib 18 Codeine phosphate 1365,90 -, Fast blue salt R 1367 Cytisin Ib 188
Cinnamaldehyde 13158, 159 Colchicine 13244-246; Ib 376-378 -, Fast blue salt RR 13290 Cytoc hrome C Ib401
Cinnamic acid 13171 Colchicum autumnale, extract 13346; Creatine Ib 36, 74 Cytostatics Ib434
Cinnamic alcohol 1370 Ib378 Creatinine Ib 36-39

1ho<n r- oil, , , >;, ~"" r.' '0 n
"

Cinnamoy lcchinaxanthol Ib239 Collidine 13354 Cucubitacins 13430,431 Dalbergions Ib 367
Citraconicacid, reduction 1361 Concentration zone, TLC plates with Cumaricacid Ib448 Dalbergion glycosides Ib 365
Citral 13158,159 1356 Cumarin Ib 369, 370, 387-389 Dansylamides 13104,106-108
-, oxidation to gcranic acid 1358 Conditioning chamber 1387,129,131 -, pH-dependent fluorescence 1391 Dansyl amino acids 1373,107,108
Citrazinamide Ib244 y-Coniceinc Ib 188 Cumarins 1362,252,288; Ib 36,214, Dansylation, amino acids 1373
Citrazinicacid Ib244 Conifcryl aleohol Ib401 216,218,367,401,403 -, - with dansyl semicadaveridc 1373.53
Citric acid 1345,233,308; Ib401 Coniine Ib 188 Cumarin glycosides Ib 365 -, - with dansyl semipiperazide 13 73, 53

-
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-, phenols la73 -, - NBD chloride la76 Dialkyl dithiophosphates Ib338 2,6-Dichlorophenol-indophelIOl reagent
-, prechromatographic Ia 2ff -, - nitrophenyl isocyanate la77 Dialkyl peroxides Ib227 la256
-', primary amines la73 -, - sodium methylate la70 Dialkyltin compounds la399 Dichlorphos Ib 164, 165,332,412
-, secondary amines 1a73 -, - 4-toluenesulfonic acid Ia 76 Diallate la323 Diclofenac Ib312.. ... <. :... la 7/; o-Diamines aromatic Ib383 Dicumarol Ib387
Data-pair method Ia 131, 132 , aimof la56,57 Diamines, o-substituted Ib395 Dieldrin la 76; Ib 43, ~j, L.l./

Daucol, oxidation la59 Derivatization as clean up la56 2,4-Diamino-{i-methylpheool Ib324,325 Dienestrol Ib 188, 390, 391
DBA reagent la281 Derivatization during development la57 2,3-Diaminonaphthalene Ib384-386 Diethylalkylacetamide derivatives la45
DC-Mat Ib 14 Desethylatrazin Ib419 2,3-Diaminopyridine Ib 385-386 Diethylamine Ib268
-', multiple development Ib2 Desimipramin Ib358 Diaryl dithiophosphates Ib338 Diethylamine vapor la86
DDT Ib 83 122 227 Desipramin Ib 268,327,328,352,354 Diazepam Ia 266, 303, 304, 364; Ib 188, Diethylene glycol Ia 426
DEPONDER's reagent Ib49 Desisopropylatrazin Ib418 . 'L~. ~~n

L/5j, set, sz»
Deguelin Ib327 Desmedipham Ib 332 Diazinon Ib 304, 305, 338 Diethyl phenyl phosphate derivatives
Dehydrol LS 3 Ib 286,287 Desmetryn Ib 207, 208, 230, 231, 413, Diazoalkanes la359 Ib282
Dehydroascorbic acid la 216, 262, 273- 414 Diazomethane la 70 Diethylstilbestrol Ia 80, 84,105,413,

275,372-374; Ib 168, 169,434-436 Desoxyadenosine oligonucleotides la76 Diazotization la66-{i8 414,432,433; Ib 390, 391
l l-Dehydrocorticosterone la221 Desoxycholic acid la334 Dibenzepin Ib354 Diffusion destaining apparatus Ib 59, 60
uenyuroeplanaros",rone .., , J ,,- ; ... IA< Difolatan Ib29
Demeton Ib 338 Detection, group-specific la4,7 Dibenzoazepine derivatives Ib345 Digitalis glycosides la 63, 64, 104, 206,
Demeton-S-methyl Ib 340, 341 -, substance specific Ia 4,7 Dibenzoyl peroxide la 370 303-305,420,421,430,431; Ib 184,
Demeton-S-methyl sulfone Ib 164, 165, Detection oflipophilic substances la43 2,6-Dibromoquinone 4-chlorimide, rea- 186,266,343,344

340,341 -, biological-physiologically la4,6,7, gent Ia 252 -, alkaline hydrolysis la 63
Deoxynivalenol Ia 89,147,148 9,109 Dibutil Ib 355, 356 -, Aseries la421

1.<;7 electrocbemicat Ib41 2,6-Di-tert-butylphenol Ib446 , B series la421
, disadvantages Ia 57 , group-characterizing Ia 4,7 Dibutyltin dichloride Ia 399, 4w; Ib jl~ , C senes .ra t~

-. in situ Ia 56 -, influence of sorbent Ia 90 Dibutyltin dilaurate la 399, 400 -, enzymatic cleavage la64
-, postchromatographic la55 -, microchemical la4,7,9 Dicarboxy lie acids Ia 45, 171, 175, 178, Digitoxin Ia 104, 303; Ib 172, 183, 186,
-', prechromatographic Ia 55, 56ff, 75; -, nondestructive Ia 6, 9, 42ff 188,232,233,248,249,308,426; 187,267

Ib 104 -, pH-active substances la 45 Ib 143 Diglycerides Ia 45, 404; Ib 282, 290
-', prechromatographic with -, photochemical Ib 13 Diclobenil Ib419 Diglycerin tetranitrate Ib415

benzoy Ichloride Ia 70 ,pnyslcal Ia 4, 0 . . . 1 .. • 1\<
~,J-

-, - bromophenacyl bromide Ia 71 -, selectivity Ia 109 2,3-Dichloroaniline Ib 314, 315 -, bis-digoxoside Ia 305
-, - carbon disulfide la 75 -, substance-specific la4,7 2,5-Dichloroaniline Ib 315 -, monodigoxoside la305
-, - diazomethane Ia 71 -, thermochemical Ib27 3,4-Dichloroaniline Ib 314, 315,395, Digoxin Ia 104, 303, 305; Ib 172, 183,
-, - 2',7' -dichlorofluorescein Ia 105 -', with the aid of aqueous dyes la43 396,419 186,187,267
-, - 3,5-dinitrobenzoyI chloride la 70 Detergents Ia 44, 86, 89, 191, 388, 389, 3,5-Dichloroaniline Ib314,315 Dihydroergocristin Ib348

~, on ; ". ~o~, ~o£, ~o~ Hll , 4-n;~hlorobenzoic acid la72 Dihydroergosin Ib243,247
2,4-dinitrofluorobenzene la71,75 Deuteriwn lamp la21 3,5-Dichlorobenzoic acid la72 Dihydroergot alkaloids Ib35u

-, - diphenylacetyl-I,3-iodandion-1-hy- Dextromethorphan Ib354 2,6-Dichloroquioone 4-chlorimide, Dihydroergotamine Ib 257,348,354
drazone la76 Dextropropoxyphen Ib354 reagent la260 Dihydroergotamine mesylate Ib 249, 257

-, - f1uorescamine la76 Dhurrin Ib 121 Dichlorofluorescein la 88, 105,325 Dihydroergotoxin Ib 348
-, - fluorescein la 105 Diacetoxycirpenol Ib244 2',7'-Dichlorofluorescein, pHdepeodent Dihydrolysergic acid Ib348
- - heptatluorobutvric acid Ia 75 1,2-Diacetylhydrazine,acid hydrolysis la 63 fluorescence la91 Dihydroxyandrosterone Ib78

melbyI iodide la70 Diacyl peroxides la 368; Ib 227 L.,'1-U1cmoropnenoJ 'UtI,.



470 Index 1.,I,y ,171

m-Dihydroxybcnzenc 1a 174,273 2,6-Dinitrophenol Ib 404, 405, 428, 429 Dipterocarpol 1a 71 Drug monitoring 1b97
o-Dihydroxybcnzcnc 1a 89, 174,273 Dinitrophenols la 273; 1b 389,404,405, Disaccharides 1a 154, 155, 161, 163, 179, DUCJGAN reagent Ib411
p-Dihydroxybenzene 1a 44, 89, 174 428,429 181,203,204,228,277,331; 1b 421 Dulcin 1a 10, 11,223,388-390
Dihydroxybenzcnc derivatives 1b 179-181 Dinitrophenylacctatc Ib365 Disopyramide 1b354 -, calibrationcurve la34
Dihydroxycrgotoxin 1a 382 Dinitrophcnyl derivatives 1b 103-104 Distribution of substance in the laver 1a 91 Dursban 1b 32 365 1~7
VI yoroxysetones ra 14/ 2,4-Dinitrophenylhydrazine 1a273 Disulfides Ib 50, 301,338,339
Dihydroxynardol 1b239 2,4-DinitrophenYlhydrazoncs la 77; Disulfoton 1b 338 E
Dihydroxyphenols la 277 Ib324 Ditcrpene glycosides 1a 195 Ecgonine 1b 34, 35
3,4-Dihydrophcnylacetic acid la 392 Dinitrophcnylhydrazones Ib367 Dithiaden Ib280 Ecgonin methyl ester Ib 32, 34, 35
2,4-Diiodoestrone la66 Dinobuton 1b 387 Dithiocarbamoylhydrazinc 1b 290 Echimidinc N-oxidc Ib 243
Dilaudid Ib 358 Dinocap Ib 108, 418 Dithioglycolic acid la 248, 249 EDTA Ib 152r-sn: 1h 0<,

Diurc ics ra L4~, L4~, LOU; IlJ ~", Ettorti Ia tUI.- '<" .'J,
Dimcfuron Ib417 Dioctyltin oxide la 399, 400 188,189,191,321 EHRLICH's reagent Ib 63, 230, 231
Dimerol Ib43 Diols Ib47 -, thiazide Ib 136 Eldrin la76
Dimcthoates Ib 83,164,165,338,340,341 -, vicinal 1a 325,326, 329, 330 Drying cupboard la 93 Electrochemical activation Ib41
2,5-Dimethoxyanilinc la67 Dio ley Iphosphatidy Icholine Ib282 Diurone 1a 74; Ib244,417 Electrophilic substitution Ib62
2,5-Dimcthoxy-4-bromoamphctamine 1a 299 Diol phases la 3 Dixyrazin Ib 354-356 Ellipton 1b327
2,5-Dimethoxytetrahydrofuran 1a 265 Diossenin 1a 195 r-, ""'A, 1.7< ", ,pm , '"Dimethylaminoazobenzene 1b 19 -, oxidation 1a 59 Dodccyl bcnzcncsulfonatc 1b 282 EMERSON reaction 1b81
4-Dimcthylaminobenzaldchydc 1a 265 -, reduction 1a61 Documentationof chromatograms 1a 119ff Emetine 1a 46, 263; 1b 188,290,291,
4-Dimethylamino cinnamaldehydc 1a269 Diosgenonc 1a 59 - autoradiography 1a 6 293,294,323
2,3-Dimcthylaniline 1b 314, 315 Dioxacarb 1b 332 -, computer-based 1a 138 Entission, see also fluorescence 1a 23, 33, 37
2,4-Dimethylartilinc 1b 247, 248 Dioxopromethazinc 1b 354 -, Ilfospeed 2,1 M paper 1a 136 EMMERIE-ENGEL reagent 1a216
2,6- Dimcthylanil ine 1b 324, 325, 419 Diphenhydramine 1b354 -, KODAK paper la 136 Emodinc 1b365

WLUO Lnpnenyt Ia 44 , OzaJid paper 1a 136 Emulsifiers 1b282
Dimethylmcrcury 1b 156 Diphenylaccryl-l,3-indandion-I-hydra- -, photographic paper 1a 136 Enamino ketones 1b 312
2,5-Dimcthylphenol 1b 149 zone 1a 76 -, photographing 1a 6, 134; 1b 451 Endosulfan 1b 82, 83, 418
2,6-Dimethylphcnol Ib 149 Diphenylamine 1a 179; 1b -, photocopying 1a 6,134 Endrin 1b 83
Dimcthylphcnols 1b 148, 149 Diphcnylboric acid 2-aminocthyl ester -, sketching 1a 6, 134 Enols 1b 119,307
N,N-DimethYl-p-toluidinc 1b 268 1a277 -, Ultrarapid blueprint paper 1a 135 Enol ketones 1b 312
Dimeth I sulfo

~".~..... .U .'JO

;;;;;{n
ion W.'JJ

1a88 Dipheny lcarbazonc 1a340 Dolichol 1b34 1a44, 64, 65
Dimethyltin dichloride 1b 319 Diphenylmcrcury 1b 156 DOOB reagent 1a 239, 284, 285 Ephedrine 1a 45, 107, 173; 1b 119, 188,
Dimetindcn 1b354 Diphcnylpyraline 1b354 Dopa 1a 393-396 268,283,327,329
Dinitramine 1b 110-1l2 Diphosphate (P,O',') 1a 172 Dopamine 1a 240,393-396; 1b 312 Epoxides 1a 63, 359-361; 1b 46
Dinitroanilinc derivatives 1b 111 Diphrophylline 1b 298 Doping controls 1b97 Epoxy resins, pyrolysis products la 45
Dinitroaniline herbicides 1b 110, 112 Dipping 1a 80, 82ff Dosulcnin 1b 365 . Ih ~<;,1
L,,,-vmltroocnzam,oc 1b 75 . manual-instrumental (a comparison) Doxapram 1b354 EPreagent 1b 63,239,240
3,5 -Dinitrobenzoates 1a 77 la 80, 84 Doxepin 1b 354 Equilibration of the layer 1a 131
m-Dinitrobenzenc 1b 379 Dipping chambers 1a83 Doxycyclin 1b271 17a-Ethinyl-5-androstcno-3~,17J}-diol
3,5-Dirtitrobczoyl chloride 1a 70 Dipping reagents 1a 82ff Doxylamine 1b 354 Ib 346
2,4-Dinitrofluorobenzenc la71,75 -, choice of solvent 1a85 N,N-DPDD 1b 49,228, 229,417 Etiocholanolone Ib 78
2,4-Dirtitrophenol 1b 404,405,428,429 Dipropropretryn 1b 207. 208, 230,231. DRAGENDORFF reagent 1b 353, 354 ERDMA.NNreaction 1b64o s., HAfV "" Ergobasine Ib440,44I,444,445., tzro enm I D jJ4
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Ergocornine 1b 243
Ergocristine 1b 245,348
Ergocryptine 1b 379
Ergoline carboxylic acids 1b 243
Erzomctrine 1b 243, 252, 440, 444
Ergosterol 1a 351
Ergot alkaloids 1a 380, 381; 1b 237, 243,

245,246,247,252,253,255,307,321,
323,348,349,440,441,443-445

- hydrogenated 1b 349
Ergotamine 1b 243,252,348,358,445
IOrgmaminine 11) >'+<', H, , t'+J

Ergotamine tartrate 1b 249, 257, 440, 441
Ergotamine D-tartrate 1b 444
ERLENMEYER reaction 1b 53
Erucic acid la 73
Esidnx" 1b 95
"«0<0 'h "",

-, 4-dinitrophenyl Ib 113
Ethanolamine derivatives, aromatic 1b 119
Ethenzamide 1b 354
Essential oils 1b 450
Essential oil components la 87, 89, 92,

153, 195, 197,210,211,376; 1b 32,
437,446,449,451

Esterification, prechomatographic in situ
1a 69ff

Estradiol la 68, 89,439,440; 1b 177,
178,312,343,446

17~-Estradiol 1b 188

1b 173, 177, 178,312
Estriol3-sulfate 1b 346
Estrogens 1a 66, 67, 68, 89, 104,107,

195,333,411,430,432,438,439;
1b 175, 177, 332, 334,440

Estrone 1a 66 68 89 439 440' 1b 177
178, 188,282,284, 312,346,390

Estrone derivatives 1b 279
Etherification prechromatographic in situ

1a 69ff
Ethopropazine 1b 355
Ethosuximide la 254, 255
nrnoxo amiue W 1M

1-Ethoxylcarbony1-2-arylazo-2-nitroethane
derivatives 1b 365

Ethoxyquine la 106, 108
Ethylamine 1b 104,268
N-Ethvlamine derivatives, tertiarv Ih 290
Ethylamphetamines 1a 45
N-Ethyl-N'-henzylthiourea 1b 301
N-Ethylderivatives 1b 190
-, secondary 1b 190
-, tertiary Ib 188, 191
Ethclenediamine 1a 392
"lily ene g ycotdtrrt rate ou
N4-Ethyl-N4-(2-methanesulfonamido-ethyl)­

2-methyl-1 A-phenylenediamine, reagent
1a 368

Ethylmorphine 1b 63
Ethylmercury chloride 1b 156

. h~nR.1 '0

431-433
17u-Ethynyl-l,3,5-estratrien-3,17~-diol

Ib390
Etophylline 1b 299, 300
Etozolin Ib 354
Eugenol 1a 153
Eusolcx 1b 446
Evaluation of chromatograms 1a 133ff
Evaluation, peak area or height 1a 31,33,40
-', optical trains la 30, 39
Evipan" 1a 339, 343
Excitation to fluorescence 1a 10, 12,20,37

1a 82, 253, 261, 315, 365
Explosives 1b 49, 244, 407-409
Exposure to vapors 1a 86

F
Fac 1b 338
Farnesol 1b 446
Fast blue salt B 1a 288ff
Fatty acids la 44, 45, 61, 70,71,214,232,

234,333,376,401,402,404,411,438;
1b 144, 282, 430,437,438,446,448

- as dansyl cardaveride derivatives 1a 73
as uansy piperdziue deriva ives >a I)

-r-, in com extracts 1a 103
- detection limits 1a 43
- odd numbered 1a 73, 74
- reduction 1a 61

h ",," "", 'h<1 "M·

1b282
Fatty acid methyl esters la 44,70,299,

300,376,401
Fatty alcohol dinitrobenzoates 1a 401
Fatty aldehydes 1a 45
Fatty oils 1b 285, 286, 343
FCPAreagent la JI4
Fendilin 1b 354
Fenetyline 1b 354
Fenitrothione 1b 83, 332, 335, 336, 369
Fenpropathrin 1b 86

~enproporex o~~ 3~~

Fenyramidole 1b 354
Ferrithiocine 1b 283
Ferulic acid 1b 448
Filters, "black light" 1a 38
-, cut off 1a 17, 38

, monochromatic 1a 17, 38
-, optical transmittance 1a 15
Filter paper, lining for chambers 1a 124
Fisetin 1a 44
Fixing a chromatogram la 133

Flavanones 1b 308
Flavones 1b 437
r- avone g ycosioes, acio nyoro ysis ra OL

Flavonoids 1a44, 106, 147-149,166,
167,181,206,273,277, 279, 322, 323,
438,439; 1b 179, 180,214,215,401,
403,430,431,446,448

Flavonoid glycosides 1b 307, 308
"'",,~"~I .. "70 "00 An I

Flecainide 1b 354
Fluchloralin 1b 110-112
Flucythrinatc 1b 86
Flubiprofen 1b 223, 225, 226
Flunitrazepam 1b 90, 91
-, metabolites 1b 91
Fluoranthenc 1a 85

Fluorescamine 1a 76, 88, 287, 294
-, in mobile phase 1a 57
Fluorescein 1a 64, 65
-, in bubble bath 1a 64

nt-I- '.0
-, sodium 1a 88, 326
Fluorescence diminishing la 10
Fluorescence enhancement 1a I()()ff
-, porphyrins la 102
Fluorescence indicators, organic 13 12fT
-, interference during absorbance measure-

ment 1a 33
Fluorescencemeasurement, filtercombina­

tion 1al7
Fluorescence quenching 1a 10,33,46,47,

137

- influence 0: oxygen 1a ?;" ""
- laws la40
- quenching 1a 10,33,46, 137
- scans la 17
- selectivity 1a 38, 39
- stabilization 1a 98ff, 241, 278, 285,

286,296, 306,366, 373, 375, 381,382,
397,413,421; 1b 31

- enhancement by benzene 1a 103
-, - cctyltrimethylammonium chloride

1a 108
-, - ~-cyclodextrin 1a 108
-, - dioctyl sulfosuccinatc 1a 108, 30 I

cocecane ra IU)

-, - ethanol vapor 1a 103
-, - 2-ethoxythanol la 106
-, - ethylene glycol la 106
-, - fatty acids la 103

-, - Fl,~:~~~ Y;~":'(",1a 103

-, - isooctanc la 103
-, - kerosine 1a 103
-, - liquid paraffin 1a 103ff, 241,285,

286,296,304,306,319,335,361,
363,366,421,439; 1b 32, 216, 318

- - liquid paraffin/triethanolamine
1a 105, 397, 413
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-, ~ monoethanolamine la 107 Fungicides la 7; Ib 108, 194, 196,297, Glucose la45, 63, 89, 97,164,165,176, -, cumarin Ib 365

-, - palmitic acid la 103 330 181-184,277,278,331; Ib 32-34, 36, -, da/bergion Ib 365

-, - polyethylene glycol 400 la 106 -, bioautographic detection Ia 109 285,327,329,422,424 - digitalis la 63, 64, 104,303-305,420,

-, - polyethylene gyleol4000 Ia 106,278 - oxathizinc la44 Glucose derivatives la45 421,430,431; Ib 170,183,184,186,
, , ,~,'';n 'n< 1 HW. , 00 Glucose-8-methionine Ib 387 263 266 343 344

-, - sodium cholate la 108 Glucose I-phosphate la 63 - diterpene la 195

-, - sodium dodeeylsulfate la 108 G -, enzymatic cleavage la63 -, flavonoid la 62, 106, 166: Ib 307, 308

-, - triethanolamine Ia 107,297 Galactosamine Ib 232, 234, 235 Glucose syrup la 182 - steroid la206

-, - triethylamine la 107,297 Galactose Ib 33,422, 423 Glucosides, aryl la 185 - Strophantus Ib 263

-, - Triton X-IOO la 108; Ib31,391 D-Galactose, dipole moment la97 -, aryl la 186 -, xanthone Ib 365

-r-, - water vapor la 105 Galacturonic acid la45,181 -, flavone la 323 Glycosphingolipids la 44

Flurocsccncc spectra, recording la 31, 40 Gallates la262 , xaernpreroi a jL: l.r. ycyrrnc ie aeiu acetare .a 00, IV

-, optical train la 39 Gallic acid Ib 307, 312, 314, 401 - L-menthyl la 325, 327, 328 Glymidin Ib 354

Fluorescence stabilization, porphyrins Gallic acid esters Ib 307, 338, 446 - rnonoterpene la 327, 328 Glyoxylic acid la 157

Ia 100-101 Gallium cations la 144 - naphthoquinone la 166 Gyloxylic acid vapor la 86

Fluorophors la 57 Gallocatechins Ib442 - sesquiterpenc Ia 327 GMI Ib244

Flupentixol Ib 354 Gallotanuins Ib312 -, terpene la 327 GM2 Ib244
,> ' 10< 1 O~ 10 7<

'4 "0

Fluspirilcn Ib354 Ib 244, 246, 282 Glutaconic acid la 181 Gold cations la 144

Fluvalinates Ib86 GDla Ib244 Glucanonic acid, reduction la61 Gramine la 106, 107

Foam bath, brominated la64 GDlb Ib244 Glutamic acid la45 Grating monochromators la 17

Folic acid Ia 223, 225 Gentamyeins la 105, 270-272, 286, 287, Glutaric acid Ib 143 GRIESS reagent Ib409

FOLIK-CtOCALTEU's reagent Ib 180 294,356,357,382,383,404,423-425, Glutethimide Ia 337, 340 GRINGARD reaction Ib54

FOLI~'S rcazent Ib321 435 436 Glycerides la44 Group reagents Ib 45ff

Formaldehyde la 299, 351 Gentisin Ib 365, 367 Glycerol la325 Group-specific reagents Ib 46ff

-, vapor la 86 Gentisyl acid Ib 307 Glycerol phosphatides la 70 GT! b Ib244

Formazan Ib65 Geraniol la 58, 59, 70, 76, 327; Ib 34 Glycine la 246, 267, 268, 296, 297, 356, 435 Guaifenesin la299

FORREST reagent Ib 352, 353, 355, 356 -, glucoside la 327 -, dipole moment Ia 97 Guanine Ib74

Fospirate Ib 365 -', oxidation la 59 Glycol aldehyde la 157

Fructose la 155, 156, 158, 161, 162, 164, Geranic acid by oxidation of citral la 58 -, dinitrophenylhydrazone Ib 365 H

165, lX2-1 X4, 20U,201. 203, 204, 277, uennme lb 2Xj V'yUH' .....z.u "au'" '"

278,331; Ib 32, 33, 36,223,327,329, Gcrmine acetate Ib283 Glycolic acid la 45, 426 Haloehromism Ib 122

423,424 Germine diacetate Ib 283 Glycolic acid esters, N-eontaining Ib 282 Halogens (labile bonded) la 359, 361

Fructosyl-nystosc Ib 423, 424 Gestagens la318 Glyeolipids la 44, 45, 2U2,242, 243 Halogen anions Ia 231, 232

Fuberidazol Ib 33 Gibberellins la411 Glyeosides la62, 179,181, 195, 197, Halogen-containing substances 1b 227, 228

Fue-GMI Ib243 GIBBS'reagent la 76, 252 203,325,326 Halogen derivatives Ib49
~. .. "" . ' .. u Ioh2 Halides Ib 129

-0

Fucose Ib 34 GtRARO's reagent ia72 - alkyl la426 N,N-bis-(Haloalkyl)alkylamines la 354

Fumaric acid Ia 44, 171. 175,233,249. Gitogenin la 195 -, anodendrone Ib 263 N,N,N-(tri-Haloalkyl)amines la349

25U,258, 259, 308 Gitoxin Ib 183 - anthraquinone Ib 365 Halogenation la64

-, reduction la 61 Gliclazid Ib 188 - cardenolide Ib446 -, chlorine gas la 65

Functional chromaotgraphy 1b 61 Glucosamine Ib 34.232,234,235 - cardiac la 63, 64, 104, 195,303-305, -, iodine chamber la66

Functional groups, recognition Ib45 420,421,430,431 -, thionyl chloride la 65

Fungal toxins Ib 307 ,com'aUana lb zo. ,2t>5 , with nrorrune vapor/so uuon ra ()J
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Halogen lamp la22 Hexobarbital la 254, 255 Hydrochlothiazide Ib 95-97, 135, 136 5- Hydroxyflavones Ib 158, 159

Halogen oxyacids la 188,189 Hexoses la 161,202 Hydrocyanic acid glycosides Ib 120 6- Hydroxyflavone la 70

Haloperidol Ib 268, 354 Hexuronic acid la 158 Hydrogen lamp la 21,22 5-Hydroxyflavonoids Ib 159

Hannalin Ib 188 Hippadin Ib290 Hydrogen peroxide la 307ff, 368 Hydroxyindole derivatives Ib 252, 442
,.lhln;A, Ih 7~' ... 11< Hvdroscn sulfide vaoor la 86 5-Hvdroxvindolvlacetic acid la 380 382-

Harpagoside Ib243 Histamine la 294, 296, 355; Hydrolysis Ib 37-39

Hecogenine la 71 Ib 231, 349, 401 -, enzymatic la 63, 64 5-Hydroxyindoyl-3-acetic acid Ib 243

Hedeoma pulegioides, essential oil compo- Histidine Ib74,158-160,349,401,437 -, in ammonia atmosphere la 63 Hydroxylupaninc Ib32

ncnts la 195 -, N-a-Z-L- Ib 160 - in methanolic potassium hydroxide 1a 63 Hydroxyproline la 240, 241, 246,435;

Heptaene antibiotics la 195 Histidine derivatives Ib 158 - in mcthanolic sodium hydroxide la 63 Ib 132,323

Hcptafluorobutyric acid la 75 Histidyl peptides Ib 349 - with Luizyrn" solution la64 4-Hydroxypropranolol Ib 350, 351

Hcptaporphyrin la 99tt HMX Ib 407, 408 pnospnoaies erase U OJ yuroxysxa 0 es w ~J~, ~J'

Herbicides Ib 108 Homofenazinc Ib 354 -, phospholipase la 64 ~5_3~ Hydroxystcroids la 385

- anilide la 223,225 Homogentisic acid la 166, 167 -, phosphate monoesterase la 63 ~' -3-Hydroxysteroids Ib 29

-, N-aryl-N' ,N'-dialkylurea la43 Homovanillic acid Ib 21,38,39 - phosphoric acid la 63 N-Hydroxysuccinimidc Ib 199

-, 2-sec-butyl-4,6-dinitrophcnyl Ib 387 Hordenin Ib 229 - potassium hydoxide la 63 5-Hydroxytryptamine la380

-, carbamate la 44, 74,104,107,223, Horizontal chamber la 127 - hydrochloric acid la 62 5-Hydroxytryptophan la 240, 241
11<_ _""0 .. ,"- - I. '''0· Ih l77 , ... 'OJ

','

-r-, dinitroaniline Ib1l0,112 Hotplates la 93ft' - alkyl Ib 227 Hymenin Ib446

-, phenoxyacetic acid la 260 -, temperature adjustment la94 II-~ Hydroperoxylanostcnyl acetate, reduc- Hyodesoxycholic acid la334

-, phenyl carbamate Ib244 -, temperature distribution la 95 tion la62 Hypericin la 148, 279,280

-, phenyl carbonate Ib204 HUSEMANN reaction Ib64 Hydroquinonc la 44, 89, 174; Ib 170, Hypcrosidc la 149,279,323

-, phcnylurea Ib 244 Hydastin Ib 358 In, 181,268 Hypnotics, bromine-containing Ib 227

-, residues la45,210 Hvdrazines la 269 284' Ib 383 Hydroxamic acids Ib307

- triazine Ib68, 69,194,196,197,199, Hydrazone formation la 71ft' Hydroxyacetophenone derivatives Ib 282 I
201,202,204,207,208,210-212,22 -, 2,4-dinitrophenylsemicarbazidc la n n-Hydroxyacids la71 Imiclopazine Ib 354

- urea la 43, 74, 104, 107, 223, 225; Ib -, GIRARD'S reagent la n I-Hydroxyacridone alkaloids Ib 307, 308 Imidan Ib32

68-69,94 -, 4-nitrophenylhydrazine la n Hydroxyamino acids Ib 133 Imidazole Ib 268, 270

Heroin la 108, 166-168, 299, 30 I, 302, -, trimcthylacetohydrazide Ian Hydroxyanthraquinonc la 148, 288 Imidazole antimycotics Ib98

351,353; Ib 358 -, with 2,4-dinitrophenylhydrazine 4-Hydroxybenzaldehyde Ib401 Imidazole derivatives la 380; Ib 48,50,

r-rcunoar y propionic acius ID 1'+. , LLj, LL4 ra n, /L,L/4 <a ,..

Heterocyclics la 252, 260, 299,416; Hydrides, complex, reduction with Ib 54 4-Hydroxybenzoate esters Ib 80 Imidazole thioethcrs Ib401

Ib401 Hydrocarbons la 39, 43-46, 191, 210, 4-Hydroxybcnzoic acid la 308; Ib 80 Imino groups Ib 194

N-Helerocyclics la 252; Ib 268 214,252,260,299,404,416; 8-Hydroxyquinolinc Ib201 Imipramine Ib 327, 328, 352-354, 358

Hexachlorocyclohexane Ib227 Ib 282, 291 -, reagent la 144, 310 Imipramine derivatives Ib 352-354

Hexachlorocyclohexane isomers 1b 211 -, aromatic la 46, 210, 252, 260, 299, 416 a Hydroxyquinoncs Ib158,159 Impcratorin la 65
Ihlll7 "hl"";""'oA , ... '0 I-Hvdroxvchlorden la44 Imnreznation with caffeine la 86

Hcxacyanoferratc(llI) anions Ib307 -, polycyclic aromatic Ib 278 Hydroxycinnamic acid la277 -, - silver nitrate Ia 86

n-Hexadecanol esters, alkaline hydrolysis -, - fluorescence enhancement la 103, 108 Hydroxycinnamic acid derivatives Ib307 -, - tungstate la86

la 63 -, - oxidation la 60 Hydroxycitronellal Ib451 Indandione derivatives Ib 359, 401

Hexamine Ib210 Hydrochloric acid la269 17-Hydroxycorticosteroids, oxidation la 59 Indeno( 1,2,3-cd )pyrene la 39, 85

Hexaporphyrin la 102 -r-, vapor la 86, 303 4-Hydroxycumarin la 359 Indium cations la 144

Hcxazinonc Ib418 Hydrocortisone la 221; Ib 343 I-Hydroxycthanc-I, l-diphosphonic acid

Hexitols Ia 4L6 Hydrocortisone a, dansylhydrazone la221 ra IL
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Indoles la46, 252, 260, 269, 314,315, lridoids Ib446 II-Ketoetiocholanolone Ib346 -r-, tungsten la 21
364,417,418; Ib 268, 270,379, 440, Iron cations lal44,217,311; 3-Ketobetulic acid la 59 -, UV la 13-17
441,443-445 Ib 151-153, 159, 160 7-Ketocholestcrol, reduction la60 -, xenon la 20, 22

-r-, p-substitutcd la 270 Irondll) chloride, reagent la 170, 216, 314 Ketoglutaric acid la 45,249 Landrin Ib29,312
Indoleacetic acid la45 Isoacsorbic acid la376 v",O arouns free la 273 Lanthanum eo' ions 1· 1 A A

'Tndol-3-acetie acid Ib 234, 343 Isobornyl acetate Ib451 Ketohcxoses la 180, 181 Lasalocid Ib446
Indole alkaloids la 66,314; Ib 279 Isocorydin Ib 358 a-Ketolaetones Ib 307 Laser, He-Ne la 22
Indole amines la 76, 294, 296 Isocyanates Ib 106, 107 a-Kctolstcroids Ib64 Lauric acid la402,406
Indole derivatives la 45, 76, 106,260, Isogcntisin Ib 365 Ketones la 72; Ib49, 51-54 Lauryl alcohol Ib43

270,294,296,376,380-382,416,417; Isoleucine la 246,247 Ketone peroxides la 368; Ib 227 Lavender oil Ib451
~~ 4~,_6!, 236, 243, 245, 246, 247, 252- Isolysergamide Ib 243 Ketoprofen Ib 223, 225, 226 Lead(lI) acetate basic reagent la 322

,- one 1D 4j Ketoses la 18U, 18 ,LUL, LU3,LLU, Llj, Leaou V) acetate dichlorofluorcscein rea
Inflammation inhibitors Ib 312 Isomerization Ib 18 274,428; Ib 224 gent la 325-328
INHreagent la 318 Isonicotinic acid hydrazide la31lff Ketosteroids la 333; Ib 358 Lead(fV) acetate fuchsin reagent la 329-332
Inositol Ib43 Isoprenaline la 395,396; Ib 268 :'14 -3-Ketostcroids Ib 29, 227, 229, 387, Lead cations la 144; Ib317
Insecticides la 7, 44, 76; Ib 82, 83, 229, Isoprenoids la44 389,415 Lecithin la 44,377, 378; Ib 282, 327

327,338 lsopropaline IbIlO-I12 :'I'-3-Ketosteroids Ib 29, 229 LEG~L'ssa.m~I~, ~~_I~_ "'0 'M 'Mcarbamate Ib 83 332 334 415 'h 10, , , .. 000

- chlorinated Ib 83 4-lsopropylaniline Ib 395-396 :'14-3-Ketosteroid-o-keto Is Ib227 LEUCKART-WALLACH reaction Ib 54
- chlorine-containing Ib 227 Isoproturon Ib418 :'I' -3-Ketosteroid-a-kctols Ib227 Levomcpromazine Ib 354, 356
- organophosphorus la 337, 340, 341, Isopulegol, oxidation la59 3-Ketosteroids la88, 104, 152,220,318, Lidocaine Ib 137,138,188

359,351-363; Ib 83, 332, 415 Isoquercitrin la 279, 280, 323 319 Lichen acids la45
-, pyrethroid la 359 Isoquinolinc alkaloids la 46,66,262; 17-Ketosteroids la59; Ib78-79 Lidot1azin Ib354
-, thiophosphoric acid Ib 113-115, 162- Ib279 Ketosugars Ib223,224 LIEBERMANN-BuRCHARD reaction Ib 175

"11JZr,3U' ;J1J2t, 3U), ___-_DS, 338-34U, lsorhamnctin la323 3-Kctoursolic acid la 59 Lignans Ib 312
367,413 Isothiazolonc, microbiocidal la45 Khusol. oxidation la59 Lily of the valley extract Ib 185,266

Insulin derivatives Ib401 Isothiocyanates la 75; Ib 312 KNOEVA"JAGEL reaction Ib 53 Limonene oxidation products Ib372
Iodate anions la 188, 190; Ib 307 Isothiocyanate anions Ib 307 KOBER reaction Ib65 Limonine Ib244
Iodine staining Ib278 Isotopes, detection limits la41 Kojic acid Ib401 Linalool la 68, 69, 70, 76, 327
Iodine-azide reaction 1b 85 301-304 Itaconic acid, reduction la61 Kryptobases Ib 53 -, glucoside la 327
l"~;~""";,,,, '" "'''_ , .. ~.'-~~ ,o0 >on

nu ,_UJ "l'illBEI:IG - .ra OJ, oo "TIrOO
Iodide vapor la 46, 64, 78 Lincomycin Ib446,448
Iodination la66 J L Linearity, improvement of the calibration
Iodine-starch inclusion compounds la46 JENSENS's reagent Ib 183 Labelling of chromatograms la 13lff by derivatization la56
Iodine-starch complex Ib 195 Lactic acid la 45,171,230,233,250, Linear chamber (cf also horizontal cham-
Iodine substitution under the int1uence of K 258,259,308 ber) la 5

light la 47 Kaemnferol ~lucoside la 323 Lactose 1. 1« I<h Ihl Ih1 ,"'-'", T' ,10;,. o,,;~ j ., ~~

Iodine compounds Ib 76, 77 KEDDE's reagent Ib 236,237 277,278; Ib 36, 223, 423 Linoleic acid hydroperoxide Ib227
Ipecacuanha la47 l-Kcstose Ib 423, 424 Lamps, working life la21 Linoleic acid, oxidation products Ib 372
lpecaeuahna extract la 263; 1b 294 6-Kestose Ib423 -, deuterium la 21 Linolenic acid la 73
lpecacuanhae radix la 263 Kctazon Ib280 - halogen la22 Linseed oil Ib286
Ipecacuanha, tincture Ib 292, 293 Keto acids la 262 - hydrogen la 20,21 Linurone la 74, 108; Ib 68, 69, 244, 252,
Iprodion Ib230 a-Keto acids la 249, 262, 372 - mercury la 20. 23 418,,-
.." • 4uinoxalOne oenva IVCS 11) j4j , radiation characteristics ra La, L
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Lipids 1a 44-46,89,191,242,333,376, Maltotetraosc Ib423,424 Mercury high pressure lamp, emission Methyl dcsoxyglycyrrhetate la61
377,401,404,411,438,439; 1b 34, Maltotriosc Ib 423, 424 lines la23,24 p-O-Methyldhurrin 1b 121
277,281, 282, 290 MANDELIN's reagent la 426 -, technical data 1a 23 Methyldigoxin la 104

Lipoproteins la44 Mandclonitrile glycosides 1b 120-122 Mercury lamps 1a 20, 22ff ~-Methyldigoxin Ib 183
Li .h OWl

... aI" <0 --.:u-r=, ,ou
Liquid crystals Ib343 Manganese cations 1a 144; 1b 259 Mercurytll) salt, reagent 1a340 Methyl claidatc, oxidation products 1b372
Lisuride dihydrogen maleate 1b249 Mannitol la 409, 410 Mesaconic acid, reduction la61 Methylephedrine 1b327
Lisuride hydrogen maleate Ib257 Mannose 1b 33, 423 Mescaline 1b 268 2-Methyl-6-ethylaniline Ib 324, 325
Lithium cations 1a 144 Maprotilin Ib 268, 358 Mesoporphyrin la 101, 102 Methylglucoside 1b 33
Lithocholic acid 1a334 Marctin Ib 32,365 Mctabenzthiazurone Ib 33, 418 Methyl glycyrrhctatc, reduction 1a61
Local anesthetics Ib 137, 188 Maridommycins Ib283 Metabolites Ib 37 135 268 358 Methvl iodide la 70
Lofepramme Ib 354, 355 Marking the mobile phase front la 132 Metal chelates 1a248 Methyl ketols 1b236
LSD 1b 243, 323, 348 Marmesin 1a 67 Metal ions 1a 398 Mcthyl linolcatc oxidation products Ib372
Ludox solution Ib 329 MARQUIS reagent la 299; 1b 63 Metal cations la310-312,398; Ib259, Methylmercury chloride 1b 156
LUGOL'ssolution 1b292 MARQUIS reaction la 352; Ib 58 317 Methyl oleate oxidation products Ib 372
Luminal" 1a 339,342,343 Matacil 1a 107; 1b 312 Metal complexes la 248,398; Ib 119ff Methylpaludinium chloride Ib 358
Luminescence 1a 10, II, 15 Matricin 1b 239, 240 Metamitron 1b418 9-(m-Methylphenoxy)acridine 1b 145. ... "

-\jJ-lVlemy pncnoxyjacrunnc ID 14,va ue la u, Mctasys ox ID .,jX
Lupeol la 70 MB TH reagent 1a347 Metazachlor 1b417 N-Methylphenylalanine 1a 89
Lupeol acetate, alkaline hydrolysis 1a 63 MDPF reagent 1a344 Methadone 1b 43,358,360 Methylsueeinie acid 1a 349
Lupinine Ib 32 Measurement wavelength, choice 1a 31 Methamidophos Ib 164, 165 Methy I sugars 1a 188
Luteolin 1a 220, 221,279 MEERWEIN-PONNDORFF reduction 1b54 Methamphetamine 1b 268, 283 p-O-Methyltaxiphylline 1b 121
Luteoskyrin 1a 104 MEISENHEIMER complex 1b 47,264,366 Methanol, dipole moment la 97 4-Methylumb:lli~rone, pH dependent fluo-
Lysergic acid 1b 348 Melamine resin .':1>0 "'0 , .1cO

Lysergic acid and derivatives 1a 98, 340; Melezitose 1b423 Methazolamidc Ib 188 Methysergide 1b249
1b441-443 Melibiose Ib 423 Methicillin 1b 84,301 Methysergide maleate 1b 249, 257

Lysergarnide 1b243 Melissae folium, essential oil components Methionine 1b301,358 Metobromuron 1b 418
Lyseric acid diethylamide 1b 252,255 1a 195 Methionine sulfoxide Ib 75 Metolachlor Ib417
Lysine 1a 435; 1b 132 Melpcron 1b 354 Methoprotryn 1b 207, 208, 230, 231, 413, Mctoprolol 1b268

Memory effect 1b20 414 Metoxurone la 74; 1b418
--wr Menazon Ib 32, 365, 387 Methoxybenzaldehyde derivatives 1a 72 Metribuzin 1b 204. 418

MACB=5-chloro-2-(methylamino)benzo- Menthofuran 1a211,212 Methoxychlor 1b227 Mevinphos 1b412
phenonc 1a227 Menthol la44, 59, 68, 69, 70,197,198, Methoxycinnamic acid la 277 -, cis 1b 164, 165

Macrolide antibiotics 1a 195 327; 1b 451 2-Methoxy-2,4-diphenyl-3(2H)-furanone -, trans 1b 164, 165
Magnesium cations 1a 144,145,311,312 -, glucoside la224 reagent la344 Mexacarabate 1b 312
Malachite green la 45 Menthonc 1a72,21?:211; 1b252,451 3-Methoxy-4-hydroxyacetophenone 1b446 MICHLER'S thiokctone 1b 154, 155
Malathion 'h 0' ,"" ,n< 200 OM"" - - ...
Maleic acid 1a44, 61,171,230,249,250 Menthyl glucoside 1a 325, 328 Methylamine Ib 104 Mineral oil 1b344
Malic acid 1a 45, 175,230,233,250,258, Meprobamat 1b204 N-Methyl-N-(4-aminobcnzyl}- amino deri- Mirsol 1a45

259,308 Mercaptans 1a 239; 1b 338, 339 vatives of isocyanates 1b 106 M itragyna alkloids 1a 314
Malonic acid 1a45,249 6-Mercaptopurine derivatives 1b29O Methylarbutine 1a 327 Mixing mobile phases 1a 132
Maloron 1a 108 Mercaptoethanol 1b349 Methyl-2-benzamidamlyl carbamate 1b 194 Molybdenum blue Ib 79
Maltodextrin la 182 Mercury cations 1a 144,311 3-Methvl-2-benzothiazolinon-hvdrazone Molvbdenurruvl i anions 1b 88 89
Maltose a 164, 165, 181-184; 1b 423, 424 1a347 Molybdenum (VI) ions 1b 151, 152
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Molybdenum cations 13398 N Nicotinic acid 1b 126, 127 -, with fluorescence reagents 1344
Molybdatophosphnric acid 1389,376 Nadolol 13299; Ib 22, 348 Ninhydrin 1387,88,90,354 -, with pH indicators 1345
Monensin 1b446 Nafazatrom 1b 237 - in mobile phase 1357,88 Noradrenaline 1376,240,393-396;
Monilifonnin 13347,348 Nafcillin 1b 188 -, reaction, stabilization by cadmium 13 98 Ib 37-39
6-Monoacetvlmomhine 1374 108,166 Naled Ib412 1h 111'- " .- ~"

168,299,301,302,351,353 Naloxon 1b 358 Nitrate 1b 128 Norfenefrine 1376
Monocarboxylic acids, see carboxylic acids Naltrexon Ib258 Nitrate anions Ib 66, 67,129 Norfentluramine derivatives 1345
Monoglycerides 1345; 1b 290 Naphthoquinone glucosidcs 13 166 Nitrate esters Ib415,417 19-Norsteroids 1b282
Monolinuron Ib418 I ,2-Napthoquinone 4-sulfonic acid 13351ff Nitration 1366ff II-Nor-"" -THC 9-carboxylic acid 13289,
Monomethylhydrazine 13270 a-Naphthol Ib 387, 389 Nitrazepam 13267,364; Ib 114 292
Monomethyltryptamine Ib 252 a-,~-Naphthol 1367,225,368 Nitrite anion 1b66, 67, 307,407-410 Nortriptyline 1b 100-102, 268, 354
Monon! ropneny ace a e 10 JOJ , P -uepcnuent uorescence 13 YI 4-Nitroanilinc Ib 415, 420 Novonal 13339
Monophosphate (PO';) 13172 l-Naphthol 1b 274, 275 Nitroaromatics 1b 90,246 NRDC 149 Ib 87
Monosaccharides 13154,160,163,179, 2-Naphthol 1b 274, 275 Nitroaryl esters 1b365 Nucleosidcs 13364; Ib 34

181,185,186,188,199,200,325; 2,1,3-Naphthoselenodiazole 13102, 104, Nitrobcnzylarenes Ib 290 Nucleotides 1376,234,364
1b 34, 421 108 4-(4-Nitrobenzyl)-pyridine, reagent 13359 Nux,vomica extract 13316; Ib36!

Monoterpenes 1b 448 Naphthylarnines 1366; 1b 279, 40 I Nitrocor~P?,~~d~nnI3 58, 409, 411; Nystatin .1,3 ~~~ .-
'"'"rno;Aro I. ~07 "0 o,

1h "'~
Monoterpene hydrocarbons 1376 Naproxenc Ib 143, 145, 146 - aromatic 13 66, 270; 1b 62, 94, 103,
Monoterpene ketones 1b 252-254 Naptalam Ib 33 108,109,418,425,426 0
Monuron Ib 252,418 Narasin 1b446 - reduction 1361 Ochratoxin 1369,147,166,167
Morazone 1345 Narceine Ib 193 Nitro derivatives Ib49 Oil components 1b286
MORGA~-ELSONreagent Ib63 Narcotin 1b 192, 193,362,363 Nitrogen compounds 1b 358 Oleic acid 1373,89; Ib 43
Morin 1344,91 Narcotics 1a260 tcrtiarv Ib 278 296 Oleanolic acid bv reduction 1360
Morphine 1374,105,108,166-168,235, Naturstoffreagenz A according to NEU Nitroglycerol 1b415 Oleanonic acid by oxidation 1359,70

299-302,352,353,376; Ib 43, 63, 188, 1a277 Nitro groups, reduction 1377 Oleanonic acid methy I ester 1370
192, 193, 268, 280, 358, 360, 362, 363 NBD chloride reagent 1a 76, 238, 287; 5-Nitroindole 13418 Olcfines 13359

Morphine derivatives Ib63 1b50 Nitrophenacyl esters 1b 122 Oleic acid 1373,89; Ib 43
Morphine 6-nicotinate 1a 74 NBPreagent 1390,359 2-Nitmphenol Ib 404, 405, 428, 429 Oligogalacruronic acids 1345,322
Morpholine Ib 48, 124, 125 Neatan perservation 13134 3-Nitrophenol 1b 404, 405, 428, 429 Oligo pcptides Ib 401

'u .~ 4-N uropncno ID I"." 4U4, 'fUJ, 'fLO, 'fLO Oligosaccharides ra on, I~, 101, 1M,
Murexide Ib 174 Nco-kestose Ib423 Nitrophenols 1b 404, 425, 427, 428 199,325,408,426; 1b 33, 34, 421,422
Murexide reaction Ib 174, 176 Neomycin 13287,423 Nitrophenyl isocyanate 1377 Oligo urethanes Ibn
Mustard gas derivatives 13359 Neostigmine Ib290 I-N itropyrene, reduction 1361 Oligouronic acids 13188
Mustard oil 1b 312 Nephopam 1345 N-Nitrosamine 1a 107; 1b 407-409 Omethoate Ib 164, 165
Mycophenolic acid Ib 307 Nerol 1376,327 Nitrous fumes for nitration 1367 On-line sample,~r~~~a;~~ Ib4
Mvcotoxins 137,69,103 105 109 147 alucoside 13327 ~-~" ,_C>_ h.> 1h 170 ,on

148,166,195,347,359,411,438,439; Netilmicin 13105,286,287 Noltran 1b 365 Opium alkaloids Ib 192,277,280,283,
Ib 244, 283,307,387 Nettle leaf extract Ib 217 Nomifensin Ib 22, 34 324,362,363

Myoglobin, dipole moment 1397 Neuroleptics 1b 352 Nomifcnsin metabolites 1b 34 QpPENAUER oxidation Ib 54
Myristic acid 13402,406 Nickel-DMSO complex 1b259 Nomilin Ib244 OPPENAUER reaction 1359
cis-Myrtenol glucoside 13327 Nickel cations 13144,145,311; Nonanyl peroxide Ib 227 OPT reagent 13380

1b 259-260 Nondestructive detection 1342ff Optical trains, evaluation 1330,39
icotmarrude 11) I La, lL , LU , JO) , iodine treatment 1346 Orellanine 1b 307



---
484 Index Index 4°5

Orelline lb 307 Oxides of nitrogen vapor la86 Peak height evaluation la 31-33, 40 Perphenazine Ib 268, 354-346
Orellinine lb307 II-Oxoanderosterone Ib7R Peanut oil la 70; lb 343 Perthanes lb 227
Organic anions 1344 II-Oxolanostenyl acetate la 62 PEl cellulose la 76 Perylene la39
Organoarsenie compounds la269 Oxomemazine lb354 PEI"lAGR1'S reaction lb64 Pesticides la 44,252,254; Ib 29, 32, 33,
Organomereurv eomoounds Ib 154, 155 17-0xosteroids Ib 78 79 Penh""'nl lh?? 4Q 162 164 194 204 244 282 296
Organophosphorus insecticides la 337, Oxprenolol I a 299; lb 268 Pendimethaline lb 108, 110-112,417 301,332,365,367,387,415,419,425

340,341,359,361-363 Oxycodeinone Ib280 Penicillic acid la69, 166, 167,277,278, -, carbamate la 44, 223, 225, 288, 290;
Organophosphoric acids Ia 70 Oxydemeton methyl lb 164, 165 303,304,347-349; Ib 301, 358,401 Ib 252, 255,417
Organophosphoric acid insecticides Ib45 Oxyhemoglobin, dipole moment Ia 97 Penicillin Ib 83,188,189,191,277,283, -, chlorinated la 120; lb 206
Organophosphoric acid pesticides lb 387, Oxyrnorphonc Ib 280 296,303 -, organophosphoric acid containing

389,418 Oxypertin lb354 PenicillinG lb 83 la254
la.'''''; IUL ,01" vxy e racyc me 10L Penicillin V 108,i ,pnosphoncacul 1I>J~I,J~Y,4j~

Ornithine la 235 Penicillin benzathine salts lb 358 -, thiophosphoric acid lb 359, 365, 367,
Orthosipon leaf extract lb216,217 P Penicillin derivatives lb 85,298,30 I, 411
Oryzalin Ib 110-112 PAHs see hydrocarbons, aromatic 304,360 -, urea lb417-418
Ovalbumin lb401 PAHs lb 279, 281 Penicillin embonate salts lb 358 Pesticide metabolites lb415,419
Over pressure layer chromatography Palladium cations la 144 Penicilloic acid lb 298, 358 PETN lb407

(OPI r\ lh'd P·,I~;.;c "c;" 1.« An, M'~ n_
"" >f'O ."n"

Oxacillin lb 84, 188,301 Palmityllactic acid la45 Penniclavin lb 243 Phalloidine lb401
Oxatlozan lb 268,358 Panosc lb423 Pentachlorophenol lb 199 Pharmaceuticals lb 59,135,191,204,
Oxalic acid la45,171.426 Pantheol la 265,267; lb 204 2,3-Pentandione la 157 243,252,280,283, 289,290,296,307,
Oxamyl lb 332 Papaverine la235; lb 188, 192, 193, 2,4-Pentandione la 252, 256 352,358,387
I ,4-0xathiine derivatives lb 301,304 362,363 Pcntaporphyrin la 99ff -r-, N-containing lb 191
Oxathizinc fungicides la44 Papaverrubincs la303 Pentazocine lb 358 Phase selection la 121
Oxazepam la 364 Parabendazole lb 194 Pentenarnide la 337 PHB esters Ib401
Oxazolidinthionc derivatives lb301 Parabendazole metabolites Ib 194 4-Pentenylthiourea lb 301 Phenacetin lb 283
Oxcladinc citrate Ib 327 Paraffin lb 32 Pcntoscs la 161, 181,200,202 Phenazones la45
OXidation, aluminium isopropoxidc la59 Paraffin derivatives la44 Pentoxifyllin lb290 Phencyclidine lb 358
-, atmospheric oxygcn la60 Parathion lb 83, 335, 338, 368,412 Peptides la 58,76,90,234,238,240, Phcnctylthiourea lb301
-r-, chromic acid la 59, 60 Parathion ethyl lb 103,332-336,340, 294,354,380, 382; Ib 71,88, 194, 199, Pheniramine Ib 354

"'
~6' ,"U' , '" LV'+, LOU, L , JL IU OOL,"

- iodine la60 Parathion metabolites la44; lb 92 -, hystidyl lb 348, 349 Phenobarbital la 254, 255, 303, 364;
- I ,4-naphthoquinone-potassium ten-bu- Parathion methyl lb 116,332,335,336, Per acids la368 lb43,122

toxidc la59 340,341,368,418 Peracetic acid in mobile phase la 58 Phenol Ib 43,199,201,398
-, 4-nitroperbenzoic acid la 55, 59 Paroxon lb 334, 387-389 Peraminc lb 243 Phenol alcohols Ib40i
-, osmium tetroxide la 55 Parsalmid lb 321 Perazine lb 352, 354 Phenol aldehydes lb401

. nhosnhorus oxvchloride 1355 Parsol lb446 I~ 1~~_IQfl .ids 1~ 2«' lh 4fll 4fl3
-, potassium dichromate la60 Parthenine lb446 Perchloric acid, reagent la314,351,364, Phenols la 66, 67, 71, 88, 91,151,152,
-, sodium hypobromite la 55 Patchoul i oil lb451 385 195,210,216,231,238,239,252,253,
-, sodium period ate la59 Patulin la 69, 347, 348 Pcriciazin lb 354-356 260,261,288,376,416,417,426,428;
-, ruthenium tetroxide la 55 -, 2,4-dinitrophenylhydrazone lb 389 PERKlN reaction lb 53 lb 47, 48, 50,63, 80, 94,119,147,148,
Oxidation of primary alcohols la5? -, 2,4-DNPH derivative lb266 Peroxides lb49, 227-229, 372, 373,415, 170, 180,201,229,230,268-270,273,
-, secondary alcohols la 57 PAULY'S reagent lb50 416 274,307-309,312,332,334,379,380,

VA'""U''''' >U u. r-eax area eva uation a j -j,i,'<U Peroxide reagent Ia 368 .1" I, 4lJJ, 4,iU, 44L, 44b
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-, capable of coupling Ib401 Phosphatidic acid Ib290 o-Phthalaldehyde Ib349 Polymers Ib 282, 290
-', diazotization Ia66 Phosphatidy1choline Ib 282, 290 -. reagent Ia 287, 380 Polymethyne chromaphore Ib 122
-, monohydric Ib 119 -, enzymatic cleavage Ia 64 Phthaldialdehyde Ib 349 Poly(methyl methacrylate) Ib290
-, polybasic Ib 179 Phosphatidyl glycerol Ia 89 Phthal ic acid La 163,171,175,178,233, Polynitroaromatics Ib 415

_~l"l",A";" l h 1a >0> >00 '''' "" - 'L" a o
L~J

Ib47-, trihydric Ib399 Phosphoinositidcs 1.43 Phthalimide Ib 194 Polyols
Phenol ethers 1.210 Phospholipids 1.44,45,70,147,148, Phthalimide derivatives Ib 194-196 Polypcptidcs Ib401
Phenothiazine derivatives 1.44,59,299, 191,206,242,243,273,333,376,404, pH of the sorbent 1.121,122 Polyphenols 1.44,401; Ib 430

411,413,416; Ib 188, 189, 191,280, 411,438; Ib 282, 290, 327 Physicon Ib365 Polypropylene glycol 1.44
296,307,308,352-355 Phosphonates 1.388,389 picric acid 1.174 Polysaccharides, sulfur-containing 1.43

9-Phenoxyacridine Ib 145 Phosphonic acids I. 170-172, 389 Pilocarpine Ib323 Polystyrene Ib 282
Phcnoxyacetic acid herbicides 1.260 Phospho nolipids 1.44; Ib 290 Pimelic acid 1.230,249,308 Polystyrenes 1.364
Phenoxyalkanecarboxylic acid esters Phosphorescence 1.10,15; Ib 16, 17 Pimozid Ib354 Polysultides Ib 338, 339

1.210,211 -, triplet state 1.10 Pinacryptol yellow reagent 1.44,388 Polytctrahydrofuran Ib282
Phentermin Ib 283 Phosphorescence indicators, inorganic Pindolol 1.299,380; Ib 22 Polyuridylic acid 1.76
9-Phenylacridinc Ib 145 I. 12fT Pindonc Ib359 Porphyrins I.99ff,103
Phenylalanine 1.246,247; Ib 74 Phosphorescence quenching 1.35 Pipamperone Ib 354 Porphyrin methyl esters 1.103.

.u •. ipcco IC aero Ia 'DJ . .~

Phenylalkylamines Ib 194,296 -, time dependance I. 34 Piperidine Ib268 Potasan Ib 33
Phenylbutazone 1.65; Ib 194, 280 Phosphoric acid 1.179,185,242,278,430 Piperidine derivatives Ib 119, 321 Potassium hexacyanoferrate(lll), reagent
Phenylbutazone derivatives Ib94 Phosphoric acid esters 1.44, 170 Piperine Ib 18 1.151,392,395
Phenyl carbamate herbicide Ib 204, 244 Phosphoric acid insecticides Ib 115,332, Pipcritenone Ib252 Potassium hydroxide solution 1.434
N-Phenyl carbamate pesticides 1.63,107 339,340 Piroxicam 1.105 Potassium iodate 1.173
1,2- Phcnvlenediamine, reazent 1.372 Phosphorus-containine oesticidcs '" 0" " , 00 n, us ium iodide 1.171
1,4-Phenylenediamine Ib 415, 420 Phosphorus insecticides Ib83 Plant phenols Ib332 Potassium permanganate 1.228
Phenylethylamine I. 173,355; 1b 231 Phosphorus pesticides Ib 32 Plasma chamber Ib 41, 42 PP321 Ib86
Phenylethylmalonamide 1.303 Photochemical activation Ib 13 Plasma lipids 1.89 Prazepam Ib 188
Phenylhydrazine Ib383 Photochemical reactions Ib 15, 17 Platinum cations I. 144; Ib 260 Prechromatographic derivatization Ib 107
Phenyl-I ,3-indandione metabolites Ib 387 Photodiodes 1.24,29 PMD, multiple development Ib2 Prednisolone Ia221
Phenylmercury silver chloride Ib 156 Photo effect, external 1.24 PMDsystem 1.132 Prednisone 1.221
o-rneny'pncnOi ra LOL , Internal I. L4, L~ Polamidon Ib 358 Pregnadiendiol derivatives I. I)L
Phenylthiohydantoins 1.75 Photo element 1.24,29 Polyacctylcne Ib446 Pregnene 17-a-hydroperoxides Ib 227
Phcnylurea herbicides Ib244 Photography, exposure times 1.137 Polyacrylnitrile Ib365,366 Preloading the layer with solvent vapor
Phenylurea pesticides 1.63,74, 107 -, instrumentation 1.137 Polyamide 6 as sorbent 1.123 1.126
Phenyramidol metabolites 1.45 Photomultiplier I.25ff Polyamide II as sorbent Ia 123 Pre1udin Ib 268
Phenytoin

I. ~~~~5~~~0;~;37,340 -, disadvantages 1.27 Polyamines 1.284 Prenazone 1.65
."'- . ""

Phloroglucinol Ib 180,399,400 -, head on 1.27 Polycarboxylic acids 1.248 Prenylquinone 1.44,401
Phloroglucinol derivatives 1.288 -r-, maximum sensitivity 1.28 Polyethylene glycol 1.44,86,278,280; Prenyl vitamins 1.401
Phorates Ib 88, 338 - side on 1.27 Ib 290, 296 Preservation, Neatan 1.134
Phosalon Ib 32,387 -, spectral sensitivity 1.28 Polyethylene glycol derivatives Ib 282 Preservatives 1.45,75,108,195,210,
Phospharnidone Ib82,83,412 -, window material 1.28 Polygalaic acid 1.195 216,252,254,260,376,377, 426, 428
Phosphates I. 170-172,388, 389 Photocells 1.25 Polvzlvcerol 1.69; Ib 421 Prewashing the layer 1.124
Phosphatides 1.62, 70 Phloxime Ib 116 Polyisoprene Ib290 Primidone 1.254.255,303,337.340,364
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PR imine Ib 244, 246, 247 Prussian blue Ib313 Pyruvic acid la 426; Ib 343, 344 Redox reactions Ib65

Primycin Ib446,448 Psilocine Ib243 -', dinitrophenylhydrazone Ib 365 Reduction with iron(I1) ammonium sul-

Proazulenes Ib 239, 240 Psilocybine Ib 243, 252 -r-, quinoxalone derivatives Ib344 fate la64

Procaine Ib 122, 188,268 Psychophannaceuticals Ia 364; Ib 268 -, colloidal palladium Ia63

'"'' n. O~ 0 odi m borohvdride b h?

Processing the chromatogram la90 PTHamino acids Ib 301, 304 Quaternary ammonium compounds Ib268 -, palladium chloride Ia63

-, drying Ia91 Pulcgone Ib 252, 451 Quercetin Ia 44, 149, 279, 280, 323; -, platinum chloride Ia63

-, IR irradiation la 96 Purine derivatives Ib 119, 170, 173, 174, Ib 158,432 -, zinc chloride/HCI la63

-, microwaves la 96 282,296-299 Quercitrin Ia 149,279,280,323; Ib 432 Reductions Ib63

-, UV irradiation Ia 92, 93 Purines la 44,266,438,439; Ib 32,430, Quinaldic acid Ia 171 Reductones la 256, 262; Ib 48

PROCHAZKA reagent Ib63 437,438 Quinalphos Ib 83 Reducing substances Ia 216, 220, 376;

Procyanidine Ib 332 Purpuric acid Ib 174 Quincrnazon Ib l~~ Ib.5X.5

Procymidone Ib330 Pyrazolidine derivatives la426 Quinidine Ib 65 Reflectance, laws of la 35

Progesterone Ia 71,321; Ib 29,30,43,345 3,5-Pyrazolidindione derivatives Ib20 Quinine Ib 65,280,323,360 -, see reflection, diffuse

Proline Ia 240, 241 , 246, 382, 435; Pyrazolinone derivatives Ib 277 -, pH dependent fluorescence la 91 Reflectance scan la 31

Ib 132,323 Pyrazolin-5-one derivatives Ib 327, 329 Quinine alkaloids la 88; Ib 65, 280,323 Reflectance spectra compared to solution

Promazine Ib 188, 352, 354, 355 Pyrazone Ib 332 Quinoline alkaloids la 66; Ib 279 spectra la31

- ' .070 .0
,J .. C Y em WO

Prometon Ib 194 Pyrethrin I Ib 18 Quinones Ia 44; Ib 287,437 -, hypsochromic displacement la 31

Prometryn Ib 194, 199,204,207,208, Pyrethrin II Ib 18 Reflection" diffuse la36

230,231,413,414,418 Pyrethroids Ib 86, 87 R -, mirror Ia36

Prorninal" Ia 339, 342,343 Pyrethroid insecticides la359 Radioactive substances Ia 12 REICHSTEtN-S la221

Proparnoc arb Ib 282,285 Pyridine alkaloids Ia 66; Ib 279 Radioisotopes, half-lives Ia49 Relative humidity Ia 129ff

Pronanil Ib332 Pvridinc derivativ s I h 10 ' , Raffinose la 158, 181-184,203,204,331; , defined over salt solutions Ia 130

Propazin Ib 194,418 Pyridinium carbinols Ib65 Ib 34, 223, 423 - defined over sulfuric acid solutions

Propetamphos Ib 338 Pyridinium glycols Ib65 Ratanhia phenols la 288 Ia 130

Propharn la 108; Ib 417 Pyridoxal la 157, 158,253 Raubasin Ib 32, 358 - effect on the separation la 129, 365,

Propionic acid la 75 Pyridoxamine Ia253 Raubasin metabolites Ib32 374,393,421

Propionic acid derivatives Ib 143,223,224 Pyridoxine la 253 Raunitcin Ib243 Reproducibility direct quantitative evalu-

Propoxur Ib332 Pyrimidines Ia 266, 438, 439; Ib 32, 430 Rauwolfia alkaloids la 314 arion la 93

I'ropoxypnen I b L~j Pyrimidine nucleoside derivatives I b LYO ""VA W'iU, -suo 'cp "d' ". uu

Propranolol Ia 299; Ib 268, 348,350,351 Pyrocatechol Ib 170, 172, 185 Reaction chromatography Ib278 Rescinnamin Ib21

Propylisom Ib33 -, 4-tert-butyl- Ib 201 -, demands made on la 56 Reserpine Ib 21, 32, 188,323

Prosolal Ib446 Pyrocatechol derivatives Ib 119 -, methods used Ia 57 Resorcinol Ib 170, 172, 181,268,379,

Prostaglandins la 195-197,242-244,273, Pyrocatechol violet reagent Ia 398 Reaction inhomogeneities because of differ- 383,398

274,376,411,413,430,438; Ib 282 Pyrogallol Ib 383, 399, 400 em heating Ia92 Resorcinol homologues la 290
,00' n. -" •• "0 Re,op"" '0'0 ._n ". 'c;~ Ih ixn

Proteins Ib 83, 204, 401 Pyrolysis of organic substances la 92, 96 Reagent gases la 79, 88 Resorufin, pH dependem fluorescence

Prothiaden Ib280 a-Pyrone derivatives la 288; Ib 387, 388 Reagent, in mobile phase la 88,405 la 91

Prothiapendyl Ib354 Pyrrole Ib 268, 270 -r-, in sorbent la 88 Retinol Ib280

Protocol samples la 133 Pyrrole alkaloids la 66; Ib 279 Reagent sequences Ib 57ff Rhamnose la 161, 162, 181,200,201;

Proxiphylline Ib 299, 300 Pyrrole derivatives la 266, 269, 270; Ib 63 Reagent residues, explosion la 82, 365, 386 Ib36

PR toxin Ib 244, 246, 247 Pyrrolidine derivatives Ib290 -, applieation homogeneous la 90, 405 Rhein Ib 365

Prunasin la 179. 181; Ib 120, 121 Pyrrolizidine alkaloids Ib 243, 246,291 keuox imicator Ib 167 RHEtNDEl-HoPPE reagent lb 204
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Rhenium(Vll) anions Ib 88, 89 Saponins Ia 7, 411,430 Silicon tetrachloride vapor Ia86 Spraying, distance from TLC plate Ia 81
Rhenium(VII) ions Ib 151, 152 -, bioautographic determination la 109 Silver cations ta 144; tb 258 -, polarity of solution Ia 82
Rhodamine B, reagent la 44, 401 Sarcosine Ia 435; Ib 124 Silver nitrate, reagent Ia 89, 408 Squalene Ia 44; Ib 34
Rhodamine G, reagent Ia44 Scandium cations, detection la 144 Silydianine ta 273, 274 S-S linkages tb 302
~ . .~

Sityrrrarin .ra avu, ~IO, ~"6' ,vy ,~ 'A ,J o rvo eo, ''I' "'0,>011, , LO,

Ribopolynucleotides la 76 S-Chamber (small chamber) ta 126, 127 Simatoxin tb 204, 206 61,115,277,278
Ribose Ib 32, 36, 423 SCHIFF'S bases Ib52 Simazin Ib 194, 199, 202, 204, 208, 230, Stabilization of chromatogram zones
n-Ribose, dipole moment Ia 97 Scintillators Ia 12 231,418 Ia 90, 98, 245-247, 292,356,361,363;
Ridomil Ib 296, 301, 303, 304 Scopolamine Ib 231, 252, 255, 323 Sincnserin Ib 216, 217 tb 109, III
Rifamycin Ia 166, 167 Scopoletin Ib 216-218, 365 Sinigrin Ia 187 Stabilization, with paraffinoil Ib 109
Robinetin la44 Screening process tb45 R_';;~dpr~1 10 0"" 01' OAO ?4"lh ,4 Stabi ;7P~ 1.300
Rogor Ib 338 Sebacic acid la 178,233,249,308 Slaframine tb 283 -, in solvents la 120
Rose oil Ib 451 Sebuthylazine Ib418 Sodium methylate Ia 70 Staining, stabi lization of the zones la98
Rosen oxide Ib374,451 Selectivity, enhancement by derivatiza- Sodium nitrite Ib409 Starch hydrolysate la 179
Rotenoids Ib328 tion Ia 55 Solamargine, acid hydrolysis Ia62 Stationary phases, choice of Ia 121
Rotenone Ib29,327 -, improvement by reagent sequence Ia Solasodine la 62; Ib 173 Stearic acid la 73,214,215,230,258,
Rotenone insecticides Ib 328 90 Solasonine, acid hydrolysis Ia62 259,402,405; Ib 439
rcr pnases .ra , oerec IVI y 01 ue ecuon a '+, 5K, 4\" 4L SO vent, preparative cnromatograpny ra ILl stcarynacuc acid Ia 4)
-, degree of coverage Ia 123 -r , fluorescence Ia 38 -, quality Ia 119, 120 Sterigmatocysteine Ia 69,103,105,147,
-, water resistance la 123 -, separation Ia4 Sorbcnts, chemically modified Ia 3 148,438,439
Rubratoxin B Ib 33 Selenate anions Ib 307 Sorbic acid Ia 45, 65, 71,75,308; tb 401 Steroid alkaloids ta 206
Rugulosin Ia 104 Selenite anions Ib 307 Sorbitol Ia409,41O; Ib421, 422 Steroids Ia 44,60,66,191, 195,196,206,
Rutin la 44,149,179,279,323; Ib 432 Selenium Ia 102, 104, 108,144 Sorbose Ib423 210, :!-9, ::2, 234, 3~, ~26, ~~4, ~~~'

c. C, 1, 'o~ ~

S Sennosides Ia 166, 167; Ib 287 Spark discharge chamber Ib42 439; Ib32,65, 173, 175, 188, 189,191,
Saccharin Ia 10, 11, 174, 388-390 Sensitivity, increase by derivatization Ia Sparteine Ib 32 227,282,343-345,387,391,415,446,
Salbutanol tb 268 56 Specific surface area, silica gel la 91 448
Salicyl alcohol 1a 195 Separation methods, multichromato- -, Si 50000 la 91 -, phenolic Ib 312
Salicylaldehyde Ia 284; Ib 401 graphic Ia56 Specificity of detection Ia4 Steroid glyeosides Ia 206; 1b 263
Salicylic acid ta 45, 171, 175, 178,233, Serine Ia 246, 356; Ib 132 Snectral linc sources Ia 20 Steroid hormones Ia206

308 Serotonin 1a 70, 76, 239, 240, 262, 355, Spermidine ta 107 Steroid ketones 1a72
Salieylsalicin Ia 195, 196 380; Ib 37-39, 231,243,348 Spermine Ia 107 Steroid conjugates Ia411,413
Salinomycin 1b446 Serotonin metabolites tb 327 Sphingomyeline Ia 44,89,377,378; Steroid saponogenins la 69,195,206,411
Salithione Ia 151 Serum lipids Ia 89 Ib 282, 327 Sterols Ia 44, 58, 65, 70,104,147, 148,
SALKOWSKI reagent tb 237 Serum proteins Ia 74 Sphingosin Ib74 195,206,213,214,248,249,333,351,
Salonitenolide Ib290 Scsquiterpene derivatives tb 239. 446 Spironolactone la411 352,385,404,430,431,438; Ib 173,
~ '" -"'piou"oouiw~J lUJ'+J J' , '+JU, +J , +JO

Salt solutions and relative humidity Ia Scsquitcrpene glucosides la327 Spot diameter la 78,131 Sterol esters ta 44, 70,147,191,248,
129,130 Sesquiterpcne lactones Ib448 Spray, aerosol can Ia 81 249,333,411.438,439

Sambunigrin tb 120 Sevin Ib 387-389 -, all glass la 79-81 Sterol hydroperoxides tb227,415,417
Sandelwood oil Ib451 Si 50000, specific surface area Ia 91 -', spray gun Ia 81 -. reduction Ia60
Sandwich chamber Ia 126, 127 Silica gel, caffeine-impregnated Ia 85 Spray scheme Ia 81 Stigmasterol Ia213,351
Saoozenms Ia 43, 69, 206, 411; Ib 430 surface modified Ia3 ,;".,v;nn 10 70ff 1h '"7 ,"a
Saponogen tritluoroacetale 1a69 Silica gel 60, specific surface area Ia 91 -, automatic Ia 82 Stilbestrol Ib 188

-
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Stimulents Ib 268, 270 Sulfide ions Ib 301 Terbutylazine Ib 1%, 197,202,208,212, Thiabendazole la 307, 308
Strontium cations la 144, 145, 311, 312 Sulfonamides la 63, 223, 225, 238,240, 213,230,231,418 Thiamine la 235, 236, 397; Ib 280, 359

g-Strophantin Ib 265, 266 269,294,2%,340; Ib 47,119,204, Terpene derivatives Ib239 Thiazide diuretics Ib 136
k-Strophantin Ib 265,266 243,252,255,280,393,395 Terpenes la44,59,195,206,210,211; Thiazolcs Ib302
Strvchnine 10m ~l" ~lh'lh~?~ "'" ~"I".."",p< "';"""';0 10 ~"" ~"o Ib448 Thiazolidine derivatives Ib 301

361 Sulfones Ib 321, 360 Terpene glueosides la 327 Thiethylperazine Ib 354
Strychnos alkaloids la314 Sulfonic acids la91 Terpene hydrocarbons Ib446 Thickening agents la 179
Stylopine Ib 358 Sulfonylurea derivatives Ib204 Terpenoids la 59 Thin-layer chromatography, fields of appli-

Suberic acid la 178, 230, 249, 308 Sulfoxides Ib 321, 358, 360, 372, 373,374 Terphthalic acid la 178, 249, 308 cation Ib 1
Succinic acid la45,61, 178,230,233, Sulfur compounds Ib 338 a-Terpineol la 59,70,76,327 -, advantages la 5

249,250,258,259; Ib 143 Sulfur-containing compounds Ib 301,339 Terpineol glucosides la 327 -, number of publications la6
Succmnmccs ra j37 Su ltur dioxide vapor la 86 Testosterone la 3L, 88, lU4, IUS, jUj, rtuobarruturates ra 'D, 00

Sucrose la 181-184, 203, 204, 331; Ib -, dipole moment la 97 304,319,321; Ib29-31,43, 173,282, Thiocarbamide derivatives la322
36,223,423,424 Sulfur, divalent Ib 302 327,329,345,446 Thiocyanate Ib 128, 152

Sudan black B la 129 Sulfuric acid la 87,195,333,411,426 -, dansylhydrazone la 104, 108 Thiocyanate anions Ib 129, 307
Sudan orange G la 129 Sulfur ions Ib302 -, isonicotinic acid hydrazone la 104, Thioethers Ib 50, 85, 280, 301, 302,338,

Sudan red 7B la 129 Sulfuryl chloride vapor la86 319-321 358
0, _n ,on e 'L ~LO _ ~n _. ,

Sugars la45,89,96, 154-158, 160-163, Sunflower seed oil Ib 286 Tetrabutyltin la 399, 400 la 91

179,180,183,185,188,189,195,197, Surfactant-TLC plates la89 2,3,4,6-Tetrachl orophenoI Ib403 Thioglucosides la 185, 186

199,200,203,204,234,326,329,331, Sweeteners la 44,388-390 Tetracyanoethylene, reagent la416 Thioglycolic acid la 248, 249

364,372,408,428,438; Ib 32-34, 36, Swep la 108 Tetracyanoquinodimethane Ib 122 Thioglycolic acid reaction Ib 119

46,223,232-234,327,329,421-424, Syrnpathomimetics la 76,106,151,153, Tetracyclin antibiotics Ib273 Thiohydantoin derivatives Ib 301
430 294 Tetracyclins la 166, 195; Ib 268, 270, Thiols 1b 48, 50, 85,280,301,358,360

-, reducing Ib 214,215,384 Symphytine Ib 188 271,274 Thiol compounds la252,254

Sugar acids la325 Symphytine N-oxide Ib243 Tetrahydrocannabinol Ib43 Thiones la 252, 254

Sugar alcohols la 45, 325, 326, 329, 408, Synclisia alkaloids la314 Tetrahydrocannabinol(=THC)-11-earbox- Thiophosphate esters Ib 338
409,426; Ib 46, 421 Synephrine Ib 229 ylic acid la290 Thiophosphate insecticides Ib 113-115,

Sugar derivatives la 170, 428; Ib 33 Tetrahydrocannabinok=THC) metabolites 162-164,267,301,304,305,333-335,

Sulfadiazine Ib393 T la 290-292 339,413

ounamare: .aupna ic ra JM, JO~ aoernaemon ana alkaloids ra j t 4 lau .u J. , JVJ,

Sulfamerazine Ib 252, 393 Tannins la 288, 299; Ib 307,308,446 Tetrahydrocortisone la221 411,412

Sulfamethazine Ib 393 Tartaric acid la 45, 175,230,233,246, Tetraiodothyronine Ib 76 Thiophosphate compounds Ib304

Sulfamic acid, cyclohexane- la 174 250,258,259,308 Tetrazolium salts, reduction la61 Thiophosphorus compounds Ib 301

Sulfanilamide Ib 243,393 TATB Ib244 Tetryl Ib 244 Thioquinox Ib33
Sulfanilic acid Ib 395, 396 Taurineopiperidine Ib 321 Thalciochin reaction Ib65 Thioridazin Ib 354, 355

th ?"-~ . . Ih 1?0 111 Ih?aO Thios"lfate Ib312
Sulfapyridine Ib 379, 380 TCNE reagent la416 , Thalidomide, hydrolysis products la45 Thiourea la 107,246,254,269,337;

Sulfasomidine Ib252 TDM reagent Ib 199 THC see tetrahydrocannabinol Ib243
Sulfates, aliphatic la 388,389 Tephrosine Ib327 Thebaine Ib 192, 193, 358, 362, 363 -, derivatives la 322, 323; Ib 243, 301,

Sulfathiazole Ib 243, 280, 393 Terbufos Ib 338 Theobromine 1b 170-172, 176, 296 312
Sulfhydryl groups la254 Terbutaline Ib268 Theophylline Ib 170-172, 176,282,296, Thorium lal44
Sulfides Ib85,3l2,313 Terbutryn Ib418 299,300 Threonine la246; Ib 133, 134

, phenolic aromatic Ib 321 Thermochemical activation Ib 1.7 auo-t nreomne 10 UJ, U4
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Thymol 1a 153, 197, 198; 1b451 Tributyltin chloride la 399, 400 Tropine 1b 358 Uronic acids la 154,199,322,426;

-, derivatives 1a 288 Tributyltin methoxide Ib 319 Trough chambers 1a 125 1b 421, 422

Thyroxine Ib76 Tributyltin oxide 1a 399,400 Tryptamine 1a 76, 98, 254, 364; Ib 243, Uroporphyrin 1a 102

Tigogenin 1a59,195 Tricarboxylic acids la248,249 348 Ursolic acid la 59, 71

-, oxidation la 59 Trichloroacetic acid la45 Tryptophan la 76,240,246,364; Ib 243, Uv absorbers 1b446

Tigogenin, alkaline hydrolysis 1a63 , reagent la 372, 420 Llf, LYU , tn p asucs ra LOt

Tigogenone la 59, 60 2,4,6-Trichlorobenzene Ib403 -, N-carbamyl Ib 243 UVIS analysis lamps la 136

TILLMANN's reagent 1a 256; 1b48 Trichlorfon Ib 164,165,412 Tryptophan derivatives Ib 243,343 UVlamps 1a 13, 14, 16, 137

Timolol Ib 268 Tricbotheccnes 1a 147, 195,359,361, Tryptophan metabolites Ib 252 -, with camera holder la 13,17,136

Tin cations 1a 144, 311, 398; 1b 317 361,411 Tryptophol 1b243 UV light absorbing substances Ib437

Tin tetrachloride vapor la 86 Triclosan Ib227 TIC Ib65

in ungstate ... 00
T. , .000 "

Tinuvin 1a 343, 283 Trit1uoperazine Ib354 Tungsten cations 1a 398 Valepotriatcs la 166, 167,273.359,361,

Tinuvin P 1a 282, 283 Trit1uperido1 Ib354 Tungsten lamp la21,22 362; Ib446

Tiotixen 1b354 Trit1upromazine Ib354 Tungstophosphoric acid la311 Valine la 246, 247, 267, 268, 296, 297

Titanium cations la 144 Trit1uralin Ib 108, 110-112,417 Turanose Ib423 Valone Ib 359

TNA reagent la 44 Triglycerides la 45, 70, 89,147,148, TURNBULL'S blue Ib 313 Vamidothione 1b 338

TNRA ,",upn' h d?1· lh d? 214 234 333 376 401 404 438,439; Twin trough chamber 1a 87,126 Vanadate anions Ib 307

Tocopherols la 216-218,376 Ib 437, 438 Tyramine la 355; Ib 229, 231, 401 Vanadium cations 1a44,144

TOLLEN'S reagent Ib49 Trihydroxybenzene derivatives 1b 179, 180 Vanadium(V) anions 1b 88,89

p-Toluenesulfonic acid reagent la 76 Triiodobenzoic acid 1a45 U Vanadium(V) ions Ib 151, 152

6-p-Toluidi no-2-naphthalenesulfonic acid Triiodothyronine 1b76 Ubiquinones 1a4D4 Vanadium(V) oxide reagent 1a426

reagent 1a44 Trimethazone Ib 280 Umbelliferone 1b 218 Vanillic acid Ib 38, 39

Tolycaine Ib 188 2,4,6-Trimethylaniline 1b268 -, pH dependent t1uorescence 1a44 Vanillin, reagent 1a430, 434

Toxaphene 1a 45 lnmethyltm ctuonde 10 j I Y uIlloelliprenine JU JO W" ,J -J7

Toxins, Amanita 1b 343, 344 Trimipraminc 1b 352, 354, 355 Umckalin Ib 365 VANURK'Sreagent 1b 63, 236, 237

TPDD 1b49,416 Trinitrobenzenesulfonic acid, reagent Universal reagents 1a 4,46, 195,376, VA'i URKreaction. stabilization with

Traganth hydrolysates la 163 1a423 402,405,412,430,434; 1b 277 sodium nitrite la 98

Transition metal anions 1b 88 Tripalmitin 1a 214, 215; 1b 439 Uracil derivatives 1a 44,45; Ib 418 VANURK-SALKOWSKI reagent Ib 237

Trazodon 1b354 Tripelennamine Ib 358 Uranium cations 1a 144 Varia chambers la 128
T "

, r Teom'! .ruo,"'. 10M Vario-KS chamber 1a 129

Trenbolone la 303, 304; Ib 343-345 Triphenyltetrazolium chloride (TIC) reac- Urea 1b 204, 243 Vaseline la44

Trialkyltin compounds 1a399 tion 1b65 -. condensation products la44 Vasotocin analogues Ib 194

Triallate la 323 Triphosphate, cyclic (P1O',) 1a 172 -, derivatives 1a 223, 269; Ib 204, 206, Veratrum alkaloids 1a420

Triamcinolone acetonide ester Ib 283 Tripolyphosphate (pp3,O') la \72 210,243,246,415 Verophen Ib 355, 356

1,3,5-Triamino-2,4 ,6-trinitrobenzene Trisaccharides 1a 331; 1b 421 - formaldehyde resins Ib 211 Vicianinc 1b 120, 121

1b 244 Triterpenes la 43, 70, 206, 210,211,430; - herbicides la 43, 74,104, 107,223, Viloxazine Ib354

Triazincs 1b 229,230,411-413,415-418 1b430 225; 1b 68, 69, 94 Vinclozo me 10 JJU, 4 r~

Triazine herbicides la45; Ib68,69, 194, Triterpene alcohols 1a404 - pesticides 1b 417, 418 Viomellein Ib 387

196,197,199,201,202,204,207,208, Triterpene gylcosides, acid hydrolysis 1a 62 Ureides, bromine-containing 1b 372 VITALl-MoRIN reaction Ib57

210-2\2,227 Triton X-100 1a 108; 1b 282 Urethanes 1b 72. 358, 360 Vitamins 1a 7,109,157, 158.206-208,

- hydroxy derivatives 1b 204 Tritylpenicillin sulfoxide 1b 358 Uric acid 1a 261; lb 36, 312, 314 216-218,234-236,252,253,256,260,

Triazophos 1b 340, 341 Trolein .Ia 89; 1b 32 Uridine derivatives 1b22f :~7:36,9~;9;~39~~:2~~:26,428;
riuro,.,i",pe, trerm ... 'u
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-, bioautoradiographic determination Xanthine Ib 174

Ia 109 Xanthinederivatives Ib 175,300

Vitamin A la206 Xanthinine Ib446

Vitamin A acid la411 2a-Xanthocholcstan-3-one Ib 188

Viiarnin B Ia 105 234 235.395 397; Xanthomcznin Ib 387

Ib 204, 210, 359 Xanthones Ib283

Vitamin B, Ib 204, 210 Xanthone glycosides Ib 365

Vitamin B, Ia 157, 158,252,260; Xanthotoxin la67

Ib 204,210 Xaruhotoxol Ia 70

VitaminC Ia 216, 256, 257,372-374, Xanthumin Ib446

376,377,426 Xanthydrol Ib 122

vnanun [) ru LUo Aenon amp 1<1 ~v, ~~

Vitamin D3 Ia 207,208,420; Ib 359 Xylitol Ia 409, 410

VitaminE Ia 216-218,376 Xylobiose la45

Vitamin K1 Ib359 Xylose Ia 45,161,162,177,200,201;

Vornitoxin la 89, 147, 148 Ib 36, 423

UI v

WAGNER'S reagent Ib 230 Yohimine alkaloids Ib 243

Warfarin Ib 33
Washing agents, see detergents Z
Water binding by N,N'-dicyclohexy1-carbo- ZAt+ARONI's reagent Ib49

diimide la 75 Zearalenone la 69,147,148,273; Ib 332

Water, dipole moment la 97 Zectran la 107

Waxes la 44; Ib 281, 282, 290 ZlMMERMANN reaction Ib79

Witisol Ib432 Zinc cations la 144, 311

WIlTKi reaction Ib 52 Zinc chloride Ia 76

Woodruff Ib 369,370 Zingeronc Ib312

WURSTER'S blue Ib49,415-419 Zinophos Ib32

WURSTER'S red Ib 49, 227, 228, 230, Zipeprol la45

+1 -tl,
Zirconium(IV) oxychloride, reagent

X la 89, 438

Xanthanonic acid la89 Zomcpirac Ib 312

Xanthene derivatives Ib 327-329 ZWiKKER reaction Ib 119

-
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