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Chromatographic methods often develop in a cyclic manner: The discovery of a
new separation technique naturally stimulates interest concerning the method; this
attention wanes when another technique appears on the horizon and soon inter-
est is directed at the new technique. There is then a confrontation between the
methods and a critical comparison of the advantages and disadvantages of the two
methods. This sometimes leads to a renaissance of the older method, which has
been the subject of further development in the meantime. In this context discover-
ies made in connection with the modern technique are often used to advantage in
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the older one.

This is what happened in liquid chromatography, as it was influenced by the in-
strumentation developed for gas chromatography. A similar process has occurred in
thin-layer chromatography. It has experienced a new impetus during the last 10 years

ag a result of ingtrumentation and automation tocsther with the availabilitv of im-

a result of instrumentation and automation together with the availability of im-
proved stationary phases and working techniques. Nevertheless, one of the greatest
advantages of thin-layer chromatography is that it provides a wealth of information
rapidly and economically without the necessity for expensive equipment. The large
numbers of publications are a proof of this popularity: According to Sherma
3800 articles were published during the years 1990-1991 in which thin-layer chroma-
tography was used to separaie mixiures of subsiances, for identification and purity
testing or in conjunction with quantitation. Thus TLC/HPTLC is a standard analyt-
ical method today. The applications are far more numerous than the publications.
This results in the method frequently not being described in detail in the literature.
There it often says tersely: “the identification or the determination was carried out
by means of planar chromatography”.

Thin-layer chromatography is a separation technique: Emphasis is laid on the
possibility of separating substances and characterizing them, initially based on
their mobility in a systém of two phases. The components are then detected. Ear-
lier this was only done by chemical reactions on the layer or by the measurement
of absorption or fluorescence in short- or long-wavelength light. Later the palette
of possibilities was enlarged so that thin-layer chromatography now possesses a
wide variety of detection methods. This is the great advantage of the method over
column techniques (HPLC, CZE, GC). The rational choice from numerous gen-
eral, selective or specific detection methods provides a wealth of information con-
cerning the structure of the substance being analysed, which culminates in the
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greatly enhanced probability of the identification of the separated substance. All
this is achieved relatively simply and very cheaply with the sensitivity of the

method offen equalling that of HPLC.

For these reasons great emphasis has been placed, from the very 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
and advice on their proper use were described forty vears ago. These reagents were
then modified for thin-layer chromatography by Waldi in 1962 and by Wimmer,
Heusser and Krebs in 1966 and collected in the already classical monograph by
Egon Stahl. Zweig and Sherma enlarged the collection ten years later. It also ap-
peared in the Merck company brochure +2Anfirbereagenzien fiir die Diinnschicht-
und Papier-Chromatographie*. Unfortunately little attention was paid in the later

ALt thnnd anbinotinn af whucical sanaration and chemical detec-
literaiure to the important combination O piySicai s€paration anc caemical Ceid

tion. It is only in recent years that efforts have been made to develop more sensitive

This volume is the second of a series of practice-orientated TLC/HPTLC books
published in excellent quality by VCH Publishers. As in the first volume, a series
of reagents and detection methods have been reviewed with the intention of help-
ing the practical analyst increase the detection specificity of routine samples sepa-
rated by thin-layer chromatography.

This volume is divided into two parts which encompass about the same amount
of material as Volume 1a. Thus Part I begins with specific detection methods in-

£INS With Speciiic detection methods

cluding the known photochemical, thermochemical and electrochemical activation

detection reagents to improve the selectivity and increase the precision of the quan-
titation that follows.

It is therefore very much to be welcomed that the four authors — all specialists
in the field of thin-layer chromatography — have devoted themselves to the pro-
duction of a monograph covering this compiex of topics. This assignment is no
mean task, but it is as current as ever. The planned, detailed description in 5 vol-
umes has no parallel in the world literature. It can only be attempted by colleagues
who have many years of personal experience of thin-layer chromatography and
have lovingly accompanied the development of the method for over 35 years with
their own research. The methods described in this book are so clearly set out that
they can be followed without recourse to the original literature. In addition the in-
terested worker will also find a wealth of literature references, to serve as a basis
for personal study. The authors are to be congratulated on their achievement. It
is to be hoped that this monograph will not only ease routine work in the labora-
tory but will also act as a stimulus for the further development and growth of thin-
layer chromatography.

Prague, September 1993 Karel Macek

methods. Here microchemical reactions are described that are carried out without
the use of reagents. Detection involves the use of light, heat and electric current.

Then follows a selection of group-specific reagents, in response to requests from
practical workers after the publication of Volume 1a. This part should be seen in
reference to the monographs that follow or have already been published.

The section on “Reagent Series” has also been included at the request of practi-
cal workers. There are many publications describing the sequential application of
a series of different reagents to the same chromatogram. Reagents intended for the
preparatory reaction of certain substances so that the final reagent applied can
yield specific detection results are dealt with in this volume. Independent reagents,
each capablie of detection, combined on the same chromatogram to increase selec-
tivity, e.g. by specifically altering certain colors (= potentiated multi-detection)
will be treated in Volume 1c. Such combinations are frequently used in the fields
of clinical and forensic chemistry and in the analysis of natural product extracts.

Part I, which contains tested examples together with more than 220 literature
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-
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 entry 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 fluori-
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 certainly conforms to the state of the analytical art. Those of us more senior in
years will immediately recognize the advances made in the method over the last decade.
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Particular attention has been devoted to the compilation of the cumulative in-

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
which volume the key word appears. The same also applies to named reagents
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

IS S ] Fiztrien valiimas

be continued in futurc volumes.

This volume includes a new feature in the collection of reagents into groups that
are discussed comparatively. Such groups include the chloroamine T, the
diaminobenzaldehyde or the vanillin reagents. The iodine reagents are also dealt
with as a group. We have not yet been able to make a similar comparison of the
Dragendorff or the ninhydrin reagents. They will follow in Volume Ic.

et JIPELT EESRSIIUS PO | R

The fact that our treatment of group-specific reagents is still incomplete illus-

_ trates the enormous amount of work involved in compiling a reagent series of value

This book is the result of cooperation between four colleagues, who have been
working in the field of thin-layer chromatography for many years and, in par-
ticular, took an active part in the development from hand-coated TLC plates to
commercially available precoated plates and instrumental thin-layer chromato-
graphy. This development was accompanied by improvements in the field of detec-
tion of the separated zones. In particular, it became necessary to be able to deal
with ever decreasing quantities of substance, so that the compilation “Anfirbe-
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-
preciate our difficulties. Thanks and recognition are due to . Ganz, 1. Klein and
Bl. Meiers and to S. Netz for their tireless work. Thanks are also expressed to the
numerous undergraduate and graduate students who have assisted in checking the
derivatization reactions, together with E. Otto, G. Schon and Dipi. Ing.
M. Heiligenthal in whose capable hands lay the technical preparation of this book.

Prof. Dr. H.-J. Kallmayer (University of Saarland) and Dr. H.-O. Kalinowski
(Giessen University) provided generous assistance in the formulation and interpre-
tation of often difficult reaction paths. We had always wished such a cooperation,
and it proved to be of great benefit to the resulting work.

We also thank Baron, JT. Baker, Camag, Desaga, Macherey-Nagel, Merck and
Riedel de Haén for their generous support of the experimental work. The mono-
graphs would never have been written without their aid.

Our especial thanks are due to the ladies of VCH Publishers, Mrs. Banerjea-
Schulz, Dr. Dyllick and Mrs. Littmann for the way they have converted our ideas
for the design and layout of this book into reality and for the pleasant cooperation
over the past four years.

In spite of all our efforts and careful work errors are bound to remain. We would
appreciate our readers sending us their suggestions for improvements. The positive
reaction we received to Volume 1a gave us enormous pleasure and has provided
us with the motivation to continue our work on the series.

Saarbriicken, GieBen and Darmstadt, December 1992 Hellmut Jork
Werner Funk
Walter Fischer
Hans Wimmer

years, To longer represented the state of the art of thin-layer chromatography.
It was against this background and in view of the fact that there is at present

no contemporary monograph on thin-layer chromatography that this book was

produced. It is intended as an introduction to the method, a reference book, and

a laboratorv handbook in one, i, e, far more than iust a “Reacent Rogk”
iaporalory hangooegex In ong, L&, Iar more than just a "Reagent B00K.

The first part of the book consists of a detailed treatment of the fundamentals
of thin-layer chromatography, and of measurement techniques and apparatus for.
the qualitative and quantitative evaluation of thin-layer chromatograms. In situ
prechromatographic derivatization techniques used to improve the selectivity of
the separation, to increase the sensitivity of detection, and to enhance the precision
of ihe subsequeni quaniitative analysis are summarized in numerous tabies.

Particular attention has been devoted to the fluorescence methods, which are
now of such topicality, and to methods of increasing and stabilizing the
fluorescence emissions. Nowhere else in the literature is there so much detailed in-
formation to be found as in the first part of this book, whose more than 600
literature references may serve to stimulate the reader to enlarge his or her own
knowledge.

Nor has a general introduction to the microchemical postchromatographic reac-
tions been omitted: it makes up the second part of the book.

This second part with its 80 worked-through and checked detection methods
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
who carry out derivatizations in the fields of electrophoresis and high-pressure li-
quid chromatography. Alongside details of the reagents required and their handl-
ing and storage, the individual reports also contain details about the reaction con-
cerned.
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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 avond contam- reason we would like to ask TLC specialists to communicate to us any errors and

inating the laboratory, because the coating of the chroma NV e Teage any suggestions-they may have for improving later vol
takes place with less environmental pollution and lower health risks; furthermore,
it is more homogeneous, which results in higher precision in quantitative analyses. Saarbriicken, GieBen and Darmstadt, October 1989 Hellmut Jork

It is possible that the solvents suggested will not be compatible with all the sub-
stances detectable with a particular reagent, for instance, because the chromato-
graphically separated substances or their reaction products are too soluble. There-
fore, it should be checked in each case whether it is possible to employ the condi-
tions suggested without modification. We have done this in each report for one
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™.

Werner Funk
Walter Fischer
Hans Wimmer

Various types of adsorbent have been included in these investigations and their ap-
plicability is also reported. If an adsorbent is not mentioned it only means that
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 II of 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 the development of 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
reaction paths for the reagent reports. Our thanks are also due to Dr. F. Hampson
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
Verlagsgesellschaft for the realization of our concepts and for the design and presen-
tation of the book and for the fact that this work has appeared in such a short time.
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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 all those processes which were earlier particularly subject to errors
(Fig. 2). Modern 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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2 Introduction Introduction
Chromatographic
development Analysis methods
(PMD, AMD, DC-Mat, ADC)
Spectrophotometry
Fluorimetry
HPTLC
Application of the Automization Detection HPLC (DAD)
| ti i scanner, dipping unit:
sample solutions in TLC/HPTLC { er. dipping units) GC (ECD, NPD)
Inverse voltammetry
Radioimmunoassay
' Mass spectroscopy
) Laser fluorescence
Quantitative in situ SpeC Py
evaluation i
Data processing :
ppm ppb ppt ppPq
Fig. 2: The steps in the process of thin-layer chromatography that have been instrumentalized and Concentration
automated to a iarge degree in the recent pasi. PMD = Progr d Multiple Development

AMD = Automated Multiple Development, DC-Mat or ADC = Automatic Development
Chamber. ’
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The development of methods of coupling TLC with other chromatographic methods

and with physical methods of measurement has brought enormous advantages. The
first attempts to couple gas chromatography on-line with thin-layer chromatography
were made by Nicam [7], JANAK [8-10] and Kaiser [11]. VAN DUk [12] described the
on-line coupling of column chromatography with thin-layer chromatography as early
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.

Today 80-90% of all HPLC separations are carried out on RP phases, while silica
gel layers are used for more than 90% of all thin-layer chromatography. This provides
the possibility of coupling different separation mechanisms together.

Separation by adsorption chromatography takes place preferentially as a result of hy-
drogen bonding or dipole-dipole interactions. Hence, separation of mixtures of sub-
stances on silica gel layers by lipophilic solvents primarily takes place according to polar-
ity differences. Further separation within a polarity group can then be achieved either
two-dimensionally or off-line by partition chromatography on another TLC plate (Fig.4).

Fig. 3: Sensitivity of various methods of determination.

Functional Adsorption Chain Partition
groups length

>c-0 @ o= O

-(I:-OH .- Cs @
-C-COOH L C» L4
X X

Fig. 4: Coupling the separation principles of adsorption and partition chromatography.
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For the same reason it is also possible to use Over Pressure Layer Chromatography - i
(OPLC) on-line for prefractlonatlon orasaclean- up method for HPLC [13, 14]: A group | _U | I Pump 2
separation ferentiation-of the sut aceor i L P
ding to their differing lipophilicities (Fig. 5). Pump 1
Column
l P | o
Integrator
{0 oo
r N . Applicator
A L r_:: HPTLG/AMD
SN | | Scanner
OPLC

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

Conversely successful on-line coupling of HPLC to TLC is also possible. HOFSTRAAT
[15-17] and BaeveNs and Livc[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. These investigations and the results
of KrRoKER, FUNK and EisenBEss [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 18 CAT cartridges (OSP 2)
[25, 261, 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
was followed by thin-layer chromatographic separation and detection of the individual
components.

Fig. 6: Schematic representation of HPLC-HPTLC coupling by means of the OSP-2 system

enrich ” of the col eluate fractions.

(MEzrck) for “post:

A

Fig. 7: Linomat C (CAMAG) for on-line transfer of column eluate fractions to TLC/HPTLC plates
(A) and application scheme (B).
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The on.line principle has also heen extended into the field of detection (Fig. 8). Thus,

The on-ling principle has ais0 DECT EXIENIE

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

Introduction 7
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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 fiiied.
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This principle aiso applies to chromatography. For instance, the best of scparation
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 [1], that can interact with the substances being separated. This ap-
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 thermochemicai reactions. The
following are among the phenomena that have been observed:
— dehydrogenations and dehydrations
_ the formation of oxidation products in the presence of oxygen that are readily
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}.

Fig. 9: LiEBIG’s barrel.



12 1 Activation Reactions
The inorganic sorbents act as catalysts in all this [3, 4]. The pH also probably plays
not otherwise occur are observed on acid silica gel [5] or basic

11 Photochemical Activation 13

1.1 Photochemical Activation

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 GorTo is also suitable [11].

Impregnation with ammonium acetate or ammonium hydrogen sulfate serves the 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 anv annlica-

actions discussed Kt section are those carried out without any applic:

tion or impregnation with reagent solutions or exposure to reagent vapors.

It was observed relatively early that chemically labile compounds — such as vitamins,
carotenes — decompose, either on application to the TLC layer or during the TLC
separation that follows. This phenomenon was primarily ascribed to the presence of ox-
ygen (oxidation) and exposure to light (photochemical reaction) in the presence of the
active sorbents, which were assumed to exert a catalytic effect (photocatalytic reaction).

Today all automatic sample applicators blanket the plate with nitrogen; firstly this
has the effect that the applied starting zones dry quickly and secondly serves to prevent
oxidation of the applied substances.

Some application instruments possess light-absorbent covers to prevent or reduce the

action of TV and visihle licht (Fia, 10)
action Oif U'Y anda Visiosd agat 'iig. iV
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Fig. 10: Linomat IV with protective gas atmosphere (CAMAG).

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 [1].
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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.
evelopment in the DC-Mat (Fig: 0 i

1.1 Photochemical Activation 15

chambers is carried out entirely in the dark.

Fig. 11: AMD system (CAMAG).

Fig. 12: QC-Mat (BARON, DEsAGA), opened. The “flap” bearing the HPTLC plate is folded up-
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 7 or n electrons are raised to an excited 7* 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~ 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. Excess oscilla-
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 n* 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 S,
with the emission of light (fluorescence) (Fig. 14, 15/1I).

® The excess energy of excited molecules is transferred, by collision, to acceptor
molecules, which are converted to an excited state while the initially excited
molecules return to the ground state (Fig. 15/11I).
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® The excited singlet or triplet state returns to the ground state by a radiationless deac-
tivation process (Fig. 15/1V).

1.1 Photochemical Activation 17

® chemical process occurs involvin; i substance withrcor-=

responding energetic ground state N (Fig. 14, 15/V). For instance, on aluminium
oxide or silica gel 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
ground state S, (phosphorescence radiation, Fig. 14, 15/VI).

-
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state state

L

< S

S1 T <~._ I I | + Acceptor v V | +Substance X VI
' RISy molecule
1 ~<
! ——T
! R R R, R . R
H . N » ~ 1 5 Chemical BN A

A F H P _>c=0: _>C=0: >c=0: enue =0

; . R; R; Ry reaction R;

Q i e + +

>0 v
i Fluorescence A* (Radiationless Phosphorescence
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Fig. 14: Schematic representation of the electronic transitions of photochemically excited
substances S, = ground state, S; = 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 induced reactions, using a carbonyl compound as exam-
ple. 1l and 1T = electron spins parallel and antiparallel respectively.

This short discussion should provide an indication of the versatility of
photochemical reactions. For example it is possible to synthesize, in a simple manner,
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 particuiariy 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) [1, 7]. An initial thin-layer chromato-
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; values of the af-
fected substances are displaced into the regions above or below the diagonal during the
second development.

Xon
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STAHL, for instance, was able to demonstrate that on irradiation with long-
wavelength UV light the naturally occurring contact insecticides pyrethrm I and 11,
cinerin I and 1T and ja al y rariifolitum-are
converted to inactive pyrcthnn oxxdes by the incorporation of oxygen [7}.

UV irradiation of piperine, the most important hot substance of pepper, does not

lead to the incorporation of atmsopheric oxygen [8]. The all-trans compound is con-
erted to the cis-irans isomer, this can be seen in the chromatogram above the all-trans

verted to the cis-frans isomer, s can 9 s€en 1n 1nc Caromialogianil
piperine (Fig. 16).

In this case the excited molecules produced on interaction with radiation undergo
spin reversal to yield a triplet state with a much longer lifetime than that of the singlet
excited state. One or more n-bonds are broken in the triplet state since one of the n-
electrons affected is in an antibonding 7 * 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
of the double_bond.

1.1 Photochemical Activation 19

chromatogram zones (Age =365 nm, Ag =422 nm) at the corners of a rectangle.
Detailed mvestngatlons carried out in t.he complete absence of hght revealed that the

there are ev1dently four blue fluorescent spots on the SRS chromatogram because
trans— cis isomerization occurs during work-up of the plant extract and application of
the sample solution and cis— trans and trans— cis isomerizations occur simultaneously
during the UV irradiation after the first TLC development.

Similar processes occur with azo compounds [10]. trans-Dimethylaminoazobenzene
(butter yellow) yields some of the cis isomer on irradiation with long-wavelength UV
light and this possesses a lower hR; than the trans compound on rechromatographing
with the same mobile phase using the two-dimensional SRS technique (Fig. 17). IR and
MS measurements were used to confirm that no oxygen had been incorporated into the

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

F,, F, = mobile phase front after development in the first and in the second dimension; a, b,
¢ = positions of application of the trans/trans-piperine before the first (1D) and before the second
development 2D; ¥y = cis/trans-piperine, ® = trans/trans- -pipering O = position of the frans/
trans-piperine after the first development. Irradiation of the chromatogram with long-wavelength
UV light after application of trans/trans-piperine to position b after the first development (posi-
tion ¢ was not irradiated!).

SCHUNACK and ROCHELMEYER have described such a cis/trans isomerization of an-
nuloline, a weakly basic alkaloid from Lolium multiflorum LAM [9]. Irradiation with
UV light after the first TLC development simultaneously causes a cis— trans and a
trans—cis isomerization, so that the SRS technique yields four blue fluorescent

A
1D! e» e
be 3t ,
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o
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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 hydr
vapor for better recognition (yellow then turns red) — and (B) schematic representation.

F|, F, = mobile phase front after development in the first and in the second dimension; a, b,
¢ = positions of application of the trans-butter yellow before the first (1D) and before the second
development (2D); ¥k = cis-butter yellow, ® = trans-butter yellow, O = position of the trans-
butter yellow after the first development. Irradiation of the chromatogram with long-wavelength
UV light after application of zrans-butter yellow to position b after the first development (position
¢ was not irradiated!). In contrast to Figure 16 the photochemically produced reaction product
lies below the starting compound.
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Tose few examples illustrate impressively how a range of substances can undergo

These few exampis 1iustrale im

chemical reaction when they are exposed to light while on the TLC plate:

L1 Photochemical Activation 21

® Wavelengths of about A =200 nm excite olefinic structures in particular, causing
7 — m* transitions.

@ Wavelengths between A = 280 nm and 290 nm or longer are absorbed by carbonyl
compounds. Here the free n-electrons of the oxygen enter the antibonding n*
molecular orbital.

@ It is possible for homolysis to occur when the light energy absorbed by a molecule
reaches or exceeds the bonding energy. Radicals are formed or, in the case of
halogens, atomic halogen:

Layer Mediator
components substances
Silica gel
Polymer. binder v, 02 Hydroperoxides
Fluoresc. indicator and oxidizing
compounds
Oxidation
Hydroperoxides sample ‘ o
Adsorbed O. LN + Polym. L and ion
2 O3 — o and peroxidic sbancs o ducts
compounds

Adsorbed H,0 LN H,0,

Metal impurities

Further characteristic assignments of substance structures to wavelength ranges that
are absorbable are to be found in the specialist literature [2, 11-14]. The publications
of the research groups of FASSLER [15, 16] and OELKRUG [17-19] reveal that the sorbent
can exert a considerable additional effect.

TakAcs et al. [27] have also studied the effects of sorbents. They demonstrated that
the irradiation of the sorbent layers before use (“activation”) causes changes to occur
in the stationary phase chemically altering the chromatographic behavior of 3,5-
pyrazolidindione derivatives. The authors attributed these “memory” effects to photo-
chemical oxidation of the binders and other materials. According to the following
scheme (p. 21) the water film of the layer yields hydroperoxide and the oxygen ozone,
these two then react — possibly under the influence of metallic impurities or
fluorescence indicators — with the acrylate and methacrylate polymers. In this manner
transmitter substances are produced that greatly increase the reactivity of the layer and
which remain active for days. This “post-photo effect” generally leads to the same reac-
tion product as that produced by direct irradiation of the plate after application or after
chromatography of the sample under investigation.

(=t M

Fruns has demonstrated this possibility with reserpine and rescinnamine by ir-
radiating at the start zone for two hours and obtaining a characteristic zone pattern

(Fimsanmeint) aftar TI senarati i i
(fingerprint) after TLC s tion of the photochemically produced derivatives [201
gerp afte LC separation of e photoche P tives [201.

Huck and Dworcak exposed developed chromatograms with vanilmandelic acid and
homovanillic acid zones to diffuse daylight and observed the formation of fluorescent
metabolites that were suitable for direct quantitative analysis [21].

FuUNK et al. have used a low-pressure mercury lamp without filter to liberate inorganic
tin jons from thin-layer chromatographically separated organotin compounds; these
were then reacted with 3-hydroxyfiavone io yieid biue fluorescent chromatogram zofies
on a yellow fluorescent background [22}. Quantitative analysis was also possible here
(Aexe =405 nm, Ay = 436 nm, monochromatic filter). After treatment of the
chromatogram with Triton X-100 (fluorescence amplification by a factor of 5) the
detection limits for various organotin compounds were between 200 and 500 pg
(calculated as tin).

Fifteen B-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 Table1 below. The blue fluorescence of the chromatogram zones
(Aexc = 313 nm, Aq > 390 nm) was measured after dipping the chromatogram in liquid
paraffin - n-hexane (1+2). Figure 18 illustrates the separation of seven B-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
deliberately employed for photochemical activation of applied or thin-layer
chromatographically separated samples.
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Table 1: Detection limits, working ranges and method standard deviation V,, for quantiiative

analysis of B-blockers.
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This chanter ends with a t

chapter ena:

tions on silica gel.

rocedure to represent the many photochemical reac-

3
3
1
i

Detection limit Working range

Substance [ng/chromatogram zone] Vs [0
Acebutolol 5 8-70 +37
Atenoioi 160 &%) 5n.a. %)
Bupranolol 50 60-220 +23
Carazolol 5 10-80 +4.5
Nadolol 50 n.a.*) n.a.*
Pindolol 5 10-90 +1.7

*) not available

Procedure Tested

Chelidonine
in the Greater Celandine [25]

4;==,~——_, Start
-— Front

W

Fig. 18: Fluorescence scan of a chromatogram track with 250 ng each of atenolol (1), acebutolol
(2), cartelol [3], pindolol (4), bunitrolol (5), alprenolol (6) and penbutolol (7) per chromatogram
zone.

While FUNK et al. did not use temperatures above 30 °C during the irradiation times
discussed above, Sistovaris combined UV irradiation with simultaneous heating (70°C,
2 h) of the TLC layers [24]. After this treatment nomifensine and its metabolites ap-
peared as intense yellow fluorescent chromatogram zones on a dark background.

Layer: Silica gel Irradiation: A = 254 nm

Reaction

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

Sample preparation: Dried greater celandine was pulverized and briefly boiled in
0.05 mol sulfuric acid. After cooling to room temperature the mixture was placed in
a separating funnel and adjusted to pH 10 with ammonia solution and extracted once
with chloroform. The organic phase was dried with sodium sulfate and evaporated to

acary idna wme talban 11 in meathanal and iaad oo sha
dryness under reduced pressure. The residue was taken up in methanol and used as the

sample solution for TLC.

Method Ascending, one-dimensional development in a trough chamber
with chamber saturation and the exclusion of light.

Layer HPTLC plates Silica gel 60 F,s4 (MERCK), before application of
the samples the layer was developed to its upper edge with
chloroform — methanol (50 + 50) to precleanse it and then dried
at 110°C for 30 min.

Mobile phase Toluene — methanol (90+10)
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Migration distance 7 cm

15-20 min

1.1 Photochemical Activation 25

N Chelidonine Unknown N

| sstonce ||

Detection and result: The developed chromatogram was dried for 15 min in a stream
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 fiuorescent 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 irradiated with short-wavelength UV light (A = 254 nm)
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
addition the general fluorescence was increased as a result of the UV irradiation.
Figure I1 illustrates the corresponding fluorescence scans.

In situ quantitation: The fluorimetric scan was carried out at A = 313 nm and the
fluorescence emission was measured at Aq >400 nm (cut off filter) (Fig. II).

B
1 2 1 2 1 2

Fig. I: Chromatogram of celandine extract (Track 2) and a chelidonine standard (Track 1):
(A) detection of fluc zones in long: length UV light, (B) detection of UV absorbing
zones in short-wavelength UV light by fluorescence quenching and (C) detection of photo-
chemically activated chromatogram zones after irradiation of the chromatogram with short-
wavelength UV light.

©
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g orescence scam of a elidoniumextra I ALOgTa ack a
(A) before and (B) after 1 h irradiation with short-wavelength UV light; two new
parent that were not previously detected [25, 26].
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As is well known chemical reactions are accelerated by increasing the temperature. This
also applies to heterogeneously catalyzed reactions taking place on the surface of polar
sorbents such as aluminium oxide or silica gel (Tables 2.1 and 2.2). Such reactions have
also been reported on the moderately polar NH, layers. ALPERIN et al. have described
the activation of cellulose to yield specific information concerning the substances
chromatographed [1].

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
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A B

Fig. 19: TLC plate heater 111 (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.
Furiher hieating can, however, lead to compleie carbonization. The details of the reac-
tions taking place are not currently known [4].

SEGURA and Gorro have postulated that nitrogen-containing compounds form

derivatives of the type R-N=CH-CH=CH-NH-R, in a similar manner to the reaction
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of malonaldehyde with amino acids to yield ScHFF’s bases — a hypothesis that is sup-
ported by the occurrence of appropriate IR bands [5].
In | compounds with heteroatoms (N, O, S and P) are more amenable to

g

Table 2.1: S

y of some

(Types 150/T or 60/E) after chromatography.
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of detection after merely heating aluminium oxide layers

T ure/time.

Remark:

Ref.

«“fluorescence reactions® than pure hydrocarbons. Under the influence of the catalytic
sorbents substances rich in n-electrons are formed, that conjugate to “rigid” reaction
products that are fluorescent when appropriately excited. The formation of fluorescent
derivatives is frequently encouraged by gassing with nitrogen or carbon dioxide.
Changes of pH can also yield specific evidence. Thus, it is frequently possible to aiter
the excitation and fluorescent wavelengths of many fluorescing compounds in this man-
ner. In addition there is a range of nonfluorescent substances that can be derivatized
by exposure to ammonia gas, ammonium hydrogen carbonate or acids (e.g. HC1, HBr)
to yield products that are able to fluoresce. The impregnation of the layer with am-
monium acetate or hydrogen sulfate, that is frequently recommended, serves the same
purpose. Examples of this behavior are to be found in the reagent monographs.

e following s2-1to2:3 sunmmarize some-examples-based-exclusively-on-ther

mochemical reactions on the sorbent surface which lead to the formation of fluorescent
reaction products. The derivatives formed frequently remain stable for weeks [6] and
the fluorescence can frequently be intensified and/or be stabilized by treatment with
viscous liquids (liquid paraffin, Triton X-100, polyethylene glycol etc.).

Quantitation is possible in many cases [6-15]. However, the activation reaction does
not always yield a single reaction product (check by SRS method!), so the dependence
of the linear response interval on temperature and duration of heating must be checked
for each product. It can be taken as a rule of thumb that there will be a linear response
between measurement signal and amount applied over the range 10 to 100 ng substance

mar Ahramataora bl
per chromatogram zone [S].

Since the literature cited did not reveal a significant effect of the differing pore
systems of the various types of layer the aluminium oxide and silica gel types (60, 80,
100, etc.) are not specified. The same applies to binders, fluorescence indicators and
trace impurities in the sorbents.

Pesticides, e.g.
aminocarb, captan,
difolatan, landrin,
rotenone

A*3-Ketosteroids, e.g.
testosterone and epi-
testosterone in urine

A*-3-Ketosteroids, e.g.
trimethylsilyl-
testosterone

Testosterone

Testosterone

A*-3-Ketosteroids, e.g.
progesterone in plasma

200°C, 45 min

180°C, 20 min

180°C, 20 min

Induction of fluorescence in weakly
fluc or nonfluc pesticides
and amplification of natural fluores-
cence. There are some differences be-
tween basic and acidic aluminium oxide
layers.

Pale blue induced fluorescence
(Aq = 440 nm) for A*-3-ketosteroids,
detection limit: 5 ng.

Conversion of A*-3-ketosteroids or

f16}

18

or 150°C,
20 min

180°C, 20 min

180°C, 20 min

150°C, 20 min

their trimethylsilyl or acetyl derivatives
in fluorescent components, whereby the
detection limits were improved by 65%
for the acetates. A%-3-keto- and A5-3-
NLT _cbnenida alo~ cnnat it tha cnsan

Un-Sicroias a0 1€ali wiin inc samic

sensitivity.

Induced fluorescence (Ay > 430 nm, cut
off filter) by thermal treatment of the
chromatogram, the fluorescence in-
creased by a factor of 2.5 by dipping in
a solution of Triton X-100 — chloro-
form (1+4). Working range: 2-50 ng
substance per chromatogram zone.
Prewashing the layers with methanol-
ammonia solution (25%) (50+50) in-
creased the precision.

Induced fluorescence and fluorescence
amplification by a factor of 25 by dip-
ping the chromatogram in a solution of
Triton X-100 — chloroform (1+4).

Conversion of A*-3-ketosteroids into
fluorescent derivatives (Ay = 440 nm).
Relatively selective for progesterone at
150°C, detection limit: 2-5 ng.

[15)

191
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Procedure Tested

1.2 Thermochemical Activation 31

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 1 s into a solu-
tion of Triton X-100 — chloroform (1+4) which stabilized the fluorescence and in-

Testosterone [9, 15]

Layer: Aluminium oxide Temperature: i80°C

Reaction

creased its intensity by a factor of 2.5. Between the two dipping steps the chromatogram
was air-dried in the dark for 30 min until the chloroform had completely evaporated.

Testosterone (hR;: 65 —70) appeared under long-wavelength UV light (A= 365 nm)
as a pale blue fluorescent zone on a dark background.

The detection limit w
The detection limit was less than 2 ng substance per chromatogram zone.

In situ quantitation: The fluorimetric scan was carried out at A, = 365 nm and the
fluorescence emission was measured at A > 430 nm (cut off filter Fl 43, Fig. I).

At elevated temperatures in the presence of oxygen the aluminium oxide layer catalyzes
the formation of blue fluorescent “aluminium oxide surface compounds” with 4-
hydroxy-3-oxo-A*6-steroid structures [4]. Aluminium oxide acts as an oxidation
catalyst for an activated methylene group.

CH, CHy
Cc=0 c=0
ALO.
+0, — = +H,0
)

o 150°C 2
0
H

Progester.one 4-Hydroxy-3-oxo-A *5-steroid derivative
Method Ascending, one-dimensional development in a trough chamber

without chamber saturation.

Layer TLC plates Aluminium oxide 150 F,54 (MERCK); before applica-
tion of the samples the layer was developed twice to its upper
edge with methanol — ammonia solution (25 %) (50 + 50) to pre-
cleanse it and then dried after each development at 120°C for
30 min.

Mobiie phase Toluene — 2-propanoi (10+1)
Migration distance 8 cm

Running time 25 min

®
—— [— Start
E— Front

l

Avdoun A

Fig. I: Fluorescence scan of a blank track (A) and of a chromatogram track with 4 ng testosterone.

Analogous examples have been described for “silica gel chromatograms”. Table 2.2

gives an overview,
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Table 2.2: Summary of some examples of fluorimetric detection after merely heating silica gel ‘Table 2.2: (continued)
fter chromatography. —
layers after chromatograptty: Substances Temperature/time Remarks Ref.
i 1.
Substances Temperature/time Remarks Re Pesticides, e.g. fuberidazol 200°C, 45 min  Amplification of the natural 221
Essential oil components 800-900°C Induction of fluorescence in a special 18} fluorescence of some pesticides and
apparatus. bathochromic shift of the excitation
and emission maxima; detection limits:
Steroids, e.g. cholesterol,  110-150°C, Conversion to fluorescent derivatives by  {5] 5-100 ng.
triolein, a.nd;osterone; 2-12h heating. Pesticides, e.g. 200°C, 45 min  Induced fluorescence (Ay >430 nm, cut [23]
sugars, c‘,g' ructose, coumatetralyl, methabenz- off filter); detection limits: 6-600 ng.
glucose, l‘.lbOSC, o thiazuron, propylisom,
amino acids, pyrimidines, naptalam, thioquinox
purines, alkaloids warfarin etc.
Alkaloids, e. g. raubasine 120°C, 1 h Amplification of the natural fluores- 10} Coumaphos 200°C, 20 min  Residue analysis; induced fluorescence  [11]
and its metabolites in cence of raubasine (Ay = 482 nm); on heating (A; >400 nm); detection
plasma, urine and bile detection limit 20 ng. limit: 1 ng.
P 00 ° i =
Alkaloids, ¢.g. reserpine,  105°C, 2 h Induced fluorescence (kg > 500 nm,  [19] otasan, coumaphos, 200°C, 20 min  Induced blue fluorescence (A =430 nm  [24)
3 5 . . £ coroxon or 450 nm), identification of the fluo-
rescim ne cut off filter). Possibly formation o rescent derivatives as chlorferon or
-deh derivatives.
3-dehydro derivatives 4-methylumbelliferone.
Alkaloids, e.g. reserping, ~ 105°C, 2hor  Induction of stable fluorescence 12} Coumaphos 200°C, 20 min  Residue determination in honey, in- 4]
ajmaline, rescinnamine 105°C, 15 h (Aq > 480 nm, cut off filter), detection duced fluorescence (hg >400 nm, cut
limits 5-20 ng. off filter); detection limit: 0.5 ng.
Alkaloids, e g. cocaine, 280°C, & min Pale blue induced fluorescence 131 Rubratoxin B 200°C, 10 min  Induced fluorescence that can be inten- [25]
ecgonine, benzoylecgonine, or 260°C, (Mg > 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 dipping in liquid paraffin solu- vapors (10 min). This also alters the
tion; detection limits: <10 ng. color of the emitted light to pale blue.
Glu ° i
Alkaloids, e.g. lupanine,  130°C, 17-35 h  Induced blue fluorescence 61 met(t:;;:l\(::osides 3514%0 é min  Induced yellow fluorescence. [26]
angustifoline, sparteine, (Aq = 400 nm), detection limits: 10 ng. 10 min ?
lupinine, hydroxylupanine
. . Sugar derivatives “Mild heating  No details of whether fluorescence was  [27}
Pesticides, ¢.g. dursban, 200-225°C, Induced fluorescence or amplification  {20] over a Bunsen  produced or if a carbonization reaction
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 200°C, 45 min  Induced fluorescence or amplification  [21] mannose etc. a glass plate. Sugar alcohols and C,-C,

pesticides, e.g. coumaphos,
menazon, maretin, dursban

of natural fluorescence, detection
limits: 1-80 ng.

bonded oligosaccharides do not react;
detection limit: 10 ng.
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Table 2.2: (continued)

1.2 Thermochemical Activation 35

Method Ascending, one-dimensional development in a trough chamber
without chamber saturation.

Substances Temperature/time Remarks Ref.
Layer HPTLC plates Silica gel 60 F,54 (MERCK) .
Sugars, e.g. glucose, 80— 260°C, Production of fluorescence by 31
glucosamine, fucose, raf- gradient or temperature gradients (10°C/30 s) to Mobile phase Methanol — water — dioxane — sodium acetate solution
finose, cellobiose, 200°C, Smin  determine the optimum heating temper- (aqueous, 0.2 mol/L, pH 8.0) (60+28+12+10)
methylated sugars ature for the individual substances.

Oligosaccharides require higher temper-
atures than monosaccharides. Detection
limit: 1 nMol. The fluorescence colors
are characteristic particularly for the
methylated sugars.

Lipids, e.g. B-sitosterol, 200°C, 15 min  Induced fluorescence; detection limits:  [3]
geraniol, dolichol, <1 pg cholesterol.
squalene, cholesterol

C-Nucleosides Moderate No details of whether fluorescence

heating on carbonization was produced.

a hot plate
Nomifensine and 70°C, 2 h Heating and simultaneous UV irradia- 303
metabolites + UVasy tion produced intense vellow fluores-

cence (A > 460 nm, cut off filter).

Procedure Tested

Tropane Alkaloids [35, 36]

Cocaine, ecgonine, ecgonine methyl ester, benzoylecgonine

Layer: Silica gel Temperature: 260°C

Reaction

At elevated temperatures and possibly under the catalytic influence of the sorbent sur-
face there is probably elimination of functional groups to yield aromatic ring systems
that are excited to fluorescence under long-wavelength UV light (A =365 nm).

Migration distance 5 cm

Running time 30 min

Detection and result: The chromatogram was briefly dried in a stream of cold air then
heated for 10 to 30 min at 260°C in a drying oven. After cooling to room temperature
(ca. 15 min) it was dipped in a solution of liquid paraffin — n-hexane (1 + 2) for 3 s.
This stabilized the fluorescence and intensified it by a factor of about 2.

On examination under long wavelength UV llght (A =365 nm) ecgomne metnyl ester

70 75) appea:ed as pale blue fluorescent chromatogram zones on a dark background
The detection limits were less than 10 ng substance per chromatogram zone.

e )
~
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Fig. I: Fluorescence scan of a chromatogram zone with 300 ng each of ecgonine methyl ester (1),
cocaine (2), ecgonine (3) and benzoylecgonine (4) per chromatogram zone. ’

Note: The sodium acetate was added to the mobile phase soiely to improve the separa-
tion. It had no detectable effect on the production of fluorescence during thermal ac-
tivation, since the fluorescence reaction also occurred in the absence of sodium acetate.
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In situ quantitation: The fluorimetric scan was carried out at Ay = 313 nm and the
fluorescence emission was measured at Ag >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 and creatine
derivatives by means of the fluorescence obtained on heating mobile phase-free ““amino
layer chromatograms”.

Table 2.3: Summary of some examples of fluorimetric detection after thermal treatment of amino
layers after chromatography.

12 Thermochemical Activation 37

Procedure Tested

Catecholamines, Serotonin and

A ndal
iviviavw

Layer: NH, modified silica gel Temperature: 150 °C

Reaction

Substances Temperature/time Remarks Ref.

Sugars, e.g. lactose, 120°C, 15 min  Violet fluorescence on a dark blue 31}

glucose, fructose background.

Sugars, e.g. lactose, 120°C, 15 min  Induced fluorescence; detection limits  [32]

glucose, fructose in nanogram range.

Glucose, fructose Infrared lamp Heating produced stable bluish-white [331
or 170°C fluorescence (A = 365 nm and

each for 3 min Ay > 400 nm, cut off filter K 400),
detection limits; 5-10 ng.

Sugars, e.g. glucose, tham- 160°C, 3-4 min Induction of brilliant stable fluores- 2]
nose, xylose etc. or infrared lamp cence Aq = 365 nm and Ay >400 nm,

(cut off filter K 400), sugar alcohols do

not fluoresce; detection limits: 5-10 ng.

Creatine, creatinine, uric 150°C, 3-4 min  Stable fluorescence A, = 365 nm and "N
acid in urine and serum A > 400 nm, (cut off filter K 400).

Sugars, e.g. sucrose, 150°C, 3-4 min Induced fluorescence A, =365 nm and [34]
ribose, xylose A > 400 nm, (cut off filter K 400).

Heteroaromatic ring systems are formed presumably with loss of functional groups, at
elevated temperatures and probably under the catalytic influence of the aminopropyl
groups on the sorbent surface. The compounds so formed are excited to fluorescence
by long-wavelength UV light (A = 365 nm).

Method Ascending, one-dimensional two-fold development (10 min inter-
mediate drying in stream of cold air) in a trough chamber without
chamber saturation.

Layer HPTLC plates NH, F,54, (MERCK).

Mobile phase Chloroform — 1l-propanol — formic acid (50+10+5)

Migration distance 2 X 7 cm

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. 150 °C under an infrared lamp, on a hot plate or in a drying cupboard
for 3 to 4 min.

Noradrenaline (“hR;” ~15)*), adrenaline (“hR¢” ~20), serotonin (“hR;” ~35),
vanilmandelic acid (“hR¢” ~45), creatinine (“hR;” ~ 50), hydroxyindoleacetic acid
(“hR;” ~55) and homovanillic acid (“hR;” ~ 85) appear on examination in long-wave-

*) The figures given here are calculated in the same manner as hR;even though two developments
were carried out.
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1.2 Thermochemical Activation 39
length UV light (A = 365 nm) as brilliant pale blue fluorescent chromatogram zones on 2
a dark background (Fig. IA). Vanillic acid (“hR;” ~90), on the other hand, only 7 6
2
fluoresces weakly, but produces appreciable fluorescence quenching on NH, layers 1
containing a fluorescence indicator (Fig. IB). 3 3

Mobile phase front
Homovanillic acid
Vanillic acid
Hydroxyindoleacetic acid
Creatinine

Vanilmandelic acid
Serotonin

Adrenaline
Noradrenaline

Start

.\
e
-]
T
=

p—
-—Start

~=—Front

3 (_? -=— Start
<—Front

w

Tack 1 23 456 789 123 456 789
A B

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

The visual detection limits for fluorimetric detection are substance-dependent and lie
between 5 ng (adrenaline, noradrenaline) and 30 ng (homovanillic acid) substance per
chromatogram zone.

In situ quantitation: Fluorimetric evaluation was carried out by excitation at several
wavelengths and by measuring the fluorescence emission. (Fig. II).
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Fig. II: Fluorescence scan of a chromatogram track with 500 ng each of noradrenaline (1),
adrenaline (2), serotonin (3), vanilmandelic acid (4), 5-hydroxyindoleacetic acid (6), homovanillic
acid (7) and vanillic acid (8) together with 230 ng creatinine, all per chromatogram zone: measure-
ment at A, = 313 nm and Ay >390 nm (cut off filter Fi 39 (A)), Ay, = 365 nm and Ay >430 nm
(cut off filter FI 43 (B)), Auc =405 nm and Ay >460 nm (cut off filter F146 (C)) and at
Lexc = 436 nm and A > 560 nm (cut off filter Fl 56 (D)). Under the conditions used for scans B
and C some substances appear as double peaks on account of flucrescence quenching at the center

of the chromatogram zones as a consequence of the substance concentration being too high.
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Electromagnetic radiation energy can be used to stimulate substances to fluorescence
after separation by thin-layer chromatography. Its action makes it possible to convert
some nonfluorescent substances into fluorescent derivatives. The “active” sorbents
often act as catalysts in such processes (cf. Chapter 1.1).

et v

The supply of thermai energy by a heater or iR iamp is a second method of conver-
ting the separated substances into fluorescent derivatives. Here too, at about their
decomposition temperatures, many substances react to form fluorescent derivatives,
generally with the catalytic participation of the “active sorbent”. These fluorescent
derivative often provide specific evidence concerning the nature of the substances being
detected (cf. Chapter 1.2).

A third posslblhty of convemng nonfluorescent substances to fluorescent derlvatlves,

separanon has been carned out, is to place the plate ina “plasma chamber for some
time.

The application of high tension (e.g. 20 kV, 0.5 MHz) in an evacuated system
(0.2 ... 8 torr) causes the residual gas to form a highly ionized mixture of positive and
negative ions, electrons, photons and neutral gas molecules. In the presence of “active”
sorbents this plasma reacts with the chromatographically separated substances to yield
reactive ions and radicals.

Depending on the structures of the substances being investigated the chromatograms
are exposed to the effects of the plasma chamber for 5 to 300 s and then heated to ca.
130°C for 1 to 2 min [1] or irradiated with long-wavelength UV light for 3 min [2]. This
causes the formation of fluorescent derivatives with the sorbent again acting as a
welcome catalyst.

The residual gas in the plasma chamber can either be a noble gas, nitrogen, methane
or hydrogen. Argon yields less intensely fluorescent substances and oxygen permits ox-
idation reactions that usually lead to nonfluorescent final products. The results ob-

by exposing to activated nia vapor [1] or acid vapors [3] reveal that pH
displacements can also have positive effects here. Ammonium hydrogen carbonate
vapors also behave favorably. SEGura and Gorro [4] used them for the induction of
fluorescence using thermal activation many years ago.

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 {1]. The plates used were “Permakote” silica gel layers containing ne
organic binder. However, silica gel 60 HPTLC plates (MERCK) were also employed;
these yield a considerable background fluorescence on account of the organic binder
they contain.
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It is also possible to ionize the gases at normal atmospheric pressure instead of using
a1 PP VS IO R T e £a1d ot o

a plasma chamber {2]. In this case the gas is passed through a high tension field at a
flow rate of 5 to 30 L/min (spark discharge: 20 kV, 0.5 MHz) and blown onto the
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Table 3: Some substances that produce intense fluorescence when treated with jonized nitrogen
after they have been chromatographed [1}.

after they have been chrom:

Qul

chromatogram (Fig. 20). As in the case of the electric vacuum discharge-chamber

Qnt B time1s]
t ist

P ime Exposure time [s}

described above the chromatographed substances are activated to intense fluorescence Cholesterol 60 Oleic acid 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-Cy,Hyg visually. Hence this mode of ac- Progesterone 60 C°de_i“e 180
tivation is just as sensitive as the thermochemicaily generated fluorescence described Testosterone 60 Cocaine 180
. Dieldrin 60 Dimerol 180
in Chapter 1.2 [3]. Tetrahydrocannabinol 60 Phenobarbital 180
Inositol 60 Chlorpromazine 180
Test gas Laurylalcohol 180 d-Amphetamine sulfate 180
n-CyHyg 180 Methadone 180

l Phenol 180

Y
St sctoes I
8em tubing sesls
t
ot om o] P References
e

2cm ‘
o N N\
1 Test piate
Glass base plate

Fig. 20: Schematic representation of an electric spark discharge chamber for the activation of
gases at normai atmospheric pressure for iiie produciion of fiuorescence in subsiances separaie d
by thin-layer chromatography [2].
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[3] Zhou, L., Shanfield, H., Wang, F-S., Zlatkis, A.: J. Chromatogr. 1981, 217, 341-348.
[4] Segura, R., Gotto, A. M.: J. Chromatogr. 1974, 99, 643-657.
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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-
mitted maximum concentration then there is probably no need to analyse the sample.
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
samples it would scarcely be possible to carry out economic doping controls and tox-
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
plate and thus compare unknown samples in the same defined system.

@ 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-
centrating zone of a suitable chromatographic plate, in any event clean-up is less
complex than for other forms of chromatography.

® There is no necessity to regenerate the sorbent since TLC/HPTLC plates are not

genarally naad fwica

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:

ce b cmr o oot ctoiian with o asshocl

® Does ihe sampic contain a substance with a carbon 'gA'GL‘-p 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-
taining amino groups?
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® Aret here substances in the sample capable of coupling reactions and where are they Table 4: (continued)
J S R,
o UC ound in wne C E: ? -
nromatogram ! Functional Resgent Remarks Reference
These few questions serve to demonstrate that tirere must —be great interest i group
characterizing chemical compounds by means of their reactive functional groups. The Amines Ninhydrin 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.
i i i B
Functional Reagent Remarks Reference ahphatl.c and (DOOB)
group aromatic)
Acetylene Dicobaltoctacarbonyl Formation of colored complexes. [n Amines o-Phthalaldehyde (OPA) In the presence of mercaptoethanol 3, 12]
compounds After the reagent excess has been (primary) o-phthalaldehyde reacts with primary
washed out, reaction with b amines and amino acids to yield
vapor yields cobalt bromide, which fluorescent isoindole derivatives.
reacts with a-nitroso-B-naphthol to B} . . .
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
MEISENHEIMER complexes. Amino acids
Aldehydes 4-Amino-3-hydrazino-5-  Aldehydes yield violet chromatogram [2] also react.
mercapto-1,2,4-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 chromatogram zones. (primary) yield fluorescent derivatives. Primary [15]
- i i ield stable yellow-
Aldehydes 2,4-Dinitrophenyl- Formation of colored hydrazones or [3, 4 ::x:;;:z::;ie?ethats caneby:elut ed
hydrazine osazones. It is possible to distinguish from the TLC layer [16].
between saturated and unsaturated
hydrazones using potassium hexacyano- Amines Sodium nitrite + Diazotization of the primary amine [3, 17
ferrate(IIT) [5]. (primary a-naphthol or Bratron-  followed by coupling with a-naphthol
Aldehydes Hydrazine sulfate + Aromatic aldehydes yield colored 161 aromatic) MARSHALL reagent or N—(?maphthyl)—ethylenedxamme. Sul-
hydrochloric acid hydrazones. fonamides also react [18].
Alcshols 4-(4-Nitrobenzyl)- Amino compounds, esters and ethers M Amines 4-(Dimethylamino)-benz-  Alkaloids and indole derivatives also nn
pyridine do not interfere, but phenols and acids (primary aldehyde + acid react [19].
as well as epoxides, olefins and aromatic)
containing labile hal
probably do Amines Fast blue salt B, fast Intensely colored azo dyes are pro- 3, 17]
. (capable of blue salt BB, 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 1sars. sugar alcohols The lead

sugars, sugar alcohols. The lead
tetraacetate consumed is no longer
available to decompose the fluorescent
dichlorofluorescein.

suifaniiic acid (PAULY’s
reagent), diazotized
sulfanilamide or
4-nitroaniline
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Table 4: (continued)
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Table 4: (continued)

i Functional
Functional Reagent Remarks Reference u Reagent Remarks Reference
group group
Amines 7-Chloro-4-nitrobenzo-2-  Fluorescent 4-nitrobenzofurazan deriva-  [3] Halogen Silver nitrate, am- Halogen compounds yield black 121
(primary and oxa-1,3-diazole (NBD tives are produced. Phenols and thiols derivatives moniacal (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. hyd using p hexa-
cyanoferrate(I1I) [5].
Amines Sodium nitroprusside Secondary aliphatic and alicyclic 23, 24] N — -
(secondary + acetaldehyde amines yield blue-colored chromato- Nitro derivatives Benzylcyanide + benzyl-  Nitro compounds, e.g. explosives, or [30]
aliphatic and gram zones (e.g. morpholine, diethanol- trimethylammonium pesticides containing nitro groups yield
alicyclic) amine). hydroxide gray to bluish-green chromatogram
zones on a brownish background.
Amines Cobalt(II) thiocyanate Long-chain primary, secondary and ter- "
(long-chain tiary amines and long-chain quaternary Peroxides I-Naphthol + NAjethyl— A quinonimine dyestuff is produced on  [3]
primary, secon- ammonium salts yield blue chromato- N"-(Z-methanesulton» reaction with peroxides.
dary and tertiary gram zones on a pink background. [25] amldoethyl)-Z-metl:Ayl»
plus quaternary 1,4-phenylenediamine
ammonium salts (peroxide reagent)
Carboxyl groups Indicators, e.g. Detection depends on the color change [2, 26] Peroxides Iron(1I) sulfate + Peroxides rapidly oxidize iron(II) to [31, 32]
(carboxylic acids) bromocresol green, of the indicator in acid medium. 3,27 ammonium thiocyanate  iron(lll) 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.
potassium permanganate,
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-1,4- Peroxids 1kyl hydroperoxides,
Carboxy! groups 2,6-Dichloropheno}- Organic acids release the red un- [31 henylenediamine (N,N e~ro?u ©s, 8. a7yl yeropefowices, un
(carboxylic acids) indophenol (TiLmANN’s  dissociated acid from the blue [28, 29] phemlenedianine (M- oxidize N;N-DFDD to WyRsTER's ted B4
o 5 oty stabiived ohenolat g DPDD), N.N,N'Ntetra-  and TPDD to WURSTER’s blue.
agen mssom::; y's ‘Zde P ;no ate methyl-1,4-phenylene-
anion. uctones reduce the reagent diamine (TPDD)
to a colorless compound.
Phenois 7-Chioro-4-nitrobenzo-  Fluorescent 4-nitrobenzofuran 31

Carboxyl groups
(carboxylic acids)

Aniline + aldose
(e. g. glucose)

The action of acid causes glucose to be  [3]
converted to furfural which reacts with
aniline to yield a colored product.

2-o0xa-1,3-diazole (NBD
chloride)

derivatives are produced. Primary and
secondary aromatic amines and thiols
also react.
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Table 4: (continued)
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tivity depends on the ready polarizability of the carbonyl group as a result of the induc-
tive effect of the carbonyi oxygen.

Functional o Remarks Dt
group 3
* 0
Phenols (capable Fast blue salt B, fast Intensely colored azo dyes are formed. [3, 17] R—C7
of coupling) blue salt BB, fast black  Catecholamines [20, 35], imidazo) H
salt K, diazotized 21] and ami able of coupli o i
culfanlic acid (Pavey’s E‘lal ‘:{:ac:mn“ capable of coupling The carbonyl group also possesses electrophilic properties at the carbon atom and
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
4-nitroaniline methoxy or phenolic OH group present in the 4-position. Changing a neutral reaction
- medium by proton addition has the same effect.
Thiols, Sodium metaperiodate Substances with divalent sulfur yield [36]
thioethers, + benzidine white chromatogram zones on a blue o1 OH
disuifides background. R_E:- SH —— R,E:
H H
Thiols 7-Chloro-4-nitrobenzo- Fluorescent 4-nitrobenzofuran 31
2-oxa-1,3-diazole derivatives are formed. Primary and Three large groups of substances are suitable nucleophilic reaction partners, namely:
(NBD chloride) secondary aromatic amines and

phenols aiso react.

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 contain
the particular group and yet give a comparable reaction! The detection of ascorbic
acid with ninhydrin is a spectacular example of this. Ninhydrin usually reacts with
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
group.

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
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
also depend on the sorbent used. The detection limit is also a function of the hR;
value. The concentration of substance per chromatogram zone is greater when the
migration distance is short than it is for components with high hR; values. Hence,
compounds with low hR; values are more sensitively detected.

These reactions at particular functional groups of the sample molecule are closely
related in an inverse sense with those reagents which bring their own functional group
into the molecule. The numerous “aldehyde — acid” reactions are an example.
Numerous monographs of such reactions are already included in Volume Ia. Their reac-

® bases

a O IO anidio anmenainds
& C-H acidic compounds
@ crypto bases.

The boundaries between these groups are not always easily delineated. Nevertheless,
the classification is useful in practice [38]. A selection of “base” reactions is listed in
Table 5.

Table 5: Reactions of bases with carbonyl compounds, a selection.

Reactants Reaction/reaction product
OH
N - N 7
C=0 + H-O-H =—= C.
s = 7/ ou Hydrates
R OH . OR
‘co = NAH sronat) N A
C=0 + H-0-R == —
% Q Aor 0 Aor Acetals and ketals
hermiacetal
SR
N\
+tH-S-R — PN Mercaptals
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Table 5: (continued)
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Table 6: Reaction of carbonyl compounds (aldehydes, ketones) with C-H acidic compounds,

a salactinn

Reactants Reaction/reaktion product oo
Y R a9
P
H\* N\, /OH \, 3
C=0 + N-R == 'C 'C=NR ScHIFF’s bases oH
H [ T N 7
=0 + H-C=N —= —(lj—CEN Cyanhydrins
+ NH,—OH _— >C=NOH Oximes
OH
N C=0 + H-C=C-H == —C-C=C- Ethinylization
+ NH,—NH-R — C=N-NHR (Substituted) hydrazones
0 OH 0
) .
N Nc=0 + —CH, = —¢c-cu—c’ Aldol addition
+ NH,~NH-CO-NH, —~ C=N-NH-CO-NH, Semicarbazones HR) t HR)
-H,0
'
\, » Aldol condensation
Cl CH oH NR c=?—c
4 NS s i HR)
— - = Enamines
0 + H-NR, s el Sl .
0 cHy -] .
A=+ 0 ———  Ar—CH=CH~C PERKIN reaction
- CH,COOH
OH H CH;—C CHy OH
OH N7 0 N L . o
N
c=0 + sZ _ 7 \Séo Bisulfite addition compounds o o
- A 7 .
ONa ONa A€+ CH-C o~ Ar-CH=C—C( ERLENMEYER reaction
H OH | o
N=¢
H H A
Ne= o= — e Ne=c? : NH-C CeHs
=0+ CC=PCHssy oo ST WITTIG reaction & S
R R s
[
N e AN Dargen’s slveide ester svnthesis
/L—U + (I,HZ—LU R “HOL —(I.—LH—LUUI( LDJARZEN'S giyCiac ¢sicr syminesis
Cl
\ .
)c:o + 2 +2H" _CH-OH Hydrogenation to alcohols X X
M=o + i, Ne=¢; .
" s v KNOEVENAGEL condensation

C-H acidic compounds do not possess any basic properties. But they can form anions
in the presence of strong bases, and these possess sufficiently strong nucleophilic pro-
perties to be able to add to a polarized carbonyl group. Examples are listed in Table 6.

It is not possible to draw a sharp boundary between the reaction of C-H acidic
substances (e. g. aldol reactions) and the reactions of cryptobases. The cryptobases in-
clude organometallic compounds and metal hydrides, whose alkyl residues or hydrogen
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
Lﬂeﬂ to ca.rl)on atoms can alSO react WHEI] 'y ar chbl o ai Clell’UIl P IC.
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
listed in Table 7 are examples.
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Table 7: Reactions of carbonyl groups with cryptobases.

Reaction/reaction product
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Thin-layer chromatography has the great advantage that the result 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 cxposed 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.

Physical methods, some of which can be applied in the on-line mode (Fig. 8) and
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 subalvlded 1nto bloassays (olt lme) and bloautogra.mmes (on-lme)

The e e ele

simplest for the chemist to carry out. No expensive apparatus is requlred 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. They can only
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; 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-
creases. Analysis usually commences with a rather nonspecific clean-up step and re-
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

i i i iahility idantification and it ic naccihla 4 radisan tha
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
fluorescence measurements. The latter obtain their selectivity from the freedom to
choose excitation and measurement wavelengths.

Color reactions are more or less clearly defined reactions of the substances with
suitabie reagents. Substance-specific reactions are not usuaiiy available, e. g. many com-
pounds with aromatic skeletons give both a positive ViTALI-MoRIN reaction [1-4] and
a positive MARQuIS reaction [4]. Again, numerous aldehydes react with electron-rich
compounds in acidic medium to yield colored substances (cf. Chapters 2 and 3.1).
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Reactions can be exploited more specifically if it is known that particular functional
groups are present [cf Chapter 2]. They stlll do not allow direct ldenuﬁcanon, but they

before detection also contributes to th1s This reduces the number of potential com-
ponents. However, this does not exclude the possibility that there might be several
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
separation methods (GC, HPLC).

1t is often possible to increase the selectivity of detection by carrying out a sequence
of reactions on one and the same chromatographic plate — a technique that is only
possible in thin-layer chromatography. In principle it is possible to distinguish between
two sorts of reagent sequence (“TYPE A” and “TYPE B”), which are discussed in this

nand tha navt
and the next volume.

The examples that are treated below are those sequences where all steps — except the
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this purpose various staining reagents, each of which can be used individually for a par-
ticular substance class, are applied consecutively to the same chromatogram. After each
application the result is evaluated under visible or UV light and the result recorded
photographically, if necessary, for it is possible that the result obtained might be

destroyed or made unrecognizable by the next reaction step. (Fig. 22).

Medicament

A\
o
o
%el‘b
/ Phenothiazines

reddish-
brown | Reagentll | Alkaloids
Dibenzazepines
v1olet pink, —» yeliow, orange
™ purple -—+ blue

Primary amines Reagent I
—_—

last — are preparations for a color or fluorescence derivatization reaction which is car-
ried out in the last step, i.e. they can be regarded as a sort of selective in situ pretreat-
ment for a final detection reaction. Such reaction sequences are frequently necessary
because all the reagents cannot be mixed together in a single solvent, or because it is
necessary to dry, fieat or irradiate with UV light between the individual reacti
The detection of aromatics by the reaction sequence “nitration — reduction —

diazotization — couple to form an azo dye” is an example of this type (Fig 21).

teng

teps.

Nitro compounds
y Reduciion

Amino compounds

Diazotization and coupling Aromatic Ahphanc Reagent for prim. amines

Azo dye Color reaction,
Fluorescence

Fig. 21: Reaction scheme for the detection of aromatics, by means of the reaction sequence, nitra-
tion, reduction, diazotization and coupling to an azo dye, and of aliphatic nitro compounds by
detection of the primary amino group produced on reduction.

The “true” reaction sequences that will be described in Volume 1c are frequently used
in toxicological analysis, since the unequivocal identification of medicaments, intox-
icants and addictive drugs in body fluids almost always requires the simultaneous detec-
tion of many possible substances with completely different chemical characteristics. For

s
o
Tertiary and ?5'&
quaternary amines

reddish-brown,
— green or

bluish-purple
Secondary amines

- earth-colored

Fig. 22: Scheme for type B reagent sequence (cf. the reagent sequence “pinhydrin — iron(III)
chloride — DRAGENDORFF — potassium iodoplatinate” [6]).

Therefore, such sequential in situ reactions are always carried out either in order to
prepare a substance for a color reaction that is to follow or to increase the amount of
information that is obtained by exploiting a combination of different independent reac-
tions. This provides information that could not be obtained using one single reagent.

Both types of reagent sequence are frequently used when the samples are complex
in nature (plant extracts, urine, environmental samples etc.). It can happen that an ex-
cess of reagent A could interfere with the reaction of the following reagent B. With the
dipping technique it is also possible that reagent transfer might occur making it only
possible to use reagent B once.

In such cascs it is possible to use intermediate “rinsing troughs” in the form of appro-
priately prepared dipping chambers (Fig. 23) or diffusion destaining apparatus, such as
is used in electrophoresis (Fig. 24). These can also be used sometimes to destain the layer
background when single reagents are used (cf. potassium hexaiodoplatinate reagent).
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A B

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

Fig: 24: Diffusion destaining apparatus (DEsAGA). The dish contains the wash liquid and is
periodically tilted so that the reagent excess is removed from the chromatogram plate.
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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;.

It is only possible to distinguish them on the basis of prechromatographic reactions.
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
developed perpendicular to the direction of the first chromatogram (SRS technique).
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
chromatographic zone and then subjecting the oxidation product to a detection reac-
tion. On oxidation primary alcohols form aldehydes, secondary alcohols ketones and
tertiary alcohols are not oxidized.

. oxidati
primary ——» aldehyde
oxidation
Alcohol secondary ————> ketone
L tertiary 220, ng reaction

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
ith 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:

The derivatization is always carried out with an aim in mind,
Group-specific reagents can provide evidence to characterize the substance,

Tha dacizad maciilic can ha shtaina, v mu
The desired results can be obtained by multiple chromatography or multiple in situ

reaction at the same chromatogram zone.

This leads to savings of time and materials.
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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(III) chloride — BRATTON-MARSHALL

reagent”). Sodium nitrite —naphthol reagent, diazotized sulfanilic acid and other
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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-

reagents specific for amino groups (e.g. ninhydrin, fluorescamine, 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 polymethynes, 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
it is self-evident that any list will be incomplete and that some reaction sequences can
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.

P

A gray bar at the side of the text makes this evideni.

itial oxidation to yield aldehydes that are then reacted in acid medium with electron-rich
aromatics or heteroaromatics, according to the above scheme, to yield intensely colored
triphenylmethane dyes.

Secondary alcohols yield ketones on oxidation and these can be reacted with 2,4-

d-mlrophenylhyd!azme toy vield the corresnonding colored hvdrazones.

1eid the corresponding colioreC hycrazones.

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

3.2 Oxidations and Reductions

3.1 Electrophilic Substitutions

Many known color reactions involve electrophilic substitution at an electron-rich
aromatic or heteroaromatic (cf. “4-(dimethylamino)-benzaldehyde — acid reagents” and
“yanillin reagents”). Here aliphatic or aromatic aldehydes react in acid medium to yield
polymethyne cations which are intensely colored di- or triarylcarbenium ions [4, 10].

/H
o] c.t
7,
R-C\/ + Aromatic —— Q/C H o "R
H

H

4
C C
/@ R + Aromatic — /@/ \©\ Oxidation 0{(\@\
R’ . "

Fomaldehyde (MarqQuis [11] and ProcHAZKA reagent), furfural, 4-methoxybenzalde-
hyde, 4-(dimethylamino)-cinnamaldehyde and 4-(dimethylamino)-benzaldehyde (EHR-
LICH’s, VAN URK’s, MorGaN-ELsoN or EP reagents) react according to this scheme with

Substances that can oxidize to form a system of conjugated double bonds are frequently
oxidized by atmospheric oxygen, iodine or iron(III) salts. The products are chromo-
phoric systems frequently containing ortho- or para-quinoid structure.

For instance morphine (1) can be det

apomorphine as intermediate [4, 12, 13]. All morphines w1th an OH group in the 6-
position and a A78 double bond (codeine, ethylmorphine etc.) first undergo an acid-
catalyzed rearrangement according to the following scheme [12]:

HO. ! HO HO
+H"
O—CH3 1,0 0@/ —CH, HO . N—CH,
;
HO ] N g

n 2) (3)

HO HO.
3)

HO o HO
Z " N—CH, 2N N-CH,

X
+ X

(€] (5)
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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
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In alkaline medium, in contrast, apomorphine (5) yields the two quinones (9) and

10

-
v,

1£1.

T
110

-7

carbenium ion (3), whereby the neighboring C-C bond of the piperidine ring is cleaved
with aromatization of the C ring. The carbenium ion (4) formed is stabilized by
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}).

Hi Om OY\I Oﬁ’/ﬁ

0
HO.
Ho_ L
- X \
Ho Y / 0 om
©)

N—CH,

(¢}
OM\T‘II)

)

HO +H' (¢ -0y
N—CH, O —CH, O SN—CH,

5) ©6) M

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 influence of nitric acid with the simulta-
neous nitration of the benzene ring [15].

Hom OWNOZ
HO Y HNO,

N—CH, O N—CH,

(5) ®)

CH;

(10

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

@ The thalleiochin reaction for the specific detection of quinine alkaloids carrying an
oxygen group at C-6 of the quinoline nucleus (e. g. quinine and quinidine) [17], 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
a-ketolsteroids, pyridinium carbinols and pyridinium glycols can also be included
here [20-23]. The chromophore system of the red-colored formazan dye produced
by reduction of the TTC is composed of highly conjugated double bonds resulting
from the combination of a phenylhydrazone group with an azo group:

CeHs
N\ -  N—NH-C¢H;
H5c64 | w5 HGXK
Nt N=N—CHs
NZN\
CeHs
TTC Formazan

The following examples of reagent sequences, which include the reagent “Am-
monium monovanadate — p-anisidine” described in the second part of the book can
also be classified as redox reactions.
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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 1 for 1 s, dried briefly in

Reagent Sequence for:

® Nitrate and nitrite ions

Preparation of the Reagents

Reagent 1

Reagent 2

Reagent 3

Coupling reagent

Dipping solution 1: Dissolve 500 mg 4-aminobenzenesulfonic acid
and 150 mg 8-hydroxyquinoline in 100 ml of a mixture of acetone —
diethyl ether — water (12 + 12 + 1). This solution is stable for several
months. It should be topped up with diethyl ether from time to time

PO S S NIIL S PPN

10 NiaKke up 107 <vaporaiioi 1085Cs.

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

Adjustment of pH
Ammonia vapor: Place 5 to 10 ml conc. ammonia solution in the free
gn Ul a l.Wlll-l.IUllgﬂ

a stream of cold air and then dipped in reagent solution 2 for 1 s. The TLC/HPTLC
plate is then held upright on tissue paper to allow excess reagent to drain away; when
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.

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
chromatogram zones interferes with the detection of nitrate/nitrite: 1-, 103, 10,
MoO3~ and H,POj3.

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, NH,) per chromatogram zone.
The detection of 20 ng nitrate is not prevented by a one hundred-fold excess of the
following ions: NHj, Li*, Na*, K+, Mg2+, Ca?*, Ba?+, Zn?+, Hg? +, Al%+,
Sb3+, Bi3+, Zr3+, Ag*, Ni%+, Mn2*, UO}*, F~, CLO;, Br-, CN-, NCS-, BO3,
Si0%-, SiF%", AsO}, AsOj}, SO, §,0%, SO, OH~ and CH,COO". Colored ions
such as Fe3+, Cu2+, Cr3+ etc. can, however, interfere.

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

tert-Butyl Hml,llo_nte-
Potassium lodide/Starch

Purkayastha, R.: “SMWDmofmmde&memdhnmm' :

WmSoi!,PhntandAnimalSampksbymn-laychhmmatogmphy” lmemat.lEu—
viron. Anal. Chem.: 191, 1, 147-158.

Reagent Sequence for:

First spray the dried chromatogram homogeneously with reagent 1. 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-
orless background.

Note: The reagent sequence is a modification of the “chlorine—potassium iodide-
starch” reagent.

The detection limits — dependent on the TLC layer — lie between 0.2 and 0.5 pg
substance per chromatogram zone for atrazine and linuron.

The reagent can be employed on aluminium oxide, silica gel, kieselguhr and Si 50000

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

Preparation of the Reagents

nnnnn < 1 JRCE.

Pwagcm i Chilorination
Spray solution 1: Mix 1 ml fert-butyl hypochlorite with 100 ml
cyclohexane,

Reagent 2 Oxidation

Spray solution 2: Dissolve 1 g potassium 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
iodine-starch inclusion complex with starch.

Tayers.
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iodide these derivatives oxidize p-tolidine to a deep blue semiquinonoid dye (cf. reagent

Sraply €abd Az it ol EPRETE TR
monogiapn = CIOrine — U-Luuu.ulc—pummuux 10aiac™ ).

i cm sm\;m,zsr ms~s

Method

The dried chromatogram is evenly sprayed with the first and then with the second
reagent.
Intensely colored chromatogram zones are produced on a colorless background.

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

Reagent Sequence for:

® Protected amino acids and peptides [1, 2]

Preparation of the Reagents

Reagent 1 Chlorination
Spray solution 1: tert-Butyl hypochlorite solution.

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

Reaction

Reactive chloramine derivatives are produced in the first reaction step as a result of
chlorination of the nitrogen by the ferz-butyl hypochlorite; in the presence of potassium
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Method

tert-Butyl Hypochlorite-

Potassium Iodide/o-Toluidine

‘Heitz; W., Hocker, H. . Kern, W,; Uliner, 5. ,,Dmanmgmdﬁmmmmmmm
examethylendiisocyanat*,

Ohgmmhmmmﬂhyleagfykolmdﬂ e Mahnml.cm
]911,150,73r9i i

Reagent Sequence for:

The chromatogram is freed from mobile phase in the drying cupboard (10 min 160°C)
and placed while still hot in the chamber with fert-butyl hypochlorite vapor for 5 min.
After removal of excess reagent (15 min stream of warm air) the chromatogram is
sprayed with reagent 2.

This yields deeply colored chromatogram zones on a pale background.

Note: The reagent can be employed on silica gel, kieselguhr and Si 50000 layers.
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
method in spite of this (cf. reagent monograph “Chlorine — o-toluidine reagent”).

® Oligourethanes

Preparation of the Reagents

Reagent 1 Chlorination
teri-Butyi hypochiorite vapor: Place 10 mi tert-butyl hypochiorite in
one half of a twin-trough chamber.

Reagent 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
yields colored quinonoid toluidine derivatives.
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Reagent Sequence for:

® Amines, amino acids, amides [1, 2]
e.g. chloramphenicol, creatine, adenine, guanine
histidine, phenylalanine, sphingosine

Preparation of the Reagents

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 cm. This
salt must be renewed weekly [1, 2].

Reagent 2 Reduction of excess chlorine
Formaldehyde gas: Fill one trough of a twin-trough chamber with
20 ml formalin solution (37%) [1, 2].

Reagent 3 Oxidation and complex formation
Spray solution: Dissolve 1 g potato starch, 1 g potassium iodide and
50 mg Triton X-100 in 100 ml water with warming [1].
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Reaction

Primary and secondary amines and amides are first chlorinated at nitrogen by the
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.

Method

The chromatogram is dried in a stream of warm air and placed in the trough chamber
with the calcium hypochlorite (reagent 1) for 2 min followed by 30-45 s in the free
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.

Note: This reagent sequence is a modification of the reagent “chlorine — potassium
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 1 to 2 pg.

The detection limits for primary and secondary amines and for the amides are 10 to
60 ng substance per chromatogram zone [1). The detection limits on layers with
fluorescence indicators are about double the amount of substance 1.

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

Ammoma ‘V?amr 1 o -

Naidoo, 8.5 smrm ‘o Acetc i Pmpmmc m’m of‘laﬂzgmmkaad‘
medothyroxﬁnebyl‘lﬂn LayerChmnm‘umphy Anal. Mm. 1913,93, 543-547.

The course of the reaction has not been elucidated. Probably redox reactions involving
cerium(IV) and arsenic(II) are catalyzed by iodide ions and organic iodine compounds
with methylene blue acting as a redox indicator.

Method

The dried chromatogram is sprayed homogeneously first with spray solution 1 and then
with reagent 2 F‘€nnlly the nhrnmafngram is exposed to an atmosphere of ammonia

Reagent Sequence for:

® Iodide ions and organic iodine compounds
€. g. ithyroxine, iriiodo- and tetraiodoihyronine

Preparation of the Reagents

Reagent 1 Redox reaction
Spray solution 1: Mix solutions 1 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%).
Solution 2: Dissolve 5 g sodium metaarsenite in 100 ml water.

Reagent 2 Redox reaction
Spray solution 2: Dissolve 50 mg methylene blue in 100 ml water.

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

Todides and organic iodine compounds produce brilliant blue chromatogram zones
on a yellow background.

Note: The detection limits for iodides and organic iodine compounds are reported to
be 50 to 100 ng substance per chromatogram zone.
The reagent can be employed on silica gel H layers.
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maining Mo V! to yield a blue-gray mixed oxide (= molybdenum blue). The reduction

of nhosphomolvhdic acid is nH-denendent,

phesphomolydCic acic Is phi-aependent.

Method

The dried chromatograms are first homogeneously sprayed with reagent 1 and then
heated to 110°C for 10 min. After cooling to room temperature they are sprayed with
reagent 2 and then heated again to 110°C for 10 min.

17-Oxosteroids produce blue-black chromatogram zones on colorless to pale yellow

backgroundsg

Reagent Sequence for:

® 17-Oxosteroids (17-ketosteroids) [1, 2]
e.g. dihydroxyandrosterone, androsterone, aetiocholanolone,
11-oxoandrosterone

Reagent 1 pH adjustment
Spray solution 1: Phosphoric acid (30 %).

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

Reaction

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
acid, with the reduction of some of the Mo ¥! to Mo!V, which then reacts with the re-

Note: The derivatized steroids can be extracted from the blue chromatogram zones with
alcohol and quantitatively determined by means of the ZIMMERMANN reaction, which
is not interfered with by the presence of phosphoric acid and phosphomolybdic acid.
A vyellow background can be bleached by exposure to ammonia vapor [2].

Lo & T, PR P o gal ccploihis 3 oennnn 1

The reagent can be employed on silica gel, kieselgubr and Si 56000 1ayers.
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Reaction

When oxidized by iron(III) ions 4-aminoantipyrine reacts with phenols to yield colored
quinonoid derivatives (cf. 4-aminoantipyrine — potassium hexacyanoferrate(I1I)
reagent in Volume 1a). It is an oxidative coupling based on the EMERSON reaction.

Method

The dried chromatogram is first spraved homogeneously with spray solution 1 and then
heated to 80°C for 5 min. After cooling to room temperature the TLC plate is sprayed

Reagent Sequence for:

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

Preparation of the Reagents

Reagent 1 Hydrolysis
Spray solution 1: Dissolve 10 g sodium hydroxide pellets in 100 ml
water.

R €2 Condensati
Spray solution 2: Dissoive 2 g 4-aminoantipyrine in i00 mi ethanol.

R t3 Oxidati
Spray solution 3: Dissolve 8 g potassium hexacyanoferrate(II) in
100 ml water.

with water and heated to 80°C for another 5 min, after which it is homogeneously
lightly sprayed with reagent 2 and then with reagent 3.
Red to reddish-brown chromatogram zones are produced on a pale background.

Note: It ic recommended that onlv small guantities of reacsants he enraved
Ngtel It IS recommencea iat omy Smail quaniiies or reagenis o€ sprayea.

The detection limits lie between 0.25 and 1 pg substance per chromatogram zone.
The reagent can be employed on silica gel, kieselguhr and Si 50000 layers.
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idizes divalent cobalt to trivalent, which then oxidizes o-tolidine to a blue-colored
quinonoid derivative.

Firstly, the dried chromatograms are homogeneously sprayed sequentially with spray
solutions 1 and 2 and then, after being allowed to stand for 5 min, they are sprayed with
reagent 3.

intense biue chromatogram zones are produced on a colorless background; in acid

® Insecticides
e.g. endosulfan, phosphamidon

Preparation of the Reagents

Reagent 1 Hydrolysis )
Spray solution 1: Dissolve 5 g sodium hydroxide pellets in 100 ml
water.

Reagent 2 Oxidation
Spray solution 2: Dissolve 5 g cobalt(II) acetate in 100 ml water.

Reagent 3 Oxidati
Spray solution 3: Dissolve 1 g o-tolidine in 100 ml acetic acid (10%).

Reaction

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
cobalt(IIT). Phosphamidon, which contains a 2-chloro-2-diethylcarbamoyl group, ox-

Note: When the concentration of substance is sufficiently high endosulfan 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,
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-dianisidine, 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 | pg substance per chromatogram zone (corresponding to
10 png/g biological material).

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

medium they remain stable for 0 mi
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Reaction

Vandamme, E.5., Voeis, J.ﬁ.. Separa d Dete of
(Mmmmmmwmofmummw J(Xunmgz i
1972, 7, W4I-148, ,

Detection depends on the “iodine — azide reaction” which is normally extremely slow
but is accelerated in the presence of divalent sulfur (cf. iodine-potassium chloride solu-
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 1 presumably acts to open the thioether linkage or the thiazolidine ring. The
sulfhydryl groups accelerate the iodine-azide reaction appreciably more than the sulfur
bound to the thiazolidine ring.

Reagent Sequence for:

Antibiotics with a thiazolidine ring

e.g. penicillins, cephalosporins and their degradation products
such as penicillin V, penicillin G, oxacillin, cloxacillin,
ampicillin, methicillin, cephalosporin C
® Sulfur-containing amino acids
e.g. cysteine

Preparation of the Reagents

Reagent 1 Hydrolytic ring opening
Spray solution I: Sodium hydroxide (c = 2 mol/L).

Reagent 2 Redox reaction (iodazide reaction)
Spray solution 2: Dissolve 1 g sodium azide in a solution of 127 mg
iodine and 200 mg potassium iodide in 100 ml water.

Reagent 3 Todine starch complex formation
Spray solution 3: Dissolve 1 g soluble starch in 100 ml water.

Method

The dried chromatogram is homogeneously sprayed successively with reagents 1, 2
and 3.

Pale chromatogram zones are produced on an intense blue-colored background.

Note: Sulfides, thiols and thioethers also react. The blue background of the
chromatogram treated with the reagent sequence fades with time.

The detection limits for penicillin derivatives and cephalosporins are 0.5 to 1 pg
substance per chromatogram zone.

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

Synthetic pyrethroids with a-cyano ester group react with sodium hydroxide to yield
hydrogen cyanide, which reacts with 4-nitrobenzaldehyde and 1,2-dinitrobenzene to yield
a pink-colored derivative (0-quinonoid di-anion) according to the following scheme:

a [: \ Ji ]
O. o
— SN NaOH
C]}/yﬁ cH HCN + @\ @ C1> YcooNa
CN

o
Cypermethrin
(NRDC 149)
H__O W NO, o
Reagent Sequence for: HO—&-H @( HO. o
<Rl
+ HCN .
& Dvyrethroids with a- -cyano ester groups O, NO NO,
@ Pyrethroids with NO, NO, NG,
e.g. fenpropathrin, flucythrinate, fluvalinate, PP 321
4-Nitrobenzaldehyde 4-Nitroben- 0-Quinonoid
cyanhydrin zoic acid dianion
Preparation of the Reagents
Method

Reagent 1 Hydrolysis
Spray solution 1: Dissolve 1 g sodium hydroxide in 5 ml water and
make up to 50 ml with methanol.

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

Reagent 3 Formation of an o-quinoid di-anion

Spray solution 3: Dissolve 0.25 g 1,2-dinitrobenzene in 10 ml
2-methoxyethanol.

The chromatograms are dried in a stream of cold air and first sprayed homogeneously
with reagent 1 and allowed to stand for 3 min. Then they are sprayed with reagent 2
follawed immadintaly by sanoant 2

followed immediately by reagent 3.

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

Note: Spray solutions 2 and 3 can be applied in any order or as a mixture.
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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Method

The dried chromatograms are first sprayed homogeneously with reagent 1 and then,
after a short interval, with reagent 2.

Rhenium, molybdenum 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.

No details of the detection limits were provided.

The reagent can be employed on aluminium oxide, silica gel, kieselguhr, Si 50000,
RP and cellulose layers.

® Transition metal anions
e.g. ReID, Mo™D, vV

Preparation of the Reagents

R 1 Reducti
Spray solution 1: Dissolve 10 g tin(II) chioride in 100 mi 6 mol
hydrochloric acid.

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

Reaction

The initial step of the reaction with tin(IT) chloride reduces the highly oxidized metal

in the transition meial anions io low valency cations; these are capable of forming
stable colored complexes with thiocyanate.
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Reaction

In the first step tin(IT) chloride in acetic acid solution reduces the aromatic nitro groups
to amino groups. The aromatic amines produced then react with fluorescamine in
weakly basic medium to yield fluorescent derivatives (cf. reagent monograph “Fluor-
escamine Reagent”, Volume 1a).

Method

The dried chromatograms arefirst

@ Nitroaromatics
e.g. funitrazepam

Preparation of the Reagents

Spray solution 1: Dissolve 4 g tin(II) chloride dihydrate in 100 ml
acetic acid (5%) and add 1 ml of a solution of 0.5 g phenolphthalein

Spray solution 2A: Sodium hydroxide solution (2%).
Spray solution 2B: Dissolve 31 g boric acid in 100 ml 1 mol sodium

hydroxide solution and dilute with 800 ml water. Adjust the pH of this
solution to 8.4 and make up to 1000 ml with water.

Reagent 1 Reduction

in 100 ml dioxane.
Reagent 2 pH adjustment
Re t3 Cond i

Spray solution 3: Dissolve 100 mg fluorescamine in 100 mil acetone.

first-sprayed-homegeneously-with-reagent tuntit the ———

layer begins to become transparent and then heated to 105 to 110°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 evenly wetted it is then sprayed with reagent 3 and dried in a stream of warm air (ca.
70°C).

On examination under long-wavelength UV light (A =365 nm) there are yellow
fluorescent chromatogram zones on a dark background.

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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Method

Reagent Sequence f

The dried chromatograms are first sprayed homogeneously with reagent 1 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.

® Oxidized aromatic amines
¢.g. metabolites of parathion

Preparation of the Reagents

R t1 Reducti
Spray solution I: Dissolve 0.5 g titanium(IIT) chloride in 100 ml
N hydrochloric acid.

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

Reaction

In a first step oxidized aromatic amines are reduced with titanium(IIT) chioride in
glacial acetic acid solution and then condensed to a colored ScarFr’s base with
4-(dimethylamino)-benzaldehyde (cf. Chapter 2).
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3.3 Azo Coupling

Coupling reactions with diazonium salts to yield intensely colored azo derivatives have
often been used for the detection of phenols, primary aromatic amines and electron-
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 variety of drug 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 Azo Coupling 95

Reagent Sequence for:

o Diuretics

e.g. hydrochlorothiazide (Esidrix®)

Preparation of the Reagents

Reagent 1

Reagent 2

Reagent 3

Hydrolysis

Hydrochloric acid vapor: This can be generated by placing 10 ml fum-
ing hydrochloric acid (37 %) 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%).

Destruction of excess nitrite

Corss  ecolistion 2. Thocalua §00 oo o H
OpIray Soidlion 5! UJISSOIVE JUU ing ammonium amidosulfonate

(amidosulfonic acid ammonium salt) in 100 ml water.
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Reagent 4 Coupling o
Spray solution 4: Dissoive 100 mg N-{i-naphihiyl)-cthylencdiamine

di ethanol. The solution should always be

3.3 Azo Coupling 97

of cold air, sprayed with reagent 3, dried once again in a stream of cold air and finally

sprayed with reagent 4 and dried in a stream of warm air.

Red chromatogram zones are produced on a light background.

made up fresh even though it remains stable for several days.

Reaction

In the first reaction step the heterocyclic ring is opened by hydrolysis to yield a primary
amino group, that is then diazotized and finally coupled with N-(l-naphthyl)-

ethylenediamine to yield an azo dye.

Note: When this reagent sequence is combined with the in situ measurement of the UV
spectra of the chromatogram zones before derivatization this reagent sequence becomes
virtually specific for hydrochlorothiazide and its related derivatives in the analysis of
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 mg hydrochloro-
thiazide per liter body fluid and thus appreciably lower than the therapeutic levels
which are reported to be between 0.2 and 1.6 mg/L

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

0 0
AN N~ NH,
N 1.HCl/ H,0 H,NO,S SONH, ()

O s X
+
- N J 2.NaNOy/HC a N=N o

Ci
H
Hydrochlorothiazide Diazonium salt
H,NO,S._~. SONH;
™ | L
CI” © N=N
O‘ N/\/NHz
H

Red azo dye

Method

e (reacent 1Y for

The dried chromatograms are first exposed to hydrochioric acid vapor {reagent 1j for
a few minutes and then heated to 120°C for 5 min to remove excess hydrochloric acid.
After cooling to room temperature the TLC/HPTLC plates are successively sprayed
homogeneously with spray solutions 1 and 2. They are then dried briefly in a stream
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Reaction

The mechanism of the reaction has not been elucidated. Presumably iodine eliminates
the imidazole ring from N-substituted imidazole derivatives such as clotrimazole, and
this then couples with diazotized sulfanilic acid to yield an azo dye.

Cl

OC(SN@N

Clotrimazole (Bay b 5097)

Reagent Sequence for:

e Imidazole antimycotics
e.g. clotrimazole [1, 2]

Preparation of the Reagents

Reagent 1

Reagent 2

Reagent 3

Cleavage by iodine
Spray solution 1: Dissolve 1 g iodine in 100 ml ethanol.

pH adjnstment
Spray solution 2: Dissolve 20 g sodium carbonate in water and make
up to 100 ml.

Coupling with PAULY’s reagent )
Solution A: Dissolve 0.3 g sulfanilic acid in 100 ml 10% hydrochloric
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
for about 1 h.

Method

The dried chromatograms are sprayed homogeneously with reagent 1, then heated up
to 100°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 100°C [1, 2].

Red to violet chromatogram zones, that can be recorded photometrically at
A = 530 nm, are produced on a colorless background.
Nete: 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.




100 3 Reagent Sequences

3.3 Azo Coupling 101

Reagent 4 Conpling

______

4: Dissoive 1g N-{i-naphthyi)-ethyienediamine

dlhydrochlonde in 100 ml methanol. This solution should be m.

fresh, even though it is reported to be stable for several days.

Reaction

The first step of the reaction involves nitration of the aromatic skeleton of the substance
to be detected. Then the aromatic nitro derivatives so produced are reduced with
andinnm dithianita in anid madinmm 4 tha Ancmace s A3 ool

SOGIUM GLnidnnd, i aCih meGium, 10 UiC COITCSpONndaiilg aimines; these are then

diazotized and coupled with N-(I-naphthyl)-ethylenediamine to yield an azo dye

Reagent Sequence for:

® Aromatic substances
e.g. antidepressives
such as amitriptyline, nortriptyline

Reagent 1 Nitration
Spray solution 1: Mix equal volumes of nitric acid (65%) and
methanol while cooling with ice. The reagent solution may be kept for
several weeks.

Reagent 2 Reduction
Spray solution 2: Dissolve 4 g sodium dithionite (Na,S,0,) in 100 ml
0.5 mol phosphate buffer solution (pH 6.5). This solution is only
stable for about 1 h, so it should always be made up fresh.

Reagent 3 Diazotization )
Spray solution 3: Dissolve 400 mg sodium nitrite in 20 ml 1 mol
hydrochloric acid solution. The solution should always be made up
fresh.

(cf. Fig. 21).

Method

The dried chromatograms are first sprayed homogeneously with reagent 1 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.
10 min) in a stream of cold air. Finally the chromatograms are sprayed with reagent 4
and then dried in a stream of warm air for 1 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;
furthermore its high sensitivity allows its employment in pharmacokinetic studies, e. g.
after the oral administration of a single dose of 25 mg amitriptyline.

The plate should be heated as rapidly and as evenly as possible after the first spraying
siep; 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 titanium(III) chloride or tin(II) chloride for
the reduction of the nitro derivatives of amitrityline and nortriptyline.



102 3 Reagent Sequences

The amino derivatives of amitriptyline and nortriptyline produced at the second
heating stage exhibit intense pale yellow fluorescence on examination in long-wave-
= N Vi
in situ work.
The detection limits for amitriptyline and nortriptyline are ca. 500 pg substance per
chromatogram zone.
The reagent can be employed on silica gel, kieselguhr and Si 50000 layers.

3.3 Azo Coupling 103

Reagent Sequence for:

® Aromatic substances
e.g. antitussives [1]
such as chlorpheniramine, codeine
e.g. mucolytics [2]
such as adamexine, bromexine

Preparation of the Reagents

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



104 3 Reagent Sequences

Re t 2 Reducti
Spmy solunon 2: Dilute 4 ml of a solution of 15 g tltamum(III)

Thls solutlon is only stable for about 1h a.nd should, therefore, always
be made up fresh.

Reagent 3 Diazotization
Spray soluiion 3: Dissoive 400 mg sodium nitrite in 20 ml 1 mol

hydrochloric acid. This solution should always be made up fresh.

Reagent 4 Coupling
Spray solution 4: Dissolve 1 g N-(1-naphthyl)-ethylenediamine di-
hydrochloride in 100 ml methanol. The solution should always be
made up fresh even though it remains stable for several days.

PN ES SoPA

3.3 Azo Coupling 105

its high sensitivity also makes it suitable for pharmacokinetic studies after the oral ad-
mlIllS[l"d[lOIl OI a Sl[lglC [llCI'd.pCLl[lC uose. ll ﬂCl[Cﬂ Wl[l'l lOIlg wavelcngm Uv llgl’l[
= 365 nm) after the first reaction step codeine produces a fluorescent emission
(Ag > 578 nm) which can be used for quantitative measurement.

The plate should be heated as rapidly and homogeneously as possible after the first
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
water pump vacuum [1].

The detection limits are 1 to 2 ng/ml plasma for chlorpheniramine [1] and 50 and
250 ng per chromatogram zone for adamexine and bromexine respectively [2].

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

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 1 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
110-115°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 1 min.

Chlorpheniramine produces purple zones and codeine bluish-gray zones on a light
background [1]. Adamexine and bromexine produce pinkish-violet zones, that are
stable for ca 24 h in the dark, on a yellowish-white background [2].

Note: Derivatization with this sequence of reagents in combination with extraction and
TLC separation is virtually specific for chlorpheniramine in the analysis of plasma [1];
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Reaction

The aromatic amino group is diazotized in the first reaction step. The diazonium com-
pound so formed is then coupled with N-(1-naphthyl)-ethylenediamine to yield an azo
dye.

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

Reagent Sequence for:

a Aromantic aminac

@ Aromatic amines
e.g. clenbuterol [1]
N-methyl-N-(4-aminobenzyl)-amino derivatives of isocyanates 2]

Reagent 1 Diazotization
Nitrous fumes: Nitrous fumes can be generated in one trough of a
twin-trough chamber by mixing a solution of 1 g sodium nitrite in
5 ml water with 5 ml fuming hydrochloric acid.

Reagent 2 Coupling
Spray solution: Dissolve 10 mg N-(1-naphthyl)-ethylenediamine di-
hydrochloride in 100 ml ethanol [1]. Alternatively it is possible to use
1 g N-(1-naphthyl)-ethylenediamine dihydrochloride in 100 ml di-
mcthylformamide — hydrochloric acid (¢ = Imol/L) (1+1) [2].

metnydrmamiad nyarochioric acia (¢ = Imol/L) U1

2L GPalad s s cl dal

TECAHPTEC platesare opmycu uumogeneousirwiﬂrmgeﬁ—
Clenbuterol, for example, yields pink-colored chromatogram zones on a light
background.

Note: This reagent is a modification of the BRATTON-MARSHALL reagent, Isocyanates
can be made accessible to this modification of the BRATTON-MARSHALL reagent by reac-
ting prechromatographically with N-methyl-N-(4-aminophenyl)-amine to give the cor-
responding urea derivatives with primary aromatic amino groups:

/\ / \ 7
O=C=N N=C=0 + ZHZN\—/:\fN\ -

CH;

1,4-Diisocyanato- N-Methyl-N-
cyclohexane (4-aminophenyl)-amine

(o} (o}
I\ I /2 .
N—C— C—N H,
NS |_\_/_| 1 =/
CH; H CH;

Urea derivative with
primary amine groups

is combination ol e modificd Brammonr Mangrrars sanatian witl soanl o i o
This combination of the modified BRATTON-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.
The reagent can be employed on silica gel, kieselguhr and Si 50000 layers.
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Reaction

Aromatic nitro compounds are reduced to the corresponding amines by tin(II) chloride
in acidic medium. These are then diazotized via the gas phase with nitrous fumes and
finally coupled with 1-naphthol to yield an azo dye.

1} Pugge, H.: mmummmsmms«mmmmwa‘
g}l’ugq!i.,lo:k.ﬁ Privte communiction, Uriversit des Saars Saar

bmcbn, 1992 Method
N The chromatograms are dned in a stream of cold air and then dlp])ed in reagent 1 for
Jﬂgﬂlt Sequence for: 25, d T r 10 mina €n coole: or IS5 min.

cold chromatogram is then placed in the free trough of a twin—trough chamber contain-
L ds (1] ing reagent 2 for 10 min for the purpose of diazotization via the gas phase. After
® Aromatic nitro compounds removal of excess nitrous fumes by exposure to a stream of cold air for 5 min, the

e.g. herbicides dimethalin chromatograms are dipped in reagent 3 for 2 s and dried in a stream of cold air for
such as trifluralin, pendime

5 min.
€8 funﬁmde;i Chromatogram zones of various colors are produced on a colorless background.
such as dinocap

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

neriod of time. Nitrous fumes are a5 tha PR RPN

. — N period of time. Nitrous fumes are corrosive so the diazotization and azo COupling
Preparatlon of the Reagellts should be carried out in the fume cupboard (rubber gloves).

The selectivity of the detection reaction can be increased by exposing the
chromatogram to ammonia vapor after it has been treated with reagents 1 to 3; this
Reagent 1 Reduction I chloride dihydrate in 20 ml can be done by placing 10 ml ammonia solution (25%) in the free trough of a twin-
Dipping solution 1: Dissolve 28 tind )3<(:) 1 thar:’ol The reagent trough chamber. The result in general is that all chromatogram zones acquire a red to
hydrochloric acid (25%) and dilute with 30 ml me yellow-brown color, with the detection sensitivity of some substances being increased,
should always be made up fresh. while it can be reduced for others.

Reagent 2 Diazotization The color shades of the chromatogram zones and above all the pale background pro-
Nitrous fumes: Mix a solution of 1 g sodium nitrite in 5 ml water with duced by this technique are stabilized by dipping the chromatogram in a solution of
5 ml fuming hydrochloric acid in one trough of a twin-trough chamber liquid paraffin — n-hexane (1+2) for 2 s. The color shades produced on silica gel and
to generate nitrous fumes. The reagent should always be made up RP layers are not identical.
fresh. The detection limits for 2,6-dinitroaniline herbicides are between 20 and 200 ng
substance per chromatogram zone (Table 1). Similar results are also obtained with

Conplin . .
Reagent 3 D,p;mggsolutton 2: Dissolve 1 g I-naphthol in 100 ml ethanol. The methyl and ethyl parathion (pink-colored zones).

solution may be stored in the refrigerator for several weeks. ’ The reagent can be employed on silica gel, kieselguhr, Si 50000 and RP layers.
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Table 1: Absorption maxima and detection limits for some 2,6-dinitroaniline herbicides on silica
ol lavers after treatment with the reagent sequence and after additional exposure to ammonia

gcel layers aiter treatment the re

vapor.
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2,6-dinitroaniline compounds were converted to colorless derivatives by this process.
The chromatogram was then cooled to —20°C for 15 min and exposed — still cold —
to nitrous fumes for 10 min for diazotization; these fumes were generated in the empty

Without ammonia vapor With ammonia vapor

Substance Amax Detection limits Amax Detection limits
[nm) [ng] [nm) [ng]
Oryzalin 455 20 485 20
Nitralin o 20 481 20
Dinitramin 440 200 452 100
Pendimethalin 583 5 496 20
Butralin 572 5 504 20
Fluchloralin 498 20 498 20
Isopropalin 437 20 441 20
Trifluralin 448 40 436 50

trough of a twin-trough chamber by mixing 5 ml aqueous sodium nitrite solution
(20%) with 3 to 5 ml fuming hydrochloric acid. Excess nitrous fumes were removed by
exposing the layer for 5 min to a stream of cold air and the chromatogram was dipped
in reagent 3 for 2 s and dried in a stream of cold air for 5 min.

The chromatogram zones produced were brown for orvzalin (migration distance

ihe chromatogram Zone: s proguceq were brown Ior oryzahn (migration qistance

4-6 mm) and nitralin (10-15 mm), yellowish-brown for dinitramin (18-22 mm) and
isopropalin (58-62 mm), blue for pendimethalin (38-42 mm), violet for butralin
(43-48 mm), red for fluchloralin (50-55 mm) and orange for trifluralin (65-70 mm);
the background was colorless (Fig 1A).

These chromatograms acquired a dark brown coloration within seconds if they were
heated or exposed to UV light; the same effect was observed on covering the chromato-
gram with a glass plate!

Procedure Tested

2,6-Dinitroaniline Herbicides [2]

Method Ascending, one-dimensional double development in a twin-
trough chamber without chamber saturation and with 10 min
drying (cold air stream) after the first run.

Layer HPTLC plates Silica gel 60 (MERCK), that were prewashed by im-
mersing them in 2-propanol overnight and then drying at 110°C
for 60 min. Immediately before the first development the HPTLC
plates were conditioned for 20 min at 30% relative humidity, e. g.
over sulfuric acid (50%, g/g).

Mobile phase 1. n-Hexane — toiuene (i7+10)
2. Toluene — methanol (85+15)
Migration distance 1. 8.5 cm
2. 1.5cm
Running time 1. 35 min
2. 3 min

Detection and result: The chromatogram was dried for 10 min in a stream of cold air
and dipped in reagent 1 for 2 s and dried for 10 min in a stream of cold air. The yellow

The chromatogram was then placed in a twin-trough chamber with ca. 10 ml am-
monia solution (25%) to increase the sensitivity. Afterwards the chromatogram zones
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).

The colors obtained in this manner, and above all the pale background, were
stabilized by dipping the chromatogram finally in a solution of liquid paraffin — n-
hexane (1+2).

The detection limits are 20-200 ng substance per chromatogram zone (cf. Table 1).

In situ quantitation: The adsorption photometric evaluation in reflectance, before ex-
posure of the chromatograms to ammonia, was carried out at A = 460 nm (Fig. [TA)
and A = 580 nm (Fig. IIB), that after ammonia treatment at A = 490 nm (Fig. IIC).
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W

A B

Fig I: Chromatogram of 2,6-dinitroaniline herbicides after treatment with the reagent setlluen.ce
(A) and after additional treatment with ammonia vapor (B): 1= oryza_lin, 2 =.nltral!n, Reagent Sequence fOI':
3 = dinitramin, 4 = pendimethalin, 5 = butralin, 6 = fluchloralin, 7 = isopropalin, 8 = trifluralin,

M _ aivtnra
M = mixture.

® 4-Nitrophenyl esters
e.g. thiophosphoric acid insecticides [1]
® Benzodiazepines [2]

2, Preparation of the Reagents
5
A 5 "
6 Reagent 1 Reduction
‘Ah f\ ) Dipping solution I: Make 10 ml titanjum(IIl) chloride solution

- ! e . \ = (c = 15% in 10% hydrochioric acid) up to 50 ml with acctone 1}
oy c [ S
5 , x E 2 8 x & Reagent 2 Diazotization
‘ 3 674 x ‘ l ‘ Dipping solution 2: Dissolve 0.5 g sodium nitrite in 10 ml water and

_f make up to 50 ml with a mixture of 8.5 ml hydrochloric acid (32%)
A 8 ¢ and 41.5 ml ethanol [1].
Fig. II: Reflectance scans of a chromatogram track with 200 ng g each of oryzalin (1), nitralin ), gent 3 (,(.)up.lmg ) . o
pendimethalin (4), butralin (5), fluchloralin (6), isopropalin (7), trifluralin (8) and of 1000 ng Dipping solution 3: Dissolve 0.5 g N-(1-naphthyl)-ethylenediamine
dinitramin (3), per chromatogram zone; measurement at A = 460 nm (A), 580 nm (B) and 490 nm dihydrochloride in 5 ml water and make up to 50 ml with ethanol [1].

(C); x = dipping fronts.
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Reaction

3.3 Azo Coupling 115

tion 2 for 3 s or homogeneously sprayed with it and finally, after drying in a stream

of warm air, thev are dinnad in reacent <o

..... ™ alr, gy are Gipped int reagent solution 3 for 3 s or homogeneousiy sprayed
with it.

Titanium(III) chloride (particularly in slightly alkaline medi}xm) reduces the p-mt'n)
groups of the thiophosphate insecticides to amino groups, which are then.reacted \.vnh
nitrite in acid medium in a second step to yield a diazonium compoul?d as mt'ermedlate.
This is then coupled to N-(1-naphthyl)-ethylenediamine dihyc.lro_ch!onde t({ anld an azo
dye [3]. In the case of benzodiazepines the first react'ion ~step inciudes an additional acid
hydrolysis to the corresponding benzophenone derivative {2].

G - i i (3)com ound
Nitrazepam Aromat. amine Diazonium comp

¢ _)-NH-CH,~CH,-NH,

(3)+2

@
N-(1-Naphthyl-)-ethylenediamine

H;N—CH,—CH,~NH—{ ) N=NQ—N=N { )-NH-CHy-CHy-NH,
9, @cw @,

)
Azo dye

Method

After the chromatograms have been freed from mobile phase in a stream of warm air
for 3 min they are immersed in dipping solution 1 for 3 s or homogeneously sprayed
with it and then dried in a stream of warm air. Then they are dipped in reagent solu-

Thiophosphoric acid insecticides and benzodiazepines yield reddish to bluish-violet-
colored chromatogram zones on a colorless background.

Note: The reagent sequence can also be deployed in two stages with an intermediate
chromatographic deveiopment using the SRS technique (separation — reaction —
separation) [2]. When carrying out the acidic, reducing hydrolysis of benzodiazepines
it is recommended that, after treatment with titanium(11I) chloride in hydrochloric acid,
the TLC plate be covered with a glass plate and heated to 100°C for ca. 10 min; after-
wards the amines that have been formed can be released for subsequent separation by
exposing the plate to ammonia vapor [2].

lne diazotization reaction can also be initiated V1a the vapor phase, e. g w1th ethyl

drops of cong. hydrochlonc amd to a mixture of ethanol and saturated aqueous sodlum
nitrite solution (1+1) [3]; the less volatile amyl nitrite can be used as an alternative [3].
The detection limits for thiophosphoric acid insecticides are 100 ng and for ben-
zodiazepines 20 ng substance per chromatogram zone.
The reagent can be employed on silica gel, kieselguhr, Si 50000, RP and cellolose
layers.

Procedure Tested

Organophosphorus Insecticides [1]

Method Ascending, one-dimensional development in a trough chamber
without chamber saturation.

Layer HPTLC plates Silica gel 60 F,s4 extra thin layer (MERCK).

Mobile phase n-Hexane — diethyl ether — ethanol — ethyl acetate — formic

acid (909+40+26+25+1)
Migration distance 8 cm
tunning time 28 min

Detection and result: The developed chromatogram was dried for 3 min in a stream of
warm air and first immersed for 3 s in dipping solution 1 and dried in a stream of warm
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air. It was then immersed in dipping solution 2 for 3 s and finally treated with dipping

lution 3.
so.o R =20),_azinphos € R¢ 20— parathion methyl (hR;:

40-45), fenitrothion (hRg: 45--50) parathion ethyl (hR;: 60-65) and phoxim (hRy:
60-65) appear as red-colored chromatogram zones on a colorless background.
The detection limits are 80-100 ng substance per chromatogram zone.

In situ quantitation: The absorption photometric evaluation in reflectance was carried
out at the wavelength A = 550 nm (Fig. I).

3.3 Azo Coupling 17

Reagent Sequence for:

-=— Start
e —
—

r_j-— Front

— U\

i h i hromatogram zone:
Fig. I: Refl scan of a chrc track with 300 ng substance per chr T
1 E azinphos methyl, 2 = azinphos ethyl, 3 = parathion methyl, 4 = fenitrothion, 5 = parathion
ethyl + phoxim.

® Aromatic nitro compounds
e.g. dinitrophenyl derivatives of primary and secondary amines

Preparation of the Reagents

Reagent 1

Reagent 3

Reduction

Spray solution: Dilute 1 ml titanjum(IIT) chloride solution (c = ca.
15% in hydrochloric acid (10%)) to 10 ml with hydrochloric acid
(20%) or sulfuric acid (20%) and mix with 10 ml pyridine and 5 ml
glacial acetic acid.

Thamadinadio

riaguvliiLauvn

Nitrous fumes: These can be generated in one trough of a twin-trough
chamber by mixing a solution of 1 g sodium nitrite in 5 ml water with
5 ml fuming hydrochloric acid.

Coupling

Spray solution: Dissolve 0.5 g N-(l-naphthyl)-ethylenediamine di-
hydrochloride in 100 ml water, containing 2 drops conc. hydrochloric
acid.
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Reaction

3.4 Metal Complexes 119

3.4 Metal Complexes

The dinitrophenyl derivatives are reduced by titanjum(ITI) chloride in acidic medium
in the first step of the reaction to the corresponding aromatic amines; these are then
diazotized and coupled with N-(1-naphthyl)-ethylenediamine to yield an azo dye (cf.
Fig. 21).

1g. 21)

Method

_ The dried chromatograms are first sprayed homogeneously with reagent 1, then dried

The cations of some transition metals are electron acceptors that are capable of com-
plexing with colorless organic compounds having electron donor properties. Colored
complexes are formed as a result of changes occurring in the electron orbitals of the
central metal atom [4]. The most important of these chelate formers are Cu?*, Fe3+
and Co?* ions, which have a great affinity for compounds containing oxygen or
nitrogen.

The frequently used biuret reaction of proteins results in the formation of the follow-
ing reddish-violet complex in alkaline medium [4, 25, 26]:

for 2 to 3 min in the air and for ca. 10 min at 60°C in a drying cupboard until the
pyridine has completely evaporated. Afterwards they are briefly sprayed with a little
hydrochloric acid (25%) and exposed to nitrous fumes (reagent 2) for several minutes.
Finally after removal of the excess nitrous fumes in a stream of cold air the
chromatograms are sprayed with reagent 3.

Blue-violet chromatogram zones are produced immediately on a pale background.

Note: This reagent sequence can be employed to great advantage after the prechromato-
graphic derivatization of primary and secondary amines with 2,4-dinitrofluoro-
benzene; this makes for virtually specific detection of aliphatic amines.

The detection limits for the aliphatic amines methyl, ethyl and isopropylamine are
a few nanograms substance per chromatogram zone.

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

Aromatic ethanolamine derivatives, e.g. ephedrine, also yield blue-colored chelates
with Cu?* ions (CHEN-KAo reaction [4, 27]).

Mono- and polyh‘ydric phenols and enols frequently form characteristically colored
complexes with Fe’+ ions [4, 28, 29]. Here monohydric phenols usually produce
reddish-violet colors, while pyrocatechol derivatives yield green chelates [4]. Detection
of acetone using LEGAL’s test is based on the formation of an iron complex [4]. The
T:m;oapplies to the thioglycolic acid reaction of the German Pharmacopoeia (DAB 9)

, 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), -
X5 (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

Reagent 1 Nncleophilic substitntion
Spray solution 1: 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 0°C and filter.
The spray 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.

R t 2 Complex formati
Spray solution 2: Dissoive 1.5 g iron{il) chiorid

Reaction

Firstly there is nucleophilic attack of the nitrile carbon atom by hydroxylamine. An
amide oxime is produced; this then forms an intensely colored complex with the
iron(1II) chloride.

3.4 Metal Complexes 121
H
H,N—OH (N-oH N—OH RS
N— — — C—NH, O—
i lp—!‘( I—»RC// FCl, g N7 N\\
— 7 —]
R-C=N l C J “NH, MO \O/,.Fe\.._NéC R
. 2
HN O
\ /
/ =N
Amide oxime
CH,O0H
Amygdalin: R = HO%O
HO \
OH CH,
HO o}
HO—\—q
OH ‘c-
1
z
g
Method

The dried chromatograms are first sprayed homogeneously with reagent 1 and then
allowed to stand at room temperature for 15 min. They are then spraye d
ly with reagent 2.

Mandelonitrile glycosides with D-configuration (e.g. prunasin, taxiphyllin, p-O-
methyltaxiphyllin, amygdalin vicianin) immediately yield reddish-brown chromat,ogram
zones on a colorless background. L-isomers (e.g. sambunigrin, dhurrin, p-O-methyl-

'dpurrin, neoamygdalin) gradually yield chromatogram zones that are pale brown in-
itiaily.

i€il sprayed homogeneous-

I‘LOte: Th{e colf)rs of the chromatogram zones produced by the mandelonitrile glycosides
change with time: Those of the D-isomers turn steel blue within an hour, while the L-
1somers turn reddish-brown during this time. It is possible to distinguish between D-
'and L-'forms on the basis of these typical color differences and color changes. Both
lso;rxerlc forms have a dark brown color after about 24 hours.
he detection limits for mandelonitrile glycosi
lycosides are 3 to §
chromaseen iE pg substance per
The reagent can be employed on silica gel, kieselguhr and Si 50000 layers.
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3.5 Halochromism and Charge-Transfer Complexes

3.6 Reagent Sequences with Complex Reaction Patterns 123

Numerous colorless organic compounds with extended m-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 m-electron systems [4].

The well-known BoRNTRAGER reaction for the detection of 1,8-dihydroxyanthraqui-
nones is a characteristic example of such halochromism [36-38]:

L CH.
SN HCrN
"% No, \ T =
e \_/
ON (&) o /Pu’ MOz
L WNO, N ‘@
CH;
H,)N (o] NO,
i CT complex
CT complex 4-(Dimethylamino)-4’-(diethylamino)-diphenylmethane

Procaine + 1,3,5-Trinitrobenzene (ARNOLD's reagent) + 1,3-Dinitrobenzene

del\o " HO 0 OH o’H"o o 3.6 Reagent Sequences with Complex Reaction
Lw w )\/u\l)\ Patterns
O

The reaction between 4-nitrophenacyl esicrs and DMSQ/diethylamine, described by

KALLMAYER et al., is also a halochromic reaction [39].
Charge transfer complexes (CT complexes) primarily occur in planar organic
molecules with conjugated m-electron systems [4]. Examples include:

: CT complex:
tert.-Amine + Te! acyano— Xanthydrol + DDT
quinodimethane

CT compl

Z T
=}

Et

(2 NO* HSO;
~F

0=

b=
(@)
\

CT complex:
Phenobarbital + Sodium
nitrite/H,SO,

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

raaction tumae dacorihad hauva alen o
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.
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3.6 Reagent Sequences with Complex Reaction Patterns 125

Reagent Sequence for:

Fluorescamine I

® Secondary amines
e.g. benzimidazole, sarcosine, morpholine

Preparation of the Reagents

Reagent 1 Spray solution 1: 0.05 mol sodium borate buffer {pH i0.5).

Reagent 2 Spray solution 2: Dissolve 20 mg fluorescamine in 100 ml acetone.

Reagent 3 Spray solution 3: 0.2 mol taurine in 0.2 mol sodium phosphate buffer
(PH 7.5).

Reaction

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
fluorescamine, these are converted to fluorescent products of type I by reaction with
a primary amine, e.g. taurine.

Method

The dried chromatograms are first sprayed homogeneously with reagent 1 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
chromatogram is sprayed with reagent 3 and heated to 60°C for 5 min.

Observation under UV light (A =254 or 365 nm) reveals intense fluorescent
chromatogram zones on a dark background.

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
been treated with reagent 3. Hence, the reagent sequence allows the stepwise detection
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.

All traces of mobile phase (and of ammonia in particular) must be removed from
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-

apns £orr doalame and

g cid is used for Qévaiopmiclit.

The detection limits for secondary amines lie between 2 ng (morpholine) and 500 ng
(benzimidazole) substance per chromatogram zone.

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



R 5 lution I: Dissolve 2 2 I-chlora-2.4-dinitrat in 100 ml

Preparation of the Reagents

on a colorless to slightly yellow background:

Note: The colors of the chromatogram zones fade relatively quickly. A temperature of
180°C 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

ethanol.

Reagent 2 Spray solution 2: Dissolve 12 g sodium hydroxide pellets in 100 ml
methanol.

Reagent 3 Ammonia vapor: Concentrated ammonia solution in the free trough
of a twin-trough chamber.

Reaction

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

Nicotinic acid and related compounds react with 1-chloro-2,4-dinitrobenzene in the
manner of the cyanogen bromide reaction to yield derivative I, which possibly also
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

Reagent Sequence for:

@ Vitamins

£ o nicatinic acid nicatinamide

3.6 Reagent Sequences with Complex Reaction Patterns 127

KTCOOH mcoou ﬁcoom J/Tcoom
N N o O%HN

Noer  amon_ O°(N

+ NO; —NaCi NO, NO,
Cl -H0
AN S

" = I 1
J NO, NO, NO,
NO, [ I
) ¥ PR g |
vietnoa

The chromatograms are dried in a stream of warm air, then sprayed homogeneously
with reagent 1 and heated to 180°C for 30 to 45 min. After cooling to room
temperature they are homogeneously sprayed with reagent 2 and then exposed to am-
monia vapor (reagent 3).

Nliratininc arid nradiinac vinlat rad and ni, : A vad nh rAnan
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3.6 Reagent Sequences with Complex Reaction Patterns 129

tetraphenylhydrazine, which then undergoes a benzidine rearrangement and the product

is oxidized to a blue-colored N,N'-diphenyldiphenoquinonediimine suifate, in suifuric

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
hand halides are also capable of decomposing the silver tetramine complex (reagent 2)
to yield elementary silver, which produces brownish-black chromatogram zones.

Method

The dried chromatograms are sprayed homogeneously with reagent 1 and then with

! 2 and finally dried i ; s for 5 .

Reagent Sequence for:

@ Univalent inorganic anions
e.g. chloride, bromide, iodide, nitrate, thiocyanate

Preparation of the Reagents

Reagent 1 Spray solution I: Dissolve 1 g iron(III) chloride and 1 g diphenyl-
amine in 100 ml conc. sulfuric acid.

Reagent 2 Spray solution 2: Ammoniacal silver nitrate solution (precise composi-
tion not specified).

Reaction

The mechanism of the reaction has not been elucidated. Presumably several reactions
occur simultaneously. Thiocyanates react with iron(III) salts with the formation of red-
colored complexes. In sulfuric acid medium nitrate or nitrite oxidize diphenylamine to

Chromatogram zones of various colors are produced (bromide: yellow, iodide: pale
red, thiocyanate: red, nitrate: blue and chloride: black) on a colorless background.

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

® Amino acids

3.6 Reag Seq es with Complex Reaction Patterns 131
HON A O g© HO__~_O._~_O
A A H YUY
COONa + R—(I:—COONa COONa
NH,
N=C=$§ N $
|
S=C-NH—CH-COONa
Fluorescein isothiocyanate Amino acid Fluorescein thiourea derivative
Method

Preparation of the Reagents

R t 1 Formation of thiourea derivatives
Spray solution I: Dissolve 10 mg fluorescein isothiocyanate in 100 ml
0.1 mol sodium hydroxide solution.

Reagent 2 Ninhydrin solution
Spray solution 2: Dissolve 250 mg ninhydrin in 100 mi acetone.
Reaction

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.

The chromatograms dried in a stream of warm air are first sprayed homogeneously with
reagent 1 and then heated to 90°C for 10 min. After cooling to room temperature they
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
(A =280 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 1),
whereas ninhydrin alone only produces reddish-violet colored zones.

The visual detection limits are 0.3 to 1 pg substance per chromatogram zone.

The reagent can be employed on silica gel, kieselguhr and Si 50000 layers.
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Table 1: Color reactions of amino acids with fluorescein isothiocyanate — ninhydrin (extract from
original table).

3.6 Reagent Sequences with Complex Reaction Patterns 133

Color of the chromatogram zones in visible light

Amino acid Before heating After heating
Alanine grayish-pink gray
Arginine mauve grayish-pink
Asparagine vellow-orange orange-yellow
Aspartic acid pale mauve dark violet
Cysteine mauve brown
Cystine light beige yellow
Hydroxyproline orange-yellow yellow

Lysine mauve grayish-pink
Proline straw-colored deep yellow
Serine pink-violet grayish-pink

Reagent Sequence for:

® Hydroxyamino acids
e.g. threonine and allo-threonine

Preparation of the Reagents

Reagent 1 Condensation and decarboxylation
Spray soiution I: Dissolve 0.4 g ninhydrin and 5 mi 2,4,6-collidine in
2-propanol and make up to 100 ml.

Reagent 2 Deprotonation
Spray solution 2: 1 percent ethanolic potassium hydroxide solution.

Reaction

The mechanism of the fluorescence reaction has not been elucidated. See Volume 1a

13N - PRIy Fa s | L5 L3Ny nonas?) fac dlia smlmbodeio manadias
“Ninhydrin — Collidine Reagent” for the ninhydrin reaction.
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Method

VA

3.6 Reagent Seq es with Complex Reaction Patterns 135

The dried chromatograms are first sprayed homogeneously with reagent 1 until they
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 cxtended period (24 h or longer), under the
of daylight, in a twin-trough chamber, whose spare trough is filled with 72 percent
glycerol (by volume).

Examination under long-wavelength UV light (A = 365 nm) reveals pink to brilliant
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 1 is reported to have a favorable effect on the produc-
tion of the fluorescence. When the substance concentration is high the red fluorescence
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 (A = 365 nm), but these are only
visible for 10 to 20 min.

The detection limits for threonine and allo-threonine are less than 100 ng substance
per chromatogram zone.

The reagent can be employed on cellulose layers.

Reagent Sequence for:

= cniiaale and maodol T

L J l’ﬂdImabCllllbdlb dilu metaoouics
eg. diuretics, antihypertensives
such as chlorothiazide, hydrochlorothiazide, methyldopa

Preparation of the Reagents

Reagent 1 Spray solution I: Treat 1 ml of a platinum chloride solution (5 %) with
1.5 g potassium iodide and mix with 3 ml conc. hydrochloric acid and
11 ml water.

Reagent 2 Spray solution 2: Sodium hydroxide (c = 1 mol/L).

Reagent 3 Spray solution 3: A saturated solution of 1,2-naphthoquinone-4-
sulfonic acid sodium salt in ethanol — water (1+1).
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Reaction

3.6 Reagent Sequences with Complex Reaction Patterns 137

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 1 and reagent 2, followed by reagent 3. Finally they are heated to 110°C

P Sy
I0r 5 10 1V min.

Chlorothiazide, hydrochlorothiazide and methyldopa produce pink-colored chroma-

Reagent Sequence for:

togram zones on a pale background.

Note: The three reagents should be applied as quickly as possible after each other. In
combination with the R, value, and with UV detection before application of the
reagent sequence this procedure allows the identification of therapeutic quantities ot
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
chromatograms before application of the 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.

@ Nitrogen-containing compounds
e.g. alkaloids
such as cocaine, lidocaine

Preparation of the Reagents

Reagent 1 Spray solution 1: Sulfuric acid (5%).

Reagent 2 Spray solution 2: Treat 3 ml hexachloroplatinic(IV) acid solution
(10%) with 100 ml aqueous potassium iodide solution (6%) and dilute
with 97 ml water.

Reaction

whase fndivideal cbome bos S w b 1 s
WiosT idaiviGual SiCps nave not been elucidated.
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Method

3.6 Reagent Seq es with Complex Reaction Patterns 139

References

The dried chromatograms are first sprayed homogeneously with reagent 1 and then
oversprayed with reagent 2.

Cocaine and lidocaine instantly produce purple-blue chromatogram zones on a col-
orless background.

Note: The colors of the chromatogram zones change gradually and peripheral rings of
color form. The lidocaine zone, for example, becomes brown with a blue-gray ring and
the cocaine zone becomes brown with a very weak purple ring, that becomes paler with
time. When the cocaine and lidocaine zones are not adequately separated a
characteristic blue-gray band-shaped zone appears above the lidocaine and becomes

characteristic blue-gray band-sha iphears hdocar

more emphatic as the cocaine zone disappears with time.
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The color differences between lidocaine and cocaine zones become clearly apparent
after 4 h and are stable for about 24 h. They make it possible to identify cocaine and
lidocaine in mixtures, even when the two substances are scarcely separated from each
other.
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Acridine Orange Reagent

Reagent for:

@ Dicarboxylic acids
e.g. succinic acid, glutaric acid [1, 2]
® Aryl- and heteroarylpropionic acids
e.g. carprofen, naproxen [3]

i e

H;C ! 3
Co AN G
CH;, H CH,3
Cy7HyCIN,

M, = 301.82

Dipping solution Dissolve 0.02 g acridine orange (Basic Orange 14, C.I. 46005) in

100 ml ethanol [3].

Spray solution Dissolve 0.05 g acridine orange in 100 ml ethanol [1, 2].

Storage The reagent solutions may be stored for a longer period.
Substances Acridine orange
Ethanol

Hydrochloric acid (32%)
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Rea Cti on Table 1: Fluorescence colors of the chromatogram zones and of the layer background as a func-
tion of the reagent empioyed and of the excitation wavelength [I].
B . i Fluorescence excitation at: 254 nm 365 nm
Acridine orange changes its fluorescence color from pale yellow-green to yellow in a Color of': Background  Zone Background Zone
specific pH range (pH 8-10) [1, 4]. s
i Acridine pale blue yellow-green  pale blue pale yellow
Z I R Z I VR 9-Phenylacridine blue-green yellow blue-green yellow
HsC\NMNMN’ CHy _nq H3C\N ANANIINY CHy Acridine orange yellow-green  red-vioiet yeiiow-green  red
Hy o H \CH3 H3C/ \CH3 Dibenz[a/‘]acr.idAine deep blue pale blue deep blue pale blue
9-Phenoxyacridine deep blue pale blue deep blue pale blue
9-(p-Methylphenoxy)acridine deep blue pale blue deep blue pale blue
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

The chromatograms are freed from mobile phase (30 min, 120°C), cooled to room tem-
perature, immersed in the dipping solution for 2 s or homogeneously sprayed with the
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 (A = 254 nm or 365 nm) re-
veals yellow to orange fluorescent chromatogram zones on a yellow-green fluorescent

background.

Note: Other acridine derivatives can be used as reagents instead of acridine orange
(Table 1) [1, 5]. The detection limits lie between a few ng and 100 ng substance per chro-
matogram zone depending on the substance [1, 3]. If 2-methoxy-9-isothiocyanato-
acridine is used as reagent fatty acids can also be detected, whereby the visual detection
limits are in the nanogram range at 0.1 pg substance per chromatogram zone [5].
The reagent can, for instance, be employed on silica gel, paraffin-impregnated silica

gel, kieselguhr and Si 50000 layers.

Procedure Tested

Carprofgn and Naproxen [3]

Method Ascending, one-dimensional development in a trough chamber
with chamber saturation. After sample application the HPTLC
plate was preconditioned for 30 min in the mobile phase-free
trough of a twin-trough chamber (without filter paper lining).

Layer HPTLC plates Silica gel 60 (MERCK).
Mobile phase Hexane - diethyl ether — 1-butanol - ethyl acetate
(65+15+11+9).

Migration distance 6 cm

Running time 20 min

Detection and result: The 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; 40-45) was recognizable as a
pink-colored chromatogram zone on a yellow background. In long-wavelength UV light
(A =365 nm) carprofen appeared as an orange and naproxen (hR; 55-60) as a yellow
fluorescent chromatogram zone on a yellow-greenish fluorescent background.
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In situ quantitation: For fluorimetric evaluation there was excitation at Ae, = 313 nm Ammanis navanad
. a -_—
and the fluorescence emission was measured at Aq = 365 nm (monochromatic filter 4 RMARRRARUEEERARAR LYRURRUY ““W““!»e
M 365). This arrangement yielded the most intense signals. issi - RN L)
A = 365 nm is appreciably more intense than the visible yellow fluorescence.) Further
treatment of the chromatogram with liquid paraffin — n-hexane (1 +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]
HN_
| CH,
NH,VO, C;HgNO
M, = 116.98 M, = 123.16
Ammonium monovanadate p-Anisidine
2
- €
] N
5 Iy
| | Preparation of the Reagent
vy NJ U
Fig. 1: Fluorescence scan of a chromatogram track with 200 ng each of carprofen (1) and Solution I Dissolve 2.5 g ammonium mon adate ( onium metavana-

naproxen (2) per chromatogram zone.
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date) in 20 ml water and add 20 ml ethanol. Filter off the precipi-
tate that is formed.

phosphoric
o

acid (85%) and make up to 100 ml with ethanol. Filter off the pre-
cipitate that is formed.

ion II Dissolve 0.5 g p-anisidine in 50 m! ethanol, add 2 m!

Dipping solution Mix equal volumes of solutions I and II immediately before use.

Storage Reagent solutions I and II may be stored for a longer period.
Substances Ammonium monovanadate

Ethanol absolute

p-Anisidine

Phosphoric acid (85%)
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Layer HPTLC plates Silica gel 60 (MERCK); before application of the
samples the layer was developed once to its upper edge with chlo-

The reaction mechanism has not been elucidated; the ammonium monovanadate pre-
sumably oxidizes the phenols to quinones, that then react with p-anisidine to form

quinonimines.
g O,
H G idaion :C>:° *2 HzN'O'OCH3 18,0

Phenol Quinone p-Anisidine

e

Quinonimine

roform — methanol (50 + 50) to precleanse it and then dried at

110°C for 30 min.
Mobile phase Toluene
Migration distance 6 cm

Running time 10 min

Detection and result: The chromatogram was dried for 10 min in a stream of warm air
and immersed in the dipping solution for 2 s, dried for 2 min in a stream of warm air
and heated for 1 min to 110°C (Thermoplate DEsacGa). 2,5-Dimethylphenol (hR¢

25-30) and 2,6-dimetihyiphenol (R 45-45) appeared as turquoise-coiored chromaio-
gram zones on a violet background and were converted to blue-violet zones on a

The chromatogram is dried for 10 min in a stream of warm air and then immersed in
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-
Dimetnypncno:s yidiG chrom

ground, that are converted to bluc 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
layers.

Procedure Tested

Dimethylphenols [1-3]

Method Ascending, one-dimensional development in a trough chamber
without chamber saturation.

flesh-colored background on exposure to ammonia vapor for 5 min.

In situ quantitation: The absorption photometric scan in reflectance was carried out
at A = 590 nm after exposure to ammonia vapor. The detection limits were 20 ng sub-
stance per chromatogram zone (Fig. 1).

|

Fig. 1: Reflectance scan of a chromatogram track with 200 ng substance per chromatogram zone:
1 = 2,5-dimethylphenol, 2 = 2,6-dimethylphenol.

~=— Start
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Reagent for:

® Cations NH,SCN
e.g. cobalt(Il), iron(II) [1] CH/N,S
rhenium(VII), molybdenum(VI), vanadium(V) [2] M, =76.12

Dipping solution  Dissolve 500 mg ammonium thiocyanate in 45 ml acetone and
add 5 ml glacial acetic acid [1].

Storage The dipping solution may be stored for at least 1 week.
Substances Ammonium thiocyanate
Acetone

Acetic acid (100%)

Reaction

Thiocyanate ions form stable complex salts, e. g. intense red with iron(III) and pale blue
with cobalt(II) cations.
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Method

Ammonium Thiocyanate Reagent 153

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

The chromatogram is freed from mobile phase, immersed in the dipping solution for
2 s or homogenoeously sprayed with it and then dried for 3 min in a stream of cold air.

Cobalt produces pale blue and iron red-brown chromatogram zones on a colorless
background.

Note: Substances that form more stable colorless complexes with the metal ions (e.g.
EDTA, phosphates, phosphonic acids etc.) than thiocyanate interfere with the reaction.

Re(VID), Mo(VI) and V(V) cations are detected by first spraying the chromatogram
with tin(II) chloride solution (10% in 6 N hydrochloric acid) and then with ammonium
thiocyanate solution (50% in water). This leads to the formation of orange, pink or yel-
Tow-colored complexes [2].

stream of cold air.

Cobalt(Il) ions (hR; 65-70) yielded pale blue and iron(Ill) ions (hR¢ 85-90) red-
brown chromatogram zones on a colorless background. The detection limits per chro-
matogram zone were 2 ng for iron and 20 ng for cobalt.

In situ quantitation: The absorption photometric scan in reflectance was carried out
at Apay = 610 nm for cobalt and at Ay, = 480 nm for iron (Figure 1).

The detection limits for iron and cobalt cations on cellulose layers are 2 and 20 ng
substance per chromatogram zone [1].
The reagent can be used, for example, on aluminium oxide and on cellulose layers.

Procedure Tested

Iron(III) and Cobalt(Il) Ions [ij

Method Ascending, one-dimensional development in a trough chamber
with chamber saturation.

yer HPTIC plates Cellulose Fs,, (MERCK); before application of
the samples the layer was developed once to its upper edge with
chloroform — methanol (50 + 50) to precleanse it and then dried

at 110°C for 15 min.
Mobile phase Methanol — hydrochloric acid (32%) — water (80+16+4).
A _ue . M dnzenn & ey

MIgrauon aisiance o uu

Running time 30 min

U P U
A 8

!-“ig. 1: Reflectance scans of a chromatogram track with 200 ng cobalt(ll) chloride and 50 ng
iron(111) chloride per chromatogram zone. A) scannned at A = 610 nm and B) at A = 480 nm (dif-
ferent reproduction scales!): 1 = cobalt(II) ions, 2 = iron(IiI) ions

References

[1] Netz, S., Funk, W., Fachhochschule GieBen, Fachbereich Technisches G dhei
Private communication 1990.
[2] Gaibakian, D. S., Rozylo, I, Janicka, M.: J. Lig. Chromatogr. 1985, 8, 2969-2989.
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Reaction

(Michler’s Thioketone)

The reaction has not been elucidated. Presumably MICHLER’s thioketone reacts with
organomercury compounds to yield i ly colored, mesc —stabilized diphenyl-
methane derivatives.

Preparation of the Reagent

Stock solution

Dipping solution

Qeamnca
SIoTage

Substances

Dissolve 1 g 4,4"-bis(dimethylamino)thiobenzophenone (MICHLER’S
thioketone) in 100 ml chloroform.

Dilute 1 ml stock solution to 100 ml with chloroform.

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.

4,4'-Bis(dimethylamino)thiobenzophenone
Chloroform

H,C,_ CH, HC . fH
CIH; — N: C N
SO O v — OO
H,C S 3 3 o
—CH
Reagent for: He— CHy
CH, CH3
® Organomercury compounds [1-5] N
He h l/Y CH;
e Method
C7H N8
M, =284.43 The developed chromatogram is dried in a stream of cold air, immersed in the dipping

______ 1100 £

solution for 2 s, then dried in a stream of warm air for 5 min and heaied io 116°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.

Procedure Tested

Organomercury Compounds [1-3]

Method Ascending, one-dimensional development in a trough chamber
without chamber saturation.

.
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
- 110°C for 30 min.
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Mobile phase n-Hexane — diisopropyl ether — tetrahydrofuran (85+10+5). References

Migration distance 5 cm

Running time 16 min [1] Enders, A.: Thesis, Fachhochschule GieBen, Fachbereich Technisches Gesundhei 1989.
[2] Funk, W., Cleres, L., Enders, A., Pitzer, H., Kornapp, M. in Henschel, P., Laubereau, P. G.

Detection and result: The chromatogram was freed from mobile phase for 15 min in (119{8r;g.): Water Pollution Research Report 17, Commission of the European C¢ itfe

a stream of cold air and immersed in the dipping solution for 2 s, dried for 5 min in
a stream of warm air and then heated to 110-130°C for 1-2 min, until the color of the
chromatogram zones reached maximum intensity.

Methylmercuric chloride (hR; 20-25), ethylmercuric chloride (hR; 25-30),
phenylmercuric chloride (hR; 35-40), dimethylmercury (hR; 65-70) and diphenylmer-
cury (hR; 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; 5-10,

[3) Funk, W., Enders, A., Donnevert, G.: J. Planar Chromatogr. 1989, 2, 282-284.
[4] Westdd, G.: Acta Chem. Scand. 1966, 20, 2131-2137.
[5] Fishbein, L.: Chromatogr. Rev. 1970, 13, 83-162.

—but-it-did-not-affect-the-interpretation—of the chromatogram:

In situ quantitation: The absorption photometric scan in reflectance was carried out
at A = 560 nm. The detection limits lie between 1 and 2 ng substance per chromatogram
zomne.

—
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x

Fig. 1: Reflectance scan of a chromatogram track with 30 ng substance (calculated as Hg) per
chromatogram zone: 1= methylmercuric chloride, 2 = ethylmercuric chloride, 3 = phenyl-
mercuric chloride, 4 = dimethyl Yy, 5 = diphenyl Y.
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N-Bromosuccinimide Reagent 159

Reaction

Reagent for:

® a-Hydroxyquinones, 5-hydroxyflavones [1]
® Amino acids, Z-protected amino acids
e.g. histidine and histidine derivatives [2, 3]
carnosine [2]

The mechanism of the reaction has not yet been elucidated [4). In the case of
5-hydroxyflavonoids it is assumed that colored adducts are formed [1].

Quercetin N-Bromosuccinimide Colored adduct

|

Br
C,H,BrNO,
M, = 177.99

Preparation of the Reagent

Dipping solution  Dissolve 0.5 g N-bromosuccinimide in 100 ml acetone [3].

Spray solution Dissolve 0.5 g N-bromosuccinimide in 25 ml 1-butanol [1].
Storage The reagent solutions may be stored for ca. 1 week in the refriger-
ator [3].
Substances N-Bromosuccinimide
Acetone

1-Butanol

Method

The chrorhatograms 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 120°C for 20 min.

This yields yellow to brownish colored chromatogram zones, which emit pale blue
fluorescence on a dark background when excited with long-wavelength UV light
(A = 365 nm).

Nagta: Tha dataction limite for o _hvdravvoninanas and S hudroveflavanac ara § o
N0t 10¢ GeleCUOon dAmits 107 G-nyGroXyquinones anG >-nyGroXyinavonds arc 5

and for histidine 20 ng substance per chromatogram zone [3].
The reagent can be used on silica gel, kieselguhr, Si 50000 and cellulose layers.
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Procedure Tested

N-Br cinimide R 161

References

Histidine and N-a-Z-L-Histidine [3]

Method Ascending, one-dimensional development in a trough chamber
with chamber saturation.

Layer TLC plates Silica gel 60 F,s, (MERCK).

Mobile phase Chloroform — methanol — ammonia solution (32%)
(20+16+10).

Migration distance 7 cm

Running time 30 min

[1] Tiwari, K. P., Masood, M.: Indian J. Chem. Sect. B, 1979, 18B, 97-98; Chem. Abstr. 1979,
91, 116888d.

[2] Carlo Erba, Company literature Derivatizing Agents, p. 79.

[3] Zeller, M.: Private communication, Ciba-Geigy AG, Zentrale Analytik/FD 2.3, K-127.270,
Basel, 1991.

[4] Brand, L., Shaltiel, S.: Biochem. Biophys. Acta 1964, 88, 338-351.

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 (1+2) in order to stabilize
and enhance the fluorescence (factor ca. 4).

Histidine (hR; 35-40) and N-a-Z-L-histidine (hR; 45-50) yielded brown chromato-
gram zones, with a pale blue fluorescence on a dark background under long-wavelength
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
Aexc = 365 nm and the fluorescence emission was measured at Aq > 400 nm (cut off fil-
ter K 400).

-— Start
-=— Front

Fig. 1: Fluorescence scan of a chromatogram track with 200 ng each of histidine (1) and N-a-Z-L-
histidine (2) per chromatogram zone.
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Substances N-Bromosuccinimide
Robinetin

Ethanol

Reagent for:

® Pesticides
¢.g. thiophosphoric acid insecticides [1, 2]

OH
o
| X

Acetone
Bromine
Carbon tetrachloride

Reaction

It is assumed that the hydrogen bromide released on the oxidation of thiophosphoric
acid insecticides with N-bromosuccinimide or bromine vapors forms intensely fluores-
cent salt-like derivatives with 3-hydroxyflavones — such as robinetin [1, 2, 4].

Preparation of the Reagent

Solution I Make 3.2 ml bromine up to 100 ml with carbon tetrachloride in

a measuring cylinder [1].

Dipping solution I Dissolve 50 mg N-bromosuccinimide in 50 ml acetone [3].
Dipping solution IT Dissolve 50 mg robinetin in 70 ml ethanol [3].

Storage The dipping solutions may be stored in the refrigerator at 4°C for
ca. 2 weeks [3].

(l)H
HO. O Br~ QH
N @[(\(V‘OH e
No oH > OH
Br (¢] OH
C,H,BINO, C,sHO7 OH
M, = 177.99 M, = 302.23
N-Bromosuccinimide Robinetin

Method

The chromatograms are freed from mobile phase in a stream of warm air and then at
105°C for 5 min, immersed in the dipping solution I for 3 s [3] or placed still warm
for 10 s in a twin-trough chamber, whose vacant trough has been filled with 10 ml of
solution I [5, 6]. Then after drying in a stream of cold air (after evaporation of the ex-
cessive bromine vapor) the chromatograms are immersed in dipping solution II for 3 s
or evenly sprayed with it until the layers begin to be transparent and finally heated to
105°C for 5 min.

In long-wavelength UV light (A = 365 nm) yellow-green fluorescent chromatogram
zones are visible on a weakly fiuorescent background.
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Note: A range of pesticides can be detected on cellulose layers using 3-hydroxyflavones
without prior bromination. Thus, the naturai fiuorescence of robinetin or fisetin, which

is weak in a non-polar environment, is significantly enhanced by the presence of polar
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In situ quantitation: The fluorimetric evaluation was carried out at A, = 365 nm and

the fluorescence emission Aﬂ >430 nm was measured (cut off filter Fi 43).

pesticides [2, 5, 7, 8).

The detection limits for thiophosphate insecticides are 40-100 ng substance per chro-
matogram zone [1].

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

Procedure Tested

Thiophosphoric Acid Insecticides [3]

w

Method Ascending, one-dimensional development in a trough chamber
without chamber saturation.

Layer HPTLC plates Silica gel 60 F,s,, extra thin layer (Merck), that
had been prewashed by immersing overnight in 2-propanol and
then dried at 110°C for 30 min.

Mobile phase n-Hexane — diethyl ether — ethanol — ethyl acetate — formic
acid (543+200+130+127+1).

Migration distance 8 cm

Running time 35 min

Detection and result: The chromatogram was dried in a stream of warm air for 3 min,
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
o room iemperature and dipped in a solution of liquid paraffin — n-hexane {(i+2) for
1 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.

In long-wavelength UV light (A =365nm) oxydemeton-methyl (hR; 5-10),
omethoate (hR; 15-20), demeton-S-methylsulfon (hR; 30-35), methamidophos (hR¢
40-45), dimethoate (hR; 55-60), trans-mevinphos (hR; 60-65), cis-mevinphos (hR;
70-75), dichlorophos (hR; 75-80) and trichlorfon (hR; 85-90) appeared as yellow flu-
orescent chromatogram zones on a weakly fluorescent background.

The detection limits lay at 100 ng substance per chromatogram zone.

--— Start
-=— Front

=

Fig. 1: Fluorescence scan of a chromatogram track with 300 ng of each substance per chromato-
gram zone:

1 = oxydemeton-methyl, 2 = omethoate, 3 = demeton-S-methylsulfon, 4 = methamidophos,
5 = dimethoate, 6 = trans-mevinphos, 7 = cis-mevinphos, 8 = dichlorophos, 9 = trichlorfon.
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® Ascorbic acid [1, 2]

C-HN-O.
CarthaiN:0Oy

M, = 427.42

Preparation of the Reagent

Dipping solution Dissolve 50 mg cacotheline in 50 ml water and make up to 100 ml
with ethanol [2].

Spray solution Dissolve 1 g cacotheline in 50 ml water [1].
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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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!

The chromatograms are dried in a stream of warm air, immersed in the dipping solution
for 10 s or sprayed homogeneously with the spray reagent and then dried in a stream
of cold air [2] or heated briefly to 110°C [1].

Ascorbic acid produces reddish-brown to violet chromatograim zonies ont

background [2].

=
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Note: Dehydroascorbic acid does not react [2, 3].

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 iayers.

In situ quantitation: The absorption photometric evaluation in reflectance was carried
out at the wavelength A = 500 nm (Fig. 1).

Procedure Tested

Ascorbic Acid [3]

Method Ascending, one-dimensional development in a trough chamber
with chamber saturation.

Layer HPTLC plates Silica gel 60 F,54 (MERCK).

Mobile phase Ethanol (96%) — acetic acid (10%) (95+5).

Migration distance 5 cm

Running time 30 min

Detection and result: The dried chromatogram was immersed in the dipping solution
for 3 s and then heated briefly to 110°C.

Ascorbic acid (hR; 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 no substance ner chromatogram zone,

0 ng € per or on

Note: Dehydroascorbic acid, the decomposition product of ascorbic acid, does not
react. But it can be detected as a yellow-orange chromatogram zone (hR; 65-70) by
further treatment of the chromatogram with 2,4-dinitrophenylhydrazine. This sequence
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Fig 1: Reflectance scan of a chromatogram track with 500 ng each of ascorbic acid (1) and
dehydroascorbic acid (2) per chromatogram zone.
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6. Exposure to hydrochloric acid vapor instead of application of 5% methanolic hydro-

chloric acid leads to approximately comparable resuits.

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 % ac-
tive chlorine — is used as a substitute for hypochlorite or chlorine gas. The reactions
take place in either acid (hydrochloric acid, sulfuric acid, trichloroacetic acid) or alka-
line medium (sodium hydroxide).

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-

—tivity of detection. The information that foltows is intended to help the TLC user to

choose and optimize the most suitable chloramine T reagent for a particular appli-

cation:

. When using chloramine T-mineral acid reagents care should be taken to treat the
layer with chloramine T first and then with mineral acid. The sensitivity is consider-
ably reduced if the plate is, for example, merely dipped once in a combined reagent
consisting of chloramine T in 5 percent sulfuric acid.

. Care must be exercised in the choice of acid employed in chloramine T — mineral
acid reagent since the detection sensitivity and also the color of the fluorescences
produced depend to a significant extent on the choice of acid. This is illustrated for

Gl ainioo Aot et P T,

e pllliu: derivatives wucmc, theobromine and mcopnymne in rlgure i and
Table 1.

. Only theophylline yields an intensely fluorescent derivative under long-wavelength

UV light when treated with chloramine T ~ sodium hydroxide reagent. The purine

derivatives caffeine and theobromine investigated at the same time fluoresce very

weakly or not at all.

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.

. 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 ng substance per chromatogram zone are obtained after treat-
ment with chloramine T — hydrochloric acid and chloramine T — sulfuric acid.

—
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Fig. 1: Comparison of the detection sensitivity after derivatization of three purine derivatives with
chloramine T — sulfuric acid (A) and chloramine T — hydrochloric acid (B). Measurement:
Aexc = 365 nm, Ay = 440 nm (monochromatic filter M 440): 1 = theophylline, 2 = theobromine,
3 = caffeine.



172 Chloramine T Reagents

Table 1: Fluorescence color and detection limits of the derivatives formed by reaction with various ~ : 3
E c detection limits of the derivatives formed by reaction with various | 7y PR T_RA
reagents incorporating chloramine T. Chloramine T-Mineral Acid Reagent
Chloramine T reagent with
Substance * HC H,S0, CCl,COOH NaOH
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
200 0 200 “_° fl @ Purine derivatives [1-3] )
Digoxin blue blue blue no fl. e.g. caffeine, theophylline, theobromine
. 50 50 50 _ @ Steroids, sterols [4, 5]
Digitoxin yeiiow yellow yeliow 1o fi. e.g. dehydroepiandrosterone, cholesterol, N\ (n:u‘ _ Na
50 50 50 — solasodine, estriol, testosterone HSC_L)_ﬁ_N\
Pyrocatechol pale yellow pale yellow yellow-orange yellow o<
100 75 75 75 HCl H,S0 C,H,CINNaO,S - 3H,0
. 2004 77 a0 2
Resorcinol pale yellow pale yellow yellow yellow-orange
100 100 7s 7 M, = 36.46 M, = 98.08 M, =281.69
Hydroquinone yellow vellow red-brown red-brown Hydrochloric Sulfuric acid Chloramine T
100 75 5 75 acid
* Fluorescence colors produced on excitation at A = 365 nm; detection limits in ng per chromato-
gram zone, after dipping in liquid paraffin — n-hexane (1+2).
Preparation of the Reagent

Dipping solution 1 Dissolve 2.5 g chloramine T in 20 m] water and dilute with 30 ml

methanol [6, 7].

Dipping solution Tl Cautiously mix 47.5 ml methanol with 2.5 ml conc. sulfuric or

hydrochloric acid with cooling [6, 7].

Spray solution I Dissolve 10 g chloramine T in 100 m] water [1-3].

Spray solution II Hydrochloric acid (¢ = 1 mol/L) [1-3].

Spray solution Il Dissolve 2 g chloramine T in 100 ml conc. 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 1.
Dipping solution II and spray solution II may be stored for an ex-

tended period.
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Substances Chloramine T trihydrate
Hydrochioric ac1c|, 1 moi/L
Hydrochlori

Sulfuric acid (95 97 %)
Methanoi

Reaction

Purine derivatives (e. g. xanthine) are oxidized by chloramine T in the presence of hy-
drochioric acid and form purple-red ammonium salts of purpuric acid (murexide) with
ammonia. Whether the murexide reaction is also the cause of the fluorescence is open
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long-wavelength UV light (A = 365 nm), blue or yellow fluorescent zones become visi-
bie now.

cold air, then either immersed for 2 sin dlppmg solutlon I and, after bnef mtermedlate
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.

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
excited to fluorescence in long-wavelength UV light (A = 365 nm) [6].

Note: The detection of steroids is more sensitive than with the LIEBERMANN-BURCHARD
reaction. Visual detection limits of 0.2 to 5 pg substance per chromatogram zone have
been reported [4]; photometric detection limits are appreciably lower being a few

to question.
O H
N 1. Chloramine T/HCL
HN > 2NHOH JI
OA N Omdauon J\ 00 J§
H
. Xanthine Murexide
Method

Purine derivatives: The chromatograms are freed from mobile phase in a stream of
warm air, immersed in dipping solution I for 2 s and either placed while stiil damp in
an atmosphere of hydrochloric acid for 10 min [6] or immersed in dipping solution II
for 1s after brief intermediate drying. Alternatively, they can be sprayed homoge-
neously with spray solution I and then, after brief intermediate drying with spray solu-
tion II [1-3]. In both cases the chromatograms are then heated to ca. 100°C — until
the chlorine odor disappears — and then placed for ca. 5 min in the empty trough of
a twin-trough chamber which has been filled with ammonia solution (25 %).

Purine derivative yield pinkish-red chromatogram zones on an almost colorless
background [1-3]. The chromatogram is then heated to ca. 100°C again until the color
development reaches maximum intensity (yellow to orange). On excitation with

nanograms substance per chromatogram zone [6]. The reagent with sulfuric acid 1

more sensitive than that containing hydrochloric acid for the detection of estrogens [6].
However, the hydrochloric acid-containing chloramine T reagent yields the best colora-
tion results for purine detection; here it is more sensitive than the reagents containing
irichloroacetic acid or sulfuric acid [6]. The flucrescence occurring with purines can
be increased (factor 2) and stabilized by finally dipping the chromatogram in liquid par-
affin — n-hexane (1+2) [6].

The reagent can be used, for example, on silica gel, kieselguhr and Si 50000 layers
as well as on RP, CN, NH, and DIOL phases. Cellulose and polyamide 11 layers char
on heating.

Procedﬁre Tested 1

Xanthine Derivatives [6, 7]

Method Ascending, one-dimensional development in a trough chamber
with chamber saturation.

Layer HPTLC plates Silica gel 60 (MERCK).

Mobile phase Ethyl acetate — methanol — ammonia solution (25 %)
(16+4+3).

Migration distance 6 cm

Running time 15 min
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Detection and result: When viewed under short-wavelength UV light (A = 254 nm) dark

were vieible e 4o

were visible due to fluore

ice quenching.
With larger amounts of substance red zones appeared on a white background. When

viewed under long-wavelength UV light (A = 365 nm) clear fluorescence could be seen
with lower concentrations if the chromatogram was freed from mobile phase for 5 min
in a stream of cold air, immersed in dipping solution I for 2 s and immediately exposed,
while still damp, to hydrochloric acid vapors for 10 min (twin-trough chamber, whose
second trough had been filied with 10 m] hydrochloric acid (32%)). The chromatogram
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 m! ammonia solution
(25%) for 10 min. Then it was heated once again to 110°C for 10 min and, after cool-
ing, dipped in a solution of liquid paraffin — n-hexane (1+2) for 2 s in order to in-
crease (factor 2) and stabilize the fluorescence.

In the concentratlon range above 1 ug substance per spot, red-colored chromatogram

to blue (caffeme, hRf 75 80 theobromme, hR; 55 60) or yellow (theophyllme hRf
35-40) fluorescence on a dark background in long-wavelength UV light (A = 365 nm).
If the fluorescence was excited at a wavelength of Aexe = 313 nm, then the detection
limits were 200 ng (caffeine, theophylline) to 400 ng (theobromine) substance per chro-
matogram zone. At an excitation wavelength A = 365 nm the detection limits were
appreciably lower at 100 ng substance per chromatogram zone for theobromine and
theophylline. The sensitivity remained unchanged in the case of caffeine.

In situ quantitation: The fluorimetric evaluation was made either at Ao = 313 nm and
A > 390 nm or at A, = 365 nm and Ag > 390 nm (Fig. 1).
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Fig. 1: Fluorescence scan of a chromatogram track" with 500 ng each of theophylline (1),
theobromine (2) and caffeine (3) per chromatogram zone.
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Procedure Tested 2
Estrogens [6]
Method Ascending, one-dimensional development in a trough chamber
with chamber saturation.
Layer HPTLC plates Silica gel 60 (MERCK).
Mobile phase Toluene — ethanol (90+10).

Migration distance 7 cm

Running time 15 min

cold air for 5 min, 1mmersed in dlppmg solutlon 1for 2 s and dried in a stream of warm
air for 1 min. It was then immersed in dipping solution II for 2 s and heated to 110°C
for 10 min. The chromatogram was then placed for 5 min in a twin-trough chamber,
whose second chamber had been filled with 10 m] ammonia solution (25%), and then
heated to 110°C for 5 min. After cooling the chromatogram was immersed for 2 s in
liquid paraffin — n-hexane in order to increase (factor 2) and stabilize the fluorescence.

After treatment with dipping solution II and subsequent heating the estrogens al-
ready appeared as earth brown (estriol, estradiol) and yellow-brown (estrone) chro-
matogram zones, which could be excited to pale yellow fluorescence on a colorless
background in long-wavelength UV light (A = 365 nm).

After exposure to ammonia vapor and treatment with paraffin oil estriol
(hR; = 15-20), estradiol (hR; 30-35) and estrone (hR; 35-40) appeared as white-yel-
low fluorescent chromatogram zones on a colorless background, when excited in
long-wavelength UV light (A = 365 nm). The detection limits for all three estrogens
were in the 50 ng range on absorption photometric measurement and 10 ng substance

per r‘hr{\mnfnamm zone on fluarimetric evaluation.

In situ quantitation: The absorption photometric measurement was made at
% =380 nm (Fig. 2A) and the fluorimetric evaluation was carried out with excitation
at A = 365 nm and measurement at Ay > 560 nm (Fig. 2B).
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Fig. 2: Reflectance scan (A) and fluorescence scan (B) of a chromatogram track with 1 pg (A) or
200 ng (B) each substance per chromatogram zone: 1 = estriol, 2 = estradiol, 3 = estrone.

Reagent for:

® Polybasic phenols
e.g. 1,2- and 1,3-dihydroxybenzene derivatives,
vicinal trihydroxybenzene derivatives [1]
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o Flavonoids {1}

@ a-Nitroso-B-naphthol [1]

o Na*
c a
NaOH C,H,;CINNaO,S - 3H,0
M, = 40.00 M, = 281.69
Sodium hydroxide Chloramine T

Preparation of the Reagent

Dipping solution Dissolve 5 g chloramine T in 50 ml water with shaking. Add
500 mg sodium hydroxide to this solution and dissolve also with
shaking. Then dilute with 50 m]l methanol.

Spray solution Dissolve 5 g chloramine T in 100 ml 0.5 percent sodium hydrox-
ide solution [1].

Storage The dipping reagent may be stored in the refrigerator for several
weeks.
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Substances Chloramine T trihydrate Procedure Tested
Sodium hydroxide peliets
Methanol
Dihydroxybenzenes [2, 3]
Method Ascending, one-dimensional development in a trough chamber
Reaction

The mechanism of the reaction has not yet been elucidated; it is assumed that 1,2-
dihydroxybenzene is oxidized to quinone and vicinal trihydroxybenzene derivatives to
hydroxyquinones [1].

without chamber saturation.

Layer HPTLC plates NH; Fy54; (MERCK).
Mobile phase Toluene — ethyl acetate — ethanol (20+10+10).
Migration distance 6 cm

min

Running time 15

Method

The chromatograms are freed from mobile phase in a stream of cold air, immersed in
the dipping solution for 2 s or homogeneously sprayed with the spray solution, allowed
to stand at room temperature for 5 min and then heated to 120°C for 10 min before
examination. 1,2-Dihydroxybenzene derivatives yield yellow zones, 1,3-dihydroxy-
benzene derivatives purple zones and vicinal trihydroxybenzene derivatives brown chro-
matogram zones on an almost colorless background [1]. The zones fluoresce under
long-wavelength UV lght (A =365 nm) [2]; o-resorcinic acid with a peach coior,
flavonoids and phloroglucinol with a yellowish-red color 1.

Note: Monohydroxybenzene derivatives and vicinal hydroxymethoxybenzene deriva-
tives do not react under these conditions but can be made visible by spraying afterwards
with FoLN-CrocALTEU’s reagent [1]. Flavonoids, anthraquinone derivatives and a-
nitroso-B-naphthol yield a red color with aikalis alone [1]. Steroids and aromatic
amines do not react [1].

The fluorescence of the chromatogram zones of some phenols can be increased by
a factor of 2 and stabilized by dipping the chromatogram in liquid paraffin — n-hexane
(1+2) [2].

The visual detection limits for polyphenols and flavonoids are 0.2 to 1 ug substance
per chromatogram zone [1]. The photometric detection limits are appreciably lower (see
“Procedure Tested””).

The reagent can be used on silica gel, kieselguhr, Si 50000, NH, and cellulose layers.

Detection and result: The chromatogram was dried in a stream of cold air for 5 min.
Observation under short-wavelength UV light (A = 254 nm) revealed dark zones on a
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-

3 3 3ol = ™) 1o vallauw (nuracatanhal
amination under long-wavelength UV light (A = 365 nm) pale yellow (pyrocatechol,

hR; 35-40), yellow (resorcinol, hR; 45-50) and red-brown (hydroquinone, hR; 50-55)
fluorescent chromatogram zones on a pale blue, fluorescent backgound. After dipping
in liquid paraffin — n-hexane (1+2) the detection limits were between 50 and 100 ng
substance per chromatogram zone.
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Fig. 1: Fluor scan of a ct am track with 400 ng each of pyrocatechol (1), resor-

cinol (2) and hydroqui (3) per ch am zone.
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UV light with excitation at A, = 436 nm and detection at Aq >560 nm (Fig. 1).

.
Chloramine T-
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Trichloroacetic Acid Reagent
(Jensen’s Reagent)

Reagent for:

® Digitalis glycosides [1-11]

e.g. digoxin, digitoxin, B-methyldigoxin,
a- and B-acetyldigoxin, gitoxin,
acetyldigitoxin, acetylgitoxin

. 9 : Na'
AL,
CCL,COOH C;H,CINNaO,S - 3H,0
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 1 Dissolve 3 to 5 g chloramine T in 100 ml water.

Solution I1 Dissolve 25 g trichloroacetic acid in 100 ml ethanol.
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Spray solation Mix 10 ml solution I with 40 ml solution II immediately before
use [1-5].
Other proportions, € g. , 107 an , have also been
recommended.

Storage Solution I should always be made up fresh. The dipping solution

may be stored in the refrigerator for several days [11]. Solution IT
may be stored for longer periods.

Substances Chloramine T trihydrate
Ethanol absolute
Trichloroacetic acid
Chloroform

Methanol

Cardenolides in Lily of the Valley Extract [12]
Method Ascending, one-dimensional development in a trough chamber
with chamber saturation.

Layer TLC plates Silica gel 60 Fy54 (MERCK). The layer was prewashed
before use by developing with chloroform — methanol (50+ 50)
and then drying at 110°C for 30 min.

Mobile phase Ethyl acetate — methanol — water (81+11+8).

Migration distance 10 cm

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 1 to 2 s or homogeneously sprayed with the spray solution
and then heated to 100-150°C 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 (A = 365 nm) [t, 4, 5-7].

Note: If the mobile phases contains formamide the chromatograms should be freed
from it by heating to 130-140°C in the drying cupboard for 1 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 layers.

Running time 25 min

Fig. 1: Chromatogram of a lily of the valley extract — left before and right after treatment with
JENSEN’s reagent, photographed in long-wavelength UV light (A = 365 nm) [13].
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Detection and result: The dried chromatogram was half covered with a glass plate in
the direction of development and the other half was homogeneously sprayed with the
spray solution. The g e oved-and-the-whole-chrom

S oved-and 0 {Fon m heated
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to 120°C for 5-10 min, allowed to cool to room temperature and examined under
long-wavelength UV light (A = 365 nm).

In Fig. 1 it can be seen that the reagent applied to the right-hand side of the chro-
matogram has, on the one hand, intensified the fluorescent zones of the cardenolides,
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
been weakened appreciably on treatment with the reagent. The reagent is not suitable
for in situ quantitation.

(—— Start
‘/—-— Front

Fig. 2: Fluorescence scan of a chromatogram track with 500 ng each digoxin (1) and digitoxin (2)
after treatment of the chromatogram with reagent and paraffin oil solution.
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Procedure Tested 2

Digitalis Glycosides [14]

Method Ascending, one-dimensional development in a trough chamber
with chamber saturation.

Layer HPTLC plates Silica gel 60 F,s, with concentration zone (RIEDEL
DE HAEN, MERCK).

Mobile phase Acetone — dichloromethane (60+40).
Migration distance 5 cm

Running time 8 min

Detection and result: The dried chromatogram was immersed in the dipping solution
for 2 s and heated to 110°C for 10 min. Observation in long-wavelength UV light re-
vealed fluorescent zomes for digoxin (hR; 30-35) blue and digitoxin (hR; 40-45)
yellow.

The fluorescence can be stabilized and enhanced by ca. 20% 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-
length UV light at A, = 365 nm and the fluorescence emission was measured at Ag
>400 nm (cut off filter K 400) (Fig. 2).
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Preparation of the Reagent

Aromatic amines [1]

e.g. aniline, diphenylamine, anisidine

Alkaloids [2, 6]

e.g. ephedrine, emetine, cephaéline, cytisine,
coniine, y-coniceine, anabasine, brucine,

ine, h 1i berberine.

Dipping solution

Spray soluiion I

Spray solution I1

Spray solution III

Dissolve 0.5 g p-chloranil in 90 ml ethyl acetate, cautiously make
up to 100 ml with 10 ml sulfuric acid (ca. 96%) and homogenize
for 5 min in the ultrasonic bath or by vigorous shaking.

For dikaloids, phenothiazines, peniciiiins, diureiics, tertiary
aliphatic amines and steroids: Dissolve 200 mg to 1 g p-chloranil
in 100 ml dioxan, acetonitrile or toluene [2-11].

For aromatic amines: Dissolve 200 mg p-chloranil in 100 ml
chlorobenzene [1].

For sec. amines: Dissolve 100 mg p-chlora.ml in 100 ml dioxan or
acetonitrile [2]

Y ,,L, €5 DEFDErNe; u,.:uyuw,
papaverine, morphine
tert-N-Ethyl derivatives
e.g. local anesthetics
such as procaine, lidocaine, tolycaine [7]
Phenothiazines
e.g. phenothiazine, promazine, promethazine [8]
Benzodiazepines
e.g. chlordiazepoxide, diazepam, prazepam [2]
Steroids
e.g. 17B-estradiol, dienestrol, estrone,
stilbestrol, 2a-xanthatocholestan-3-one [9]
Antibiotics
e.g. penicillins [10]
such as ampicillin, amoxycillin, cloxacillin,
pivampicillin, oxacillin, nafcillin
Thiradiag

Diuretics

€.g. acetazolamide, ethoxolamide, quinethazone,

furosemide, benzthiazide, methazolamide [11] cl cl
Antidiabetics [11] I‘j[

e.g. gliclazide [11] cl T Cl
C.CLO,
6242

M, = 245.88

Storage

Substances

Reaction

The reagent solutions may be stored in the refrigerator for at least
one week [2]).

p-Chloranil

Ethyl acetate

Sulfuric acid (95-97 %)
Acetonitrile
Acetaldehyde

Dioxan

Toluene
Chlorobenzene

Secondary amines react at room temperature with acetaldehyde and p-chloranil accord-
ing to the following scheme to yield intensely blue-colored dialkylaminovinylquinone

derivatives [2):

CH,CHO + HNZ_

b o=cnn %’ )'Y'k
K CH=CH—

o
a A

Dialkylaminovinylquinone derivative
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In the case of tertiary N-ethylamine derivatives the N-ethyl group is first selectively oxi-
dized by D~ chloraml to an ena.rmno group which then condenses w1th excess p-chloraml

blue ammovmquumone denvatlves they probably react dlrectly w1th ch]oraml by
nucleophilic attack at one of the four chlorine atoms to yield aminoquinones of other
colors [7]. It has also been suggested that some classes of substances react to yield
charge transfer complexes [1, 5, 8, 12].

o OH
a al r O c _R
+ CHyCH,N  — + CHy=CH-N__
cl R c Cl
a’ o
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Sec. “amine alkaloids” yield blue-colored chromatogram zones on a colorless to pale
yellow backgound at room tempcrature [2] Aromatlc amines, phenothiazines, steroids,

zones at room temperature [1 8- 11] On heatmg temary N-ethyl denvatlves a.lso y1e|d
blue-colored chromatogram zones, this time on a pale yellow background [7]. Other
N-containing pharmaceuticals, e.g. some benzodiazepines, yield grey, brown or vio-
let-brown zones on heating [7].

Note: It is reported that the use of chlorobenzene as solvent is essential when the re-
agent is to be used to detect aromatic amines [1}. In the case of steroids, penicillins,
diuretics and alkaloids the reaction should be accelerated and intensified by spraying
afterwards with dimethylsulfoxide (DMSO) or dimethylformamide (DMF), indeed this
step makes it possible to detect some substances when this would not otherwise be pos-
sible [5, 9-11]; this latter treatment can, like heating, cause color changes [5, 9}. Penicil-

Chloranil  Dialkylethyl- Dialkylvinyl-
0 [0}
a cl R Cl Cl
+ CH=CH-N__ — P
a Y N K a” 1"~ CH=CH-NZ_
Chloranil  Dialkylvinylamine Dialkylaminovinylquinone
derivative

In the case of aromatic amines there is an initial nucleophilic substitution catalyzed by
the silanol groups of the silica gel layer to yield arylaminobenzoquinone derivatives,
that undergoe oxidative cyclization to the corresponding dioxazines [1].

Method

The chromatograms are freed from mobile phase in a stream of warm air, then im-
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 (e. g. to 80-105°C for 15 min) can also
lead to color intensification and color change in the case of other alkaloids [S, 6).

lins and diuretics only it weak reactions if not treated afterwards wi A
11]. Steroids alone also yield colored derivatives with DMSO [9]. Treatment afterwards
with diluted sulfuric acid (c = 2 mol/L) also leads to an improvement in detection sen-
sitivity in the case of a range of alkaloids. In the case of pyrrolizidine alkaloids it is
possible to use o-chloranil as an alternative detection reagent; however, in this case it
is recommended that the plate be treated afterwards with a solution of 2 g 4-(dimethyl-
amino)-benzaldehyde and 2 ml boron trifluoride etherate in 100 ml anhydrous ethanol
because otherwise the colors initially produced with o-chloranil rapidly fade [12].
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].

Tha choda AF anlar mendiand ann ba offactad hee Flaarnsaamnn 3o diant s Sonnem seniad

11i€ S1aGe O1 CO10T ProGucea Camn o arccica Uy 1uOIresCence inaiCators incorporaca

in the silica gel layer [7]. Tertiary amine alkaloids do not react at room temperature with
the acetaldehyde-containing reagent [2].

The detection limits (substance per chromatogram zone) are 10 to 20 ng for aromatic
amines [1], 100 ng for phenothiazines [8], 0.5 to 2 pg for secondary amine alkaloids [2],
5 to 50 ug for N-ethyl derivatives [7], 1 to 3 pg for penicillins [10], 1 to 4 pg for diuretics
and i to 2 pg for a range of steroids [9]. There have been some reports of appreciabiy
lower detection limits of 40-400 ng substance per chromatogram zone and even less for
alkaloids [6].

The dipping reagent can be used, for example, on silica gel, kieselguhr, Si 50000,
RP 18, NH,, Diol and CN layers. It is not possible to detect aromatic amines on cellu-
lose layers [1].



192 Dp-Chloranil Reagent

Procedure Tested

A = 280 nm was preferred
did not vield more exact results.

p-Chloranil Reagent 193

In situ quantitation: Direct measurement of the UV absorption at wavelength

antitativa in citu avaluati since the reagent treatment
preferred for quantitative in situ evaluation since the reagent treatment

Opium Alkaloids [13]

Method Ascending, one-dimensional development in a trough chamber
with chamber saturation.

Layer HPTLC plates Silica gel 60 F,s, (MERCK).

Mobile phase Acetone — toluene — ethanol — ammonia solution (25 %)
(40+40+6+2).

Migration distance 7 cm

Running time 7 min

—
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Detection and result: The chromatogram was freed from mobile phase in a stream of
warm air, immersed in the dipping solution for 2 s and then heated to 140°C for 5 min.
(Caution! The back of the HPTLC plate is contaminated with sulfuric acid.)

Narceine (hR; 1-5) yielded red-brown, morphine (hR; 5-10), codeine (hR; 15-20)
and thebaine (hR; 35-40) brown-violet, papaverine (hR; 60-65) light brown and nar-
cotine red chromatogram zones on a colorless background. Since the colors fade in the
air it is recommended that the chromatogram be covered with a glass plate.

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 1). However, the
color reactions provided additional specificity.

Table 1: Comparison of the detection sensitivities

Detection limits (ng)

Substance UVyge p-Chloranil
Narceine 50 100
Morphine 50 50
Codeine 50 50
Thebaine 20 20
Papaverine 5 500
Narcotine 50 50

Front

» —— Star

| Lol
U \\J UPU
A B
Fig. 1: Reflectance scan of a chromatogram track with 1 ug of each substance per chromatogram
zone (exception: papaverine: 5 ug). Chromatogram (A) before and (B) after reagent treatment

(registration of B with double sensitivity): 1 = narceine, 2 = morphine, 3 = codeine, 4 = thebaine,
5 = papaverine, 6 = narcotine.
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Dipping solution Dissolve 250 mg potassium iodide in 25 m! water, mix with a
solution of 750 me starch {soluble starch according to Zurxow-

sgiution of /o0 mg starch (soiuble starch accorcing to LULK(

sKY) in 25 ml water and dilute with 30 ml ethanol (99.5%) [12].

Reagent for:

® Amino, imino, amido groups
e.g. peptides [1-4]

such as vasotocin analogues [5]

such as vaseiocin analogues

e.g. phenylalkylamines

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}
Substances Potassium iodide

Starch, soluble according to ZULKOWSKY
Potassium permanganate

Hydrochloric acid (32%)

Ethanol

such as chlorphentermine, cloforex [6]
e.g. parbendazole and its metabolites [7]
e.g. phenylbutazone, prenazone [8]
@ Phthalimide and derivatives [9]
Pesticides
e.g. fungicides [10]
such as benomyl, 2-aminobenzimidazol (2-AB),
methyl-2-benzimidazolyl carbamate
e.g. triazine herbicides
such as simazine, atrazine, propazine
prometryn, prometon, ametryn [ii]

KI (CeH,005),
M, = 166.01 M, =~ 7000
Potassium iodide Starch
Preparation of the Reagent
Solution I Dissolve 3 g potassium permanganate in 100 ml water.
Solution I1 Dilute 25 ml hydrochloric acid (32%) with 50 ml water.

Reaction

Treatment with chlorine gas converts amines to chioramines, whose active chiorine ox-
idizes iodide to iodine. This then forms the well-known, deep blue iodine-starch com-
plex [13].

Method

The chromatograms are freed from mobile phase in a stream of warm air and treated
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 IT [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 1 s [12] or homogeneously sprayed with the
spray solution [10].

In general, deep blue chromatogram zones are produced immediately on a colorless
background.

Note: Instead of chlorine gas treatment the chromatograms can be exposed to bromine
vapor [8] or sprayed with bleach solution. In the case of phthalimide derivatives the
chromatograms are heated for 1 h at 180 °C before chlorine treatment [9]. The colored
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chromatograms remain unchanged for ca. 2 to 3 hours, then they begin to darken [10,

12j. The color of the chromatogram zones tums brown on qrymg, the originai biue
color can be regenerated by moistenin; or [12]

The starch according to ZULKOWSKY y1elds a clear solution in cold water without
heating; this solution can be diluted with ethanol without precipitation of insolubles.
For instance 10 ml of a 3% aqueous starch solution can be mixed with 9 ml ethanol
(99.5%) without the precipitation of starch [12].

The detection limits for triazine herbicides are 10-20 ng [11, 12], for phthalimide
derivatives 50-100 ng [9] and for fungicides 50-500 ng substance per chromatogram
zone [10].

The reagent can, for instance, be used on silica gel, kieselguhr, Si 50000, cellulose,
Diol and RP layers [12). NH, phases are not suitable, since the dipping solution elutes
a brown-violet solution from the NH, layer, which itself remains white [12].

Polyamide and CN phases are not suitable either because the layer background is col-

191

Chlorine-Potassium lodide-Starch Reagent 197

colorless background (Fig. 1A). In order to prevent spot diffusion when the
A L i fe lonnd e o hnd smlaba nd SN and o ctranm

chromatogram is dried the TLC plate is placed on a hot plate at 50°C anG 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. 1B) and the whole
layer becomes dark after a prolonged period. The original blue coloration of the
chromatogram zones can be regenerated by moistening the layer with water vapor.

In situ quantitation: The absorption photometric evaiuation was carried out in reflec-
tance at wavelength A = 550 nm (Fig. 1C).

1
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Procedure Tested

Triazines [12]

Method Ascending, one-dimensional development in a trough chamber
with chamber saturation.

Layer HPTLC plates Silica gel 60 F,5, (MERCK).

Mobile phase Toluene — acetone (85+15).

Migration distance 5 cm

8 min

Detection and result: The chromatogram was freed from mobile phase in a stream of
warm air and placed for 1 min in a twin-trough chamber in which a chlorine gas at-
mosphere had previously been generated by pouring ca. 3 ml hydrochloric acid (25 %)
over ca. 0.2 g potassium permanganate in the vacant trough. The chromatogram was
immersed for 1s in the dipping solution afier removal of the excess chiorine (5 min
stream of cold air).

The triazines atraton (hR; 15-20), cyanazin (hR; 30-35), terbutylazin (hR; 45-50)
and anilazin (hR; 70-75) immediately appear as violet-blue chromatogram zones on a
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Fig. 1: Chromatogram of triazines (A) after immersion in the dipping solution and (B) after addi-
tional heating and (C) reflectance scan of a chromatogram track with 170 ng each of atraton (1),
cyanazin (2), terbutylazin (3) and anilazin (4) per chromatogram zone.
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Reagent for:

® Amino acids, amides, peptides [1]

@ Secondary-ami 521
o Phenols CH,

e.g. phenol, p-nitrophenol, chromotropic acid

3? ]
N. N.
N-hydroxysuccinimide, pentachlorophenol [1] H C/ “CH;
@ Triazines 3

e.g. atrazine, trietazine, prometryn, simazine [2] CsHy;N,
® Chloranils [3] M, = 254.38

Preparation of the Reagent

Solution I Dilute 20 ml sodium hypochlorite solution (13-14% active chlo-
rine) with 100 ml water [1].

Solution II Dissolve 2.5 g 4.4'-tetramethyldiaminodiphenylmethane (TDM,

MICHLER’s base, N,N,N’,N’—tetramethyl~4,4’—d.iaminodiphenyl<

methane) in 10 ml glacial acetic acid (yields a greenish solution)

and make up to 100 ml with 80% 2-propanol.

Dissolve 5 g potassium iodide in 100 ml 80% 2-propanol.

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 I1I together and add 1.5 ml solution IV.

Storage Solutions I to IV may be stored in the refrigerator for several

Chlorine-4,4'-Tetramethyldiaminodiphenylmethane R 201

Yellow chromatogram 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-

———Reaction

weeks. The dipping solution may be kept in the dark for 1 month
at room temperature [1].

Substances Sodium hypochlorite solution
4.4'-Tetramethyldiaminodiphenylmethane
Potassium iodide
Ninhydrin
Acetic acid (100%)
2-Propanol

celerated b}’ heating or irradiating with long. length UV l|uht l'l =365 nm) [1]; at

the same time the background also takes on a greenish color.

Note: The TDM reagent can be used everywhere, where o-tolidine is employed. It can
also be used on chromatograms, that have already been treated with ninhydrin, PAuLy
or ammonia perchlorate reagent or with iodine vapor [1]. Water may be used in place
of 80% 2-propanol when making up solutions II, III and IV. The chlorine gas atmo-
sphere in the chromatography chamber can also be created by pouring 5 ml hydrochlo-
ric acid (ca. 20%) 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
conc. nitric acid, can be detected, without chlorine treatment, with TDM reagent, fol-

Presumably the active chlorine of the chloramines formed by reaction with chlorine gas
or hypochlorite reacts with TDM in the presence of acetic acid to yield dark blue,
mesomerically stabilized quinoid reaction products that possibly rearrange to yield
triphenylmethane dyestuffs.

(CH;)N. N(CH3),

HC

o+ /CH;
:( )I=C—< >—N
H \,

CHyj

Active chlorine {CI'}/H"

- .

11}

LHC

Phenols are probably initially oxidized to quinones, which then presumably react fur-
ther to yield triphenylmethane dyestuffs.

Method

The chromatograms are freed from mobile phase (15 min 100 °C), 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-
ent. They are then freed from excess chlorine in a stream of warm air for 30 min and
immersed in the dipping solution for 3 s or sprayed homogeneously with it.

Iowed by heating
zones (e.g. phenol: mauve, chromotroplc acid: grey, 8-hydroxyquinoline: light brown,
4-tert-butyl-pyrocatechol: red [1]).

Before treatment with chlorine gas or hypochlorite solution, pyridine-containing mo-
bile phases must be removed completely from the chromatograms, if necessary, by pro-
longed drying in a stream of warm air [1]. The colored chromatograms may be stored
for several days in the dark under cool conditions [1].

In the case of protected peptides, it is necessary to remove the protecting groups by
spraying the chromatograms with conc. hydrochloric acid and then heating (20 min,
110°C), before applying the reagent [1].

The detection limits for triazines are 20 ng [2] and for amino acids — with a few ex-
ceptions — 0.1 to 1 pg substance per chromatogram zone [1]. In the case of peptides
50 ng can be detected visually.

The reagent can be used on silica gel, kieselguhr, Si 50000, aluminium oxide and cel-
lulose layers.

Warning: 4,4’-Tetramethyldiaminodiphenyimethane is thought to be carcinogenic j4j.
Therefore, the dipping solution should be used if possible (gloves!). It is only in this
way that it is possible to guarantee that the spray vapors do not come into contact with
the skin or respiratory tract.
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¢4 g

Procedure Tested
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References

Triazines [5]

Method Ascending, one-dimensional development in a trough chamber
with chamber saturation.

Layer TLC plates Silica gel 60 F,s4 (RIEDEL DE HAEN)

Mobile phase Cyclohexane — dichloromethane — dioxan — tetrahydrofuran
(80+10+5+5).

Migration distance 7 cm
Running time 20-25 min

[1) Von Arx, E., Faupel, M., Brugger, M.: J Chromatogr. 1976, 120, 224-228.

[2] Székely, G., Weick, P., Abt, B.: J. Planar Chromatogr. 1989, 2, 321-322.

[3] Ting, H.-H., Quick, M. P.: J. Chromatogr. 1980, 195, 441-444,

[4] Fourth Annual Report on Carcinogens (NTP 85-002, 1985) S. 130.

[5] Ehlert, W., Jork, H.: GDCh-training course Nr. 301 ,,Diinnschicht-Chromatographie fiir Fort-
geschrittene*, Universitat des Saarlandes, Saarbriicken 1990.

Detection and result: The chromatogram was freed from mobile phase and placed in
an atmosphere of chlorine gas (twin-trough chamber, containing 20 ml solution I in the
second chamber) for 1 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
zones were produced on a weakly colored background. The detection limits of the
triazine herbicides cyanazine (hR; 25-30), simazine (hR; 30-35), atrazine (hR; 40-45),
terbutylazine (hR; 45-50) and anilazine (hRy 60-65) were 20 ng substance per chro-

matograin Zoiic.

In situ quantitation: The absorption photometric evaluation in reflectance was carried
out at A = 353 nm (Fig. 1).

2 3 &
Al\f\ 5

LR

Fig. 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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Preparation of the Reagent

Potassium Iodide Reagent
(Reindel-Hoppe Reagent)

Reagent for:

® Compounds that can be converted to chloramines [1-4]

Solution I

Solution II

Dipping solution

Spray solution

Dissolve 0.5 g o-tolidine (3,3~ dimethylbenzidine) in 5 ml acetic
acid (100%) and make up to 250 ml with water or 80%
2-propanol [26, 27).

Dissolve 2 g potassium iodide in 10 ml water.

Combine solutions I and II and make up to 500 ml with water or
80% 2-propanol [26, 27].

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-
lution [4, 14, 16, 17, 28-30).

€.g. amino acids, peptides, proteins and derivatives [5-13]
such as cyclochlorotin, simatoxin [14]
aspartic acid derivatives [15]
carbobenzoxyamino acids [16]
caprolactam oligomers [17]
phenyl carbamate herbicides
such as chloropropham [18, 19]
urea and urea derivatives [20, 21]
carbamide derivatives [10]
® Pesticides
@ Triazines and their hydroxy derivatives [22, 23]
e.g. atrazine, simazine [18, 19, 24]
metribuzine [25]
prometryn [18, 24, 26, 27}
® Vitamins [28-30]
e.g. vitamins B,, B,, B, nicotinamide, panthenol
® Pharmaceuticals
e.g. sulfonylurea derivatives [31, 32]
meprobamate, barbiturates [33] H;C CH;
sulfonamides [34] u NHNH
central stimulants [35] : O O :
CHgN,
M, = 212.30

o-Tolidine

Storage

Substances

Reaction

Dipping and spray solutions may be stored in the refrigerator for
1 week [24, 27).

o-Tolidine

Potassium iodide
Potassium permanganate
Hydrochloric acid (32 %)
Acetic acid (100%)
2-Propanol

The action of chlorine gas produces, for example, chloramine derivatives from herbi-
cides, amino acids, peptides and proteins; the active chlorine of these derivatives then

CH,

Active chlorine
O

H;C
)

o-Tolidine
[H HyC CH, H H LES /CH} u
N WD~
| OO, e

Diphenoquinondimine radical
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oxidizes o-tolidine in the presence of acetic acid and potassium ijodide to produce a
deep blue dyestuff (dlphenoqumonednmme radlcal) [1], that e(hlblts sermqumonmd

ate 1odme whlch is capable of complex formatlon w1th the semnqumonmd 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 — 1 h. This chlorine gas can be generated
in a trough chamber by pouring 5 ml ca. 20% hydrochloric acid onto 0.5 g potassium

permanganate placed in a beaker; the chlorine gas chamber is ready for use after ca.
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The detection limit is 1 ppm for cyclochlorotin and 12-100 ng substance per chro-
matogram zone for triazines [18 19, 25- 27]

layers.

Caution: o-Tolidine is 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]

2 minutes.

The chromatogram is then completely freed from excess chlorine in a stream of warm
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 1 h since the background begins to darken after
this {26]. The chromaiogram shouild not be completely freed from water before expo-
sure to chlorine gas [2], moistening in water vapor has even been suggested [1, 16]. The
chromatogram should first only be sprayed or dipped in the reagent at one corner. If
the background becomes blue this is a sign that traces of chlorine gas are still present;
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 fert-butyl hypochlorite solution [8]. Treatment with chlorine gas is
not necessary for chloramines; here the chromatogram can be treated with the 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 1% ammo-
nium molybdate in acetic acid (¢ = 1 mol/L) stabilizes the colored zones [1]. A series
of chlorinated pesticides and biphenylenes can be detected with o-tolidine followed by
exposure to light (see o-tolidine — UV light reagent).

Method Ascending, one-dimensional development in a trough chamber
without chamber saturation.
Layer HPTLC plates Silica gel 60 F,5, (MERCK, RIEDEL-DE-HAEN); be-
PROApL Py ensmsmlos sl PR PO S |

lUI'C appul.auuu Ul I,llC Sampicy  uic ldy'cl D IHUICICU Ill
2-propanol for 12 hours (preferably overnight) for purification
purposes and then activated on a hot plate for 60 min at 110°C.

Mobile phase 1. n-Pentane — chloroform — acetonitrile (50+40+10) (Fig. 1).
2. Cyclohexane — dichloromethane — dioxan — tetrahydrofuran
(80+10+5+5) (Fig. 2).

Migration distance 5-7 cm

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
had been poured onto the pc ium perr 1ate). The chromatogram was then freed
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; 80-85), dipropretryn (hR; 70-75), prometryn (hR
65-70), ametryn (hR; 55-60), desmetryn (hR; 40-45) and methoprotryn (hR; 30-35)
separated using mobile phase 1 and the components terbutylazine (hR; 45-50), at-
razine (hR; 35-40), simazine (hR; 30-35) and cyanazine (hR; 20-25) chromato-
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graphed with mobile phase 2 all yielded blue-grey chromatogram zones on a pale grey
background Am'lan'ne (hR; 60-65, mob. ph. 1) did not produce a color, but it could

well t treatment at A =223 nm
)
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[3] Krebs, K. G., Heusser, D., Wimmer, H. in Stahl, E. (Ed.) Diinnschicht-Chromatographie, ein
Laboratoriumshandbuch, 2_ Ed., Springer, Berlin, Heidelberg, New York 1967, S. 822.

[4] E. MERCK, Company brochure “Dyemg reagents for Thin-layer and Paper Chromato-

3 1y,

be qucuuun.u well-without

Note: Since the plate background begins to darken after 1 h it is necessary to carry out
quantitation within this time.

The detection limits for triazines are in the range 10-20 ng substance per chromato-
gram zone.

In situ quantitation: The absorption photometric measurement in reflectance was car-
ried out at a mean wavelength of A = 650 nm (Fig. 1) and 495 nm (Fig. 2).

1

graphy”; Darmstadt 19!

[5] Humphries, J., Wan, Y. P Fisher, G., Folkers, K., Bowers, C. Y.: Biochem. Biophys. Res.
Commun 1974, 57, 6715-682.

[6] Stverteczky, J., Holldsi, 1., Bajusz, S.: Acta Chim. 1975, 87, 269-283.

[7] Stverteczky, J., Bajusz, S.: Acta Chim. Acad. Sci. Hung. 1976, 88, 67-74.
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[10] Szabd, A.: Analyst 1981, 106, 602-604.

[11] Arnold, W.-H., White, W., Flouret, G.: J. Med. Chem. 1973, 16, 1054-1055.

[12] Flouret, G. R., Arnold, W.-H., Cole, J. W., Morgan, R. L., White, W. F,, Hedlund, M. T,
Rippel, R. H.: J. Med. Chem. 1973, 16, 369-373.
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16, 1137-1140.
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Fig. 1 Fig. 2

: Reflectance scan of a chromatogram track with 200 ng substance per chromatogram zone:

1 = methoprotryn, 2 = desmetryn, 3 = ametryn, 4 = prometryn, 5 = dipropretryn, 6 = aziprotryn

Fig. 2: Reflectance scan of a chromatogram track with 100 ng substance per chromatogram zone:
1 = cyanazine, 2 = simazine, 3 = atrazine, 4 = terbutylazine, 5 = anilazine
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* Ll . .
Chlorine-o-Ioluidine Reagent Reaction
Peptides, for example, yield chloramine derivatives on exposure to chlorine gas; these
derivatives oxidize o-toluidine to a blue semiquinonoid dyestuff in the presence of
acetic acid.
Reagent for:
® Amines, amides
e.g. hexamine, urea derivatives, melamine resins [1, 2] Method
peptides [3-6] cH
@ Triazines [7] o~
@ Vitamin By, B,, Bg LA 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
C,HgN pouring 5 ml hydrochloric acid (ca. 20%) 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 1 s or homogeneously sprayed with the spray solution and laid out in the air.

Preparation of the Reagent

Dipping solution  Dissolve 2.5 ml o-toluidine in a mixture of 45 ml diethyl ether
and 5 ml glacial acetic acid [7].

Spray solution Dissolve 5 g o-toluidine in 100 ml glacial acetic acid [1, 2].
Storage The reagent solutions may be stored for several weeks [1].
Substarices oToluidine

Acetic acid (100%)
Potassium permanganate
Hydrochloric acid (25%)
Diethyl ether

Yellow, green, gray or blue chromatogram zones are produced on a colorless
background [1, 2, 7].

Note: Chloramines do not require exposure to chlorine gas before application of
o-toluidine. A range of halogen-containing substances (e.g. bromazine, hexachloro-
cyclohexane isomers) can be detected with o-toluidine (1% in ethanol) after subsequent
irradiation with UV light (A = 254 or 366 nm; 10-15 min) [1, 8].

The detection limits for triazines are 300 ng [7] and for urea formaldehyde reaction
products they are 1 to 5 pug substance per chromatogram zone [1].

The reagent can be used on silica gel, kieselguhr and Si 50000 layers. RP, CN, Diol,
NH, and cellulose layers are not suitable. Amino layers, for example, turn yellow
under influence of the reagent [7].

Warning: o-Toluidine is highly poisonous and possibly carcinogenic! Therefore, the
dipping solution should be employed if possible. This is the only way to ensure that
spray vapor is kept away from the respiratory tract or skin.



_ (ca.3 minina stream of warm air) the chromatogram was immersed for I s in the dipp-

ing solution and left in the air for a few minutes.

Cyanazin (hR; 5-10) appeared as gray, terbutylazin (hR; 20-25) as violet and
anilazin (hR; 35-40) as pale blue chromatogram zones (Fig. 1). 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

d d_visuall
readily-be ually.

" track-wi (1),-terbutylazin (2)
s y @)

i 4. Pafl r
Fig-2: Reflectance scanora

and anilazin (3) per chromatogram zone.
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Fig. 1: Thin-layer chromatogram of triazines (amount applied: 4 pg each substance per
chromatogram zone) Tracks 1 and 5 = mixture, Track 2 = cyanazin, Track 3 = terbutylazin, Track

4 = anilazin.
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Procedure Tested
Triazines [7]

Method Ascending, one-dimensional development in a trough chamber
with chamber saturation.

Layer TLC plates Silica gel 60 Fy54 (MERCK).

Mobile phase Cyclohexane — dichloromethane — tetrahydrofuran — dioxane

(80+10+5+5).
Migration distance 7 cm
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-

masshere ha con nraduce; ca m 1
mosphere had becn produced {by pour ing ca. 6 ml u;-.uv.,...vu., acid (20%) over 04¢g

potassium permanganate in the vacant trough). After removal of the excess chlorine

Fortgeschrittene*, Uniwt
[8] Hauck, H. E., Amadori, E. in J. Harvey, G. Zweig (eds.): Pesuade Analytical Methodology,
ACS Symposium Series Nr. 136, 1980.

In situ quantitation: Absorption photometric evaluation in reflectance was carried out
at wavelength A= 650 nm (Fig. 2).
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'‘onner(IT Sulfate— Reaction
opper(1!) e

hrsaxndew

Reducing sugars convert copper(II) salts to red copper(I) oxide. Evidently the phenolic

(Benedict’ S Reagent) OH groups of many flavonoids and cumarins are also capable of reducing copper(II),

probably leading to strongly fluorescent quinoid systems. Substances with ortho-
phenolic OH-groups have their natural fluorescence reduced, those with isolated OH-

groups have this enhanced [6].

Reagent for:
N o 0 Method
° Reducing sugars [1] )
o Flavonoids{2-5}
® Cumarins [4] 0« OH% o After development the chromatogram is freed from mobile phase in a stream of warm
o air, immersed in the dipping solution for 1 s or homogeneously sprayed with it, dried
CuS0, - SH,0 CgH;Na;0; - 2H,0 for 5 min in a stream of cold air and, in the case of flavonoids and cumarins, is immedi-
M AAG £Q A AOA 1A ately examined under long-wavelength UV light (A = 365 nm) [7]. Reducing sugars are
T T AR T e detected by heating to 105°C for 30 min after dipping or spraying [1].

Copper sulfate Sodium citrate When examined under long-wavelength UV light (A = 365 nm) cumarins yield light
blue [7] and flavonoids yellow-green [2, 3] fluorescent chromatogram zones on a dark
background. Reducing sugars yield brilliant orange-colored zones on a colorless to pale
beige background.

. Note: The dipping solution can also be used as a spray solution [7]. Chromatograms
Preparatlon of the Reagent of natural product extracts should always be examined under UV light before using
BENEDICT’s reagent, since some natural fluorescences are reduced to a greater or lesser
. . 3 degree by the reagent.
Solution I Dissolve 17.3 g copper(Il) sulfate pentahydrate in 100 ml water. The detection limits for cumarins are 5 ng substance per chromatogram zone [7].
Solution IT Dissolve 173 g tri-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 (1+9) [8].
Dipping solation  Slowly add solution I to solution II with stirring and make up to la;ll_]: reagent can be used on silica gel, kieselguhr, i 50000, cellulose and polyamide
1 L with water [1]. ’
Storage The dipping solution can be stored for several weeks at room tem-
perature.
Substances Copper(II) sulfate pentahydrate

tri-Sodium citrate dihydrate
Sodium carbonate decahydrate
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Procedure Tested

Copper(Il) Sulfate-Sodium Citrate Reagent 217

Cumarins in Plant Extracts [7, 8]

Method Ascending, one-dimensional development in a trough chamber

with chamhas i
with chamber saturation.

Layer HPTLC plates Silica gel 60 F,5, (MERCK); before application of
the samples the layer was developed with methanol to precleanse
it and then dried at 110°C for 30 min.

Mobile phase Acetone — water — ammonia solution (25%) (90+7+3).

Migration distance 7.5 cm

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 Orihosiphon ieaf exiract iliere was an intense pale blue fluorescent sinensctin zone
(hR; 90-95) immediately below this, followed by a series of usually weaker blue fluo-
rescent zones extending right down to the start zone (Fig. 1A).

After application of BENEDICT’s reagent (dipping time: 3.5 s; 5 min drying in a
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 (hR; 48-53)
fluoresced most strongly (Figure 1B). Dipping for 3 s in liquid paraffin — n-hexane
(1+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).

1 2 3 4

1 2 3 4

Fig. 1: Chromatograms of two natural product extracts and associated reference substances A. be-
fore and B. after application of BENEDICT’s reagent.

Track 1: sinensetin (hR; 90-95), scopoletin (hR; 50-55); track 2: Extr. Urticae (extract of sting-
ing nettle leaves); track 3: Orthosiphon extract; track 4: mixture of stinging nettle and Or-
ihosiphon exiracis.
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*
m Unbeliferone (v Scopoletin Dansyl Chloride Reagent
50001 5000+
5 Reagent for:
3000 5 ~ 3000 e, oH,
W H ® Primary and secondary amines [1-4] \N
] = 4 e.g. cactus alkaloids [1-5]
H ” such as hordenine, tyramine, synephrine OO
= ® Amino acids —o—
1000+ 5 10007 l | E o . O-?-O
H Cl
ABC O 3 5[h] ABC O 3 SN . C,H;,CINO,S
A 8 M, = 269.75
Fig. 2: Increase in fluorescence of the genuine fluorescence (A) by treatment with BENEDICT’s re-

agent (B) and immersion in a paraffin solution (C) and reduction of emission intensities with time
for the two cumarins umbelliferone and scopoletin (curves).
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Preparation of the Reagent

Dipping solution I Dissolve 2 to 5 g sodium carbonate in 50 m! water and make up
to 100 ml with methanol [6].

Dipping solution II Dissolve 100 mg dansyl chloride (5-(dimethylamino)-naphtha-
lene-1-sulfonyl chloride) in 100 ml ethanol [6].

Spray solution Dissolve 50 mg dansyl chloride in 100 ml acetone [3-5].

Storage Dipping solution I can be stored for a longer period. Dipping so-
lution IT and the spray solution should be made up fresh daily
and protected from light.

Substances 5-(Dimethylamino)-naphthalene-1-sulfonyl chloride
Sodium carbonate, anhydrous
Methanol
Ethanol (96 %)
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Dansyl Chloride Reagent 221

Reaction Layer HPTLC plates Silica gel 60 (MERCK).
Mobile phase Ethyl acetate — Il-propanol — ammonia solution (25%)
(2+9+3).

Dansyl chloride that exhibits a blue intrinsic fluorescence, reacts with many amines and
phenols to yield derivatives with fluorescence of another color.

H3C\ _CHy H;C\ CH;
0=8=0 =5=0

a /N\
R, R,

Migration distance 6 cm

Running time 20 min

Detection and result: The chromatogram was freed from mobile phase (the ammonia
must be removed completely) and immersed in dipping solution I for 1 s, dried in a
stream of warm air for 2 min and immersed immediately after cooling in dipping solu-
tion II for 1s and then heated to 110°C for 2 min.

Phenylethylamine (hR; 60-65), tyramine (hR; 45-50), serotonin (hR; 35-40) an

histamine -
istamine (hR; 20-25) yielded yellow-orange fluorescent zones on a pale light-blue

orescent background under long-wavelength UV light (A = 365 nm).
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-

Method

The chromatogram is freed from mobile phase, immersed in dipping solution I for 1 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
spray solution and then heated to 110°C for 2 min.

Under long-wavelength UV light (A = 365 nm) yellow-orange fluorescent chromato-
gram zones are observed on a pale light-blue fluorescent background.

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
nanogram range.

The reagent can be used on silica gel, kieselguhr, Si 50000, aluminium oxide and RP
layers; amino phases are unsuitable.

Procedure Tested

Biogenic Amines [6]

Method Ascending, one-dimensional development in a trough chamber
with chamber saturation.
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Fig. 1: Fluorescence scan of a chromatogram track with a mixture of biogenic amines with 1 ng

substance per chromatogram zone: 1 = histamine, 2 = serotonin, 3 = tyramine, 4 = phenylethyl-
amine.
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In situ quantitation: The fluorimetric quantitation was carried out in long-wavelength
UV light at Ay, = 365 nm and Agq >560 nm (Fig. 1).

ogram

Dimedone-Phosphoric Acid Reagent

d a e chromatog e treated w
— 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.
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Reagent for:

® Ketosugars [1-4]
e.g. fructose, sucrose, raffinose, lactose
® Aryl- and heteroarylpropionic acids
e.g. flurbiprofen, ketoprofen [5]
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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 %)

ii, 5i.
Storage The dipping solution may be stored for an extended period.
Substances Dimedone

Ethanol

ortho-Phosphoric acid (85%)
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Reaction

Dimedone-Phosphoric Acid Reagent 225

Procedure Tested

Dimedone reacts with carbonyl compounds with the elimination of water yielding the
condensation product [1]. The reaction is specific for ketoses; aldoses do not react or

only weakly [6].
o] o}
HiC Ry HiC R
+ 0=C__ o~ C_
H,C R, 7% HC R,

o] ()

Dimedone Carbonyl Condensation
compound product

Flurbiprofen and Ketoprofen [5]

Method Ascending, one-dimensional development in a trough chamber
without filter paper lining. The development was commenced
30 min after charging the chamber with 5 ml mobile phase.

Layer HPTLC plates Silica gel 60 (MERCK).

Mobile phase n-Hexane — diethyl ether — 1-butanol — ethyl acetate
(65+15+11+9).

Migration distance Som

Method

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 until the layer begins
to be transparent and then heated to 110°C for 15 to 20 min, after briefly drying in a
stream of cold air.

Vallow chromatosram zones are formed on a colorless background; these

Yellow chromatogram zones are formed on a colorless background; zones
mostly fluoresce blue when excited with long-wavelength UV light (A = 365 nm).
Note: In the case of aryl- and heteroarylpropionic acids the chromatograms are irradi-
ated with unfiltered UV light for 30 min before application of the reagent [S]. The
chromatograms can then be immersed in a solution of liquid paraffin — n-hexane
{i+2) in order io 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
chromatogram zone [1].

The reagent can, for instance, be used on silica gel, kieselguhr and Si 50000 layers.

R time 20-min

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

2

1

)Y
Fig. 1: Fluorescence scan of a chromatogram track with 500 ng each substance per chromatogram
zone: 1 = ketoprofen, 2 = flurbiprofen.
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was then immersed in a solution of liquid paraffin — n-hexane (1+2) for 2 s in order
to stablhze and enhance the fluorescence by a factor of about 2.

O -40
and ﬂurblprofen (hR; 50 55) appeared as yellow or blue fluorescent chromatogram
zones on a pale blue fluorescent background. The detection limits of, for instance, flur-
biprofen were 10 ng subtance per chromatogram zone.

In sitn quantitation: The fluorimetric evaluation was carried out under long-wave-

length UV light at Aqc =313 nm and the fluorescence emission was measured at
Aq > 390 nm (cut off filter FL 39).
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e.g
&

dialkyl and diacyl peroxides, ketone peroxides [2]
cumol hydroperoxide [2, 3]

nonanoyl peroxide, fert-butyl perbenzoate [3]
sterol hydroperoxides [4]

linoleic acid hydroperoxides [5]
pregnen-17a-hydroperoxides [6]

Halogen-containing substances

e.g

e.g.
c.g.

chlorine-containing insecticides [1, 7]

such as aldrin, dieldrin, DDT, perthane,
hexachlorocyclohexane, methoxychlor (7]

bromine-containing hypnotics [1]

antimicrobials

such as triclosan (Irgasan) [8]

Steroids [4]

e.g.

A* and AS-3-ketosteroids, A 4-ketosteroid-a-ketols
cholest-5_an-3R Talor 7R\ diol

Choigst-2-en-33, /aor 101

® Triazines [9, 10]

H3C\
- + +
Cl I‘}N—@—NH; Cl
H,;C
CgH,4,ChN,
M, = 209.12




228 N,N-Dimethyl-1,4-phenylenediamine Reagent

Preparation of the Reagent

N,N-Dimethy!-1,4-phenylenediamine R 229

Method

Solution I Dissolve 1 g N,N-dimethyl-1,4-phenylenediammonium dichloride
(N,N-DPDD) in 100 ml ethanol at 40°C.

Solution IT Dilute 10 ml ethanolic sodium ethylate solution (20%) to 100 ml

with athanal

with glnandc..

Dipping solution  Mix equal volumes of solutions I and II; filter off the precipitate
that forms.

Spray solution For peroxides: Dissolve 1 g NNN-DPDD in a mixture of 50 ml
methanol, 50 ml water and 1 ml glacial acetic acid [4, 6].

Reagents with other composmons are also in use, e g 1 5 g N,N-

[1, 2] or 0.1% N N DPDD in chloroform glaclal acetic acld -
water (50+50+10) [5].

For halogen-containing compounds: Dissolve 0.5 g N,N-DPDD

in a mixiure of 50 ml sojution II and 50 ml eihanol {i, 8].

Storage Solution I and the dipping solution should always be freshly
made up. The spray solution and solution II can be stored for a
longer period in the refrigerator.

Substances N,N-Dimethyl-1,4-phenylenediammonium dichloride
Sodium ethyiate (20% in ethanoi)
Ethanol

Reaction

Peroxides oxidize N,N-DPDD to WuURSTER’s red, a semiquinone diimine derivative [4].
Similarly WursTER’s ted is also produced from N,N-DPDD by reaction with halo-
gen-containing substances in the presence of sodium ethylate and UV light and by reac-
tion with the chlorinated triazines produced by reaction with chlorine [7].

£H, r /CH_J
HzNON\ Active chlorine HZN—<:>=N\ a
CH; CH;

WURSTER's red

The chromatogram is freed from mobile phase, immersed in the dipping solution for
3 s or homogeneously sprayed with the spray solution and then dried in a stream of
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.

In the case of halogen-containing substances (e.g. insecticides) the chromatograms
are moistened by spraying with water after treatment with the reagent and then exposed
to unfiltered UV light for ca. 1 min [1, 7] or to sunlight for 30 min [8].

Peroxides yield reddish-pink to purple-red chromatogram zones on a pale pink-col-
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
brown background observed from the back of the plate they are intense purple‘red A

color and A4 3 ketosterond a—ketols (e g. cortisone) orange to pmk -orange zones while
the two cholest-S-en-38,7a(and 7B)-diols only react slowly to yield a blue color [4].

Note: The contrast between the colored zones and the layer background can be im-
proved by warming the chromatogram gently [4]. Di-ters-butyl peroxide does not react
[3]. N,N,N’,N’-tetramethyl-p-phenylenediamine (g.v.) can also be used instead of N,N-
DPDD for the detection of peroxides [3]. The spray solution for peroxides gradually
turns dark red in color but it still retains its ability to react for several weeks [4].

The detection limits for peroxides are about 500 ng or with N,N,N’,N’-tetramethyl-p-
phenylenediamine reagent 50 ng substance per chromatogram zone [4]. The detection
limits for insecticides are 5 pg per chromatogram zone in the most unfavorable cases [7].

The reagent can be used, for example, on aluminium oxide, silica gel, kieselguhr and
Si 50000 layers.
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Procedure Tested 1. 5
M4
3 4
Triazines [10, 11]
Method Ascending, one-dimensional development in a trough chamber
without chamber saturation. L
- 2 34
Layer HPTLC plates Silica gel 60 F,s5,; (MERCK, RIEDEL-DE-HAEN); be- 5 =
. o i = s - 1 -
fore application of the samples the layer is immersed in 2- u £ S c
propanol for 12 hours (preferably overnight) and then activated 4 ‘ » 5 &
on a hot plate for 15 min at 110°C. ; ‘
Mobile phase 1. Pentane — chloroform — acetonitrile (50+40+10) (Fig. 1). \w I
2. Cyclohexane — dichloromethane — dioxan — tetrahydrofuran Fio. 1 - Fig. 2

(80+10+5+5) (Fig. 2).
Migration distance 7 cm

Running time 25 min

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 1 min to
an atmosphere of chlorine gas, that had been generated in a trough chamber by pouring
5 ml hydrochloric acid (ca. 20%) onto 0.5 g potassium permanganate placed in a small
beaker (waiting time ca. 2 min before insertion of the plate). The chromatogram was
then freed from excess chiorine 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
5 min in a stream of cold air.

The substances methoprotryn (hR; 30-35), desmetryn (hR; 40-45), ametryn (hR;
55-60), prometryn (hR; 65-70) and dipropretryn (hR; 70-75) separated using mobile
phase 1 and the components cyanazine (hR; 20-25), simazine (hR; 30-35), atrazine
(hR¢ 35-40), terbutyiazine (hR; 45-50) and aniiazine (hR; 60-65) chromatographed
with mobile phase 2 all yielded intense grey to brown-colored zones on a light brown
background, that appear intense purple-red when viewed from the back of the plate
(WURSTER’s red).

In situ quantitation: The photometric evaluation was carried out in reflectance at a
wavelength of A = 460 nm (Fig. 1) and 545 nm (Fig. 2). The detection limits lay at 15 ng
substance per chromatogram zone.

Fig. 1: Reflectance scan of a chromatogram track with 200 ng substance per chromatogram zone:
1 = methoprotryn, 2 = desmetryn, 3 = ametryn, 4 = prometryn, 5 = dipropretryn.

Fig. 2: Reﬂecmnce scan of a chromatogmm track with 100 ng sut per ch zone:
1 _ '! —ai ‘) = 4 = 1oy < = ilai

1=¢ 4 = terbut
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Spray solution Dissolve 1 g 4-(dimethylamino)-benzaldehyde in 30 ml ethanol
and add 30 ml hydrochloric acid (37 %) [1].

Iienzaldeliyde—Acetylacetone Keagent

(Morgan-Elson Reagent)

Reagent for:

® Amino sugars

Storage The reagent solution should always be made up fresh [1], since it
can be stored for only a few hours.

Substances 4-(Dimethylamino)-benzaldehyde
Acetylacetone
Potassium hydroxide
Ethanol
1-Butanol
Hydrochloric acid, fuming (37 %)

g 5‘luLU dulillc, gd.‘lduuaanu;uc

0
N/
H,C )j\’u\c 1, /N_Q_q
H,C H
CsH0, CgH;;NO
=100.12 M, = 149.19
Acetylacetone  4-(Dimethylamino)-
benzaldehyde
Preparation of the Reagent
Solution I Mix 5 ml potassium hydroxide solution (50 %) wth 20 ml ethanol
.
Solution II Mix 0.5 ml acetylacetone and 50 ml I-butanol [1].

Reagent solution Mix 0.5 ml solution I with 10 ml solution II immediately before

a1
use {1, 2].

Dipping solution Dissolve 1 g 4-(dimethylamino)-benzaldehyde in 30 ml ethanol,
add 30 ml hydrochloric acid (37%) and dilute with 180 ml
I-butanol [2].

Reaction

The mechanism of the reaction has not been elucidated.

Method

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
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 yellow background

[1].

Note: The reagent is not very sensitive. Detection is also evidently affected by external
influences (pH, temperature, heating time etc.), which have an effect on the detection
sensitivity and on the colors of the chromatogram zones [3].

If the order of application of the reagents is reversed and all other conditions kept
the same, lemon-yellow chromatogram zones are produced on a pale yellow back-
ground.

The N-acetyl derivatives of 2-aminohexoses give a reaction even in the absence of
acetylacetone [4].
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The detection limits for amino sugars are ca. 0.5 pg substance per chromatogram
zone.

The reagent can be employed on sitica gel, kiesetguhr, Si-50000-and-celulose layers

4-(Dimethylamino)-bi Idehyde- Acetylacetone Reagent 235

——
——

as well as on RP, CN, Diol and NH, layers.

2
A
Procedure Tested V
Method Ascending, one-dimensional development in a trough chamber © &
with chamber saturation. ‘ 1
Layer HPTLC plates Silica gel 60 F,5, (MERCK). ~J W
Mobile phase 2 Propanol — ethyl acetate — ammonia solution (32%)

(10+10+10) [5].
Migration distance 8 cm

Running time 90 min

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 °C for 5 min. After cool-
ing to room temperature it was immersed in the dipping solution for 3 s and then dried
at 90°C for 5 min.

Galactosamine (hR; 30-35) and glucosamine (hR¢ 35-40) produce brownish-red
chromatogram zones on a yellow background.

In situ quantitation: The absorption photometric evaluation in reflectance was carried
out at the wavelength A = 400 nm (Fig. 1).

Fig 1: Reflectance scan of a chromatogram track with 5 pg galactosamine (1) and 1 pg
gluc ine per chrc zZone.
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A whole series of derivatization reagents contain 4-(dimethylamino)-benzaldehyde as
a fundamental component. They differ in the type and concentration of the mineral
acid components used in their preparation. Other components of the reagent generally
play a minor role.

The two most commonly used dimethylaminobenzaldehyde reagents bear the names
of their “inventors” who first described the acid component used. They are known as

EHRLICH’s reagent or VAN URK’s reagent

4-(Dimethylamino)-benzaldehyde-Acid Reagents 237

AUTERHOFF described a reagent made up of 4-(dimethylamino)-benzaldehyde, sulfuric
acid with additional 1ron(III) ions as “VaN Urk’s reagem solution”. A more correct

(1ron(III) chlonde/su.lfunc acnd) has been used alongsnde the Van URK s reagent [8]

Similar errors have been perpetuated in the literature until the present day (cf. [1,
9-11]).

Although more than 150 publications have been reviewed the “dimethylaminobenz-
aldehyde monographs” that follow only take account of and cite those where there is
an unequivocal citation of precise formulations — with respect to the acid used in the
reagent — so that they can be assigned to the appropriate named reaction. This pro-
cedure was justified in view of the results obtained for the examples tested for the
reagent monographs, for there are differences between the two reagents. EHRLICH’S
reagent is usually more sensitive and yields better method standard deviations on in situ
evaluation [12]. However, the plate background is yellow in color while it remains white

depending on whether hydrochloric acid or sulfuric acid is used in the reagent. Many
publications do not follow this naming system — this is particularly evident where the
authors give the composition of the dimethylaminobenzaldehyde reagent employed —
so that the reaction names for EHRLICH’s and VAN URK’s reagent have not always been
cited correctly in the past.

The fact that many publications just refer to EHRLICH’S or VAN URK’s reagent
without any other reference to the actual composition, necessarily means that the
methods in such publications present a probable source of lack of reproducibility when
an attempt is made to reproduce the results.

A nuhlicatian hy Bmmsaww reve: g
A publication by EHMANN reveals how confused the

tion correctly describes

EHRLICH’S reagent as 4-(dimethylamino)-benzaldehyde — hydrochloric acid and

VAN URK’s reagent as 4-(dimethylamino)-benzaldehyde — sulfuric acid,
but the experimental section incorrectly refers to a solution of 4-(dimethylamino)-
benzaldehyde in hydrochloric acid/ethanol as Van URrk’s reagent [1].

It can be conciuded from the publications of RoHDE [Z] and FREUND and LEBACH
[3, 4] that it was ERRLICH who first suggested the use of 4-(dimethylamino)-benzalde-
hyde in the presence of hydrochloric acid for color reactions with “methylketols” that
was found also to apply to indole derivatives [5]. AUTERHOFF [6] designated a reagent
for urobilinogen, consisting of a solution of 2 g 4-(dimethylamino)-benzaldehyde in 20
percent hydrochloric acid, correctly as EHRLICH’s solution. Hence, it is essentially cor-
rect to refer to all reagents which contain these components as EHRLICH’s reagent.

The designation VAN URK’s reagent can be traced back to a publication in 1929 [7]
which describes the detection of ergot alkaloids with 4-(dimethylamino)-benzadehyde
in aqueous solution by cautiously underlayering with concentrated sulfuric acid.

after the use of VAN URK'S reagent [13], or acquires a slight gray color [12]. Further-
more, the layer background does not discolor with standing after the use of the Van
URK reagent as is the case with EHRLICH’s reagent [14]. Nevertheless the VAN URk
reagent has been used less frequently for TLC in the past but was primarily employed

in solution photometry [13], e. g. for the characterization of substances on the basis of

solution photometry (131, €. g. Tor the characterization of subsfances on the bast s o1

aldol condensations. This also applies to determinations made after elution of scraped-
off chromatogram zones [11, 15-18].

In rare cases — such as the detection of nafazatrom [19] — 4-(dimethylamino)-
benzaldehyde is used without the addition of any acid.

References

[11 Ehmann, A.: J. Chromatogr. 1971, 132, 267-276.
[2] Rohde, E.: Hoppe-Seyler's Z. Physiol. Chem. 1905, 44, 161-170.
[3] Freund, M., Lebach, G.: Ber. Dtsch. Chem. Ges. 1903, 36, 308.
[4] Freund, M., Lebach, G.: Ber. Dtsch. Chem. Ges. 1905, 38, 2640-2652.
[5]1 Ehrlich, P.: Medizinische Woche, 1901, 151 ff.
[6] Auterhoff, H.: Lehrbuch der Pharmazeutischen Chemie, Wi haftliche Verl 11
schaft, Stuttgart 1976.
[7] Van Urk, H. W.: Pharm. Weekblad 1929, 66, 473-481.
{8] Piiet, P-E.: Rev. Gen. Bot. 1957, 64, 106-122.
[9] Stahl, E.: D hicht-Chr graphie, ein Laboratoriumshandbuch. 2. Ed., Springer,
Berlin 1967.
{10} Klavehn, M., Rochelmeyer, H.: Disch. Apoth. Ztg. 1961, 101, 477-48.
(1] Roder, K., Mutschler, E., Rochelmeyer, H.: Pharm. Acta Helv. 1967, 42, 407-414.




238 4-(Dimethyl ino)-b Idehyde Acid Reagent:

[12] Schmidt, S.: Thesis, Fachhochschule Giefen-Friedberg, Fachbereich Technisches Gesund-

heitswesen, 1990.
[13] Dorosiev, 1., Simova, M., Kolarova, R., Pangarova, T.: Pharmazie 1983, 38, 419.

[14] Heacock, R. A., Mahon, M. E.: J Chromatogr. 1965, 17, 338-348.
[15] Dobbelin, W., Hartmann, V.: Disch. Apoth. Ztg. 1980, 120, 1821-1823.

[16] Zinser, M., Baumgartel, C.: Arch. Pharm. 1964, 297, 158-164.

[17] Maier, W., Erge, D., Groger, D.: Planta Med. 1980, 40, 104-108.

[18] Keipert, S., Voigt, R.: J. Chromatogr. 1972, 64, 327-340.

{i9] Ritter, W.: Proc. Ini. Symp. Instrum. High Perform. Thin-Layer Chromatogr. (HPTLC), 2nd,

p. 100-113, Interlaken 1982.

4-(Dimethylamino)-benzaldehyde-

(EP Reagent)

Reagent for:

and cagriniarhane

@ Terpene and sesquiterpene derivatives
e.g. azulenes, proazulenes [1-9]

such as chamazulene, or matricin
e.g. bisabolol [2, 3]
® Sesquiterpene esters
e.g. cinnamoylechinadiol, -echinaxanthol, dihydroxynardol

H;C, O
N\
N—< >—4
Hyc” H
CyH,,NO CH,;COOH H,PO,
M — 14010 M = 6005 M_=98.00

M, = 149.19 M, = 60.05 M, = 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].

Spray solution Dissolve 0.25 g 4-(dimethylamino)-benzaldehyde in a mixture of

50 g glacial acetic acid, 5 g ortho-phosphoric acid (85%) and
20-45 ml water [1-3, S, 8].
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Storage The reagent solutions can be stored for months in well-sealed,
brown glass bottles (1, 2].

Sub es 4-(Dimethylamino)-benzaldehyde
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Procedure Tested

Acetic acid
ortho-Phosphoric acid

Reaction

The mechanism of the reaction has not yet been elucidated.

Chamonmile oil [10]

Method Ascending, one-dimensional development in a trough chamber
with chamber saturation.

Layer TLC plates Silica gel 60 (MERCK).

Mobile phase Toluene — ethyl acetate (7-+3).

Migration distance 6 cm

Method

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
80-110°C for 10-20 min [i, 2, 10].

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 [i].

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,

diol, RP and cellulose layers.; NH, and polyamide phases are not suitable since the
whole background acquires a yellow color, and the substances do not react [10].

Running time 7 min
Detection and result: The chromatogram was dried in a stream of warm air, i d

in the dipping solution for 2 s and then heated to 110°C for 20 min.

Bisabolol oxide (hR; 40-45) appeared as pink and bisabolol (hR; 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.

In situ quantitation: The absorption photometric evaluation in reflectance was carried
out at the wavelength A = 515 nm (Fig. 1).
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4-(Dimethylamino)-benzaldehyde-

(Ehrlich’s Reagent)

Reagent for:

@ Indole derivatives (1, 3]
e.g

egot alkaloids [2, 4-12]
such as ergotamine, ergocristine, ergometrine, ergocornine
dihydroergosine,, lysergamide, isolysergamide

12

]

1

A B

Fig 1: Chromatogram of a chamomile flower extract and of chamomile oil components (A) and
reflectance scans (B) of reference tracks with 3.75 ug bisabolol oxide (1) and 9.5 pg bisabolol (2)
and a chromatogram track with chamomile flower extract 3).
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® Amines [1]

e.g.

® Urea and thiourea derivatives [28, 29, 37]

eg.

® Drug substances (38, 39)

e.g.

ergolinecarboxylicacids {13=16]

clavine alkaloids [4, 6, 17, 18]

such as agroclavine, chanoclavine, penniclavine

harpagophytum alkaloids [19]

such as harpagoside

hallucinatory drugs

such as LSD [7, 9, 12], psilocybin, psilocin [12, 20]

auxins [21-23]

such as 5-hydroxyindole-3-acetic acid, indole-3-acetic acid and their
esters

tryptophan derivatives [2, 22-29]

such as tryptophan, tryptamine, serotonin, tryptophol,
N-carbamyltryptophan

yohimbine alkaloids [30]

such as ajmalicine, rauniticine

pyrrolizidine alkaloids [31]

such as symphytine N-oxide and echimidine N-oxide

peramine [32]

primary aromatic amines [33-36]
urea, thiourea

suifonamides [40-42]
such as sulfanilamide, sulfanilthiocarbamide, sulfathiazole
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Reagent for:
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Alternatively make up a stock solution of 10 g 4-(dimethylamino)-

benzaldehyde in concentrated hydrochlonc acnd and dllute one part
by volume w 3 dia b re

—— | @ Bitter substances

® Mycotoxins

diacetoxyscirpenol [45]

@ Pesticides

® Explosives [35]

® Carbapenem antibiotics [46]
® Gangliosides [47, 48]
e.g. GM1, GM2, Fuc-GMI, GT1b, GDl1a, GD1b

e.g. cyclopiazonic acid {43], PR toxin or PR imine [44]

e.g. phenylcarbamate and phenylurea herbicides [34, 36]
such as asulam, chlorbromuron, chlortoluron, diuron, linuron

e.g. tetryl, TATB(1,3,5-triamino-2,4,6-tetranitrobenzene)

spraying [20, 25, 26 28, 29 44).

Storage The reagent solutions may be stored for several weeks [4, 53]. The
spray solution that has been diluted with acetone is not stable and
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Substances 4-(Dimethylamino)-benzaldehyde
Hydrochloric acid (32%)
Hydrochloric acid (25%)
Methanol
Ethanol
Ethanol (96 %)

e.g. limonin [49], nomilin [50]
® Pyridine derivatives
e.g. citrazinic acid, citrazinamide [51]

HC

e

=36.46
Hydrochlonc

acid

CyH | NO
= 149.19
4-(Dimethylamino)-
benzaldehyde

Preparation of the Reagent

Dipping solution Dissolve 300-500 mg 4-(dimethylamino)-benzaldehyde in 25-
40 ml methanol and treat with cooling with 10 ml hydrochloric
acid (32%); the temperature should not fall below 20 °C or rise

above 40°C [52, 53].

Alternatively combine a solution of 300 mg 4-(dimethylamino)-
benzaldehyde with a mixture of 54 ml 1-butanol, 9 ml ethanol
and 9 ml conc. hydrochloric acid [46].

Spray solution

propanol [24].

Dissolve 1-5 g 4-(dimethylamino)-benzaldehyde in a mixture of
50 ml hydrochloric acid (25%) and 50 ml ethanol (96% or 100%)
2, 9, 11, 12, 21, 22,, 27, 32, 42], methanol (3, 10, 54] or 2-

1R 1
=DUutanor

Reaction

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].

H
\\C/ (,?
—NH—R N
© + ch—&\fc NH H
—_— + -H,0
N
N 70N
Hy,C” CHs HChH
II Il
—NH-R C—NH—R
HyC—N"S HC—N Zz
+
N N,
H—C H “CHs H— 'C H “CH,
N# N
| HC” TCHj H,C” “CHs |
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The same applies to cyclopiazonic acid [43].
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cyclohexane, ethanol or I-butanol and then exposed to hydrochloric acid vapor IS, 8,
13 16, 43, 44, 49 50) Other vanants of the reagent involve the addition of a drop of

; id a ¢ chromatogram
afterwards w1th sodium nitrite (1% aqueous) to stabilize the colors [6]. In exceptional
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 powder is incorporated into the layers it is also possible to detect nitro-
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

ar minally generally altes a penogd of ACUIS ana ixen rémain stavi ior

a virtually unlimited period [21]. The addition to the reagent of small quantities of ox-

N R
H HC vz
Cyclopiazonic acid 4-(Dimethylamino)-
benzaldehyde
[ CH, CH,
4—Nj= [0} H C—"—N—l—-_O
| WC Hy ’ . CHy |
OH O OH O _CH.
= ‘3 \ 3
OGO
H, H 3

Method

The chromatograms are dried in a stream of warm air, then immersed in the dipping
soiution for 2 s to 20 s or homogeneousiy sprayed with the spray solution until the layer
begins to appear transparent [21, 52, 53]. After allowing 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
case of gangliosides the chromatograms are covered with a glass plate during heating
[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,
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
(A =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

idizing agents (iron(III) salts, hydrogen peroxide) has been reported to intensify the
color tone [2, 4]; the same is also reported to occur if the treated chromatograms are
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 deieciion of indoie
derivatives, but the former is better for differentiation of substances on account of the
multiplicity of different color shades produced.

The detection limits per chromatogram zone are 4-20 ng substance for aniline
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 smaiier than 1 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
phases are also suitable.

Procedure Tested 1

Aniline Derivatives [52]

Method Ascending, one-dimensional development in a trough chamber
without chamber saturation.
Layer HPTLC plates Silica gel 60 F,5, (MERCK).
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Mobile phase Toluene Procedure Tested 2
Migration dist: 8 cm
Running time 25 min

Detection and result: The chromatogram was dried for 5 min in a stream of cold air,
immersed in the dipping solution for 2 s, dried briefly in a stream of warm air and then
heated on a hot plate to 110°C for 2 min.

2,4-Dimethylaniline (hR; 5-10), 4-chloroaniline (hR; 10-15), 3-chloroaniline (hR;
20-25), 4-chloro-2-nitroaniline (hR; 30-35), 2-chloroaniline (hR; 35-40) and diphenyl-
amine (hR; 70-75) appeared as yellow chromatogram zones on a pale yellow back-
ground. The detection limits were between 4 ng (4-chloroaniline) and 20 ng (diphenyl-

amine) substance per chromatogram zone,

nine) substance per chromat am 70

Ergot Alkaloids [53]

Method Ascending, one-dimensional development in a trough chamber
i chamber saturation.

Layer HPTLC plates Silica gel 60 F,s, (MERCK).

Mobile phase Acetonitrile — 1-propanol — water (125+28+15).

Migration distance 6 cm

Running time 17 min

In situ quantitation: The absorption photometric evaluation in reflectance was carried
out at the wavelength A = 435 nm (Fig. 1).
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Fig 1: Refl scan of a ch »gram track with 100 ng each of 4-chloroaniline (2) and 3-

chloroaniline (3) and 200 ng 2,4-dimethylanikine (1), 4-chloro-2-nitroaniline (4), 2-chloroaniline (5)
and dif lamine (6) per ch zone.

Detection and result: The chromatogram was dried for 5 min in a stream of cold air
and immersed twice for 10 s — with brief intermediate drying in a stream of cold air
— 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.

Aftar annling fo momon daiimaidon 4l b S

AT COO01iNg 10 100Mm emperatuic inc uuulnal.ugmlli was immersed for 1 s in a soiu-
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Fig 2: Reflectance scan of a chromatogram track with 90 ng of each sub per ch am
zone; | =lisuride dihydrogen maleate, 2= methysergide maleate, 3 = dihydroergotamine
mesylate, 4 = ergotamine tartrate.

C- —— Front




250 4-(Dimethylamino)-b Idehyde-Hydrochloric Acid Reagent
iion of liquid paraffin — n-hexane {{+2) and dri in a stream of cold air;

the purpose of this last immersion was to stabilize the reflectance signal of methysergide
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[24] Zahn, H.: Arztl. Lab. 1984, 30., 279-283.
[25] Gartz, J.: Pharmazie 1985, 40, 431-432.
[26] Gartz, J.: Pharmazie 1985, 40, 432.

in particular.

Lisuride dihydrogen maleate (hR; 30-35), methysergide maleate (hR; 40-45),
dihydroergotamine mesylate (hR; 45-50) and ergotamine tartrate (hR; 70-75) ap-
peared as blue violet chromatogram zones on a yellow background. The detection limits
_ calculated for free base — were 3-4 ng substance per chromatogram zone.

In situ quantitation: After 1 h the absorption photometric evaluation in reflectance was
carried out at the wavelength A = 590 nm (Fig. 2).
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Preparation of the Reagent

-~ Sulfuric Acid Reagent
(Van Urk’s Reagent)

Reagent for:

® Primary aromatic amines [1]

Alkaloids
e.g. tropane alkaloids

Dipping solution  Dissolve 1 g 4-(dimethylamino)-benzaldehyde in a mixture of
45 ml water and 5 ml sulfuric acid (95-97%) and make up to
100 ml with water [2].
Variant 1: Dissolve 2 g 4-(dimethylamino)-benzaldehyde in 45 ml
methanol, add 5 ml sulfuric acid (95-97%) cautiously with cool-
ing and make up to 100 ml with methanol [16].
Variant 2: Dissolve 0.3 g 4-(dimethylamino)-benzaldehyde in
90 ml methanol and add 10 m! sulfuric acid (95-97 %) cautiously
with cooling (ice water). When preparing this dipping solution
the temperature should be kept within the 20-40°C range [17].

Spray solution

such as atropine, scopolamine [2]
e.g. ergot alkaloids
such as ergotamine, ergocryptine, ergometrine [3, 4, 17]
e.g. clavine alkaloids
such as chanoclavine, agroclavine [3, 5, 6]
® Pharmaceutical active ingredients
e.g. sulfonamides
such as sulfasomidine, sulfadiazine, sulfamerazine [l, 7]
® Addictive drugs
e.g. lysergic acid diethylamide (LSD) [4, 8-10]
psilocybin, monomethyltryptamine [9]
® Indole and hydroxyindole derivatives
e.g. tryptophan metabolites [11]
cyclopiazonic acid (mycotoxin) [12]
4-, 5-, 6- and 7-hydroxyskatoles [13]
® Monoterpene ketones
e.g. menthone, pulegone, carvone, piperitenone [14]
® Carbamate pesticides
e.g. fenuron, monuron, linuron, carbaryl [15] HC

aldehyde in 1 ml conc. sulfuric acid and make up to 100 ml with
95% ethanol [7].

Variant 1: Dissolve 0.8 g 4-(dimethylamino)-benzaldehyde in a
mixture of 90 ml 95% ethanol and 10 ml 98% sulfuric acid [91.
For monoterpene ketones: Dissolve 200 mg 4-(dimethylamino)-
benzaldehyde in 20 ml conc. sulfuric acid [14].

Storage The reagent solutions may be stored over a prolonged period 7.

Substances 4-(Dimethylamino)-benzaldehyde
Sulfuric acid (95-97%)
Methanol

Ethanol

Reaction

4-(Dimethylamino)-benzaldehyde reacts in acidic medium, e.g. with the indole ring of
cyclopiazione or ergot alkaloids and forms a cyanin dyestuff by electrophilic substitu-
tion in the 2-position followed by the elimination of water [12, 17].

For indole derivatives: Dissolve 50 mg 4-(dimethylamino)-benz- |
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In the case of carbamate pesticides the chromatogram is heated to 150°C for 20 min

after the application of the reagent. Spraying later with a solution of 2 N sodium

hydroxide solution to improve the color contrast is recommended [15]. Occasionally a

O\ /H 0
¢ @ C-NHR
%\“ + H,C—-N o N
X
N H/ \(:[_13
H,C" CH,

small amount of iron(III) chloride is added to the reagent [13].

Quantitative evaluations are best carried out ca. 15-20 min after heating the
chromatogram [2].

The detection limits for sulfonamides lie at 10-50 ng [7], for lysergic acid
diethylamide ai 50 ng {4] and for iropane aikaioids at 50-500 ng substance per
chromatogram zone [2, 16].

In the case of lysergic acid derivatives spraying with sodium nitrite solution after-
wards stabilizes the colored chromatogram zones [18].

The reagent can be used, for example, on aluminium oxide, silica gel, kieselguhr and
Si 50000 layers; cellulose layers are not suitable.

B

Method

The chromatograms are freed from mobile phase in a stream of warm air, then either
immersed briefly in one of the dipping solutions or homogeneously sprayed with one
of the spray solutions, until the layer begins to be transparent. Then they are heated
to 105-120°C for 10-30 min [2, 9, 14, 16, 17].

Indole derivatives yield red to blue-violet chromatogram zones on an almost colorless
background [2, 3, 12]; these zones gradually fade [12]. Monoterpene ketones yield
yellow-gray to red-brown chromatogram zones [14]. Hydroxyskatoles initially yield
yellow chromatogram zones but these change color to gray-brown or green-brown on
heating or if allowed to lie [13].

Note: The individual components of the reagent can also be applied separately one
after the other [12, 15], e.g. the chromatogram is first immersed in an 8% methanolic
4-(dimethylamino)-benzaldehyde solution and then, after intermediate drying, sprayed
with 25% sulfuric acid [12]. 4-(Dimethylamino)-benzaldehyde can be replaced in the

reagent with 4-(dimethylamino)-cinnamaldehyde [1].

Procedure Tested 1

Tropane Alkaloids [16]

Method Ascending, one-dimensional development in a trough chamber
without chamber saturation.

Layer HPTLC plates Silica gel 60 F,5, (MERCK) that are prewashed,
before application of the samples, by developing in chloroform —
methanol (50+50) to the upper edge of the plates and then dried
for 30 min at 110°C.

Mobile phase Acetone — toluene — ammonia solution (25%) (40+15+5).
Migration distance 5 cm

Running time 10 min

Detection and result: The chromatogram was dried in a stream of warm air until the
ammonia was completely removed (ca. 45 min), cooled in a stream of cold air for
5 min, immersed twice in the dipping solution (variant 1) for 10 s, with brief inter-
mediate drying in a siteam of cold air, and then heated to 120°C for 30 min.

Atropine (hR; 30-35) and scopolamine (hR; 60-65) appeared as red chromatogram
zones on a reddish-gray background. The detection limits lay at 50 ng substance per
spot.
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In situ quantitation: The absorption photometric evaluation in reflectance was carried

out at wavelength A = 500 nm (Fig. 1).

4-(Dimethylamino)-benzaldehyde-Sulfuric Acid Reagent 257

intermediate drying in a stream of cold air and then heated, while still damp, to 95°C

for 1l minon a hot nlate Than ofian oo T2 o __ o

101 1 iin Of a noOt piatd. 1neh, ariei cooling {0 room temperature, it was immersed for

1 s in a solution of liquid paraffin — #-h (1+2) to stabilize the reflectan ,

3 -=— Start|

~—- Front

of dihydroergotamine and dried for 5 min in a stream of cold air.

Lysuride hydrogen maleate (hR; 30-35), methysergide maleate (hR; 40-45),
dihydroergotamine mesylate (hR; 45-50) and ergotamine tartrate (hR; 70-75) ap-
peared as gray-violet chromatogram zones on a colorless background. The detection
iimits — caicuiated for the free base — were 15-30 ng substance per chromatogram
zone.

In sita quantitation: After waiting for 50 min the absorption photometric evaluation
in reflectance was carried out at wavelength A = 590 nm (Fig. 2).

3

B

Fig. 1: Reflectance scan of a chromatogram track of an Atropa belladonna extract (A) and of a
reference track (B) with 200 ng of both atropine (1) and scopolamine (2).

Procedure Tested 2

Ergot Alkaloids [17]

Method Ascending, one-dimensional development in a trough chamber
without chamber saturation.

Layer HPTLC plates Silica gel 60 F,54 (MERCK).

Mobile phase Acetonitrile — 1-propanol — water (125+28+15).

Migration distance 6 cm

T rate
[ iitie]

o
-

Detection and result: The chromatogram was freed from mobile phase in a stream of
cold air for 5 min, immersed twice in the dipping solution (variant 2) for 10 s with brief

————

-~

] -— Start

S Front

Fig. 2: Reflectance scan of a chromatogram track of 90 ng each lysuride hydrogen maleate ),

methysergide 1 (2), dihydroergc i yl (3) and ergotamine tartrate (4) per
chromatogram zone.
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rreparaiion of the Reagent
Dipping solution Dissolve 1 g dimethylglyoxime (diacetyldioxime) in 100 ml eth-
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Dissolve 0.1 to 1 g dimethylglyoxime in 100 m! 96% ethanol {1, 5]
or in ammonia solution [4, 8].
Storage The reagent solutions may be stored for longer periods.
Substances Dimethylglyoxime
Ethanol
Ammania g ul-

Ammonia
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Layer HPTLC plates Cellulose F,5,, (MERCK) that have been pre-

cicaned by developing once to the upper edge of the piate with

chloroform — methanol (50+50) and then dried at 110°C for

A series of metal cations (Ni, Fe, Co, Cu, Pt) form colored complexes with
dimethylglyoxime in ammonia solution or weakly acidic medium.

N
H;C—C=N_ N=C—CH
3 \N'/ \ 3
AN
H,C—C= III=C-—CH3
~H-0

30 min.
Mobile phase Ethanol — water — nitric acid (65%) (70+18+12).
Migration distance 6 cm

Running time 45 min

Detection and result: The chromatogram was dried for 5 min in a stream of cold air,
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 (hR; 35-40) appeared as red and cobalt cations (hR; 40-45) as yellow

Method

The chromatograms are freed from mobile phase in a stream of warm air, immersed
in the dipping solution for 2 s or sprayed homogeneously with the spray solution, then
dried in a stream of cold air and exposed to ammonia vapor in a twin-trough chamber.

Red-violet (Ni), red-brown (Co, Fe, Cu), flesh-colored (Mn) or pale gray-violet (Mn)
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-
matogram zone [9].

The reagent can be used, for example, on aluminium oxide, silica gel, kieselguhr,
Si 50000, RP and cellulose layers. Sodium molybdate-impregnated phases and zirco-
nium oxide layers are also suitable [1].

Procedure Tested

Ninkal and Cahalté Catinne 101
Nicke! and Cobalt Cations [9]
Method Ascending, one-dimensional development in a trough chamber

without chamber saturation.

chromatogram zones on a colorless background.
The detection limits lay at 20 ng substance per chromatogram zone,

In situ quantitation: The absorption spectrophotometric measurements in reflectance

were made at 2 mean wavelensth A = 4280 nm (Fic. 1A) o1 at wavelensth )
vere mace at a mean waveiengtn A =480 nm (Fig. 1A) or at wavciength A = 450 nm

for cobalt (Fig. 1B) and A = 510 nm for nickel (Fig. 1C).

-=— Front

~— Start
@ [ —— Start
-— Front
~=— Front

A

© , —— Stort

Fig. 1: Reflectance scans of a chromatogram track with 200 ng each of nickel (1) and cobalt (2)
cations per chromatogram zone: Scans at A = 480 nm (A), 450 nm (B) and 510 nm ©).
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(Kedde’s Reagent)

Reagent for:

@ Steroid glycosides and aglycones
e.g. cardenolide glycoside: [1-7]

from Anodendron [8), Digitalis [9-12],
Strophantus [13, 14] and
Convallaria species

0. OH

N’IESL NO,

0,
C;HN,O4 KOH
M, =21212 M, =561l

Preparation of the Reagent

Solution I Dissolve 2 g 3,5-dinitrobenzoic acid in 100 ml methanol.
Solution II Dissolve 5.7 g potassium hydroxide in 100 ml methanol.

Dipping solution Dissolve 0.5 g 3,5-dinitrobenzoic acid in 50 ml ethanol (96%)
with gentle warming and mix with 50 ml sodium hydroxide solu-
tion (¢ = 2 mol/L) before use [17].

Spray solation Mix equal volumes of solution I and solution II before use [1, 8,
10, 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
A ey it e -
S b ‘anc s 3 5 Dinit[obenzoic acid lel.llllll Peicinolnic acia 1cagent [l]. lllU msiavuiy 01 ulc LUIU[W uUIlVa[lVCS pro
nbstanee ot duced makes the reagent unsuitable for quantitative analysis [16].
id [LIT ll \.I.I MUC CLICLS . . . . -
;,ethal:ol T P The detection limits for Convallaria glycosides are 20 ng substance per chromato-
Ethanol gram zone [16].

Sodium hydroxide solution

Reaction

| PR S L T PR TR PP ORI NP LIPS PR L PP

The Y-1acione uug of the steroid skeleton forms an intermediate cardenolide anion in

alkaline medium that nucleophilically adds to the 3,5-dinitrobenzoic acid in the posi-

The reagent can, for instance, be used on silica gel, kieselguhr and Si 50000 layers.

Procedure Tested 1

Cardenolides [16]

tion ortho to the two nitro groups. A mesomerically stabilized red-violet anion is pro-
duced (MEISENHEIMER complex).

MEISENHEIMER complex

Method

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
can first be sprayed lightly with solution I and then with an excess of solution II.

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
100 ml 33 percent methanol [4]. The KEDDE reagent [15] can also be applied very suc-

Meihod Ascending, one-dimensional development in a trough chamber
with chamber saturation.

Layer TLC plates Silica gel 60 F,54 (MERCK) that had been precleaned
before applying the samples by developing once with methanol —
chloroform (50+50) and then dried at 110°C for 30 min.

Mobile phase Ethyl acetate — methanol — water (81+11+8).
Migration distance 10 cm

Running time 25 min

Detection and result: The chromatogram was freed from mobile phase and homoge-
neously sprayed with the spray solution.

The cardenolides g-strophanthin (hR; 5-10), convallatoxin (hR; 30~35) and k-
strophanthin (hR; 50-55) immediately formed red-violet chromatogram zones that
gradually faded. Hence, the reagent was not always suitable for quantitative work.

Tha wiciial datandd o Tel ony PR PO T

The visual detection limits were 20 ng substance per chromaiogram zone.
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of warm air. Digoxin (hR; 30-35) and digitoxin (hR; 40-45) yielded violet chromato-
gram zones on a colorless background. The detection limits were 50 ng substance per

hromatogram zone.

In situ quantitation: The absorption photometric scan at Amax = 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.

2

ANR

A B

Fig. 1: Chromatograms of reference substances (A) and of a lily of the valley extract (B): 1 =
g-strophanthin, 2 = convallatoxin, 3 = k-strophanthin

Procedure Tested II

Digitalis Glycosides [17]
Method Ascending, one-dimensional development in a trough chamber
with chamber saturation.

Layer HPTLC plates Silica gel 60 F,s, with concentrating zone (RIEDEL
DE HAEN, MERCK).

Mobile phase Actone — dichloromethane (60+ 40).
Migration distance 5 cm
Running time 8§ min

Detection and result: The chromatogram was freed from mobile phase, immersed in the
dipping solution for 2 s and then examined immediately after brief drying in a stream

—— Start
—=— Front

Fig. 2: Absorbance scan of a chromatogram track with 500 ng each of digoxin (1) and digitoxin (2)
per chromatogram zone.
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Preparation of the Reagent

amgndt Fame
NRCAZTIL 101 .
® Amines

e.g. aliphatic prim. and sec. amines [1, 2]
such as o-/B-alanine, ethylamine, diethylamine, piperidine, mescaline
desipramine, ephedrine, maprotiline, nortriptyline

aromatic prim. and sec. amines 18}

o
8. aromatic and mine

Dipping solution 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-
ponents. Dilute the filtrate with methanol (1+1).

Dipping solution II Methanolic sodium hydroxide solution (¢ = 0.5 mol/L).

Spray solution 1 Dissolve 500 mg fast black salt K in 100 ml water; filter off any
insoluble components [1-3, 5].

Spray solution II Sodium hydroxide solution (¢ = 0.0.5 mol/L) [1-3, 5].

such as aniline, 2,4,6-trimethylaniline, bromhexine, diphenylamine, Storage The dipping and spray solutions are stable for up to one day.
i “;“et‘h“?‘“e* [‘ﬁ““‘“‘e Substances Fast black salt K
e.g. aromatic fert. amines Sodium h ide 0.5 mol/L
such as N,N-dimethylaniline, N,N-dimethyl-p-toluidine odium hydroxide 0.5 mo)
Methanol
® Phenols
e.g. catechin, resorcinol, hydroquinone, morphine [1]
@ Salbutanol, isoprenaline, terbutaline [1]
@ Tetracyclines [1] .
@ Aromatic N-heterocyclics Reaction

e.g. pyrrole, imidazole, indole [1]
® Quaternary ammonium compounds [2]
® Psychopharmaceuticals
e.g. chlorprothixene, haloperidol, sulpyride,

perphenazine [2] N C”
oxaflozane and its metabolites [4] N*
® Analeptics, stimulants [3] OCH;,
e.g. amphetamine, preludin, captagon [6] o (ZnCly),n
methamphetamine [1, 6] H,CO™ T
@ Diethyl malonate [1] NN

® pB-Blockers [2, 3, 5]
e.g. alprenolol, atenolol, oxprenolol,
propranolol, timolol, acebutolol

metoprolol, sotalol NO,
NaOH (C4H,CIN;O,), - ZnCl,
M, = 40.00 M, = 546.36

Sodium hydroxide  Fast Black Salt K

Aliphatic primary and secondary amines primarily react with the diazonium compound
fast black salt K to yield colored triazene derivatives [1] according to the following
scheme:

R—NH, m) Ar—-N=N-NH-R —> Ar—~NH-R + Ar—NH,

Prim. amine Triazene derivative .
N [Ar—-N=N|Cl™
[Ar-N=N]CI~  +
Fast Rlack salt K R R
N N _NoN—N?
R”NH —Hcl Ar—-N=N N\R‘ Ar—N=N-NH-Ar
Sec. amine Triazene derivative Triazene derivative
H;CO,
Ar = N=N-©—N02

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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Migration distance 8 cm

Running time 60 min

The chromatograms are dried in a stream of warm air, sprayed homogeneously with
spray solution 1, dried briefly in a stream of hot air, then sprayed lightly with spray
solution 2 and finally dried in a stream of warm air. In the case of B-blockers this is
followed with a further light spray with spray solution 1 [S].

Aliphatic and aromatic primary amines yield violet to violet-red chromatogram
zones and aliphatic and aromatic secondary amines orange-red to brownish-red
chromatogram zones on a colorless background; phenols are colored red-violet, light
brown or green; pyrrole, imidazole, indole yield violet and diethyl malonate yields
orange zones [1]. B-Blockers are colored orange to reddish-violet [5].

Note: Color reactions occur even before application of spray solution II [6]. Tertiary

aliphatic amines and phenols wi & d para-positions-and-aromatic N-

Detection and result: The chromatogram was dried for 15 min in a stream of warm air
and first examined under UV light. Tetracycline, chlorotetracycline, doxycycline and
oxytetracycline fluoresced red under long-wavelength UV light . = 365 nm). These
four substances appear as dark zones on a pale blue fluorescent background (fluores-
cence quenching) under short-wavelength UV light (A = 254 nm).

The chromatogram was then immersed in dipping solution I for 15, dried briefly in
a stream of warm air and then immersed in dipping solution II for 1 s. It was then dried
in a stream of warm air for 10 min.

Tetracycline (hR; 35-40) produced blue and doxycycline (hR; 15-20), chlorotetra-
cycline (hR; 25-30) and oxytetracycline (hR; 40-45) produced violet chromatogram

(hKx

zones on a yellow background. The detection limits for all 4 compounds were 2 ng

acylated amines, e.g. acetanilide, do not react [1].

The color hues produced in the reaction do not appear to be affected by differing
substituents at the amine nitrogen; however electron-attracting substituents at the
@-C atom appear to reduce the detection sensitivity of the reaction [1]. 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 [1].

The detection limits for analeptics and stimulants are 2 to 5 pg substance per
chromatogram zone [6]. B-Blockers can be detected at 50-100 ng per chromatogram

zone [5].
The reagent can be employed, for instance, on silica gel, kieselguhr, Si 50000 and RP
layers.

Procedure Tested

Tetracyclines [7]

Method Ascending, one-dimensional development in a trough chamber
with chamber saturation.

Layer HPTLC plates RP 18 WF,s,, (MERCK).

Mobile phase Oxalic acid (c = 0.5 mol/L, aqueous) — acetone — methanol

(27+10+6).

substance per chromatogram zone (A = 550 nm).

In situ quantitation: The absorption photometric evaluation in reflectance was carried
out at the wavelength A = 550 nm (Fig. 1A) or = 580 nm (Fig. 1B).
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Fig 1: Reflectance scan of a chromatogram track with 16 ng of each substance per chromatogram
zone: measurement at A = 550 nm (A) and at A = 580 nm (B). Note: The ordinate for (B) has been
compressed by ca. S0% in comparison to (A): 1= doxycycline, 2 = chlorotetracycline,
3 = tetracycline, 4 = oxytetracycline, 5 = unknown.
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® Phenols [1]
e.g. tetracycline antibiotics [2, 3]

Reagent for:

r = |
I

HN O
O_CH; | - ZnCl,
H, 0
N* a”
[}
L N i,

(Ci7H 5CIN;O3), - ZnCl,
M, = 831.88

Preparation of the Reagent

Dipping solution

Spray solution

Storage

Qo
Supsiances

Dissolve 0.5 g fast blue salt BB (C.I. 37175) in 25 ml water and
make up to 100 ml with methanol [1].

Dissolve 0.5 g fast blue salt BB in 100 ml water [2].

The reagent solutions should always be prepared fresh and fast
blue salt BB should be stored in the refrigerator.

Fast biue sait BB

Methanol
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Procedure Tested

Fast blue salt BB couples with phenols, preferably in alkaline medium, to yield intensely
colored azo dyes.

g
/\I .
f OH HN"SO
HN OC,Hs
e+ 1) —
H;C,0
HsCG0 N=N OH
3 W,

1-Naphthol and 2-Naphthol [1]

Method Ascending, one-di ional development in a trough chamber
with chamber saturation.

Layer HPTLC plates Silica gel 60 F,s54 (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.

Mobile phase Toluene — triethylamine (30+10).

Migration distance 6 cm

Method

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 the spray solution and
then heated to 110-120°C for 5-10 min [1, 2].

Chromatogram zones of various colors are produced on a pale yellow-orange colored
background [1, 2].

Note: The dipping solution can also be used as a spray solution. RP layers should be
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
spray with alkalis, e.g. pyridine, after the heat treatment step [2, 3].

The detection limits per chromatogram zone are 30-50 ng for tetracyclines [2, 3] and
2 ng for 1- and 2-naphthol [1].

The reagent can be used, for example, on silica gel, kieselguhr, Si 50000, and RP
layers.

Running time 12 min

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 s and
then heated to 110°C for 5 min.

2-Naphthol (hR; 50-55) appeared as a pink and 1-naphthol (hR; 60-65) as a vio-
let-green chromatogram zone on a pale yellow background. The detection limits were
2 ng substance per chromatogram zone.

In citu anantitations Tha ahearntian nhatamatrio avaluuation in raflastanca wae carriad
=0 SHU GUanUalcn: 1 1¢ aosorplion pnoiomeinc cvaiuation in réiediance was cairica

out at the absorption maximum of 1-naphthol (A, = 460 nm, Fig. 1A) or at the ab-
sorption maximum of 2-naphthol (A, = 520 nm, Fig. 1B), as required.

5 2 B E 5
) 1 = n 2 [
| | | |
A B

Fig. 1: Absorbance scan of a chromatogram track with 100 ng each of 2-naphthol (1) and I-
naphthol (2) per chromatogram zone: (A) scanned at A = 460 nm, (B) scanned at A = 520 nm.
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It is very often advantageous in thin-layer chromatography to be able to obtain a
preliminary impression of a substance separation by first exposing the plate to a rapidly
carried out, ec,urmmxcauy pnced universal reaction before passmg on to final character-
ization using group-specific or even better substance-specific reactions.

Iodine is such a universal reagent. It was introduced by MANGOLD [1] as early as 1961
for the analysis of lipids and used again within a year by BARRETT [2] as a “nondestruc-
tive reagent”.

Detection by iodine is usually based on physical concentration of iodine molecules
in the lipophilic chromatogram zones without any reaction occurring Todine is more

b ce-zones than in the 1chb. lar h fr

strongly enriched in the nes-than-in-the neighboring polar; free

silica gel or alumina layer. The result is brown chromatogram zones on a yellow back-
ground [3].

lodine 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
polyamide layers.

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-
Jected to further reactions and separation steps (e. g. SRS techniques, 2-D separations,
coupling techniques such as TLC/GC etc.). The chromatogram zones can also be
stabilized by spraying with 0.5 to 1 percent starch solution [4, 5]; the well-known blue
clathrates that are formed (starch-iodine inclusion compounds) remain stable for
months.

Some substances, e g. penicillin and pyrazolinone derivatives, are poorly detecied by

“iodine staining” with detection limits of 2-4 pg substance per chromatogram zone
[6, 71. The limits for lipids and for opium alkaloids lie with 50-500 ng [8] in the middle
nanogram range [9].

Exposure of rhodamine 6G-impregnated silica gel layers to iodine vapor for two to
five minutes followed by irradiation with UV light leads to the sensitive blue coloration
of 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
substances 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
be established whether there has been a chemical reaction between iodine and the test

substances by application of the SRS hnigue [}
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RN-I, — RN-I+1-
T
RN + I*

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
role [11, 12]. Irreversible oxidations and electrophilic substitution and addition reac-
tions have been observed on the interaction of iodine with tertiary nitrogen com-
pounds; such reactions possibly depend on particular steric relationships or are favored
by particular functional groups [13, 14].

The “iodine reaction” is possibly a one-electron oxidation with the initial formation
of a radical cation:

R:+ 1725, — Rt4I-

Reactants Radical-

In acidic media the n-g-complex can also produce periodide anions or periodide com-
plexes; these — like the iodide anion — are appreciably less reactive than the iodine
cation [13].

RN -H + 1]

.
R;N -1 + 21~ + H*
3 — R;N - HI,

Table 1 lists examples of the observation and demonstration of such reactions.

cation

This can then react in various ways. The following products can be derived
schematically:

Other oxidation
R—0-OH products
0,
R: =% R* O R-—OH (Phenols)
\+R NS
AN
R, R=0 (Quinones)

Dimers or

oligomers

Charee transfer complexes can alsc be formed, as shown us

ino a tartiarv nitrocen
LNarge transicr CoOmpi:cxes Can aiss IOrmeq, as snown using a T
& i)

HLrogen

compound as an example. An iodine molecule first adds to the nitrogen compound:
RiN+1I, — R3)N-I,

The complex that is formed can dissociate to form a cation (n-o-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-o-complex can lead to the formation of
highly reactive iodine cations, which can initiate further reactions — e.g. oxidations or
electrophilic substitutions of aromatic systems [11, 13].

Substances Sorbent Remarks References

Estrone derivatives Silica gel GF,5, Iodination to 2-iodoestrone [12]
and 2.4-diiodoestrone

Polycyclic aromatic hydro- Silica gel G Formation of oxidation [15]1
carbons, indole and quinoline products via the initially
derivatives, naphthylamines, formed iodine complexes

azulenes
Polycyclic aromatic hydro- Silica gel G Monovalent oxidation of [16]
carbons the iodine complexes via
radical cations yields dimeric
or tetrameric aromatics
Pyridine, pyrrole, indole, Silica gel G Detection by two-dimen- 11
quinoline and isoquinoline sional TLC
alkaloids
Emetine, cephaeline Silica gel 60 After iodine treatment [17

emetine fluoresces yellow
and cephaeline blue

able 1T Examples o1 treatment with 10dine leading to oxidation, ition or substitution products.




280 Iodine Reagents

Table 1: (continued)

Qnt

Sorbent

Remarks
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So a check must always be made of whether the universal iodine reagent can be used

for nondestructive testing or whether the substances undergo irreversible changes. The

Pharmaceuticals

Silica gel

Irreversible reaction of
iodine with acetylsalicylic
acid, aethaverine, amido-
pyrine, ascorbic acid, benzo-
caine, quinine, dihydroco-
deine, fluorescein, glycine,
hydrocortisone acetate, isoni-
azid, metamizole, papaverine,
paracetamol, phenacetin,
phenol-phthalein, piperazine,
resorcinol salicvlic acid.

esorcinol, salicylic acid,

salicylamide, sulfaguanidine,

[18]

iodine reagents are preferentially used for the detection of lipophilic substances (fats,
waxes, PAH’s etc.) and since this chapter would be inordinately long if all the
substances were listed and the references cited the iodine monographs that follow only
include those classes of compounds where the use of iodine as a detection reagent seems

—yvciral
unusuai.

Quinine alkaloids (quinine, cin-

chonine), barbiturate deri

retinol, calciferol and chole-
calciferol

Morphine, oxymorphone

Opium alkaloids (morphine,
codeine), acetylmorphine, oxyco-
deinone, brucine, phenyl-
butazone, ketazone,
trimethazone

Thiols and thioethers (dithiaden,
prothiaden, thiamine etc.)

Alkaloids (codeine, brucine),
phenothiazines (promethazine),
sulfonamides (sulfathiazole),
vitamins (axerophthol,
cholecalciferol)

Aluminium oxide
I—I RE

Silica gel

Aluminium oxide
pH 8.6

Aluminium oxide
pH 8.3

Aluminium oxide
pH 8.6

thymol, triethanolamine, tris
buffer; detection by reaction
chromatography

Elimination of vinyl groups,

e to double
€ {0 aoubie

bonds, ester cleavage; detec-
tion by IR

Iodination

Iodine addition to the ter-
tiary nitrogen of the opium
alkaloids and to the OCH,
group of the brucine with
formation of an o-quinone
derivative, probably ring
opening in the case of
phenylbutazone, ketazone

and trimethazone: detectiom
ana tnmetnazone; aetection

by IR

Oxidation of sulfur and at-
tack of the double bond in
the thiazole ring

Irreversible complex forma-
tion or saturation of double
bonds; detection by IR

[14]

[19]
[13]

[20]

[21]
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Reagent for:

® Lipids
e.g. fats, waxes, hydrocarbons [1-4]
free fatty acids, diglycerides [5], fatty acid esters [6],
prostaglandins [7], arene-cyclopentadienyl iron complexes [8]
Phospholipids
e

8. lecithin [5, 9-11], sphingomyelin [10]

@ Pharmaceuticals
e.g. antibiotics
such as penicillins [37], maridomycines [38], ferrithiocin [39]
€.g. amphetamines
such as phentermine, methamphetamine, ephedrine [40]

e.g. benzodiazepines
such as chlordiazepoxide [35], diazepam [35, 36]
¢.g. miscellaneous pharmaceuticals [42]
such as propoxyphene {43], barbitai {36], phenacetin, antipyrin [35],

N-cyanobenzylamphetamine [41]

triamcinolone acetonide ester [44]

phosphatidylcholine [12], dioleylphosphatidylcholine [13]
ceramides [14], gangliosides [15]
® Steroids [16, 17]
e.g. cortisone, testosterone, corticosterone [18]

a nAaretaraida N1
estrone [19], 19-norsterocids [20]

@ Carotenoids [21]
@ Antioxidants
e.g. cyclopentylphenols [22]
@ 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-100 [27]
alcohol ethoxilates [27, 28],
arlacel A [29]
® Polymers
e.g. polyethylene glycol derivatives [30, 31]
polystyrene, polytetrahydrofuran [31]
® Pesticides
e.g. carbamates [32]
such as propamocarb [33]
e.g. aziridine derivatives [34]
® Purine derivatives
e.g. theophylline, caffeine [35, 36]

® Mycotoxins

e.g. slaframine [48]

@ Carbohydrates {49}

germine, germine acetate and diacetate [45],
xanthone [46], opium alkaloids [47], captopril [45]

I
M, = 253.81

Preparation of the Reagent

Todine reagent

Starch dipping
solution

Storage

Substances

Place a few iodine cystals on the base of a chamber that can be
tightly sealed (e. g. twin- trough chamber). Violet iodine vaporizes
and distributes itself homogeneously throughout the interior of
the chamber after a few hours. Gentle warming of the iodine

chamber accelerates the vaporization of the iodine.

Dissolve 0.5 g soluble starch in 100 ml water with heating.

The iodine chamber should be stored in the fume cupboard.

lodine
Starch, soluble
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Reaction
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is very sensitive and, hence, should only be carried out if there are only traces of iodine

in the chromatogram zones, otherwise the whele background will be colored blue.
in the chroma 3

Occasionally the starch treatment yields white chromatogram zones on a blue

Iodine is enriched to a greater extent in chromatogram zones coated with lipophilic
substances than it is in a hydrophilic environment. Hence, iodine is only physically
“dissolved” or adsorbed. Occasionally a chemical reaction also takes place, such as, for
example, with estrone [19] (cf. “Iodine Reagents™). In general it may be said that the
longer the iodine effect lasts the more oxidations, additions or electrophilic substitu-
tions are to be expected.

Method

background (cf. procedure tested 2). This is probably a result of 1o.dme be.mg.con§umt;d
by a chemical reaction with the zone leaving a large quantity of iodine in ;
background for the formation of a starch-iodine complex. Such effects are. not observed
on cellulose, CN and water-wetted RP 18 layers, possibly because mstffim:entfadsor?e

T ishborhood of the chromatogram zones for the formation
iodine is available in the neighborhood 01 the Cnromatogs : '
of the blue complex or because, for example, the CN phase is not homogeneously wet
ted by the starch solution.

ThZ detection limits are generally a few pg substance per chromatogram 'zo.ne. Ho.wever,
the iodine detection is appreciably more sensitive for some substances: it is possible to
detect 200 ng glucose [49] and 10 ng propamocarb per chroma}t(fgram z?:{e [31]:_ B

The reagent can be used most advantageously on aiuminium oxide, silica gei,

The chromatograms are freed from mobile phase in a stream of warm air, cautiously
placed in the iodine chamber and left there for varying periods of time, depending on
the substance class (e.g. 5-10s [11, 15-30 s [17, 501, 1 min [38], 5-15 min [11, 25] or
even up to 30 min [22, 24] or for several hours [42].

Brown-violet chromatogram zones are generally formed on a yellow background and,
in some cases, these fluoresce when viewed under UV light (A = 254 or 365 nm) after
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.

chromatographe:

Carotenoids immediately form an olive-green complex, which fades irreversibly if the
exposure to iodine is prolonged [21].

Note: The iodine evaporates relatively quickly from the layer after a chromatogram has
been removed from the iodine chamber. This evaporation of the iodine can be con-
siderably delayed by covering the chromatogram with a glass piate; the edge can also
be sealed with adhesive tape, if necessary. Iodine solution can also be used for detection
instead of iodine vapor.

Since iodine possesses fluorescence-quenching properties (true fluorscence quencher)
iodine-containing chromatogram zones on layers containing fluorecence indicator Fysq
appear as dark zones on a yellow-green fluorescent background when viewed under UV
light (A = 254 nm) — even if there are only traces of iodine in the chromatogram zones.

The chromatogram zones colored by iodine can be fixed later by treatment with a
0.5-1% aqueous starch (amylose) solution. This yields the well known, deep blue

iodine-starch inclusion complex which is stable over a prolonged period. This reaction

Kieselguht, Si-50000, cellulose, diol and water-wettable RP 18 layers; there is less con-
k e Si-50

trast in color on strongly hydrophobic RP 18 phases. NH, and polyamide 'layerls :3
not suitable because the iodine is too strongly bound and the whole layer is colo:

green-yellow.

Procedure Tested 1

Fatty Gils {51}

Method Ascending, one-dimensional development in a trough chamber
with chamber saturation.

Layer TLC plates cellulose (MERCK) that have been impregnated by dip-

" ping in a solution of liquid paraffin — petroleum Aether (5+95)

(40-60°C) for 4 s and then dried in the air for 5 min, before ap-
plication of the samples.

Mobile phase Acetic acid (99%)

Migration distance 12 cm

Running time i5h

Detection and result: The chromatogram was freed from mobile phase in a stream of
warm air and placed in an iodine chamber for 5 min. Brown chromatogram zones were
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formed on a light brown background (Fig. 1A). After waiting for a few minutes while

tha awoace indina sunmacatad foren sho Lioo
il ERCESS iGGINT CVAPOTaita ifoim ine

T mc blﬂl}ll.lzuwil.ﬂl was lmmcrseu lll me
starch solution for 1s and dried in a stream of warm air. It was was then possible to
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Migration distance 10 cm
Running time 175 h

recognize the oil components as blue chromatogram zones on a light background
(Fig. 1B).

In situ quantitation: The reagent was not suitable for quantitative in situ evaluations.

Detection and result: The chromatogram was freed from mobile phase in a stream of
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
changed color to white zones (Fig. 2B).

In situ quantitation: The reagent was not suitable for in situ evaluations.

Fig. 1: Chromatogram of fatty oils (9 ug each per 10 mm band) after iodine vapor treatment (A)
e A A fbae o AAIE b et 2t P S Y

and after additional immersion in a starch soluiion {B): Track i: avocado ou Track 2: sunfiower
oil, Track 3: linseed oil, Track 4: almond oil.

Detergent Dehydol LS 3 [51]

Method Ascending, one-dimensional development in a trough chamber
with chamber saturation.

Layer TLC plates Silica gel 60 with concentrating zone (MERCK).

Mobile phase 1-Propanol — glacial acetic acid (90 + 10).

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 pg as spots.
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Preparation of the Reagent

Reagent for:

[

Lipids (fats, waxes, hydrocarbons)

e.g. nitrobenzylarenes [1], cholesteryl esters [2, 3], lipopurothionine [4]
mono- and diglycerides [5]
unsaturated lipids [6]

Phospholipids

e.

phosphatidylcholine [7], phosphatidic acid [5]

Dipping solution Dissolve 250 mg iodine in 100 ml petroleum ether [31].

Dissolve 1 to 5 g iodine in 100 m! methanot [2, 3, 5-7, 11, 12, 19],
chloroform [1, 4, 16, 18, 20, 24], carbon tetrachloride [1S, 28, 29],
petroleum ether [17], diethyl ether [26] or acetone [30].

hyl ether {26] or acetone

Spray solution

Storage The reagent solutions may be stored in the refrigerator for an ex-
tended period.

Substances Iodine
Methanol

Chloroform

Carbon tetrachloride

phosphonolipids [8, 9]

Polymers

e.g. polyisoprene, polybutadiene [10}
poly(methylmethacrylate) [10, 11]
polyethylene glycols [12]

Pyrimidine nucleoside derivatives

e.g. uridine derivatives [13]

Alkaloids

e.g. codeine [14], emetine, cephaeline [15, 16]
psychotrine [16], hippadine [17]

Pharmaceuticals [18]

e.g. benzodiazepines [19], thalidomide [20]
dithiocarbamoylhydrazine [21], neostigmine [14]
4-amidinophenylpyruvic acid [22]
6-mercaptopurine derivatives [23]
cnicine, artemisiifolin, salonitenolide [24]

Tertiary amines and quaternary ammonium compounds [25-27]

Pyrrolidine derivatives [28]

Imidazole derivatives [29]

Pentoxifylline [30]

™

™

M, =

N

53.81

Petroleum ether
Diethyl ether
Acetone

Reaction

Iodine is enriched to a greater extent in chromatogram zones with a coating of
lipophilic substances than it is in a hydrophilic en

physically “dissolved” or adsorbed. A chemical reaction occasionally takes place too
(cf. “Iodine Reagents”).

et TTamon $o AT fo

nment. Hence iodine is only

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. Only
in exceptional cases, such as, for example, in the detection of emetine and cephaeline,
are the chromatograms then heated to 60-80°C for i0-20 min [i5, 16, 3ij.

Brown chromatogram zones are generally produced on an almost colorless to pale
beige background; the zones occasionally fluoresce when examined under UV light

(A =254 or 365 nm) [15, 16].
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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

belore the reagent is apphed or documny

is recommended that the chromatogram treated with iodine be covered with a glass
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Mobile phase Dichloromethane — methanol (85+15).

Migration distance 2 x 7 cm

plate in order to prevent evaporation of the iodine.

An aqueous 1% starch (amylose) spray can be sprayed on later to intensify the color
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
chromatogram!).

Iodine vapour can be employed as reagent in place of the iodine solution. Water-
resistant layers can be treated with 0.5 to 1% aqueous iodine solutions, e.g. 1 g iodine
and 2 g potassium iodide dissoived in 30 mi water and made up to i00 mi wiih ethanoi

__ or LUGOLs solution or dilute iodine tincture. These solutions all contain in addition

Running fime 2 X I5min

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% ammonia solution.

Cephacline (hR; 6-11) appeared as blue and emetine (hR; 10-15) as yellow fluores-
cent chromatogram zones on a dark background when examined under long-wave-
length UV light (A = 365 nm) (Fig. 1). Emetine — like cephacline — also yielded a blue

mcmcnaman ~m DD Y and DD_1Q lavarc

fluorescence oii RP-2 @i Rr-1o i8yers.

The detection limit was ca. 200 pg for emetine.

potassium iodide to form the stable complex KI-I, with the iodine. This greatly
reduces the evaporation of the iodine from the chromatogram so that later treatment
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
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, CN, Diol and NH, phases.

Procedure Tested

Alkaloids in Ipecacuanha Tincture [31]

Method Ascending, one-dimensional, two-fold development in a trough
chamber with chamber saturation.

Layer HPTLC plates Silica get 60 F,s, (MERCK).

Note: Under the conditions employed emetine and cephacline were not well separated
but there was good resolution of the subsidiary alkaloids of the ipecacuanha tincture
(Fig. 1). 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 %)
(34+6+1); migration distance: 6 cm; running time: 13 min; hR;: cephaeline 65-70;
emetine 75-80.

1 2 3

Fig. 1: Chrc of ipec hna tincture and of the standard substances: 1 = emetine,
= tincture, 3 = cephaeline.
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3

In situ quantitation: For fluorimetric evaluation excitation was carried out at

'l'cxc =313 nm and the fluorescence emission of emetine was measured at ;x\’ﬂ > 460 nm

(cut off filter Fl 46).

Iodine Solution, Neuiral Reagent 295
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[21] Olthoff, U., Matthey, K.: Pharmazie 1974, 29, 20-25.

[22] Richter, P., Wagner, G., Kazmirowski, H.-G., Usbeck, H.: Pharmazie 1976, 31, 279-282.

[23] Wagner, G., Oehlke, J., Pischel, H.: Pharmazie 1974, 29, 160~164.

E . ‘- § [24] Vanhaelen-Fastré, R., Vanhaelen, M.: Planta Med. 1974, 26, 375-379.
@ o 1 w [25] Giebelmann, R.: Zbl. Pharm. 1976, 115, 491-497.
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i Lo togr. 1986, 354, 107-118.
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Fig. 2: Fluorescence scan of the chromatogram tracks of the standard substances cephaeline (A)
and emetine (B) and of the ipecacuanha extract (C). Amounts applied: cephaeline 0.5 pg,
emetine 0.7 pg per 10 mm track length.
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Spray solution II For purine derivatives:
Solution A: Dissolve 0.1 g potassium iodide and 0.2 g iodine in

10-m1 96 % eth. 1167}

Acidi

(]

eagent

Reagent for:

® Alkaloids [1]
@ Polyethylene glycols [1]
® Pharmaceuticals

10-m1-96% [6;: -
Solution B: Mix 5 ml 25% hydrochloric acid with 5 ml 96%
ethanol [6, 7].

Spray solution III  For antibiotics:

o 1% starch solution with 8 ml acetic acid and 1 mi
IVIIX lUU lul 10 Starcn )U uLion wiul o mii uc acia 14 1 i
0.1 N iodine solution [4].

Storage The reagent solutions may be stored for an extended period.

Substances Iodine
Potassium jodide
Hydrochioric acid (25%)
Ethanol (96 %)

€.g. tertiary nitrogen compounds
such as phenothiazines [2], phenylalkylamines,
chlorphentermine, cloforex [3]
e.g. antibiotics
such as nmn' illi
penicillin [S]
e.g. purine derivatives
such as caffeine, theobromine, theophylline [6-8]
@ Pesticides
e.g. fungicides

PR -

SuCni a§ riaoimi 7]

3
e

I, KI
M, = 253.81 M, = 166.01

Preparation of the Reagent

Dipping solution Dissolve 0.4 g potassium iodide and 0.8 g iodine in 40 ml 96%
ethanol and add 10 mi 25% hydrochloric acid [8].
Spray solution I For alkaloids: Dissolve 1 g iodine and 10 g potassium iodide in

50 ml water with warming, add 2 ml glacial acetic acid and make
up to 100 ml with water [1].

Acetic acid (100%)
Starch, soluble

Reaction

Tertiary nitrogen and iodine initially form a n-c-complex, from which a strongly reac-

tive jodine cation is produced; this cation can bring about electrophilic substitutions

on aromatic systems or cause oxidations [2].

RN+I, — RN-I+I-
1l
RN: + 1+

In acidic medium the n-c-complex can also form periodide anions or periodide com-
plexes and these — like the iodide anion — are appreciably less reactive than an iodine
cation [2].

+ —_
RN-1+21- + g+ —¢ RN-H+1
S RN +HI

The detection of antibiotics depends on the fact that the iodine contained in the
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-
pound. In the case of penicillin derivatives the 8-lactam ring is nitially opened by aikali

treatment or with suitable enzymes [10, 11]. The penicilloic acid thus formed reacts
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Procedure Tested

rapidly consuming 9 equivalents of iodine [10].

The chromatograms are freed from mobile phase in a stream of warm air, immersed ——
in the dipping solution for 2 s or homogeneousty sprayed with the suitable spray solu-
tion and then dried in air or in a stream of cold air. Alternatively purine derivatives
can be treated successively with the two spray solutions ITA and IIB (with 2 min air

Purine Derivatives [6, 8]

Method Ascending, one-dimensional development in a trough chamber
without chamber saturation.
Layer HPTLC plates Silica gel 60 F,54 (MERCK).

Mobile phase Acetone — ethyl acetate — ammonia solution (25%) (75+23 +2).

Migration distance 6 cm

time 15 ms

drying in between) [6, 7}

Spray solution III, which is suitable for the detection of antibiotics, also contains
potassium iodide! To detect penicillin derivatives the chromatograms must first be
placed — while still damp with mobile phase — for ca. 15 min in an ammonia chamber
before treatment with spray sotution III [5].

This generally produces red-brown to blue-violet chromatogram zones on a sand-
colored background. The detection of antibiotics with spray solution III yields almost
colorless chromatogram zones on a blue background [4, 5].

Note: The dipping solution can also be used as spray solution. Since the chromatogram
zones slowly fade in the air it is recommended that the chromatograms be covered with
a glass plate for long-term storage. Color differentiation is possible with purine
derivatives [6, 8]. Diprophylline is not colored 6.

The subsequent treatment with starch solution frequently employed after the iodine
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 jodine that the whole
background is colored blue [8].

The detection limits for purine derivatives are 120-400 ng and for antibiotics 50 ng
substance per chromatogram zone [4].

The reagent can, for instance, be employed on silica gel, kieselguhr, Si 50000, cellu-
lose and NH, layers; the reaction is appreciably less sensitive on RP 18, CN and Diol
phases, neither is there any color differeniiation of the purine derivatives [8]. Cellulose
and polyamide layers are not suitable, since the whole layer background is colored dark
brown [8].

Detection and result: The chromatogram was dried in a stream of warm air, immersed
in the dipping solution for 2 s, dried in the air for 2 min and then dried for a further
2 min in a stream of cold air. Theophylline (hR; 15-20) and caffeine (hR; 65-70) were
immediately visible as blue-violet chromatogram zones, while etophylline (hR; 40-45)
and proxiphylline (hR; 60-65) appeared a little later as brown zones on a sand-colored
background (Fig. 1A). The detection limits for theophylline and caffeine lay at 120 ng
substance and for etophylline and proxiphylline at 400 ng substance per chromatogram

zone.

In situ quantitation: The absorption photometric scans were carried out in reflectance
at a wavelength of A = 500 nm (Fig. 1B).
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Fig. 1: A) Chromatogram of xanthine derivatives: Track 1: theophylline, Track 2: proxiphylline,

- aQ o0y PNaoaae
Sodium Azide—Starch Reagent

Track 3: mixture, Track 4: etophylline, Track 5: caffeine.

B) Reflectance scan of a chromatogram track with 1.7 pg theophyiline (1), 3 ug each etophylline ‘

(2) and proxiphylline (3) and 1.6 pg caffeine (4) per chromatogram zone.
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e.g. thiols [4, 5] and thioethers [5]
sulfide ions [4]
thiourea derivatives
such as phenylethyl- and 4-pentenylthiourea [4]
N-ethyl-N'-benzylthiourea [6]
oxazolidinethione derivatives [4]
thiazolidine derivatives [7]
S-containing amino acids
such as cystine, methionine [3], cysteine [8]

thichydantoin derivatives [17], PTH amino acids [9-12]

tnionyGantiocin Gervauves i/, rim amme

® Penicillin derivatives and cephalosporins

e.g. penicillic acid, oxacillin, clonacillin,
methicillin, ampicillin, ceporin, cephalosporin C [8]

® Thiophosphorus compounds

e.g. phosphordithioates, disulfides, alkylphosphinsulfides [S]

® Pesiicides

e.g. thiophosphoric acid insecticides [5]
1,4-oxathiine derivatives [13]
ridomil (acylon) [14]

I, NaN;

M, = 253.81 M, 6501 M
Todine Sodium azide

(Awe’s Reagent, lodine Azide
Reaction)
Reagent for:
@ Sulfur-containing compounds {1=3}

(C6HyoO5)n

;= 6500-3000
Starch
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Preparation of the Reagent

Todine- P ium Iodide Solution-Sodium Azide-Starch Reagent 303

mation of the deep blue-colored iodine starch inclusion compound (clathrate complex)

PR i tiad 101

with the starch solution that is also appuca [J, 13, 19].

Dipping solution I Dissolve 0.5 g soluble starch in 100 ml water by heating to boiling ‘

[15].

Dipping solution I 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 I Dissolve 1-3 g sodium azide in 100 ml 0.005 N [8] to 0.1 N iodine
solution [1, 13} and dilute with 100 ml ethanol, if necessary [6].
Alternatively, a solution of 1.27 g iodine in 100 ml 95% ethanol

can be mixed with a solution of 3.25 g sodium azide in 75%’

Method

The chromatograms are freed from mobile phase in a stream of warm air, initially im-
mersed in dipping solution I for 1 s or sprayed homogeneousty with it and then, after
brief intermediate drying in a stream of cold air, either immersed in dipping solution II
for 1 s or homogeneously sprayed with spray solution II.

In the case of penicillins and cephalosporins the chromatograms are first sprayed

ethanol in the volume ratio 1+1, immediately before spraying with 2 N sodium hydroxide solution [8].
[14]. This yields colorless to slightly yellow chromatogram zones on a deep blue-colored
.. . backgroumnd:
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
Todine solution 0.05 mol I,/L (= 0.1 N sol’n)
Starch, soluble
Ethanol

Reaction

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:

I,+2NaN; — 2Nal +3N,

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 applied with the reagent is consumed by reaction
with sodium azide according to the above reaction. It is no longer available for the for-

Note: Alternatively 1% 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 [1, 2, 17] and sometimes the starch is also worked
into the layer so that it is not necessary to spray with it [11, 12]. Sometimes the treat-
ment of the chromatograms with starch solution is omitted [5, 6, 14]; in such cases col-
orless chromatogram zones appear on a brown layer background.

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 pale chromatogram zones.

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-
pleie drying of the layer is reversible: The blue color can be regencrated by treatment
with water vapor [15].

Ridomil, with which the treatment with starch solution was not carried out, is said
10 yield brown chromatogram zones on a pale yellow background [14]. Hence, it may
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.
“lodine Reagents”).

The detection limits for ridomil are 2.5 pg, for penicillin derivatives and cephalo-
sporins 0.5-1 pg [8], for thiophosphate compounds 30 ng — 10 pg and for PTH amino
acids and 1,4-oxathiine derivatives 200 ng substance per chromatogram zone [11, 13].
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The reagent can, for instance, be used on silica gel, kieselguhr, Si 50000, NH, and

s RDLIOWT AT 1o PRI SR coc rioy

Diol layers; RP-18W, CN, polyamide and cellulose phases are not suitabie {i5].
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Procedure Tested

Thiophosphate Insecticides [15]

Fig. 1: Ch 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.

Method Ascending, one-dimensional development in a trough chamber
without chamber saturation.
Layer TLC piates Siiica gei 60 F,s4 (MERCK).
— Mobile phase — #-Hexane — tetrahydrofuran (5+1).

Migration distance 7 cm

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 1 s and then dried for 5-10 min in a
stream of warm air. Then the cooled TLC plate was immersed for 1 s in dipping solu-
tion IL

Azinphos ethyl (hR; 20~25), malathion (hR; 40-45) and diazinone (hR; 47-52)
vielded 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
the blue coloration of the background changed to brown (Fig. 1). The visual detection
limits were 200 ng substance per chromatogram zone.

¥ ofdm oo

In sita quantitation: The uaGTfJﬁOT photometric measurements in reflectance were

-=— Start
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W

Fig. 2: Reflectance scan of a chromatogram track with 500 ng azinphos ethyl (1), 580 ng
malathion (2) and 590 ng diazinone (3) per chromatogram zone.
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® Phenols [1-7]

e.g. flavonoid glycosides and aglycones [8-14]

catechols [15, 16]
tannins [17-19]
such as gallic acid and its esters [16]
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phenolic-pharmaceuticals {26}

such as phenothiazines [20]
acetylsalicylic acid [22]

hydroxycinnamic acid derivatives

such as caffeic acid, chlorogenic acid [23]

1-hydroxyacridone alkaloids [24]

gentisyl alcohol [25], gentisyl acid [20]

fungal toxins

such as orellanin, orellinin, orellin [26]

mycophenolic acid [27]

Enols

e.g. a-ketolactones [28]
Hydroxamic acids [7, 29]
Mycotoxins

e.g. penitrem A [30]
Cholesterol and its esters [34]
Ergot alkaloids [35]

Inorganic anions
e.g. nitrite, iodate, chromate, vanadate, selenite, selenate,

hexacyanoferrate(II) and (III) ions [31]
thiocyanate (rhodanide) ions [32]

FeCly - 6H,0

M, = 270.30
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Preparation of the Reagent

Iron(11l) Chioride Reagent 309

chloroform [5]. A post-reaction treatment with saturated sodium carbonate solution

was deseribed in some cases [pE}]
was GesCiiota i SO Cascs |<J).

The detection limits for phenols are 20-100 ng substance per chromatogram zone

Dipping solution Dissolve 1 g iron(III) chloride hexahydrate in 5 ml water and
make up to 100 ml with ethanol [7].

Spray solution 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], 1-butanol
[30], water [5, 20, 31, 32] or dilute hydrochloric acid [7, 29].

Storage The reagent solutions may be stored in the refrigerator (4°C) for
several days.

Substances Iron(III) chloride, hexahydrate
Methanol

Ethanol (95%)

[33].
The reagent can, for instance, be employed on silica gel, kieselguhr, Si 50000, cellu-
lose and polyamide layers.

Procedure Tested

Aminophenols [33]

Reaction

Iron(III) chloride forms colored complexes with phenols.

Method

The chromatograms are freed from mobile phase in a stream of warm air, immersed
in the dipping solution for 1 s or homogeneously sprayed with the spray solution and
then heated to 100-110°C for 5-10 min.

Variously colored chromatogram zones are produced, usually before heating, on a
colorless to pale beige-yellow background.

Flavanones appear red to blue-violet [8], other flavonoid glycosides green, red-
brown, wine red and red to blue-violet [11, 13], catechols green to blue [15], tannins
blue [17], phenothiazines pink [21], 1-hydroxyacridone alkaloids green [24], penitrem A

green to blue-green [30], inorganic anions pale yellow to blue-green [31].

Note: Dilute acetic acid [22], conc. sulfuric acid [25, 34, 35] have also been recom-
mended for making up the reagent, as have anhydrous iron(III) chloride in dioxane or

3. 4 PSR I : 4 hoon
Method Ascending,one=c ynal-development-ima-trough—chamber

with chamber saturation.

Layer HPTLC plates Silica gel 60 F,5, (MERck) that have been
precleaned by developing once to the upper edge of the plate with

ClllDIDlDIl'll - memanm ()U‘I’DU) ana men arlcu ai 110°C for
30 min.

Mobile phase Toluene — methanol (18+9).
Migration distance 5 cm

Running time 10 min

Detection and result: The chromatogram was dried in a stream of warm air for 10 min,
immersed in the dipping solution for 1 s and then heated to 110°C for 5 min on a
hotplate.

On a beige-yellow background 2-aminophenol (hR; 55-60) appeared as ochre
brown, 4-aminophenol ( th, 40-45) as violet-brown and 4-ami licylic acid (hR;
20-25) as pale brown- v1olet chromatogram zones.

The detection limits lay at 20 ng substance for 2-aminophenol, 50 ng substance for
4-aminosalicylic acid and 100 ng substance for 4-aminophenol per chromatogram zone.

itu quantitation: The absorption photometric scans were carried out in reflec-

a wavelen of either ) — o, €90 e
t a wavelength of ecither A =460 nm V“max (Zammophenol)/ or A =520 nm

(}'max (4-amimphenol)) (F 18. 1)



Fig. 1: Reflectance scans of a chromatogram ffack With 50U ng 4-ammosalicylic ackl (1), 1 g

4-aminophenol (2) and 200 ng 2-aminophenol (3) per chromatogram zone: (A) scanned at
A = 460 nm; (B) scanned at A = 520 nm.
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Iron(III) Chloride-Potassium

(Barton’s Reagent)

Reagent for:
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Preparation of the Reagent

Solution I
Solution 11
Solution 111

Solution IV
Dipping solution

Dissolve 1 g potassium hexacyanoferrate(III) in 100 ml water.
Dissolve 2 g iron(III) chloride hexahydrate in 100 ml water.

Dissolve 0.3 to 2 g potassium hexacyanoferrate(II) in 100 ml
water.

Dissolve 0.3 to 10 g iron(IIT) chloride in 100 ml water.

Immediately before use mix 10 ml water, 8 ml solution I, 2 ml so-
lution II and 1 ml 32% hydrochloric acid in a measuring cylinder
and make up to 100 ml with methanol [2].

® Aromatic amines [i, 3j . . .
e.g. anilines Spray solution Immediately bcf?re use solutions III and IV are mixed, generally
e Phenols [3] in equal proportions [1, 3, 6-8].
e.g. salsonilol, dopamine [4], Storage Solutions I — IV may be stored in the refrigerator with the exclu-
lignans, pyrogallol derivatives [5], sion of light for ca. 2 weeks [6].
zing.eronf: (7, . Substances Iron(IIT) chloride hexahydrate
gallic acid, gz‘lllotanmns [3]., Potassium hexacyanoferrate(I1I)
cufare alk_aloxds (tubocurarine [9]) Hydrochloric acid (32%)
@ Phenolic steroids [10-13], Methanol
e.g. estrone, estradiol, estriol
® Analgesics
e.g. aminophenazone [14]
® Anti-inflammatories .
e.g. carprofen, zomepirac, diclofenac [15] Reaction
® Enamino ketones [16]
® Enol ketones [17] . . . . N
e Thiosulfates [3] Some of the iron(III) ions in the reagent a:e converted to 1ron(If) ions by reducing sub-
e Isothiocyanates (mustard oils) [3, 19, 20} stances and then react to produce Prussian blue or TURNBULL’s blue.
® Thiourea derivatives [19, 20] _
@ Degradation products of carbamate insecticides [18] 4Fe? + 3Fell(CN)™ — Felll[FelllFell(CN)l,

e.g. mexacarbates, matacil, landrin

FeCl, - 6H,0
M, = 270.30

Iron(III) chloride

K3[Fe(CN)g]
M, = 32926

Potassium hexacyanoferrate(I1I)
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Method
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45-50) and 2,5-dichloroaniline (hRf 60-65) appeared as pale blue-turquoise-colored

ey e AL

cm’omamgmm ZOones on a Delge-cmolw uacxgouna l[le detection LllIl.ll.) PET Caro-

The chromatograms are freed from mobile phase in a stream of warm air, then lmmersei

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 110°C for 5-10 min (15]. ‘2'1
Blue chromatogram zones are produced on an almost colorless to pale yellow back:

ground.

solution it is possible to increase the color intensity by spraying afterwards with h:
chloric acid (c = 2 mol/L) [16]. The blue chromatogram zones remain readily visib
for ca. 15 to 30 min; then they hemn to fade, while the backeround eraduallv aonmmﬂg

a. 1D to 30 min; then o Iade, while the background gracdually acquires

a blue coloration [14].

Note: The dipping solution can also be used as a spray solution. When using the ;Z%

aniline).

In situ quantitation: The absorption photometric scan in reflectance was carried out
at a mean wavelength of A = 670 nm (Fig. 1).

m————
~
bh v

— N

The detection limits per chromatogram zone are 100-200 ng for gallic acid anﬁ
aminophenazone [8, 14] and 10-15 ng for uric acid [6].

The reagent can be used, for example, on silica gel, kieselguhr, Si 50000 and cellulose
layers.

Procedure Tested

Substituied Aniiines 14]

Method Ascending, one-dimensional development in a trough chamber
without chamber saturation.

Layer HPTLC plates Silica gel 60 (MERCK).

Mobiie phase Toiuene

Migration distance 8 cm

Running time 15 min

Detection and result: The chromatogram was freed from mobile phase in a stream of
coid air for ca. 10 min, immersed i the dipping solution for 2 s, dried for 5 min iﬁ
a stream of cold air and then heated to 110°C for 1 min.

2,3-Dimethylaniline (hR; 5-10), 4-chloro-2-methylaniline (hR; 15-20), 34
dichloroaniline (hR; 25-30), 3,5-dichloroaniline (hR; 40-45), 2,3-dichloroaniline (hR;

(2]

c_—— Start

C
C ~— Front

Fig. 1: Reflectance scan of a chromatogram track with 200 ng 2,3-dimethylaniline (1), 100 ng each
of 4-chloro-2-methylaniline (2), 3,4-dichloroaniline (3), 3,5-dichloroaniline (4) and 200 ng each of
2,3-dichloroaniline (5) and 2,5-dichloroaniline (6) per chromatogram zone.
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Reagent for:

o Cations
e.g. tin, lead, copper [1]

a0
SN
SH

. HCl
CyH;NS - HCI
M, = 197.69

Preparation of the Reagent

Dipping solution  Dissolve 100 mg 8-mercaptoquinoline hydrochloride (thiooxine

hydrochloride) in 100 ml ethanot [1].

Storage The dipping solution may be kept in the refrigerator for two
weeks [1].
Substances Thiooxine hydrochloride

Ethanol

Reaction

Like 8-hydroxyquinoline [2] 8-mercaptoquinoline forms colored and fluorescent com-
Plexes with many metal cations.
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Detection and result: The chromatogram was dried for 5 min in a stream of cold air,

the organotin compounds were then converted io tin{(IV) species by irradiating intensely

-2z
w

-

- —
Z
p
&
T
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2/_‘25

Method

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
stream of cold air for § min,

Yellow-colored chromatogram zones are produced that fluoresce yellow when ex-:

for 20 min with UV light. Then the layer was immersed in the reagent solution for 3 s

and dried for 5 min in a stream of cold air.

Dimethyltin dichloride (hR; 15-20), trimethyltin chloride (hR; 55-60), dibutyltin
dichloride (hR¢ 70-75) and tributyltin methoxide (hR; 80-85) appeared in long-wave-
length UV light (A = 365 nm) as yellow fluorescent chromatogram zones on a dark
background. The detection limits (calculated as Sn) lay between 5 and 10 ng
(dimethyltin dichloride, dibutyltin dichloride, tributyltin methoxide) and 50 ng
(trimethyltin chloride) substance per chromatogram zone.

In situ quantitation: Fluorimetric measurements were made by exciting at
Aexe = 365 nm and measuring the fluorescence emission at Aq >560 nm (cut off filter
Fl 56).

posed to long-wavelength UV light (A = 365 nm).

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 RD lavacs
ana nr 1ayers.

Procedure Tested

Organotin Compounds [1]

Method Ascending, one-dimensional stepwise development (10 min inter-
mediate drying in a stream of cold air) in a trough chamber with
chamber saturation during the second development.

Layer HPTLC plates Silica gel 60 (MERCK).

Mobile phase 1. Diethyl ether — glacial acetic acid (20+1).
2. Isobutyl methyl ketone — glacial acetic acid — #-hexane —
tetrahydrofuran — dioxane (8+2+1+1+1).

Migration distance 1. 1.5 cm
2. 6 cm

Running time 1. 2 min
2. 15 min

~ -=— Start

Front

N L_J\Nh

Fig. 1: Fluorescence scan of a chromatogram track with 100 ng substance (calculated as Sn) each
per chromatogram zone: 1= dimethyltin dichloride, 2 = trimethyltin chloride, 3 = dibutyltin
dichloride, 4 = tributyltin methoxide.

{—
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References 1,2-Naphthoquinone-4-

[1} Kornapp, M.: Thesis, Fachhochschule GieBien, Fachbereich Technisches Gesundheitswesen,
992.

1992. 1)
[2] Jork, H., Funk, W., Fischer, W., Wimmer, H.: Thin Layer Chromatography — Reagents and (FOlln S Reagent)

Detection Methods, Vol. 1a, p. 310, VCH-Verlagsgesellsch Weinheim, 1990.

Reagent for:

Aromatic amines [1, 4, 5]

e.g. parsalmide [6]

Piperidine derivatives [7]

e.g. taurinopiperidine

Aliphatic amines [8]

Ergot alkaloids, LSD [9]

Phenolic aromatic sulfides, sulfoxides, sulfones [10]
Diuretics [11]

e.g. chlorthalidon, clorexolone, cyclopenthiazide |

® Amino acids, peptides [ij A

SO3Na
CoHsNaOsS
M, = 260.20

Preparation of the Reagent

Dipping solution  For aromatic amines: Dissolve 0.5 g 1,2-naphthoquinone-4-
sulfonic acid sodium salt in 30 ml water and add 65 ml ethanol
and 5 ml acetic acid [5].
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Spray solution For amino acids: Dissolve 0.2-0.3 g 1,2-naphthoquinone-4- Method

sulfonic acid sodium salt in 100 ml agueo

ulfonic acid sodmm salt 1n U mi agqu

solution (5-10%) [1].

us sodium carbonate

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 dipping solution for 2 s or homogeneously sprayed with the spray solution until the
cial acetic acid [1, 6]; if necessary, filter off the insoluble part [1]. Jayer begins to be transparent and then dried in a stream of cold air [1].

For alinhatin . . P ) After a few minutes variously colored chromatogram zones appear on a yellowish
or P : Dissolve 0.6 g 1 a-uap uuq" nc-4-

no;
S . d.
sulfonic acid sodium salt in 12 ml water, make up to 200 ml wit backgroun

ethanol (90%) and add 10 ml pyridine [8].

=3

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 [1]. detected by spraying with 10% hydrochloric acid and then heating to 110°C for 20 min

1,2-Naphthoquinone-4-sulfonic acid sodium salt after they have been treatedWIth the reagent [91. Ergot alkaloids and LSD yleld red to

s-othe

Ethanol purplezones when-trea q
Acetic acid (100%) nine, strychnine, pll([)gc]a:plne, atropme, scopolamme, cocaine and opium alkalmds do
: not give a reaction [9].

Sodium carbonate decahydrate In the case of diuretics the chromatogram is first sprayed with sodium hydroxide so-
lution (¢ = 1 mol/L) 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-
matogram zones appear over a period of ca. 15 min, their intensity increases on storage
in the dark (1-2 days) [11].

Amino acids yield various colors [1].

Heating the chromatograms after treatment is not generally to be recommended, but
it leads to characteristic color changes in some cases [4].

The detection limits per chromatogram zone are 1-3 pg substance for ergot alkaloids
[9], 5 ug for diuretics [11] and 5-30 ng for aromatic amines [5].

The reagent can, for instance, be used on silica gel, kieselguhr, Si 50000, aluminium

Reaction

Primary amines and substances with reactive methylene groups react with 1,2-
naphthoquinone-4-sulfonate to yield intensely colored p-quinoid derivatives, which, in
the case of aryl amines, are indophenol dyes [12, 13].

9 oH oxide, polyamide and cellulose layers.
-~z
o w Oy
1
+ _— N + NaHSO;
SO;3Na @

1,2-Naphthoquinone-4-  Aniline p-Quinonoid derivative
sulfonic acid Na Salt
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Procedure Tested

12-Naphthoguinone-4-sulfonic Acid Reagent 325

N

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
20°C without chamber saturation.

Layer HPTLC plates Silica gel F,5, (MERck), which had been
prewashed before use by complete immersion overnight in 2-
propanol and then dried at 110°C for 30 min.

Mobile phase 1. Methanol — glacial acetic acid (100+1).

2. Chloroform — n-hexane —  diisopropyl ether ~—

=~

dichloromethane — formic acid (50+35+10+5+0.45).

Migration distance 1
2.6.5cm

Running time L1
2. 25 min

Detection and result: The chromatogram was freed from mobile phase in a stream of
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-methylpheno! (hR; 5-10), 3-chioro-4- methoxy-

aniline (hR; 25-30), aniline (hR; 35-40), 4-bromoaniline (hR; 40-45), 3-chloroaniline
(hR¢ 50-55), 2,6-dimethylaniline (hR; 60-65), 2-methyl-6-ethylaniline (hR; 65-70) and
2-chloroaniline (hR; 70-75) yielded orange-colored chromatogram zones on a yellow
background. The detection limits were between 5 ng (2,4-diamino-6-methylphenol) and
30 ng (2,6-dimethylaniline) substance per chromatogram zone.

In situ quantitation: The absorption photometric analysis in reflectance was carried out
at the wavelength A = 510 nm (Fig. 1).

— - Start
—-—

—]
-

3

C-—- Front

Fig. 1: Reflectance scans of a chromatogram track with 100 ng each of: 1 = 2,4-diamino-6-
methylphenol, 2 = 3-chloro-4-methoxyaniline, 3 = aniline, 4 = 4—bromoamlmﬁ, 5 = 3-chloro-
aniline, 6 = 2,6-dimethylaniline, 7 = 2-methyl-6-ethylaniline and 8 = 2-chloroaniline.
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arylazopyrimidinylpyrazoles [7]

benzothiazoles [8]
arylamines [9]
imipramine, desipramine [10, 11}
xanthene derivatives [12]
diazepam [2]

@ Testosterone [2]

@ Acetylacetonates
e.g. of Be, Al, V, Fe, Ce, Mn [2]
@ Sugars
e.g. fructose, glucose [2]
@ 1,I'-Carbonyldiimidazole [2]
® Phospholipids
e.g. lecithin, sphingomyelin [14]

HNO,
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[12] Feigl, F., Anger, V.: Spot Tests in Organic Analysis, Tth Ed., p. 153-154, Elsevier, Amster-
dam, London, New York, 1966.
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1962.
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Nitric Acid Vapor Reagent
(Nitrous Fumes/Nitric Oxide Reagent)

Reagent for:

® Aromatics and compounds with aromatic substituents
e.g. ephedrine (1, 2]
methylephedrine, oxeladin citrate [1]
catecholamine and serotonin metabolites [3]
insecticides: rotenone, elliptone, deguelin, tephrosin [4]
arylazothiazoleg [5]

arylazothiazoles

pyrazolin-5-one derivatives [6]
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Preparation of the Reagent
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ephedrine etc., fluoresce yellow or blue when excited by long-wavelength UV light
(A =365 nm) [2, 12].

Reagent solution ~ Fuming nitric acid.

Storage Fuming nitric acid may be stored for several months in a tightly
sealed brown glass bottle.

Substances Nitric acid, fuming (100%)

Reaction

Note: Nitrous fumes can also be generated in a twin trough chamber e.g. by pouring
50% nitric acid [12], hydrochloric acid (c = 2 mol/L) [11] or sulfuric acid onto sodium
nitrite.

It can be advantageous to heat the chromatogram to 160°C for 15 min before treat-
ing with nitrous fumes and to place it in the reagent chamber while still hot [1]. Heating
to 260°C has even been recommended for the purpose of reducing the fluorescent back-
ground [14], whereby the layer is previously immersed in 1 percent Ludox solution
(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

Brigl exposure to nitrous Iumes min) lea

acid-instable fluorescence indicator F,g,, incorporated into most TLC layers, largely

Under the chosen conditions aromatic compounds are nitrated to nitroaromatics ).
The detection of rotenone [1] (see below) depends on the reduction of silver ions, incor-
porated into the layer, to metallic silver in the presence of ammonia [4]. The mechanism
of the reaction of many substances leading to fluorescent derivatives has not yet been
elucidated [21

alec 145

Method

The chromatogram is freed from mobile phase in a stream of warm air and placed layer
down for 40-45 5 [6, 7], 1 min [5, 8], 3 min [1, 4], 10 min [1, 14] or 30-60 min [11] in
a conditioning chamber containing 40 ml fuming nitric acid. The chromatogram is then
freed from excess nitrous fumes for 5 min in a stream of cold air and occasionally
heated to 160°C [1, 2] or 180°C [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 = 254 nm) for 5 min [12].

Aromatic compounds generally yield yellow to brown chromatogram zones that usu-
ally absorb UV light at A = 270 nm [1]. These compounds can frequently be excited to
fluoresce by long-wavelength UV light (A = 365 nm) [2, 12]. Rotenoides yield dark [4],
arylamines, e.g. imipramine and desipramine, pale yellow to brown-red [9, 11] and
catecholamines yellow chromatogram zones on a pale background [3]. A whole range
of substances, e.g. xanthene derivatives, diazepam, testosterone, glucose, fructose,

unaffected, so that the nitroaromatics so formed can be detected as dark zones on a
green fluorescent background [1]. For purposes of in situ quantitation it is recom-
mended that the fluorescence indicator be destroyed by 10 min exposure to nitrous
fumes in order to avoid difficulties in the subsequent evaluation [1].

The visual detection limits per chromatogram zone are 2.5 to 3.5 ug for pyrazolin-5-
one compounds [6], 1-2.5 pg for arylazothiazoles and arylazopyrimidinylpyrazoles [5,
7] and 2.5-4 pg for benzothiazoles [8]. Nanogram quantities can be detected by photo-
metric methods [10, 14].

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, and CN phases. Siiver nitrate- [4] and calcium oxalate-impreg-
nated layers [9] are also suitable. However, polyamide phases are colored yellow.

Danger: Fuming nitric acid is very aggressive; eye protection and rubber gloves should
always be worn!
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Procedure Tested
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References

Fungicides [13]

Method Ascending, one-dimensional development in a trough chamber
with chamber saturation.

Layer HPTLC plates Silica gel 60 F,5, (MERCK).

Mobile phase Toluene — n-hexane — diisopropyl ether — ethyl acetate
(67+20+8+5).

Migration distance 7 cm

Running time 15 min

{1] Bottler, R., Knuhr, T.: Fresenius Z. Anal. Chem. 1980, 302, 286-289.
[2] Zhou, L., Shanfield, H., Wang, F-S., Zlatkis, A.: J. Chromatogr. 1981, 217, 341-348.
[3] Huck, H., Dworzak, E.: J. Chromatogr. 1972, 74, 303-310.
[4] Delfel, N. E., Tallent, W. H.: [ Assoc. Off. Anal. Chem. 1969, 52, 182-187.
[5] Jain, R., Agarwal, D., Goyal, R. N.: J. Lig. Chromatogr. 1980, 3, 557-560.
[6] Jain, R., Agarwal, D.: J. Lig. Chromatogr. 1981, 4, 2229-2232.
{7] Jain, R., Agarwal, D., Goyal, R. N.: Fresenius Z. Anal. Chem. 1981, 307, 207-208.
[8] Jain, R., Agarwal, D.: J Liq. Chromatogr. 1982, 5, 1171-1175.
[9] Srivastava, S. P., Dua, V. K.: Z. Anal. Chem. 1975, 276, 382.
{10] Sistovaris, N., Dagrosa, E. E., Keller, A.: J. Chromatogr. 1983, 277, 273-281.
[11] Nagy, A., Treiber, L.: J. Pharm. Pharmac. 1973, 25, 599-603.
[12] Takécs, M., Kertész, P.: Z. Anal. Chem. 1971, 254, 367-368.
[13] Jork, H., Ganz, J.: Private communication, Universitit des Saariandes, Fachbereich 12, Saar-
briicken 1990.

Detection and result: The dried chromatogram (5 min in a stream of cold air) was
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 (= 1 pg each) iprodione (hR; 10-15), procymidon (hR; 35-40)
and vinclozolin (hR; 55-60) investigated, due to the yellow coloration of the chro-
matogram zones.

ot

n situ quantitation: The absorption

at A =270 nm (Fig. 1).

Front

tart

2 ¢
UL
Fig. 1: Reflectance scan of a chromatogram track with 1 pg each per chromatogram zone:
1 = iprodione, 2 = procymidon, 3 = vinclozolin.

[14] Zhou, L., Shanfield, H., Zlatkis, A.: J. Chromatogr. 1982, 239, 259-264.
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Preparation of the Reagent

Reagent for:

® Phenols [1-7]
e.g. plant phenols [8]
estrogens [9]
procyanidins [10]

Dipping solution I

Dissolve 2 g sodium hydroxide [20] or 2.8 g potassium hydroxide
[15] in 5 ml water and make up to 50 ml with ethanol or meth-
anol.

Dissolve 25-50 me 4A-nitrohenzenediazonium tetraflugrol i
Dissolve 25-50 mg 4-nitrobenzenediazonium tetraflucroborate in

10 ml diethylene glycol and make up to 100 ml with water [20] or
acetone [15].

Dissolve 4-15 g potassium hydroxide [1, 4, 7, 16-18] or sodium
hydroxide [8] in 100 ml methanol, ethanol or water.

o A _miheole oo E—. a1 -~

Ncenlve 10 i~ 100 R TP PRV T
LJISS0IVE 1V 10 1uv fig 4-flfQoCnZENCuiaZoiiiumi eiraniors-

borate in 100 ml methanol [7, 17, 18].

catecholamines [11]
® Zearalenone [12]
@ Aromatic amines [13]
e.g. diphenylamine (anti-ageing additive) [14]
@ Pesticides
€.g. carbamate insecticides [1, 4, 7, 8, 15-19]
such as desmedipham, dioxacarb, phenmedipham,
propoxur, pyrazon, aminocarb, aldicarb,
carbofuran, carbaryl, oxamyl
e.g. carbamate herbicides [21]
such as propanil
e.g. organophosphorus insecticides [4, 20]
such as parathion, parathion methyl,
coumaphos, dichlorvos,
fenitrothion

=\ + _
OZN—UN =N BF,

NaOH C¢H,BF,N;0,

M, = 40.00 M, =236.92
Sodium hydroxide 4-Nitrobenzene-
diazonium ietra-

fluoroborate

Storage

Substances

Reaction

Alternatively it is possible to use 0.5 to 2% solutions in acetone
[16], acetone — methanol (50+50) [1] or 50% acetic acid [9]. A
saturated solution in ethanol — diethylene glycol (90+10) can
also be used [8].

The dipping and spray solutions I can be stored over longer peri-
ods. The dipping and spray solutions II may only be stored for
a few hours with cooling and should, therefore, always be made
up freshly before use [7].

Potassium hydroxide, pellets

Sodium hydroxide, pellets
4-Nitrobenzenediazonium tetrafluoroborate
Diethylene glycol

Ethanol

Methanol

Acetone

The hydrolytic action of alkalis on the thiophosphate insecticides, such as parathion,
vields free phenols that then couple with the diazonium salt to yield azo dyes.
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carbamate insecticides [8, 15]. The detection sensitivity is generally better on silica gel

than on aluminium oxide layers 14]. itis pOSSlDle to detect paral.mun with a acua]uvuy
of 5.to 50 pg after it has been oxidized with bromine to paraoxon, by combination with

,/S
(CH;0RP
OCyHs OH
1 AR H,0/0H
S=P=0<"_—N0; F
OGC,H. .
2Hs Na o—@-mz] + IOZN—QN+EN] BF;
Parathion-ethyl
Nitrophenolate Diazonium salt
Na O NO,
N
n
N

an enzyme inhibition reaction (choline esterase, substrate: 1-naphthyl acetate). White
zones of inhibition are produced on an blue-red background [2, 3].

The reagent can be used, for example, on aluminium oxide, silica gel, kieselguhr and
Si 50000 layers.

Procedure Tested

Thiophosphate Insecticides [20]

Method

The chromatograms are freed from mobile phase in a stream of warm air for 3 min,
then immersed in dipping solution T for 3-5 s or uniformly sprayed with spray solu-
tion 1. Then, except in the case of thiophosphate insecticides, the plate is immediately
immersed in dipping solution 11 for 3-5 s or homogeneously sprayed with spray solu-
tion IL In the case of thiophosphate insecticides there is a delay of 2 min [4] or the
plates are heated to 70-110°C for 10-15 minutes before the plates are exposed to the
second reagent solution.

This yields va

clv colored chramataoram »anas am o ~nl ee Tas
81y COOred caromatogram ZOnes on a colorless b

zones of phenols are reddish to blue-violet [4, 7, 8].

Note: The first reagent treatment with alkali can be omitted in the case of phenols (e. g.
estrogens) (2, 3, 5, 8, 9]. Dipping is preferable to spraying since it yields darker chro-
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
of the derivatives [15]. Most thiophosphate insecticides do not give any reaction [4].
The detection limits for catecholamines are 10 to 50 ng substance per chromatogram

zone [11] and 50 ng substance per chromatogram zone for carbaryl and a series of other

Method Ascending, one-dimensional development in a trough chamber
without chamber saturation.

Layer HPTLC plates Silica gel 60 Fs,, extra thin layer (MERCK); be-
fore the samples were appiied these were immersed overnight in
2-propanol and then dried for 30 min at 110°C.

Mobile phase n-Hexane — diethyl ether — ethanol — ethyl acetate — formic
acid (908 +40+26+25+1).

Migration distance 8 cm

Running time 30 min

Detection and result: The chromatogram was freed from mobile phase in a stream of
warm air for 3 min, immersed in dipping solution I for 3 s, heated to 110°C for 15 min
and then immersed in dipping solution II for 3 s.

Aftan devins in o steaam of ogld air coumanhos (hR. 30-35) anneared as a
Alter arying il a stréai Oi ¢OiG air CoUmapass iy SU—22, appealed =5 2

red chromatogram zone on a colorless background, while parathion methyl (hR;
40-45), fenitrothion (hR; 45-50) and parathion ethyl (hR; 60-65) yielded yellow zones
as they did with sodium hydroxide alone (g.v.). The detection limit for counaphos was
10 ng per chromatogram zone.

Af morodhiacs

iaic€ O1 parainioii

in situ qnantitation: The absorption photomeiric
methyl, fenitrothion and parathion ethyl was carried out at a mean wavelength of
Amax = 406 nm (Fig. 1A). Coumaphos was determined at A = 540 nm (Fig. 1B).
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Fig. 1: Reflectance scan of a chromatogram track with 300 ng each substance per chromatogry

zone; (A) scan at A = 406 nm, (B) scan at A = 540 nm: 1 = coumaphos, 2 = parathion meﬂq
3 = fenitrothion, 4 = parathion ethyl. v
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Pa“adium( II) Chloride Reagent Storage The dipping solution can be stored for ca. 1 month.
N 7 o
Substances Palladium(II) chloride
Hydrochloric acid (32%)
Ethanol
Acetone
Reagent for:
® Thiophosphate esters [1-4] Reaction

e.g. insecticides [5-23]
such as dimethoate, bromophos-ethyl, Fac, Rogor,
parathion, chlorthion, Meta-Systox, diazinon,
propetamphos, maiathion, terbufos,
azinphos-methyl, demeton, phorate,

Palladium(II) chloride forms colored complexes with many aromatic and sulfur-con-
taining compounds [27].

disulfoton, vamidothion
® Sulfur compounds
€. g. mercaptans, sulfides (thioethers), disulfides [24]
polysulfides [25]
phenothiazines [4]
® Antioxidants
e.g. esters of gallic acid, dialkyl- and
diaryldithiophosphates [26, 27]

PdCl,
M, = 177.31

Preparation of the Reagent

Dipping solution Dissolve 500 mg palladium(II) chloride in 2.5 ml hydrochloric
acid (32%) and make up to 100 ml with ethanol [10].

y soiniion Dissolve 250 mg to 5 g paliadium(ii) chioride in 100 mi ethanoi
[9], water [1], hydrochloric acid (¢ = 0.2 ... 1 mol/L) [3, 6, 8, 13,
15, 19-21, 23, 27, ethanolic hydrochloric acid [5] or hydrochloric

acid — acetone (50+50) [25, 26].

Method

The chromatograms are freed from mobile phase for 3 min in a stream of warm air,
immersed for 2 s in the dipping solution [10] or homogeneously sprayed with the spray
solution [9], dried in a stream of warm air and then heated to 110-120°C for 10 to
20 min [9, 10].

Colored zones are formed sometimes without heating [1, 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 [9] background. Mercaptans, sulfides, disulfides and polysulfides appear
white, yellow, orange and brown [24, 25] and antioxidants yellow, grey, brown, pink or
violet [27].

Note: It is occasionally recommended that sodium acetate be added to the reagent [2].
Thiophosphate insecticides with a simple P —S bond yield yellow chromatogram zones
and those with a P=S double bond yield brown ones on a light brown background [10].
Further treatment of the stained chromatogram with iodine vapors increases the detec-
tion sensitivity [7] more than does spraying afterwards with caustic soda solution,
which is also occasionally recommended [16, 17, 20, 21].

The detection limits for compounds with P=S double bonds are lower than those for
substances with single P —S bonds [7]. They are lower on silica gel than on polyamide
layers [15] and are, for instance, 10-20 ng substance per chromatogram zone for
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organophosphorus pesticides
the literature [6, 7, 15, 17].
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N

The reagent can be used, for example, on silica gel, kieselguhr, Si 50000, polyamig
and RP layers.

Procedure Tested

o

7

Organophosphorus Insecticides [10, 28, 29] 1 , . I
Method Ascending, one-dimensional, two-fold development in a troug ‘g | E
chamber without chamber saturation 2 L
Layer HPTLC plates Silica gel 60 (MERCK). l ' \M)

Mobile phase 1. Chloroform — diethyl ether — n-hexane — toluen}
(29.3+25.7+25+20). A
2. Ethyl acetate

Migration distance 1. 6 cm )
2. 1cm :

Running time 1. 20 min
2. 5 min

Detection and result: The chromatogram was dried for ca. 3 min in a stream of warg
air, immersed in the dipping solution for 2 s, dried in a stream of warm air for 3 mit
and then heated to 110°C for 10 min in the drying cupboard. .

Demeton-S-methyl sulfone (hR; 0-5), dimethoate (hR; 5-10), demeton-S-methy
(hR; 20~25), triazophos (hR; 40-45), azinphos-methyl (hR; 40-45), azinphos-ethy
(hR; 50-55), malathion (hR; 60-65), parathion-methyl (hR; 75-80) and parathion
ethyl (hR; 80-85) yielded yellow to brown chromatogram zones on a light brown back
ground, with thiophosphate insecticides with P=S double bonds appearing as brow
zones and those with single P—S bonds as yellow zones.

In situ quantitation: The absorption photometric quantitation was carried out in re

flectance at a mean wavelength of A = 370 nm. The detection limits per chromatogran
zone lay between 10 ng for dimethoate and 20 ng for parathion-ethyl.

Fig. 1: Reflectance scan of a chromatogram track with 100 ng each substance per chromatogram
sone: 1= demeton-S-methyl sulfone, 2 = dimethoate, 3 = demeton-S-methyl, 4 = triazophos,
5 = azinphos-methyl, 6 = azinphos-ethyl, 7 = malathion, 8 = parathion-methyl and 9 = para-
thion-ethyl.

References

(1] Eder, F., Schoch, H., Miiller, R.: Mitt. Lebensm.-Unters. Hygiene 1964, 55, 98-131.

[2) Thier, H. P., Bergner, K. G.: Drsch. Lebensm. Rundsch. 1966, 62, 399-402.

[3] Bazzi, B., Fabbrini, R., Radice, M.: J Assoc. Off. Anal. Chem. 1973, 56, 184-187.

[4} E. MErck, Company brochure “Dyeing Reagents for Thin-layer and Paper Chromato-
graphy Da:mstadt 1980.

I-Ielv Chlm Acta 1961 44 1162- 1164
v is Z. Anal. Chem. 1959, 336, 515.
8} Suzuki, T., Uchiyama, M.: J. Agric. Food Chem. 1975, 23, 281-286.
19} Hauck, H. E., Amadori, E. in Harvey, J., Jr., Zweig, G. (Eds.) Pesticide Analytical Metho-
dology, ACS Symposulm Series 1980, 136 162-176.
{10} Funk, W. , Cleres, L., Pitzer, H., Donnevert, G.: J Planar Chromatogr. 1989, 2, 285-289.
1] Frei, R. W Mallet, V., Thiébaut, M.: Internat. J. Environ. Anal. Chem. 1971, 1, 141-146.




342 Palladium(II) Chloride Reagent

112] Mitchell, T. H., Ruzicka, L. H., Thomson, §., Wheals, B. B.: I Chromatogr. 1968, 32, 17-23.

[13] Wells, D. S., Afifi, L. M., Motoyama, N., Dauterman, W. C.: J. Agric. Food Chem. 1986,
34,779=86.

[14] Tewari, S. N., Harpalani, S. P.: J. Chromatogr. 1971, 130, 229-236.

[15] Nagasawa, K., Yoshidome, H.: J. Chromatogr. 1969, 39, 282-290.

[16] Lich: in, E. P., Fuh T. W., Hochberg, A. A., Zahlten, R. N., Stratman, F. W.:
J. Agric. Food Chem. 1973, 21, 416-424.

[17] Grant, D. L., Sherwood, C. R., McCully, K. A.: J Chromatogr. 1969, 44, 67-74.

[18] Antoine, O., Mees, G.: J. Chromatogr. 1971, 58, 247-256.

[19] El-Oshar, M. A., Motoyama, N., Dauterman, W. C.: J Agric. Food Chem. 1987, 33,
138-144.

[20] Fuhremann, T. W., Lichtenstein, E. P.: J. Agric. Food Chem. 1980, 28, 446-452.

[21] Fuhremann, T. W., Lichtenstein, E. P., Stratman, F. W.: J. Agric Food Chem. 1978, 26,
1068-1075.

[22] Zulalian, J., Blinn, R. C.: J Agric. Food Chem. 19717, 25, 1033-1039.

[23] Kovécs, G. H.: J. Chromatogr. 1984, 303, 309-311.

imai : .50, 268-270,

4+ Fom
L 1ul

@ Sterols, steroids [1-7]
e.g. cholesterol [8]
aldosterone, hydrocortisone, androsterone, estradiol [8]
contraceptives [9, 10]

17-spirosteroids [11]
1 [dla]]
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trenbolone{12]
liquid crystals [13]
® Digitalis glycosides [14, 15]
® Indole derivatives
e.g. tryptophan, indole-3-acetic acid [16]
Amanita toxins [17]
® Quinoxalone derivatives of a-ketoacids
e.g. pyruvic acid [18]
® Components of edible oils (lipids)
e.g. in groundnut oil, castor oil [19]

H;PO,
M, = 98.00

Preparation of the Reagent

Dipping solution Mix 50 ml ortho-phosphoric acid (85%) carefully with 50 ml

mathannal indar canling
meinand: unadr Cooing.

Spray solution A solution of 10 to 50% ortho-phosphoric acid in water [1-6, 10,
11, 13, 17, 18], methanol [9, 17, 19], ethanol [12, 16, 17, 20], ace-
tone [17] or carbon tetrachloride — n-propanol (3+2) [14].
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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 (1+2) [21] or pamffm carbon tetrachlonde (l +9) [14]. Quantltatlve eval-

Meﬂ(:_ ;’ sphone 8l sences are fast [16 17] Colored chromatogram zones can be preserved over a longer
ano R

Ethanol period by covering the chromatogram with a glass plate [9].
thane Detection with phosphoric acid at room temperature (with no heating afterwards) is
specific for trenbolone, since related steroids such as progesterone and testosterone do
nlot interfere under these conditions [12]. .

The detection limits per chromatogram zone are below 1 pg for steroids [9] (e.g.

RBaCtion 250 pg for trenbolone [12]) and 5(.)(? ng for u}dole d.erlvat.lves [16]. i o
The reagent can be used on silica gel, silver nitrate-impregnated silica gel [19],
kieselguhr, Si 50000, RP, Diol and NH, layers. Cellulose layers are less suitable be-
The mechanism of the reaction has not been elucidated [16]. cause after appli.ca.tion of the reagent the background ltse}f fl}loresces strongly, so tha;
fluorescence emission can only be detected after the application of large quantities o
substance per chromatogram Zome.

Method

The chromatogram is freed from mobile phase in a stream of warm air, immersed i

the reagent solution for 1 to 2 s or homogeneously sprayed with it until the layer begina Steroids [21, 22]

to be transparent, then after drying in a stream of warm air it is heated to 105-120°G

for 5-30 min and occasionally (tryptophan derivatives) [16] for 40 min. In exceptlona( Method Ascending, one-dimensional development in a trough chamber
cases evaluation is made without heating {trenbolone [12]). without (A) or wiith chamber saturation (B).

Variously colored chromatogram zones (grey, blue, brown, orange, violet) are pro-
duced on a pale background; the zones frequently fluoresce intensely on exposure ta
long-wavelength UV light (A = 365 nm). " edge of the plate with chloroform — methanol (50+ 50), and then

For instance, trenbolone fluoresces yellow [12] and the ginoxalone derivative of

P . S s . dried at 110°C for 30 min. In the case of example A. the layer was
pyruvic acid yellow-green [18]. In the case of steroids and Digitalis glycosides it is possi- conditioned to 0% rel. humidity in a conditioning chamber (over
ble to differentiaie on the basis of various fluorescence colors [8, 9, 15]. conc. sulfuric acid) after sample application.

Layer HPTLC plates Silica gel 60 Fys, (MERCK) that were prewashed
before application of the sample, by developing once to the upper

Note: Like sulfuric acid (g.v.) ortho-phosphoric acid is a universal reagent, with which Mobile phase A. Cyclohexane — diethyl ether (50+50).
almost all classes of substance can be detected at high temperatures (150-180°C) by B. Chloroform — methanol (98+2).
charring: e.g. high molecular weight hydrocarbons (mineral oils) [20]. The colors and
fluorescences produced at lower temperatures (<120°C) and their intensities are very
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 and not at all with meta- or pyrophosphoric acid [17].

Migration distance A. 6 cm
R fcm



Detection and result: The chromatogram was first dried in a stream of cold air, im-
mersed in the reagent solution for 1 to 2s and then heated to 120-125°C for

15-20 min. Blue-grey to violet chromatogram zones were produced on a colorless back
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The reagent is not suitable for quantitative determinations because the fluorescences
are not stable: In Fig. 1 liquid paraffin — n-hexane (1+2) was used to stabilize the fluo-
rescence.

ground that could be excited to fluoresce various colors with long-wavelength UV light
(A = 365 nm).

O oo dacle Lol

On a dark bac) ohoalacionst Maos A LD AN_1D

nd cholesterol (Eluent A, hR; 20-25) emitted blue, coprostanol
(Eluent A, hR; 25-30) blue, 4-cholesten-3-one (Eluent A, hR; 40-45) blue, 5a-
cholestan-3-one (Eluent A, hR; 60) blue, coprostanone (Eluent A, hR; 70) blue, estriol
3-suifate (Eiuent B, hR; 5-10) yeilow, ii-ketoetiocholanoione (Eiuent B, hR; 15-20)
blue, estrone (Eluent B, hR; 20-25) ochre, 11-desoxycorticosterone (Eluent B, hR;
30-35) yellow, 170-ethinyl-5-androstene-3p,178-diol (Eluent B, hR; 45-50) ochre, 4-
cholesten-3-one (Eluent B, hR; 55-60) faint blue and coprostanone (Eluent B, hR;
65-170) violet fluorescences.

The detection limits lay between 5 ng and 50 ng substance per chromatogram zone.

In situ quantitation: The fluorimetric evaluation was carried out with excitation at
Aexc = 365 nm and fluorescense emission was measured at Aq >430 nm (cut off filter
Fl 43).

References

[1] Schneider, G., Vincze, 1., Hackler, L., Szabo, J., Dombi, G.: Acta Chim. Acad. Sci. Hung.
1982, 110, 429-440.
[2] Schneider, G., Vincze, L., Vass, A., Hackler, L., Dombi, G.: Acta Chim. Acad. Sci. Hung.

2 1982, 109, 7i-82.
[3] Schneider, G., Vincze, L., Vass, A.: Acta Chim. Acad. Sci. Hung. 1979, 99, 51-67.
[4] Agdcs, P. M., Czdszdr, J.: Acta Chim. Hung. 1987, 124, 541-545.
[5] Bednarski, P. J., 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, 111,
173-187.
[7] Jansen, G. R., Zanetti, M. E., Hutchinson, C. F.: Arch. Biochem. Biophys. 1970, 138,
433-442,
[8] Sziits, V. H., Souk, B., Polyik, B., Boross, L.: Proc. Int. Symp. TLC & OPLC, Szeged 1984,
359-363.
1 1 [9] Székacs, L., Klembala, M.: Z. Klin. Chem. Klin. Biochem. 1970, 8, 131-133.
i A [10] Schiirenkamper, P., Lisse, K., Lunow, E.: Zbl. Gyndkol. 1971, 93, 1253-1260.
{iij Sziiagyi, i., Solyom, S., Toldy, L.: Acta Chim. Hung. 1984, 16, 111-123.
[12] Laitem, L., Gaspar, P., Bello, L.: J Chromatogr. 1978, 147, 538-539.
[13] Agécs, P. M., Motika, G., Zsédenyi, P.: Acta Chim. Acad. Sci. Hung. 1982, 110, 357-362.
+ 4 k] - [14] Mincsovics, E., Székely, T. J., Hoznek, M., Végh, Z., Zambo, 1., Szepesi, G., Tyihdk, E.:
L 3 E b Proc. Symp. Anal. Steroids, p. 427-431, Eger 1981.
v 5 n [15] Clarke, C. J., Cobb, P. H.: I Chromatogr. 1979, 168, 541-549.
‘ ‘ ‘ [16) Boctor, F. N.: J. Chromatogr. 1972, 67, 371-372.
[17) Palyza, V.: J. Chromatogr. 1973, 76, 499-501.
) [18] Andreev, L. V.: J. Liq. Chromatogr. 1980, 5, 1572-1582.
Fig. 1 Fig. 2 [19] Srinivasuly, C., Mahapatra, S. N.: J. Chromatogr. 1973, 86, 261-262.

Fig. 1: Fluorescence scan of a chromatogram track with 255 ng cholesterol (1), 535 ng coprostanol

chromatogram zone.
Fig. 2 Fluorescence scan of a chromatogram track with 100 ng each of estriol-3-sulfate (1), 11-
ketoetiocholanone (2), estrone (3) 11-desoxycorticosterone (4) and 17a-ethinyl-5-androsten-3p,17p-

diol (5), together with 1 pg each of 4-cholesten-3-one (6) and coprostanone (7) per chromatogram
zone.

[20] Chand, S., Srinivasulu, C., Mahapatra, S. N.: J Chromatogr. 1975, 106, 475-476.
[21] Schade, M.: Thesis, Fachhochschule Giefien, Fachbereich Technisches Gesundheitswesen,

1006
1586.

[22] Klein, L., Jork, H.: GDCh-training course No. 300 , Einfithrung in die Diinnschicht-Chro-
matographie®, Universitat des Saarlandes, Saarbriicken 1988.



o-Phthalaldehyde-

Reagent for:

® Ergot alkaloids and derivatives [1, 2]
e.g. lysergic acid, LSD, ergotamine, ergocristine
oo hudeacanatad acos 11

£.g. nyQrogeinaiea €rgot alkaloids

such as dihydrolysergic acid, dihydroergotamine

o-Phthalaldehyde-Sulfuric Acid Reagent 349

Spray solution Dissolve 0.2 g o-phthalaldehyde cautiously in 100 m1 sulfuric acid

©&_a70y 111
\Fo—Fi%) |1}

ture [3], the spray solutlon may be stored in the refrigerator for

2-3 days [1].

Substances Phthaldialdehyde
Sulfuric acid (95-97%)
Methanol

dihydroergocristine, dihydroergotoxin
® B-Blockers [3]
e.g. propranolol, alprenolol, nadolol
® Histidylpeptides [3]
indoie derivatives
e.g. tryptophan, tryptamine,
serotonin, bufotenin

H,S0,
M, = 98.08

Sulfuric acid

A8

CgHeO,
M, = 134.14
o-Phthalaldehyde

Preparation of the Reagent

Dipping solution Dissolve 0.5-1 g o-phthalaldehyde (phthaldialdehyde, OPA) in
45 ml methanol and cautiously add 5 m! sulfuric acid (95-97 %)

131.

.
Reaction

The-mec of-the reaction—has—not-been-—clucidated
Method

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 the spray solution and
— in the case of the B-blockers — heated to 80°C for 3 min.

B-Blockers vield vellow to pink-colored chromatogram zones on a colorless back-
ground, which, like the zones of the ergot alkaloids and hydrogenated ergot alkaloids,
can usually be excited to blue fluorescence on irradiation with long-wavelength UV light

(A =365 nm) [, 3].

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
e.g. for the detection of primary arylamines, histamine, histidine and histidylpeptides
[5-71.

The natural fluorescence of ergot alkaloids is considerably augmented by the reagent
{ij. Heating for ionger than 3 min or to more than 80 °C ieads to a reduciion in fluores-
cence intensity and, hence, should be avoided [3].

The fluorescence intensity can be stabilized and enhanced by dipping the

chromatograms in a solution of liquid paraffin — n-hexane (1+2) [3]. The detection
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limits for B-blockers, ergot and dihydroergot alkaloids and other indole derivatives l.i

in the lower nanogram range [1, 3, 8]

The reagent can be used, for example, on silica gel, kieselguhr and Si 50000 layerq

o-Phthalaldehyde-Sulfuric Acid Reagent 351

Procedure Tested

f-Blockers [3]

Method Ascending, one-dimensional development in a trough chamber®

without chamber saturation.

Layer HPTLC plates Silica gel 60 Fps4 (MERCK), that were prewashed

-=— Front

K;._ Start
4

before application of the samples by developing to the upper edge
of the plate with chloroform — methanol (50+ 50) and then dried
at 110°C for 30 min.

Mobile phase Methanol — ammonia solution (25%) (99+1).
Migration distance 8 cm

Running time 20 min

Detection and result: The chromatogram was dried for 15 min in a stream of warm air,
immersed in the dipping solution for 3 s and then dried at 80°C for 3 min in the drying
cupboard. After cooling to room temperature it was immersed for 1 s in a solution of
liquid paraffin — n-hexane (1+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 cold air.
4-Hydroxypropranolol (hR; 40-45) and propranolol (hR; 55-60) yielded yellow
chromatogram zones on a colorless background that could be excited in long-wave-
length UV light (. = 365 nm) to orange fluorescence on a faint blue

scent hack.

escent back-

ground. The detection limits were 5 ng substance per chromatogram zone.

In situ quantitation: Fluorimetric measurements were made by exciting at

Aexe = 436 nm and measuring the fluorescence emission at A; >560 nm (cut off filter
Fl 56).

Fig. 1: Fluorescence scan of a chromatogram track with 50 ng each of 4-hydroxypropranolol (1)
and propranolol (2) per chromatogram zone.
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Reagent for:

® Antidepressives

Potassium Dichromate-Perchloric Acid-Nitric Acid-Sulfuric Acid Reagent 353

Spray solution Carefully mix equal volumes of solutions I to IV.
Dipping solution Dilute 10 ml of the spray solution with 90 ml water.
Storage The reagent solutions may be stored over long periods.

Substances Potassium dichromate
Perchloric acid (60%)
Nitric acid (65 %)

acad (65

Sulfuric acid (95-97%)

Reaction

e.g. imipramine derivatives
such as imipramine, clomipramine, desipramine, trimipramine [1]
® Neuroleptics
e.g. phenothiazine derivatives
such as chiorphenethazine, perazine, promazine 1]
® Antihistamines
e.g. phenothiazine derivatives
such as alimemazine [1]

K,Cr,0; HCIO, HNO, H,S0,
M, =294.19 M; = 100.46 M, = 63.01 M, = 98.08
Potassium dichromate  Perchloric acid Nitric acid Sulfuric acid

Preparation of the Reagent

Solution 1 Dissolve 0.2 g potassium dichromate in 100 ml water.
Solution I Perchloric acid (20%).

Solution IIT Nitric acid (50%).

Solution IV Sulfuric acid (30%).

sible formatlon of colored radlcals 2, 3].

Method

The chromatograms are dried in a stream of cold air, immersed in the dipping solution
for 1 s or sprayed homogeneously with the spray solution until the layer becomes trans-
parent and then dried in a stream of cold air for 5 min.

Imipramine and its derivatives produce blue, phenothiazines blue, violet, red or
orange to skin-colored chromatogram zones, that fade relatively quickly, on a colorless
background (Fig. 1).

0

L}

1 234 5 6 7 8 9 10

Fig 1: Chromatogram of imipramine and phenothiazine derivatives after staining with FORREST
reagent [4]: 1 = imipramine, 2 = desipramine, 3 = clomipramine, 4 = lofepramine, 5 = trimipra-
mine, 6 = thioridazine, 7 = chlorphenethazine, 8 = periciazine, 9 = promazine, 10 = promethazine.
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Table 11 Colors of chromatogram zones after treatment with ForRREST reagent [1].

Potassium Dichromate-Perchloric Acid-Nitric Acid-Sulfuric Acid Reagent 355

Procedure Tested

Color Substance
Edge blue, clomiprami imiprami lofepramine trimipramine Dibenzoazepine and Phenothiazine Derivatives [4, 5]
center pale desipramine
i i i development in a trough chamber
Red, orange, i i dibenzepi oxypertine promethazine ° Method A.scendlng, one-dlmefnslona] evelop g|
pink antazoline dixyrazine perazine prothipendyl with chamber saturation.
PR fiupt i periciazine trifluoperazine Layer TLC plates Silica gel 60 F,s, (MERCK).
chlorphenethazine fluspirilene perph i trifluprc ine . .
clozapine homofenazine promazine viloxazine Mobile phase Ethyl acetate — methanol — ammonia solution (25%)
5+1045).
Blue, violet benperidole imiclopazine thiethylperazine thioridazine @5+ )

dihydroergotamine levomepromazine

cvtarahina Far sl

No coloration acebutolol butalamine

Migration distance 7 cm

Running time 10-15 min

utalamine cytarabine fenctyline
amfetaminile butamirate dextromethorphane  fenproporex i
aminoptenazone  butanilicaine dextropropoxyphene fenyramidol
amitriptyline chlorazanile diltiazem flecainide %
apomorphine chloroquine dimetindene flupentixol §
articaine chlorphenoxamine dioxopromethazine  glymidine g
atropine chlorprothixene diphenhydramine haloperidol K|
atenolol chlorotheophylline diphenylpyraline lidoflazine §
bamipine cimetidine disopyramide melperone
benproperine clemastine dosulepine nortriptyline ]
benzatropine clenbuterol doxapram oxomemazine |
biperidene clobutinol doxepine pheniramine '
bisacodyl clomethiazole doxylamine pimozide !
bromocriptine clonidine drofenine pipamperone ¢
brompheniramine  clopamide eprazinone tiotixene
buphenine codeine ethenzamide trazodone
bupivacaine caffeine etozoline triftuperidol \
bupranolol cyproheptadine fendiline

Note The colors obtained are characteristic for the various substance classes (Table l).‘f
Thus color tones obtained for phenothiazine derivatives are mainly reddish [1]. If the |
chromatogram zone contains more than 10 ug substance per spot there is only a colored ;
outer ring surrounding an uncolored center (Fig. 1) [1, 4]. The ForREST reagent does
not interfere with subsequent detection with the DRAGENDORFF reagent [1, 4].

The detection limits are in the range 100 to 600 ng substance per chromaiogram zone
[4, 51.

The reagent can, for example, be employed on silica gel, kieselguhr, Si 50000, RP,
CN, NH,, Diol, polyamide and cellulose layers.

Detection and result: The chromatogram was dried for 15 min in a stream of cold air,
immersed in the dipping solution for 1 s and then dried in a stream of cold air for
S min.

Immediately after dipping perphenazine (hR; 28-33) appeared as pink-colored,
fluphenazine (hR; 30-35), dixyrazine (hR; 33-38) and verophene (= promazine, hR;
38-43) as skin-colored and periciazine (hR; 35-40) as orange, promethazine (hR;
43-48) as bright pink, alimemazine (hR; 60-65) as skin-colored and dibutil (etho-
propazine, hR; 75-80) as pink-colored chromatogram zones on a colorless background
(Fig. 2). The colors faded after some time.

The detection limits of imipramine and its derivatives were 100 ng substance per
chromatogram zone.

In situ quantitation: The absorption photometric evaluation in reflectance was carried
out at the wavelength A = 530 nm (Fig. 3).
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Fig 2: Chromatogram of dibenzoazepine and phenothiazine derivatives after staining with Fom:
REST reagent: | = fluphenazine, 2 = periciazine, 3 = promethazine, 4 = ali ine, 5 = mixtury
of substances 1 to 4, 6 =mixture of substances 7 to 12, 7= dibutil, 8 = levomepromazing
9 = chlorpromazine, 10 = verophene, 11 = dixyrazine, 12 = perphenazine.

2:— Start

Fig. 3: Reflectance scan of chromatogram track 6 of Figure 2 with 4 pg substance per
chromatogram zone each of 7=dibutil, 8= levomepromazine, 9 = chlorpromazine,
10 = verophene, 11 = dixyrazine, 12 = perphenazine.
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Reagent for:

P ium Hexaiodoplatinate R 359

Reagent for:

® Organic nitrogen compounds [1-3]
e.g. drug substances and metabolites [4-9]
such as benzodiazepines [10, 11}, polamidon, dolantin, dilaudid [12]
carbamazepine, maprotiline, methadone, methaqualone [13]

phencyclidine [14), imipramine, desimipramine [15]

morphine [16], naloxone [17], naitrexone [18]

e Vitamins o
e.g. vitamin D; (cholecalciferol), vitamin K; [40]

@ indandione derivaiives
e.g. pindone, valone [40]
@ Thiophosphate pesticides [42]

vitamin B, (thiamine) [41]

KI H,(PtClg) - 6H,0
M, = 166.01 M, = 517.92 )
Potassium iodide Hexachioropiaiinic

codeine, 6-acetylmorphine [19], oxaflozane [20]
pentazocine, tripelennamine [21], chloroquine [22]
e.g. alkaloids [23-25]
in Antirrhinum (26, 27), Corydalis lutea 28]
Hydastis canadensis {29], Thalictrum polygamum [30]
Cinchona ledgeriana [31]
such as ajmaline, atropine, ergotamine, raubasine, tropine [23]
isocorydine, stylopine, bicuculline [28], thebaine [32)
hydrastine, berberine [29], strychnine [33], cocaine [34]
methylpalaudinium chloride [30]
€.£. quaternary ammonium compounds (surfactants)
such as bencetonium chloride [35]
e.g. urethanes
from the reaction of isocyanates with 1- (2-pyridyl)piperazine [36]
e.g. heroin [19, 34]
Thiols, thioethers and sulfoxides [37-39]
e.g. sulfur-containing amino acids
such as cysteine, cystine, methionine 371
e.g. antibiotics and derivatives
such as penicillin benzathine and -embonate salts [38]
amoxicillin, penicilloic and penicillic acids, ampicillin,
tritylpenicillin sulfoxide, benzylpenicillin sulfoxide 139

1zyipeniciiiin sulioxide [39]

® Ketosteroids [3]

[

Preparation of the Reagent

Dipping solution Mix 3 ml 10% hexachloroplatinic(IV) acid solution with 97 ml

Spray solution

10% methanol and 100 ml 6% aqueous potassium iodide solu-
tion [43]. )
Variant: Mix 45 ml 10% aqueous potassium iodide solution with
2.5 ml 10% hexachloroplatinic(IV) acid solution and make up to
200 ml with water (pH 2.52) [44].

Add 3 ml 10% hexachloroplatinic(IV) acid solution to 100 ml
6% aqueous potassium iodide solution and dilute with 97 ml
water [3, 8, 35, 36, 45].

Storage The reagent solutions should be stored in brown bottles. They
may be kept in the refrigerator for ca. 1 week [8].
Substances Potassium iodide

Hexachloroplatinic(IV) acid solution (10%)
Methanol

acid hexahydrate |
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Reaction

Potassium Hexaiodoplatinate Reagent 361

Procedure Tested 1

The mechanism of the reaction has not been elucidated.

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-
wavelength UV light [\ = 254 nm) [40]. The red coloration of the plate background
can be very largely removed by washing out excess reagent with water or with 1% acetic
acid [3, 44]. In some cases the colors of the chromatogram zones become deeper if they
are heated to 115°C for 5 min [40].

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 becomes deep purple on
spraying with water [37].

Brucine, Strychnine in Plamt Extracts {43]

Method Ascending, one-dimensional development in a trough chamber
without chamber saturation.

Layer HPTLC plates Silica gel 60 Fps, (MERcK), that had been

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%) (40+15+5).
Migration distance 5 cm

Running time 10 min

Detection and result: The chromatogram was dried for 45 min in a stream of warm air
(removal of ammonia!), immersed for 4 s in the dipping solution and dried in a stream
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.

Note: Tertiary amines and quaternary ammonium compounds yield stronger colors
than primary amines [25]. The dipping solution can also be used as spray solution [44].
Other reagent compositions have also been reported in the literature (1, 3, 6, 12, 13, 15,
18, 21, 23, 41] In some cases the reagents have been made up in acetone [38, 39],
methanol [14] or ethanol [37] and/or acidified with hydrochloric acid [3, 33, 37-40].
The concentrations of hexachloroplatinic(IV) acid have been in the range of 0.05-0.4 %,
those of potassium iodide between 0.5 and 24% [46]). A spray solution containing 2%
potassium iodide and 0.23% hexachloroplatinic(IV) acid hexahydrate in N-hydro-
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 [46]. Acidic reagent solutions have been recommended for ben-
zodiazepines [10, 11]. Sulfones do not react [39].

The detection iimits in substance per chromatogram zone are 10 ng for urethanes
[36], 10 ng — 1 pg for alkaloids and 50 ng — 1 pg for penicillin derivatives [39].

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 [44].

In situ quantitation: The absorption photometric evaluation in reflectance was carried
out at the wavelength of the absorption maximum for brucine A = 700 nm (Fig. ).

|

iy

Fig 1: Reflectance scan of a chromatogram of Nux vomica extract (A) and of a reference track
with 100 ng each of brucine (1) and strychnine (2) per chromatogram zone (B).
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Procedure Tested 2

Potassium Hexaiodoplatinale Reagent 363

[ Opium Atkaloids {441 - *
Method Ascending, one-dimensional development in a trough chamber . * M
with chamber saturation. R R R
Layer TLC plates Silica gel 60 WF,s, (MERCK). * ¢
R
Mobile phase Acetone — toluene — ethanol — ammonia solution (25%)
(40+40+6+2).

Migration distance 7 cm

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; 10-15) and codeine
(hR¢ 15-20) yielded blue-violet chromatogram zones, narceine (hR; 0), thebaine (hR;
35-40), papaverine (hR; 50-55) and narcotine (hR; 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

Fig 2: Chromatograms of opium alkaloids (A) after immersion in the reagent solution and (B)
after additional washing away of any excess reagent.

4

I

chromatogram——zones.—This—is—best-done by dipping the treated chromatogram imto
several fresh 0.5% acetic acid solutions or by ,,destaining* 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
zones!)

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).

In situ quantitation: The absorption photometric evaluation in reflectance was carried
out at the wavelength A = 540 nm (Fig. 3). The detection limits in substance per
chromatogram zone were 20 ng for thebaine and papaverine, 200 ng for codeine,
300 ng for morphine and 500 ng for narceine.

UJ ~\ J’ J \‘J \»} U\

Fig 3: Reflectance scan of a chromatogram track with 1 pg each per chromallogram zone of nar-
ceine (1), morphine (2), codeine (3), thebaine (4), papaverine (5) and narcotine {6).
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e.g. gentisin, isogentisin [14]

Dalbergion-glycosides and their aglycones [15]

Pestidices

e.g. thiophosphate pesticides [16]

such as bayrusil, fospirate, noltran, menazon

maretin, dursban, cythioate

Nitroaryl esters

e.g. mono and dinitrophenylacetates [17]

Acetylcholine, adenochrome, nicotinamide [18]

Cytostatics (antineoplastic agents)

eg. l—ethoxycarbonyl—l-arylazo-2-nitroethane derivatives [19]

Block copolymers

e.g. polyacrylonitrile [20]
Dinitrophenylhydrazones

e.g. of pyruvic acid, glycolaldehyde [21]

KOH
M, = 56.11
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Preparation of the Reagent

Potassium Hydroxide Reagent 367

Method

Dipping solution Dissolve 2 g potassium hydroxide in 5 ml water and make up to
50 ml with ethanol [22].

Spray solution Dissolve 3 to 10 g potassium hydroxide in 100 ml methanol {1, 2, {

6, 8-10, 14, 19, ethanol [7, 15, 19] or water [16, 18, 20).

The chromatograms are dried in a stream of cold air, first sprayed homogeneously with
the reagent and, as in the case of anthraquinone derivatives, they are then dried in a
steam of warm air for a few minutes [10] or at room temperature for 20 min [11]. In
the case of pesticides the chromatogram is covered by a glass plate and heated to
100-200°C for up to 30 min [16].

Dalbergion glycosides produce green to violet [15], 2-arylazo-2-nitroethane deriva-
tives [19] and polyacrylonitrile (20) yellow to orange-red, dinitrophenylhydrazones
yellow to purple-brown and anthraquinone derivatives orange-yellow to purple-colored
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

Storage The reagent solutions can be stored for longer periods.
Substances Potassium hydroxide pellets

Methanol

Ethanol
Reaction i

The reaction course has not been elucidated (cf. also sodium hydroxide reagent).
Hydrolyzation reactions and aromatizations are probably primarily responsible for the
fofmanon of colored and fluorescent derivatives. Substituted nltrophe;ols —eg ;;;
thiophosphate insecticides — can probably be hydrolyzed to yel]ow-colored'n}tm-
phenolate anions by sodium hydroxide or possibly react to yield yellow MEISENHEIMER
complexes. Naphthol derivatives with a tendency to form radicals, e. g. 2-naphthyl ben-
zoate, react with hydrolysis to yield violet-colored mesomerically stabilized 1,2-naph-

thalenediol radicals.

HsC,0 /

HSCZO
hieo oY vo, Q< 0>.=N°z

Parathion-cthyi

N H/0, o’
conadiE oot

2-Naphthylbenzoate Naphthalenediol radical

Tluoresces yellow-wﬁm—cumannrgreemdafk—bh&mi, 0

Note: Methanolic sodium hydroxide solution can replace potassium hydroxide solution
[16] (q.v.). The production of color tones and fluorescence is very dependent on the
duration and temperature of heating; hence optimal conditions must be determined
empirically [16]. Some thiophosphate insecticides do not form fluorescent derivatives
[16]. The natural fluorescence of various cumarin derivatives is intensified [1].

It is recommended that the chromatogram treated with reagent be stored for ca.
15 min to allow stabilization of color when undertaking direct quantitation of anthra-
quinones [10].

The detection limits as substance per chromatogram zone are 1 ug for polyacrylo-
nitrile [20] and 2-arylazo-2-nitroethane derivatives [19] and 6-100 ng for thiophosphate
pesticides [16].

The reagent can, for example, be employed on silica gel, kieselguhr, Si 50000,
cellulose and polyamide layers as well as on mixed cellulose/polyamide layers [1].

Procedure Tested 1

Thiophosphate Insecticides [22]

Method Ascending, one-dimensional development in a trough chamber
without chamber saturation.
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Potassium Hydroxide Reagent 369

Layer ore
e plats Silica gl 60 Fug, extra thin layer (Muxcr), thag Procedure Tested 2
Tt picwasned by dipping in 2-propanol overnight and then ac_
tivated at 110°C for 30 min :
Mobik - . ] -
obile phase n-Hexane — diethyl ether — ethanol — ethyl acetate — formici Cumarin in Asperulae Herba (Woodruff) [23]
acid (909+40+26+25+1). 1
Migration distance 8 cm Sample solution A 3 g sample of woodruff was added to 30 ml warm methanol
Running time 30 min and placed 1n the ultrasonic bath for 10 min. After filtration i

D.ete.cﬁon and result: The chromatogram was dried for ca 3 min
arr, immersed in the reagent sof ‘

Parathion-methyl (hR; 40-45

t in a stream of warm
ution for 3 s and then heated to 110°C for 15 min.

, fenitrothion (hR; 45-50) and parathion-ethyl (hR;

solution was concentrated to ca. 20% of the initial volume under
reduced pressure. A portion of the solution was centrifuged at
1200 rpm for 2 min and the clear supernatant was applied to the
layer as a band.

60-65) appeared Method Ascending, one-dimensional development in a trough chamber
on m)n nl;l;e o as yellow chromatf)gram 20n¢s on a colorless background. The detec- vetod <t‘: i h‘“g,b:“" "“"f‘ N o

phmmofn.-::y etween 6 ng (parathion, parathion-methyl) and 10 e (fenitrothion) per Wi Clamber safuration.

gram-zone: Layer TLC plates Silica gel 60 F,5, (MERCK).
In situ quantitation: The absorpy . Mobile phase Toluene — tert-butyl methyl ether — acetic acid (10%)
: rption photometric evaluation in reflectance w: i
as carried
out at the wavelength A = 406 nm (Fig. 1), (T"ff e s s froshls made o, This i done by mix-

1

—=— Start
— —=— Front

Fig 1: Reflectance scan of a chromg with 300 € romatogram zone of
togram track with 3 ng substance per ch Ji

=1, fenitrothion = 2, parathion-ethyl = 3

The mobile phase is always freshly made up. This is done by T
ing the three mobile phase components in a separating funnel and
shaking vigorously several times; the top phase is used as mobile
phase.

Migration distance 10 cm
20 min
Detection and result: The chromatogram was dried in a stream of warm air and then
inspected under UV light. Cumarin (hR; 55-60) exhibited fluorescence quenching
under short-wavelength UV light (A= 254 nm; Fig. 2A); it is not excited to fluorescence
emission under long-wavelength UV light (A = 365 nm; Fig. 2B). After treatment with
the spray soiution (i g KOH peliets in 20 mi ethanoi) the cumarin zone produced ai
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 °0)
(Fig. 2D).

It is possible to detect 2 ng cumarin per chromatogram zone visually.
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Fig 2: Chromatogram of woodruff extract (track 1: 10 pl 0.1% cumarin solution in methanol,
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(C) and finally after heating (D).
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M, = 166.01 M, = 7000
Potassium iodide Starch

Substances containing active chlorine-or-bromine-oxidize-iodide-ions—-if y
under the influence of UV light — to iodine, which reacts with starch to yield the well-
known intense blue starch-iodine inclusion complex.

—Preparation of the Reagent

Dipping solution Dissolve 2.8 g potassium iodide and 1.4 g soluble starch accor-
ding to ZurLkowsky in 70 ml water and dilute with 30 ml absolute
ethanol [10].

Spray solution I For peroxides
Solution A: Mix 10 ml 4% aqueous potassium iodide with 40 ml
glacial acetic acid and add a spatula-tip of zinc powder. Filter off
the zinc powder immediately before using the spray solution

ing 1, 4].

Spray solution I For substances containing bromine: Dissolve 4 g potassium
iodide and 2 g soluble starch in 100 ml water with warming [7].

Potassium Iodide-Starch Reagent

Reagent for:

® Peroxides, hydroperoxides [1, 2]
e.g. (photo)-oxidation products
of limonene [3]
linoleic acid [4], methyl linoleate [S]
methyl oleate and methyl elaidate [6]
® Bromine-containing barbiturates and ureides [7]
o Sulfoxides [8]

KI (CsH1005)a

Method

For peroxides: The chromatograms are dried in a stream of warm air and immersed in
the dipping solution for 2 s [10]. Alternatively they can first be sprayed homogeneously
with spray reagent 1A, allowed to stand for 5 min and then sprayed with spray solution
1B until they are transparent {1, 4].

For substances containing bromine: The dried chromatograms are immersed in the
dipping solution for 2 s or sprayed homogeneously with spray solution II and then,
while still moist, they are irradiated with intense UV light for ca. 1 to 3 min. [7, 10].

For sulfoxides: The dried chromatograms are sprayed homogeneously with spray
reagent III. et a few minutes they can then be sprayed withspray sotution o-ift=
crease the color contrast [8, 9].

In all cases intense blue or brown-colored chromatogram zones are produced on a
colorless to brownish background.

Potassium Iodide-Starch Reagent 373

Spray solution Il For sulfoxides: Dissolve 5 g starch and 0.5 g sodium iodide in
100 mi water with warming. Add 1 ml conc. hydrochloric acid to
10 ml of the solution immediately before use [8].

Storage The reagent solutions may be stored for a few days.

Substances Potassium iodide
Starch, soluble acc. to ZULKOWSKY
Acetic acid (100%0)
Zinc powder
Sodium iodide
Hydrochloric acid (32%)
Ethanol

Reaction
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Procedure Tested

Bromureides [10]

Method Ascending, one-dimensional development in a trough chamber
with chamber saturation.

Layer TLC plates Silica gel 60 (MERCK).

Mobile phase Dichloromethane — diethyl ether [17+3).

Migration distance 5 cm

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 cm).

Bromisoval (hR; 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 guantitation: Quantitative evaluation was not possible.
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Method

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.

Note: The detection limit for colchicine is 5 ng substance per chromatogram zone.
The reagent can, for example, be used on silica gel, kieselguhr and Si 50000 layers.

Procedure Tested

4
Reagent
Reagent for:
® Alkaloids
e.g. colchicine (1]
KNO. H-SO
INTy TIOg
M, = 101.11 M, = 98.08

Preparation of the Reagent

Dipping solution Dissolve 100 mg potassium nitrate in 5 ml sulfuric acid (95-97 %)
and make up to 100 ml with ethanol [1].

Storage The reagent solution can be stored for ca. 1 month.
Substances Potassium nitrate

Sulfuric acid (95-97%)

Ethanol
Reaction

The mechanism of the reaction has not been elucidated. Nitration probably takes place.

Colchicine [1]

e w crpmAdins  ~za A3 sanal A 1 t 1
Meihod Ascending, onc-d 1 dev in a trough chamber

without chamber saturation.

Layer HPTLC plates Silica gel 60 F,5, (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 110°C for 10 min.

Mobile phase Acetone — toluene — ammonia solution (25%) (40+15+5).
Migration distance 5 cm

Running time 10 min
Detection and result: 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
heated to 110°C for 10 min.

Colchicine (hR; 35-40) appeared as a yellow chromatogram zone on a colorless
background. The detection limit lay below 5 ng substance per chromatogram zone.

In situ quantitation: The absorption photometric evaluation was carried out in reflec-
tance at a wavelength of A = 380 nm (Fig. 1).
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Fig. 1: Reflectance scan of a chromatogram track of a Colchicum autumnale extract (A) and of
a reference track with 1 pg colchici
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® Indoie, m-dinitrobenzene, pyrene 2]
o Sulfapyridine [2, 3]

Reagent for:

® Aromatic amines and phenols [1-4]
e.g. resorcinol, catechol, aminonaphthols

K,S,04 AgNO;
M,=270.33 M, =169.87

Preparation of the Reagent

Dipping solution

Spray solution

Storage

Substances

Dissolve 1 g potassium peroxodisulfate and 34 mg silver nitrate in
60 ml water and make up to 100 ml with acetone {5].

Dissolve 1 g potassium peroxodisulfate and 17-34 mg silver ni-
trate in a mixture of 1 ml acetone and 99 ml water [1, 2] or in pure
water [3].

The reagent solutions may be kept for extended periods.

Potassium peroxodisulfate
Silver nitrate
Acetone
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Reaction

Potassium Peroxodisulfate-Silver Nitrate Reagent 381

Migration distance 5 cm

Running time 15 min

Peroxodisulfate ions oxidize aromatic amines and phenols to colored derivatives, partie
ularly under the catalytic influence of silver ions [1-4].

Method

The chromatograms are freed from mobile phase in a stream of warm air, 1mmerse@

in the dipping solution for 1 s or homogencously sprayed with the spray soiution ancg

then heated to 50-110°C for 2-5 min.

Detection and result: The chromatogram was first dried in a .strez.im of cold air for
5 min, then immersed in the dipping solution for 15, briefly dried in a stream of cold

air and then heated to 110 °C for 2 min.

- m) appeared as a yellow-green chromato-
2-Aminophenol (hR; 70-75, Apax = 430 nm) appeared as

gram zone and 4-aminophenol (hR 60-65, Ayax = 360~380 nm) as a grey-brown chro-
matogram zone on a colorless background. The photometric detection limits are 50 ng

substance per chromatogram zone.

In situ quantitation: The absorption photometric evaluation in reflectance was carried

£ AND o (0 1Y

out at a mean waveiengih of A = 400 nm {fig. I).

Yellow, orange to violet or grey-black chromatogram zones are produced, generally
before heating. The background is colorless [1-4].
Note: The dipping solution can also be used as a spray solution. Aromatic amines react | é
more sensitively than do phenols {ij. The presence of acetone in the reagent mcreases
the sensitivity for some substances, e.g. for sulfapyridine 2] f
The visual detection limits for aromatic amines and phenols are 100-600 ng sub-
stance per chromatogram zone [1-3].

The reagent can, for example, be used on silica gel, kieselguhr and Si 50000 layers.

Procedure Tested

Aminophenols [5]

Method Ascending, one-dimensional development in a trough chamber
with chamber saturation.

Layer HPTLC plates Silica gel 60 F,54 (MERCK) that were prewashed
before use by developing once to the upper edge of the plate, be-

fore application of the sampie, with chioroform — methanol
(50+50) and then dried at 110 °C for 30 min.

Mobile phase Toluene — methanol (10+10).

2

R
~— Front

- Start

Fig. 1: Absorption scan of a chromatogram track with 200 ng each per chromatogram zone of
4-aminophenol (1) and 2-aminophenol (2).
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Reagent for:

® Aromatic amines, amino phenols [1]
e.g. aromatic o-diamines [2]
® Polyhydric phenols {1}
e.g. resorcinol, pyrogallol
i svilecbnsnan (11

a Modo ot
® REQuciig suosiaicls i)

¢.g. hydrazine, phenylhydrazine, ascorbic acid

® Alkaloids
e.g. brucine, cinchonine [1]

SeO,
M, = 110.96

Dipping solution

Spray solution
Storage

Substances

Dissolve 0.5 g selenium dioxide in 50 ml methanol and add 1 ml
glacial acetic acid [2].

Dissolve 3 g selenium dioxide in 100 ml water [1].
Both reagents may be stored for longer periods.

Selenium dioxide
Methanol
Acetic acid (100%)
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Selenium Dioxide Reagent 385
Reaction Procedure Tested
The reaction mechanism has not been elucidated. Reducing substances presumably re- Aromatic o-Diamines [2]
lease red elementary selenium [1). Aromatic o-diamines yield highly fluorescent .
selenodiazoles with selenium dioxide. Method Ascending, one-dimensional development in a trough chamber
without chamber saturation.
NHz o \\g Layer HPTLC plates Silica gel 60 (MERCK).
+ h e
NH, 0 N// Mobile phase 2-Propanol — chlorobenzene — n-hexane — water — ammonia

2,3-Diami bebot Selenii Selenodiazole
dioxide

solution (25 %) (52+34+20+10+5).
Migration distance 6 cm

Running time 35 min

Method

The chromatograms are freed from mobiie phase in a stream of warm air, then im-

mersed twice in the dipping solution for 2 s or sprayed homogeneously with the spray
solution and then heated to 120°C for 15-20 min.

Variously colored chromatogram zones appear, some before heating, on a colorless
background [1]; those produced by aromatic o-diamines are excited to fluorescence by
long-wavelength UV light (A = 365 nm) [2].

Note: Reducing sugars do not react [1]. In the course of a few days the chromatogram
zones gradually acquire brown-black discoloration, presumably as a result of the pro-
duction of elementary selenium [1]. .
The detection limits for aromatic amines are 1-2 ng substance per chromatogram )
zone [1] 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. '

Detection and result: The chromatogram was freed from mobile phase for 5 min in a
stream of cold air, immersed twice in the dipping solution for 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-100 — chloroform
(1+4), with the chromatogram being kept in the dark between and after these dipping
processes.

After ca. 30 min, when the chloroform had evaporated, fluorescent chromatogram
zones appeared on a dark background on excitation with long-wavelength UV light
(A =365 nm): 2,3-diaminonaphthalene (hR; 70~75), red and 2,3-diaminopyridine (hR;
55-60), blue. The detection limits were 3 ng substance per chromatogram zone,

In situ quantitation: The fluorimetric scans were carried out at several combinations
of excitation and measurement wavelengths (Fig. 1).
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Sodium Hydroxide Reagent
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Fig. 1: Fluorescence scans of a chromatogram track with 60 ng each of 2,3-diami idi V
and 2,3-diaminonaphihalene (2) per ch ¢ - diaminopyridine (1)

Reagent for:

® a-Pyrone derivatives
e.g. umbelliprenine [1]
cumarin [2-4]
dicumarol [5]
® Phenyl-1,3-indandione
® Mycotoxins

A) A =365 nm and Ag > 560 nm (cut off filter F1 56); B) Ao = 313 nm and Aq > 390 nm (g
off filter Fl 39); C) ¢y = 365 nm and Aq > 390 nm (cut off ctxi‘lter Fl 39). %
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e.g. patulin as 2,4-DNPH derivative [6]
® Quinones [7]
e.g. antibiotics
such as xanthomegnin, viomellein [8]
® Pesticides
e.g. insecticides
such as phosalone [9], carbofuran [10], sevin [11]
organophosphorus pesticides
such as bayrusil, cythioate, dursban, menazon [12];
paraoxon [13]
2-sec-butyl-4,6-dinitropheny] herbicides and acaricides [14]
such as dinobuton, 2-sec-butyl-4,6-dinitrophenol
® Pharmaceuticals
e.g. in urine [15]
® Steroid and stilbene derivatives
e.g. trans-stilbene metabolites [16]
A4-3-ketosteroids [17]
Glucose-8-methionine [18]
Homogentisic acid [19]
Arabinosylcytosine [20]
Sennosides [21] NaOH
a-Naphthol [11] M
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Preparation of the Reagent

Sodium Hydroxide Reagent 389

Colored or, under long-wavelength UV light (A, = 365 nm), vellow or blue fluorescent

Colored or, unger long-wavelength ight 6> nm}, vellow or blu

chromatograph zones appear, even after drying the chromatogram in a stream of cold

Dipping solution Sodium hydroxide solution (c=0.1 ... 1 mol/L) in methanol -
water (60+40) [22].

Spray solution Sodium hydroxide solution (c = 1 to 2.5 mol/L) in methanol-wad
ter mixtures (e.g. 50+ 50) [3, 5-7, 9-14, 16, 18, 21].

Storage The solutions may be stored in the refrigerator for longer periods;

Substances Sodium hydroxide pellets V
Methanol

The course of the reaction has not been fully clarified. Hydrolytic and aromatization,
processes are probably responsible for the formation of colored or fluorescent deriva-
tives (cf. Potassium Hydroxide Reagent). For instance, sevin is converted to a-naphthol
[11] and paraoxon to the yellow 4-nitrophenolate anion [13]. In the case of a-pyrone’
derivatives it is assumed that the alkali metal salt of the o-hydroxycinnamic acid pro-
duced by hydrolytic cleavage of the pyrone ring is converted from the non- -fluorescent

cis- to the fluorescent frans-form by the action of long-wavelength UV llght"

(A =365 nm) [2].
o~ UV3sSmm @(OH
H
7/

Qe (I

H 5—07
]

Cumarin Anion of cis-ortho-

Anion of trans-ortho-
hydroxycinnamic acid

hydroxycinnamic acid

Method

The developed chromatograms are freed from mobile phase in a stream of cold air for

5 min, then immersed in the dipping solution for 2 s or homogeneously sprayed with
the spray solution and heated to 80-150°C for 5-10 min,

air, but sometimes only after heating to 80°C [17], to 130°C [9] or 150°C [22] for
5-10 min.

It is occasionally recommended that after it has been sprayed the plate should

Note:
cod il o T oo Modn fon comcaznl smalimiitan s1aéi]l medleniien ranation has aconrrad

be coverea wiin a giass piai€ ior several minutes until Opiiiniuim eaciicn nas oilurmea
[11], or be irradiated with long-wavelength UV light (A = 365 nm) [2]. Methanolic po-
tassium hydroxide solution can also be used in place of sodium hydroxide [12] (see Po-
tassium Hydroxide Reagent). The formation of colors and fluorescences depends on the
length of heating and on the temperature employed; optimum conditions must be dis-
covered empirically [12].

The 2,4-dinitrophenylhydrazone of patuiin and other mono-2,4-dinitrophenyihydra-

—Iﬁzmwmw
action while dinitrophenols and their esters are colored yellow [14]. A whole range of

organophosphorus pesticides do not give any reaction [12].

The detection limits per chromatogram zone are 1 ng for sevin and a-naphthol [11],
1 to 100 ng for organophosphorus pesticides, 500 ng for paraoxon [13] and 2 ng for
cumarin [3].

The reagent can, for example, be used on silica gel, kieselguhr, Si 50000, NH, and
diol layers.

A4-3-Ketosteroids and Stilbene Derivatives [22]

Method Ascending, one-dimensional development in a trough chamber
with chamber saturation.

Layer HPTLC plates Silica gel 60 F,54 (MERCK).

Mobile phase Chloroform — methanol (98+2).

Migration distance 8 cm

18 ot
l\llulllug time 15 i

Detection and result: The chromatogram was freed from mobile phase in a stream of
cold air for 5 min, immersed in the dipping solution for 2 s (c = 1 mol/L) and heated
to 150°C for 10 min.
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Sodium Hydroxide Reagent 391
Weakly fluorescent zones were visible under long-wavelength UV light (A = 365 n

(Fig. 1). Cortisone (hRf 0- 5), dlenestrol (hRf 10-15), 4-androstene-3 17-dione (h

O O O adi K 7w
estrol (hRf 10-15), 17u-eth1ny1-1 3 S—estratnene 3 178-diol 25- .
(hR; 35-40) had a blue emission. ° (hRf 30) and esto i
E
s .g’ 500 M
) Z
X
3 -
3 2 300 M
5 : 5
f s & ; ‘ 5 -1
i * L e o
W v \UJV v

0 10 20 30 40 50 t[minl

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 (¢ = 1 mol/L) followed by treatment
with Triton 100-X and heating to 120°C.

After heating the chromatogram was immersed in a solution of 2 ml Triton X-100 in

5 ml chloroform plus 35 ml n-hexane in order to intensify the fluorescence and then
2 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. 1).

5 4 Heating the chromatogram to 120 °C after treatment with Triton X-100 led to a fur-
1

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.
Fig. 1: Fluorescence scan of a chromatogram track with | g cortisone (1), 100 ng dienestrol (2), .

300 ng 17a-ethinyl-1,3,5-estratriene- 3,178-diol (3), 100
- 5 ng estrone (4) and 1 pg each of 4-
androstene-3,17-dione (5) and 4-cholesten-3-one (6): A. before immersion in Triton i 100, B. after

immersion followed by brief drying, C. after heating to 120°C for 10
8 t furthe
20 minutes to increase the fluorescence. minutes and D for a “

—— Start
—
——
—_—

—=— Start
=l

In situ quantitation: The fluorescence scan was carried out at A =365 nm and
Aq > 430 nm (cut off filter Fl 43).
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~— Front
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M; = 69.00 M, = 144.17
Sodium nitrite 1-Naphthol

Preparation of the Reagent

Dipping solation I Dissolve 5 g sodium nitrite in 20 ml water, add 2 ml hydrochloric
acid (32%) and make up to 100 ml with ethanol [7].

Dipping solution II Dissolve 5 g l-naphthol (a-naphthol) in 100 ml ethanol [7].

Spray solution I Dissolve 1 to 5 g sodium nitrite in 100 ml hydrochloric acid
(c =02 to 1 mol/L) [4, 6].

Spray solation I  Dissolve 0.2 to 5 g I-naphthol [4] or 2-naphthol (B-naphthol).[s,
6] in 100 ml methanol [4] or sodium hydroxide solution
(¢ = 0.1 mol/L) [6].

Storage All reagent solutions may be stored in the refrigerator for several
days [7).

Substances Sodium nitrite
1-Naphthol

2-Naphthol




394  Sodium Nitrite- Naphthol Reagent

Hydrochloric acid (c = 1 mol/L)
Hydrochloric acid (32%)
Ethanol

Sodium Nitrite-Naphthol Reagent 395

cther [1]. The a- or B-naphthol in the reagent can be replaced by N-(l-naphthyl)ethyl-
enediamine (cf. BRATTON-MARSHALL reagent, Vol. la).

Methanol

Reaction

Primary aromatic amines are first diazotized by the action of sodium nitrite in acidid

solution and then coupled, for instance, with I-naphthol to form azo dyes (cf
BRATTON-MARSHALL reagent, Vol. 1a).

Afew-aromatic-amines do-not Feact: e-g—o-substituted diamines yield benzotriazoles
that cannot couple [1]. )

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 cel-
lulose layers.

Procedure Tested

7N\
- 7SN 0OH
Cron 55O o H 7 G
“Ho -HCl

Prim. aromat. Diazonium 1-Naphthol Azodye
amine salt
Method

2

The chromatograms are freed from mobile phase in a stream of cold air, immersed in;
reagent solution I for 1 s or sprayed with it homogeneously until the layer begins to bej
transparent, dried for 10 min in a stream of cold air (or 5 min at 50-100°C [4, 6]), im-‘§
mersed in soiution II for I s or sprayed with it homogeneously and finally dried in aj
stream of warm air for 5 min.

Pink-red to orange-colored chromatogram zones are formed, usually at once, on a?
colorless background. Brown to black colors are also sometimes produced [1]. 4
Note: The diazotization of primary aromatic amines can also be carried out by treating ;
the chromatograms for 3-5 min with nitrous fumes in a twin-trough chamber; the |
fumes are generated by adding 25% hydrochloric acid to 20% sodium nitrite soluuon
in the free trough [5]. Alternatively the diazotization can be carried out by spraying the
chromatograms with a solution of 3% pentyl nitrite and 3% formic acid in diethyl !

Substituted Anilines [7]

Method Ascending, one-dimensional, two-fold development at 20°C in a
trough chamber without chamber saturation.

Layer HPTLC plates Silica gel 60 F,5, (MERCK) that are precleaned by
immersion overnight in 2-propanol and then dried at 110°C for
30 min.

Mobile phase 1. Methanol — acetic acid (100+1).

2. Chloroform — n-hexane — diisopropyl ether — dichloro-
methane — formic acid (50+35+10+5+0.45).

Migration distance 1. 0.8 cm
2. 6.5cm

Running time 1. 1 min
2. 25 min

Detection and result: The chromatogram was dried (5 min in a stream of cold air), im-
mersed in dipping solution I for 2 s and then dried in a stream of cold air. It was then
immersed in dipping solution II for 1 s and dried in a stream of warm air for 5 min.
Sulfanilic acid (hR; 10-15), 4-isopropylaniline (hR; 25-30), 4-chloroaniline (hR;
40-45) and 3,4-dichloroaniline (hR; 45-50) yielded pink-colored chromatogram zones
on a colorless background.

The detection limits lay between 20 ng (4-chloroaniline) and 80 ng (3,4-dichloro-
aniline) substance per chromatogram zone.
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In situ quantitation: The absorption photometric scans were carried out in reflectance
at a wavelength of A = 520 nm (Fig. 1).

Sucrose-Hydrochloric Acid Reagent

2

3
|
)L

Fig. 1: Refl scan of a chrc track with 30 ng sulfanilic acid (1) and 100 ng each
of 4-isopropylaniline (2), 4-chloroaniline (3) and 3,4-dichloroaniline (4) per chromatogram zone.
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Reagent for:

® Phenols (1]

OH
o
OH
HO (o}
&)
HOo O
MO on
OH
CpHyuOy HCl

M, = 342.30 M, = 36.46
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Sucrose Hydrochloric acid

Preparation of the Reagent

Dipping solution Dissolve 2 g sucrose in 5 ml water and 5 ml hydrochloric acid
(32%) and make up to 100 ml with ethanol [1].

Storage The dipping solution can be stored over a longer period.
Substances Sucrose

Hydrochloric acid (32%)

Ethanol

Ammonia solution (25%)
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Reaction

Sucrose- Hydrochloric Acid Reagent 399

temperature, treated with ammaonia vapor for 5 min in a twin trough chamber whose

peral ammo

empty trough contains 10 ml 25% ammonia solution.

The hexoses that are the initial products of acid hydrolysis of sucrose (1) react at ele:
vated temperature under the influence of acids to vield furfural derivatives (2). Theu
condense, for example, with the phenols to yield triarylmethanes (3), these react flll’ﬂle]
by oxidizing to yield colored guinoid derivatives (2, 4). Polyhydric phenols, e.g. resoﬂ

cinol, on the other hand, yield condensation products of Types 5 and 6 [2].

H H
HO—?—(E—OH
H\C C:H

HOH,C™ g o/ “CHO

oo}

Yellow to brown chromatogram zones are formed on a colorless background.

Note: In long-wavelength UV light (A = 365 nm) derivatized phloroglucinol emits a
reddish fluorescence that is not suitable for quantitative analysis [1].

a iy i in tha lawar nancoram ranoa
The detection limits are in the lower nanogram range.

The reagent can, for example, be used on silica gel, kieselguhr, Si 50000, CN, diol,
cellulose and RP layers.

H OH
1 A
~ 1

H* 1120,

HY|-3H,0 +2 —_— Hcﬂ 2

-H,0
l I / I
HOHZC—[ O]—CHO OH
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Method

The chromatogram is freed from mobile phase in a stream of warm air, immersed in
the reagent solution for 2 s or homogeneously sprayed with it and briefly dried in a
stream of warm air. It is then heated to 110°C for 2 min and, after cooling to room

“Trihydric” Phenols [1]

Method Ascending, one-dimensional development in a trough chamber
without chamber saturation.

Layer HPTLC plates CN Fys4; (MERCK).

Mobile phase Toluene — ethyl acetate (80+20).

Migration distance 6 cm

Running time 10 min

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
trough chamber).

Phloroglucinol (hR; 15-20) yielded an ochre-colored and pyrogallol (hR; 35-40) a
brown chromatogram zone on a colorless background. The detection limits were 20 ng
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 A, = 350 nm (Fig.
1A) or at the absorption maximum of the phloroglucinol derivative at Ay, = 420 nm

(Fig. 1B).
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Sulfanilic Acid; Diazotized Reagent
2 | (Pauly’s Reagent)
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@ Phenols and amines capable of coupling [4, 8]
e.g. aniline derivatives, aminophenols [5]
such as tyramine [9]

T
f

. B phenolcarboxylic acids [1, 3]
Fig. 1: Rcﬂectanlce scans of a chromatogram track with 200 ng each of (1) phloroglucinol and (2) such as gallic acid, caffeic acid, chlorogenic acid
pyrogallol per zone at lengths A = 350 nm (A) and A = 420 nm (B). PHB esters [7]

phenolic aldehydes

such as salicylaldehyde, 4-hydroxybenzaidehyde {3]
phenolic alcohols

References such as coniferyl alcohol [3]

chlorophenols [10]

naphthylamines [6]

[1} Netz, S., Funk, W.: Private ication, Fachhochschule GieBen, Fachbereich Technisch flavonoids [3, 27}
G dhei 1989. cumarins [1-3]
[2] Kakéc, B., Vejdelek, Z. J.: Handbuch der ph ischen Analyse or her Verbindun- o Heterocyclics{4]

gen, Vol. 2, p. 872ff., Verlag Chemie, Weinheim, 1974. e.g. imidazole derivatives

such as histamine [11], clotrimazole [12]
kojic acid [13], imidazole thigethers [14]
histidine and metabolites [15]
indanedione derivatives [2]
® Proteins
e.g. cytochrome C, ovalbumin, aldolase [16]
@ Oligo- and polypeptides [18, 21-23, 26]
e.g. Amanita toxins
such as amanitin, phalloidin [17, 20]

angiotensin peptides [24, 25] 9
insulin derivatives [19] HzN—O—,S,-OH
@ Penicillic acid [13] o
@ Carboxylic acids [29] C¢H;NO3S

e.g. sorbic acid, malic acid, citric acid M, =173.19




402 Sulfanilic Acid, Diazotized Reagent

£
D
oed

Sulfanilic Acid, Diazotized Reagent

Preparation of the Reagent

Solution I Dissolve 4.5 g sulfanilic acid (4-aminobenzenesulfonic acid, ani-
’ line-4-sulfonic acid) in 45 ml conc. hydrochloric acid (32%,
10 mol/L) with gentle heating and make up to 500 ml with water.

Reaction
Aromatic amines and phenols couple with diazotized sulfanilic acid to yield azo dyes.

[ FN_nenl o s 6N
llHo3s~<\=I)—NzNJ| Cl™ o+ (\:)—anﬁﬂoas—Q HN= N—-\\ ) NH,

Solution 11 Dissolve 4.5 g sodium nitrite in 100 ml water.

Solution Ia Dissolve 2.25 g sodium nitrite in 10 ml water and make up to Diazonium salt Arom. amine Azo dye
50 ml with methanol.

Solution III Combine 10 ml solution I with 10 ml solution II while cooling in
ice. This solution is ready for use after 15 min reaction at 0 °C.

Solution IV Dissolve 10 g sodium carbonate decahydrate in 100 ml water.

Solution IVa Dissolve 1.5 g anhydrous sodium carbonate in 15 ml water. e ‘.‘ﬂ!f)d

Dipping solution Mix 10 mi portions of solutions I and Iia with cooling to 4°C,
wait 15 min (4°C) and treat with 15 ml solution IVa [28].

Spray solution Mix equal volumes of solutions III and IV immediately before
use [4, 8, 20].

Storage The spray and dipping solutions should always be made up fresh.
Solution III is stable for up to 3 days at 0 °C. Solutions I, II and

TV ars ctahla Aver 3,
IV are stable over longer pericds.

Substances Sulfanilic acid

Hydrochloric acid (32%)
Sodium nitrite

Sodium carbonate decahydrate
Sodium carbonate anhydrous
Methanol

The chromatograms are freed from mobile phase in a stream of warm air and homoge-
neously sprayed with the freshly prepared spray solution until the layer begins to be
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

any

ionger periods {20].

Note: The sulfanilic acid can also be diazotized in situ on nitrite-impregnated TLC lay-
ers; in this case the chromatograms are merely sprayed with sulfanilic acid solution (2%
in 10 mol hydrochloric acid) [S]. Diazotized 4-nitroaniline can also be used in place of
diazotized sulfanilic acid [3]. In the case of clotrimazole, the layer is first sprayed with
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 [1, 3, 7].

The reagent can be used, for example, on silica gel, kieselguhr, Si 50000, RP and cel-
lulose layers.
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Procedure Tested

Sulfanilic Acid, Diazotized Reagent 405

12

Nitrophenols [28]

Method Ascending, one-dimensional development in a trough chamber
with chamber saturation.
Laye; ili
ayer HPTLC plates Silica gel 60 F,s, (MERCK); before the samples

were applied these were immersed for 4 h in 2-propanol and then
dried for 30 min at 110 °C. After cooling in the desiccator the lay-
ers were protected from atmospheric moisture by covering them
1 cm above the start zones with a glass plate.

Mobile phase Ethyl acetate — n-hexane (65 +35).

Migration distance 6.5 cm

Running time 13 min

Detecti
coel:ie:'l:l(lsmfl ;‘E§ﬂ1t= The chromatogram was freed from mobile phase in a stream of
min), immersed in the dippi i i ini
a stream of cold s pping solution for 1 s and then dried for 5 min in
2 4-Dini
bm;:; ]))"2“;'°P‘{eﬂ°1 (hR; 0-5, yellow-brown), 2,6-dinitrophenol (hR; 10-15, yellow-
, 2,5-dinitrophenol (hR; 30-35, yellow-brown), 4-nitrophenol (hR, 40-45, yel-

a
|

W

4

|
U

Fig. 1: Reflectance scan of a chromatogram track with 30 ng each of 2,4-dinitrophenol (1) and
2,6-dinitrophenol (2), 60 ng each of 2,5-dinitrophenot (3), 4-nitrophenol (4) and 120 ng each of
3-nitrophenol (5) and 2-nitrophenol (6) per chromatogram zone.

\ —=— Start
E —— Front
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Nitrite [1]
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Nitrg comnpounds 41
Nitro compouncs {4;

e.g. explosives
such as RDX, HMX, PETN [5]

[29] Jork, H.: Private communication, Universitit des Saarlandes, Saarbriicken 1990.

N~ NH:
—n Z « 2HCI
N )—SO:H m
7 X
C¢H;NO,S CpHN, - 2HCI
M, = 173.19 M, = 259.18
Sulfanilic acid N-(1-Naphthyl)-
ethylenediamine
dihydrochloride

Preparation of the Reagent

Dipping solution  Dissolve 200 mg sulfanilic acid and 600 mg N-(1-naphthyl)-
ethylenediamine dihydrochloride in a mixture of 20 ml hydro-
chloric acid (32%) and 10 ml water and make up to 200 ml with
ethanol (1).

Storage The dipping solution may be stored in the refrigerator at 4°C for
ca. 3 weeks.



408 Sulfanilic Acid-N-(I-Naphthyl)-ethylenediamine Reagent

Substances Sulfanilic acid

N-(i-Naphthyi)-ethyienediamine dihydrochioride
Hydrochloric acid (32%)

Sulfanilic Acid-N-(I-Naphthyl)-ethylenediamine Reagent 409

dihydrochloride [2, 3, 5]. In the case of N-nitrosamines the chromatograms should be

exposed to bright sunlight for 1-2 h before appiication of the GRIESS reageni 21, or

Ethanol

Reaction

In the presence of acids, sulfanilic acid — like other primary aromatic amines — reacty
with nitrite to yield a diazonium compound that can couple with a suitable aromatiq

amine to vield an azo dve.
amine to yield an azo dye.

be irradiated with UV light for 10 min while still moist after application of the reagent

[3]. Nitro compounds and explosives are detected by first spraying the chromatograms
with sodium hydroxide solution and then treating with the reagent [4, 5].

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
layers.

Procedure Tested

© + NOy ~H20 © © NH—CHz— CH,-NH, —~

SO;H SO H
Su_lfanilic Diazonium N-(1-Naphthyl)-ethylenediamine
acid compound
HO,3S —@-N:NQNH—CHZ— CH,~NH,
\_7
Azo dye
Method

The chromatograms are dried in a stream of warm air for 10 min, then heated to 120°C
for 15 min and immersed while still hot (!) in the dipping solution for 1 s or sprayed
homogeneously with it and then dried in a stream of cold air for 10 min.

Nitrite, N-nitrosamines and the explosives RDX and HMX vyield reddish- vmlet z
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 be used as coupling agent instead of N—(l-naphthyl)-ethylenediamine§

Sodium nitrite [1]

Method Ascending, one-dimensional development in a trough chamber
with chamber saturation.

Layer TLC plates Silica gel 60 Fys4 (MERCK).

Mobile phase 2-Butanol — ammonia solution (25%) (8+2).

Migration distance 4 cm

Running time 25 min

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
solution (1 s) and then dried in a stream of cold air for 10 min.

Nitrite (hR; 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
out at the wavelength A = 550 nm (Fig. 1).
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Fig 1: Reflectance scan of a chromatogram track with 50 ng nitrite (1).
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® Thiophosphate pesticides [1]
o Triazines [2]

O ocn fooH

X (6,05 1) (I:HZ
Br O \ Br HO—-C—COOH
CH.
K*-O 0 [ 2
Br Br COOH
CpHpBrOK AgNO;  CgHgO,-H,0
M, = 700.08 M, =169.87 M, =210.14
3,3,5,5 Tetra- Silver nitrate Citric acid
bromophenolphthalein

ethyl ester K salt

Preparation of the Reagent

pping solution I Dissolve 0.1 ¢ 3 3.5,5-tetrabromophenolphthalein ethyl ester po-

01lg33 oM

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].
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Dipping solution Il Dissolve 5 g citric acid monohydrate in 50 ml water and make

to 100 mi with actone [2].

mrabromophenOIphthalein Ethyl Ester-Silver Nitrate-Citric Acid Reagent 413

The detection limits for thiophosphate insecticides are 50-100 ng substance per chro-

matogram zone [i}.
The reagent can, for example, be used on silica gel, kieselguhr, aluminium oxide and

Storage Dipping solutions I and 111 can be stored in the relrigerator for:
least 1 week. Dipping solution 11 should be made up fresh daily
Substances Tetrabromophenolphthalein ethyl ester potassium salt
Silver nitrate
Citric acid monohydrate
Acetone

Reaction

Si 50000 layers.

Procedure Tested

Triazines [2]

Method Ascending, one-dimensional development in a trough chamber
without chamber saturation.

3,3',5,5'-Tetrabromophthalein ethyl ester potassium salt is a pH indicator that changey
from blue to yellow in the pH range 4.2-3. It is known that proteins and alkaloids fornk
blue-colored salt-like adsorption compounds with this indicator that are not destroyeqg
by weak acids [3]. Thiophosphate pesticides and triazines possibly form similar com
pounds.

Method

The chromatograms are freed from mobile phase in a stream of warm air, immersed in
dipping solution I for 3 s, dried in a stream of cold air for 15 min and immersed in dip~
ping solution II for 3 s. After drying in a stream of cold air for 2 min they are immersed
in dipping solution III for 3 s and finally dried for 5 min in a stream of cold air.

Blue-colored unumal,ugram zones are formed on a yeliow background.

Note: The dipping solutions can also be used as spray solutions [1]. The chromatogram
zones are most intensely blue-colored 5 to 10 min after the chromatograms have been
treated with citric acid [1]. The whole layer background then gradually acquires a blue-
green coloration over a further 10 min period. However, the difference in color between
the chromatogram zones and their background can be restored once more by further
treatment with citric acid before the blue color of the derivatives completely and irre-
versibly fades after about 30 to 40 min [1]. The analogous oxygen compounds to para-
thion, dichlorvos, naled, mevinphos, phosphamidon and trichlorfon do not react [1]-

Layer HPTLC plates Silica gel 60 F,s5, (MERCK), that were preclefinsed
by dipping in 2-propanol for 12 h (overnight) and then dried at
110°C for 60 min.

Mobile phase n-Pentane — chloroform — acetonitrile (50+40+10).
Migration distance 7 cm

Running time 25 min

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 II for 3 s, dried fo.r
exactly 2 min in a stream of cold air, immersed in dipping solution III for 3 s and fi-
nally dried in a stream of cold air for 5 min.

The triazines aziprotryn (hR; 90-95), dipropretryn (hR; 80-85), prometryn (hR;
75-80), ametryn (hR; 65-70), desmetryn (hR; 50-55) and methoprotryn (hR; 40-55)
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-
ation. The detection limit was 20 ng substance per chromatogram zone.

In situ quantitation: The absorption spectrophotometric quantitation was carried out
in reflectance at the wavelength A = 565 nm (Fig. 1).
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Fig. i: Reflectance scan of a chromatogram track with 200 n;
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Reagent for:

g substance per chromatogram zone ® Peroxides
4 = prometryn, § = dip 6 4

e.g. sterol hydroperoxides [1];
such as cholesterol linoleate hydroperoxide [2]
@ Steroids [1]
e.g. A43-ketosteroids
® Nitrate esters
e.g. nitroglycerine, diglycerine tetranitrate
ethylene glycol dinitrate [3]
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® Aromatic amines
e.g. 1,4-phenylenediamine, 2-amino-4-chlorophenol,
4-nitroaniline, 4-amino-3-nitrotoluene [5]

P Ji-O=-aziprotryn
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H,C CH,

_ + +/ -
Cl~ HN N{l Cl
H,C cH,

CyoHgCLN,

M, = 237.17
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Preparation of the Reagent

N,N,N',N'-Tetramethyl-1,4-phenylenediamine Reagent 417

After a few minutes drying in air sterol hydroperoxides, nitrate esters, triazines and

aromatic amines yieid biue-violet chromatogram zones on a pale blue to violet back-
ground [1, 3]. Polynitroaromatics yield yellow to dark beige zones [3].

Dipping solution

Spray solution
and 1 ml glacial acetic acid [1].

D.issolv.e 500 mg N,N,N’,N'-tetramethyl-l,4-phenylenediammo-
nium dichloride (TPDD) in 100 ml methanol [5] or acetone [3).

Dissolve 1 g TPDD in a mixture of 50 ml methanol, 50 ml water

Note: The substances that will react with TPDD reagent do not all react with the chemi-
cally related N,N-dimethyl-1,4-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 1) [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-
idly discolors to a dark violet [1], 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 [1].

The detection limits per chromatogram zone are 50 ng substance for sterol peroxides

Storage The dipping solution may be stored in the refrigerator for 1 to 2
weeks. It should always be prepared fresh for quantitative work [5].
Substances N,N,N’,N’—’l‘etmmethyl-l,4-phenylenediammonium dichloride
Acetone
Methanol
Acetic acid (100%)
Reaction

Peroxides oxid?ze< TPDD to WursTER’s blue, a product with a semiquinone diimine
structure [1]. Similarly WursTER’s blue is also produced from TPDD by reaction with

halogen-containing substances i
alog produced by the reaction of aromatic i
triazines with chlorine gas. mines and

HC /CH3 H;C, CH,3
/N—@—N\ Oxidation \N;Q—N/
- \
H,C CH, H,C CH,
WURSTER's blue
Method
The chromatogram is freed from mobile phase, lightly but homogeneousiy sprayed with

the.spmy solution or immersed in the dipping solution for 2 s. Triazines and aromatic
amines must ﬁrst be converted to chlorinated derivatives by exposing the chromato-
gram to chlorine gas (see “Procedure Tested™).

[1], 20-100 ng for nitrate esters [3] and 5-25 ng for aromatic amines (S].

The reagent can be used, for example, on aluminium oxide, silica gel, kieselguhr and
Si 50000 layers.

Tabie i: Comparison of the reaction of pesticides {amounts applied 0.8 pig, without chromato-

graphic development) with N,N-DPDD (WursTeR’s Red) and TPDD (WURsTER’s Blue) reagents

[4]: — = negative, (+) = weakly positive and + + + = positive reaction.

Substance class/Substance WURRse:?:isnRed Wm;;r:c‘:ii flue
Aniline derivatives

Alachlor - —
Pendimethalin — -
Trifluralin - _
Metazachlor - (+)
Metolachlor - +)
Carbamate pesticides

Aldicarb — P
Carbetamide - 4+
Carbofuran — i
Chloropropham (CICP) - 44
Phenmedipham — F+4
Propham — U
Chloroxuron +) 44+
Chlortoluron (+) 4+
Diuron (+) +++

Dimefuron - +++
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Table 1 (continued)

N,N,N',N'-Tetramethyl-1,4-phenylenediamine Reagent 419

Table 1 (continued)

'WURSTER’ ’s Rling - 'WURSTER’S Red WURSTER’S Biue
Substance class/Substance pm:;:“Rcd Wm'z‘sm‘s Blue Substance class/Substance Reaction Reaction
Fenuron - +++ Pesticide metabolites
Isoproturon — 4+ Aniline - +++
Linuron - +4+ 4-Bromoaniline +++ +++
Methabenzthiazuron — P 3_Chloroaniline +++ +++
Meiobromuron - e+ 1-Chioroanitine +++ +++
Metoxuron - +++ 4-Chlorophenol - ++ :
Monolinuron +) P Desethylatrazine - 4
Monuron (+) 4+ Dichlobenil - -

N 3,4-Dichloroaniline +++ +++
Chlorinated hydrocarbons 2 4-Dichlorophenol +++ +++
Endosulfan - - 2,6-Dimethylaniline - 4
o hosphorus pesticid
Azinophos-ethyl - P
Chlorphenvinfos - _

Parathion-ethyl - +)
Parathion-methyl — +)
dure Tested

Triazines Proce
Atrazine 4 4+
Cyanazine ++4 4+ . .
Desisopropylatrazine ++4 +++ Aromatic Amines [5]
Hexazinon —_ +)
Metamitron - - Method Ascending, one-dimensional development in a trough chamber
Metribuzin (+) - without chamber saturation.
Prometryn +++ +++
Propazine 4+ +4+4+ Layer TLC piates Silica gel 60 Fps4 (MERCK).
Sebutylazine 4+ T+
Simazine P P Mobile phase Toluene — ethanol (19 + 1).
Terbutryn 4+ 4 S
Terbutylazine P Tt Migration distance 8 cm
Uracil derivatives Running time 13 min
Bromacil - T4

i : ied i m of cold air for
Aromatic nitro compounds Detection and result: The chromat.og.ram was first t?ned n'\ a strea. o
Dinocap - — 10 min, it was then placed for 2 min in a chamber ﬁll.ed with chlorine gas (cylinder),
Dinoseb acetate - - then freed from excess chlorine in a stream of cold air for exactly 5 min (fume cup-
Miscellaneous pesticides board!) and immersed irf t}Te dipping solution fo.r 2s. o 10
Amitrole - — After drying for 10 min in a stream of cold air 1,4-phenylenediamine gth - ),
Bentazon - i 2-amino-4-chlorophenol (hR; 15-20), 4-nitroaniline (hR; 25-30) and 1,4-amino-3-nitro-
Chloridazon - +++ toluene (hR; 50-55) appeared as blue-violet chromatogram zones on a blue back-
Crimidine - +) ground. These could be recognized without difficulty for several days from the back
Vinclozolin — 4+

of the chromatogram.
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The detection limits per chromatogram zone lay between 5 ng (1,4-phenylenediamine,
4-nitroaniline) and 25 ng (2-amino-4-chlorophenol, 4-amino-3-nitrotoluene).

_ Yn situ quantitation: The photometric evaluation was carried out in reflectance at a

Thymol-Sulfuric Acid Reagent

wavelength of A = 608 nm (Fig. 1).

A
UUL

Fig. 1: Reflectance scan of a chromatogram track with 125 ng each substance per chromatogram
zone: 1= 1,4-phenylenediamine, 2 = 2-amino-4-chlorophenol, 3 = 4-nitroaniline, 4 = 4-amino-
3-nitrotoluene.
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—— Front
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® Sugars
e.g. mono-, di- and trisaccharides [1-10, 13] ‘
fructo-oligosaccharides [1]
Polyglycerols [11]
@ Sugar alcohols _
e.g. sorbitol [12] 3 CH,
@ Uronic acids [2, 4, 6] H}(;/ :
HO }
C,oH 140 H,S0, \

M, = 150.22 M, = 98.08

Thymol Sulfuric acid
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K-127.2.70, Basel, 1991.

Preparation of the Reagent

Dipping solution Dissolve 0.5 g thymol in 95 ml ethanol (96 %) and cautiously add
5 ml conc. sulfuric acid.

Storage The reagent solution may be kept for about 2 days [1].

Substances Thymol
Ethano! (96%)
Sulfuric acid (95-97%)
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Reaction

Thymol-Sulfuric Acid Reagent 423

Mobile phase Ethyl acetate — ethanol (96%) — acetic acid (60%) — boric acid
o o osen

Jution (coid saturated) (50+20+10+10).
solution (cold saturated) (

The mechanism has not been elucidated.

Method

The chromatograms are freed from mobile phase in a stream of cold air, immersed ing}

the reagent solution for 3 s [1] or sprayed homogeneously with it until the layers begir,
to become transparent [2, 11, 13]. They are then heated to 110-125°C for § to 20

eated to 11 for 5 to 20 min

[1, 2, 7, 10, 11, 13] or, in the case of sorbitol, to 170°C for 10-15 min [12]. E

Migration distance 10 cm

Running time 50-55 min

Detection and result: The chromatogram wasA d‘ried ‘at 55 °C[of(1rlgf)cn1fn; ;g\:;rlsed in
i fter cooling and then heated .
th?l‘;iaizrgl;rsso?rls;zs;(;rnz'sstoas: (hR; 15—g20), maltotetraose (hR; 15-20), nystose. (.hR,
20), 1-kestose (hR¢ 20-25), 6-kestose (hR; 20-25), raffinose (h.Rf 20—25),25mell;l32::
(hR,f 20-25), maltotriose (hR 20-25), panose (hR; 20-25), melezitose (hR¢ ),25_30)
(hR; 25), sorbose (hR; 25-30), trehalose (hR; 25-30), neokest}c:ls: 3((1]1_R;f5) alac:
turanose (hR; 25-30), fructose (hR¢ 30), mfiltose (hR; 30), sucrose (hR¢ >3 35_45)
tose (hR; 35-40), glucose (hR¢ 40), arabinose (hR¢ 40.—45), annose (hR¢ X

—Thesugarsappear as chromatogram zones of various colors (vellow, pale pink, red:

to blue) on an almost colorless background [1-3, 6, 7]. Uronic acids acquire a beige
to violet-pink coloration [2, 4, 6].

Note: The various tones of the colors produced by the sugars, that alter during the first

hour after reaction [1, 2], make it possible to differentiate according to color. Glucose
and galactose are somewhat less strongly pigmented than the other sugars [1]. Prolon-
gation of the heating after dipping or spraying leads to the fading of some zones at least
on silica gel layers impregnated with bisulfite [10].

The detection limits for sugars are of the order of 25 ng substance per chromatogram

zone [1}.

The reagent can, for example, be used on silica gel, sodium acetate, bisulfite- or boric
acid-impregnated silica gel layers, kieselguhr and silica gel/kieselguhr layers.

Procedure Tesied

Fructo-Oligosaccharides [1]

Method Ascending, one-dimensional development in a trough chamber
without chamber saturation.

Layer TLC plates or TLC aluminium sheets silica gel 60 Fps, (MERCK)-

P sh-b hromatogram zones
xylose (hiRy O)-and 7.

on a pale background (Fig. 1A).

In situ quantitation: The photometric measurement in reflect.z-mce was c;}’;le% ou‘:ta :t
% = 525 nm (Fig. 1B). In order to ensure that the zon.:xe ?oloratlon had stabi 13 s slimit
ning was not commenced until ca. 30 min after the dipping process. The detection

for sugars was of the order of 25 ng substance per chromatogram zone.
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. —
: Tin(IT) Chloride-Hydrochloric Acid
; 4-(Dimethylamino)-benzaldehyde
Reagent
A
6
’ *
# 5 1 5
' * z Reagent for:
. = & = ,N &
* ® * 5 ; @ Aromatic nitrocompounds {ij
n ) ’ l ! ‘ e.¢. nitrophenols [2, 3]
pesticides [2]
! z * ) g ¢ * ¢ J\/ ; U carboxylic acid 2,4-dinitrobenzylesters [4]
HiC 0
Fig. 1: (A) Chromatographic separation of sugars. Track 1: fructose, 2: sucrose, 3: glucose, 4: ne
mlxture of the substances in tracks 1-3, 5: mixture of substances in tracks 1-3 and 6, 6: Fructo-
oligosaccharides, 7: I-kestose, 8: mixture of glucose, maltose, maltotriose and maltotetraose. SnCl, - 2H,0 HCl CoH;{NO
(B) Absorption scan of track 5 with 200 ng each substance per chromatogram zone: 1 = fructosyl- 2 2
nystose, 2 = nystose, 3 = 1-kestose, 4 = fructose, 5 = sucrose, 6 = glucose. M, = 255.63 M, = 36.46 M, = 149.19
Tin(II) chloride =~ Hydrochloric 4-(Dimethylamino)-
acid benzaldehyde
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Dipping solution I Dissolve 2 g tin(I) chloride dihydrate in a mixture of 20 ml hy-
drochloric acid (32%) and 30 ml methanol [3].

Dipping solution II Dissolve 0.25 g 4-(dimethylamino)-benzaldehyde in 50 ml of a
o mixture of ethanol and 1-butanol (50+50) [3].

Spray solution I Treat 3 ml 15 percent aqueous tin(II) chloride solution with 15 ml
hydrochloric acid (32%) and dilute with 180 ml water [1, 2].
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Spray solution IT Dissolve 1 g 4-(dimethylamino)-benzaldehyde in a mixture of
30 ml ethanol, 3 ml hydrochloric acid (32%) and 180 ml
1-butanol [1, 2].

Tin(II) Chloride- Hydrochloric Acid-4-(Dimethylamino)-benzaldehyde Reagent 427

Chromatogram zones of various colors are produced on an almost colorless back-
ground, most of them can be excited to emit fluorescent light on exposure to long-wave-
length UV light (A = 365 nm).

Storage The reagent solutions should always be made up fresh.

Substances Tin(II) chloride dihydrate
4-(dimethyiamino)-benzaidehyde
Hydrochloric acid (32%)
Ethanol
Methanol
1-Butanol

Reaction

Tin(II) chloride reduces aromatic nitro compounds to the corresponding amines, these
then react with 4-(dimethylamino)-benzaldehyde to yield colored SCHIFF’s bases.

CH,

0
$nCl, N
HO—@—NOZ — HO_Q_NHZ + \C—Q—N/
Reduction H/ N H0

CcH,

4-Nitrophenol 4-Aminophenol 4-(Dimethylamino)-

Note: The aromatic amines produced by reduction with SnCl, in acidic medium can
be detected with fluorescamine (after neutralization of the layer by spraying with so-
dium carbonate) instead of 4-(dimethylamino)-benzaldehyde [5].

In the case of dinitrophenols the detection limits are 100 pg to 200 ng substance per
chromatogram zone [2, 3].

The reagent can be used, for example, on silica gel, kicselguh, Si 50000 and cellulose
layers.

Procedure Tested

Nitrophenols [3]

Method Ascending, one-dimensional step development in a trough cham-
ber with 5 min drying in cold air betweeen the two development
steps (1st development at room temperature without and 2nd de-
velopment at —20°C with chamber saturation).

benzaldehyde

CH;

SCHIFF's base

Method

The developed chromatograms are dried in a stream of warm air, immersed in dipping
solution I for 1s or sprayed homogeneously with spray solution I and heated to
105-110°C for 10 min. After cooling the plates are immersed in dipping solution II for

1 s or sprayed homogeneously with spray solution II and dried for 5 min in a stream
of cold air.

Layer HPTLC plates-Silica-gel 60-Eysy (MErck); before application of
the samples the layers were washed by immersing them for 4 h in
2-propanol, then dried at 110°C for 30 min, before being stored
over silica gel in a desiccator. When the samples were being ap-
plied the layer above the application zone was covered with a glass
plate to avoid adsorption of moisture from the atmosphere.

Mobile phase 1. Methanol
2. Ethyl acetate — n-hexane (65+35).

Migration distance 1. 0.7 cm
2.7 cm

Running time 1.40s
2. 20 min

Detection and result: The chromatogram was dried for 5 min in a stream of cold air
and immersed in dipping solution I for 1s and then heated to 110°C for 10 min. Then
after cooling to room temperature, it was immersed in dipping solution I1 for 1's and
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04

dried in a stream of cold air for 5 min. Finally the plate was dipped in a solution of
liquid paraffin — n-hexane (142) to stabilize and enh the flu

nexane (1+2) to ad e 1

In daylight the nitrophenols appeared as variously colored chromatogram zones on

Tin(Il) Chloride- Hydrochloric Acid-4-(Dimethylamino)-benzaldehyde Reag 429

In situ quantitation: The absorption photometric scan in reflectance was carried out,
for example, at 2 mean wavelength of A = 490 nm (Fig. 1). Here the detection limits lie

xample, at a mean

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 (A = 365 nm) they were ex-
cited to the emission of fluorescence. The associated hR; values, colors and fluores-
cence colors are listed in the table below:

fluorimetric scan, for example, may be carried out at A, = 408 nm and the fluores-
cence emission be detected at Ay >460 nm (cut off filter F1 46).

Substance hR; Color Fluorescence color
2,4-Dinitrophenol 10-15 orange yellow References
2,6-Dinitrophenol 20-25 orange yellow
2,5-Dinitrophenol 35-40 red orange . 5
4-Nitrophenol 60-65 yellow green [1] E. Merck, Company brochure “Dyeing reagents for Thin-layer and Paper Chromatography”’,
3-Nitrophenol 65-70 yellow-green green Darmstadt 1980,

Y [2] Thier, H.-P.: Dtsch. Lebensm. Rundsch. 1970, 66, 3?3-398. . o 0n
2-Nitrophenol 80-85 yellow pale green {31 Ktipper, T:+ Thesis, Fachhochschute-GieBen; Fachbereich Technisches G 51990

[4] Jurecek, M., Churécek, J., Cervinka, V.: Mikrochim. Acta (Wien) 1960, 102-112.
3 [5] Zakrevsky, J.-G., Mallet, V. N.: J. Chromatogr. 1971, 132, 315-321.
3
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Fig. 1: Reflectance (A) and fluorescence scans (B, C) of a chromatogram track with 30 ng each
of 2,4-dinitrophenol (1) and 2,6-dinitrophenol (2), 60 ng each of 2,5-dinitrophenol (3) and 4-nitro-
phenol (4) and 120 ng each of 3-nitrophenol (5) and 2-nitrophenol (6) per chromatogram zone.
Reflectance measurement at A = 490 nm (A), fluorescence measurements at A = 408 nm and
An > 460 nm (B) and at A, = 546 nm and A, > 560 nm (C).
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Reaction

Sterols, steroids [1, 2]
Sapogenins [3]
Triterpenes [2]

Fatty acids [1)
Amino acids [i]
Purines [1]

The reaction mechanism has not been elucidated.

Method

The chromatograms are freed from mobile phase in a stream of cold air and then im-
mersed in the dipping solution for 2 s or sprayed homogeneously with it and then dried
for ca. 3 min in a stream of cold air [4].

Pyrimidines [1]
Carbohydrates [1]
Flavonoids [4)

Phenols, polyphenols [2]

SnCl,
M, = 260.50

Preparation of the Reagent

Dipping solution  Add 2.5 ml tin(IV) chloride to 40 ml of a mixture of equal vol-
umes chloroform and glacial acetic acid [4].

Storage The dipping solution may be stored for at least one week.
Substances Tin(IV) chloride
Chloroform

Acetic acid (100%)

After reaction the flavonoids, ivatiza-
tion, appear on a colorless background as yellow chromatogram zones; they are excited
to yellow to reddish-yellow fluorescence by long-wavelength UV light (A = 365 nm) [4].
Nete: 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].

The detection limits for flavonoid substances are 5-10 ng substance per chromato-
gram zone [4].

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

Procedure Tested

Fiavonoids {4}

Method Ascending, one-dimensional development in a trough chamber
with chamber saturation. After sample application the TLC
plates were preconditioned for 30 min at 100% relative humidity
and then developed immediately.

Layer HPTLC plates Silica gel 60 Fy5; (MERCK).
Mobile phase Ethyl acetate — water — formic acid (85+15+10).
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Migration distance 5 cm

Running time 15 min

Tin(IV) Chloride Reagent 433

References

Detection and result: The chromatogram was dried for ca. 3 min in a stream of cold
air, immersed in the reagent solution for 2 s and then dried for ca. 3 min in a stream
of cold air.

The chromatogram zones, that were slightly fluorescent even before derivatization,
appeared as yellow zones on a colorless background, under long-wavelength light
(A = 365 nm) they fluoresced, yellow in the case of rutin (hR; 20-25), red-yellow in the
case of quercitrin (hR; 60-65) and quercetin (hR; 85-90).

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.

[1] Segura, R., Navarro, X.: J Chromatogr. 1981, 217, 329-340. .

[2] E. Merck, Company brochure “Dyeing reagents for Thin-layer and Paper Chromatography”,
Darmstadt 1980.

[3] Glombitza, K.-W., Gielsdorf, W., Eckhardt, G., Koch, M. L.: Planta Med. 1975, 27, 367-371.

[4] Netz, S., Funk, W.: Fachhochschule Gieflen, Fachbereich Technisches G dhei

Private communication, 1989.

In situ quantitation: The absorption photometric scan in reflectance was carried out
at J =420 nm (Fig. 1A), and the fluorescence scan was carried out at Aexe = 436 nm
and Ay >560 nm (cut off filter F1 56) (Fig. 1B).

[%)
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-— Front

o] ‘:Start
~— Front

Fig. 1: Reflectance scan (A) and fluorescence scan (B) of a chromatogram track with 200 ng (A)
and 100 ng (B) each substance per chromatogram zone: 1 = rutin, 2 = quercitrin, 3 = quercetin.
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Titanium(IIT) Chloride- Method
The dried chromatograms (2 min in a stream of cold air) are immersed in the reagent

Reagent for:
@ Ascorbic acid, dehydroascorbic acid [1, 2]

TiCl
M, = 15427

solution for 10 s or sprayed homogeneously with it and then heated to 110°C for
10 min.
Yellow chromatogram zones are produced on a colorless background.

Note: The photometric detection limits for ascorbic and dehydroascorbic acids are less
than 50 ng substance per chromatogram zone.

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

Preparation of the Reagent

Dipping solution Make 15 m] titanium(III) chloride solution (c = 15% in 10 per-
cent hydrochloric acid) up to 100 ml with ethanol (96%) [2].

Storage The dipping solution can be stored for longer periods.

Substances Titanium(III) chloride (15% in 10 percent hydrochloric acid)
Ethanol (96%)

Reaction

The mechanism of the reaction is unknown.

Procedure Tested

Ascorbic Acid and Dehydroascorbic Acid [3]

Method Ascending, one-dimensional development in a trough chamber
with chamber saturation.

Layer HPTLC plates Silica gel 60 Fy54 (MERCK).

Mobiie phase Ethanol (96%) — acetic acid (10%) (95+5).

Migration distance 5 cm

Running time 30 min

Detection and result: The dried chromatogram was immersed in the reagent solution
for 10 s and then heated to 110°C for 10 min.

Ascorbic acid (hR; 50-55) and dehydroascorbic acid (hR 65-70) appeared as yellow
chromatogram zones on a colorless background.

The detection limits for both ascorbic acid and dehydroascorbic acid were ca. 50 ng

substance per chromatogram zone.

In situ quantitation: The absorption photometric evaluation in reflectance was carried
out at the wavelength A = 400 nm (Fig. 1).

¥
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Uranyl Acetate Reagent

2 Reagent

® Substances absorbing UV light
e.g. aromatics [1, 2], purines [1]

@ Histidine [2]

@ Sterols, fatty acids, triglycerides,
essential oil components [3]

@ Flavones, quinones

v

-— Start
-
r:— Front

Fig 1: Reflectance scan of a chromatogram track with 2 pg each of ascorbic acid (1) and
dehydroascorbic acid (2) per chromatogram zone. (CH,COO),UO, - 2H,0

M, = 42415

References
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90-96. o
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X Dipping solution Dissolve 1 g uranyl acetate in 20 ml water with warming and
[¢; . H.: InCom, Traini! rse, Dusseldorf 1993. X
1 Ganz, 1. ok e e coure make up to 100 ml with ethano! [3].

Spray solution Dissolve 1 g uranyl acetate in 100 ml water [1, 2].
Storage The dipping solution can be stored over a longer period.
Substances Uranyl acetate dihydrate

Ethanol
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eaction

AN

Uranyl Acetate Reagent 439

Migration distance 5 cm

Running time 7 min

Detection is primarily based on the principle of fluorescence quenching by substances
absorbing UV light. It is also possible to detect certain substances whose absorption
wavelengths interfere with the uranyl cation [1].

Method

immersed in the dipping solution for

Detection and result: The chromatogram was heated to 120°C for 60 min and then
cooled to room temperature, dipped in the reagent solution for 3 s and then dried at
120°C for 30 min. Cholesterol (hR; 10-15), stearic acid (hR; 20-25) and tripalmitin
(hR; 45-50) were visible under long-wavelength UV light (A = 365 nm) as dark chro-
matographic zones on a yellow fluorescent background. The visual detection limits
were 100 ng substance per chromatogram zone for cholesterol and tripalmitin and

500 ng substance per chromatogram zone for stearic acid.

In situ quantitation: The fluorimetric analysis was carried out at Ae; = 313 nm and at
g > 560 nm {cut off filter F1 56). The chromatogram zones gave a negative signal (the

fluorescent background was set at 100% emission).

3 s or homogeneously sprayed with the spray solution and then heated to 100-120°C
for 10-30 min [1].

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 [1]. 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.

Procedure Tested

Sterols, Fatty Acids, Triglycerides [3]
Method Ascending, one-dimensional development in a trough chamber
with chamber saturation.

Layer HPTLC plates Silica gel 60 Fys, (MERCK). Before application of
the samples the layers were washed by immersing them for 1 h in
methanol, then dried at 110°C for 30 min.

Mobile phase n-Hexane — diethyl ether — glacial acetic acid (80 + 20 + 1).

Front

-«—— Start

/

Fig. 1: Fluorescence scan of a chromatogram track with 400 ng cholesterol (1), 200 mg stearic acid
(2) and 400 ng tripalmitin (3) per chromatogram zone.
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@ 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 “aldehyde acid” reactions have already been described generally in Chapter 2.
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™
group at position 4. The reactivity of the carbonyl group is greatly increased in acid
medium:

® The coloration of the chromatogram zones was the same for all three variants of
the reagents and did not depend on the nature of the mineral acid used.

® In the case of reagent 1 the background turned yellow transiently on heating and
then returned to a white color on cooling.

The detection limits obtained are tabulated below

Detection limits in ng per chromatogram zone

o on Substance H,S0, H,PO, HCl
OCH. OCH.
O e O Indol ' ¢ :
Y T N Ergotamine tartrate 25 25 22
q*—(}r *C—0H Frgot 8 14 20
H H Ergobasine 8 6 20

Classical examples of this type of reaction are the various dimethylaminobenz-
aldehyde reagents (gv.) and vanillin-acid reagents, of which one, the vanillin-
phosphoric acid reagent, is already included in Volume 1a. The aldo! condensation of
estrogens is an example for the reaction mechanism (cf. Chapter 2, Table 6). According
to MALOWAN indole derivatives react in a similar manner [1]. LoNGo has postulated that
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 1: A solution of 1 g vanillin in 70 ml ethanol (96%) was treated cautiously
with 10 m] conc. sulfuric acid.

Reagent 2: A solution of 1 g vanillin in 70 ml ethanol (96 %) was treated with 10 ml
ortho-phosphoric acid (85%).

Reagent 3: A solution of 1 g vanillin in 70 ml ethanol (96 %) was treated cautiously
with 10 ml fuming hydrochloric acid (37 %).

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 1 and 3 the indole zone could be recognized even before
heating, while the ergot alkaloids only became visible on heating to 70°C.

Evidently the reaction of the indoles investigated with fuming hydrochloric acid is
less semsitive as is the case for the two other vanillin reagents.

Aromatic aldehydes react in basic as well acidic medium. Thus vanillin and primary
amines yield SCHIFF’s bases (cf. vanillin-potassium hydroxide reagent in Volume 1a).
Colored phenolates are formed at the same time. As would be expected secondary

amines, indole derivatives and lysergic acid derivatives do not react.
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M . . Reaction
Vanillin-Hydrochloric Acid Reagent
In the presence of strong acids catechins react with aromatic aldehydes to yield
triphenylmethane dyes [14]; according to MaLowaN [15] indole derivatives form the
following condensation product:
Reagent for: OCH, OCH;
Swiki o kel
+ N — ..
® Phenols N O,/C—O’OH THO N-—CH OH
e.g. hydroxyindole derivatives [1, 2] o - .
dol Vanilli
® Catechins, gallocatechins [3-12] H;CO. - Indole anitin Condensation product
® Alkaloids HA
e.g. lysergic acid derivatives [2] =
C.H.O HCl
.} 833
M, = 152.15 M, = 36.46
Vanillin Method

Preparation of the Reagent

Dipping solution Dissolve 1 g vanillin in 70 mi ethanol (96%) and cautiously add
10 m! fuming hydrochloric acid (37%).

Spray solution Dissolve 1 to 5 g vanillin in 100 ml hydrochloric acid (37%) 1,
7, 12, 13] or 50 percent methanolic hydrochloric acid [2].

Storage The reagents are stable for longer periods.

Substauces Vanillin

Hydrochloric acid, fuming (37 %)
Ethanol (96%)
Methanol

The chromatograms are dried in a stream of coid air, immersed in the dipping solution
for 1s or homogeneously sprayed with the spray solution. They are then dried in a
stream of cold air.

Alkaloids produce variously colored chromatogram zones (yellow, pink, brown, pur-
ple) on a light background [2). Indole and the catechins appear red [4, 5, 8, 9, 12, 16].
If the catechins are acetylated it is necessary to heat to 105°C for 5 min after treatment
with the reagent [8). Lysergic acid derivatives should also be heated to 75 °C for 5 min.

Note: The reagent can also be applied by first treating the chromatogram with an
unacidified solution of vanillin and then exposing it to hydrochloric acid vapor [3, 9]
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.

The detection limits in substance per chromatogram zone are 500 ng for alkaloids
[2], for indole or ergot alkaloids they are as low as 10 to 25 ng per spot [16].

The reagent can, for example, be employed on silica gel, kieselguhr, Si 50000, NH,,
Diol, CN, RP, cellulose and polyamide layers.

Y
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Procedure Tested 4
—Indole Derivatives [16}

Method Ascending, one-dimensional, 2-fold development in a trough —
chamber with 5 min intermediate drying in a stream of cold air. e 1
The first development was carried out in an unsaturated normal , € | <
chamber, the second with chamber saturation. Direct light was ex- | E E
cluded. — < ‘ € ‘

512 3 2

Layer HPTLC plates Silica gel 60 F,5, (MERCK), which were prewashed v @
by immersion overnight in 2-propanol and then dried at 110°C ‘ u ‘
for 20 min before application of the samples. L 2 G 3 a

Mobile phase Dichloromethane — ethanol (99.5%) (50+50). A B c

[ad i

Dichloromethane — n-hexane — ethanol (99.5%) (9+2+1).

Migration distance

Detection and result: After the second development the chromatogram was immersed
in the dipping solution for 1s and then heated to 70°C for 5 min (hot plate).

Ergobasine (= ergometrine, “hR;” 20-25)*), ergotamine D-tartrate (“hR;” 35-40)
and ergoiaminine {“hR;" 66-65) produced violet chiomatogram zoncs on a colorless
background. Indole (“hR;” 75-80) acquired a strawberry red color even in the cold.
The detection limits in substance per chromatogram zone were 8- 10 ng (indole) and 20
to 25 ng (ergot alkaloids).

In situ quantitation: The absorption photometric evaluation in reflectance was carried

out at the wavelength Ap,, =510 nm for indoie and Ay, = 580 nm for the ergot
alkaloids (Fig. 1).

*) The figures given were calculated as hR; values even though two developments were involved.

Fig 1: Chromatogram of ergot alkaloids and indole (A) and reflectance scans of chromatogram
track G with ca. 80 ng each substance per chromatogram zone measured at Apaygadoley = 510 nm
(B) and at A = 580 nm (C): 1 = ergobasine, 2 = ergotamine, 3 = ergotaminine, 4 = indole.
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Preparation of the Reagent

Reagent for:

® Steroids [1-4]

e.g. anaboiics 5]

such as boldenone, testosterone, estradiol

@ Bile acid methyl esters [6]
® Essential oil components (4, 7-10)

e.g. terpene hydrocarbons (3, 11), farnesol (12)
® Sesquiterpene derivatives [3, 13]
e.g. parthenin, hymenin, xanthinine, xanthumine [14]
Iridoids [15]

Dipping solution

Spray solution

Dissolve 250 mg vanillin in a mixture of 50 ml I-propanol and
50 ml carbon tetrachloride and cautiously add 2.5 ml conc.
sulfuric acid portionwise with stirring and cooling to —15°C
[22].

Dissolve 0.5 g vanillin in a mixture of 85 ml methanol, 10 ml
acetic acid and 5 ml conc. sulfuric acid that has been prepared
under cooling (ice bath) [10].

The literature also contains other compositions, e. g. solutions of
0.5 to 5 g vanillin in 1 to 20% ethanolic [3, 7, 14, 15, 20) or
methanolic [18, 21, 23] sulfuric acid, occasionally also in 80 per-
cent ethanolic [4, 6, 25] or undiluted conc. sulfuric acid [4, 5, 11,

Carotinoids [3]
Polyacetylenes (polyolefins) [3]
Phenols [3, 4]

e.g. 3-methoxy-4-hydroxyacetophenone [16], holocalin [17]

e.g. antioxidants [18]

gallate esters, 2,6-di-fert-butylphenol
Catechins, tannins [1]
Valepotriates [1]
Flavonoids [3]
Cardenolides (cardiac glycosides) [1, 19]
Ginsenosides [20]
Higher alcohols [4]
Fatty acids [3]
Antibiotics
e.g. lincomycin [21], primycin [22]

monensin, narasin, salinomycin, lasalocid [23]
@ UV absorbers [24]

e.g. eusolex, cyasorb, prosolal, parsol, witisol

H,S0,
M, = 98.08

o}
H,CO
H

HO'
CHgOs
M, = 152.15

Vanillin

Storage

Substances

Reaction

121, where the additionr of 3-drops-aceticacid is recommended im————

some cases [3, 14].

The spray solutions should always be made up fresh [3]. The col-
orless dipping solution can be stored in the deep freeze for 2
weeks [22].

Vanillin

Sulfuric acid (95-97%)

Acetic acid (100%)

Methanol

Carbon tetrachloride

1-Propanol

The general aspects of the “aldehyde-acid” reaction were discussed in Chapter 2. Thus
it is readily understood that catechins, for example, can react with aromatic aldehydes
in the presence of strong acids to yield colored triphenylmethane dyes [26].
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Method

__ The chromatograms are dried in a stream of cold air, immersed twice for 1 s (with in-

Vanillin-Sulfuric Acid Reagent 449

Procedure Tested

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 hot plate, to
70°C for ca. 10 min [3] or heated to 100-120°C for 2-15 min [4, 12, 15, 18, 22, 25].

Differently colored chromatogram zones (yellow to dark violet) appear, some before
heating, on a light background; the colors alter over a period of 24 h, exceptionally
over 48 h (poliyoiefins) {3]. Monoterpenes steroids and carotinoids yield bright yellow
to violet zones [3, 25), fatty acids yield gray colors [3], flavonoids [3], methyl esters of
bile acids [6] and lincomycin [21] are colored yellow. The chromatogram zones of
farnesol are reddish [12] and primycin gray-violet on a pink-colored background [22].
Cardenolide aglycones, that are not oxidized at the C-14 atom of the steroid skeleton,
form blue-colored spots [1].
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
conditions must be determined empirically. With a few exceptions (ferulic, 4-amino-
benzoic and cumarinic acids) aromatic carboxylic acids do not react [3]. The reagent
in 80% ethanolic sulfuric acid is reported to be most sensitive for steroids [25].

The detection limits in substance per chromatogram zone are 50-100 ng for ses-
qunerpene lactones [3] and 100 ng for lincomycin [21] and primycin [22].

inin-the t Inu 4-dimethvl inob. ldehyde,
B Yees

R--the

Method Ascending, one-dimensional development in a trough chamber
with chamber saturation.

Layer TLC plates Silica gel 60 Fys, (MERCK), that had been prewashed
before application of the samples by developing once to the upper
edge with chloroform — methanoi (30+350) and then drying at
110°C for 30 min.

Mobile phase Toluene — ethyl acetate (93+7).
Migration distance 13 cm

Running time 30 min

Detection and result: The chromatogram was dried in air (!) and then evaluated under
short-wavelength (A = 254 nm, Fig. 1A) and under long-wavelength (A = 365 nm, Fig.
1B) UV light and documented photographically [27]. It was then sprayed homogene-
ously with the reagent solution and observed as it was heated to 120°C on a hot plate.
Chromatogram zones of various colors (Fig. 1C, see Table 1 for substance assignment)
are produced whose color shades and intensities alter with increasing duration and
temperature of heating. Hence the optimum duration and temperature of heating must

4-hydroxybenzaldehyde, salicylaldehyde, m-anisaldehyde, cinnamaldehyde, 4-hydroxy-
benzoic acid or vanillic acid [3]. However, the range of colors obtained is not so broad.

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

be determined empirically.
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Table 1: Essential oil components with hR; value, color and detection limits.

Substance Color on det. hR; value Detection limit
Anethole brown 55-60 500 ng
Bergamot oil (2 major zones) reddish brown 20-25

reddish brown 45-50
Bornyl isovaleriate dark blue 75-80
Cineole dark brown 30-35
Hydroxycitronellal dark brown 5-10
Isobornyl acetate brownish gray 55-60
1somenthone yellowish green 35-40
Lavender oil (3 major zones) bluish gray 20-25

dark blue 45-50

pink 65-70
Menthol dark blue 15-20 100 ng
Menthone yellowish green 45-50
Menthyl-acetate green 45-50 200ng 00|
Patchouli oil (2 main zones) violet 30-35

violet 70-75
Pulegone dark brown 30-35 500 ng
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
Thymol strawberry red 40-45 200 ng

Note: In order to document the color changes photometrically during the heating pro-
cess the hot-plate was placed on the document tabie 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
they were photographed and photographs were then taken at regular intervals, 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.
v

Fig 1: Chromatograms of various essential oils photographed (A) under short-wavelength .
(A = 254 nm) and (B) long-wavelength (A = 365 nm) UV light before treatment with the reagent
and (C) in daylight after detection with the vanillin — sulfuric acid reagent.
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Zeiss, C., Postfach 1369, D-73447 Oberkochen, Germany T
AWE’s Reagent 1b 301-306
BarTON’s Reagent 1b 312-316
BENEDICT’s Reagent 1b 214-218
BESTHORN’s Reagent ia 347-350
BRATTON-MARSHALL Reagent 1a 223-227
CARR-PRICE Reagent 1a 206-209
DuccaN Reagent 1b 411-414
EHRLICH’S Reagent 1b 236, 243-251
EMERSON Reagent 1a 151-153
FoLIN’s Reagent 1b 321-326
ForrEST Reagent 1b 352-357
GiBBs® Reagent 1a 252-255
JENSEN’s Reagent 1b 183-187
KEDDE’s Reagent 1b 263-267
LIEBERMANN-BURCHARD Reagent 1b 175
MANDELIN’s Reagent 1a 426-429
MarQuis’ Reagent 1a 299-302
Micarer’s Thioketone Reagent 1b 154-157
MOoRGAN-ELsON Reagent 1b 232-235
NEeu’s Flavone Reagent 1a 277-280
Paury’s Reagent 1b 201, 401-406
REINDEL-HOPPE Reagent 1b 204-209
SALngsxl Reagent 1a 314-317; 1b 237
TiLLMANNS’ Reagent 1a 256-259
VaN Urk’s Reagent 1b 236, 252-258
VaN URk-SALKOWSKI Reagent 1b 237
WursTER’S Blue Reagent 1b 415-420

VWURSTER § i€ Reagent

WURSTER’s Red Reagent 1b 227-231, 417-419



456 Named Reagents and Reagent Acronyms

Acetazolamide 1b 188

Acetone, dipole moment 1a 97

Acetophenone 1a 72,87

3-B-Acetoxyglycyrrhetic acid chloride
1a 65

Acetylaceionaies 1b 327

Acetylation, in situ  1a 68

Acetylbromodiethylacetylurea 1a 65

Acetylcholine 1b 365

Acetyldigitoxin 1b 183

Acetyldigoxin 1a 303

- o-B- 1b 183

Acetylene derivatives  1a 359, 361, 362;
1b 46

Acetylgitoxin 1b 183

Acetylmorphine  1b 280

6-Acetylmorphine 1b 358

Acetylsalicylic acid 1a 308

ACFB=2-amino-5-chloro-2’-fluorobenzo-

. phenone 1a227
Acgonin 1b 32

Reagent Acronyms I
ndex
ANS Reagent 1a 191-194
DBA Reagent 1a 281-283
DOOB Reagent 1a 284-287
EP Reagent 1b 239-242 A Acids, organic 1a 44, 45,70, 91, 170-178,
FCPA Reagent 1a 314-317 ABP=2-amino-5-bromophenyl(pyridin-2-yl) 229,231,232, 248-250, 256-258, 307,
INH Reagent ia 3i8-32i methanone 1a 226,227 308,426;1b 48
MBTH Reagent 1a 347-350 Absorption 1b 16 Aconitic acid 1a 249
MDPF Reagent 1a 344-346 Absorption coefficient, molar decadic Acridine 1b 145
NBD-Chloride Reagent 1a 238-241 1a 36,40 - pH-dependent fluorescence  1a 91
NBP Reagent 1a 359-363 Absorbance measurement  1a 9, 17,31 Acridine derivatives 1b 144
N,N-DPDD Reagent 1b 228, 417 Absorption scans 1a17, .31, 32 Acridine orange  1b 143, 145
lodine-Azide Reagent 1b 301-306 Absgrrrjtzon spectra, recordm.g. 1a 30,31 - ;.\H-ljicpend,enl ﬂuore§ccnce 91
__ QPA (OPT) Reagent 1a 380-384: 1348 Acaricide, 2-sec-butyl-4,6-dinitrophenyl Activation, ele_ctroclimlsal 1b 41
Purpald Reagent 1b 46 ’ 5387 = phorochenical 1613
ACB=2-amino-5-chlorobenzophenone —, thermochemical 1b 27
TCNE Reagent 1a 416-419 1a 227 Activation of the layer 1a 124ff
TDM Reagent 1b 199-203 Acebutolol 1b 22,268, 354 N-Acylglycine conjugates 1a 176
TNBS Reagent 1a 423-425 Acesulfame 1a 390 Acylon 1b 301
TPDD Reagent 1b 415-420 Acetanilide 1a 65 Adamexin 1b 103, 104, 105

ADB=2-amino-2’,5-dichlorobenzophenone
1a 227

ADC, multiple development  1b2

ADC chamber 1b 14,15

Addictive drugs 1a 76; 1b 58,243, 252

Adacios 1h 74
AUCTHIE 10 /9

Adipicacid 1a 175,233,249, 250, 308

Adrenaline 1a 392 ff

Adrenochrome 1b 365

Aflatoxin B;, B, 1a 103

Aflatoxins 12 69,103, 411

Agarofuran 1a 376

AGFA-Copyrapid, CpN paper 1a 135

—, CpPpaper 1a135

Aglycones 1b 263,307, 365, 448

Agroclavine 1b 243,252

Ajmalicin  1b 243

Ajmaline 1b 32,358

Alachior 1b 417

Alanine 1a 246, 267,268, 296, 297,
1b 132,268

-, dipole moment 1a 97
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Albumins 1a74

L1 N, 1k
Aicohols 1a 70,77, 106; 1b 46, 446

Alcohols as 3,5-dinitrobenzoates 1a 44

-, ergot 1a 380, 381; 1b 236, 243, 245,

43,
AL DAQ 289 752 955 1NT 291 103
DLy, I,

240, 2490, 2324, £33, 233, 53U,

348,349, 440, 441, 443-445

Aloe emodin  1b 365

Alprenoloi 1a 299, 429; ib 22, 268, 348
Anti-ageing additives 1b 332

Index 459

-, secondary 1a 225,238,239, 252, 260,
Q

AEL 04 D05 A4 TR AQ 76 117 11
200, 294,295, 544, 1B 40, /I, 111/, 110,

124, 125, 189, 199, 219, 441

—, monounsaturated 1a 89

-, primary 1a 57,68, 70, 106; 1b 61
—, saturated 1a 89

—, secondary 1a 57, 68, 70, 106; 1b 61
—. tertiary 1a 57,68, 106: 1b 61
Alcohol ethoxylates  1b 282
Aldehydes 1a72,273; 1b 46, 51-54
—, aliphatic 1a76, 157

-, aromatic 1a 76

—, differentiation 1b 46

—, phenolic 1a72

—, O, B-unsaturated 1a 106
Aldehyde acid reaction 1b 440

—, harpagophytum 1b 243

-, Hydrastis canadensis 1b 353

-, hydrogenated ergot 1b 348

-, 1-hydroxaacridone 1b 308

—, l-hydroxyacridone 1b 307

—, indole 1a 66,314;1b 279

—, Ipecacuanha 1b 292

—, isoquinoline 1a 46, 66, 262

—, morphine 1a 299, 301, 351, 352

—, — hyrogenated 1b 348, 349

-, opium 1b 192,277, 280, 283, 362,
363,323

—, oxidation 1a 50

Aluminium chloride 1a 147
Aluminium cation 1a 144,311
Aluminium oxide 1a89

Amanita toxins  1b 343,344
Amanitin  1b 401

AMD, multiple development  1b2
AMDsystem 1a 132;1b 14
AMD technique 1b 4
Amethocaine  1b 268

Ametryn 1b 194, 207, 208,230, 231, 413,

414
Amfetaminile 1b 354
Amides 1b74 125 199 210

—, secondary aliphatic 1a 238, 239, 252,
260; 1b 268-270

-, secondary aromatic 1a 252, 260;
1b 49, 268,270

—, tertiary 1b 48, 220, 290, 360

—, tertiary aliphatic 1b 270

—, tertiary aromatic 1a 252, 260; 1b 268

Amination of sugars 1a 56

Aminitin toxins  1b 401

Amino acid 2-anilino-5-thiazolinone deriva-
tives 1a75

Amino acids 1a 45, 58,61,75,76, 87,88
90, 107, 232,234,238, 240, 245, 246

Aldicarb 1b 332,417
Aldohexoses 1a 158, 180, 181, 185
Aldol addition 1b 53

Aldolase 1b 401

Aldol condensation  1h 53

Aldopentoses 1a 158

Aldoses 1a 158,176, 177, 180, 181, 185,

203,273,274, 428; 1b 224
Aldosterone 1a321; 1b 343
Aldrin 1a 76; 1b 83,227
Alimemazine 1b 352, 354-356
Aliphatic hydrocarbons 1b 42, 43
Alizarin 1a 143; 1b 365
Alkaline earth cations 1a 312

Alkaloids 1a7, 45, 60, 88, 166, 167, 206,

234,238, 240, 262, 263, 273, 299, 301,
303,314, 351, 380, 381, 411, 420;
ib 18,32,48, 137, 188-191, 296, 292
296, 358, 360, 376, 383,442, 44

—, Antirrhinum 1b 358

-, cactus 1b 229

—, Chinchona legeriana 1b 358

—, clavine 1b 243

—, Colchicum 12420

—, Cholchicum aurumnale 1b 378

—, Corydalis lutea 1b 358

-, curare 1b 312

-, dihydroergot 1b 350

-, pyridine 1b 279

-, pyrrol 1b 279

—, pyrrolizidine 1b 191

-, quinine 1a 88, 314; 1b 280, 324

—, quinoline 1b279

—, reduction 1a 60

—, steroid 1a 206

—, Thalictrum polygamum 1b 358

-, Tropane 1b 34,252, 255

—, Veratrum 1a 420

-, Yohimbine 1b 243

C 22 Alkane 1b 42,43

Alkanolamines 1a 284

Alkenylacylethanolamine phosphatides,
acid hydrolysis 1a 62

Alkenylacylglyceryl acetate 1a 70

Alkenediacylethanolamine phosphatides,
acid hydrolysis 1a 62

Alkylacylglyceryl acetate  1a 70

Alkylamines 1a 284

Alkylating agents 1a 359ff

Alkylglycosides 1a 426

Alkyl hydroperoxides 1b 49,227

Alkyl hydroperoxide esters  1b 227

Alkylphosphine sulfides 1b 301

Alkylresorcinol derivatives 1a 288

Allobarbital 1a 338

Almond oil 1b 286

4-Amidinophenylpyruvic acid  1b 290
Amido groups 1b 194

Amiloride 1a 104

tert-Amines 1b 122

Arilaec 1. 89 75 7€
Amines 1a 58, 75,76, 91, 106,223,239,

2 U

252,260, 265, 284, 294, 296, 344, 354,
434;1b 74,210, 220, 243

-, acylated aromatic  1b 270

-, aliphatic 1b 118, 321, 322

—, aliphatic tertiary 1b 189

—, aromatic 1a 66, 151,252, 284, 294,
416, 426, 428; 1b 48, 106, 180, 188-
191, 269, 312, 379, 380, 321-324, 332,
383,384, 395, 403, 415-417, 419

—, biogenic 1a 70, 88, 284, 356; 1b 220

—, capable of coupling 1a 288; 1b 401

—, oxidized aromatic 1b 92, 93

—, primary 1a 76, 106, 223-225, 238, 239,
252, 260, 265, 266, 269, 284, 294-296,
344, 380, 381,423, 434, 435; 1b 47, 48,
75, 117,118, 124, 125, 219, 322 360,
441

—, primary aliphatic 1a 238, 239, 252,
260, 284, 296; 1h 47, 268-270

—, primary aromatic 1a 223-225, 252,
260; 1b 47, 48, 50,94, 243, 246, 252,
268, 393, 394, 340

—, quaternary 1b 290, 360

265,267,294, 354, 380-382, 423, 434,
435; 1b 32,47, 70, 74, 83, 130-132, 158,
199, 201,204,219, 321-323,430
—, aromatic 1a 381
—, carbobenzoxy 1b204
-, hydroxy 1b 133
—, reduction 1a 61
—, sulfur-containing 1b 84,301,358
—, Z-protected 1b 158
4-Aminoantipyrine 1a 151
4-Aminoazobenzene derivatives 1a 303,304
2-Aminobenzimidazole (2-AB) 1b 194
2-Aminobenzoic acid 1a 175
4-Aminobenzoic acid 1a 171, 175; 1b 448
Aminobenzophenones 1a 223, 225
2-Amino-5-bromophenyl(pyridin-2-yl)-
methanone (=ABP) 1a 226,227
Aminocarb  1b 29, 332
2-Amino-5-chlorobenzophenone (=ACB)
1a 226,227
2-Amino-5-chloro-2’-fluorobenzophenone
(=ACFB) 1a 226,227
2-Amino-4-chlorophenol  1b 415,420
5-Aminodibenzocycloheptane derivatives
1a 45,231
2-Amino-2’,5-dichlorobenzophenone
(=ADB) 1a226,227
2-Aminodiphenyl 1a 157,158
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Aminoglycoside antibiotics 1a 107,270,
284,354, 380, 423, 434
Amino groups 1b 194

Amyl nitrite reagent  1b 115

Acodocs 1o
AIMY105¢ 1a173

o-Amyrin  1a 44, 63, 69

Anthanthrene  1a 39
Anthocyanins, oxidation 1a 59
Anthocyanidines 1a 277

Index 461

Arabinosylcytosine  1b 387
Arachidic acid  1a 230, 402, 405
Arbutin  1a 179, 325,327,328

4-Aminohexoses, N-acetyl derivatives
1b 233
4-Aminohippuric acid 1a 160, 163
Aminonaphthols 1b 379
2-Amino-5-nitrobenzophenone (=ANB)
1a 226,227
4-Amino-3-nitrotoluene  1b 415,419
Amino phases 1a3
Aminophenazone 1b 312,314,354
2-Aminophenol 1b 309, 310, 381
4-Aminophenol  1b 309, 310, 381
Aminophenols 1b 309, 381, 383, 401
9-(p-Aminophenoxy)acridine 1b 145
1-Aminopyrene 1a 61
4-Amino salicylicacid 1b 309,310
Amino sugars 1b 47,232-235,354
Aminotrimethylenephosphonic acid

12 179
1@1iz

Aminotriptyline 1b 100-102
Amitrol 1b 418
Ammonia 1a 86, 87, 166
~, dipole moment 1a 97
Ammonium cations 1a 144
Ammonium compounds, quaternary
1b 48,292,358
-, quaternary salts 1b 48
Ammonium hydrogen carbonate, “vapor”
1a 86
Ammonium salts, quaternary  1b 48
Ammonium sulfate 1a 89

B-Amyrin 1a 69

o-Amyrin benzoate, alkaline hydrolysis
1a63

Anabasine 1b 188

Anabolics 1a 303,411, 430, 432; 1b 446

Anacardol 1a 288

Analgesics 1b 312

ANB=2-amino-5-nitrobenzophenone
1a 226,227

Androgens 1a 195,318,411

A*-Androstendione-(3,17) 1a32, 89

4-Androsten-3,17-dione  ib 274

Androst-5-en-17-on-3f-ol, oxidation

Anthracene  1b 16

Anthracene derivatives 1a 166, 167

Anthraquinone 1a359;1b 16

Anthraquinone derivatives  1b 180, 367

Anthraquinone glycosides 1b 365

Anthrone 1a 78,202

Antibiotics 1a 7,107, 109, 148, 166, 195,
270, 284, 354, 380, 411,423, 434; 1b
188,282, 296-297, 304, 358, 360, 387,
446

—, aminoglycoside 1a 107,270,284,
354,380,423,434

—, bioautographic determination 1a 109

methyl 12327
Arene-cyclopentadienyl-iron complex
1b 282
Arginine 1b 132
Arlacel A 1b 282
ARNOLD’s reageni  1b 123
Aromatics  1b 58, 100, 10
437
Aromatic compounds 1b 338
Arsenic cations 1a 144
Artemisiifolin  1b 290
Articaine 1b 354
Artisil blue 2RP  1a 129

1,103, 104, 327,

1a 59

Androsterone  1b 32, 78,343

Anethole 1b 451

Angiotensin peptides  1b 401

Angustifoline  1b 32

Anilazine 1b 196, 197, 202, 208,212,
213,230,231

Anilide herbicides 1a 223,225

Aniline 1a 152, 176, 179, 185, 188, 253,
261; 1b 188, 268, 322,324, 325, 419

Aniline derivatives 1b 94, 247,401,415,
417

Anilines 1b312

—, substituted 1a 284; 1b 314, 393, 395

8-Anilinonaphthalene-1-sulfonic acid am-
monium salt 1a 44, 88, 191

Amlme phthalate reagent 1a 78, 188

s 4L 200

—, carbapenem 1b 244
—, heptaene 1a 195
—, macrolide 1a 195

-, tetracycline 1b 273
Antibiotics with thiazolidine ring  1b 84
Antidepressives 1b 100, 352
Antidiabetics 1b 188
Antiepileptics 1a 252,254, 303,304, 364
Antihistamines 1a 260; 1b 352
Antihypertensives 1a 426; 1b 135
Antimicrobially active substances  1b 227
Antimony(iii) chioride reageni  1a 206, 207
Antimony(V) chloride reagent 12210
Antimony cations 1a 144
Antimycotics, imidazole 1b 98
Antineoplastic agents 1b 365
Antioxidants 1a 45,75, 108, 195, 210,

Emmomum vanadate, mono- 1a 8Y, 4260

Amoxycillin 1b 188, 358

Amphetamines 1a 45, 260, 299;
1b 268, 283

Amphetamme sulfate 1b 43,188

Ampicillin  1a 173, 174; 1b 84,296, 301,
358

Ampicillin oligomers  1b 301

Amygdalin 1a 179; 1b 120, 121

Amylenes as stabilizers of solvents 1a 120

R -
—, monovalent inorgamc 1D 128
—, organic 1a 44, 388, 389; 1b 307
Anisaldehyde reagent 1a 78, 195
Anisidine 1b 188
m-Anisidine 1a 67
o-Anisidine 1a 67
p-Anisidine 1a 67,199
Annululoline 1b 18,19
ANS reagent 1a 44, 88, 191
Antazoline 1b 354

216 252 254.260. 376. 377.426. 428;
—

Arytamines —ta66, 155294 1b 322,327

—, primary 1b 349
2-Arylazo-2-nitroethane derivatives
1b 365
Arylazopyrimidylpyrazoles 1b 327,329
Arylazothiazoles 1b 327, 329
N-Aryl-N’-benzenesulfonyl thiocarbamides
1a 248,249
N-Aryl-N’,N’-dialkylurea herbicides
1a43
Arylglucosides 1a 185,186
Aryloxybutanolamine derivatives 1245
Arylpropionic acids  1b 143,223,224
N-Arylthiosemicarbazides 1a 248
Ascorbic acid  1a 216, 256,257,372-374,
376,377,426, 1b 47, 50, 167-169, 383,
434-436
—, metabolites 1a 45

AW OU, £0Ly duU, Josy oo

Antipyrin  1b 283

Antithyroid pharmaceuticals 1a 248,249
“Antitussives  1b 103

Apomorphine 1b 64

Application as bands  1a 57

Application errors  1a 131

Application scheme 1a 131, 132
Application solvents 1a 131

Arabinose 1a 161, 162,200, 201; 1b 423

Asparagine 1b 132

Aspartic acid  1b 132

Aspartic acid derivatives 1b 204

Asperulae herba  1b 369

Asulam 1b 244

Atenoiol 1a429; 1b 22, 268, 3

Atraton 1b 196,197

Atrazin 1b 68, 69, 194, 199, 202, 208,
230,231,418
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Benzodiazepine derivatives 1a 225, Bioautographic determination with tissue Bromine in mobile phase 1a 58
homogenates 1a 109 Bromine vapor as reagent  1a 64, 86

—, with cell organelles 1a 109 Bromexine lb 103-105

Atropa belladonna extract  1b 256

Atropine  1b 252, 255, 256, 354, 35
Auxins 1b 243

NER 2T 11 OA

3,323 265-267,310; ib 94, 113-116, 188, 151,

283,290, 358, 360

=, withrtestorganisms —Ta 109 Bromime-cx ing trypnotics 1227
Biodetection, alkaloids 1a 109 Bromine-containing substances 1b 373

Avocado oil 1b 286
AwE’s reagent  1b 301

Benzodiazepin-2-one derivatives 1a 420
Benzodiazepine hydrolysis products 1a

Axerophthol 1b 280 225 —, antibiotics 1a 109 Bromhexine 1b 268, 354, 374

Azinphos-ethyl 1b 116,304, 305, 340, Benzoic acid 1a 45, 71,75, 175, 178, 230, -, bitter substances 12109 Bromide anions 1a 190; 1b 128,129
341.418 308 —, enzymatic limit determination 1a 109 Bromlvnatlon 1a 65, 66

Azinphos-methyl 1b 32, 116, 338, 340, Benzo(b)fluoranthrene  1a 39, 85 — insecticides 1a 109 Bromisoval 1b 374

141 Benzo(k)fluoranthrene 1a 39, 86 —, mycotoxins 1a 109 o-Bromoisovalerianylurea 1a 65

i i -, phytohromones 1a 109 Bromite anions 1a 188
Aziprotryn 1b207, 208,413,414 Benzo(ghi)perylene 1a 39,85 > phy nes lor
Atziridine derivatives 1a 359; 1b 282 Benzophenone derivatives  1b 282 -, range of variation 1a110 4-Brornoamllm;=. 1';32445’ 325,419
Azodyes 1a 66, 67, 68 Benzo(@)pyrene 1a 39, 85, 103 — range of variation la 1110 gmmocresol blue :; 5.8
Azo coupling  1b 94ff p-Benzoquinone derivatives 1a 72 — Teprint "ed:nnlf‘lues 1a 109 Dmfocfs"l gre:?n Ia-. e
Azomethynes la66 Benzothiazoles 1b 237 - SpiC’c‘ 1a 1V5 ur\’)u-%.t,so?. purp:ie a4, 23:
Azo compounds 1b 19 Benzovl chloride 1270 ~, zoo hormones 1a 109 Bromocriptin  1b 354, 374

Biogenic amines 1b 220
Biotin 1a269

Azulenes 1a 66; 1b 239, 240, 279 Benzoylecgonine 1b 32, 34, 35 4-Bromophenacyl bromide 1a 7T

Barbiturates 1b 204

—, bromine-containing 1b 372

Barbituric acid derivatives
252,254,260, 337-343; 1b 119, 280

Barium cation 1a 144, 145, 311, 312

BARTON’s reagent  1b 312

Basic orange 14 1b 143

Bayb5097 1b99

Behnicacid 1a73
Benctonium chloride
BENEDICT s reagent

Benperidole 1b 354
Benproperin  1b 354
Bentazon 1b418
Benzatropin 1b 354
Renzidine treatment 12 90
Benzimidazole 1b 124, 125
Benzocain, acid hydrolysis

3,4-Benzpyrene 1a 60

Benzthiazide 1b 188

Benztriazole, 2-(2-hydroxy-5-methyl-phe-
nyl)- 1a282

—, 2-(2-hydroxy-3-(1-methylpropyl)-5-tert-
butylphenyl)- 1a 283

Benztriazole derivatives, 2-(hydroxy-phenyl)-
1a 281ff

Benzylpenicillin sulfoxide 1b 358

Berberine 1a44,213; 1b 188, 358

Bergamot oil  1b 451

Beryllium cations 1a 144, 145, 311, 312

BESTHORN's reagent  1a 347

Beta-blockers 1a 74, 299, 301, 426-428;
1b 21, 22,268, 270, 348-350

Beta-fronts 1a 126

Beta-radiation iaiZ

Betulinic acid, oxidation 1a 59

BHC 1b83

Bicuculline 1b 358

Bile acids 1a 43, 195, 206, 333, 334, 364,
365,376, 411

Bile acid conjugates  1a 376

Bile acid methyl esters  1b 446, 448

Binding agent, influence on staining 1a 123

S-Bioallethrine 1a 359

Biperidene 1b 354

Biphenyls, chlorinated 1b 206

2,2’-Bipyridine, reagent 1a216

Bisabolol 1b239-242

Bisabolol oxide 1b 240-242

Bisacodyl 1b 254

Bis-3,4-benzpyrenyl 1a 60

Bis-(2-ethylhexyl)phosphoric acid 1a 174

Bis-(2-ethylhexyl)phosphoric acid deriva-
tives l1ai74

Bis-(haloalky!) sulfides 1a 359

Bismuth cations 1a 144, 311

Bitter principles 1a 7, 109, 303, 430; 1b 244

Block copolymers  1b 365

Blue tetrazolium reagent 1a 219ff

ne 1b 446

L-Bomeol glucoside 1a 327

BORNTRAGER reaction 1b 122

Bomyl isovalerate 1b 451

BRATTON-MARSHALL reagent 1a223; 1b
47,106,113

Brilliant green 1a 44

Bromacil 1b418

Bromate anions 1a 188, 190

Bromazepam 1b 374

Bromazine 1b211

4-Bromophenacyl esters  1a72

Bromopheniramine 1b 354

Bromophenol blue 1a 45,228

Bromophos-ethyl 1b 338

Bromopride 1b 374

Bromothymol blue 1a 45

Bromureides 1b 374

Brucine 1a 60, 67,315, 316; 1b 188, 280,
361,383

Bufotenine 1a 380; 1b 348

Bunitroloi  1a429; ib 22

Buphenin  1b 354

Bupivacaine 1b 354

Bupranolol 1b 22,354

Butalamine 1b 354

Butamirat 1b 354

Butanilicaine 1b 354

Butralin  1b 110-112

Butter yellow 1b 19

2-sec-Butyl-4-amino-6-nitrophenol  1b 389

Butylhydroxyanisole (=BHA) 1a 262

Butylhydroxytoluene (=BHT) 1a 262

—, as stabilizer 1a 120, 359, 361, 363

tert-Butyl hypochlorite, as reagent  1a 86,
87, 89,234

2-sec-Butyl-4,6-nitrophenol  1b 387

tert-Butyl perbenzoate  1b 227
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C

Cactus alkaloids 1h 220

Cadmium cations 1a 144, 311

1,1’-Carbonyldiimidazole 1b 327

Carbonyl compounds  1a 71,72, 76, 106,

157,158, 179-181, 185, 202, 273, 274,

Cellobiose 1b 34
Cellulose, microcrystalline 1a 123
—, native 1a 123

Index 465

Chloroaniles 1b 199, 201
2-Chloroaniline 1b 248, 324, 325
3-Chloroaniline  1b 2.

Caffeicacid 1b 307,401

Caffeine 1a 65, 90; 1b 50, 170-173, 176,
282,296,299, 300, 354

Calciferol 1b 280

Calcium cations  1a 144, 145,311, 312

Calibration of the wavelength scale 1a 21

Campesterol  1a213

Cannabinoids 1a 288, 291

CANNIZZARO reaction  1b 54

Canrenone la4l11

Caprolactam oligomers  1b 204

\,apsalcululu.\ ia 65

Captagon 1b 268

347;1b 21, 51-54

Carboxylic acid 2,4-dinitrobenzyl esters
1b 425

Carboxylic acids, 1a 44, 45, 70,91, 170-
178,229, 231, 232, 248-250, 256-258,
307, 308, 426; 1b 48, 49, 401

-, aliphatic 1a 45,173

—, aromatic 1a 173, 307

-, polybasic 1a232, 248, 249

-, reducing 1a 246

Carboxyhemoglobin, dipole moment 1a 97

Cardenolides  1b 185, 186, 265, 446

Cardenolide glycosides 1h 263

Captan 1b 29

Captopril 1b 283

Caramel 1b4

Carazole 1b22

Carbadrine 1a76

Carbamates 1b 282

Carbamate herbicides 1b 332

Carbamate insecticides 1b 83, 332, 334, 415

—, degradation products 1b 212

Carbamate pesticides 1a 44, 74, 104, 107,
223,225,288, 290; 1b 252, 255, 417

Carbamazipine 1a 105, 244, 254, 359,
360,397; 1b 358

Carbamide derivatives 1b 204

Carbamic acid derivatives 1b 94

N-Carbamyltryptophan  1b 243

Carbapenem antibiotics  1b 244

('m‘harvl 1b 83 252 3312 214

Larbar AR B3, L32, 352,354

Carbazoles 1a 252, 260, 416

Carbetamide 1b 417

Carbofuran 1b 83,332, 387, 417

Carbohydrates 1a 154, 164, 185, 188,
195,199, 219, 277, 278, 303, 304, 408,
426, 428; 1b 33, 34, 36, 47, 232-234,
283,327,421, 424, 430

-, reducing 1a 188; 1b 215

Carbon dioxide dipole moment 1a 97

Carbon disulfide 1a75

—, acid hydrolysis 1a 62
Cardiac glycosides 1a 63, 64, 104, 195,
303-305, 411, 420, 421, 430, 431, 438,

439; 1b 185, 263, 266, 446
Cardol 1a288

Camosine [2] 1b 158

Carotenoids 1a 206; 1b 282, 284, 446, 448

Carotines 1b 13

Carprofen 1b 143, 145, 146, 312

CARR-PRICE reagent  1a 206

Cartelol 1b22

Carvacrol 1a 153

Carveol 1a76

Carvone 1a 72, 376; 1b 252

Caryophyllene 1a 197, 198, 214

-, epoxide 1a 197, 198; 1b 374

Castor oil 1b 343

Catechins  1b 268, 307, 3
442,443, 446, 447

-, acetylated 1b 443

Catecholamines 1a 76, 240, 294, 296,
392,393, 395, 396; 1b 37-39, 48, 50,
328,332,334

Catecholamine metabolites  1b 37-38, 327

Catecholamine, triacetyl derivatives 1a 393

Cations 1a 143-146, 310-313, 398;
1b 119, 151, 259,317

Celandine 1b 23,24

08, 379, 440,

Central stimulants  1b 204, 268, 270
Cephaelin 1a 46, 262, 263; 1b 188, 290,
291,293,294

Cephelosporins  1b 84, 85, 301, 303, 304
Cephelosporin C  1h 84,301

ephelosporin C 201

Ceporin  1b 301
Ceramides 1a411;1b 282
Cerium cations 1a 144
Cetanol, reaction with 8-bromomethyl-
benzo-d-pyrido(1,2-a)pyr-imidin-6-one
1a 106

C-H acid compounds 1b 52
Chalcones—1a 303,304
Chamazulene 1b 239
Chamber saturation 1a 124, 126
Chamber system, choice of 1a 124
Chamomile extract 1b 240, 242
Chamomile oil 1b 241, 242
Chanoclavin  1b 243,252
Charge transfer complexes  1b 122ff, 179
CHIEN-KAO reaction  1b 119
Chelate formers 1b 119
Chelates 1b 119
Chelidonine 1b 23-25
Chenodesoxycholic acid 1a 334
Chinchonine 1b 280, 383
4-Chloroacetanilide 1a 65
Chloramine derivatives 1b 204, 205, 211
Chloramphenicol 1b 74
Chlorate anions 1a 188-190
Chlorazanile 1b 354
Chloride 1b 128
Chloride anions 1a 190; 1b 129
Chloridiazon 1b 418

-+ Chlorination 1a 65, 90
Chlorine gas, dipole moment 1a 97

Chlorine-containing insecticides  1b 227

Chlorine insecticides 1b 83
Chlorine vapor reagent 1a 64, 86
‘Chlorite anions 1a 188, 189
2-Chloroanile, diazotization 1a 67

4-Chloroaniline 1b 248, 395,396,419
-, nitration 1a 67
Chlorobenzaldehyde derivatives 1a 72
2-Chlorobenzoic acid 1a 72

arahoanaains ans a1y
3-Chlorobenzoic acid  1a 72

4-Chlorobenzoic acid 1a 72

Chlorobromurone  1b 244

4-Chlorodiazepoxide 1a 267, 364; 1b
188, 283

Chlorogenic acid 1b 307, 401

5-Chloroindole 1a 418

3-Chloro-4-methoxyaniline 1b 324, 325

sl AN 1.
5-Chioro-2-(methy Ybenzophenone

(=MACB) 1a226,227
4-Chloro-2-methylaniline 1b 314, 315
4-Chloro-2-nitroaniline 1b 247,248
7-Chloro-4-nitrobenzo-2-oxa-1,3-diazole

ia 238
4-Chlorophenol 1b 419
Chlorophenols 1b 401
Chlorophyll 1b216
Chloroplast pigments 1a 303
Chloroquine 1b 354, 358
Chlorotetracycline  1b 271
Chlorotheophylline 1b 354
Chlorothion 1b 338
Chlorothymol 1a67
Chloroxuron 1b 417
Chlorphenethazine 1b 352, 354, 355
Chlorpheniramine 1b 103-105
Chlorphenoxamine 1b 354
Chlorphentermin  1b 194, 296
Chlorpromazine 1b 42,43, 356
Chloropropham 1a 108; 1b 204, 417
Chloropropionic acids 1a 46
Chlorprothixen 1b 268, 354

o doc 1L 201
Chlorthalidon 1b 321

Chlorthiazid 1b 135, 136
Chlortoluron 1b 244,418
Cholecalciferol  1b 280, 359
a-Cholestanol 1a 43, 65
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5-a-Cholestan-3-one  1a 43, 334-336,

421 A29. 1k 24£
HL1,8l4; A5 540

Cholest-5-en-3B,7a-diol  1b 227,229

Citrinine 1a 69, 147, 148

Citennallal 12 18Q 180
Lilfoncuar 138 150, 157

Citronellol 1a 68-70, 327

Contact insecticides 1b 18
PO G s e a4 an
Loniamin IUll Ul uic pldw Of WOIK 14 72
Continuous sources 1a 20

Index 467

Cumol hydroperoxide 1b 227

PINEEPN
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Cyanazm 1b 196, 197, 202, 208, 212,

Cholest-5-en-3B,7B-diol 1b 229

4-Cholesten-3-one  1a 334-336, 421, 422;
1b 346, 390

Cholesterol 1a 44,65, 104, 147, 148,
191-194, 213, 214, 248, 333-336, 351,
376,377,385-387, 411, 421, 422,438;
1b 32, 34,43, 173,307, 343, 346, 439

—, dehydrogenated 1a 66

—, esters 1a 44,70, 147, 191, 248, 333,
411, 438, 439; 1b 290, 307

—, gangliosides 1a45

~, glucuronides 1a 45

—, propionate 1a 89

Citronellyl acetate 1a 68
CLAISEN-TISCHENKO reaction 1b 54
Clathrate complex 1b 303
Clavin alkaloids 1b 243
Clavine alkaloids 1b 246, 252
Cleanup 1al19

Clemastin 1b 354

Clenbuterol 1b 106, 107, 354
Clobutinol 1b 354

Cloforex 1b 194, 296
Clomethiazole 1b 354
Ciomipramine 1b 352, 354,355
Clonacillin _1b 301

Contraceptives 1a 206; 1b 343

Convallaria glycosides 1b 265

Convallatoxin 1b 265, 266

Copper(11) acetate  1a 242

—, nitrate 1a 245

—, sulfate 1a 248

Copper cations  1a 144, 145, 311; 1b 259,
260,317

Coproporphyrin  1a 99ff

Coprostanol 1a 104, 334-336, 385-387,
421,422

Coprostanone 1a 104, 334, 335, 421, 422;

1b 346

213,230,231,418
Cyanhydrins 1b 53
N-Cyano benzylamphetamine 1b 283
Cyanogen bromide elimination 1b 126
Cyanogen bromide vapor 1a 86
Cyano phases 1a3
Cyasorb 1b 446
Cyclamate 1a 388ff
Cyclitols 1a 325
Cyclochlorotin  1b 204, 206, 207
Cyclodextrins 1a 202
Cyclohexanol 1a43
Cyclohexansulfamic acid 1a 174

Chlolesterol linoleate hydroperoxide 1b 415
Cholesteryl pelargonate  1b 43

Cholicacid 1a334

Cholinesterase 1b 335

Chromate anions  1b 307

Chromatogram dipping apparatus  1b 60
Chromatographic errors  1a 131
Chromium cations 1a 144, 311
Chromophores 1a 57

Chromotropic acid 1b 199, 201

Chrysene 1a39

Chrysophanol  1b 365

Cimitidine 1b 354

Cinchona alkaloids 1a314

Cineole 1a211;1b451
Cinerinl 1b 18

Cinerin Il 1b 18
Cinnamaldehyde 1a 158,15
Cinnamic acid 1a 171
Cinnamic alcohol 1a 70
Cinnamoylechinadiol 1b 239
Cinnamoylechinaxanthol 1b 239
Citraconic acid, reduction 1a 61
Citral 1a 158, 159

—, oxidation to geranic acid 1a 58
Citrazinamide 1b 244

Citrazinic acid 1b244

Citric acid 1a 45,233, 308; 1b 401

Q
7

Clonidine 1b 354

Clopamide 1b 354

Clorexolon 1b 321

Clotrimazol 1b 98,99, 401, 402

Cloxacillin 1b 84, 188

Clozapin 1b 354

Cnicin  1b 290

Cobalt cations 1a 144,311; 1b 151-153,
259-261

Cobalt-DMSO complexes 1b 259

Cobalt nitrate  1a 89

Cocaine 1b 32, 33, 34, 43, 137, 138,323,

358,360

Codeine 1a 108, 299, 301, 302, 351, 353;

1b 43, 50, 63,64, 103-105, 192, 193,
254,280, 290, 358, 360, 362, 363
Codeine phosphate 1a 65, 90
Colchicine 1a 244- 246 ib 376-378
Colchicum autumnale, extract 1a 346;
1b 378
Colchicum alkaloids 1a 344, 345,420
Collidine 1a354
Concentration zone, TLC plates with
1a 56
Conditioning chamber 1a 87,129, 131
y-Coniceine 1b 188
Coniferyl alcohol 1b 401
Coniine 1b 188

Coroxon 1b33
Cortexolone (=Reichstein S) 1a 221, 321
Corticosteroids 1a219, 222,318

Corticosterone  1a 221, 321; 1b 282
Corticone 12221 1h ‘)")0 282 200

COrusone 2@ 2210 28 229, 2382, 350

Coumaphos 1b 32,33, 332,335,336

Coumatetralyl 1b 33

Coupling TLC-FID 1b6

—, HPLC-HPTLC 1b5

—, TLC-FTIR 1b6

—, TLC-MS 1b6

-, TLC-Raman 1b6

Coupling with a-naphthol  1a 67

—, Fastblue salt B 1a 288ff

—, Fastblue salt BB 1a290

—, Fastblue salt K 1a 68

—, FastbluesaltR 1a 67

—, Fasi biue sait RR 1a 250

Creatine 1b 36,74

Creatinine  1b 36-39

Crimidine 1b 418

Cucubitacins 1a 430, 431

Cumaric acid 1b 448

Cumarin 1b 369, 370, 387-389

—, pH-dependent fluorescence 1a 91

Cumarins 1a 62, 252, 288; 1b 36, 214,
216,218,367,401, 403

Cumarin glycosides  1b 365

Cyclohexylamine derivatives 1a45
Cyclopenthiazide 1b 321
Cyclopentylphenols 1b 282
Cyclopiazonic acid 1b 244, 245,252,253

Cyvnermothrin 1h 87

Lypermetnrin 128/

Cyproheptadine 1b 354

Cysteine 1b 84, 132,301, 349, 358

Cysteine adducts  1a 106

Cystin  1b 132,301, 358

Cytarabin 1b 354

Cythioates 1b 365, 387

Cytidine 1a63

Cytidinediphosphate-glucose, enzymatic
cleavage 1a63

Cytidine 5’'monophosphate  1a 63

—, enzymatic cleavage 1a63

Cytisin 1b 188

Cytochrome T ib 401

Cytostatics 1b 434

D

Dalbergions 1b 367

Dalbergion glycosides 1b 365
Dansylamides 1a 104, 106-108

Dansyl amino acids 1a 73, 107, 108
Dansylation, amino acids 1a 73

—, — with dansyl semicadaveride 1a 73, 53
—, — with dansyl semipiperazide 1a 73, 53



468 Index

—, phenols 1a73
—, prechromatographic ia Zif

__ -, primary amines 1a73

—, — NBD chloride 1a 76

-, — nittophenyl isocyanate 1a 77

-, — sodium methylate 1a70

Dialkyl dithiophosphates  1b 338

Dialkyl peroxides  1h 227
Dialkyltin compounds 1a 399

Index 469

2,6-Dichlorophenol-indophenol reagent
1a 256
Dichlorphos  1b 164, 165, 332, 412

-, secondary amines la73

DARZEN’s glycidic ester synthesis  1b 53

Data-pair method 1a 131,132

Daucol, oxidation 1a 59

DBA reagent 1a281

DC-Mat 1b 14

—, multiple development 1b 2

DDT 1b 83,122,227

DEPONDER’s reagent  1b 49

Deguelin 1b 327

Dehydrol LS 3 1b 286,287

Dehydroascorbic acid 1a 216, 262, 273-
275,372-374;

11-Dehydrocorticosterone  1a 221
Dehydroepiandrosterone  1b 173
Demeton 1b 338
Demeton-S-methyl 1b 340, 341

Demeton-S-methyl sulfonc  1b 164, 165,
340,341

Deoxynivalenol 1a 89, 147, 148

Derivatization, increasing sensitivity 1a 57

-, disadvantages 1a 57

—, insitu 1a 56

-, postchromatographic 1a 55

—, prechromatographic 1a 55, 56ff, 75;
1b 104

—, prechromatographic with

—, — benzoyl chloride 1a 70

—, — bromophenacyl bromide 1a 71

—, — carbon disulfide 1a 75

-, — diazomethane ia7i

—, — 2’,7’-dichlorofluorescein 1a 105

-, — 3,5-dinitrobenzoyl chloride 1a 70

—, — dinitrofluorobenzene 1a 71

—, — 2,4-dinitrofluorobenzene 1a 71,75

-, — diphenylacetyl-1,3-indandion-1-hy-

drazone 1a76

~, — fluorescamine 1a 76

—, — fluorescein 1a 105

-, — heptafluorobutyric acid 1a 75

—, — methyl iodide 1a70

—, — 4-toluenesulfonic acid 1a76
—, — zinc chloride 1a 76
—, aimof 1a56,57
Derivatization as cleanup 1a 56
Derivatization during development 1a 57
Desethylatrazin  1b 419
Desimipramin  1b 358
Desipramin  1b 268, 327, 328, 352, 354
Desisopropylatrazin  1b 418
Desmnedipham 1b 332
Desmetryn 1b 207, 208,230, 231, 413,
414
xyadenosine oligonucleotides 1a 76

Diallate 1a 323

o-Diamines, aromatic 1b 383

Diamines, o-substituted 1b 395

2,4-Diamino-6-methylphenol 1b 324,325

2.3-Diaminonaphthalene  1b 384-386

2,3-Diaminopyridine 1b 385-386

Diaryl dithiophosphates  1b 338

Diazepam 1a 266, 303, 304, 364; 1b 188,
283,327,329

Diazinon 1b 304, 305,338

Diazoalkanes 1a359

Diazomethane 1a 70

Diazotization 1a 66-68

Piclafe
Diclofenac—1b312

Dicumarol 1b 387

Dieldrin 1a 76; 1b 43, 83, 227

Dienestrol  1b 188, 390,391

Diethylalkylacetamide derivatives 1a 45

Diethylamine ib 268

Diethylamine vapor 1a 86

Diethylene glycol 1a 426

Diethyl malonate 1b 268,270

Diethyl phenyl phosphate derivatives
1b 282

Diethylstilbestrol 1a 80, 84,105,413,

414 432, 433; 1b 390, 391

Desoxycholic acid 1a 334

11-Desoxycorticosterone  1a 221; 1b 346

Detection, group-specific 1a4,7

—, substance specific 1a 4,7

Detection of lipophilic substances 1243

—, biological-physiologically 1a4,6,7,
9,109

-, electrochemical 1b 41

-, group-characterizing la 4,7

—, influence of sorbent 1a 90

—, microchemical 1a4,7,9

—, nondestructive 1a 6, 9, 42f

—, pH-active substances 1a 45

-, photochemical 1b 13

-, physical la4,6

-, selectivity 1a 109

—, substance-specific 1a4,7

—, thermochemical 1b 27

—, with the aid of aqueous dyes 1a 43

Detergents 1a 44, 86, 89, 191, 388, 389,
401; 1b 282, 286,287,358

Deuterium lamp 1a 21

Dextromethorphan  1b 354

Dextropropoxyphen 1b 354

Dhurrin  1b 121

Diacetoxycirpenol 1b 244

1,2-Diacetylhydrazine, acid hydrolysis 1a 63

Diacyl peroxides 1a 368; 1b 227

Dibenzepin 1b 354

Dibenzo[alacridine 1b 145

Dibenzoazepine derivatives  1b 345

Dibenzoyl peroxide 1a 370

2,6-Dibromogquinone 4-chlorimide, rea-
gent 1a252

Dibutil 1b 355, 356

2,6-Di-tert-butylphenol 1b 446

Dibutyltin dichloride 1a 399, 400; 1b 319

Dibutyltin dilaurate  1a 399, 400

Dicarboxylic acids 1a 45, 171,175,178,
188, 232,233, 248, 249, 308, 426,
1b 143

Diclobenil 1b 419

2,5-Dichloroacetanilide 1a 65

2,3-Dichloroaniline 1b 314,315

2,5-Dichloroaniline 1b 315

3 A-Dichloroaniline 1b 314,315,395,
396,419

3,5-Dichloroaniline 1b 314,315

2,4-Dichlorobenzoic acid 1a72

3,5-Dichlorobenzoic acid 1a72

2,6-Dichloroquinone 4-chlorimide,
reagent 1a260

Dichlorofluorescein 1a 88, 105, 325

2°,7’-Dichlorofluorescein, pH dependent
fluorescence 1a 91

2,4-Dichlorophenol 1b 419

Sion destaining ap A

Difolatan 1b29

Digitalis glycosides 1a 63, 64, 104,206,
303-305, 420, 421, 430,431; 1b 184,
186,266, 343,344

—, alkaline hydrolysis 1a 63

-, Aseries 1a421

—, Bseries 1a421

—, Cseries 1a421

—, enzymatic cleavage 1a 64

Digitoxin 1a 104, 303; 1b 172, 183, 186,

a7 Ac7
187, 267

Diglycerides 1a 45, 404; 1b 282,290

Diglycerin tetranitrate  1b 415

Digoxigenin 1a 305

—, bis-digoxoside 1a 305

~, monodigoxoside 1a 305

Digoxin 1a 104,303, 305; 1b 172, 183,
186, 187,267

Dihydroergocristin  1b 348

Dihydroergosin  1b 243,247

Dihydroergot alkaloids  1b 350

Dihydroergotamine  1b 257, 348, 354

Dihydroergotamine mesylate  1b 249, 257

Dihydroergotoxin  1b 348

Dihydrolysergic acid 1b 348

Dihydroxyandrosterone  1b 78

Dihydroxyanthraquinone 1b 122




470 Index

m-Dihydroxybenzene 1a 174,273
o-Dihydroxybenzene 1a 89, 174,273
p- Dlhydroxybenzene la 44,189,174

nlhvdmv i ives—1b 179-181

Dlhydroxyergoloxin 1a 382
Dihydroxyketones 1a 147
Dihydroxynardol 1b 239
Dihydroxyphenols 1a277
3,4-Dihydrophenylacetic acid 1a 392
2,4-Diiodoestrone  1a 66

Dilaudid 1b 358

Diltiazem 1b 354

Dimefuron 1b417

Dimerol 1b 43

Dimethoates 1b 83, 164, 165, 338, 340, 341
2,5 Dlmethoxyamlme 1a67

2,6-Dinitrophenol 1b 404, 405,428, 429
Dinitrophenols 1a 273; 1b 389, 404, 405,
428,429
Dhniuuyhcu_y:a\,cmw 1b 365
Dinitrophenyl derivatives  1b 103-104
2,4-Dinitrophenylhydrazine 1a273
2,4-Dinitrophenylhydrazones 1a 77;
1b 324
Dinitrophenylhydrazones 1b 367
Dinobuton 1b 387
Dinocap 1b 108,418
Dinoseb acetate  1b 418
Dioctyltin oxide 1a 399, 400
Diols 1b 47

—, vicinal 1a 325 326 329 330

wcmal 214 323,326, 329,330

Dioleylphosphatidylcholine 1b 282

Dipterocarpol 1a 71
Disaccharides 1a 154,155, 161, 163,179

181,203, 204, 228, 277,331; 1b 421

Index 471

Drug monitoring  1b 97

DUGGAN reasent 1h 411

cagent ID 411

Dulcin 1a 10, 11, 223, 388-390

Disopyramide 1b 354

Distribution of substance in the layer 1a91

Disulfides 1b 50, 301, 338,339

Disulfoton 1b 338

Diterpene glycosides 1a 195

Dithiaden 1b 280

Dithiocarbamoylhydrazine 1b 290

Dithioglycolic acid 1a 248, 249

Diuretics 1a 248, 249, 260; 1b 95, 135,
188,189,191, 321

—, thiazide 1b 136

Drying cupboard 1a 93

Diurone 1a 74; 1b 244,417

—, calibration curve Ia 34
Dursban  1b 32, 365, 387

E

Ecgonine 1b 34, 35

Ecgonin methyl ester 1b 32, 34,35
Echimidine N-oxide 1b 243
EDTA 1b152

Effortil 1a 107

EHRLICHs reagent  1b 63, 230, 231
Eldrin 1a76

Elecirochemical aciivation  ib 41
Electrophilic substitution 1b 62

= ine 1a 299
2 S-Dimethoxytetrahydrofuran 1a 265
Dimethylaminoazobenzene 1b 19
4-Dimethylaminobenzaldehyde 1a 265
4-Dimethylamino cinnamaldehyde 1a 269
2,3-Dimethylaniline 1b 314, 315
2,4-Dimethylaniline 1b 247,248
2,6-Dimethylaniline 1b 324, 325,419
N,N-Dimethylaniline 1b 268
Dimethylmercury 1b 156
2,5-Dimethylphenol 1b 149

2,6-Dimethylnhencl 1h 149

neyipnenc: 1o 149

Dimethylphenols 1b 148, 149
N,N-Dimethyl-p-toluidine  1b 268
Dimethyl sulfoxide as intrinsic detector
1a 88
Dimethyltin dichloride 1b 319
Dimetinden 1b 354
Dinitramine 1b 110-112
Dinitroaniline derivatives 1b 111
Dinitroaniline herbicides 1b 110, 112
2,4-Dinitrobenzamide 1b 75
3,5-Dinitrobenzoates 1a 77
m-Dinitrobenzene 1b 379
3,5-Dinitrobezoyi chioride ia 70
2,4-Dinitrofluorobenzene 1a 71,75
2,4-Dinitrophenol  1b 404, 405, 428, 429
2,5-Dinitrophenol  1b 404, 405, 428

Diol'phases 1a3

Diosgenin 1a 195

—, oxidation 1a59

-, reduction 1a61

Diosgenone 1a 59

Dioxacarb  1b 332

Dioxopromethazine 1b 354

Diphenhydramine 1b 354

Diphenyl 1a44

Diphenylacetyl-1,3-indandion-1-hydra-
zone 1a76

Diphenylamine 1a 179; ib

Diphenylboric acid 2-aminoethyl ester
1a277

Diphenylboric acid anhydride 1a 281, 284

Diphenylcarbazone 1a 340

Diphenylmercury 1b 156

Diphenylpyraline 1b 354

Diphosphate (P,0%) 1a172

Diphrophylline 1b 298

Dipping 1a 80, 82ff

—, manual-instrumental (a comparison)
1a 80, 84

Dipping chambers 1a 83

Dipping reagents 1a 82ff

—, choice of solvent 1a 85

Dipropropretryn  1b 207, 208, 230, 231,
413,414

Dixyrazin 1b 354-356

DNP amino acids 1a 75

Dodecyl benzenesulfonate 1b 282
Documentation of chromatograms 1a 119ff
-, autoradiography 1a 6

—, computer-based 1a 138

—, Ilfospeed 2.1 M paper 1a 136

—, KoDAK paper 1a 136

— Ogzalid paper 1a 136

—, photographic paper 1a 136

-, photographing 1a 6, 134; 1b 451
-, photocopying 1a6, 134

—, sketching 1a6, 134

Ultrarapid blueprint paper 1a 135
Dolantm 1b 358

Dolichol 1b 34

DOOB reagent 1a 239, 284, 285
Dopa 1a393-396

Dopamine 1a 240, 393-396; 1b 312
Doping controls  1b 97

Dosulepin  1b 365

Doxapram 1b 354

Doxepin 1b 354

Doxycyclin  1b 271

Doxylamine 1b 354

N.N-DPDD 1b 49,228, 229,417
DRAGENDORFF reagent  1b 353, 354
Drofenin 1b 354

Ellipton 1b 327

EMERSON reagent 1a 151

EMERSON reaction 1b 81

Emetine 1a 46, 263; 1b 188,290, 291,
293,294,323

Emission, see also fluorescence 1a 23, 33, 37

EMMERIE-ENGEL reagent 1a 216

Emodine 1b 365

Emulsifiers 1b 282

Enamino ketones 1b 312

Endosulfan 1b 82, 83, 418

Endrin 1b 83

Enols 1b 119,307

Enol ketones 1b 312

Enzyme inhibition reaction 1b 335

Eosin 1a 44, 64,65

Ephedrine 1a45,107,173; 1b 119, 188,

268 222 2127 2120

Epoxides 1a63,359-361; 1b 46

Epoxy resins, pyrolysis products 1a 45

Eprazinone 1b 354

EPreagent 1b 63,239,240

Equilibration of the layer 1a 131

170-Ethinyl-5-androsteno-38,17B-diol
1b 346

Etiocholanolone 1b 78

ERDMANN reaction 1b 64

Ergobasine 1b 440,441, 444, 445



472 Index

Ergocornine 1b 243
Ergocristine  1b 245,348
Ergocryptine  1b 379

Ergoline carboxylic acids 1243 Ethytamine —1b 104,268

Ergometrine 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

Ergotaminine 1b 440, 441, 444, 445

Ergotamine tartrate  1b 249, 257, 440, 441

Ergotamine D-tartrate  1b 444

Tt onNmmunn ranntics  1h €2
LRLENMEYER I€aciion 10 535

Erucic acid 1a73

1-Ethoxylcarbonyl-2-arylazo-2-nitroethane
derivatives 1b 365
Ethoxyquine 1a 106, 108

—, incom extracts 1a 103

detection limits 1a 43
, Getection amils 1843

—, odd numbered 1a 73,74

Index 473

Fluorescamine 1a 76, 88, 287, 294

—. inmgchile nhase 1a 57
, 11 MOOLC pRase  2a 5/

Fluorescein 1a 64, 65

N-Ethylamine derivatives, tertiary 1b 290

Ethylamphetamines 1a 45

N-Ethyl-N’-benzylthiourea 1b 301

N-Ethyl derivatives 1b 190

—, secondary 1b 190

—, tertiary 1b 188, 191

Ethelenediamine 1a 392

Ethylene glycol dinitrate  1b 415

N4-Ethyl-N4-(2-methanesulfonamido-ethyl)-
2-methyl-1,4-phenylenediamine, reagent

12 269
18 500

Ethylmorphine 1b 63

—, reduction Ia6]

Fatty acid esters 1a 242, 243, 364, 404;
1b 282

Fatty acid methyl esters  1a 44, 70, 299,
300, 376, 401

Fatty alcohol dinitrobenzoates 1a 401

Fatty aldehydes 1a 45

Fatty oils 1b 285, 286, 343

FCPAreagent 1a314

Fendilin 1b 354

Fenetyline 1b 354

Fenitrothione b 83, 332, 335, 336, 369

Fenpropathrin _1b 86

—, in bubble bath 1a 64

—, pH-dependant fluorescence 1a 91

—, sodium 1a 88, 326

Fluorescence diminishing 1a 10

Fluorescence enhancement  1a 100ff

—, porphyrins 1a 102

Fluorescence indicators, organic  1a 12ff

—, interference during absorbance measure-
ment l1a33

Fluorescence measurement, filter combina-
tion lal7

Fiuorescence quenching 1ia 10, 33, 46, 47,
137

Esidrix® 1b95

Esters 1b 243

—, 4-dinitrophenyl 1b 113

Ethanolamine derivatives, aromatic 1b 119

Ethenzamide 1b 354

Essential oils 1b 450

Esscntial oil components 1a 87, 89,92,
153,195, 197,210, 211, 376; 1b 32,
437,446, 449, 451

Esterification, prechomatographic in situ
1a 69ff

Estradiol 1a 68, 89, 439, 440; ib 177,
178,312,343, 446

173-Estradiol 1b 188

Estriol 1a 67, 68, 89, 104, 107, 439, 440;
1b 173,177,178, 312

Estriol 3-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 1a 254,255

Ethoxolamide 1b 188

Ethylmercury chloride 1b 156

Ethynylestradiol 1a 80, 84, 105,413, 414,
431-433

17a-Ethynyl-1,3,5-estratrien-3,17B-diol
1b 390

Etophylline 1b 299,300

Etozolin 1b 354

Eugenol 1a153

Eusolex 1b446

Evaluation of chromatograms  1a 133ff

Evaluation, peak area or height 1a 31, 33, 40

-, optical trains 1a 30, 39

Evipan® 1a 339, 343

Excitation to fluorescence 1a 10, 12,20, 37

Explosion resulting from reagent residues
1a 82,253, 261, 315, 365

Explosives 1b 49,244, 407-409

Exposure to vapors  1a 86

F

Fac 1b338

Farnesol 1b 446

Fastblue salt B 1a 288ff

Fatty acids 1a 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 dansylpiperazide derivatives 1a73

Fenproporex 1b 354

Fenuron 1b 252,418

Fenyramidole 1b 354

Ferrithiocine 1b 283

Ferulic acid 1h 448

Filters, “black light” 1a 38

—, cutoff 1a17,38

—, monochromatic 1a 17, 38

—, optical transmittance 1a 15

Filter paper, lining for chambers 1a 124

Fisetin 1a 44

Fixing a chromatogram 1a 133

Flavanones 1b 308

Flavones 1b 437

Flavone glycosides, acid hydrolysis 1a 62

Flavonoids la 44, 106, 147-149, 166,
167, 181,206, 273, 277, 279, 322, 323,

429 A20-1h 170 1Q0 214 21§ AN
436,455,401/, 10U, 214, 215,4V1,

403,430,431, 446, 448
Flavonoid glycosides 1b 307, 308
Flavonols 1a 278,288,401
Flecainide 1b 354
Fluchloralin 1b 110-112
Flucythrinate 1b 86
Flubiprofen 1b 223,225,226
Flunitrazepam 1b 90, 91
—, metabolites 1b 91
Fluoranthene 1a 85

-, influence of oxygen 1a 99

-, influence of sorbent 1a 103, 105

—, laws 1a40

—, quenching 1a 10, 33,46, 137

—, scans 1a 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

-, — cetyltrimethylammonium chloride

1a 108

—, — P-cyclodextrin  1a 108

-, — dioctyl sulfosuccinate 1a 108, 301

—, — dodecane 1a103

-, — ethanol vapor 1a 103

—, — 2-ethoxythanol 1a 106

_ _ othvlene clvesl 1a 10§
, — cthylene glycol 1a 106

—, — fatty acids 1a 103

—, — Flombin Y-Vac 1a103

, — glycerol 1a 106

-, — isooctane 1a 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



474 Index

—, — monoethanolamine 1a 107

- - prdumu(. acid 1a 103

—, — polyethylene glycol 400 1a 106

Fungicides 1a7;1b 108, 194, 196,297,
330

—, bioautographic detection 1a 109

Glucose 1a45, 63, 89,97, 164, 165, 176,
181-184, 277, 278, 331; 1b 32-34, 36,

2313

285,327,329, 422, 424

-, — polyethylene gylcol 4000 1a 106, 278
—, — Silicone DC 200 1a 105

—, — sodium cholate 1a 108

—, — sodium dodecylsulfate 1a 108

—, — triethanolamine 1a 107,297

-, — tricthylamine 1a 107, 297

~, — Triton X-100 1a 108; 1b 31, 391

-, — water vapor 1a 105

Fluroescence spectra, recording  1a 31, 40
—, optical train 1a 39

Fluorescence stabilization, porphyrins

—, oxathizine 1a44
Furosemide 1a108; 1b 188

G

Galactosamine 1b 232,234,235
Galactose 1b 33,422,423
D-Galactose, dipole moment 1a 97
Galacturonic acid 1a 45, 181
Gallates 1a 262

Gallicacid 1b 307, 312, 314, 401
Gallic acid esters  1b 307, 338, 446

Glucose derivatives  1a45
Glucose-8-methionine  1b 387
Glucose 1-phosphate  1a 63
—, enzymatic cleavage 1a 63
Glucose syrup 1a 182
Glucosides, aryl 1a 185

—, aryl 1a186

—, flavone 1a 323

-, kaempferol 1a 323

—, L-menthyl 1a 325,327,328
- monolerpene 1a 327, 328

Index 475

—, cumarin 1b 365

—, dalbergion 1b 365

—, digitalis 1a 63, 64, 104, 303-305, 420,
421,430,431; 1b 170, 183,184,186,
263, 266, 343, 344

—, diterpene  1a 195

—, flavonoid 1a 62, 106, 166: 1b 307, 308

—, steroid 1a206

-, Strophantus 1b 263

—, xanthone 1b 365

Glycosphingolipids 1a 44

Glycyrrhetic acid acetate  1a 65, 70

Glymidin 1b 354

Glyoxylic acid 1a 157

1a 100-101 Gallium cations 1a 144 -, naphihoguinone ia 166 Gyloxylic acid vapor 1a 86
Fluorophors 1a 57 Gallocatechins 1b 442 —, sesquiterpenc 1a 327 GM1 1b244
Flupentixol 1b 354 Gallotannins  1b 312 —, terpene  1a 327 GM2 1b244

Fluphenazine 1a 104; 1b 354-356
Fluspirilen 1b 354
Fluvalinates 1b 86

Fgoam hath hrominated 1a64

r'gam patn, srominates  1a o4

Folicacid 1a 223,225

FOLIN-CIOCALTEU’s reagent  1b 180

FOLIN’s reagent 1b 321

Formaldehyde 1a 299, 351

-, vapor 1la86

Formazan 1b 65

FORREST reagent  1b 352, 353, 355, 356

Fospirate 1b 365

Fructose 1a 155, 156, 158, 161, 162, 164,
165, 182-184, 200, 201, 203, 204, 277,
278, 331; 1b 32, 33, 36, 223, 327, 329,
423,424

Fructosyi-nysiose  1b 423, 424

Fuberidazol 1b 33

Fuc-GM1 1b 243

Fuchsin, reagent 1a 329

Fucose 1b 34

Fumaric acid 1a44, 171, 175,233, 249,
250,258,259, 308

-, reduction la6l

Functional chromaotgraphy 1b61

Functional groups, recognition 1b 45

Fungal toxins  1b 307

Gangliosides 1a 44,202, 401, 404;
1b 244,246, 282

GDla 1b244
GDIb 1b244

Gentamycins 1a 105, 270-272, 286, 287,

294,356, 357, 382, 383, 404, 423-425,
435,436

Gentisin  1b 365, 367

Gentisyl acid 1b 307

Geraniol 1a 58, 59, 70, 76, 327; 1b 34

~, glucoside 1a 327

-, oxidation 1a59

Geranic acid by oxidation of citral 1a 58

Germine 1b 283

Germine acetate  1b 283

Germine diacetate  1b 283

Gesiagens 1a318

Gibberellins 1a4ll

GiBBS' reagent  1a 76, 252

Ginsenosides 1b 446

GIRARD’s reagent  1a 72

Gitogenin  1a 195

Gitoxin 1b 183

Gliclazid 1b 188

Glucosamine 1b 34,232,234, 235

-, thio 1a 185,186

Glutaconic acid 1a 181

Glucanonic acid, reduction 1a 61
Glutamic acid 1a 45

Glutaricacid 1b 143

Glutethimide 1a 337, 340

Glycerides 1a 44

Glycerol 1a325

Glycerol phosphatides 1a 70

Glycine 1a 246, 267, 268, 296, 297, 356, 435
—, dipole moment 1a 97

Glycol aldehyde 1a 157

—, dinitrophenylhydrazone 1b 365
Glycols 1a 426

Glycolic acid 1a 45,426

Glycolic acid esters, N-containing  1b 282
Glveolinids  1a 44, 45, 202, 242243

Glycolipids 1a 44, 45,202,242,24

Glycosides 1a 62,179,181, 195, 197,
203,325,326

-, acid hydrolysis 1a 62

-, alkyl 1la426

—, anodendrone 1b 263

—, anthraquinone 1b 365

—, cardenolide 1b 446

—, cardiac 1a 63, 64, 104, 195, 303-305,
420,421, 430, 431

—, Convallaria 1b 263, 265

GOD reagent 1a78

Gold cations  1a 144

Gramine 1a106, 107

Grating monochromators 1a 17
GRIESS reagent  1b 409
GRINGARD reaction 1b 54
Group reagents  1b 45ff
Group-specific reagents  1b 46ff
GTlb 1b244

Guaifenesin  1a 299

Guanine 1b74

H
Halocaline 1b 446
Halochromism 1b 122

Halogens (labile bonded) 1a 359, 361
< 1a231 232

Halogen a

Halogen ar

Halogen-containing substances 1b 227, 228
Halogen derivatives 1b 49

Hatides 1b 129
N,N-bis-(Haloalkyl)alkylamines 1a 354
N,N,N-(tri-Haloalkyl)amines 1a 349
Halogenation 1a 64

—, chlorine gas 1a 65

—, iodine chamber 1a 66

—, thionyl chloride 1a 65

—, with bromine vapor/solution 1a 65




476 Index

Halogen lamp 1a22

Halaoan gxvacide 1a 122 120
ni2i10gen OXYyacids 18 109, 189

Haloperidol 1b 268,354

Hexobarbital 1a 254, 255

Havgses 1a 161 202
riCX0ses 1@ 161, cul

Hexuronic acid 1a 158

Hydrochlothiazide 1b95-97, 135, 136
Hydg'gc.ym\jc acid glycnsides 1b 120

Hydrogen lamp 1a21,22

Harmalin 1Ib 188

Harpagophytum alkaloids 1b 243

Harpagoside 1b 243

Hecogenine 1a71

Hedeoma pulegioides, essential oil compo-
nents 1a 195

Heptaene antibiotics 1a 195

Heptafluorobutyric acid 1a 75

Heptaporphyrin  1a 99ff

Herbicides 1b 108

—, anilide 1a223,225

—, N-aryi-N’,N'-diaikyiurea 1a 43

-, 2-sec-butyl-4,6-dinitrophenyl 1b 387

Hippadin 1b 290
Hippuric acid 1b 125
Histamine 1a 294, 296, 355,

1b 231, 349, 401
Histidine 1b 74, 158-160, 349, 401, 437
— N-o-Z-L- 1b 160
Histidine derivatives  1b 158
Histidyl peptides 1b 349
HMX 1b 407,408
Homofenazine 1b 354
Homogentisic acid 1a 166, 167
Homovaniilic acid  1b 21, 38, 39
Hordenin 1b 229

Index 477

5-Hydroxyflavones 1b 158, 159
6-Hydroxyflavone 1a 70

S-Hydroxyflavonoids 1b 159

Hydrogen peroxide 1a 307ff, 368 Hydroxyindole derivatives 1b 252,442

Hydrogen sulfide vapor 1a 86

Hydrolysis

-, enzymatic 1a 63,64

—, in ammonia atmosphere 1a 63

—, in methanolic potassium hydroxide 1a 63
—, in methanolic sodium hydroxide 1a 63
—, with Luizym® solution 1a 64

—, phosphodiesterase 1a 63

—, phospholipase 1a 64

—, phosphate monoesterase 1a 63

bl i anid 1o £72
—, pnospnoiic acia 1a 5

—, potassium hydoxide 1a 63

S-Hydroxyindolylacetic acid 1a 380, 382;
1b 37-39

5-Hydroxyindoyl-3-acetic acid  1b 243

Hydroxylupanine 1b 32

Hydroxyproline 1a 240,241, 246, 435;
1b 132,323

4-Hydroxypropranolol 1b 350, 351

Hydroxyskatoles 1b 252, 254

A’-3B Hydroxysteroids  1a 385

A’-3-Hydroxysteroids  1b 29

N-Hydroxysuccinimide 1b 199

5-Hydroxytryptamine 1a 380

—, carbamate 1a 44, 74, 104, 107, 223,
225;1b 332

—, dinitroaniline 1b 110,112

—, phenoxyacetic acid 1a 260

—, phenyl carbamate 1h 244

—, phenyl carbonate 1b 204

—, phenylureca 1b 244

—, residues 1a 45,210

-, triazine 1b 68, 69, 194, 196, 197, 199,
201,202, 204, 207, 208, 210-212, 22

—, urea 1a43, 74,104,107, 223, 225; 1b
68-69, 94

Heroin 1a 108, 166-168, 299, 301, 302,
351,353;1b 358

Heteroarylpropionic acids 1b 143,223, 224

Heterocyclics  1a 252, 260, 299, 416;
1b 401

N_Heatargevelics 1a 282- 1h 268
N-nIETOCYCuCs 18 254 aw 260

Hexachlorocyclohexane 1b 227

Hexachlorocyclohexane isomers  1b 211

Hexacyanoferrate(II) anions  1b 307

Hexacyanoferrate(IIl) anions  1b 307

n-Hexadecanol esters, alkaline hydrolysis
1a63

Hexamine 1b 210

Hexaporphyrin 1a 102

Hexazinone 1b 418

Hexitols 1a426

Horizontal chamber 1a 127

Hormones, steroidal  1a 206

Hotplates 1a 93ff

—, temperature adjustment 1a 94

—, temperature distribution 1a 95

HUSEMANN reaction 1b 64

Hydastin 1b 358

Hydrazines 1a 269, 284; 1b 383

Hydrazone formation 1a 71ff

-, 2,4-dinitrophenylsemicarbazide 1a 72

—, GIRARD’s reagent  1a 72

—, 4-nitrophenylhydrazine 1a 72

—, trimethylacetohydrazide 1a72

—, with 2,4-dinitrophenylhydrazine
1a71,72,274

Hydrides, complex, reduction with 1b 54

Hydrocarbons 1a 39, 43-46, 191, 210,

214 282 260 200 ANA AlE.
214,252, L0V, 255, 404, 410;

1b 282,291
-, aromatic 1a 46, 210, 252, 260, 299, 416
—, chlorinated 1b 418
-, polycyclic aromatic 1b 278
—, — fluorescence enhancement 1a 103, 108
—, — oxidation 1a 60
Hydrochloric acid  1a 269
-, vapor 1la 86,303
Hydrocortisone 1a 221; 1b 343
Hydrocortisone as dansylhydrazone 1a221

—, hydrochloric acid 1a 62
Hydroperoxides 1a 368; 1b 372
-, alkyl 1b227
11-f Hydroperoxylanostenyl acetate, reduc-
tion 1a62
Hydroquinone 1a 44, 89, 174; 1b 170,
172,181,268
Hydroxamic acids 1b 307
Hydroxyacetophenone derivatives  1b 282
n-Hydroxyacids 1a71
1-Hydroxyacridone alkaloids 1b 307, 308
Hydroxyamino acids 1b 133
Hydroxyanthraquinone 1a 148, 288
4-Hydroxybenzaldehyde 1b 401
Hydroxybenzaldehyde derivatives 1a 72
4-Hydroxybenzoate esters  1b 80
4-Hydroxybenzoic acid 1a 308; 1b 80
8-Hydroxyquis 1b 201
—, reagent 1la 144,310
o Hydroxyquinones 1b 158,159
1-Hydroxychlorden 1a 44
Hydroxycinnamic acid 1a 277
Hydroxycinnamic acid derivatives 1b 307
Hydroxycitronellal 1b 451
17-Hydroxycorticosteroids, oxidation 1a 59
4-Hydroxycumarin 1a 359
1-Hydroxyethane-1,1-diphosphonic acid
1a172

5-Hydroxytryptophan 1a 240, 241

3 Hydroxytyramine 1a 392

Hymenin 1b 446
Hyodesoxycholicacid 1a334
Hypericin 1a 148, 279, 280
Hyperoside 1a 149, 279, 323
Hypnotics, bromine-containing 1b 227

I

Imiclopazine 1b 354

Imidan 1b 32

Imidazole 1b 268,270

Imidazole antimycotics 1b 98

Imidazole derivatives 1a 380; 1b 48, 50,
99, 290, 401

Imidazole thioethers  1b 401

Imino groups 1b 194

1b 327,328, 352-354

8, 3] 4,

Imiprar
Imipramine derivatives 1b 352-354
Imperatorin  1a 65

Impregnation, with caffeine  1a 86
—, — silver nitrate 1a 86

-, — tungstate 1a 86

Indandione derivatives 1b 359, 401
Indeno(1,2,3-cd)pyrene  1a 39, 85
Indium cations 1a 144




478 Index

Indoles 1a 46,252, 260, 269, 314, 315,
364,417, 418; 1b 268,270, 379, 440,
441, 443-445
B _cubsti

q 270

Iridoids 1b 446
Iron cations  1a 144,217, 311;
1b 151-153, 159, 160

11-Ketoetiocholanolone  1b 346

1_Ketochemlicacid 1a 50

3-Keteoetuiic acid 2a’xd

7-Ketocholesterol, reduction 1a 60

Index 479

—, tungsten la2l
-, UV 1al3-17

& 13-4/

—, xenon 1a20,22

OO 54 —1a-276

Indoleacetic acid 1a 45

Indol-3-acetic acid 1b 234, 343

Indole alkaloids 1a 66, 314; 1b 279

Indole amines 1a 76, 294, 296

Indole derivatives 1a 45, 76, 106, 260,
270,294,296, 376, 380-382, 416, 417;
1b 48, 63,236,243, 245, 246, 247,252
254,277,348, 350, 440, 441, 444

Inflammation inhibitors  1b 312

INHreagent 1a318

Tnositol 1b 43

Insecticides 1a7,44,76; 1b 82, 83,229,

Tron(iifychioride, reagent 1a 170, 216, 314

Isoacsorbic acid 1a 376
Isobornyl acetate 1b 451
Isocorydin 1b 358
Isocyanates 1b 106, 107
Isogentisin  1b 365
Isoleucine 1a 246,247
Isolysergamide 1b 243
Isomethone 1b 437
Isomerization 1b 18
Isonicotinic acid hydrazide 1a311ff
Isoprenaline  1a395,396; 1b

Isoprenoids 1a44

1
Py
208

Ketoglutaric acid Ta 45,249

Keto groups, free 1a 273

Ketohexoses 1a 180, 181

o-Ketolactones  1b 307

o-Ketolsteroids  1b 64

Ketones 1a 72; 1b 49, 51-54

Ketone peroxides 1a 368; 1b 227

Ketoprofen 1b 223, 225,226

Ketoses 1a 180, 181, 202, 203, 220, 273,
274,428, 1b 224

Ketosteroids 1a333; 1b 358

A*-3-Ketosicroids b 29, 227, 229, 387,

389,415

Landrin 1b29,312

Lanthanum cations 1a 144

Lasalocid 1b 446

Laser, He-Ne 1a22

Lauric acid 1a 402, 406

Lauryl alcohol 1b 43

Lavender oil 1b451

Lead(II) acetate basic reagent 1a 322

Lead(IV) acetate dichlorofluorescein rea-
gent 1a325-328

Lead(IV) acetate fuchsin reagent 1a 329-332

Lead cations 1ia i44;ib317

Lecithin 1a 44, 377, 378; 1b 282, 327

327,338

-, carbamate 1b 83, 332, 334, 415

—, chlorinated 1b 83

—, chlorine-containing 1b 227

—, organophosphorus 1a 337, 340, 341,
359, 351-363; 1b 83, 332, 415

—, pyrethroid 1a 359

—, thiophosphoric acid 1b 113-115, 162-
164, 301, 304, 305, 333-335, 338-340,

367,413
Insulin derivatives 1b 401
Tadata aninne 12 100 100, 1

10Gall anions  1a 160, 190; ib 307

Iodine staining 1b 278

Iodine-azide reaction 1b 85, 301-304

lodide anions 1a 190; 1b 76, 77, 128, 129

Iodide vapor 1a 46, 64,78

Iodination 1a 66

lodine-starch inclusion compounds  1a 46

Todine-starch complex  1b 195

Todine substitution under the influence of
light l1a47

Iodine compounds  1b 76, 77

Ipecacuanha 1a 47

Ipecacuahna extract 1a263; 1b 294

ipecacuanhae radix 1a 263

Ipecacuanha, tincture  1b 292,293

Iprodion 1b 230

Irgasan 1b227

Isopropaline  1b 110-112
Isopropylamine 1b 104
4-Isopropylaniline  1b 395-396
Isoproturon 1b 418
Isopulegol, oxidation 1a 59
Isoquercitrin  1a 279, 280, 323

Isoquinolinc alkaloids 1a 46, 66, 262;

1b279
Isorhamnetin  1a 323
Isothiazolone, microbiocidal 1a 45
Isothiocyanates 1a 75; 1b 312
isothiocyanate anions  ib 307
Isotopes, detection limits 1a 41
Itaconic acid, reduction 1a 61
lodazide reaction  1b 301, 303

J

JENSENS’s reagent  1h 183

K

Kaempferol glucoside 1a 323
KEDDE’s reagent  1b 236, 237
1-Kestose 1b 423,424

6-Kestose 1b 423

Ketazon 1b 280

Keto acids 1a 262

o-Keto acids  1a 249, 262, 372

-, quinoxalone derivatives 1b 343

s

A’-3-Ketosteroids  1b 29,229
AS-Ketosteroids  1b 229
A*-3-Ketosteroid-o-ketols  1b 227
A>-3-Ketosteroid-a-ketols  1b 227

3-Ketosteroids 1a 88, 104, 152,220, 318,

319
17-Ketosteroids 1a 59; 1b 78-79
Ketosugars 1b 223,224
3-Ketoursolicacid 1a 59
Khusol, oxidation 1a 59
KNOEVANAGEL reaction 1b 53
KOBER reaction 1b 65
Kojicacid 1b 401
Kryptobases 1b 53
KUBELKA-MUNK function 1a 35, 36

L

Labelling of chromatogram:

< k3

Lacticacid 1a45, 171, 230, 233, 250,
258,259, 308

Lactose 1a 155,156, 161, 162, 181-183,
277,278; 1b 36,223, 423

Lamps, working life 1a 21

—, deuterium 1a 21

-, halogen 1a22

-, hydrogen 1a 20, 21

—, mercury 1a 20,23

—, radiation characteristics 1a 20, 21

LEGAL’s sample 1b 119

Leucine 1a 246, 247,267,268, 296, 297
LEUCKART-WALLACH reaction  1b 54
Levomepromazine 1b 354, 356
Lidocaine 1b 137,138,188
Lichenacids 1a45

Lidoflazin 1b 354
LIEBERMANN-BURCHARD reaction 1b 175
Lignans 1b 312

Lily of the valley extract 1b 185,266
Limonene oxidation products  1b 372
Limonine 1b 244

Linalool 1a68, 69, 70,76, 327

—, glucoside 1a 327

Linaloyl acetate 1a 68

Lincomycin 1b 446, 448

Linearity, improvement of the calibration

by derivatization 1a 56

Linear chamber (cf also horizontal cham-
ber) las

Linoleic acid 1a 73

Linoleic acid hydroperoxide 1b 227

Linoleic acid, oxidation products 1b 372

Linolenic acid 1a73

Linseed oil  1b 286

Linurone 1a 74, 108; 1b 68, 69, 244, 252,
418



480 Index

Lipids 1a44-46, 89, 191,242,333

1
377,401,404, 411,43

2717,281,282,290

Q A2
0, 42

Maltotetraose  1b 423, 424
Malioiriose  ib 423,424
MANDELIN’s reagent  1a 426

Mercury high pressure lamp, emission
lines 1a23,24
—, technical data 1a23

Index 481

Methyl desoxyglycyrrhetate 1a 61
p-O-Methyldhurrin - 1b 121
Methyldigoxin 1a 104

Lipoproteins 1a 44
Lipopurothionine 1b 290

Liquid crystals 1b 343

Lisuride dihydrogen maleate 1b 249
Lisuride hydrogen maleate  1b 257
Lithium cations 1a 144
Lithocholic acid 1a 334

Local anesthetics  1b 137, 188
Lofepramine 1b 354, 355

LSD 1b 243,323,348

Ludox solution 1b 329

LUGOL’s solution b 292
Luminal® 1a 339, 342, 343

Mandelonitrile glycosides  1b 120-122
Manganese(Il) chloride 1a 333
Manganese cations 1a 144; 1b 259
Mannitol 1a 409, 410

Mannose 1b 33,423

Maprotilin  1b 268, 358

Maretin  1b 32, 365

Maridommycins  1b 283

Marking the mobile phase front 1a 132
Marmesin 1a 67

MaARQuIS reagent  1a 299; 1b 63
MARQUIS reaction  1a 352; 1b 58
Matacil 1a107; 1b 312

Mercury lamps  1a 20, 22ff
Mercury(]) nitrate, reagent 1a 337
Mercury(Il) salt, reagent  1a 340
Mesaconic acid, reduction 1a 61
Mescaline 1h 268
Mesoporphyrin  1a 101, 102
Metabenzthiazurone 1b 33,418
Metabolites 1b 37, 135, 268, 358
Metal chelates 1a 248
Metalions 1a 398
Metal cations 1a 310-312, 398; 1b 259,
317

Luminescence 1a 10, 11,15

Lupanine 1b 32

Lupeol 1a70

Lupeol acetate, alkaline hydrolysis 1a 63

Lupinine 1b 32

Luteolin 1a 220, 221,279

Luteoskyrin 1a 104

Lysergicacid 1b 348

Lysergic acid and derivatives 1a 98, 340;
1b 441-443

Lysergamide 1b 243

Lyseric acid diethylamide 1b 252, 255

Lysine 1a435;1b 132

M
MACB=5-chloro-2-(methylamino)benzo-
phenone 1a227

alide antihintice (214
Macrolide antibiotics  1a 195

Magnesium cations 1a 144, 145, 311, 312

Malachite green 1a 45

Malathion 1b 83, 304, 305, 338, 340, 341

Maleic acid 1a 44,61, 171, 230, 249, 250

Malicacid 1a45, 175, 230, 233, 250, 258
259,308

Malonic acid 1a 45,249

Maloron 1a 108

Maltodextrin  1a 182

Maltose 1a 164, 165, 181-184; 1b 423, 424

3

Matricin  1b 239, 240

Matrix effect and Rf value 1a 133
MBTH reagent 1a347

MDPF reagent 1a 344

urement wavelens choica 1271
Measurement wavu\,usih, choice 1a3l

MEERWEIN-PONNDORFF reduction  1b 54

MEISENHEIMER complex  1b 47, 264, 366

Melamine resin  1b 212,213

Melezitose 1b 423

Melibiose 1b 423

Melissae folium, essential oil components
1a 195

Melperon 1b 354

Memory effect 1b20

Menazon 1b 32, 365, 387

Menthofuran 1a 211,212

Menthol 1a 44, 59, 68, 69, 70, 197, 198
327; ib 451

—, glucoside 1a224

Menthone 1a 72,210, 211; 1b 252, 451

Menthyl acetate  1a 68,197, 211; 1b 451

Menthyl glucoside 1a 325, 328

Meprobamat  1b 204

Mercaptans  1a 239; 1b 338, 339

6-Mercaptopurine derivatives  1b 290

Mercaptoethanol 1b 349

Mercury cations  1a 144, 311

Metal complexes 1a248_3
Metamitron 1b 418
Metasystox 1b 338
Metazachlor 1b 417
Methadone 1b 43, 358, 360

bt d L AL 124 e
J‘vﬂcumuuuupuub i 104, 105

Methamphetamine 1b 268, 283

Methanol, dipole moment 1a 97

Methaqualon 1b 258

Methazolamide 1b 188

Methicillin 1b 84, 301

Methionine  1b 301, 358

Methionine sulfoxide 1b75

Methoprotryn  1b 207, 208,230, 231, 413,
414

Methoxybenzaldehyde derivatives 1a 72

Methoxychlor 1b 227

Methoxycinnamic acid 1a 277

2-Methoxy-2,4-diphenyl-3(2H)-furanone
reagent la344

3-Methoxy-4-hydroxyacetophenone 1b 446

2-Methoxy-9-isothiocyanatoacridine 1b 144

Methylamine 1b 104

N-Methyl-N-(4-aminobenzyl)- amino deri-
vatives of isocyanates 1b 106

Methylarbutine 1a 327

Methyl-2-benzamidazolyl carbamate 1b 194

3-Methyl-2-benzothiazolinon-hydrazone
1a347

B-Methyldigoxin 1b 183
Methyldopa 1b 125,136
Methyl elaidate, oxidation products 1b 372

Methylephedrine 1b 327
2-Methyl- @eghvla
Methylglucoside 1b 33

Methyl glycyrrhetate, reduction  1a 61
Methyl iodide 1a70

Methyl ketols  1b 236

Methyl linoleate oxidation products 1b 372
Methylmercury chloride 1b 156

Methyl oleate oxidation products  1b 372

9-(m-Methylphenoxy)acridine 1b 145

9-(p-Methylphenoxy)acridine  1b 145

N-Methylphenylalanine 1a 89

Methylsuccinic acid  1a 349

Methyl sugars 1a 188

p-O-Methyltaxiphylline 1b 121

4-Methylumbelliferone, pH dependent fluo-
rescence la91

Methysergide 1b 249

Methysergide maleate  1b 249, 257

Metobromuron 1b 418

Metolachlor 1b 417

Metoprolol  1b 268

Metoxurone 1a74;1b418

Metribuzin 1b 204,418

Mevinphos 1b412

-, cis 1b 164,165

-, trans 1b 164, 165

Mexacarabate 1b 312

MICHLERs thioketone  1b 154, 155

Microwave apparatus  1a 96ff

Mineral oil 1b 344

Mirsol 1a45

Mitragyna alkloids 1a 314

Mixing mobile phases 1a 132
Molybdenum blue  1b 79
Molybdenum(VI) anions 1b 88, 89
Molybdenum (VD) ions 1b 151, 152



482 Index

Molybdenum cations 1a 398
Molyhdatophosphoric acid  1a 89, 376
Monensin 1b 446

N
Nadolol 1a2299:1h22 3

........ 1a 209 Ib 22,

Nafazatrom 1b 237

Nicotinic acid 1b 126, 127

Ninhodeia 1207 QQ ON 264
INIfiNYQiiii 18 6/, 00, 7V, 554

—, in mobile phase 1a 57, 88

Index 483

—, with fluorescence reagents 1a 44

sith s indicatore 1a AS
— Wilil pr1 INGiCatons 1845

Noradrenaline 1a 76, 240, 393-396;

— Moniliformin Ta 347,348

6-Monoacetylmorphine 1a 74, 108, 166,
168,299, 301, 302, 351, 353
Monocarboxylic acids, see carboxylic acids
Monoglycerides 1a45; 1b 290
Monolinuron 1b 418
Monomethylhydrazine 1a270
Monomethyltryptamine  1b 252
Mononitrophenyl acetate  1b 365
Monophosphate (PO%) 1a172
Monosaccharides 1a 154, 160,

181 185 19§ 199 100 200 7
181, 163, 160, 160, 177, 200, 5.

1b 34,421

63,179,
25;

>

Nafcillim 1b 188

Naled 1b412

Naloxon 1b 358

Naltrexon 1b 258

Naphthoquinone glucosides 1a 166
1,2-Napthoquinone 4-sulfonic acid 1a 351ff
o-Naphthol 1b 387, 389
o-,B-Naphthol 1a 67, 225,368

-, pH-dependent fluorescence 1a 91
1-Naphthol 1b 274,275

2-Naphthol 1b 274,275

ERE TR \ S TOT IO S P
2,1,3- napuulumxcuuulaLme 1al

108

—, reaction, stabilization by cadmium 1a 98
Nitralin 1b 110-112

Nitrate 1b 128

Nitrate anions  1b 66, 67, 129

Nitrate esters  1b 415,417

Nitration 1a 66ff

Nitrazepam 1a267,364; 1b 114

Nitrite anion  1b 66, 67, 307,407-410
4-Nitroaniline 1b 415,420
Nitroaromatics  1b 90, 246

Nitroaryl esters 1b 365

Nitrobenzylarenes 1b 290
4-(4-Nitrobenzyl)-pyridine, reagent 1a 359

Monoterpenes 1b 448

Monoterpene glucosides 1a 327,328

Monoterpene hydrocarbons 1a 76

Monoterpene ketones  1b 252-254

Monuron 1b 252, 418

Morazone 1a45

MORGAN-ELSON reagent  1b 63

Morin 1a44,91

Morphine 1a 74, 105, 108, 166-168, 235,
299-302, 352, 353,376, 1b 43, 63, 188,
192,193, 268, 280, 358, 360, 362, 363

Morphine derivatives b 63

Morphine 6-nicotinate 1a 74

Morpholine 1b48, 124, 125

Mucolytics  1b 103

Murexide 1b 174

Murexide reaction 1b 174, 176

Mustard gas derivatives  1a 359

Mustard oil 1b 312

Mycophenolic acid 1b 307

Mycotoxins 1a7,69, 103, 105, 109, 147,
148, 166, 195, 347, 359, 411, 438, 439;
1b 244,283, 307, 387

Myoglobin, dipole moment 1a 97

Myristic acid  1a 402, 406

cis-Myrtenol glucoside 1a 327

Naphthylamines 1a 66; 1b 279, 401

2-Naphthyl benzoate  1b 366

Naproxene 1b 143, 145, 146

Naptalam 1b 33

Narasin 1b 446

Narceine 1b 193

Narcotin  1b 192, 193, 362, 363

Narcotics 1a 260

Naturstoffreagenz A according to NEU
1a 277

NBD chloride reagent 1a 76, 238, 287;
1b 50

NBPreagent 1a90, 359

Neatan perservation 1a 134

Neoamygdalline 1b 121

Neo-kestose 1b 423

Neomycm 1a 287,423

Nephopam la4s
Nerol 1a76, 327
— glucoside 1a 327
Netilmicin 1a 105, 286, 287
Nettle leaf extract 1b 217
Neuroleptics  1b 352
Nickel-DMSO complex 1b 259
Nickel cations 1a 144, 145, 311;

1b 259-260
Nicotinamide 1b 126, 127, 204, 365

1b 37-39
Norephedrine 1a 76
Norfenefrine 1a76
Norfenfluramine derivatives 1a45
19-Norsteroids 1b 282
11-Nor-A’-THC 9-carboxylic acid 1a 289,
292
Nortriptyline 1b 100-102, 268, 354
Novonal® 1a 339
NRDC 149 1b87
Nucleosides 1a 364;1b 34
Nucieotides 1a 76, 234, 364
Nux vomica extract _1a 316; 1b 361

Nitrocompounds 1a 58, 409, 411;
1b 58, 407, 409
—, aromatic 1a 66, 270; 1b 62, 94, 103,
108, 109, 418, 425, 426
-, reduction la61
Nitro derivatives 1b 49
Nitrogen compounds  1b 358
-, tertiary 1b 278,296
Nitroglycerol 1b 415
Nitro groups, reduction 1a 77
5-Nitroindole 1a418
Nitrophenacyl esters  1b 122
2-Nitrophenol 1b 404, 405,428, 429
3-Nitrophenol 1b 404, 405, 428,429
4-Nitrophenol 1b 199, 404, 405, 426, 428
Nitrophenols 1b 404, 425,427, 428
N itrophcnyl isocyanate 1a 77

UG TP S,

l nluupyl <ne, TCaucCtion 15 6{
N-Nitrosamine 1a 107; 1b 407-409
Nitrous fumes for nitration 1a 67
o-Nitroso-B-naphthol  1b 179, 180
Noltran 1b 365

Nomifensin 1b 22, 34
Nomifensin metabolites 1b 34
Nomilin 1b 244

Nonanyl peroxide 1b 227
Nondestructive detection 1a 42ff
—, iodine treatment 1a 46

Nystatin 1a 148
Nystose 1b 423,424

0

Qchratoxin  1a 69, 147 166 167

Oil components  1b 286

Oleicacid 1a73, 89; 1b 43

Oleanolic acid by reduction 1a 60

Oleanonic acid by oxidation 1a 59,70

Oleanonic acid methyl ester  1a 70

Olefines 1a 359

Oleicacid 1a73,89;1b43

Oligogalacturonic acids 1a 45, 322

Oligo peptides  1b 401

Oligosaccharides 1a 86, 179, 181, 188,
199, 325,408, 426; 1b 33, 34, 421,422

Oligourethanes 1b 72

Olicouranic acide 12 192
ULigouronic acias 18 100

Omethoate 1b 164, 165

On-line sample preparator 1b 4

OPAreagent 1a287, 380

Opium alkaloids 1b 192,277, 280, 283,
324,362,363

OPPENAUER oxidation 1b 54

OPPENAUER reaction  1a 59

OPT reagent 1a 380

Optical trains, evaluation 1a 30, 39

Orellanine 1b 307



484 Index

Orelline 1b 307
Orellinine  1b 307
Organic anions 1a 44

—Organoarsenic compounds —ta 269

Organomercury compounds  1b 154, 155

Organophosphorus insecticides 1a 337,
340, 341, 359, 361-363

Organophosphoric acids 1a 70

Organophosphoric acid insecticides 1b 45

Organophosphoric acid pesticides 1b 387
389,418

Organotin compounds  1a 399; 1b 21, 319

Ornithine 1a 235

Orthosipon leaf extract  1b 216,217

Oryzalin 1h 110.112
UryZain  ao 11U-114

Ovalbumin 1b 401

»

Oxides of nitrogen vapor 1a 86
11-Oxoanderosterone  1h 78

11-Oxolanostenyl acetate 1a 62

Peak height evaluation 1a31-33,40

Doanutail  1a 70 1h 343

Pcanutoil 1a70; 1b 343

PEIcellulose 1a76

Index 485

Perphenazine 1b 268, 354-346
Perthanes 1h 227

rerihanes 21D 272/

Perylenc 1a39

Oxomemazine Ib 354

17-Oxosteroids 1b 78,79

Oxprenolol 1a 299; 1b 268
Oxycodeinone 1b 280

Oxydemeton methyl 1b 164, 165
Oxyhemoglobin, dipole moment 1a 97
Oxymorphone 1b 280

Oxypertin  1b 354

Oxytetracycline 1b 271

P

DATT. con Lo oL
LAXIS $€ nyaroCaroons, aromatic

PAHs 1b 279,281

PELLAGRI's reaction 1b 64

Penbutalol 1b 22

Pendimethaline 1b 108, 110-112, 417

Penicillic acid 1a 69, 166, 167,277,278,
303, 304, 347-349; 1b 301, 358, 401

Penicillin  1b 83, 188, 189, 191,277, 283,
296,303

PenicillinG  1b 83

Penicillin V.  1b 83

Penicillin benzathine salts 1b 358

Penicillin derivatives  1b 85,298, 301,
304, 360

Penicillin embonate salts 1b 358

Pesticides 1a44,252,254;1b 29,3233,
49, 162, 164, 194, 204, 244, 282, 296,
301, 332, 365, 367, 387, 415,419,425

—, carbamate 1a 44,223,225, 288, 290;
1b 252,255,417

-, chlorinated 1a 120; 1b 206

-, organophosphoric acid containing
1a254

~, phosphoric acid 1b 387, 389,418

—, thiophosphoric acid 1b 359, 365, 367,
411

—, urca 1b417-418
Pesticide metabolites 1b 415,419

Over pressure layer chromatography
(OPLC) 1b4

Oxacillin  1b 84, 188, 301

Oxaflozan 1b 268, 358

Oxalicacid 1a 45,171,426

Oxamyl 1b 332

1,4-Oxathiine derivatives 1b 301, 304

Oxathizine fungicides 1a 44

Oxazepam 1a 364

Oxazolidinthione derivatives 1b 301

Oxeladine citrate  1b 327

Oxidation, aiuminium isopropoxide 1a 59

—, atmospheric oxygen 1a 60

—, chromic acid 1a 59, 60

—, hydrogen peroxide 1a 59

—, iodine 1a 60

-, 1,4-naphthoquinone-potassium tert-bu-
toxide 1a59

—, 4-nitroperbenzoic acid 1a 55, 59

—, osmium tetroxide 1a 55

—, phosphorus oxychloride 1a 55

-, potassium dichromate 1a 60

-, sodium hypobromite 1a 55

—, sodium periodate 1a 59

—, ruthenium tetroxide 1a 55

Oxldanon of primary alcohols 1a 57

—, secondary alcohols 1a 57

Oxidations 1b 63

Palladium cations 1a 144

Palmitic acid 1a 45, 402, 406

Palmityllactic acid 1a 45

Panose 1b 423

Pantheol 1a 265, 267; 1b 204

Papaverine 1a235;1b 188,192,193,
362, 363

Papaverrubines 1a 303

Parabendazole 1b 194

Parabendazole metabolites  1b 194

Paraffin  1b 32

Paraffin derivatives 1a 44

Parathion 1b 83, 335, 338, 368, 412

Parathion ethyl 1b 103, 332-336, 340,
341, 366, 418

Parathion metabolites 1a 44; 1b 92

Parathion methyl 1b 116, 332, 335, 336,
340,341,368, 418

Paroxon lb 334, 387-389

Parsalmid 1b 321

Parsol 1b 446

Parthenine 1b 446

Patchoulioil 1b 451

Patulin 1a 69, 347, 348

-, 2,4-dinitrophenylhydrazone 1b 389

—, 2,4-DNPH derivative 1b 266

PAULY’s reagent  1b 50

Peak area evaluation 1a31-33,40

Penicilloic acid 1b 298, 358

Penitrem A 1b 307, 308

Penniclavin  1b 243

Pentachlorophenol  1b 199

2,3-Pentandione 1a 157

2,4-Pentandione  1a 252, 256

Pentaporphyrin  1a 99ff

Pentazocine 1b 358

Pentenamide 1a 337

4-Pentenylthiourea 1b 301

Pentoses 1a 161, 181, 200,202

Pentoxifyllin  1b 290

Peptides 1a 58, 76, 90, 234, 238, 240,
294,354,380, 382; 1b 71, 88, 194, 199,
204,210,211, 321

—, hystidyl 1b 348,349

Peracids 1a368

Doranotic acid in mobile nhase 1
£'CracClic aciG in Mmooue pnase i

Peramine 1b 243
Perazine 1b 352,354
Perchlorate 1a 188-190

Perchloric acid, reagent 1a 314,351, 364,

385
Periciazin 1b 354-356
PERKIN reaction 1b 53

Peroxides 1b 49, 227-229, 372, 373,415,

416
Peroxide reagent 1a 368

PETN 1b 407

Peppermint oil 1a 210, 211

Phalloidine 1b 401

Pharmaceuticals 1b 59, 135, 191, 204,
243,252,280,283, 289,290, 296, 307,
352,358,387

—, N-containing 1b 191

Phase selection 1a 121

PHB esters  1b 401

Phenacetin  1b 283

Phenazones 1a 45

Phencyclidine 1b 358

Phenetylthiourea 1b 301

Pheniramine 1b 354

Phenmedipham 1b 332,417

Phenobarbital 1a 254, 255,303, 364,
1b 43,122

Dhonal 1h 43 100 201 308

menc: a8 43, 1YY, 201, 3%%

Phenol alcohols  1b 401

Phenol aldehydes  1b 401

Phenolcarboxylic acids 1a 288; 1b 401, 403

Phenols 1a66,67,71, 88,91, 151, 152,
195,210, 216,231, 238, 239,252, 253,
260,261, 288,376, 416, 417, 426, 428,
1b 47, 48, 50,63, 80,94, 119, 147, 148,
170, 180, 201, 229, 230, 268-270, 273,
274, 307-309, 312, 332, 334, 379, 380,
397, 403, 430, 442, 446



486 Index

—, capable of coupling 1b 401

on 1a 66
on  1a 60

_ diasatis
=, Glazohz

-, monohydric 1b 119

Phosphatidic acid  1b 290
Phosphatidylcholine  1b 282, 290

—, enzymatic cleavage 1a 64

o-Phthalaldehyde 1b 349

—, reagent 1a 287, 380
Phthaldialdehyde 1b 349

Index 487

Polymers 1b 282,290

Aobo . 18 190
rolymcmync Lmomapuuw iU 1zz

Poly(methyl methacrylate) 1b 290

—, polybasic 1b 179

—, polyhydric 1b 119, 383, 398

—, trihydric 1b 399

Phenol ethers  1a 210

Phenothiazine derivatives 1a 44, 59, 299,
411,413, 416; 1b 188, 189, 191, 280,
296,307, 308, 352-355

9-Phenoxyacridine  1b 145

Phenoxyacetic acid herbicides 1a 260

Phenoxyalkanecarboxylic acid esters
1a 210,211

Pheniermin  ib 283

9-Phenylacridine  1b 145

Phosphatidyl glycerol 1a 89
Phosphodithioates  1b 301
Phosphoinositides 1a 43
Phospholipids 1a 44, 45, 70, 147, 148,
191, 206, 242, 243,273, 333, 376, 404,
411, 438; 1b 282, 290, 327
Phosphonates  1a 388, 389
Phosphonic acids 1a 170-172, 389
Phosphonolipids 1a 44; 1b 290
Phosphorescence 1a 10, 15;1b 16,17
—, triplet state 1a 10
Phosphorescence indicators, inorganic
1a 12ff

Phthalic acid 1a 163, 171,175,178, 233,

249
Phthalimide 1b 194
Phthalimide derivatives 1b 194-196
pH of the sorbent  12121,122
Physncon 1b 365
Picricacid 1al174
Pilocarpine 1b323
Pimelic acid 1a 230, 249, 308
Pimozid 1b354
Pinacryptol yellow reagent 1a 44, 388

Pindolol 1a 299, 380; 1b 22
Pindone1b 359

Polynitroaromatics  1b 415
Polyolefines 1b 446, 448
Polyols 1b 47

Polypeptides 1b 401
Polyphenols 1a 44, 401; 1b 430
Polypropylene glycol 1a44
Polysaccharides, sulfur-containing 1a 43
Polystyrene 1b 282
Polystyrenes  1a 364
Polysulfides 1b 338, 339
Polytetrahydrofuran  1b 282
Polyuridylic acid 1a 76
Porphyrins  1a 99ff, 103

Phenylalanine 1a 246, 247; 1b 74
Phenylalkanolamines 1a 45
Phenylalkylamines 1b 194,296
Phenylbutazone 1a 65; 1b 194, 280
Phenylbutazone derivatives 1h 94
Phenyl carbamate herbicide 1b 204, 244
N-Phenyl carbamate pesticides 1a 63, 107
1,2- Phenylenediamine, reagent 1a 372
1,4-Phenylenediamine 1b 415, 420
Phenylethylamine 1a 173, 355; 1b 231
Phenylethylmalonamide 1a 303
Phenylhydrazine 1b 383
Phenyl-1,3-indandione metabolites 1b 387
Phenylmercury silver chloride 1b 156
o-Phenylphenol 1a 262
Phenylthiohydantoins 1a 75
Phenylurea herbicides  1b 244
Phenylurea pesticides  1a 63,74, 107
Phenyramidol metabolites 1a 45
Phenytoin 1a 254, 255, 303, 337,340
pH Indicators 1a 45,229, 303
Phloroglucinol 1b 180, 399, 400
Phloroglucinol derivatives 1a 288
Phorates  1b 88, 338
Phosalon 1b 32,387
Phosphamidone 1b 82, 83,412
Phosphates  1a 170-172, 388, 389
Phosphatides 1a 62, 70

Phosphorescence quenching  1a 35

—, detection limits 1a 15

—, time dependance 1a34
Phosphoricacid 1a 179, 185, 242, 278, 430

Phosnhoric acid esters  1a 44170

rosphoric acid esters  1a 44,170
Phosphoric acid insecticides 1b 1185, 332,
339,340

Phosphorus-containing pesticides 1a 254
Phosphorus insecticides 1b 83
Phosphorus pesticides 1b 32
Photochemical activation 1b 13
Photochemical reactions 1b 15,17
Photodiodes 1a 24,29
Photo effect, external 1a 24
—, internal 1a 24,29
Photo element  1a 24,29
Photography, exposure times 1a 137
—, instrumentaiion 1a 137
Photomultiplier 1a 25ff

-, disadvantages 1a 27
-, energy distribution la26
~, headon 1a27
-, maximum sensitivity 1a 28
—, sideon 1a27
-, spectral sensitivity 1a 28
-, window material 1a28
Photocells 1a25
Phloxime 1b 116

Pipamperone 1b 354

Pipecolic acid 1a 435

Piperidine 1b 268

Piperidine derivatives 1b 119, 321
Piperine 1b 18

Piperitenone  1b 252

Piroxicam 1a 105

Pivampicillin  1b 188

Plant phenols  1b 332

Plasma chamber 1b 41,42
Plasma lipids 1a 89

Platinum cations 1a 144; 1b 260
PMD, multiple development 1b2
PMD system la 132

Polamidon 1b 358
Polyacetylene 1b 446
Polyacrylnitrile  1b 365, 366
Polyamide 6 as sorbent  ia 123
Polyamide 11 as sorbent 1a 123
Polyamines 1a 284
Polybutadiene 1b 290
Polycarboxylic acids 1a 248

Polyethylene glycol 1a44, 86, 278, 280;

1h 290 296

Polyethylene glycol derivatives  1b 282
Polygalaic acid 1a 195

Polyglycerol 1a69; 1b421
Polyisoprene  1b 290

Porphyrin methyl esters 1a 103

Post photo effect  1b 20

Potasan 1b33

Potassium hexacyanoferrate(Ill), reagent
12 151 202 205

Potassium hydroxide solution 1a 434

Potassium iodate 1a 173

Potassium iodide 1a 171

Potassium permanganate 1a 228

PP321 1b86

Prazepam 1b 188

Prechromatographic derivatization 1b 107

Prednisolone 1a 221

Prednisone 1a 221

Pregnadiendiol derivatives 1a 152

Pregnene 17-a-hydroperoxides 1b 227

Preloading the layer with solvent vapor
iai26

Prefudin  1b 268

Prenazone 1la 65

Prenols 1a 44,401

Prenylquinone la44, 401

Prenyl vitamins 1a 401

Preservation, Neatan 1a 134

Preservatives 1a 45,75, 108, 195, 210,
216, 252,254,260, 376, 377,426,428

Prewashing the layer 1a 124

Primidone 1a 254,255, 303, 337, 340, 364



488 Index

PR imine 1b 244,246,247
Primycin b 440, 448

Proazulenes 1b 239,240

Prussian blue 1b313

Psilocine  1b 243

Psilocybine 1b 243, 252

Pyruvic acid 1a 426; 1b 343, 344
—. dinitrophenythvdrazone 1b 365

=, gmifrepaenyinycrazone 219 302

-, quinoxalone derivatives 1b 344

Index 489

Redox reactions  1b 65

Reduction with iron(II ammonium sul
AECUCHon WIlh ron(al) ammoenium sus

fate la64

Procaine 1b 122, 188, 268

—, acid hydrolysis 1a 62, 63

Processing the chromatogram 1a 90

—, drying 1a91

— IR irradiation 1a 96

-, microwaves 1a 96

-, UV imradiation 1a 92,93

PROCHAZKA reagent  1b 63

Procyanidine 1b 332

Procymidone 1b 330

Progesterone 1a71,321;1b 29, 30,43, 345

Proline 1a 240, 241, 246, 382, 435;
1b 132,323

Psychopharmaceuticals 1a 364; 1b 268

Psychotrin  1b 290

PTH amino acids 1b 301, 304

Pulegone 1b 252,451

Purine derivatives 1b 119,170, 173,174,
282,296-299

Purines 1a 44,266, 438, 439; 1b 32, 430,
437,438

Purpuric acid 1b 174

Pyrazolidine derivatives 1a 426

3,5-Pyrazolidindione derivatives 1b 20

Pyrazolinone derivatives 1b 277

Pyrazolin-5-one derivatives 1b 327, 329

Q
Quaternary ammonium compounds 1b 268
Quercetin  1a 44, 149, 279, 280, 323,
1b 158,432
Quercitrin  1a 149, 279, 280, 323; 1b 432
Quinaldic acid 1a 171
Quinalphos 1b 83
Quinethazon 1b 188
Quinidine 1b 65
Quinine 1b 65, 280, 323, 360
—, pH dependent fluorescence  ia 91
Quinine alkaloids 1a 88; 1b 65, 280, 323

—, colloidal palladium 1a 63

—, sodium borohydride 1a 62

—, palladium chloride 1a 63

—, platinum chloride 1a 63

—, zinc chloride/HCl 1a 63

Reductions 1b 63

Reductones 1a 256, 262; 1b 48

Reducing substances 1a 216, 220, 376;
1b 383

Reflectance, laws of 1a 35

—, see reflection, diffuse

Refleciance scan 1a 31

Reflectance spectra compared to solution

Promazine 1b 188,352,354, 355
Promethazine 1b 188, 280, 354-356
Prometon 1b 194

Prometryn 1b 194, 199, 204, 207, 208,
230,231,413, 414,418

Prominal® 1a 339, 342,343

Propamocarb  1b 282, 285

Propanil 1b332

Propazin 1b 194,418

Propetamphos  1b 338

Propham 1a 108; 1b 417

Propionic acid 1a 75

Propionic acid derivatives 1b 143,223,224

Propoxur 1b 332

Propoxyphen 1b 283

Propranolol 1a 299; 1b 268, 348, 350, 351

Propylisom 1b 33

Prosolal 1b440

Prostaglandins 1a 195-197,242-244, 273,
274,376,411, 413,430, 438; 1b 282

Protected peptides  1b 201

Proteins  1b 83,204,401

Prothiaden 1b 280

Prothiapendyl 1b 354

Protocol samples 1a 133

Proxiphylline 1b 299, 300

PR toxin 1b 244,246, 247

Prunasin  1a 179, 181; 1b 120, 121

Pyrazone 1b 332
Pyrene 1b 379

PyrethrinI  1b 18
PyrethrinIl 1b 18

Purethroids 1h 86 87

TYrelreiass 18 986,57

Pyrethroid insecticides 1a 359

Pyridine alkaloids 1a 66; 1b 279
Pyridine derivatives 1b 119, 244
Pyridinium carbinols b 65

Pyridinium glycols 1b 65

Pyridoxal 1a 157,158,253
Pyridoxamine 1a253

Pyridoxine 1a 253

Pyrimidines 1a 266, 438, 439; 1b 32, 430
Pyrimidine nucleoside derivatives 1b 290
Pyrocatechol 1b 170, 172, 185

—, 4-tert-butyl- 1b 201

Pyrocaiechol derivatives  1b 119
Pyrocatechol violet reagent  1a 398
Pyrogallol 1b 383, 399,400

Pyrogallol derivatives 1b 312

Pyrolysis of organic substances 1a 92, 96
a-Pyrone derivatives 1a 288; 1b 387, 388
Pyrrole  1b 268,270

Pyrrole alkaloids 1a 66; 1b 279

Pyrrole derivatives 1a 266, 269, 270; 1b 63
Pyrrolidine derivatives 1b 290
Pyrrolizidine alkaloids 1b 243, 246, 291

Quinoline alkaloids 1a 66; 1b 279
Quinoline derivatives 1b 279
Quinones 1a 44; 1b 287,437

R

Radioactive substances 1a 12

Radioisotopes, half-lives 1a 49

Raffinose 1a 158, 181-184, 203, 204, 331;
1b 34,223,423

Ratanhia phenols 1a 288

Raubasin 1b 32,358

Raubasin metabolites  1b 32

Raunitcin  1b 243

Rauwolfia alkaloids 1a314

RDX 1b 407,408

Reaction chromatography 1b 278

—, demands made on 1a 56

—, methods used 1a57

Reaction inhomogeneities because of differ-
ent heating  1a 92

Reagents, concentration threshold 1a 78

Reagent gases 1a 79, 88

Reagent, in mobile phase 1a 88, 405

—, insorbent 1a 88

Reagent sequences  1b 57ff

Reagent residues, explosion 1a 82, 365, 386

—, application homogeneous 1a 90, 405

Redox indicator  1b 167

spectra  1a 31

—, bathochromic displacement 1a 31

-, hypsochromic displacement 1a 31

Reflection,, diffuse 1a 36

—, mirror 1a 36

REICHSTEIN-S  1a 221

Relative humidity 1a 129ff

~, defined over salt solutions 1a 130

—, defined over sulfuric acid solutions
1a 130

—, effect on the separation 1a 129, 365,
374,393,421

Reproducibility direct quantitative evalu-
ation 1a93

Reprostar  1a 136

Rescinnamin 1b 21

Reserpine  1b 21, 32, 188, 323

14

B
Rocorcinal 1h 170 172 121 248
RESCICING: 2B 17U, 174,10 =58

383,398

Resorcinol homologues 1a 290

a-Resorcinic acid  1b 180

Resorufin, pH dependent fluorescence
1a91

Retinol 1b 280

Rhamnose 1a 161, 162, 181, 200, 201;
1b36

Rhein  1b 365

RHEINDEL-HOPPE reagent  1b 204

s 379

B s



490 Index

Rhenium(VII) anions 1b 88, 89
Rhenium(Vi)ions 1b 151,152
Rhodamine B, reagent 1a 44, 401

Saponins 1a 7,411,430
—, bioautographic determination 1a 109
Sarcosine 1a 435; 1b 124

Silicon tetrachloride vapor 1a 86
Silvercations 1a 144; 1b 258
Silver ni

Rhodamine G, reagent 1a 44
Rhodium 6G, reagent 1a 44, 88, 402, 404
Ribopolynucleotides 1a 76
Ribose 1b 32,36,423
D-Ribose, dipole moment  1a 97
Ridomil 1b 296, 301, 303, 304
Rifamycin 1a 166, 167
Robinetin  1a 44

Rogor 1b338

Roseoil 1b 451

Rosen oxide 1b 374,451
Rotenoids 1b 328

Rotenone 1b 29, 327

Scandium cations, detection 1a 144

Scanner, optical trains  1a 30, 39

S-Chamber (small chamber) 1a 126, 127

SCHIFF’s bases  1b 52

Scintillators 1212

Scopolamine 1b 231, 252, 255,323

Scopoletin  1b 216-218, 365

Screening process 1b 45

Sebacic acid 1a 178,233, 249, 308

Sebuthylazine 1b418

Selectivity, enhancement by derivatiza-
tion 1a55

Silydianine 1a 273,274
Silymarin 1a 106, 273, 274
Simatoxin 1b 204, 206

Simazin 1b 194, 199, 202, 204, 208, 230,
211 418

Sinensetin  1b 216,217

Sinigrin 1a 187

B-Sitosterol 1a 206, 213,242, 243; 1b 34
Slaframine 1b 283

Sodium methylate 1a 70

Sodium nitrite  1b 409

Solamargine, acid hydrolysis 1a 62

Index 491

Spraying, distance from TLC plate 1a 81
—, polarity of solution 1a 82

S-S linkages 1b 302

SRS technique 1a57;1b11,17,19, 28,
61,115,277,278

Stabilization of chromatogram zones
1a O QR 245.247 202 2854 2K1 1672

&0V, U8, 285-2410, 22, 336, 561, 363;

1b 109,111
Stabilization, with paraffin oil 1b 109
Stabilizers 1a 398
—, insolvents 1a 120
Staining, stabilization of the zones 1a 98
Starch hydrolysate 1a 179
Stationary phases, choice of 1a 121

Rotenone insecticides 1b 328
RPphases 1a3

—, degree of coverage 1a 123
—, water resistance  1a 123

Rubratoxin B 1533

Rugulosin 1a 104
Rutin 1a 44, 149,179,279, 323; 1b 432

S

Saccharin 1a 10, 11, 174, 388-390

Salbutanol 1b 268

Salicyl alcohol 1a 195

Salicylaldehyde 1a 284; 1b 401

Salicylic acid 1a45, 171, 175, 178,233,
308

Salicylsalicin 1a 195, 196

Salinomycin 1b 446

Saiithione ia 151

SALKOWSKIreagent 1b 237

Salonitenolide 1b 290

Salsonilol 1b 312

Salt solutions and relative humidity la
129,130

Sambunigrin  1b 120

Sandelwood oil  1b 451

Sandwich chamber 1a 126, 127

Sapogenins 1a 43, 69, 206, 411; 1b 430

Saponogen trifluorcacetate  1a 69

- impn‘ t by reagent sequence la
90

Selectivity of detection 1a 4, 38, 40,42

—, fluorescence 1a 38

-, separation la4

Selenate anions  1b 307

Selenite anions  1b 307

Selenium 1a 102, 104, 108, 144

Semen Sinapis 1a 187

Sennosides 1a 166, 167; 1b 287

Sensitivity, increase by derivatization la
56

Separation methods, multichromato-
graphic 1a 56

Serine 1a 246, 356; 1b 132

Serotonin 1a 70, 76, 239, 240, 262, 355,
380; 1b 37-39, 231,243, 348

Serotonin metabolites  1b 327

Serum lipids 1a 89

Serum proteins la 74

Sesquiterpene derivatives  1b 239, 446

Sesquiterpene esters  1b 239

Sesquiterpene glucosides 1a 327

Sesquiterpene lactones  1b 448

Sevin 1b387-389

Si 50 000, specific surface area 1a 91

Silica gel, caffeinc-impregnated 1a 85

—, surface modified 1a3

Silica gel 60, specific surface area 1a 91

Sol di lnﬁ") b 173

Solasonine, acid hydrolysxs 1a 62

Solvent, preparative chromatography la 121

-, quality 1al119,120

Sorbents, chemically modified 1a3

Sorbicacid 1a 45,65, 71,75, 308; ib 401

Sorbitol  1a 409,410; 1b 421, 422

Sorbose 1b423

Sotalol 1b 268

Spark discharge chamber  1b 42

Sparteine  1b 32

Specific surface area, silica gel 1a91

—, Si50000 1a91

Specificity of detection 1a4

Spectral line sources  1a 20

Spermidine 1a 107

Spermine 1a 107

Sphingomyeline 1a 44, 89,377, 378;
1b 282,327

Sphingosin  1b 74

Spironolactone 1a411

17-Spirosteroids  1b 343

Spotdiameter 1a 78,131

Spray, aerosol can 1a 81

—, all glass 1a 79-81

—, spray gun 1a 81

Spray scheme 1a 81

Spraying 1a 79ff

—, automatic la 82

Stearicacid—1a 73,214, 215,230,258
259, 402, 405; 1b 439

Stearyllacticacid 1a 45

Sterigmatocysteine 1a 69, 103, 105, 147,
148, 438,439

Steroid aikaloids 1a 206

Steroids 1a 44, 60, 66, 191, 195, 196, 206,
210, 219,222,234, 364, 376,404,411,
413, 420,421,426, 428, 430,431,438,
439; 1b 32, 65,173,175, 188, 189, 191,
227,282, 343-345, 387, 391, 415, 446,
448

-, phenolic 1b 312

Steroid glycosides 1a 206; 1b 263

Steroid hormones  1a 206

Steroid ketones 1a 72

Steroid conjugates 1a 411,413

Steroid saponogenins 1a 69, 195, 206, 411

Sterols 1a 44,58, 65,70, 104, 147, 148,
195, 206,213,214, 248, 249, 333, 351,
352, 385,404, 430, 431, 438; 1b 173,
343, 430,437,438

Sterol esters  1a 44,70, 147, 191, 248,
249,333,411, 438, 439

Qtargl hudraneravides 1Th 227 A15 417
SIErC: RYGroperoxiGes o 24/, 413,417

-, reduction 1a 60

Stigmasterol 1a 213, 351
Stilbene derivatives 1b 387, 389
Stilbestrol  1b 188
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Stimulents 1b 268, 270

Strontinm cations  1a 144 145
Swonhium cations  ia 144, 142

g-Strophantin  1b 265, 266

211.312
, i1, 514

Strychnine 1a 60, 315, 316; 1b 323, 358,
361

Strychnos alkaloids 1a 314

Stylopine  1b 358

Suberic acid 1a 178, 230, 249, 308

Succinic acid 1a 45,61, 178, 230, 233,
249, 250, 258, 259; 1b 143

Succinimides 1a 337

Sucrose 1a 181-184, 203, 204, 331; 1b
36,223,423,424

Sudan biack B ia 129

Sudan orange G 1a 129

Sulfide ions  1b 301

Sulfonamides 1263 222 225 2238 240

SULCnaAMIGes 2a03, 223, 223, 235, 240,

269,294, 296, 340; 1b 47, 119, 204,

Terbutylazine 1b 196, 197, 202, 208, 212,

213,230,231, 418

213,230,231, 418

Terpene derlvauves 1b 239

Index 493

Thiabendazole 1a 307,308
Thiamine 1a235,236,397; 1b 280, 359

........... 2a.23), 230,29 U

Thiazide diuretics 1b 136

k-Strophantin  1b 265, 266 243,252,255, 280, 393,395

Sulfonates, aliphatic  1a 388, 389

Sulfones 1b 321, 360

Sulfonic acids 1a91

Sulfonylurea derivatives 1b 204
Sulfoxides 1b 321, 358, 360, 372,373, 374
Sulfur compounds  1b 338
Sulfur-containing compounds  1b 301, 339
Sulfur dioxide vapor 1a 86

-, dipole moment 1a 97

Sulfur, divalent 1b 302

Suifuric acid 1a 87, 195, 333, 411, 42
Sulfurions 1b 302

>

Terpenes 1a 44,39, 195,206,210, 21T;
1b 448

Terpene glucosides 1a 327

Terpene hydrocarbons  1b 446

Terpenoids 1a 59

Terphthalic acid 1a 178, 249, 308

o-Terpineol 1a 59, 70, 76, 327

Terpineol glucosides 1a 327

Testosterone 1a 32, 88, 104, 108, 303,
304,319, 321; 1b 29-31, 43, 173, 282,
327,329, 345, 446

—, dansyihydrazone 1ia 104, 108

—, isonicotinic acid hydrazone 1a 104,

y

Thiazoles 1b 302

Thiazolidine derivatives  1b 301

Thiethylperazine 1b 354

Thickening agents 1a 179

Thin-layer chromatography, fields of appli-
cation 1b1

—, advantages 1a5

-, number of publications 1a 6

Thiobarbiturates 1a 45, 66

Thiocarbamide derivatives 1a 322

Thiocyanate 1b 128,152

Thiocyanaie anions  1b 129, 307

Thioethers 1b 50, 85, 280, 301, 302, 338,

Sudanred 7B 1a 129

Sudan yellow 1a 129

Sugars 1a 45,89, 96, 154-158, 160-163,
179, 180, 183, 185, 188, 189, 195, 197,
199,200,203, 204, 234,326, 329, 331,
364, 372, 408, 428, 438; 1b 32-34, 36,
46,223,232-234, 327,329,421-424,
430

—, reducing 1b 214, 215, 384

Sugar acids  1a 325

Sugar alcohols  1a 45, 325, 326, 329, 408,

409, 426; 1b 46, 421
Sugar derivatives 1a 170, 428; 1b 33
Sulfadiazine 1b 393
Sulfamates, aliphatic 1a 388, 389
Sulfamerazine 1b 252,393
Sulfamethazine 1b 393

Sulfamic acid cvelohexane- 1
Sunamic acia, <yCioncxanc- I

Sulfanilamide 1b 243, 393
Sulfanilic acid  1b 395,396
Sulfanilthiocarbamide 1b 243
Sulfapyridine 1b 379, 380
Sulfasomidine 1b 252
Sulfates, aliphatic 1a 388, 389
Sulfathiazole 1b 243, 280, 393
Sulfhydryl groups 1a 254
Sulfides 1b 85,312,313

—, phenolic aromatic 1b 321

Sulfuryl chloride vapor 1a 86
Sulpyrid 1b 268
Sunflower seed oil 1b 286
Surfactant-TLC plates 1a 89
Sweeteners 1a 44, 388-390
Swep 1a108
Sympathomimetics 1a 76, 106, 151, 153,
294
Symphytine 1b 188
Symphytine N-oxide 1b 243
Synclisia alkaloids 1a 314
Synephrine  1b 229

T

Tabernaemontana alkaloids 1a 314
Tannins 1a 288, 299; 1b 307, 308, 446
Tartaric acid 1a 45, 175, 230, 233, 246,

280 282 250 2NQ
23V, 236, 255, 3Us

TATB 1b244
Taurineopiperidine 1b 321
Taxiphylline 1b 120,121
TCNE reagent la 416
TDMreagent 1b 199
Tephrosine 1b 327
Terbufos 1b 338
Terbutaline 1b 268
Terbutryn 1b 418

319-321
epi-Testosterone  1b 29
Tetrabutyltin  1a 399, 400
2,3,4,6-Tetrachlorophenol  1b 403
Tetracyanoethylene, reagent 1a 416
Tetracyanoquinodimethane  1b 122
Tetracyclin antibiotics 1b 273
Tetracyclins  1a 166, 195; 1b 268, 270,
271,274
Tetrahydrocannabinol 1b 43
Tetrahydrocannabinol(=THC)-11-carbox-
ylicacid 1a290
Tetrahydrocannabinol(=THC) metabolites
1a 290-292
Tetrahydrocortisol 1a221
Tetrahydrocortisone 1a 221
Tetraiodothyronine 1b 76

Tetrazolium salts. reduction 1
Tetrazolium saits, reguction

Tetryl 1b 244

Thaleiochin reaction  1b 65
Thalidomide 1b 290

Thalidomide, hydrolysis products 1a45
THC see tetrahydrocannabinol

Thebaine 1b 192, 193, 358, 362, 363
Theobromine 1b 170-172, 176, 296

Theophylline 1b 170-172, 176, 282, 296,

299, 300
Thermochemical activation 1b 27ff

358
Thioflavine, pH dependent fluorescence
1a91
Thioglucosides 1a 185, 186
Thioglycolicacid 1a 248,249
Thioglycolic acid reaction 1b 119
Thiohydantoin derivatives 1b 301
Thiols 1b 48,50, 85, 280, 301, 358, 360
Thiol compounds  1a 252,254
Thiones 1a 252,254
Thiophosphate esters  1b 338
Thiophosphate insecticides  Ib 113-115,
162-164, 267, 301, 304, 305, 333-335,
339,413
Thiophosphate pesticides  1b 359, 365,
411,412
Thiophosphate compounds  1b 304
Thiophosphorus compounds  1b 301

ANopnespnoe compounags

Thioquinox 1b 33

Thioridazin 1b 354,355

Thiosulfate 1b 312

Thiourea 1a 107,246, 254, 269, 337,
1b 243

—, derivatives 1a 322, 323; 1b 243, 301,
312

Thorium 1a 144

Threonine 1a246; 1b 133, 134

allo-Threonine 1b 133,134
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Thymol 1a 153,197, 198; 1b 451
—, derivatives 1a288
Thyroxine 1b76

Tributyltin chloride 1a 399, 400
Tributyltin methoxide 1b 319
Tributyltin oxide 1a 399, 400

15248 2,

Tropine 1b 358
Trough chambers 1a 125
Tryptamine 1a 76, 98,254, 364; 1b 243,

348

Index 495

Uronic acids 1a 154, 199, 322, 426;
1b 421,422
Uroporphyrin  1a 102

Tigogenin 1a 59,195

—, oxidation 1a59

Tigogenin, alkaline hydrolysis 1a 63
Tigogenone 1a59, 60

TILLMANN’s reagent  1a 256; 1b 48
Timolol 1b 268

Tin cations 1a 144, 311,398; 1b 317
Tin tetrachloride vapor 1a 86

Tin tungstate  1a 88

Tinuvin 1a 343,283

Tinuvin P 1a 282, 283

Tiotixen 1b 354

Titanium cations  1a 144

TFricarboxylic-acids—1a248; 249

Trichloroacetic acid 1a 45

—, reagent 1a 372,420

2,4,6-Trichlorobenzene 1b 403

Trichlorfon 1b 164, 165, 412

Trichothecenes 1a 147, 195, 3
361,411

Triclosan 1b 227

Trietazin 1b 199

Trifluoperazine 1b 354

Trifluperidol 1b 354

Triflupromazine 1b 354

Trifluralin  1b 108, 110-112,417

0\
-

Tryptophan 1a 76, 240, 246, 364; 1b 243,

277,290
-, N-carbamyl 1b 243
Tryptophan derivatives b 243, 343
Tryptophan metabolites b 252
Tryptophol 1b 243
TTC 1b65
Tubocurarine 1b 338
Tungsten cations 1a 398
Tungsten lamp 1a 21,22
Tungstophosphoric acid 1a 311
Turanose 1b423

Ursolic acid1a 59, 71

UV absorbers  1b 446

—, in plastics 1a 281

UVIS analysis lamps  1a 136
UVlamps 1a 13, 14, 16,137

~, with camera holder 1a 13, 17,136

UV light absorbing substances 1b 437

v

Valepotriates 1a 166, 167, 273, 359, 361,
362; 1b 446

Valine 1a 246, 247, 267,268, 296, 297

Valone 1b 359

TNAreagent lad4

TNBAreagent 1a423;1b47

Tocopherols 1a216-218, 376

TOLLEN’sreagent 1b 49

p-Toluenesulfonic acid reagent  1a 76

6-p-Toluidino-2-naphthalenesulfonic acid
reagent lad4

Tolycaine 1b 188

Toxaphene 1a45

Toxins, Amanita 1b 343, 344

TPDD 1b 49,416

Traganth hydroiysates 1a 163

Transition metal anions  1b 88

Trazodon 1b 354

Trehalose 1b 423

Trenbolone 1a 303, 304; 1b 343-345

Trialkyltin compounds 1a 399

Triallate 1a323

Triamcinolone acetonide ester  1b 283

1,3,5-Triamino-2,4,6-trinitrobenzene
1b 244

Triazines 1b 229,230,411-413,415-418

Triazine herbicides 1a 45; 1b 68, 69, 194,

196, 197, 199, 201, 202, 204, 207, 208,
210-212,227
—, hydroxy derivatives 1b 204
Triazophos 1b 340, 341
Tribromimperitorin  1a 65

Tnglycendes T1a45,70,389, 147,143,
214,234,333, 376,401, 404, 438, 439;
1b 437,438

Trihydroxybenzene derivatives 1b 179, 180

Triiodobenzoic acid 1a45

Triiodothyronine 1b 76

Trimethazone 1b 280

2,4,6-Trimethylaniline 1b 268

Trimethyltin chloride 1b 319

Trimipramine 1b 352, 354, 355

Trinitrobenzenesulfonic acid, reagent
ia423

Tripalmitin  1a 214, 215; 1b 439

Tripelennamine 1b 358

Triphenodioxazines la41l

Triphenyltetrazolium chloride (TTC) reac-
tion 1b65

Triphosphate, cyclic (P:0%) 1a 172

Tripolyphosphate (P;0%¢) 1a 172

Trisaccharides 1a331; 1b 421

Triterpenes  1a 43, 70, 206, 210, 211, 430;
1b 430

Triterpene alcohols  1a 404

Triterpene gylcosides, acid hydrolysis 1a 62

Triton X-100 1a 108; ib 282

Tritylpenicillin sulfoxide 1b 358

Trolein. .1a 89; 1b 32

Tfopane a_lkalmds 1b 34,252,255

M

TURNBULL's blue —1b 313
Twin trough chamber 1a 87,126
Tyramine 1a 355; 1b 229,231, 401

U

Ubiquinones 1a 404

Umbelliferone 1b 218

—, pH dependent fluorescence 1a 44
Umbelliprenine  1b 387

Umckalin 1b 365

Universal reagents 1a 4, 46, 195, 376,

402,405,412, 430, 434, 15277

Uracil derivatives 1a 44, 45; 1b 418

Uranium cations  1a 144

Uranyl acvetate 1a 44

Urea 1b 204,243

-, condensation products 1a44

—, derivatives 1a 223, 269; 1b 204, 206,
210,243, 246, 415

—, formaldehyde resins  1b 211

—, herbicides 1a43, 74, 104, 107, 223,
225; 1b 68, 69, 94

-, pesticides 1b 417, 418

Ureides, bromine-containing  1b 372

Urethanes  ib 72, 358, 360

Uric acid 1a 261; 1b 36,312,314

Uridine derivatives 1b 29"

Urobilinogen 1b 2‘361

Vamidothione—1b-338

Vanadate anions 1b 307

Vanadium cations 1a 44, 144

Vanadium(V) anions 1b 88, 89

Vanadium(V) ions 1b 151, 152

Vanadium(V) oxide reagent 1a 426

Vanillic acid 1b 38, 39

Vanillin, reagent  1a 430, 434

Vanillinmandellic acid 1b 21, 37-39

VaN Urk’s reagent  1b 63, 236, 237

VAN URK reaction, stabilization with
sodium nitrite 12 98

VAN URK-SALKOWSKI reagent  1b 237

Vario chambers 1a 128

Vario-KS chamber 1a 129

Vaseline 1a44

Vasotocin analogues  1b 194

Veratrum alkaloids 1a 420

Verophen 1b 355, 356

Vicianine 1b 120, 121

Viloxazine 1b 354

Vinclozoline 1b 330, 418

Viomellein 1b 387

VITALI-MORIN reaction  1b 57

Vitamins a7, 109, 157, 158, 206-208,
216-218,234-236, 252,253, 256, 260,
267,269, 395,397, 420, 426, 428;
1b 13, 126,204, 280, 359
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—, bioautoradiographic determination
1a 100

Vitamin A  1a 206

Xanthine 1b 174
Xanthine derivatives 1b 175, 300

Xanthinine 1b 446

VitaminAacid Ia4Il

Vitamin B, 1a 105, 234, 235, 395, 397;
1b 204, 210, 359

Vitamin B, 1b 204, 210

Vitamin Bs 1a 157, 158, 252, 260;

20~ Xanthocholestan-3-one — 1b 188

Xanthomegnin 1b 387
Xanthones 1b 283
Xanthone glycosides 1b 365
Xanthotoxin 1a 67

1b 204,210 Xanthotoxol 1a70
Vitamin C  1a 216, 256,257, 372-374, Xanthumin 1b 446
376,377,426 Xanthydrol 1b 122
VitaminD 1a 206 Xenon lamp 1a 20,22
Vitamin D; 1a 207, 208, 420; 1b 359 Xylitol 1a 409,410
VitaminE 1a 216-218, 376 Xylobiose 1a45
Vitamin K; 1b 359 Xylose 1a45,161,162,177,200,201;
Vomitoxin 1a 89, 147, 148 1b 36,423
w Y
WAGNER’s reagent  1b 230 Yohimine alkaloids 1b 243
Warfarin  1b 33

Washing agents, see detergents

Water binding by N,N’-dicyclohexyl-carbo-
diimide 1a75

Water, dipole moment 1a 97

Waxes 1a44;1b 281, 282,290

Witisol 1b 432

WITTIG reaction  1b 52

Woodruff 1b 369, 370

WURSTER’s blue  1b 49,415-419

WURSTER s red  1b 49,227,228, 230,
417-419

Xanthene derivatives  1b 327-329

zZ
ZAFFARONI’s reagent  1b 49
Zearalenone 1a 69,147,148, 273;1b 332
Zectran 1a 107
ZIMMERMANN reaction  1b79
Zinc cations 1a 144,311
Zinc chloride 1a76
Zingerone 1Ib 312
Zinophos 1b 32
Zipeprol 1a45
Zirconium cations l1a 144
Zirconium(IV) oxychloride, reagent
1a 89,438
Zomepirac  1b 312

ZWIKKER reaction 1b 119
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