Hellmut Jork, Werner Funk,

Thin-Layer
Chromatography

Reagents and Detection Methods

Volume 1
Physical and Chemical Detection Methods

(in several parts, parts 1band 1cin preparati

LU arly ally 1D alld 1 i1

\-/

VYolume 2
Radiometric Detection Methods

DU SRP IS PRy ¥

\lll picpaiauoun)

Volume 3
Biochemical and Biological Detection Methods
(in preparation)

Hellmut Jork, Werner Funk,

Walter Fischer, Hans Wimmer

Thin-Layer

Physical and Chemical Detection Methods:
Fundamentals, Reagents I

© VCH Verlagsgesellschaft mbH, D-6940 Weinheim (Federal Republic of Germany), 1990

Distribution
VCH Verlagsgesellschaft, P O Box 101161, D 6940 Wemnheim (Federal Republic of Germany)
Switzerland VCH Verlags-AG, P O Box, CH-4020 Basel (Switzerland)

Unmted Kingdom and Ireland VCH Publishers (UK) Ltd , 8 Welhington Court,
Wellington Street, Cambndge CB1 1HW (England)

USA and Canada VCH Publishers, Suite 909, 220 East 23rd Slreet New York,
NY 10010-4606 (USA) .

Translated by Frank and Jennifer A. Hampson

‘.xom

v' 2,
BIBJIIOTEKA
Ny

VCH ED




Prof W Funk

Prof Dr H Jork
U it des S Fachbereich Techmsches G dh

Foreword

Fachbereich 14 der Fachhochschule GieBen-Friedberg
Stadtwald WiesenstraBe 14

D-6600 Saarbriicken D-6300 GieBen

Dr W Fischer Hans Wimmer

c/o E Merck Eckhardt-StraBe 23

Abteliung V Reag SPA D-6100 Darmstadt

Frankfurter StraBe 250

D-6100 Darmstadt

This book was carefully produced Nevertheless, authors, translator and publisher do not warrant

the mformation contaied therein to be free of errors Readers are advised to keep m mund that

statements, data, illustrations, procedural details or other items may nadvertently be inaccurate

Editonal Director Dr Hans F Ebel
Production Manager Dipl -Ing (FH) Hans Jorg Maer

Library of Congress Card No
89-16558

Bntish Library Cataloguing-n-Publication Data

Thinlayer ch ph gents and detection methods
Vol 1a physical and chemical detection methods
1 Thin layer chromatography
I Jork, Hellmut
543’ 08956
ISBN 3-527-27834-6

Deutsche Bibliothek Cataloguing-n-Publication Data

-Layer chromats reagents and detection methods /

Thin-layer chromatography as practiced today seems to exist in two forms. Some
scientists consider TLC to be a qualitative separation tool for simple mixtures
where speed, low cost, and simplicity are its virtues. Others regard TLC as a
powerful separation tool for the quantitative analysis of complex mixtures with a
high sample throughput because of parallel sample processing, and as a technique
that can tolerate cruder samples than column methods because the stationary
phase is disposable, and which provides flexibility in the method and choice of
detection since at the time of detection the separation is static and the layer open
to nspection. Both groups of scientists use the same approaches and employ the
same physical principles to achieve a separation, but only the second group does
so 1n an optimized way. There remains an information gap which good books can
fill to re-educate the scientific community of the current standing of TLC. I am
dehghted to affirm that the present book takes a needed step in this direction. As
more scientists become acquainted with the modern practice of TLC they will need
rehiable and unbiased sources of information on the mynad of factors thatinfluence
quantitation of TLC chromatograms to avoid commeon pitfalls that follow in
the wake of any technological advance. From physical principles, to working
instruments, to the methodological requirements of an analytical protocol the
reader will find such information, and just as importantly, experience, distilled
into this book.

It seems to be a fact of hfe that real samples are too dilute or too complex for
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direct analyses no matter what new technology is available simply because the

demand for analytical information is being continuously raised to a ugher level.
At this interface chemical intuition has always played an important role. Selective
chemical reactions provide the methods to mampulate a sample to reveal the
information desired. They provide the means to increase the response of an
analyte to a particular detector and increase the selectivity of an analysis by
targeting certain components of the sample to respond to a selected detector.
Micropreparative chemistry and TLC have a long history of association because
of the convenience of these reactions when performed with a static sample and
because in TLC the separation and detection processes can be treated as separate
steps and optimized independently of each other. A further important character
of this book is the practical way it marries chemical and instrumental principles
together providing an integrated source to the most important chemical reactions
available and the details of their applhcation to particular sample types. Until new

data. dakla ¢tha, o A
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\% 1 Foreword

in many cases, an elegant solutlon to difficult analytlcal problems. Th1s book
should serve to revive interest in
for their practice.

The power of TLC is in its flexibility as a problem solving tool. As the problems
in analysis become more complicated the sophistication by which we approach
those problems is ever increasing. However, it behooves us as analytical chemists
not to forget our fundamental training in chemistry and to apply those principles
to today’s problems. It is just this feature that the reader will find instilled into
this book.

C. F. Poole

Department of Chemis iy
Wayne State University
Detroit, MI 48202

USA

Preface

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 particu-
lar, took an active part in the development from hand-coated TLC plates to
commercially available precoated plates and instrumental thin-layer chroma-
tography. This development was accompanied by improvements in the field of
detection of the separated zones. In particular, it became necessary to be able
to deal with ever decreasing quantities of substance, so that the compilation
“Anfirbereagenzien” by E. Merck, that had been available as a brochure for
many, many years, no 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 laboratory handbook in one, i.¢., far more than just a “Reagent Book”.

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 the subsequent guantitative analysis are summarized in numerous tables.

Particular attexmon has been devoted to the fluorescence methods, which are
ity, and to methods of increasing and stabilizing the fluores-

cence emissions. Nowhere else in the literature is there so much detailed infor-
mation 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
reactions 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
liquid chromatography. Alongside details of the reagents required and their hand-
ling and storage, the individual reports also contain dctails about the reaction
concerned.

Wherever possible, dipping reagents have been employed instead of the spray

oo oo 'S Ry P
reagents that were formerly commonplace. These make it easier to avoid contami-
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natmg the laboratory, because the coatmg of the chromatogram with the reagent

it is more homogeneous which results in hxgher precision in quanmatlve analyses

It is possible that the solvents suggested will not be compatible with all the
substances detectable with a particular reagent, for instance, because the chro-
matographically separated substances or their reaction products are too soluble.
Therefore, it should be checked in each case whether it is possible to employ the
conditions 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“.
Various types of adsorbent have been included in these investigations and their
applicability 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 11 of this book with its
ca. 750 references as a source for TLC applications. Only rarely are earlier refer-
ences (prior fo 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
compilation 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
conscientious execution of the practical work.

Preface IX

In splte of all our care and efforts we are bound to have made m1stakes For

and any suggestlons they may have for lmprovmg later volumes

Saarbriicken, Giessen and Darmstadt,

Qctober 1989

Helimut Jork
Werner Funk
Waliter Fischer
Hans Wimmer

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. Giessen) 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
presentation of the book and for the fact that this work has appeared in such a
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snort time.
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1 Introduction

The separation methods routinely employed in the laboratory include the various
chromatographic and electrophoretic techniques, whose seiectivity is continuaily
being increased by the introduction of new adsorbents, e.g. with chemically modi-
fied surfaces (Fig. 1).

Detection methods, which provide real information concerning the separated sub-

naration result
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4 1 Introduction

In spite of numerous advances in the ﬁeld of detectlon there are not and never
have been any

means that, unlike the spectrometric methods, the methods of detection normally
employed in chromatography cannot be employed for an unequivocal identifi-
cation of compounds, they can only provide more or less definite indications for
the characterization of the separated substances. Universal reagents are usually
empioyed for a first analysis of the separation of samples of unknowns. This is
then followed by the use of group-specific reagents. The more individual the pieces
of information that can be provided from various sources for a presumed substance
the more certainly is its presence indicated. However, all this evidence remains
indicative; it is not a confirmation of identity.

The detection methods also serve especially to increase sensitivity and selectivity
in addition to providing evidence concerning the quality of the separation. In the
case of thin layer chromatography the selectivity of the separation which is achieved
by the various techniques employed (e.g. multiple development, gradient elution,
sequence TLC, AMD, HPPLC or OPLC techniques) (Fig. 2) is accompanied by
specificity of detection [1—3]; the selectivity of detection can also be increased
by the combination of several detection methods as shown in Figure 2. After

chromatographic development the chromatogram may be regarded as being rather
like a “digkette” with the individual nieces of information starad on it 141

disKetie 1A ANC INCIVICUAL PIECES O 1niormation siored on it (4.

1 D development 2 D development
vertical Chromatography and
horizontal other techniques
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The information can be read off as required at any time separately from the

development process both in space and time. This possibility is on/y available in
thin layer chromatography, because there is no direct on-line coupling between
chromatographic development and detection. Thus, the analysis of a thin layer
chromatogram can be repeated at any time as desired or carried out again accord-
ing to other criteria than those employed in the first analysis. It follows that the
detection technique does not restrict the choice of mobile phase. The chroma-
tographic conditions can always be chosen to give the best separation for
the particular sample, since the chromatogram is freed from mobile phase before
detection is undertaken.

In addition to these advantages TLC also possesses other merits which ensure that
it occupies a firm place in the arsenal of analytical techniques as a method for the
separation of micro-, nano- and picogram quantities [5].

The method

o is easy to learn technically;

o is rapidly carried out, especially as HPTLC technique;

is always available for use, since the precoated layers can usually be employed

without pretreatment;

e can readily be monitored because the whole chromatogram (including the sub-
stances remaining at the start) can be taken in at a glance and it is not necessary
to elute the individual components;

e does not require a regeneration step, since TLC and HPTLC plates are dispos-
able items;

e can be economically employed for routine use because the consumption of

Selectivity

}
l

[———= Defection ———o08 ]

!

|
Biological and
physiological
detection

Physical methods:
absorption, fluorescence etc.

Microchemical detection
(reagents)

Fig. 2: Increasing the selectivity by combinations of methods.

mobile phase is low and, hence, there are scarcely any disposal problems (for
instance up to 70 samples can be analyzed alongside each other and with
authentic standard substances in a linear chamber with a very few milliliters of
mobile phase [6]);

is very au&ptaun: acidic, basic or puu:xy agucous mobile pu&SﬁS can be ei"‘upu’)ycu
as can neutral lipophilic solvents, thus lending the whole thin layer chromatogra-

phic system a high degree of flexibility.

As a result of these merits thin layer chromatography finds application all over

o) a framnanay ~ q annlicatinn 1o Adasiimantad in Dignra 2 Thic (A
the world. The frequency of its application is documented in Figure 3. This CA

search only includes those publications where TLC/HPTLC are included as key
words. The actual application of the method is very much more frequent. The
method is employed as a matter of course in many areas of quality control and
routine monitoring of product purity. This was also true in the 1970s when the
rapid development of high performance liquid chromatography (HPLC) led to a
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Fig. 3: Frequency distribution of TLC/HPTLC publications over the years 1967 — 1986
(search made from Chemical Abstracts).
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methods stand side by side as separation techniques in their own right. The
analyst employs them where their respective advantages are evident. Economic
considerations naturally have to be taken into account too [7] and the balance
here is probably tipped in favor of thin-layer chromatography.

The information produced in a TLC separation can be recorded for storage or

1 Introduction 7

M zcrochemxcal reactions: These can be carrled out either w1th universal reagents

charactenzmg reagents) If the separatlon process ensures that only one component
occurs at a particular spot on the chromatogram, then this can be detected “sub-
stance-specifically”. But specificity in an unequivocal sense can only be produced
by a combination of the separation and the detection process. (The same is true
of other forms of detection.)

Biological-physiological detection: The methods involved here take account of the
biological activity of the separated components independent of their physical or
chemical properties [12].

Their use is to be recommended [13] because

o such methods are highly specific (independent of the separation process);

o ineffective accompanying substances do not interfere with the investigation so
that previous clean-up can often be omitted;

e the detection limits are comparable with those of classical detection methods.

These methods are employed for the detection and determination of antibiotics and
substances with similar effects, like alkaloids, insecticides, fungicides, mycotoxins,
vitamins, bitter principles and saponins {14].

We intend to devote separate volumes to each method of detection in the order
discussed above.

documentation. This can take the form of a manual-graphical reproduction, a
photocopy, photograph or autoradiograph [8 —10]. Increasingly, however, the
chromatogram is scanned (fluorescence or absorption scanning curves) or the raw
data are stored in data storage systems. The instrumentation required for these
processes will be discussed in the subsequent chapters. A general discussion of
documentation will follow in Chapter 4.

In principle it is possible to employ physical, microchemical and biological-physio-
logical methods for detection in TLC (Fig. 2).

Physical methods : Physical methods include photometric absorption and fluores-
cence and phosphorescence inhibition, which is wrongly referred to as fluorescence
quenching [1], and the detection of radioactively labelled substances by means of
autoradiographic techniques, scintillation procedures or other radiometric
methods. These methods are nondestructive (Chapt. 2).
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2.1 General
Physical detection methods are based on inclusion of substance-specific properties.
The most commonly employed are the absorption or emission of electromagnetic
radiation, which is detected by suitable detectors (the eye, photomultiplier). The
f-radiation of radioactively iabelied substances can aiso be detected directiy. These
nondestructive detection methods allow subsequent micropreparative manipu-
lation of the substances concerned. They can also be followed by microchemical
and/or biological-physiological detection methods.

A dictinction ic normally made hetween the vicible and ultravigalat resinng of the
4 GISUnCucnh 15 norMmany madl SCiwdln Ul Visiowd and WiiraviCiOl 1egions &1 ial

spectrum when detecting absorbing substances. Detection in the visible part of the
spectrum can be carried out with the eye or with a photomultiplier.

2.2 Detection of Absorbing Substances

2.2.1 Visual Detection

The success of separation of colored compounds is usually monitored visually.

Oro-apa ¥ Po ono POty oma § g

in the visible wavelength range. The remaining radiation (complementary radi-
ation) is reflected and detected by the eye; it determines the color of the substance
zone. Table 1 correlates the wavelengths, colors and complementary colors.

Table 1. Correlation of wavelength, color and complementary color [1].

Wavelength Color of radiation Complementary color
[nm]

620...700 red biuish-green

590...620 orange greenish-blue

570...590 yellow blue

500...570 green red/purple

450...500 blue yellow

400...450 violet yellowish green
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---- Exating radiation 254 nm Hg
Enitted radiation

Colorless substances absorb at wavelengths shorter than those of the visible range
(the UV range normally amenable to analysis A =

can be detected by the use of UV-sensitive detectors (photomultipliers, Sec.
2.2.3.1). Substances that absorb in the UV range and are stimulated to fluorescence

or phosphorescence (luminescence) can be detected visually if they are irradiated
with UV light.

2.2.2 Fluorescence and Phosphorescence Indicators

Fluorescent and phosphorescent substances are excited into an unstable energy S

state by UV light. When they return to the ground state they release a part of the Substance A'j'si‘“fh:f"r Glass ‘suvport
energy taken up in the form of radiation. The emitted radiation is less energetic % zone with indiator PP
than the light absorbed and usually lies in the visible part of the spectrum. Since 100" / -
absorption (excitation) and emission obey a linear relationship over a certain range ~ !

a reduction in absorption leads to a reduction in the luminescence, too.

I
This property can be applied to the detection of substances that absorb in the UV B I/
region: For on layers containing a fluorescent indicator or impregnated with a [\
fluorescent substance the emission is reduced in regions where UV-active com-
pounds partially absorb the UV light with which they are irradiated. Such sub-
stances, therefore, appear as dark zones on a fluorescent background (Fig. 4A).

~—— 10 pg Saccharin
=== 10 pg Dulcin

Relatve reflectance

- This effect, which can also be produced if fluorescent substances are applied to
the chromatogram by spraying or dipping after development, is an absorption

effect and not a quenching process in the true sense of the word. It is correct to Hg 2537 nm

YOO CX g 8 aP30Irodnts
molecules there are present in the zone the darker this will appear (Fig. 4B). [ 200 z*lsu 3l;l) [nm]

i i i — hromatograms of
Fig. 4: Explanation of the fluorescence-quenching effect [2]. (A) c 0
lhg same quantities of saccharin and dulcin observed under UV 254 light, (B) sch;matlc
representation of fluorescence quenching, (C) spectral reflectance curves of saccharin and
duicin.

This method of detection is at its most sensitive if the absorption maximum (Amax)
of the sample molecule is exactly at the wavelength of the UV light employed for
irradiation. The further A, lies from this the less radiation is absorbed and the
lower the sensitivity of detection. If the compound does not absorb at the wave-
length of radiation or if it possesses an absorption minimum just there then such
components are not detected by this method. Figure 4C illustrates this with the
sweeteners saccharin and dulcin as examples.

L L4

Fiuorescence and phosphorescence are both forms of luminescence [3}. If the
emission of radiation has decayed within 107® s after the exciting radiation is cut

off it is known as fluorescence [4], if the decgy phase: lasts longm.' (because the Fig. 5: Schematic representation of the electronic transitions during luminescence phenomemf
electrons return to the ground state from a forbidden triplet state (Fig. 5), then the [5]. — A absorbed energy, F fluorescence emission, P phosphorescence, S ground state, §
phenomenon is known as phosphorescence. A distinction is also made between exc T “forbidden” triplet transition.

1tad aimclas abnta
excited singlet state, T “forbidden

S

—— Energy »
]

’

\
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fluorescence and phosphorescence indicators. The former can be incorporated in

he adsorbent laye plied-afterwards spraying ippi he latter are
always incorporated as homogeneously as possible into the stationary phase.
Fluorescence occurs primarily in organic substances and phosphorescence, on the
other hand, in inorganic compounds.

orappiiea Varas oy spraymg or dipping

Organic fluorescence indicators for aluminium oxide, silica gel and cellulose layers
(code F366, UV346) include:

o the sodium salt of 3-hydroxypyrene-5 8 10-trisulfonic acid {6},

e the sodium salt of 3,5-dihydroxypyrene-8,10-disulfonic acid [7,

o sodium fluorescein [8 — 11] and fluorescein [12] or 2',7"-dichlorofluorescein [13 —
19],

e rhodamine B [12, 20— 23] and rhodamine 6G [24—26],

e morin {ii, 24, 27-29],

o cyanine dyestuffs [30, 31},

o stilbene derivatives (e.g. diaminostilbenetriazine) [12, 32] and

e optical brighteners (Ultraphor WT BASF [12, 33], Calcofluor R-white [34],
Leukophor).

Oxytetracycline can also be employed at low pH on calcium-containing layers [35).

The scintillators are a special type of fluorescence indicators; they are employed
for the fluorimetric detection of radioactively labelled substances. They are stimu-
lated by f-radiation to the emission of electromagnetic radiation and will be

M N
—diseussed-in-Volume2:

The substances employed as inorganic phosphorescence indicators (incorrectly re-
ferred to as fluorescence indicators) include blue (tin-activated strontium com-
pounds), yellow (uranyl acetate [36]) and yellow-green (manganese-activated zinc
silicate [37] or zinc cadmium sulfide [38]) emitting substances (code Fs,, UV,54).
Pigment ZS-super (RiEDEL DE HAEN) has also been employed [81]. Since these are
not acid-stable they are replaced by substances such as alkaline earth metal
tungstates in RP phases (code F,s,,). These possess a pale blue emission [39].

The advantages of these inorganic indicators are:

® Such indicators do not migrate during chromatography to the solvent front
under the influence of either polar or nonpolar organic solvents (uranyl acetate
is an exception).

_-—u_-__q
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. Short-wavelength UV radiation (}. 254 nm) is employed for excitation. This

cted l'\v fluorescence

quenchmg Uranylaoetate may also be exc1ted at l = 366 nm.
o In the most favorable cases the detection limits are from 0.1 to 0.3 pg substance
per chromatogram zone.

Energetic radiation sources are required to excite phosphorescence or fluorescence.
Mercury line radiators are normally employed; these are readily available as
relatively cheap mercury vapor lamps. The short-wavelength line at 4 = 254 nm is

m.
ot \
A |l \
2wl
w-
w.
k415
m.
©f 1| \
220 260 300 30 380 420
2 (nm] —=
B2 254 nm
1001 0 366 nm
w.
I 80
= 70t
= sob
50.
LO.
301
20.
0 2540 65 100 150 200 300
B tih) —

Fig. 7: UV hand lamps (CamaG). (A) battery-powered UV lamp, (B) hand lamp with stand

closed on three sides

Flg 8: Transmittance of black llght ﬁlter asa fuuctlon of wavelength (A) and as a function
of the length of operaiion ai A = 254 and 365 nm {B)

i
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Fig. 9: HP-UVIS cabinet for UV inspection without a dark room (DESAGA).

mainly employed (although the absorption maxima of the indicators lie at A =
260 nm or 280 nm [37]) together with the long-wavelength double line at A = 365/
366 nm. While low pressure lamps deliver short-wavelength light almost exclu-

omn imstruments, where it is possnble to switch from “daylight” to
-wavelength UV light, are frequently offered for the examination of
cl!mmatograms (Fig. 9). These are often fitted with a camera holder.

Cw: When working with UV lLight protective goggles should always be worn
in order to avoid damage to the eyes.

2.2.3 Photometric Measurement of Absorption

2.2.3.1 Apparatus

Photomultipliers are appreciably more sensitive sensors than the eye in their re-
sponse to line or continuum sources. Monochromators are fitted to the light beam
in order to be able to operate as substance-specifically as possible [5]. Additional
filter combinations (monochromatic and cut-off filters) are needed for the measure-
ment of fluorescence. Appropriate instruments are not only suitable for the quali-
tative detection of separated substances (scanning absorption or fluorescence
along the chromatogram) but also for characterization of the substance (recording
of spectra in addition to ARy) and for quantitative determinations.

sively, the proportion of long-wavelength UV radiation is much higher in the case
of hugh pressure lamps. But these have the disadvantage that they require a starting
up time of 2 to 5 minutes. They also operate relatively hot and can only be re-
ignited after they have cooled down.

Note: The lamp can crack if the hot bulb comes into contact with a cold TLC
plate (protective housing!).

These restrictions do not apply to the less intense fluorescent tubes installed in the
UVIS or MinUVIS (Fig. 6) or Universal UV lamps (Fig. 7). Black glass surrounds
or screens serve as filters. Unfortunately account is often not taken of the fact
that the transparency for short-wavelength UV light decreases appreciably with
increasing duratlon of irradiation (Fig. 8). So it is advisable to change the filters

of lam?c |nfm1|aﬂ fn: nhr\rt.nmualpnmh radiation at ‘rnm-lu.-

intervals. uwy can

A

;

Today’s commerclally available chromatogram spectrometers usually employ dif-
fraction gratlngs for monochromation. These possess the following advantages
over prism monochromators which are still employed in the SCHOEFFEL double-

Ao Ao ca o QT AN ot tha Povag abheasnataoram gnanteamatar:

beam SPECIrOQensitometier o SUuV and in i LEISS Ciromatogram SpeCiromeicr.

o The wavelength scale is approximately linear; this also means

o that the wavelength scan is also linear making automation easier using appropri-
ate stepping motors;

& dispersion is almost consta

o the light transmission above 4
monochromators.

However, the usable spectral region is limited by thdem ef-

fictanny ~f tha oratinos ‘.9_50 n!"”

UCICnCy O1 ual grauings.

case for prism
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Fig. 10: TLC Fig. 12: Flying spot scanner CS 9000 (SHIMADZU)
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Note' Gratmgs should never be “pohshed” w1th the ﬁngers or breathed on. ThlS

fluorlde evaporated onto them.

Samples of spectrometers with grating monochromators

e TLC scanner II, Camag (Fig. 10)
o CD-60 densitometer, Desaca (Fig. 11)
o CS 9000 Flying-spot scanner, SHIMADZU (Fig. 12)

o FTR-20 scanner, SiGMA/BIocHEM (Fig. 13)
Light Sources

Lamps to be employed in photometry should

o produce radiation that is as constant as possible both in origin and intensity and

e be as sood annroximation as nossible to a noint sour

O€ as gooC approximannon as possipie 10 a point s8¢

production of parallel beams [40].

order to facilitate the

¢e 1n order o facilitate the

A distinction must be made between continuous sources (hydrogen or deuterium

lamps, incandescent tungsten lamps, high pressure xenon lamps) and spectral line

sources (mercury lamps), which deliver spectrally purer light in the region of their
i 4 i o b -t e

emission lines.

A continuous source has to be employed to record absorption spectra. Fluores-

cence is usually excited with mercury vapor lamps; in the region of their major

bands they radiate more powerfully than do xenon lamps (Fig. 14).
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Contmuous sources: The sources of choxoe for measurements in the ultrav101et

to 60 X 10 Pa they yleld a continuous emission spectrum The maxima of thelr
radiation emission occur at different wavelengths (H,: 4 = 280 nm; D;: 4 =
220 nm). This means that the deuterium lamp is superior for measurements in the
lower UV region (Fig. 15).
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Fig. 15: Relative intensity distribution of the radiation produced
deuterium lamp.
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Because of the high rate of diffusion of hydrogen the energy consumption resulting
from thermal conduction is very large in the short-wave UV region and the
radiation yield is relatively low. Deuterium diffuses more slowly, its thermal con-
ductivity is lower and the radiation yield is ca. 30% higher than is the case for a
hydrogen lamp.

The continuum produced by both of these lamps is accompanied by emission lines
in the visible spectral region at A = 486.12 nm (H,) and 1 = 485.99 nm (D); these

' Xenon lamp
_ g TN .—M/“—‘A\,
& p L _
2| - YW\ N\ —e—
/ High pressure
mercury vapor lamp

/

200 300 400 500 600 700 800
Alam] —=
Fig. 14: Radiation characteristics of a high pressure Hg lamp (OskamM HBO 100; continuous

lme) and of a xenon lamp (PEK 75; broken line) [4]. The intensity [ is represented logarithmi-
bdlly xu lCldllVC uuu>

can be employed for adjustment and calibration of the wavelength scale.

Hydrogen lamps are equipped with a rectangular slit for adjusting and centering
the gas discharge; this ensures that the radiation intensity is particularly high in
this region and the position of the radiation source is stable. But long-term drift

cannot be axclided comnletelv 11,

€annetl oC CXCIUGeC CompiCicly 14

Tungsten incandescent lamps are primarily employed in the visible region (1=
320...700 nm). They consist of an evacuated glass bulb [11] containing a thin,
coiled tungsten wire which is heated to incandescence. Since tungsten melts at
3655 K the usual operating temperature is 2400 to 3450 K. The higher the tempera-
ture the higher is the vapor pressure of tungsten. The metal vapor is deposited on
the relatively cool glass bulb so that the “transparency” of the glass is reduced,
thus, reducing the operating life which is reported to be ca. 1000 hours at 2400 K.
In order to reduce the rate of evaporation krypton or argon are often employed

as proteciive gases, which means that 70 to 90% of the electrical encrgy is converted
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to radiation. The fact that a considerable proportion of the energy is radiated

T
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Table 2. Summary of the most important technical data on the most frequently employed

above A = 800 nm is a disadvantage of the tungsten incandescent lamp.

Halogen lamps ate tungsten lamps whose glass bulbs also contain iodine vapor
[42). When the coil is heated incandescent volatile tungsten iodine compounds are
produced in the vapor phase and these are thermally decomposed at the glowmg
coil. This causes a reduction in the deposition of tungsten on the surface of the
glass bulb so that such lamps can be operated at higher temperatures and generate
a higher light yield. Since iodine vapor absorbs UV light these lamps have a purple
tinge.

ue

scanner of SCHOEFFEL and that of FARRAND). They produce higher intensity radi-
ation than do hydrogen or tungsten lamps. The maximum intensity of the radiation
emitted lies between 1 = 500 and 700 nm. In addition to the continuum there are
also weak emission lines below 4 = 495 nm (Fig. 14). The intensity of the radiation
drops appreciably below 4 =300 nm and the emission zone, which is stable for
higher wavelengths, begins to move [43].

High pressure xenon lamps are also employed in some TLC scanners (e.g. the

Spectral line radiators: In contrast to the lamps described above mercury vapor
lamps are gas discharge lamps [1]. They are started by applying a higher voltage
than the operating voltage. The power supply has to be well stabilized in order to
achieve a constant rate of radiation and the radiator must always be allowed a
few minutes to stabilize after it has been switched on. The waisting of the lamp
body in the middle leads to a concentration of the incandescent region. This leads
to stability of the arc. Its axis remains in the same position during operation and
is readily optically imaged. However, it is impossible to ensure that the arc will

Hg tamps {47}

Parameter High pressure Hg lamp
St 41 St43 St 46 St 48
Current type Direct current Aliernaiing ~ Direct current Direct current
current
Supply voltage [V] 220 220 220 220
Total length [mm] 120 90 8? S
Usable lit length [mm] 8 20 11. s
Gas pressure {Pa] 6x10° 0.5x 10° 6x10
Emitter current [A] 0.6 1.0 0.6 0.6
Emitter power [W] 45 36 33 45
Luminous intensity [cd] 95 31 70 95
Luminous density [cd/cm?] 500 25 375 500
Examples of scanners KM-3 FTR-20 CD-60 CS-930
employing them chromato- TLC scanner densitometer scanner
gram spectro- (SIGMA) (DESAGA) (SHIMADZU)
photometer TLC scanner
(C. Zg1ss) (CAMAG)

Table 3. List of emission lines and their relative intensities for the most important mercury
lamps *).

not “jump”. In addition the relative intensities of the individual lines can change
with respect to each other, which can cause a short or long-term change in the
recorded baseline. The physical data concerning the most frequently employed
mercury lamps are listed in Table 2.

In contrast to the low-pressure lamps (1—130 Pa) which primarily emit at the
resonance line at 1 =254 nm, high-pressure lamps (10*—10° Pa) also produce
numerous bands in the UV and VIS regions (Fig. 16). Table 3 lists the emission
lines and the relative spectral energies of the most important mercury lamps (see
also [44]). The addition of cadmium to a mercury vapor lamp increases the number
of emission lines particularly in the visible region of the spectrum [45] so that it is
also possible to work at 1 = 326, 468, 480, 509 and 644 nm [46].

Recently the Ar* /He — Ne lasers have been employed for the analysis of thin-layer
chromatograms [259 —261]. However, instruments of this type have not yet come
into general use.

Wavelength 1 Energy distribution of the emission bands
[nm]
St41 St43 St 48
238 and 240 3 2 3
248 8 4 8
254 55 34 55
265 25 14 25
270 S 2 3
275 4 2
286 10 5 10
289 7 3 7
297 18 13 18
302 31 25 31
313 69 67 69
334 7 5 7
366 100 100 100
405 and 408 43 43 43
436 81 61 81
546 108 79 108
577 and 580 66 47 66

*) Exact intensities are given by KAAsE et al. [48].
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2 Photocells and photomultipliers (secondary electron multipliers, SEM) are mainly
'm ved— otometey etecto ith an “external photo-effect”
Z; Photocells: The basic construction of a photocell is illustrated in Figurf: 17. A
= sor photocurrent flows when the photocathode is illuminated, this is proportional to
the intensity of illumination if the supply potential has been chosen to be hlgh_er
than the saturation potential. A minimal potential is required between the
L T —n —= photocathode and the anode in order to be able to “collect” the electrons that are
A 10 30 400 500 emitted. The sensitivity is independent of frequency up to 107 Hz. The temperatuxie
Alesl sensitivity of evacuated photocells is very small. The dark current (see below) is
b) ca. 10711 A [1].
1 100
% i ' | P
= 50 N 1
Cathode . =
3-00V
m‘_ ] |..| =L 11 1 1 ] Anode A L 1__
T
B 2 %0 w0 500 f\}k_/

Fig. 16: Relative intensity distribution of a mercury NK 4/4 low pressure lamp (A) and of a
mercury St 41 or St 48 lamp (B).

Fig. 17: The construction of a photocell, schematic [1].

Detectors

The commercial instruments employ detectors of various types. Their utility de-
pends fundamentally on

a the constancy with time of the

n|
the comslancy wilh ime Oof 1€ po i

constant external conditions,

o the proportionality of the photocurrent to the intensity of illumination and
o the signal to noise ratio of the photodetector.

A role is also played by the temperature and frequency dependence of the
photocurrent, the variable surface sensitivity at various parts of the cathode and
the vector effect of polarized radiation [40]. All the detectors discussed below are
electronic components whose electrical properties vary on irradiation. The effects
depend on external (photocells, photomultipliers) or internal photo effects (photo-
eiements, photodiodes).

-n_—-_—_‘

Samples of analytical units with photocells:

e TURNER fluorimeter, model III (CAMAG)

o Quick Scan R & D densitometer (HELENA)

e Fiber optic densitometer, model 800 (KONTES)

Photomultipliers: Secondary electron multipliers, usually known as photom}llti—
pliers, are evacuated photocells incorporating an amplifier. The electrons emitted
from the cathode are multiplied by 8 to 14 secondary electrodes (dynodes). A
diagramatic representation for 9 dynodes is shown in F igure 18 [5]. Each electron
Impact results in the production of 2 to 4 and maximally 7 secondary electrons at
each dynode. This results in an amplification of the photocurrent by a factor of 10°

L oan8 vl s e i tha antnnt of the nhotomultinlier,
to 10°. it 15, however, silll NECESSary 1O ailipiily il OUpUL Ui iy pRutUsiitstipiavs.
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W@L

ll
\ Incident light

Insulatmg screen

Fig. 18: Section through an RCA photomultiplier, schematic. — 0 photocathode, 1—9
dynodes, 10 anode.

The requirements for successfui operation are a stabie operating voitage of between
400 and 3000 V. The sensitivity of the photomultipliers is also dependent on this
if a special compensation is not incorporated.

The absolute and spectral sensitivities can often vary by up to 100% within a few
m'"imete§-s on {he S“rl‘nnn aftha nhatacathada T401 Fignea 10 iMlhigtratas thic affant
miaan uracc O1 uiC pndiotaundae (77, riguic 17 InusSracs uiis Sl
for a sideways and vertical adjustment of a photomultiplier, in addition slight
maladjustment of the light entrance can lead to “zero line runaway” as a result of
thermal effects.

100
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0 50 100
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Depending on their positioning the dynodes are referred to as being “head-on”
or “side-on”. Lomwmmﬂremphfwmw
multipliers where, as the name implies, the radiation impinges from the side — as

in Figure 19. Their reaction time is shorter than for head-on photomultipliers
because the field strength between the dynodes is greater.

TTond o wbotnnaliinbiace an the othar hand nogsess a oreater entry anale for
Head-on photomuitipiicrs, On ta¢ Olacr fang, possess a grealer oiitl

the capturing photocathode (Fig. 20). A diffuse screen in front of the photocathode
also allows the capture of light falling at an angle. These conditions are realized
in the CAMAG TLC/HPTLC scanner I. The sensitivity of such head-on photomulti-
pliers is independent of frequency up to 10° Hz.

. \
Iy/\/\/\ 4 L_\_R Focus ring \
'.L/.\J-\/-d\)) U mggg;ggew

Conducting I
ternal

Focussing ___ coating Y/
electrode / /

Fig. 20: Cross section through a “head on” photomultiplier [51, 52}. — 1—10 dynodes,
11 anode.

Incident radiation

Opalescent layer

proportlonal to the strength of 111utmnatxon Further the photocurrent must not
exceed 107 A or the photomultiplier becomes fatigued. Daylight switches are
incorporated into some scanners for this reason in order to prevent over- -illumi-
nation of the detector when the sample chamber is opened.

Detector noise: The detection limit for the recording of chromatographically
separated substances is determined by

e the “chromatographic noise” and
o the “detector noise”.

The latter mainly results from the thermal emission current. The dark current is
apparent mainly in the long-wavelength range of the spectrum when the
photocurrent is appropriately small [53, 54, 131]. It is relatively small for alloy
cathodes (e.g. Sb-Cs cathodes), but not small enough to be negiigibie.
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The emlsswn of thermal electrons is sub_]ect to stanstxcal ﬂuctuatxons (lead shot

hberated and the frequency of the radlatlon [55] (see [40] for further detaxls)

Range of application and spectral sensitivity : The photomultipliers most frequently
employed in scanners possess antimony-caesium cathodes. These alloy cathodes
are primariiy sensitive to the short-wavelength part of visibie light (Tab. 4).

The long-wavelength limit which depends on the cathode material is ca. A = 650 nm
1n the red region of the spectrum. If this does not suffice for the determination an
antimony-alkaline metal alloy is employed as the cathode material [S6— 58].

The range of application into the short-wavelength region of the spectrum depends
on the window material employed in the photomultipher. Borosilicate glass
(Kovar glass), for example, only transmits radiation down to about 280 nm,
Suprasil down to 185 nm and fused quartz down to 160 nm. Hence fluorimeters
which primarily detect long-wavelength radiation (fluorescent radiation) are often
equipped with type S-4 detectors (Tab. 4), whose windows absorb a part of the
short-wavelength radiations.

Table 4. Charactenstics of the most important photomultipliers with Sb-Cs cathodes and 9
amplification steps [50].
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The majonty of detectors, whlch are employed for the measurement of absorpnon,

this material, so that they ought to be usable in the far UV reglon if N, purgmg
1s employed (to remove O,) (Tab. 4).

Scanners with S-5 detectors

e KM 3 chromatogram spectrophotometer (C. ZEiss)
o SD 3000 spectrodensitometer (KRATOS/SCHOEFFEL)
o CD-60 densitometer (DESAGA)

Photomultipliers of type S-19 employ fused quartz instead of UV glass; this
transmits down to 4A=160 nm although this far UV range is not normally
employed in scanners.

Scanners with S-19 detectors

QOB crannar FQrrrn st

o CS 920 scanner (SHIMADZU)
o CS 930 scanner (SHIMADZU)

Photoelements and photodiodes: Both photoelements and photodiodes are photo-
electric components depending on internal photoelectric effects.

In the case of photoelements incident quanta of light produce free charge carners
1n the semiconductor layer; previously bound electrons become free. Thus, the
nonconducting layer becomes conducting. In addition, the migrating electrons
produce “holes” which increase the conductivity. The radiation energy is directly
converted into electrical energy. The construction of a photoelement is illustrated
m Figure 21.

Onigin Spectral ~ Wavelength Window
Type response  maxmmum  material
RCA HaMamaTsu EMI [nm] sensittvity
S-4  1P21 1P21 9781A 300.. 650 400 borosilicate
- RIOSUH — 300650 400  borosthicate
S-5 1P28 1P28 9661B 185...650 340 UV glass
1P28/V1 R212 9781B 185...650 340 UV glass
— R212UH  9781B 185...650 340 UV glass
1P28A R454 9781R 185...650 450 UV glass
1P28A/V1 R282 — 185...650 450 UV glass
S-19 4837 R106 9665A 160...650 340 fused silica
- R106UH  9783B 160. .650 340 fused stlica

Examples of scanners employing S-4 detectors:

e UV/VIS chromatogram analyzer for fluorescence measurements (FARRAND)
o Spectrofluorimeter SPF (AMERICAN INSTRUMENT Co.)
o TLD-100 scanner (VITATRON)

Fig. 21: Princple of construction of a photoelement [1]. — 1 light-transmtting metal layer,
2 semiconductor iayer, 3 metai piate.
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Photodtodes produce an electnc ﬁeld as a result of pn transitions. On 1llummat10n

Photodxodes are sensmve and free from inertia. They are, thus, sultable for rapld
measurement [1, 59); they have, therefore, been employed for the construction of
diode array detectors.

2.2.3.2 Principles of Measurement

The scanners commercially available today operate on the basis of the optical
train illustrated in Figure 22.

They can be employed to

@ detect absorbing substances against a nonfluorescent plate background (Fig.
22A: recording a scanning curve, absorption spectra, quantitative analysis of
absorbing substances);

o detect absorptions indirectly because of luminescence diminishing (Sec. 2.2.2).
[Here, however, it is necessary to introduce a cut-off filter before the detector
to absorb the shortwave excitation radiation (Fig. 22B)];

7
m (Y
%@
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° detect and analyze quanntatwely ﬂuoresoent substances agamst a nonﬂuores—

[An addmonal ﬁlter is necessary here too (Sec 2 3.3). ]

On emitting phases it is not possible to determine directly (in situ) the fluorescence
and absorption spectra of compounds that absorb in the excitation range of
luminescence indicators without distorting the measurement signal.

1inout ais ng ih

Direct Determination of Absorbance

Determination of absorption spectra in reflectance: If there is no luminescence
radiation absorption spectra can be determined using the light path sketched in
Figure 22A. If absorbing substances, such as, for example, dyestufTs, caffein or
PHB esters, are determined spectrophotometrically after chromatography, then,
depending on the wavelength, these components absorb a proportion (Zys) of the
light irradiating them (/o). The chromatographic zone remits a lower light intensity

(I.s) than the environment around it.
To—Lws = e

Therefore it is possible to determine absorption spectra directly on the TLC plate
by comparison with a substance-free portion of the layer. The wavelengths usually
correspond to the spectra of the same substances in solution. However, adsorbents
(silanols, amino and polyamide groups) and solvent traces (pH differences) can
cause either bathochromic (ketones, aldehydes [60, 61], dyestuffs [62]) or

hypsochromic (phenols, aniline derivatives [63]) shifts (Fig. 23).

However, these absorption spectra can be employed as an aid to characterization,

Pr L
I | ) - A a
Lt ¢ =
\‘ /
E
FIK\ M L
B ——
Pr

Fig. 22: Optical trains of the commercially available scanners. (A) absorption, (B) fluorescence
quenching and true fluorescence.
R = recorder, I = integrator, E = detector, Pr = sample (TLC plate), S = mirror, M =

monochromator, L. = lamps (incandescent lamp @, deuterium lamp © and mercury lamp
OY. Fl = cutaff filter,
@), Fl = cutoff filter.

particularly when authentic reference substances are chromatographed on a
neighboring track. The use of differential spectrometry yields additional infor-
mation [64]. Quantitative analysis is usually performed by scanning at the wave-
length of greatest absorbance (Am,). However, determinations at other wave-
lengths can sometimes be advantageous, ¢.g. when the result is a better baseline.
An example is the determination of scopolamine at 4 = 220 nm instead of at Ay, =

205 nm or of the fungicide vinclozolin at 4 = 245 nm instead of at Amex = 220 nm.

Absorbance (reflectance) scanning: The positions of the chromatographically sep-
arated substances are generally determined at Am.. As the chromatogram is
scanned the voltage differences produced at the detector are plotted as a function
of position of measurement to yield an absorption scan (Fig. 24). Conclusions
concerning the amount of substance chromatographed can be drawn from the

areas or heights of the peaks [5].
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Indirect Determination of Absorption (Fluorescence Quenching)

s
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Fig. 23: Reflectance spectra (0—o0—) of 3 g testosterone (A) and 3 pg 4*-androstendione-
(3,17) (B) taken up on a slica gel layer compared with the absorption spectra determined 1n
methanolic solution (-— —)
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Piig. 24: Schematic representation of the recording of an absorbance scan. — M = measuring
shit

If the substance under investigation absorbs with wavelengths between 250 and
300 nm, it should be checked whether it is possible to employ chromatographic
layers containing luminescence indicators. For the inorganic indicators (Sec. 2.2.2)
also absorb in this range and emit, for example, yellow-green long-wavelength
radiation. Hence, it is the radiation that has not been absorbed by the substance
plus the fluorescence/phosphorescence radiation emitted by the indicator that
arrives at the detector. The signal produced is, therefore, a composite signal of

these two radiation types.

When working with a deuterium lamp the radiation encrgy is so low that the
luminescence radiation only makes up a few percent of the total radiation. This
can be easily checked in the majority of scanners by setting the total radiation (e.g.
7 =260 nm) to 100% reflectance and then inserting a cut-off filter in the beam.
This filter absorbs the short-wavelength radiation before it enters the detector
(Fig. 22B). The energy that remains comes from the emission of the indicator or
1s produced by stray light. The remaining signal is almost always small. Hence,
when a deuterium lamp is employed absorption determinations are only falsified
to a small extent. This falsification is also reduced by the fact that at the site ofa
zone the absorbing substance also reduces the cmission. The absorbing substances
absorb energy in the excitation range of the luminescent indicator and, hence, less
light is available for the stimulation of luminescence.

However, the optical train illustrated in Figure 22B allows the determination of
fluorescence quenching. The “interfering effect” described above now becomes the
i i ined. For this purpose the deuterium

lamp is replaced by a mercury vapor lamp, whose short-wavelength emission line
(A =254 nm) excites the luminescence indicator in the layer. Since the radiation
intensity is now much greater than was the case for the deuterium lamp, the
fluorescence emitted by the indicator is also much more intense and is, thus, readily
measured.

The emission of the indicator is reduced in places where there are substance zones
that absorb at A = 254 nm present in the chromatogram. This produces dark zones
(Fig 4A), whose intensity (or rather lack of it) is dependent on the amount of
substance applied. If the plate background is set to 100% emission the phosphores-
cence is reduced appropriately in the region of the substance zones. When the
chromatogram is scanned peaks are produced, whose position with respect to the
start can be used to calculate Ry values and whose area or height can be used to
construct calibration curves as a function of the amount applied (Fig. 25).
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FIR) «==Absorption a: 33: nm %
100 —Fluorescence quenching 100
{excitation 254 nm, fluorescence 525 nm) >
H Determination of W
075 ’E fluorescence quenching
90 &
g M - Pr(R)
g 254 nm [ [ [
050 H Filter FI 39
=S Shit 0 4 x 14 mm
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Fig. 25: Calibration curve for the determination of dulcin by fluorescence quenching and
absorption [2].

However, the direct determination of absorption at the wavelength of maximum
absorption is more sensitive (or in the worst case at least as sensitive) as the indirect
measurement of absorption by fluorescence or phosphorescence quenching.

The fact that this type of analysis usually involves phosphorescence can be demon-
strated by scanning a substance zone at various different rates. As can be seen in
Figure 26 the rate of scanning of the TLC plate has an appreciable effect on the
detector signal. The more rapidly the plate is moved the greater is the difference

detection limit compared with that for absorption measurement at A,,,. So analysis
of fluorescence quenching does not provide any advantages over the direct determi-
nation of absorption.

2.2.3.3 Quantitative Analysis

The determination of the spectrum reveals which wavelength is suitable for quanti-
tative analysis. The wavelength of maximum absorption is normally chosen, be-
cause the difference from the background blank is greatest here. In this type of
analysis the analyst “sacrifices” all the substance-characterizing information in the
spectrum in favor of a single wavelength. When the chromatogram is scanned
photometrically at this wavelength a plot is obtained of absorption versus position
on chromatogram (Fig. 25); the peak heights and areas are a function of the

Speed" TLC plate

Recorder paper [mm/min] 50 100 20 40 10 20 5 10
Reduction of

peak area [%] 10 5 3 -
Base-line change

(scale diviston) 15 12 10 9

Fig. 26: Influence of scanning rate on signal size (peak area).

amount of substance applied. The limiting law is the KUBELKA-MUNK furctiom —
{65, 66):

k (1—Ry,)?

s 2Ry
Where
k = absorption coefficient
s = coefficient of scattering of the stationary phase

D Y. PP

R, = absolute reflectance

According to the BEER-LAMBERT law

1 _
T =¢
1o

kd
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the coefficient of absorption k can be defined as

k=2303¢c
(¢ = molar extinction coefficient; ¢ = concentration of substance, in the present
case the amount of substance applied).

Strictly speaking the KUBELKA-MUNK function is only applicable under the follow-
ing conditions [67 —73]:
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2.3.1 General

Molecules that absorb radiation are raised to an excited state. They can return to
the ground state by

e converting the energy received into kinetic energy or converting it by means of

PO Yoy | sy fendictianlace
i

impacts into thermal energy which is then siowly transmitted away (radiationiess

e The irradiation of the sample must be diffuse.

o Monochromatic radiation must be employed for the analysis, so that the diffrac-
tion and refraction phenomena in the layer shall be as uniform as possible. This
also means that the radiation reaching the detector in reflectance retains its

“color value” and only changes in its intensity. This would not be the case for
polychromatic light; since a certain proportion of the light is absorbed during

deactivation);

e emitting the absorbed energy instantaneously as radiation energy in the form
of fluorescence [3, 75, 76].

- A

—the determination the composition of the light would change and would,
amongst other things, alter the sensitivity of the photomultiplier to the remaining
light.

e Mirror reflection (= regular reflection) must not occur.

h h N m b 0 n comparison with the elength emploved

so that no radiation can penetrate right through the layer and escape measure-

meni.

o The particles must be randomly distributed in the layer to avoid interference
effects.

o The particles making up the adsorbent must be very much smaller in size than

the thickness of the chromatographic layer.

matographic

These general requirements also apply to adsorbents laden with substance. All
these requirements are not fulfilled to the same extent in thin-layer chromatogra-
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phy. So the KUBELKA-MUNK function does not apply without qualification.

For this reason it is understandable that numerous empirical functions have been
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Fig. 27: Schematic representation of the relationship between absorptiqn aqd fluorescence
emission of the molecules — m and m’ are the terms involved in the vibrational quantum
numbers [4].
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The radiation emitted is usually longer in wavelength (i.e. lower in energy) than

2.3 The Detection of Fluorescent Substances 39

the incident light (STOKE’s law). It is only in the case of 0—0 transitions (shown
in Figure 27 as thick arrows) that the wavelengths for fluorescence and activation
are identical.

Since only relatively few substances are capable of emitting fluorescent radiation,
they can be particularly selectively detected. This means that the selectivity of the
chromatographic separation, which is always aimed at, is meaningfully extended
by the selectivity of detection. Accompanying substances that absorb radiation
but do not emit light do not interfere when the analysis is made by the selective
determination of fluorescence!

The same UV lamps discussed in Section 2.2.3.1 are employed to excite fluores-
cence. Excitation is usually performed using long-wavelength radiation (4=
365 nm), shorter wavelengths are occasionally employed (e.g. 4= 302 nm, DNA
analysis).

2.3.2 Visual Detection

If the fluorescent radiation lies above 4 = 400 nm it is detectable to the naked eye.
Light-bright zones are seen on a dark background. When this backgound does
not appear black this is because the “black light” filter of the UV lamp is also
more or less transparent to violet visible light. This covers the whole chromatogram
and also distorts the visual impression of the color of the fluorescence. Table 1
lists the emission wavelengths of the various fluorescent colors, which can, just as
Ry values be employed as an aid to substance identification (in fluorimetry the
subjective color impression does not correspond to the complementary color!).

If the evidence so obtained is insufficient then microchemical or physiological-
biological detection can follow. It is also possible to record the absorption and
fluorescence spectra.

2.3.3 Fluorimetric Dete

el RN IIIN

inations

The optical train employed for photometric determinations of fluorescence de-
pends on the problem involved. A spectral resolution of the emitted fluorescence
is not necessary for quantitative determinations. The optical train sketched in
Figure 22B can, therefore, be employed. If the fluorescence spectrum is to be
determined the fluorescent light has to be analyzed into its component parts before
reaching the detector (Fig. 28). A mercury or xenon lamp is used for excitation in
such cases.

Cut-off filters are employed to ensure that none of the excitation radiation can
reach the detector. Monochromatic filters are used to select particular spectral

Pr
Fig. 28: Optical train for the recording of fluorescence spectra.

regions in a continuum (e.g. in the fluorescent radiation) or — employed on the
excitation side — to pick out individual lines of a discontinuous spectrum. Their
quality increases with the narrowness of their half-width and with their trans-
parency at maximum.

Fluorescence scanning of chromatograms of polycyclic aromatic compounds is a

vivid example of their employment. A careful choice of the wavelengths of exci-

Excitation: 266 nm | Excitation: 365 nm | Excitation: 436 nm
Fluorescence Fluorescence Fluorescence
determination: M 365 | determination: M 436 | determination: M 578
g Rap
BbF
L
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&
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8_
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LTI ‘ £
il ' & 5.
? BicF 2l 232
’ i R
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Fig. 29: Fluorescence scans of polycyclic aromatic hydrocarbons at various excitation
wavelengths in combination with various secondary filters.

BghiP = benzo(gh,i)perylene; CHy = chrysene; Per = perylene; BbF = benzo-
(b)fluoranthene; BKF = benzo-(k)fluoranthene; BaP = benzo-(a)pyrene; IP = indeno-
(1,2,3cd)pyrene; Att = anthanthrene.
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tation and recording (emission) allows selective detection of the individual

components (Fig 29)

The relationships between amount of substance applied and the heights or areas
of the peaks 1n the chromatogram scan are employed for the quantitative determi-
nation of fluorescent substances The following relationship 1s apphcable when
the amount of substance is small

In=klpead

Where

I fluorescence intensity
proportionality factor

I 1ntensity of irradiating hght

¢ molar absorption coefficient

a amount of substance apphed

d thickness of adsorbent layer

The intensity of the emtted fluorescence I, 1s, therefore, directly proportional to
the amount of substance applied @ This relationship 1s much simpler than the
KUBELKA-MUNK function and always leads to a linear calibration curve passing
through the ongin If this 1s not true then nterference 1s occurring [5]

When recording excitation and fluorescence spectra 1t must be ensured that mono-
chromatic hght falls on the detector This can best be venfied in nstruments
buwit up on the kit principle or 1 those equipped with two monochromators
(spectroﬂuonmeters) The majonty of scanners commerc1ally available at the

chromatogram spectrometer (ZF.xss) So such units are not able to generatc direct
absorption or fluorescence spectra for the characterization of fluorescent com-
ponents

2.4 Detection of Radioactively Labelled Substances

Radioactively labelled compounds have been employed 1n biology for the clanfi-
cation of metabohc processes since the mid-1940s It has, thus, been necessary to
prepare such substances and to check on their punty

All the usual detection methods are naturally suitable for the detection of such
substances (Fig 2) Inaddition, however, 1t 1s also possible to detect the ﬁ-radlatlon
they produce The seiectivity of the deieciion 1s, thus, mcreased This, however,
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does not prowde any possxbxhty of substance-spemﬁc detectxon, since all 4C

The 1sotopes listed 1n Table 5 are the ones most frequently employed They are all
weak f-emutters with a relatively long half-hfe, so that they can unfortunately
contaminate the orgamsm 1n medical investigations

Table 5 List of the most commonly employed f-radiation-emitting radiotsotopes according
to thetr half-hves [5]

isotope Energy [MeV] Half-hife

36Cl 071 4 4x10° years
14C 0155 56 x10° years
*H 0018 12 26 years
358 0167 87 2 days

32p 170 14 3 days

1311 0 608 8 07 days

The 1sotopes can be detected by

e autoradiography,

o fluorography (scintillation autoradiography),
e spark chamber detection and

e scannng techniques

Their sensitivities are given 1 Table 6 We will discuss these detection techniques
in more detail in Volume 2

Table 6 Summary of the **C detection limits of various radio TLC methods [77]

Method Detection hmut
[nCi*
Liquid scmtillation method 001
Autoradiography 005
Spark chamber method 005
Radioscanning 01 02

a

nCi symbol for nano-curie, this untt corresponds to the amount of substance which
produces as many disintegrations per second as 1 ng radium
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Table 7. Nondestructive detection of lipophilic substances with water as detecting reagent.

2.5.1 Spectral Phenomena

P Aok e ohoniantanenns ith ot

it is ofien of 1mporumw to detect Umupuuuua in the Cnromatogram witnoul
causing chemical change. In the case of substances containing conjugated double
or triple bonds observation under UV light is to be recommended (Sec. 2.2.2). If
the layer contains a “fluorescence indicator” that emits radiation on irradiation
with short-wavelength UV light then the zone of absorbing substance appears as
a dark spot on a yellowish-green or bluish emitting background.

Substances that are intrinsically fluorescent can often be excited with long-wave-
length UV light. They absorb the radiation and then emit, usually in the visible
region of the spectrum, so that they appear as bright luminous zones, which can
frequently be differentiated by color. They, thus, set themselves apart from the
multitude of substances that only exhibit absorption. This detection possibility is
characterized by high specificity (Sec. 2.3).

Differences in solubility behavior or the influence on pH are also employed for

PSTPE S P URPE. U, ha Alcnviaand

nondestructive detection and they will now be discussed.

2.5.2 Wetting and Solubility Phenomena

d1pp1ng the chromatogram in water yxelds transparent layers on whlch llpophnlnc
substances are not wetted and they appear — if their concentration is sufficient —

as dry “white zones”. This effect can be recognized particularly well if the TLC
plate is held against the light while the completely wetted layer is slowly allowed
to dry. The zones can be marked and later employed for micropreparative investi-
gations or for biological-physiological detection. If the compounds are
radioactively labelled scintillation counting can also follow [78]. Examples of such
detection are listed in Table 7.

Aqueous solutions of dyes can also be employed instead of water. In the case
of hydrophilic dyes such as methylene blue or patent fast blue the transparent
background of the TLC/HPTLC plate is stained blue. Pale spots occur where there
are nonwetted zones. DAUBLE [89] detected anion-active detergents in this way on
silica gel layers as pale zones on a blue background with palatine fast blue GGN

Substances References Substances References
Hydrocarbons [79] Cholestanone, a-cholestanol [80]
Bile acids [81, 82] Triterpene derivatives [83]
Sapogenins [84] Cyclohexanol [85]
N-Aryl-N’,N’-dialkyl-urea Sulfur-containing

herbicides [86] polysaccharides [87]
Phosphoinositides [88]

and other dyestuffs. The detection limits for fatty acids lie at 1 to 2 ug per
chromatogram zone [90]. The contrast is best recognizable immediately after
dipping; it slowly disappears during drying.

On reversed phase layers, in contrast, detergents yield dark biue zones on a pale
background. Here it is the lipophilic part of the detergent molecule that is aligned
with the surface RP chain and the dye is attracted to the anionic part of the
molecule. Steroid derivatives can also be detected with aqueous solutions of dyes
[91].

Lipophilic dyes in aqueous alcoholic solutions can be employed in an analogous
manner [92, 93]. They are enriched at the zones of lipophilic substances, so that
these appear deeply colored on a pale background. This does not apply to fatty
acids with less than 12 C atoms [94].

The same applies to fluorescent substances. These dissolve in the hydrophobic
zones and lead to increased fluorescence when observed under long-wavelength
UV light. MANGOLD and MALINS [95] were the first to exploit this principle. They
sprayed their chromatograms with a solution of dichlorofluorescein and observed
that lipophilic substances produced a yellow-green fluorescence on a purple-
colored background. Their method was adopted by numerous groups of workers
{96 —106). Mixtures with rhodamine B have also been employed [107, 108].
FROEHLING et al. [109] later employed an aqueous solution of Ultraphor WT to
detect triglycerides. Glycoalkaloids can be detected fluorimetrically with alcoholic
Blankophor-BA267 solution [110]. Such detection is even possible on paraffin-
impregnated or RP layers [111].

Further examples illustrating the versatility of this nondestructive detection
method are listed in Table 8.

meinca ard insied 1 1ac
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Table 8. Employment of fluorescent substances for the nondestructive detection of lipophilic

substances

2.5 Nondestructive Dection Using Other Physical Methods 45

2.5.3 Acid/Base Properties

Reagent

Field of application and references

8-Anilinonaphthalenesulfonic
acid ammonia salt (ANS re-
agent)

Berberine

Brilliant green

Flavonoids:
Morin
""""" 1, fisctin, robinctin
Quercetin
Rutin

Fluorescein

Pinacryptol yellow

Rhodamine B

fatty acids [112, 113]; lecithin/sphingomyelin [114, 115];
cholesterol and its esters [116, 117]; steroids, detergents, hy-

Avararhane + meanal nranvlianinana.
drocarbons [118, 119]; prenol, prenylquinones [120]

sterols [121 —123]; saturated organic compounds [124]

neutral esters of phosphoric acid [125), carbamate herbicides
34

condensation products of urea, formaldehyde and methanol
[126], pesticide derivatives [127]; sweetening agents [128,
129]; anion-active and nonionogenic surface-active agents
[130]

steroids, pesticides [29, 132, 133]
pesticides [134—137}

vanadium in various oxidation states [138]
uracil derivatives [139]

paraffin derivatives, waxes, hydrocarbons [140, 141]; ali-
phatic acids [142]; hydroquinone and chlorinated derivatives
[143); isoprenoids, quinones [111, 144]; oxathizine fungicides

1142]; 1soprenoigs, quinones

[145]; barbiturates, phenothiazines [146]

surface-active agents [147 —151}; carbamate-based insecti-
cides and herbicides [152]; organic anions [153]; sweeteners
[129, 154]

vaseline [155]; diphenyl, polyphenols [156]; maleic and fu-
maric acids [162]; flavonoids [158]; alcohols as

Acidic and basic substances can be detected using pH indicators. Indicators
changing color in the acid region are primarily employed. They are applied to the
chromatogram by dipping or spraying with 0.01 to 1% solutions. The pH is

Table 9. Use of indicator dyes to detect pH-active substances.

Indicator/pH transition range Application and references

Bromocresol blue (3.8...5.4) lichen acids [186]

Bromocresol green (3.8...5.4) aliphatic carboxylic acids [103, 187 — 204]; triiodobenzoic
acid [205), derivatives of barbituric acid [206];
amphetamine derivatives [207, 208]; phenazones,
morazone [209]; alkaloids [91, 209]; nephopam [210];
phenyramidol metabolites [211]; diethylalkylacetamide
derivatives [212); zipeprol (Mirsol) [213]; thalidomide
and hydrolysis products [214]; cyclohexylamine deriva-
tives [215]; herbicide residues [216]

Bromocresol purple (5.2...6.8) glutamic and ketoglutaric acids [217), halide and halate
anions [91, 218, 219]; preservatives [220, 221]; products
of pyrolysis of epoxy resins [222]; 5-aminodibenzocyclo-

heptane derivatives [223]; phenylalkanolamines, eph-
edrine [224]

Bromophenol blue (3.0...4.6) aliphatic carboxylic acids [225 —228]; malonic and lactic
acids [229]; palmitic and lactic acids [230]; malonic, gly-
colic, malic, citric, tartaric, ketoglutaric, galacturonic and
oxalic acids [196]; dicarboxylic acids, succinic acid [231];
indoleacetic acid, trichloroacetic acid [232]; palmitic acid,

Rhodamine G
Rhodamine 6G

6-p-Toluidino-2-naphthalene
sulfonic acid (TNS reagent)

Uranyl acetate

3,5-dinitrobenzoates [159, 160]; gangliosides [161];
1-hydroxychlorden [162]; carbamate pesticides [163]; para-
thion and its metabolites [164]; polyethylene and
polypropylene glycols [165]; terpene derivatives [166]; men-
thol [167]

neutral steroids {168]

long-chain hydrocarbons [169]; squalene, a-amyrin [170];
methyl esters of fatty acids [171]; glycerides [91]; sterols [172,
173); isoprenoids, quinones [111]; lipoproteins [174];
giycosphingolipids [175]; phenolic lipids [176];
phosphonolipids [177]; increasing the sensitivity after ex-
posure to iodine vapor [178, 179]

cholesterol [180]; phospho- and glycolipids [181]; neutral
lipids [182]

purines [36]

palmityl- and stearyllactic acid [223]; benzoic, sorbic and
salicylic acid [234]; metabolites of ascorbic acid [235];
chloropropionic acid [236]; oligogalacturonic acids [237];
amino acids, hydrocarbons, mono-, di- and triglycerides
[238]; xylobiose, xylose, glucose and derivatives [239];
sugar alcohols [91]; toxaphene [240]

Bromothymol blue (6.0...7.6) acid lipids, cholesterol glucuronides and gangliosides
[241]; aryloxybutanolamine derivatives [242];
norfenfluramine derivatives [243]; ethylamphetamines
[244]; involatile mineral oil hydrocarbons [245];
phospholipids [51]

Malachite green (0.0...2.0) uracil derivatives, triazine herbicides [163]; polar lipids
[246, 247]; phospholipids [248, 249]; fatty acids, fatty
aldehydes, phospholipids and glycolipids [250];
microbiocidal isothiazolones [251]
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adjusted to be near the indicator range by the addition of either boric or citric

acid or borax, ammonium hydroxide or sodiunt hydroxide solution—Mixed indi

cators such as dimethyl yellow and pentamethylene red {183], or methyl red with
bromocresol green [184] or with bromophenol blue [185] have also been employed
in addition to the indicator dyes listed in Table 9.

2.5.4 Treatment with Iodine

Treatment of the solvent-free chromatogram with iodine vapor or by dipping in
or spraying with iodine solution {0.5—1%) is a rapid and cconomical universal
method of detecting lipophilic substances. Molecular iodine is enriched in the
chromatogram zones and colors them brown.

In practice a few iodine crystals are usually placed on the bottom of a dry, closed

trough chamber. After the chamber has become saturaied with violet iodine vapor
the solvent-free plates are placed in the chamber for 30 s to a few minutes. The
iodine vapor condenses on the TLC layers and is enriched in the chromatogram
zones. lodine vapor is a universal detector, there are examples of its application for
all types of substances, e.g. amino acids, indoles, alkaloids, steroids, psychoactive
substances, lipids (a tabular compilation would be too voluminous to include in
this section).

The chromatogram is observed and documented as soon as the spots are readily
visible. The iodine can then be allowed to evaporate from the chromatogram (fume
cupboard!). The chromatogram can then be subjected to further reactions or

processes ble reaction:
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(fume cuboard! 60—100°C), before the yellow (emetine) and blue (cephaeline)
nce of the zones becomes visible. With appropriate standardization this

reaction is suitable for in situ fluorimetric quantitation [255].

Other examples of irreversible derivatization on treatment with iodine have been
described for phenolic steroids (estrone derivatives [256]), morphine [257] and 23
other pharmaceuticals [258]. These reactions are probably favored by the presence

[T Ty

of silica gel as stationary phase and by the infiuence of light.
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Every analytical result forms the basis for a subsequent decision process. So the
result should be subject to a high degree of precision and accuracy. This is also
true of chromatographic methods. The physical detection methods described until
now are frequently not sufficient on their own. If this is the case they have to be
complemented by specific chemical reactions (derivatization).

These reactions can be carried out during sample preparation or directly on the
layer at the start after application of the sample. Reactions have also been described
in the capillaries employed for application.

Thus, MATHIS et al. [1, 2] investigated oxidation reactions with 4-nitroperbenzoic
acid, sodium hypobromite, osmium tetroxide and ruthenium tetroxide. HAMANN
et al. [3] employed phosphorus oxychloride in pyridine for dehydration. However,
this method is accompanied by the disadvantages that the volume applied is
increased because reagent has been added and that water is sometimes produced

in the reaction and has to be removed before the chromatographic separation.

All cases involve prechromatographic derivatizations which introduce 2 chromo-
phore leading to the formation of strongly absorbing or fluorescent derivatives

during sample at the start

| preparation
v 4 ‘
hromatographic
visual and prechromatograp ﬂhromato—
mrambins

phok_;— graphic
metric exa- derivatization steps develop-
mination ment

postchromatographic

chromatogram ‘_—4‘

— detection —

L

Fig. 30: Schematic representation of the position of the derivaiizaiion sieps.
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which increase the selectivity of the separation, increase the sensitivity of detection

and improve the linearity [4]. Trace analyses often only become possible after
chemical reaction of the substance to be detected. The aim of prechromatographic
derivatization is, thus, rather different than that of postchromatographic
derivatization, where the aim is first to detect the substance and then only second-
arily to characterize it (Fig. 30).

3.1 In Situ Prechromatographic Derivatization

There has for some years been a considerable backlog in the development of
practicable prechromatographic methods [5]. It is becoming more and more re-
cognized that the future direction to be taken by trace analysts is to make improve-
ments in the extraction, enrichment and clean-up of the sample and in the optimiza-

tion of derivatization. It is only in this way that it is possible to employ the sensitive

anzauon, tisomymnminisw that 1t 1S poss1bic 10 eMploy 1nC sensilv

chromatographic techniques optimally for the solution of practically relevant
problems.

About 100 000 new chemical compounds are synthesized every year [6]; these have
to be recognized, identified and determined quantitatively. Ever more frequently
this is only possible because of the employment of multiple chromatographic
methods coupled with derivatization during or before the separation process.

For these reasons “Reaktions-Chromatographie” [7] (“Chromatographie fonctio-
nelle sur couche mince” [1, 2]) is steadily gaining in importance. Here the reaction,
which also then takes on the role of a clean-up step, is performed at the start or

The requirements of such a reaction are [8]:

o single, stable reaction products,

o high yields in all concentration ranges,

o simplicity and rapidity in application,

e no interference by excess reagent with the chromatographic separation and
analysis that follows.

Such in situ reactions are based on the work of MILLER and KIRCHNER [9] and
offer the following possibilities [10]:

o The reaction conditions can be selected so as to be able to separate substances
with the same or similar chromatographic properties (critical substance pairs)
by exploiting their differing chemical behavior, thus, making it easier to identify
them. Specific chemical derivatization allows, for example, the esterification of
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primary and secondary alcohols which can then be separated from tertiary
hromatographic development (Sec. 3.1.5). It is just
as simply possible to separate aldehydes and ketones produced by oxidation at
the start from unreactive tertiary alcohols and to detect them group-specifically.

o The stability of the compound sought (e.g. oxidation-sensitive substances) can
be improved.
o The reactivity of substances (e.g. towards the stationary phase) can be reduced.
o The stability of the compound sought (e.g. oxidation-sensitive substances) can
be improved.
This, on the one hand, reduces the detection limit so that less sample has to be
applied and, thus, the amounts of interfering substances are reduced. On the other
hand, the linearity of the calibration curves can also be increased and, hence, fewer
standards need to be applied and scanned in routine quantitative investigations
so that more tracks are made available for sample separations. However, the
ntroduction of a large molecular group can lead to the “equalization” of the
chromatographic properties.

In practice, reaction chromatography is usually performed by first applying spots
or a band of the reagent to the start zone. The sample is usually then applied while
the reagent zone is still moist. Care should be taken to ensure that the sample
solvent does not chromatograph the reagent outwards. The reagent solution can
be applied once more, if necessary, to ensure that it is present in excess. There is
no problem doing this if it is employed as a band with the Linomat IV, (Fig. 31],
for instance.

a glass strrp before bemg placed on a hotplate orina drymg cupboard After
reaction is complete the TLC plate should be dried and development can begin.
There have also been repeated descriptions of coupling in the sense of a two-
dimensional S—R —$ (separation — reaction — separation) technique. In this
case the chromatogram track from the first separation serves as the start zone
for a second chromatographic development after turning the plate at 90°. The
derivatization described above is performed between the two chromatographic
separation steps.

Reactions can also occur during chromatographic development. These can either
be undesired reactions or planned derivatizations. Thus, WEICKER and BROSSMER
[11] have reported, for example, that hexoses, pentoses and disaccharides can be
aminated when ammonia-containing mobile phases are employed on silica gel G
layers. On the other hand, fluorescamine or ninhydrin have been added to the
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Table 10: Selection of prechromatographic derivatizations involving oxidation and reduction
reactions.

Fig. 31: Linomat IV (CAMAG).

mobile phase with the aim of converting peptides, amino acids or amines to
fluorescent or colored derivatives. Unsaturated fatty acids or sterols have been
brominated by adding bromine to the mobile phase or oxidized by the addition
of peracetic acid. Other examples are to be found in Section 3.2.4.

When undertaking quantitative investigations it should be checked that the reac-

Substances Method, reagent and end products References

Oxidations
Phenothiazines Apply sample solution followed by 10—20% hy- [12]
drogen peroxide solution, dry at 60°C. Sulfoxides

are produced.

Anthocyanins, which interfere with the [13]
chromatographic determination of other sub-

stances, are destroyed by “overspotting” with 3%
ethanolic hydrogen peroxide solution.

Anthocyanins

a-Terpineol Apply sample solution as spots followed by 1]
4-nitroperbenzoic acid at the start, allow to react

for several minutes, dry and develop.

Apply alcoholic solution, then 20% chromic acid 14}
in glacial acetic acid, allow to react and develop.
Citral is formed.

Geraniol

The terpenoids are applied at the start together [15]
with 1,4-naphthoquinone potassium fert-
butoxide, heaied iogether to 126°C for 24 k then

developed.

Diosgenin, tigogenin, Moisten the dried sample zone with 20% alu- [16]
androst-5-en-17-on-3-f-ol minium isopropoxide in benzene, spray with
acetone-benzene (4 + 1), heat to 55°Cin a benzene
acetone (1 4 1) atmosphere (twin-trough
chamber) for 2 h, then dry, spray with 10% aque-

Isopulegol, daucol, men-
thol, khusol etc.

tion on the TLC plate is complete — or at least stoichiometric and reproducible.
In all cases it is also useful to apply reagent and sample solutions separately on
neighboring tracks in order to be able to determine where the starting products
appear in the chromatogram under the reaction conditions. In this way it is

LI PR LI W, SRS M PSRN oy _ewr~Arinta o pee
possible to decide whether additional by-products are produced.

3.1.1 Oxidation and Reduction

Oxidations and reductions are amongst the most frequent in situ prechromato-
graphic reactions; they were exploited as early as 1953 by MILLER and KIRCHNER
[9). They characterized citral as an aldehyde by oxidizing it to geranic acid and

reducing it to geraniol. Further examples are listed in Table 10.

ous silver o

20 min at 80°C. Diosgenone and tigogenone are
produced, for example, (OPPENAUER reaction, an-
hydrous solvent!).

17-Hydroxy-
corticosteroids

Apply sample then follow with 10% aqueous so- [3]
dium periodate solution, allow to react, dry at
50°C and develop. 17-Ketosteroids are produced.

Oleanolic acid, ursolic
acid, betulic acid

Apply sample solution followed by 2% [16]
chromium(VT) oxide solution in acetic acid, spray

with acetic acid and keep in an atmosphere of

acetic acid for 30 to 50 min in a twin-trough

chamber. Then heat to 50°C for a few minutes,

spray with methanol to destroy the excess of

oxidizing agent, activate the TLC plate and de-

velop. Oleanonic acid, 3-ketoursolic acid and

3-ketobetulic acid are produced.
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Table 10 (Continued)

Substances

Method, reagent and end products

References

Alkaloids

Strychnine, brucine

Polyaromatic hydro-
carbons (PAH)

a) 10% chromic acid 1n glacial acetic acid 1s ap-
plied on top of the sample spot Development 1s

performed after a brief reaction period

periormed aller a briel reaclio

b) Dehydration by heating the apphed sample
solution on silica gel layers

Oxidation 1s performed with potassium
dichromate solution This oxidizes brucine to the
o-quinone which can then be separaied
chromatographically

a) Apply the sample solution, spray with
trifluoroacetic acid solution, heat to 100°C, cool
and develop Trifluoroacetic acid catalyzes oxi-

PP T U

dation by atmospheric oxygen
Yy P! 34}

b)Apply sample solution and place 1n an 10dine
chamber for several hours, allow the 10dine to
evaporate 3,4-Benzpyrene forms, for example,
bis-3,4-benzpyrenyl

2]

[18, 19]

(17

(2]

Reductions
Steroids

The applied steroids are reduced by means of a
mixture of 10% ethanolic sodium borohydnde
solution and 0 t N sodium hydroxide solution

(1 + 1) The excess reagent 1s neutralized with acid
after 30 min

3l

Table 10 (Continued)
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Substances

Method, reagent and end products

References

Disulfides

Methy! glycyrrhetate,
diosgenin

Fatty acids

Maleic, fumaric,
glutaconic, citraconic,
mesaconic and 1taconic
aad

The applied sample solution 1s treated with 0 4%
sodium borohydride solution 1 95% ethanol
After 15 to 20 min reaction time the excess reagent
1s destroyed with acid

Apply 5% palladium or platinum chlonide 1n 50%
hydrochloric acid to the start, then spray with
alkaline formaldehyde solution and dry 1 arr,
spray with 5% acetic acid solution and dry at
80°C Then apply the sample solution and lightly
spray with ethyl acetate Store the TLC plate for
50 to 72 h 1n a desiccator over ethyl acetate ina
shight stream of hydrogen, then dry and develop
The product 1s, for example, methyl des-

oxvealvcurrhetate
oxyglycyrrhetate

Apply 1 drop colloidal palladium solution to the
start zone and dry at 80 to 90°C for 60 min Then
apply the sample solution, store the TLC plate for
60 m1n 1n a hydrogen-filled desiccator, then dry
and develop

Apply colloidal palladium solution to the starting
point (diameter 8 to 10 mm) and dry Then apply
sample solution and gas with hydrogen (desic-
cator) for 1 h Maleic and fumaric acids yield suc-
cinic acid etc , which may also be separated
chromatographically

[26]

[16]

127, 28]

[29]

Strychnine

Oleanonic acid,
tigogenone

I- KC(OCDOICSlCl'Ol S[C[l)l
hydroperoxides

Alkaloids

Sample applied as spots followed by 5% sodium
borohydride solution, which 1s then dried and fol-
lowed by development

Apply sample and then treat with 10% sodium
borohydride solution 1n methanol —water (1 + 5)
Spray TLC piate with methanol and store in a
desiccator at 55°C for 1 5 h over ethanol —meth-
anol —dioxan (4 4+ 1 + 1), then dry the TLC plate
(drying cupboard) and develop Oleanolic acid
and tigogenin are produced

The apphed sample is treated with 1% methanolic

sodium borohydride After allowing reaction to
proceed for 5 min the TLC plate 1s dried and then
developed

Sodium borohydride solution 1s applied after the
sample solution The plate 1s dried and developed
after a few minutes

[22]

[16]

12, 25]

Amino acids

N itre o <
INIRATO cumpounds

i Nitropyrene

Tetrazolium salts

The configuration was determined by reacting
with a carbobenzyloxy-L-amino acid azide and
reductively removing the protective group with
hydrogen/palladium chloride solution

The sample was appled, followed by 15% zinc

chloride solution and dilute hydrochloric acid
The reaction was allowed to proceed for a short
time, the plate was then dried and the amino com-
pounds so formed were chromatographed

Extracts of diesei exhaust gases were applied io
concentrating zone, platinum chlornde solution
was then applied followed by sodium boro-
hydnde 1-Aminopyrene was formed

Formazan dyes are produced on reaction of
tetrazolium salts with ammonium sulfide

[30]

133]
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Table 10 (Continued)

Table 11 (Continued)

3.1 In Situ Prechromatographic Derivatization

63

a chamber over the vapors of 37% hydrochloric
acid, allow to react and chromatograph after the
removal of excess hydrochloric acid

phate, glucose-1-phos-
phate

hydrolyze to cytidine, glucose and orthophos-
phate

i B
Substances Method, reagent and end products — Referemces
Substances Method, reagent and end products References
Epoxides Apply two 5 pl portions of 10% phosphoric acid, [38]
11-p-Hydroperoxy- The sample solution 1s apphed and then treated [34] allow to dry for 20 min then apply the sample
lanostenyl acetate with 5% 1ron(Il) ammonium sulfate in water — solution and dry for 1 h Epoxides including
methanol — ether (2+ 1+ 1) 11-Oxolanosteny! trisubstituted epoxides are completely ring-
acetate 15 formed opened . ) o
Sulfonamudes, 1,2-d1- Apply samples and dry, place TLC plate in a twin- [39]
acetylhydrazine, pro- trough chamber with furung hydrochloric acid
caine, benzocaine, etc and heat to 100°C Then remove the acid 1n a
stream of cold air and chromatograph
3.1.2 Hydrolysis
Alkaline hydrolysis
Hydrolytic reactions can also be performed at the start as well as oxidative and a-Amyrin benzoate, lupeol Apply the sample solution to an alumintum oxide [16]
reductive ones They can be carned out by “wet chemustry” or enzymatically acetate, tigogenin acetate  layer, apply 7% cthanolic potasstum hydroxide
solution on top and spray with methanol — water
Examples are sted in Table 11 (2 + 1), then store for 4 h at 55°C over ethanol —
methanol — dioxan (4 + 4 + 1), finally dry at
100°C and develop The 38-alcohol 1s formed 1n
Table 11 Prechromatographic derivatization involving hydrolytic and enzymatic cleavage o each case
reactions n-Hexadecyl esters Apply sample solution, followed by methanolic {40]
sodium hydroxide solution, warm and then
Substances Method, reagent and end products References chromatograph
- . Phenylurea and N-phenyl- Apply sample solution, overspot with 7% [41]
Acid hydrolysis carbamate residues methanolic potassium hydroxide, cover the start
Alkenylacyl- and Apply bands of sample solution, overspray with [35] zone with a glass plate and heat to 170°C for
___ dhacylethanol amme phos- 12% hydrochloric acid, leave in an atmosphere of 20 mn Prumary arylamines are produced
phatides nitrogen for 2 min and then dry in a stream of Digitalis glycosides Apply the sample solution as a band, then cover [37]
nitrogen, then chromatograph The vinyl ether the layer, apart from the application zone, with a
linkages 1n the phosphatides are hydrolyzed glass plate and place 1t n an ammonma chamber
Flavone, cumarin and Spray the sample zone with 10% ethanolic hydro- [16] for 24 to 48 h, remove excess ammonia and
triterpene glycosides, chloric acid Then expose to the vapors of conc chromatograph Acetyl groups are split off
solamargine, solasonine  hydrochloric acid — ethanol (1 + 1) 1n a twin-
trough chamber, heat to 50 to 55°C for 4to S h, A
dry at 90°C for 3 mun, spray with 50% ethanohc Enzymatic cleavage
ammonia solution and finally activate at 100°C Cytidine-diphosphate glu- Buffered phosphate diesterase 1s applied on top of [42]
for Smun Solasodine and the corresponding cose the sample, covered with parafilm and warmed
aglycones and sugars are produced to 23°C for 45 to 60 min Cytidine-5-mono-
Cardenolide glycosides Apply bands of sample solution containing ca [36, 37] phosphate and glucose-1-phosphate are
25 pg glycoside, cover the layer, apart from the formed
application zones, with a glass plate and place 1n Cytidine-5'-monophos- Prostate phosphate monoesterase 1s employed to [42]
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Table 11: (Continued) Table 12: Prechromatographic derivatization by halogenation.
Substances Method, reagent and end products References Substances Method, reagent and end products References
Phosphatidylcholine Apply phospholipase C solution as a band, dry, [43] Chlorination
apply sample solution to enzyme band, stop reac- Cholesterol, g : : : .
- : L g , glycyrrhetic  Apply sample solution and moisten with anhy- [16]
tion with hydrochloric acid vapor. sn-1,2-Digly- acid acetate drous benzene, subject for 4 h to the vapors of
cerides are produced. sy aa 1 AT i
inlonyl cnioriae — benzene (1 + 1) 1n a aesiccalor,
Digitalis glycosides Apply sample solution as band and then luizyme [371 then dry and develop.
solution over it; if necessary, moisten the appli- . A chlorinated cholesterol or the chloride of 3-8-
cation zone with water. Cover the layer, except for acetoxyglycyrrhetic acid are formed.
the appllC%(loll zone, with a glass plate and incu- Acetanilide, p-chloro- Apply sample solution and treat with chlorine [44]
bate at 39°C for 2to S h. acetamilide, 2.5-dichloro- Pl o beas for M 2 than hant
e, 2,5-dichloro-  vapor in the trough chamber for 20 s, then heat
acetanilide to 60°C for $ min in a ventilated drying cupboard.
Various chlorination patterns are produced.
3.13 Halogenation a-Bromoisovalerylurea, Generate atmosphere of chlorine with KMnO, [209]
acetylbromodiethylacetyl- and HCl. Expose TLC plate to chlorine for ca.
The treatment of unsaturated substances with halogen leads to addition to these urea, caffeine, codeine S min. Remev;‘: excess chlorine completely by
molecules. This is true not only of bromine and chlorine vapor but also of the less phosphate heating to 105°C for 10 min. Spray witha mixture
ive iodine. Substituti h in th flight. E les of such of 100 ml 0.5% benzidine solution in ethanol and
reactive 19 ine. Su ~stltut}on also occurs. n the pr.esenoe of light. Examp fas 0. suc 2 ml 10% K1 solution. Caffeine and codeine phos-
halogenations are listed in Table 12. Figure 32 illustrates the characterization of phate only react on Al,O; phases.
fluorescein in a bubble bath preparation. Bromination of the fluorescein in the
start zone yields eosin. Bromination
Cholestanol, cholesterol ~ Apply sample solution, treat with a 2 to 3-fold [45]
excess of 0.1% bromine in chloroform. Only chol-
esterol is derivatized.
Fluorescein Apply Sample solution, lead bromine vapor over [46]
itor apply 0.1% bromine
intermediate bromination products are formed
with eosin as the final product (Fig. 32).
Imperatorin Apply sample solution, moisten with chioroform, [16]
place in the vapors of 10% bromine in chloroform
and then dry and develop after an appropriate
reaction time. Tribromoimperatorin is produced.
Sorbic acid Treat with bromine solution or bromine vapor; [47]
R di-, tri- and tetrabromocaproic acids are pro-
duced.
Capsaicinoids Bromine vapor chamber: unsaturated [48]
capsaicinoids are completely brominated.
Fig. 32: Characterization of fluorescein in a foam bath by bromination. 1 = fluorescein, Phenylbutazone, pre- 0.1% bromine in chloroform, 2 to 3-fold excess. [49]
2 = foam bath brominated, 3 = foam bath, 4 = eosin. nazone
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Table 12: (Continued)

3.1 In Situ Prechromatographic Derivatization 67

Table 13: Prechromatographic derivatization by nitration and diazotization.

This wide range of reactions offers possibilities of carrying out substance-specific

derivatizations. Some exampies of applicaiions are listed in Table 13.

silica gel 60 plate in a saturated ethanolic solution
of Fast Dark Blue R salt, allow the solvent to
evaporate, apply the sample solution and dip once

Substances Method, reagent and end products References
Substances Method, reagent and end products References
Barbiturates, Bromination, distinction between reacting and [50—52] .
thiobarbiturates nonreacting barbiturates. Nitration
Polycyclic aromatic hy-  Apply sample solution and dry. Place TLC plate [20]
Iodination drocarbons (PAH) for 20 min in a twin-trough chamber containing
Pyridine, pyrrole, quino-  Apply sample solution and place the TLC plate in [531 gﬁ?i?:;g“;apj:xle;‘é;h’m 2 to 3 ml conc.
line, isoquinoline and in-  an iodine vapor chamber for 18 h, remove the PAH nitrated by nitrous fu;ne
dole alkaloids excess iodine in a stream of warm air. 4 >
Characterization on the basis of the iodination Phenols Apply sample solution, dry, expose to nitrous {56}
pattern. fumes.
Polycyclic aromatic hy- After application of the sample solution place the [20] a-, f-Naphthol, Apply sample solution and spray with 90% nitric  [19, 57]
drocarbons, TLC plate in a darkened iodine vapor chamber 4-chloroaniline, acid, heat to 105°C for 30 min, allow to cool and
naphthylamines (azulene a few minutes, PAH several hours). Then chlorothymol, etc. develop. Then reduce and diazotize.
remove the excess iodine at 60°C. Marmesin, xanthotoxin Apply sample solution and moisten with acetic [16}
Dehydrated cholesterol Apply sample solution; then place TLC plate in 541 acid and then expose to the vapors of conc. nitric
an iodine vapor chamber, blow off excess iodine. acid and acetic acid (1 + 1) for 30 to 60 min at
Di- and trimeric components are produced. 55°Cin a desiccator. )
. . . . 6-Nitromarmesin and 4-nitroxanthotoxin are
Phenolic steroids (estrone Apply sample solution, then place TLC plate in 551 i
R formed respectively.
etc.) an iodine vapor chamber. 2-Iodoestrone and 2,4- 1 .
diiodoestrone are produced. Brucine Apply a drop of conc. nitric acid to the spots of 22}
applled sample solution and allow to react for
15 min. Then activate the TLC plate at 120°C for
15 min and develop after cooling.
Estrogens Apply bands of sample solution, expose to am- [58)
monia vapor and dinitrogen tetroxide (from cop-
per and conc nitric acid), blow off excess and
develop the nitroestrogensso formed, Detection
. . . .. by diazotization and coupling.
3.1.4 Nitration and Diazotization
Diazotization and coupling
Nitration and diazotization are often employed with the aim of producing colored, o p-anisidine, Apply bands of samlplehsolutlorll, spray (V;'“h so- {60}
visually recognizable “derivatives” which i jori o-chloraail, dium nitrite in 1 mol/l hydrochloric acid solution
of nonZ tingn ds and can. th ¢ b"::re co.r:.splcuous amongst _the m?jonty 2.5-dimethoxyaniline and heat to 105°C for 5 min. After cooling apply
eacting compounds and can, thus, be specifically detected and investigated. 5% a-naphthol solution and dry in a stream of
Aromatic nitro compounds are often strongly colored. They frequently produce “A";‘m:l""' formed.
characteristic, colored, quinoid derivatives on reaction with alkali or compounds © dyes are 1orm
with reactive methylene groups. Reduction to primary aryl amines followed by 2.5-Dimethoxyaniline Apply sample solution as spots; then apply [61]
diazotization and coupling with phenols yields azo dyestuffs. Aryl amines can also giz‘l’:;“;‘.tgﬂ;“mdz and a-naphthol solution and
react with aldehydes with formation of SCHIFF’s bases to yield azomethines. .
Estriol Dip the concentrating zone ofa precoated HPTLC {10, 59]
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Table 13: (Continued)

3.1 In Situ Prechromatographic Derivatization 69

or not at all and can, thus, be separated chromatographically from the esters that

Substances Method, reagent and end products References
again into the reagent solution; dry the
chromatogram and develop it.
Esirone, esiradiol, Dipsilica gel foil 2 cm in saturated Fast Black Sait {294]
estriol K solution and dry in a stream of warm air. Apply

sample solution, dip again in reagent solution and
dry. Dip the TCL plate 2 cm in 4% pyridine-
cyclohexane solution, dry at 100 to 200°C and
develop the azo-dyestuffs that are formed.

3.1.5 Esterification and Etherification
MiLLer and KIRCHNER [9] and MATHIS and OurissoN [1] have both already
demonstrated that esterification at the start can be employed to distinguish pri-
mary, secondary and tertiary alcohols. Tertiary alcohols react much more slowly

Citronellol
Acetylation
Citronellyl
acetate
Menthol
Acetylation
Menthyl
acetate
Linalool
Acetylation
Linaloyl
acetate

Fig 33: Differentiation of primary (citronellol), secondary (menthol) and tertiary alcohols
(linalool) by in situ prechromatographic acetylation: citronellol reacts completely, menthol
partially and linalool not at all.

are formed (Fig. 33). Some examples are listed in Table 14. They reveal that acetic
and trifluoroacetic anhydride have been employed almost exclusively for the
esterification of alcohols, while acids have been esterified with diazomethane or
sodium methylate.

Table 14: Prechromatographic derivatization by esterification and etherification.

Apply sample solution; then moisten with 62}
trifluoroacetic anhydride, dry and develop. Sapo-
genin trifluoroacetates are produced.

A Apply extract and standard, then apply
trifluoroacetic acid, allow to react at room tem-
perature for 5 min then dry for 10 min at a max.

of 40°C and develop.

Aflatoxins, ochratoxin A, Apply sample solution and dry; then apply [65]
sterigmatocystine, trifluoroacetic anhydride; allow to react at room
penicillic acid, patulin temperature for 45 min, develop. The derivatives

of patulin and penicillic acid possess appreciably

different hR; values.

163, 64]

Ochratoxin A, citrinin,
penicillic acid,
sterigmatocystine,

Apply extracts of cereals or fungal cultures; apply [66]
50 pl pyridine — acetic anhydride (1 + 1) on top;
remove the excess reagent in a stream of cold air

aph. The reagents can also be ap-

plied via gas phase

Menthol, citronellol,
linalool

Apply the alcohols followed by the acetylation [46]
mixture on the still damp spots. Repeated appli-

cation of the reagent is necessary for complete

reaction; heat to 100°C for 15 min, then

chromatograph.

Apply sample solution; then apply 60% acetic [671
anhydride in anhydrous pyridine, heat to 95 to

100°C for 15 min, allow the excess reagent to

evaporate, develop.

Polyglycerol

Patulin Apply sample solution, then apply acetic anhy- [68, 69]
dride — pyridine (9 + 1), allow to react for 5 min

and dry for 15 min in a stream of warm air.
-, f-Amyrin, Apply sample solution as band, followed by acetic [16]
6-hydroxyflavones anhydride — pyridine (6 + 1), warm to 40°C for

1.5 hin a desiccator i an atmosphere of acetic
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Table 14: (Continued)

Table 14: (Continued)

3.1 In Situ Prechromatographic Derivatization !

Substances Method, reagent and end products References
Fatty acids, n-hydroxy Apply sample solution, followed by methanolic [70}
acids, ursolic acid boron trifluoride solution, heat with a hot-air
drier, allow to cool and develop.
Sorbic acid, benzoic acid Apply sample solution in the form of a band, 78]
followed by 0.5% 4-bromophenacyl bromide in
N,N-dimethylformamide. Heat to 80°C for
45 min, dry and chromatograph.
Phenols Apply sample solution and spray with saturated {791

sodium methyiate sofution and then treat with 4%
2,4-dinitrofluorobenzene in acetone and heat to
190°C for 40 min. Chromatograph the dinitro-
phenyl ethers so produced.

3.1.6 Hydrazone Formation

In order to characterize them and more readily separate them from interfering
accompanying substances carbonyl compounds (aldehydes, ketones) can be con-
verted to hydrazones at the start. The reagent mainly employed is 2,4-dinitro-
phenylhydrazine in acidic solution [70]. This yields osazones with aldoses and
ketoses. Some examples are listed in Table 15.

Substances Method, reagent and end products References
anhydride. Then heat to 100°C for a few minutes.
The corresponding acetates are produced.
Alcohols Apply sample solutions as bands followed by a [16]
suspension of sodium acetate in acetic anhy-
dride — glacial acetic acid (3 + 1), then spray the
plate lightly with acetic anhydride, allow to react
for 3 h at 50°C in a desiccator, evaporate off and
develop. Here too the acetates are produced from
the alcohols employed.
Sterols, triterpenoids (e.g. Apply sample solution followed by acetyl chloride [70]
lupeol), primary and sec-  and then remove the excess reagent in a stream of
ondary alcohols hot air.
Biogenic amines (e.g. sero- Apply sample solution followed by benzoyl chlor- 71}
tonin) ide solution (5% in toluene), dry and chromato-
graph.
Menthol, linalool, Apply 10% 3,5-dinitrobenzoyl chloride solution [72)
citronellol, geraniol, a-ter- in p-xylene — tetrahydrofuran (154 2), followed
pineol, cinnamic aicohol by sampie soiution; ailiow to react; destroy excess
etc. reagent with 10% sodium hydroxide solution.
Carboxylic acids, Apply sample solution followed by ethereal [73, 74)
organophosphoric acids  diazomethane solution, dry and develop.
Alkyl and alkenyl Apply sample solution, dry, blow on hydrochloric [751
acylglyceryl acetates acid vapor; methylate with 2 mol/l sodium meth-
viate 1 1
ylate
Triglycerides Methylation with 0.5 N potassium methylate [76]
solution in methanol (transesterification).
Peanut oil, glycerol phos-  Apply sample solution then spray with 2 mol/l [
phatides, cholesteryl esters sodium methylate solution, dry for 2 to 5 min and
etc. develop. Transesterification. Only ester iinkages
react and not acid amide linkages.
Oleanonic acid, Apply sample followed by 5% potassium carbon- {16}
6-hydroxyflavone, ate solution in aqueous acctone, dry, apply 50%
xanthotoxol, glycyrrhetic methyl iodide in acetone. Allow to react for 3 h at
acid acetate 50°C in an atmosphere of methyl iodide —
acetone (1 + 4), dry and develop. Oleanonic acid,
for example, yields its methyl ester.
Phospholipids, free fatty ~ Apply sample solution, then 12% methanolic po- n

acids

tassium hydroxide solution, keep moist with meth-

el Fae € —2e. Dotér nnid sma vl acta
anol for 5 min. Fatty acid methyl esters are pro-

duced, triglycerides do not react.

-ﬂmuﬁ_—uq

Table 15: Prechromatographic derivatization by hydrazone formation.

Substances Method, reagent and end products References
Dipterocarpol, hecogenin, Apply sample solution and moisten with 2,4-di- [16]
progesterone nitrophenylhydrazine in acetic acid; then spray

with acetic acid and store at room temperature or

55°C for up to 1.5 h in a desiccator; then dry at

806°C and chromatograph.
Progesterone Apply sample solution as a band followed by 0.1% {80}

ethanolic 2,4-dinitrophenylhydrazine (acidified
with 0.1% conc. hydrochloric acid), allow to react
at room temperature for 10 min and dry at 100°C

£or & maie
ior 5 mif.
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Table 15 (Contmued)

31 In Situ Prechromatographic Dervatization

73

Primary and secondary amines, amino acids and phenols react In the case of long-

Substances

Method, reagent and end products

References

Steroid ketones

Aldehydes, ketones

Carvone, menthone,
acetophenone etc

Phenolic aldehydes

Chloro-, hydroxy-, and
methoxybenzaldehyde
derivatives

p-Benzoquinone deriva-
tives

Apply the sample solution followed by GIRARD’s
reagent (0 1% trimethylacetyl hydrazide i 10%

acetic acld) and allow to react for 15 hinan atmos-
phere of aceuic acid Then dry at 80°C for 10 min
and after cooling chromatograph the hydrazones

that have been formed

Apply sample solution and moisten with 2 N 2,4-
dlmtrophenylhydrazme m aceticacid After react-
matograph the 2, 4-DNPH de-

ing, dry and chromatograph the
> &

rivatives

Apply an aadic solution of 2,4-dimtrophenyl-
hydrazine, 4-mtrophenylhydrazine or 2,4-dinitro-
phenylsemicarbazide onto the previously appled
sample solution Aliphatic and aromatic hydra-

zones and carbazones can be differentiated by
their colors

Apply sample solution and then acidic 2,4-dinitro-
phenylhydrazine solution, allow to react, dry and
develop

Dernivatize with 2,4-dinitrophenylhydrazine solu-
tion 1 hydrochloric acid Heat to 80°C, cool and
chromatograph

Derivatization with 2,4-dinitrophenylhydrazine
solution 1n hydrochloric acid Heat to 80°C, cool
and chromatograph

[81]

(14

[82]

[15]

183

(841

wavelengﬂi Uv llgli[ (X =365 nm) the DANS amides fluoresce yeliow-green, while

amines that have reacted at a phenolic OH group have an intense yellow to yellow-
orange fluorescence The detection imut for DANS amides 1s ca 107!° mol [86]

Acids can also be converted to fluorescent dansyl derivatives The reaction of Cg
to C,4 fatty acids with dansyl semipiperazide or semicadaveride provides an
excellent example (Fig 34) [87]) Odd-numbered and unsaturated fatty acids [88]
and propionic, sorbic and benzoic acid [89] can be detected 1n the same manner

0-, m-, p-chloro-, 2,4- and
3,4-dichlorobenzoic acids

Apply p-bromophenacyl esters of the substances,
followed by 0 5% 2,4-dimtrophenylhydrazine n
2 mol/l hydrochloric acid and allow to react for
10 to 15 mun 1n the desiccator

85]

3.1.7 Dansylation

Fig. 34

Fig 4.0 o

wr

—~— Start

)l

Fig. 35

J

L

togram of vanious even- and odd-numbered fatty acids afterinsitu dertvatiza-
Fig. 34: Chromatogram of various even- and odd-numbered fatty acids after in situ denvatiza

Prechromatographic dansylation has the advantage that chromatography separ- ton with dansyl semicadaveride The separations are with mcréasmg R —track1 C-24 to

ates excess reagent and also the fluorescent by-products (e g dansyl hydroxide) C 16 track 2 C-24 to C-6, track 3 C-20 to C-12, track 4 C-20 to C-11, track 5 C 19 to

from the reaction products of the substances to be deternuned In the case of
postchromatographic dansylation the whole of the plate background fluoresces
blue, so that in situ analysis is made more difficult

C 11 track 6 C-24to C-16

Fig. 35: Fluorescence scan of the dansyl semicadaveride denivatives of 1 behenic acid
2 erucic acid, 3 stearic aad, 4 oleic acid, 5 inoleic acid, 6 linolemic acid
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Table 16 hists some examples of dansylation

Table 16 Prechromatographic derivatization by dansylation

Substances

Method, reagent and end products References

Carbamate and
phenylurea herbicides

Phenylurea herbicides

Metoxurone and degra
dation products

Urea herbicides, e g
dwurone, metoxurone,
linurone

Morphine, 6-mono-
acetylmorphine,

B Blockers

Serum protems, e g albu-
min

Even-numbered and odd
numbered fatty acids (Ce-
C1a)

Treat the sample for 30 to 40 min with sodium [90]
hydroxide solution (¢ = 1 mol/l) at 80°C Apply

sample solution and then 0 2% dansyl chionde

over it Cover with a glass plate and allow to react

1 the dark at room temperature for 60 mn, then

chromatogranh
ch tograph

Treat sample with KOH, apply sample solution 91)
and overspot with dansyl chloride Allow to react

for 30 min n the dark at room temperature, then

develop the chromatogram

Phenylurea herbicides are first hydrolyzed to the [92]
corresponding anihne derivatives and then reacted

at the start with 4 pl 0 25% dansyl chloride solu-

tion

Apply sample solution to silica gel layer, cover 93]
with a glass plate, heat to 160°C for 25 mn and

allow to cool After this hydrolysis apply 0 2%

dansyl chloride 1n acetone, cover with a glass plate

and store 1n the dark for 1 h, then chromatograph

Apply sample solution and apply to each spot 1 pl  [94—96,
of dansyl chlonde and two times 1 pl 8% sodium 237

3 1 In Situ Prechromatographic Derwvatization 75

Table 16 (Continued)

References
1% N,N’-dicyclohexylcarbodunmide solution as a
14 cm band Dry and develop (Figs 34, 35 and
title picture)
Preservatives (benzoic, Apply sampie soiuiion as spois or bands (3 to [89]

sorbic, propionic acid) 4 mm) followed by dansyl semipiperazide and
N,N -dicyclohexylcarbodumide sotution, dry well
and chromatograph

3.1.8 Miscellaneous Prechromatographic Derivatizations

Other group-characteristic 1n situ prechromatographic reactions have been de-
scribed 1n addition to the ones discussed above They all serve to improve the

characterization of the substances concerned and the selectivity of the subsequent
chromatogranhv Table 17 nrovides an overview

Aromatograpny 2aplc 17 provides an overview

Table 17 Miscellaneous prechromatographic derivatizations

Substances Method, reagent and end products References

at 70°C and develop the chromatogram

Apply the unne extract 1n the form of a band, 97
overlay with 0 1% dansyl chlonide 1n acetone fol-
lowed by 8% aqueous sodium bicarbonate solu-

froyen o A bLant ta 120°0 for 185 mn allaw ta anal
1i0fi anda neal i0 12v U I07 1, Miif, audWw 10 COO01

and develop the chromatogram

Allow to react at the start with 0 05% dansyl [98]
chloride solution 1n hexane, dry and expose for

10 h to the vapors of a tniethylamine bicarbonate

buffer (c =0 1 mol/l, pH 8 5), then develop Ex

cess reagent and by-products run with the solvent

front

Apply dansyl semipiperazide or dansyl semi- [87, 88]
cadavenide solution as a 14 cm long band, fol-
lowed by sample solution as short bands and then

Amino acids Apply sample solution, dry, treat with 2,4-d1- 99
mtrofluorobenzene solution DNP-amino acids
are produced, which are then separated chromato-
graphically

2 Anilino-5-thiazolinone ~ Apply sample solution followed by heptafluoro- [100}
denvatives of ammo acids  butynic acid, heat to 140°C for 10 mun, rapidly
cool to room temperature and develop the
phenylthuiohydantoins that are formed No reac-
tion occurs with, for example, threonine, serine,
tryptophan or glutamic acid

Amunes Appiy sample solution and spray with 10% car- [101]
bon disulfide mn ethyl acetate Place TLC plate in
carbon disulfide vapor for 30 min, then spray with
methanol — sulfunic acid (1 + 1) Heat to 100°C
for 10 min and chromatograph the 1sothto-
cyanates so formed
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Table 17 (Continued)

3 2 Postchromatographic Detection 77

Table 17 (Continued)

Substances Method, 1€ Sub Method t and end products References
Amines Apply sample solution then p-toluenesulfomc acid [102] Alcohols Apply sample solution, then mtrophenyl 1socya- [72]
1n pyridine, heat to 60°C for 4 h, after cooling to nate solution (10% 1n benzene) Dry after reacting
room temperature develop the p-toluene- and develop
sulfonates so formed
Serotonin Benzoylate the amino groups by overspotting at [103]
E: t) thG > t
g:)es::g;: This makes detection with GIBBS” reagen Other possibilities are the reduction of mitro groups by applying the sample
solutions to adsorbent layers containing zinc dust and then expo! t -
Sympathomimetics with Apply sample solution (50 pg to 300 ng) Then [104] hl d 110 y3 5 b 8 . posing to hydro
free amino groups ¢ g apply fluorescammine (0 03% 1 acetone), dry and chloric acid vapors [110] 3, -Dimtrobenzoates and 2,4-dm1.trophe‘nyl'hydra%ones
carbadrine, norfenefrine, ~chromatograph can also be reduced 1 the same way on tin-containing siiica gel phases [111]
noradrenaline, Cellulose layers are also suitable for such reactions [112] SEILER and ROTHWEILER
norephedrine have described a method of “trans-salting” the alkal metal sulfates to alkah metal
Amines, Amino acids, Apply ndole dertvatives dissolved 1n sodium bo- [105] acetates [113]
peptides, ¢ g tryptophan,  rate buffer solution (¢ =02 mol/l, pH90) —
tryptamine, peptides with  ethanol (1 + 1) Dip TLC plate in ﬂuorcscamme
terminal tryptophan solution to just above starting zone (15s) Then
groups dry at room temperature and develop In case of
indole amines followed by spraying with 40% per-
chloric acid 3.2 Postchromatographic Detection
Catecholamines Apply sample solution followed by phosphate [105) R
buffer (¢ = 0 5 mol/l, pH 8 0) Dip TLC plate into
fluorescamine solution to just above starting zone, There 1s no difficulty 1n detecting colored substances or compounds with intrinsic
dry and develop Blue fluorescence occurs after fluorescence on TLC chromatograms The same applies to components absorbing
spraying with perchloric acid (70%) in UV hght which have been separated on layers with incorporated “fluorescence
Habituating drugs Apply sample solution Let 1t react with NBD- [236] indicators” and, hence cause phosphorescence quenching in UV light so that the
chloride or diphenylacetyl-1,3-indandion-1-hy- a bright emitting background
drazone
Desoxyribo-ohgonucleo-  Layer PEI cellulose Complex formation of [106] Substances which do not exhibit such properties have to be transformed into
tides, nbopolynucleotides polyunidylic acid (6 mg/mt) with desoxyadenosine detectable substances (derivatives) n order to evaluate the TLC separation Such
oligonucleotides reactions can be performed as umiversal reactions or selectively on the basis of
U su . -
Aliphatic and aromatic al- Apply sample solution, followed by 1% aniiine n [107] . l1tc1ble functional groups Substance-specific derivatization 1s practically imposs
dehydes dichloromethane and chromatograph the 1bie
SCHIFF’s bases after 10 min
The aim of a postchromatographic derivatization 1s first
Insecticides, e g eldrn,  Apply the sample solution, dry and then apply [108, 109] P grapiuc dervanzation is furs
dieldnin, aldnn ethanolic zinc chlonde solution, heat to 100 C for e the detection of the chromatographically separated substances 1n order to be
10 min, after cooling chromatograph the carbonyl able to evaluate the chromatogram better, visually
compounds that have formed
Carveol, linalool, Ehmunation of water with the aid of sulfunc acid [9 14] But equally important are also

geramiol, x-terpineol, nerol
etc

and formation of the corresponding monoterpene
hydrocarbons

e increasing the selectivity, which 1s often associated with this and
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e mmproving the detection sensitivity In addition comes optimization of the sub-

sequent 1 situ quantitation
9

3 2 Postchromatographic Detection 79

More sensitive detection methods and more objective recording methods (e g the

The separation 1s already complete when detection 1s undertaken The solvent has
been evaporated off, the substance 1s present finely distributed n the adsorbent
For a given amount of substance the smaller the chromatogram zone the greater
1s the concentration and, hence, the detection sensitivity For this reason substances
with low R; values are more ntensely colored than those present in the same
quantity which migrate further

Each reaction requires a mummum concentration for the detection to be possible
at all This concentration naturally varies from reagent to reagent (Fig 36), so
that every component cannot be detected to the same sensitivity with every reagent
Ths can lead to the appearance of a good separation that 1s, mn fact, not good at
all because the outer edge of a zone 1s not detected So that the area occupied by
the substance appears to be smaller than it actually 1s The separation of the
neighboring zones will, thus, seem better It follows that the least sensitive reagents

can counterfeit the “best separations”

lodine vapor

Anisaldehyde reag

GOD reag

Anthrone reag

employment of scanners) are constantly been striven for n order to overcome this
illusion It 1s for this reason too that fluorescent methods have been introduced to
an increasing extent on account of their higher detection sensitivity This allows an
appreciable reduction 1n the amount of sample applied, so that possible nterfering
substances are also present 1n smaller quantities This increases the quahty of the
chromatographic separation and the subsequent 1n situ analysis

Various techniques are employed for applying the reagents to the TLC/HPTLC
plate The least satisfactory 1s spraying the reagent manually onto the chromato-
gram (Fig 37) Dipping and evaporation methods are preferable with respect
to precision and repeatability (Fig 38) Methods have also been developed and
described nvolving the addition of the reactants to the mobile or the stationary
phase These application technques will be described below before discussing the
influence of temperature on the reaction

3.2.1 Spraying

Untl a few years ago the most common method of rendering colorless subsiances
on chromatograms visible was to spray them with reagent solutions [115] An all-

Aniline phth reag

each 1 ug sugar
001% sol

Galactose
] [ ! |

Glucose

Fructose

hRf 40 30 20 0

Fig. 36: Dependence of the area of the chromatogram zone at constant amount of appled
substance (1 pg) on the reagent employed, top relief representation, below zone areas
projected on one another Iodine vapor reacts least sensitively here, aniline-phthalate most
sensitively and the GOD reaction (glucose oxidase reaction) most specifically [216]

_-__—__u1

Fig 37: Manual spraying of the chromatogram
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glass sprayer was normally employed (Fig. 39A), which was connected to a pres-

1000
=
: ?
- 3 9000
‘ IE

2 i
ﬂ z 7000

1 5000+ .
3000-

—
—:
p——
; ~=—Start
J
*

ump) or cylinder of inert gas It was necessary to use a jet

so fine adjusted that 1t was possible to spray the reagent solution homogeneously
Spraymng was carried out at a pressure of 0.6 to 0.8 bar from a distance of 20 to
30 cm 1n a suitable fume cupboard (Fig. 37) According to WALDI the spray should
be applhed 1n a meandering pattern with the return point of the spray outside the

AT F44 L

track of the chromatogram (Fig 39B) {115]

1000
T 0 —_—
A streaks 0 1 2 3 4
ng/Spot —= M M
D)
C
D
C
11000+ \
’ A B b \/ L
90004
g IE ;
i \
| 3 7000+
!
B A
2 50004 .
h Fig. 39: All glass sprayer (A), spray pattern (B)
1 30004
g The same apples to the use of spray pistols (spray guns and aerosol cans), the
‘ 1000 frequency of whose use ought probably to be reduced on account of the propellant
0 . . . gas (chlorofluorohydrocarbons) employed Manual depression of the button valve
B W Vl i 2 3 4 of the vertically held spray can “shoots” the propellant gas through a fine jet and
ng/ Spot —

Fig. 38: Companson of manual dipping (A) with mechanized dipping (B) on the basis of
scans and calibration curves [114] — 1 = cis-diethylstilbestrol, 2 = trans-dethylstilbestrol,
3 = ethinylestradiol Scanming curve 2 ng of each substance per chromatogram zone /e, =

313 nm, +¢ > 390 nm Dipping soluiion waier — sulfuric acid — mcthano! (85 + 15+1)

drags the sucked-up reagent solution with 1t onto the vertically held chromatogram
(water pump principle)

Because when operated manually the spray unit can never be moved so umformly
that the chromatogram 1s homogeneously covered with reagent and the amount
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of reagent applred to the TLC plate differs for each mdrvrdual SPITZ [116]

In the first case the sprayer is moved over the ﬁxed stauonary TLC plate The
second type of automatic sprayer works with a fixed spray jet and the TLC plate
is moved by a motor.

F PR T,

Neither apparatus has, as yet, found gencrdl use in the laboratory, probably
because too little attention was paid to the differing viscosities, surface tensions
and polarities of the various solvents. Thus, in practice, these automatic sprayers
repeatedly produced “sprinkled” zones because, in addition, to a fine mist individual
larger drops also reached the zones and, thus, caused inhomogeneities of coverage
and reaction and also because substances at the surface of the layer, where they
are to be found after chromatography with readily volatile mobile phases [120—
124, 128), are displaced in the direction of the supporting backing, so that in
extreme cases detection from the rear is more sensitive than from the front.

The spraying of TLC/HPTLC plates should always be undertaken in a well-
ventilated fume cupboard, so that the aerosols, some of which are damaging to
health and aggressive, are not breathed in and the place of work is not contami-
nated. After the spraying is complete the spraying apparatus and fume cupboard
should be cleaned with care so that undesired reactions do not occur with later
reagents. Manganese heptoxide and perchloric acid-containing reagents, sodium
azide and iodine azide solutions should never be sprayed as they can cause ex-
plosions in the exhaust ducts of fume cupboards. For the same reasons such
reagents should only be made up in small quantities. In all these cases it is
preferable to apply the reagent by dipping the chromatogram into it.

3.2 Postchromatographic Detection 83

regulanty of the wemng results ina baselme with less structure (Frg 38B) This

of sprayed chromatograms The reproducrbrhty of the resull is also apprecrably
improved on account of the homogeneity of the reagent application (Tab. 18).

o The consumption of reagents is less particularly when series investigations are
made (when the reagent is used repeatedly it is usual to cover the dipping
chamber with a stainless steel lid).

e The contamination of the place of work with reagents that may be injurious to
health or corrosive, is consrderably less when dipping than when spraying.

e Th mpl

In spite of these acknowledged advantages, low volume dipping chambers and
automated, time-controlled dipping apparatus (Fig. 40 and 41) have only been
available commercially for a few years.

3.2.2 Dipping

Tt i ha 1al to .4 t
O

1t 18 oCComing Sver more usSua:

suitable reagent solution [114]. The reason for this are:

o The coating of the adsorbent layer with the reagent solution is more homo-
geneous than with even the most carefully carried out spraying process.

e The distribution of the reagent is no longer influenced by the manual dexterity
of the operator, the performance of the spray apparatus, the viscosity of the
reagent or the drop size of the spray mist.

oltis only since this method has come into use that the precise quantitative

amalh Loo hannemin macad
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3.2 Postchromatographic Detection 85

TLC plate which is wetted with reagent solution when it leaves the dipping bath

Fig. 41: Automated dipping devices (DC Tauch-fix, BARON).

before laying it on the hotpiate, laboratory bench or scanming stage-

The dipping solutions described in Part II of this book are usually less concentrated
than the corresponding spray solutions. The solvents employed are specially
chosen for their suitability to the special requirements of dipping solutions. Water,
which on the one hand, can sit on the surface of RP plates and not penetrate them
and, on the other hand, can cause disintegration of water-incompatible layers is
usually replaced by alcohol or other lipophilic solvents.

In general care should be taken in the choice of solvent to ensure that neither the
chromatographicaily separated substances nor their reaction products are soluble
in the solvent of the dipping reagent.

It is probable that the solvents given in the individual reagent monographs are not
suitable for all the substances with which the reagent will react. This point should
be taken into account especially for quantitative work and the user should make
appropriate modifications. In particular, there must be no loss of substance or
reaction product by dissolution (formation of “comet tails” by the chromato-
graphic zones).

L ¥ IR, T PP g s | ~ anlae intanaity o
When the plate is inspected the color intensity of the chromatogram zones must

be more intense at the top surface of the layer than it is when viewed from the
back of the TLC/HPTLC plate. If this is not the case the reagent must be made
less polar to avoid a frontal development across the thickness of the layer.

The advantage of such dipping apparatus is that the insertion and removal of the
chromatogram is performed at a uniform speed and the time of immersion can be
set as necessary. Interfering “ripple marks®, such as are observed on manual
dipping, do not occur. Care must be taken, however, to clean off the back of the

Table 18. Statistical comparison (F-test [125]) of the methods. Standard deviation sxo of the
calibration curves for diethylstilbestrol and ethinylestradiol [114].

Procedure trans-diethylstilbestrol Ethinyiestradioi
sxo [ng per zonej sxo [ng per zone]

Manual dipping 0.37 0.21

Mechanical dipping 0.096 0.044

Statistical difference (F-test) significant significant

0 S

Fig. 42: Chromatogram of polycyclic aromatic hydrocarbons on caffeine-impregnated pre-
coated silica gel 60 HPTLC plates with concentrating zone (MERCK). The following can
be recognized in increasing Ry value. — 1. benzo(ghi)perylene, 2. indeno(1,2,3-cd)pyrene,
3 benzo(a)pyrene, 4. benzo(b)fluoranthene, 5. benzo(k)fiuoranthene, 6. fluoranthene.
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The times of immersion of the chromatogram in the reagent bath are usually short
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(< 5 s[126]) in order to avoid dissolving the substances out of the stationary phase.
This is easily achieved if the Tauch-Fix (Fig. 41) is employed. The chromatogram is
then laid horizontally and dried in a stream of air.

The dipping unit can also be employed to impregnate adsorbent layers. It is easy
in this way to produce tungstate- [127] or silver nitrate-impregnated layers for
separating oligosaccharides or unsaturated compounds.

FUNK et al. [128a] dipped silica gel plates in a 4% solution of caffeine in order to
scparate six polyaromatic hydrocarbons relevant in monitoring the quality of
potable water (Fig. 42).

Such a dipping apparatus can also be employed with advantage for applying
substances to preserve or intensify fluorescence after chromatography or denvati-
zation is complete (cf. Section 3.2.7.3).

3.2.3 Exposure to Vapors

A layer can also be homogencously treated with the reagent by exposure to its
vapor. This is frequently carried out in a twin-trough chamber (Fig. 43A) or in a
special conditioning chamber (Fig. 43B). In the case of the twin-trough chamber,
for example, the reagent is placed in one of the troughs and the dried chromato-
gram plate in the other. Thin-layer chromatograms can be treated in this manner

B

Fig. 43: Twin-trough chambers (A) and conditiomng chamber (B) (CAMAG).

with the vapors of a large number of reagents.

Iodine vapor allows nonspecific, usually nondestructive detection of many sub-
stances (e.g. surface active agents [129], pharmaceuticals [130, 131], polyethylene
glycols [132], see also Table 12). In addition, reactions have also been described
with the vapors of bromine [133 —135], cyanogen bromide [136], chiorine [137—
141, 209], ammonia [142—147] (see also the reagent “Ammonia vapor‘),
diethylamine [148], ammonium hydrogen carbonate [149, 150], acids [145, 151 —
156} (see also reagent “Hydrochloric Acid Vapor*), tert-butyl hypochlorite [203],
sulfuryl chloride [157, 158}, sulfur dioxide [159, 160] oxides of nitrogen [161 —169],
hydrogen sulfide [170], formaldehyde [171— 176], glyoxylic acid [177] and silicon
or tin tetrachlorides [178].

SmiTH [203] has described a special procedure for “distilling” reagents
homogeneously onto a TLC plate. RIPPHAHN [179] later started with a TLC plate
that had been dipped into ninhydrin solution, laid a 0.1 mm thick terephthalate

——_-—-—-—-—-———mq

film frame round its edges and positioned the chromatogram bearing the amino
acids to be detected so that the layer faced the “reagent plate”. This “sandwich”
was then placed, reagent side down, on a hotplate. The ninhydrin then “distilled”
homogeneously onto the chromatogram and stained the amino acids (see reagent
Ninhydrin). It is also possible to apply terz-butyl hypochlorite [203], sulfuric acid
and ammonia vapor [180] or acetophenone [181] in an analogous manner.

MARTINEK [182] has described the reverse procedure for relatively volatile sub-
slanc'es (e.g. essential oil components), where the compound to be detected is
“distilled” onto the reagent plate and reacts with the reagent there.

PANDEY et al. [183] employed this idea of a sandwich configuration to transfer

substances from one TLC plate to another for two- or multidimensional sepa-
rations.
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3.2.4 Reagent in Solvent
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Table 19 Denvatization by morganic reagents incorporated in the layer

Another method of applying a reagent homogencously to a TLC layer 1s to add 1t
to the mobuile phase A necessary precondition 1s that the reagent 1s evenly spread
over the layer (the reagent must “run” with the solvent front) Double develop-
ments have frequently been described, where the first mobile phase brought about
the development and the second one an improvement in zone shape and a homo-
geneous application of reagent to the stationary phase

The following are amongst the reagents that have been reported as being added
to the mobile phase acids for quinine alkaloids [184], mnhydrin for amino acids
[185—187], fluorescamine for biogenic amunes [188] Fluorescem sodum [189],
dichlorofluorescein [190], rhodamine 6G [191], ANS reagent [192] and bromine
[193] have all been described as additives to mobile phases

Dimethyl sulfoxide in the mobile phase acts as an “intrinsic detector” for certain
phenols (¢ g dihydroxybenzenes) [194] on layers that have been treated with tin
tungstate

3.2.5 Stationary Phase as Reagent (Reagent in Adsorbent)

The exploitation of specific adsorbent propertics can also lead to the same goal of
homogeneous derivatization of separated substances

Silica gel and aluminum oxide layers are highly active stationary phases with large
surface areas which can, for example, — on heating — directly dehydrate, degrade
and, m the presence of oxygen, oxidize substances m the layer This effect 18
brought about by acidic silanol groups [93] or 1s based on the adsorption forces

(proton acceptor or donor effects, dipole interactions etc) The traces of iron 1n
the adsorbent can also catalyze some reactions In the case of testosterone and
other A*-3-ketosteroids stable and quantifiable fluorescent products are formed
on layers of basic alumimium oxide [176, 195]

Denvatization can also be brought about by impregnating the adsorbent layer
with a suitable reagent (frequently an 1norganic substance) before apphcation of
the sample solutions This impregnation 1s usually performed as the layer 1s
prepared Here care must be taken that the reagent does not dissolve 1n the mobile
phase and mgrate towards the solvent front 1n the subsequent development Such
transport towards the solvent front 1s especially to be expected 1n the case of
organic reagents It 1s for this reason that organic components are maimly not
employed for later denvatization but for homogeneous detection by fluorimetric
processes (cf Sec 222) Examples of morganic reagents in the adsorbent are
listed 1n Table 19

Reagent Substance detected, Reaction conditions, re- Reference
matnx marks
Ammonium sulfate triglycenides, serum hpids  25—85 min at 150°C, yelds [1971
fluorescent denvatives
Ammonium sulfate phosphatidyl glycerol de-  charring on heating [198}
rivatives
Ammonum sulfate phosphatidyl glycerol, 10 mun at 280°C [199]
sphingomyehn densitometric 1n situ
quantitation
Ammonium sulfate detergents SIL G 25 detergent plate [200, 201}
(MACHEREY-NAGEL)
Ammonium sulfate hipids charring on heating [202}
Ammonium suifate irioiemn, oleic acid, fluorescence after heating to 203}
androsten-3,17-dione, 150—180°C, exposure to
xanthanonic acid, tert-butyl hypochlornite
cholesterol-propionate,
N-methylphenylalanine,
D-glucose
Ammonium mono- organic nitrogen com- TLC plates prepared with [204]
vanadate pounds 2% ammonium monovana-
date solution
Alumimum oxide  deoxymvalenol m wheat 7 min at 120°C, yields a flu-  [193, 196]
orescent derivative under
1IV hght (A =365 nm)
Silver nitrate 1,2- and 1,4-dihydroxy- oxidation to corresponding [208}
benzene benzoquinones
Silver mitrate + triglycenides, saturated and heat to 230 to 250°C [205, 206}
phosphotungstic monounsaturated alcohols
acid + cobalt mtrate
Phosphomolybdic  essential o1l components stabilization of the silver [207}
acd mitrate-impregnated adsorb-
ent layer
Zirconum(IV) oxy- estrone, 17-f-estradiol and heat to 150 to 180°C for [178]

chioride

estriol, plasma hpids

5 min Fluorescent zones are
produced — sometimes only
after heating for longer
pertod
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3.2.6 Sequences of Spraying or Dipping

It is desirable, in some cases, to apply different reagents to the developed
chromatograms consecutively — e.g. with intermediate drying, heating or evalu-
ation after each reagent application. It is possible in this way to detect and identify
quite different substances and substance classes on the chromatogram, particularly
in the case of complex mixtures of substances. Such series application of reagents
increases the selectivity of the process and allows better differentiation of sub-
stances and groups of substances.

Series application of reagents has been particularly employed in toxicological
analyses in cases of intoxication or drug abuse [277—279]. However, it can be a
disadvantage in the use of reagents in scrics that the detection evidence produced
by one reagent may be disturbed by the application of a later one. It is, therefore,
necessary to carefully examine and document the chromatogram after the appli-

mom el canaat Qs semsnnl ranaoont ¢ 1,
cation of each reagent. Some typical reagent serics are discussed in a later Volume.

3.2.7 Processing the Chromatogram

Fortunately in recent years there has been more consideration of the direct quanti-
tative analysis rather than concentrating just on the question of substance-specific
detection and increasing detection sensitivity. So that the reagents are no longer
regarded merely as “visualizers” for chromatogram zones (qualitative evidence)

_ butare used deliberately as tools to perform reproducible, stoichiometric reactions,

which are a suitable basis for quantitative analyses. This means that it is necessary
to pay greater attention to the processing of the chromatogram. This begins
with the drying of the chromatogram after development and the homogencous
application of the reagent and continues with the reaction and stabilization of the
products of reaction.

It is known that not all reactions proceed in the same manner on all adsorbent
layers because the material in the layer may promote or retard the reaction. Thus,
GANSHIRT [209] was able to show that caffeine and codeine phosphate could be
detected on aluminium oxide by chlorination and treatment with benzidine, but
that there was no reaction with the same reagent on silica gel. Again the detection
of amino acids and peptides by ninhydrin is more sensitive on pure cellulose than
it is on layers containing fluorescence indicators [210]. The NBP reagent (g.v.)
cannot be employed on Nano-Sil-C,5-100-UV 5,4 plates because the whole of the
plate background becomes colored.
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The reasons for the above phenomena are to be found in dlffermg conﬁgurauons

1nd1cators and bmders and differences in surface area. For example silica gel 60
possesses a surface area of 500 m?/g [211] while that of Si 50 000 lies below 5 m?/g
[212].

In the case of substances whose structures are pH-dependent (e.g. phenols,
carboxylic and sulfonic acids, amines etc.) it is possible to produce fluorescences
or make them disappear by the deliberate manipulation of the pH [213] (Table
20). Shifts of the positions of the absorption and emission bands have also been
reported. This is particularly to be observed in the case of modified silica gels,

some of which are markedly acidic or basic in reaction (Tabie 25).

Table 20: Some substances, that change the color of their fluorescence at moderate pH range
[214].

[243

Compound Color change pH range
from to
Fluorescein weak yellow yellow 40... 50
2',7’-dichlorofluorescein weak yellow yellow 4.0.. 6.0
Resorufin colorless orange 40... 6.0
Acridine green blue 45..6.0
Quinine blue violet 59...61
Thioflavine colorless green 6.5.. 7.6
Umbelliferone orange blue 6.5... 8.0

4-Methyl umbelliferone weak blue blue 6.5... 8.0

Morin weak green green 7.0... 8.5
1{-Naphthol colorless blue green 7.0..9.0
Cumarin weak green green 80..95
Acridine orange weak yellow-green yellow 8.0...10.0

3.2.7.1 Drying the Chromatogram

After a chromatogram has been developed the TLC plate is removed from the
developing chamber and the status quo is fixed by removing the mobile phase
remaining in the layer as quickly as possible. This is properly performed in the
fume cupboard so as not to contaminate the laboratory with solvent fumes. If
possible the TLC plate should be laid horizontally because then as the mobile
phase evaporates the scparated substances will nugrate evenly to the surface where

they can be the more readily detected. A fan or hair dryer (hot of cold air stream)
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is often employed to increase the gradient of the solvent vapor over the surface of
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¢ layer. It must, however, checked w T this evaporatio s the
substances, for

e cssential oil components may evaporate and produce mists in the direction of
the air stream, some of which may redeposit on the active layers producing
single-sided, fuzzy zone boundaries;

@ oxygen-sensitive components may be destroyed by drying at elevated tempera-
tures;

@ particles of dust from the laboratory air can deposit on the chromatograms and
may possibly affect the following analysis;

e chemical vapors are transported in the air stream onto the activated layers.

For these reasons many research groups prefer to dry the chromatograms in a
vacuum desiccator with protection from light. Depending on the mobile phase
employed phosphorus pentoxide, potassium hydroxide pellets or sulfuric acid can
be placed on the base of the desiccator, to absorb traces of water, acid or base
present in the mobile phase.

A further but also more time-consuming advance is to employ the AMD system
(CaMaG). Here the mobile phase and mobile phase vapor is sucked out of the
chamber and from the TLC plate after every development. This reduces to a
minimum the contamination of the place of work with possibly injurious solvent
vapors.
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Fig. 44: Apparatus for irradiation with UV light. — 1 excitation apparatus (HERAEUS, Hanau;
OSRAM StE 501),2 UV lamp (TNN 15-31001 721), 3 housing, 4 TLC plate

100 noust 1L plate,

Drying Cupboards

Drying cupboards are often employed for heating chromatograms after they have
been treated with reagents. The TLC plate should not be placed directly on the
perforated shelf of the cupboard, since the heat transfer rate is appreciably greater
where contact is made with metal than where the contact is with air and the pattern
of the holes on the shelf would become visible on the chromatogram. There is,
thus, the danger that the reaction of the substances would be dependent on the
position on the chromatogram and, hence, the reproducibility of direct quantitative

Almost all chemical reactions proceed more rapidly at elevated temperatures than
in the cold and so it is recommended that the chromatogram treated with reagent
be heated. Irradiation with UV light (high-pressure mercury lamp, Fig. 44) also
promotes reaction. Heating to 100 to 120°C for 5 to 10 min is often sufficient to
ensure complete reaction. However, the pyrolysis of organic compounds requires
temperatures of 200 to 250°C, which would probably result in the whole back-
ground of the plate being darkened, because the binder in the layer also chars.
The evaporation of volatile reagent during heating is avoided by laying on a
covering plate [215].

Since it still is not a simple matter to heat a TLC plate really homogeneously there
is a danger of reaction inhomogeneities on the plate. The usual types of apparatus
employed for heat production and transfer are drying cupboards, hotplates and
IR sources. The success obtained using microwaves has been modest up to now.

analysis would suffer.

It has been found to be better to set the TLC plate down vertically on the bottom
of the drying cupboard and to lay the glass upper edge against the wall of
the cupboard. In cupboards with air circulation the chromatogram should be
“suspended” in the air and only supported at the corners in an analogous manner to
the column in a gas chromatograph oven. It has been suggested that homogeneous
heating be achieved by attaching the TLC plate to a turntable which is continuously
rotated inside the oven. The results obtained with such a “carousel” are reported
to be good, but the method has not come into general use at least until now.

Hotplates

Hotplates (Fig.45) are coming into increasing use for heating chromatograms.
They have the advantage that it is possible to follow the reaction visually and the
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range of measurements, where the effective temperature was determined as a
function of the temperature setting The temperatures were determined by means
of 25 thermal sensors, which had previously been checked against each other They
were distributed over the hotplate according to the pattern shown in Figure 468

Fig. 46: Evaluation of the switability of a hot plate for TLC by determination of the
temperature distnibution, A) results of 25 thermal elements at temperature settings of 80 C,
100 C and 120 C, B) pattern of measuring ponts i five tracks (I—V) each with five

MEdsuring poiiiis
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Fig. 45: Commercial hot plates A) CAMAG, B) DEsAGA o . . . . s
o~
reagent vapors can escape directly (fume cupboard!). The TLC plate 1s removed v @ © °
as soon as the optimal color development 1s produced.
Hotplates can normally be regulated over a temperature range of 30 to 190 C ¥ A A
The temperature set should be maintained to an accuracy of within 2°C, but this B
1s not usually achieved 1n practice Figure 46 shows the results of a representative l B =
cm
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At low temperatures the average temperatures calcu]ated from the md1v1dual

lower at higher temperatures and it was found that the temperature settmg corre-
sponded to the highest temperature that could be reached in the individual mea-
surements. It was also evident that the edge of the hotplate was colder than the
middle, i.e. the effective measured temperature was not the same everywhere over
the surface of the hotplate; a homogeneous temperature distribution is most likely
to be found in the center of the plate.

In the derivatization of sugars with aniline-diphenylamine reagent for example,
this leads to unsatisfactory irregular coloration. The standard deviation for the
method deteriorates from 2 to 3% to 5 to 8%. For this reason color reactions
should be avoided for direct quantitation if it is possible to scan in the UV range
without derivatization.

IR Sources

Infrared sources are sometimes employed to heat thin-layer chromatograms. The
chromatogram is laid on an insulating foil and irradiated from above at a distance
of 10 to 20 cm by quartz spirals which are heated to 800°C. Contact difficulties
with the base naturaily do not piay any roie here. But there is usuaily no reguiation
of the rate of heating so that such lamps can only be satisfactorily employed for
pyrolysis investigations. They are insensitive to acid vapors and other aggressive
reagents.

Microwave Apparatus

The methods of heating TLC/HPTLC plates described above depend on thermal
conduction, convection or radiation. Microwave heating involves a special form

Electric
field Dipole (simplified)
Capacitor 5 Capacitor
plate \a plate
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ig. 47: Oneniation of dipoies m the eiecinc fieid {220].
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of dlelectnc heatlng [217] Here fnctlonal heat is produoed in an nonconductmg

fnctronal heatmg isa result of the fact that molecules with an intrinsic or mduced
(in the case of adsorbed molecules) dipole structure continually seek to align
themselves to the alternating field (Fig. 47). Table 21 lists the dipole moments u
of some substances. The more symmetrically the charge is distributed in the
molecule the smaller is the dipole moment.

Table 21: Dipole moments of some substances.

Substance Dipole momeni Subsiance Dipoie moment p
(o

Chlorine gas, carbon D-Ribose 5.1

dioxide 0 D-Galactose 53

Ammonia 1.48 Glycine 13.3

Sulfur dioxide 1.61 Alanine 17.5

Methanol 1.67 Myoglobin (whale) 155

Water 1.84 Oxyhemoglobin,

Acetone 3.7 carboxyhemoglobin 400

D-Glucose 4.7

* 1 D (DEBYE) = 3.33-10"3cm

The frequency of microwave radiation lies between that of IR radiation and high
frequency radio waves and the boundaries between these regions are not fixed
[221]. The rmcrowaves are generated ina transmmer (magnetron) whxch possesses

48) Th1s leads the e]ectromagnetlc waves into the reaction chamber (power about

Wave guide Field distributor
M4 | \
. NS
b ] s
[} 7
Coupling
o hole
Magnetron
m
Base load

Fig. 48: Schematic representation of a microwave apparatus [222].
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600 W) At the entrance an aperture focuses the microwaves on a rotating metal
propeller (wave mixer), which distnibutes the radiation thro

chamber and prevents the setung up of standing waves which would result
uneven heating of the TLC plates [217, 223]

Modern apparatus are equipped with a rotating table to accommodate the TLC
plate above the base of the reaction chamber This means that microwaves can
penetrate the TLC plate from below through the glass plate or plastic film Alu-
mimum foil backings are not suitable! They reflect the radiation and high poten-

3 2 Postchromatographic Detection 9

In the case of fluorescent chromatogram zones there 1s also, in addition to storage

nce of ight and oXxygen mentioned above (Fig 49
and 50), another method of stabihzation, namely treatment of the chromatogram
with viscous lipophilic or hydrophilic agents. These evidently reduce the ease with
which parts of the molecules rotate and keep out the laboratory air Singlet oxygen,
which 1s the pnmary agent in the oxidative degradation of substances, 15 not

(¢ v) and spraymng with sodium mitrite solution after the van URK reaction for
lysergic acid derivatives [226] The blue color of tryptamine after reaction with
2,6-dibromoquinone-4-chloroimide (g v) can also be stabilized, this ime by expos-
Ing to ammonia vapor or spraying with ammonia soiution ji03]

1 2 3 & S 6
Time [h]
Fig 49: Reduction 1n the fluorescence of coproporphyrin (P-4), pentaporphyrin (P-5) and

Eép}agomhynn (P-7) as a function of time (storage of chromatogram m the air and n
dayhight)

tials are built up between the aluminium foil and the wall of the reaction chamber, p
these result in electrical discharges
100 4 P-5
So long as water is present in the adsorbent layer, the temperature does not rise .\\
above 100°C However, microwave heaters will even perform pyrolyses when this V-
has evaporated 90 4 N
P-4
It follows from the depth of penetration of the microwaves, which 1s calculated p\\n \’\
B, \
. 1 N \
from the formula d = f—l/_ (f = frequency, ¢ = dielectric constant of the adsorb- 80 AN \\
£ v\
a
ent, ¢ = velocity of propagation of electromagnetic waves 1n vacuo) [225], that _ 104 \\ \\
practically the same temperature 1s reached at every depth 1n the TLC layer during ’é \ *\
microwave heating This 1s an advantage compared with hotplates In addition, the g Ao\
§ 60 ¢+ \
reaction1s completed more rapidly (after 1 —2 mun) than in the drying cupboard In £ P71 % \\ \
spite of these advantages microwave heaters have found scarcely any apphcation 8 \\ v\
in TLC analysis 8 50 ¢ A —— A \\
e AN
: R
o . g A
—3.2.7.3 Stabilization of Developed Zones LI 3 ?* \\
AR
Treatment of the chromatogram with a reagent results in the production of colored \\ N
or fluorescent chromatogram zones, which are used to evaluate the success of the 30+ E\\
separation and for quantitative analysis For this purpose 1t 1s necessary that the Y
1 N
color or fluorescence intensitics remain stable for about 30 mnutes 20 Y \\_
There are no general recommendations apphcable to the stabilization of the color \\\\*\ N
of colored chromatogram zones apart from that of storing the chromatograms 1n 10 .Y
an atmosphere of mtrogen and protected from hight until they are evaluated There ~®
are naturally other color stabilization methods which are applicable Well known
1s the addition of cadmium or copper salts in the case of the ninhydnn reagent I At t t t + + + >
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Fig. 50: Reduction n the fluorescence of coproporphyrmn (P-4), pentaporphyrin (P-5) and
heptaporphyrin (P-7) as a function of time (storage of chromatogram 1n the dark)

A

excluded [227], but it 1s converted to less aggressive triplet oxygen during transport
through the lipophilic phase.

In 1967 spraying with a solution of paraffin wax allowed the recording of the
fluorescence spectrum of anthracene directly on the TLC plate without any diffi-
culties [228]. HELLMANN too was able to stabihize emussions by the addition of 2%
paraffin to the solvent [229]. Low concentrations evidently serve primarily to
stabilize the fluorescence — this “stabilization concentration” extends up to ca

Fluorescence intensity [rel 1U]
3
.

-
20
80 -

315 50

S 10 15 20 25

Paraffin oil solution [%]

Fig. 51: Fluorescence ntensities of porphyrins as a function of the concentration of the
paraffin oil dipping solution: M mesoporphyrin, & coproporphyrin, [J pentaporphyrin

20%

more concentrated solutions the fluorescence yield suddenly jumps. It 1s not clear
whether micelle formation plays a rdle in this mtensification.

Figure 49 shows that porphyrmns are decomposed in the layer within a few hours
if no special measures are taken, but that they can be stabilized for more than 24
hours 1f the layers are dipped m 50% paraffin solution and stored in the dark.
This was true of all six porphyrins investigated (Fig. 52). Quantitation should not
be undertaken less than an hour after dipping the chromatograms, because 1t takes
so long for the fluorescence emussion to stabilize [230].

Sumlar fluorescence-stabilization has been reported for polyethylene glycol 4000
by WINTERSTEIGER [291].

FUNK et al. [231] have demonstrated that the sensitivity of the analysis can be
extended down into the femtogram range for the determmation of selenium 1n
water and biologicai matnices (Fig. 53).
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T Further examples of fluorescence stabilization and intensity augmentation as a
w0l pus ——a regult of treatment of the r-hrnmatnoram with vmnmm ||mnh}hc l{q‘dld“ are listed
100 4 p- —— —
puy EREFEgE e in Table 22. The alteration of the pH [293] or the addmon of organic acids or
1 bases [292] have also been found to be effective. WINTERSTEIGER [291] has also
= described the effect that the TLC layer itself (binder) can influence the fluorescence
> intensity.
k]
|
E
able 22 Li hilic fluc 1 ifiers and their areas of application
g able-22: Lipop pplication-
g P
§ Fluorescence Substances Sensitivity increase/ Remarks/references
@ intensifier stabilization
Isooctane porphyrin methyl reactivation of faded benzene and petroleum
esters fluorescence ether can be employed in
the same way [233, 289]
’l : : 1 + + : ——-’——’ " . . .
\ 2 ; ,: s s ’ 2 Dodecane polycyclic aromatic 2 to 2.5-fold 50% in n-hexane, appreci-
hydrocarbons able time-dependant zone
Time [h] enlargement [234]
Flg 52 Fluorescence mtensny of porphynn chromatogram zones as a function of time after ]
bing in d o and ] } Palmitic and aflatoxins B, and B, 15 to 35% un
P 2 mesoporphynn P- 4 coproporphynn, P 5 pentaporphynn P 6: hexaporphyrin, P-7: 1 stearic acids intensified tl.1e ﬂuoresj
heptaporphyrin, P-8: uroporphyrin. cence when investigating
1] | corn extracts [224}
A 5001 B Kerosine porphyrins appreciably [235]
o Fomblin Y-Vac  polycyclic aromatic  up to 100-fold 35% in 1,1,2-trichloro-
400 ! hydrocarbons trifluorocthane [234]
/ Fomblin H-Vac  1-aminopyrene stabilization and en-  50% in 1,1,2-trichloro-
hancement trifluoroethane [238
3004 / ;
(] Liquid paraffin  benzo(a)pyrene 35-fold spray solution, 67% in
/ I n-hexane; the fluorescence
A 200 . isstable for more than 10 h
gl [245]
2 ®
; 1004 Liquid paraffin  aflatoxins 3 to 4-fold dipping solution, 33% in
§ d . n-hexane, investigation of
3 l | fungal nutrients [239]
s
= JJ \4\ t/\J \M /J \A n\J \M \A\J\ﬂ JAM\ ! L e s By P Liquid paraffin  aflatoxin B, 2.5-fold spray solution, 67% in
' . . ' . ' 250 500 750 1000 n-hexane [245]
1000fg 875fg 750fg 6251g S500fg 250fg Selenium [fg]
Fig. 53: Fluorescence scan of femtogram quantities of 2,1,3-naphthoselenodiazole (A) and Liquid paraffin  aflatoxins, 10 to 100-fold foodstuff investigations
associated calibration curve (B). l sterigmatocystine 1651
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Fluorescence
tensifier

Substances

Sensitivity increase/
stabilization

Remarks/references

Liquid paraffin

Liqud paraffin

Liquud paraffin

Liquid paraffin

Liquid paraffin

Liquid paraffin

Liquid paraffin

Liqud paraffin

selemum as 2,1,3-
naphthoselenodiazole

carbamate and urea
herbicides

digitalis glycosides

digitoxin, digoxin,
methyldigoxin

luleoskyrm

Iy usujuom

A*-3-ketosteroids

A4*-3-ketosteroids
(testosterone
1sonicottme hydra-
zone, testosterone
dansyl hydrazone)

cholesterol,
coprostanone,

25-fold

stabilization and en-
hancement

stabihization and en-
hancement

enhancement

stabilization

10-fold

> 10-fold

2 to 8-fold

spray solution, 67% mn
n-hexane (Fig 53 [240])

spray solution, 20% 1n
toluene, water investi-
gation [241)

30% 1n chloroform [242]

the chromatogram was
coated with a film of
paraffin hqud [243]

spray solution, 50% m

toluene —ethvul acetate —
toluene —ethy! acetate

formic acid (16 + 4+ 1)
(244)

dipping solution, 33% mn
n-hexane [10]

dipping solution, 33% 1n
n-hexane [232]

dipping solution, 33% mn
n-hexane [246)

Fluorescence Substances Sensitivity increase/  Remarks/references

ntensifier stabilization

Liqud paraffin  piroxicam enhancement dipping solution, 10% n
n-pentane, urine, tissue
and plasma investigations
[252)

Liqud paraffin  gentamycins, 50 to 65% enhance-  dipping solution, 15% in

netilmicin ment n-hexane [253)
Liqud paraffin  gentamycins stabiiization dipping soiution, 33% 1n

Liquid paraffin

Liquid paraffin—
triethanolamine

Liqud paraffin—
triethanolamine

Liquid paraffin—
triethanolamine

Silicone DC 200

morphne as dansy!
derivative

carbamazepine

cis/trans-
diethylstilbestrol,
ethynylestradiol

vitamin B,

sterigmatocystine

stabilization

30-fold

3-fold

2-fold

10-fold

n-hexane [254)

dipping solution, 20% in
n-hexane [291)

chloroform —hiqud par-
affin — tniethanolamine
(60 + 10 + 10) [255, 256}

chloroform —hquid par-
affin — triethanolamine
(60 + 10 + 10) [257}

chloroform —hquid par-
affin—tniethanolamine
(60 + 10 + 10) [258]

18% m diethyl ether,

Liquid paraffin

Liqud paraffin

Liquid paraffin

Liquid paraffin

Liquid paraffin

coprostanol etc

estriol as dansyl de-
nvative

cortisol as dansyl hy-
drazone

dansylamides

amilonde

fluphenazine

10-fold

10-fold

10-fold, stabihization

>10h

80% 1ncrease

enhancement

dipping solution, 67% 1n
n-hexane [247]

dipping solution, 67% n
n-hexane, serum nvesti-
gations [248, 249]

spray solution, 67%
n-hexane [245]

dipping solution, 33% n
cyclohexane, human
plasma mvestigation [250}

dipping solution, 5% n
toluene, plasma investi-
gation [251]

__-__—_~1

h 41 s &gy
encesevestigation [Zo7]

Hydrophilic hquids can also cause stabilization and amplification of fluorescence
Thus, DUNPHY et al employed water or ethanol vapor to intensify the emissions
of their chromatograms after treatment with 2’,7’dichlorofluorescein [260] Some
groups of workers have pointed out that the layer matenal itself can affect the
yield of fluorescent energy [261 —263] Thus, polyamde and cellulose layers were

employed in addition to silica gel ones [245] The fluorescence yield was generally

as generazy

increased by a factor of 5 to 10 [264], but the increase can reach 100-fold [234,

265]

Some examples of fluorescence amplification with the aid of hydrophilic hiquids
are histed in Tabie 23
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a)pynmidin-6-one

Y. 119001
2-propanoi [288]

Fluorescence Substances Sensitivity increase/ Remarks/references Fluorescence Substances Sensitivity increase/  Remarks/references
mtensifier stabihization intensifier stabihzation
Ethylene glycol  furosermde andits ~ no formation 10% citric acid mn ethylene Tricthylamime phenylurea and N-  stabibization and spray solution, 10%
metabohtes glycol —water (1+1), phenylcarbamate enhancement dichloromethane, 15 min
piasma mvesiigations pesticides delay before analysis {41}
266
[266] Triethylamine aminoglycoside ant1-  stabihization spray solution, 10% 1n
2-Ethoxyethanol ~gramine stabihzation 6% 1 mobile phase [267] biotics dichloromethane, mvesti-
gation of solutions for m-
Glycerol ethoxyquin, dansyl ~ 20-fold spray solution, 33% in
¢ amdes methanol [292] or 50% Jection [276, 278]
ethanol [245] Triethylamine amino acids as stabihzation spray solution, 10% n
fluorescamine dichloromethane
Polyethylene cysteme adducts of  stabihzation and dipping solution, 25% 1n -
glycol 400 a-,B-unsaturated enhancement chloroform [268] derivatives i:lg::)oy:civ ?tehfore and after
aldehydes as dansyl fluorescamne [280]
hydrazones
I -fol 1
Polyethylene compounds with al- 20 to 25-fold dipping solution, 10% 1n Monoethanolamnc dansyl amdes 10-foid spray solution [245, 272§
glycol 400 coholic OH groups methanol [269] Tricthanolamine  dansyl ammo acids,  enhancement spray solution, 20% 1n
dansyl amides 2-propanol, fluorimetric
Polyethylene primary amines, - stabihzation and dipping solution, 20% 1n evaluation after 16 h
glycol dole denvatives, enhancement methanol [270] storage 1 vacuo [281]
sympathomimetics Triethanolamme ~ gramine enhancement 20% 1n water, sodium hy-
Polyethylene alcohols, amnes stabihzation and spray solution, 50% m droxide solution (¢ =
1 mol/l) or 20% mono-
glycol 4000 enhancement methanol, best results on
ethanolamine solution
silica gel [271]
can also be employed
Polyethylene flavonoide glycosides no mnformation dipping solution, 5% 1n [267)
glycol 4000 ethanol, phytochemical - Trethanolamine _ephedrine, effortil  stabilization 20% 1n 2-propanol [282]
vestigations [273] and estriol as dansyl > 100 mn
Polyethylene silymarin enhancement 5% 1n ethanol, optimum dervatives
glycol 4000 for fluorescence after 24 h Triethanolamine  spermine, spermidine no formation spray solution, 20% 1
[274] 2-propanol, fluorimetric
evaluation after 16 h
Polyethylene primary, secondary, stabihzation and saturated dipping solution storage m vacuo [283]
glycol 4000 tertiary alcohols as  enhancement n methanol [275]
anthracene- Triethanolamine  N-mitrosamines no information spray solution, 10% m
urethane denvatives dichloromethane [284]
Polyethylene compounds with al- 20 to 25-fold dippmng solution, 10% in Trethanolamune  thiourea enhancement Spray Somt.l?ﬂ.’ 30% m
glycol 4000 coholic OH groups methanol [269] 2-propanoi {285]
Triethanolamine carbamate and urea  stabihzation 20% 1n 2-propanol, soil in-
Polyethylene cetanol after reaction  stabihzation > 15d  dipping solution, 10% 1n herbicides as dansyl vestigations [286, 287]
glycol 4000 with 8-bromomethyl- chloroform {291)] denvatives
benzo-d-pyndo(1,2- Tnethanolammne matacil, zectran stabihzation spray solution, 20% n
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Table 23: (Continued)
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3.3 Biological-Physiological Methods of Detection

Sensitivity increase/  Remarks/references

stabilization

Fluorescence Substances

intensifier

Tnethanolamine propham, stabilization and spray solution, 20% 1n

chloropropham, enhancement 2-propanol, water investi-
swep, linurone, gations {241]
maloron

Just like the physical and microchemical methods of detection, the indirect, bio-
logical-physiological detection procedures are very selective when applied to thin-
layer chromatography. Here it is not chemical functional groups or particular
physical properties that are sclectively detected but effects on highly sensitive
“biodetectors”. The following detection techniques have been employed:

® Manual transfer of the chromatographically separated substance to the “detec-
tor”. These include, for example, the detection of antibiotically active sub-
gtannas nlant and animal harmanas munatavine smaantinidas amicn and hitéan
51ances, piant and animar aormones, myCowoXins, instluciaes, spice ana vitler

principles and alkaloids. The frequency distribution of their employment is

® Bioautographic determinations, where test organisms, tissue homogenates or cell
organelles are applied in agar or gelatine solution as detectors directly on the

surface of the developed chromatogram. The detection of antibiotics, fungicides,
saponins, vitamins etc. have been described using this method.

® Reprint methods where the developed dried chromatogam is laid on the prepared
agar layer “detector” with the exclusion of air bubbles. In this and in the

A A AR

(L

Triton X-100 dansyl amides and 30 to 110-fold spray solution, 20% in
amino acids chloroform (265, 290]
Triton X-100 ethoxyquin (antioxi- > 200-fold, stabiliza- spray solution, 33% in
dant in spices) tion >15h benzene; the fluorescence
of aflatoxin B, is reduced
by 10 to 15% [292). shown in Figure 54 [295].
Triton X-100 polycyclic aromatic  10-fold 1% solution in n-hexane;
hydrocarbons optimal emission after
60 min; 10% zone enlarge-
ment [234]
Triton X-100 testosterone dansyl > 25-fold dipping solution, 20% in
hydrazone chloroform [232]
Triton X-100 selenium as 2,1,3- 90-fold dipping solution, 20% in
naphthoselenodiazole chloroform (Fig. 53 [231])
Sodium dansylated amino > 45-fold 1% in water; the greatest
dodecylsulfate,  acids and polycyclic enhancement of fluores-
cetyltrimethylam- aromatic hydro- cence is that of sodium
monium chloride, carbons cholate on pyrene [263] Antibiotic substances
sodium cholate,
B-cyclodextrin
B Ammaland veg
Dioctyl sulfo- codeine, morphine,  stabilization dipping solution, 20% in growth substances
succinate monoacetyl-mor- cthanol [94]

phine, heroin

Although there is ample experimental evidence confirming the stabilization and
amplification of fluorescence by means of viscous lipophilic and hydrophilic liquids
there is as vet no convincing physicochemical explanation of the phenomenon.
Wetting phenomena and pH changes could also play a role alongside solubilization
phenomena and micelle formation in the liquid film. As a nonionogenic detergent
Triton X-100 possesses wetting properties, so that here a surface-active effect can
be brought into the discussion. The amines that have been employed certainly
displace the pH. Further investigations are required to clarify the phenomenon.

s Y ) A

Pesticides, mycotoxins,
cytotoxic substances

S
VY
I

i
i

Hot and bitter substances

i

Atkaloids with
enzyme-inhibiting effects

A A A L |-
| 10 20 30 a0
Percent
Fig. 54: Fields of application and frequency distribution of biological-physiological detection
methods. .
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prev1ous method the “active agents” dlffuse out of the TLC layer nto the 1to

ndicator orgamsm dunng the perlod of incubation

e Enzymatic determinations of the detection lymit where the chromatograms are
first sprayed with an enzyme solution Then after appropriate incubation the

enzvmatically altered comnonents are detected h\l reaction with a smitable re-

enzymatiCany ailreG COMponenis arc Celecic reaction with a suiia

agent

These methods are naturally subject to the degree of vanation usual in biology
and a degree of manual dexterity 1s often required Their employment i TLC 1s,
nevertheless, justified because

e these methods are highly specific (Fig 36),

e 1nactive accompanying substances do not interfere,

I L T DRI < geareal

e the detection hmmis of the compounds are sometimes SO low that it is scarcery
possible to obtain better results by the classical methods of physical chemustry
without resorting to enrichment

w

These topics will be treated 1n depth 1n Volume 3
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for Chromatography Experts

Every chromatographic investigation begins with the preparation of the sample
and the chromatographic system. This is followed by the crux of the separation
process (development of the chromatogram) which is in turn followed by the
visualization of the separated substances and the preservation of the chromato-

gram and finally by the analysis of the results.

Each of these steps must be so documented that it can always be repeated simply
from the protocol. The most important steps will be discussed below, paying
special attention to the processing of the chromatogram after development.

4.1 Preparations for Chromatography

A description of the preparatory steps before chromatography is performed from
an integral part of the complete documentation. A record is necessary of the

e sampling process,
e sample storage (cool room, protection from light, inert gas atmosphere etc.),
e comminution of the sample (sieve size etc.) and

e sample preparation (extraction, distillation, sublimation etc.).

In addition, information must be provided concerning the enrichment and clean
up of the sample. If possible the sample solution prepared should be adjusted to
a particular concentration, so that the application of the chosen volume gives a
preliminary idea of the amounts in the chromatogram produced.

Particular pieces of apparatus and chemicals and solvents of exactly defined quality
were employed in the examples that follow and it is necessary to define them
precisely. Manufacturers’ names have been given when necessary as defining a
quality criterion. The purity of solvents and chemicals is a particularly important
point.

4.1.1 Solvent Quality

The higher the demands made on the analysis the higher must be the quality of
the solvents employed. Since the substances are present in dissolved form during
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most stages of the analy31s it must for cxample be known what additives have

Only particular solvents are suitable for certain purposes. The choice depending,
for instance, on their residual water content or their acid-base nature if R, values
are to be reproduced [1, 2]. Halogen-containing solvents may not be employed for

the determination of chlorinated pesticides. Similar considerations apply to PAH

analyses. “Pro analysi” grades are no longer adequate for these purposes. It is true
that it would be possible to manufacture universally pure solvents that were
adequate for all analytical purposes, but they would then be too expensive for the
final user [3, 4].

Table 24: List of some solvents and their stabilizers

Solvent Quality Stabilizer Company
Chloroform HPLC solvent ethanol, 0.5 to 1% BAKER
hydrocarbon stabilized  amylene, 0.01 to 0.02%  BAKER
GR ethanol, 0.6 to 1.0% MERCK
LiChrosolv amylene MERCK
for analysis cthanol, ca. 1% RIEDEL-de HAEN
Chromasolv amylene RIEDEL-de HAEN
Dichloro- HPLC solvent cyclohexane, 100 to 350 BAKER
methane ppm
GR amylene, ca. 20 ppm MERCK
LiChrosolv amylene, ca. 20 ppm MERCK
for analysis amylene, ca. 25 ppm RIEDEL-de HAEN
Chromasolv amylene, ca. 25 ppm RIEDEL-de HAEN
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Large quantmes of solvents are cmployed for sample preparanon, in particular,

ated do ew milliliters. So particularly high
quality matenals that are as free as possible from residual water and especially
free from nonvolatile or not readily volatile impurities ought to be employed here;
such impurities are enriched on concentration and can lead to gross contamination.
The same considerations also apply to preparative chromatography. Special sol-
vents of particular purity are now available.

If sufficient knowledge is available concerning the previous history and chemical
nature of the sample, then it is possible to choose the type of stationary and mobile
phase according to the triangular scheme [5, 40] (Fig. 55). Silica gel and aluminium
oxide are active adsorbents. They should be characterized more precisely when
documenting the experiment, most simply by noting exactly the product desig-
nation and source, since every manufacturing company takes care to guarantee
the properties and qualities of its products.

ADSORPTION PARTITION

active polar lipophilic

%[ mobile phase [ [stanonaryphase] % mobile phase
Iy

nonpolar

Diethyl ether ~ GR BHT, 7 ppm MERCK
dried no information MERCK
for analysis BHT, 5 ppm RIEDEL-de HAEN
Chromasolv ethanol, ca. 2% RIEDEL-de HAEN
Dioxane GR BHT, 25 ppm MERCK
LiChrosolv BHT, 1.5 ppm MERCK
for analysis BHT, 25 ppm RIEDEL-de HAEN
Chromasolv BHT, 1.5 ppm RIEDEL-de HAEN
Diisopropyl GR BHT, ca. 5 ppm MERCK
ether for analysis BHT, S ppm RIEDEL-de HAEN
Tetrahydrofuran HPLC solvent BHT, 0.02 to 0.03% BAKER
GR BHT MERCK
LiChrosolv no information MErck
for analysis BHT, 250 ppm RIEDEL-de HAEN
Chromasolv no information RIEDEL-de HAEN

N g .
inactive @ U nonpolar hydrophilic @ U polar

lipophilic v hydrophilic fipophiiic v hydrophilic

Fig. 55: Triangle scheme for the choice of phases.

Thus, for instance, 10% aqueous suspensions of the adsorbents produced by the
various manufacturers are different (Table 25). It is not a matter of indifference
whether Silica gel 60 or Silica gel 60 W (water-resistant) layers are employed, for
the two differ appreciably both in pH and in running time and, hence, in selectivity

(73]

V]
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Aluminium oxide is available in grades with neutral, acidic and basic reactions,
which can also vary in the specific surface area and pore size. This makes the
separations achieved vary and care must be taken to document precisely.

Table 25: Summary of the pH values of some layer matemls of precoated plates determmed

from the same batch)

Layer type Company and  pH Layer type ~ Company and pH Polyamide is available commercially as polyamide-6 (based on e-aminocapro-
Catalogue No. Catalogue No. lactam, MACHEREY-NAGEL) and as polyamide-11 (based on 11-aminoundecanoic

Aluminium oxide  MERCK 07 Silica gel S CHER & 62 acid, Merck). The lipophilic properties of these are different, thus altering their

60, type E 5713 G 1500 ScHULL chromatographic sclectmty.

Aluminium oxide ~ MERCK 8.9 Silica gel SCHLEICHER & 75 Cellulose layers are produced from native, fibrous or microcrystalline cellulose

150, type T 5727 G 1570 SCHULL (Avicel?). The separation behaviors of these naturally vary, because particle size
(fiber length), surface, degree of polycondensation and, hence, swelling behavior

Cellulose MERCK 6.6 Kieselguhr MERCK 7.6
5786 5738 are all dlffcrem.
i i i i se of RP ph i i
Cellulose SCHLEICHER & 6.8 Si 50 000 MERCK 79 The most important thing to pay attention to in the case P phases is th_e chfun
ScHULL 3793 15132 ' length. It is often forgotten, however, that RP phases are available with differing
degrees of surface modification and which also differ in their hydrophobicity and
Silica gel MACHEREY & 6.4 Silica gel 60  MERCK 7.6 wettability and separation behavior (R values, development times). These details
NAGEL 809023 silanized 5747 should, therefore, also be documented.
Silica gel MacHEREY & 6.3 Silica gel Merck 47 Differences in the materials employed for the layers can also become evident when
NaGEL 811022 RP-8 13725 P, PR, S | 4k Thuae Macrmronev N acor ranort that
chemical reactions are PErIoImea on them. Thus, MACHEREY-INAGEL report tnat
Silica gel 60 MERCK 7.8 Silica gel MERCK 5.0* the detection of amino acids and peptides by reaction with ninhydrin is less
5713 RP-18 13724 sensitive on layers containing luminescent or phosphorescent indicators compared
. to adsorbents which do not contain any indicator [7].
Silica gel 60 MERCK 7.6 Silica gel MErCK 4.4 Y g
5721 -
RP-18 W 13124 It is for this reason that the details gzven in the monographs are, on the one hand,
- _ = - : e 7 “p S T
5628 16464 section reports the results we ourselves obtamea’ whlch are not necessartly in complete
- agreement with the literature reports.
Silica gel 60 MERCK 4.7 Diol phase MERCK 36 ¢ g
t ] . . . .
pures 15552 12668 The fact that the binder used in the layer can affect the reagent is shown in the
Silica gel 60 MERCK 6.8 NH, phase ~ MERCK 9.9 monograph on 4-{4-Niirobenzyi)pyridine reagent. It is not possible to employ this
with conc. zone 11798 15647 reagent on Nano-SIL C 18-100 UV,s, plates (MACHEREY-NAGEL) because the
S B } whole surface of the layer is colored bluish-violet. The corresponding water-
tlica gel 60 ?712?33“16 Hain 7.6 Polyamide 11 15\/?521;0!( 6.9 wettable layers produced by the same manufacturer do not present any difficulties.
Silica gel RiEDEL-de HAEN 6.4 These few remarks should suffice to demonstrate the importance of the precise

37601 knowledge of the various layer materials and the precise documentation of their
use. Such differences should also be taken into account when choosing the station-
ary phase so that the impression is not later produced that phase A is better or
worse than phase B.

* Suspension well shaken, afterwards the RP-18 material floated on the surface.
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4.1.3 Prewashing the Layer

4.1 Preparations for Chromatography

125

All commercially available precoated plates are manufactured with great care. But
they are active layers which, on account of the numbers and structures of their
pores, possess a very large internal surface area, on which water vapor and other
volatile substances can condense, particularly once the packaging has been opened.
in order to prevent this as far as possibie the precoated piates are packed with the
glass or foil side upwards.

It is possible that plasticizers or monomeric components of the packing materials
(adhesives etc.) are also absorbed during storage. In order to stop such “impurities”
or oligomeric components of the binder interfering with the development, the
plates are often prewashed before the actual chromatography, particularly during
quantitative work. This is done by developing the chromatogram one or more
times with either a mixture of methanol and chloroform (1 + 1) or with the mobile
phase that is to be employed later. When doing this the mobile phase should be
allowed to climb appreciably above the solvent front of the subsequent chromato-
graphic run. Acidic or basic mobile phases can cause difficulties because they are
not completely removed during the subsequent activation (30 min at 110°C) in
the drying cupboard and, thus, “impregnate” the stationary phase.

It is always inadvisable to activate in a stream of hot or cold air (har' drier),

because laboratory air is then blown over the layer. Such details also belong in the
documentation of working instructions.

4.1.4 Choice of Chamber System

chromatographic ancestry more clearly than in the question of development
chambers (Fig. 56). Scaled-down paper-chromatographic chambers are still used
for development to this day. From the beginning these possessed a vapor space,
to allow an equilibration of the whole system for partition-chromatographic separ-
ations. The organic mobile phase was placed in the upper trough after the internal
space of the chamber and, hence, the paper had been saturated, via the vapor
phase, with the hydrophilic lower phase on the base of the chamber.

In the case of thin-layer chromatography there is frequently no wait to establish
complete equilibrium in the chamber before starting the development. The
chamber is usually lined with a U-shaped piece of filter paper and tipped to each
side after adding the mobile phase so that the filter paper is soaked with mobile
phase and adheres to the wall of the chamber. As time goes on the mobile phase
evaporates from the paper and would eventually saturate the inside of the chamber.

Fig. 56: Commonly used trough chambers (DESAGA).
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Adsorbent

Pre-exposure to vapor
(sorptive saturation)

Mobile + stationary phases

Exchange
vapor-liquid “+———
phase
Chamber
saturation
Capillary
saturation

B

Vi
= Mobile phase ﬁ

Fig. §7: Schematic representation of the relationships between development, chamber satu-
ration and pre-loading with solvent vapors (acc. [8]).

But there can be no question of chamber saturation if the TLC plate 1s then placed
—directly inthe chamber. But at least thefe isa reduction in the evaporation of mobile
phase components from the layer. Mobile phase components are simultaneously
transported onto the layer (Fig. 57). In the case of multicomponent mobile phases
this reduces the formation of f-fronts.

Anart feam gunh tenole | AP RPN aro alon

Apart Irom sucii rougn chambers there are also S-chamber sysiems (smau
chambers, sandwich chambers) with deliberately reduced vapor volumes, which
are specially suited to adsorptive separations. Such chambers are available for
vertical and horizontal development (Fig. 58). Different separation results are
naturally obtained in trough and S-chambers 8).

The description of the experiment must, therefore, state what type of chamber was
used and whether “chamber saturation” was employed.

The twin-trough chamber (Fig. 43A) was not just developed to economize in
mobile phzce it also allows the ]avpr to be impregnated as desired from the v.

r 10 OC IMPIegnaied as Gesired irom in

Fig. 58: A) S chamber, B) horizontal developing chamber (CAMAG)
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Relative humidity [%]

o
@
®
o

Fig. 60: Chromatogram of a 6 dyestuff mixture made up (according to falling R values) of
Sudan red 7B, Sudan orange G, Sudan black B, Sudan yellow, Artisil blue 2‘RP and Sudan

B
Fig. 59: Vario chambers (CAMAG) for plate format 20 cm x 20 cm (A) and 10 cm x 10 cm (B)

phase. In the case of acidic or basic mobile phases a demixing of the mobile phases
usually occurs in the lower part of the chromatogram during development. When,
however, a vapor such as acetic acid or ammonia has access to the stationary
phase it is often possible to substitute an acid- or ammonia-containing mobile
p‘hase by a neutral one. The impregnating liquid is placed in one of the troughs,
the mobile phase and the TLC/HPTLC in the other one.

5 Y15

black B (2 components) under different humidity condi : S
42,32, 18, 14 and 9% relative humidity; layer: silica gel 60; mobile phase: toluene.

A precise mastery of the chromatographic process also requires that the relative
humidity be controlled. There are sufficient examples demonstrating that repro-
ducible development is only possible if temperature and relative humidity are
maintained constant. The influence of the latter on chromatographic behavior can
be investigated using the Vario KS chamber (Fig. 59). When the relative humidity
1s altered it is possibie that not only the zone behavior will be changed but also
the order of the zones on the chromatogram (Fig. 60).

It is possible to control the relative humidity with sulfuric acid solutions of
particular concentrations (Tab. 26) or with saturated salt solutions in contact

with excess salt (Tab. 27). These liquids are placed in a conditioning chamber
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Table 26: Relative humidities over various concentrations of sulfuric acid at 20°C.

4.2 Documentation on the Chromatogram 131

(Fig. 43B) or in one of the troughs of a twin-trough chamber (Fig. 43A). If
a conditioning chamber is employed the equilibrated TLC plate must then be

Sulfuric acid concentration Relative humidity Manufacture:

[%] [%] ml conc. sulfuric acid + ml water
98 0 100 + 0
62.5 9 100 + 60
55 15 100 + 82
50 20 100 + 100
40 32 68 + 100
36 42 57 + 100
33 47 50 + 100
28 58 39.5 + 100
25 65 34+ 100
22 72 27.5 + 100

Talblc[82]7: Relative humidities over saturated salt solutions in contact with undissolved
salts [8].

transferred to the chromatography tank without delay. When a twin-trough
chamber is employed the chromatography can be started after equilibration has
taken place merely by adding the mobile phase to the second trough.

Such details must also be documented in orde
the experiment.

4.2 Documentation on the Chromatogram

One of the great advantages offered by thin-layer chromatography is that several
samples (the same or different) can be developed on the same TLC/HPTLC
plate together with the appropriate reference substances. A horizontal chamber
(Fig. 58B) can be used to generate up to 70 chromatograms simultaneously, with
development taking place antiparallel from two opposing edges of the plate and

. NS R SN T P Ay
rcquxnug less than 20 ml Uf mobile phaac

Samples and reference substances should be dissolved in the same solvents to
ensure that comparable substance distribution occurs in all the starting zones. In
order to keep the size of the starting zones down to a minimum (diameter TLC:
2 to 4mm, HPTLC: 0.5 to 1 mm) the application volumes are normally limited
to a maximum of 5 pl for TLC and 500 nl for HPTLC when the samples are

Salt Rel. humidity ~ Salt Rel. humidity
(%] [%]
ZnCl, - 1!/, H,0 10 NaNO, 66
LiCl - H,0 15 CuCl, - 2 H,0 67
CaBr, 16.5 NH,Cl + KNO; 726
K(HCOO) 21.3 NaClO, 75
K(CH;;COO) 22.7 NaCl 75.7
NiBr, 2741 H,C,0, - 2 H,0 76
Nagl +KNO; + NaNO, 30.5 Na(CH;COO0) - 3 H,0 76
(16°C) Na,S$,0; - 5H,0 78
KF 30.5 NH,Cl 79.2
MgBr; 31.8 (NH,),S0, 79.5
CaCl; "6 H,O 323 KBr 84
MgCl; - 6 H,0 324 KCl 85
NaCl + KNO; (16°C) 326 KHSO, 86
CrO; 35 BaCl, - 2 H,0 88
NaSCN 357 K.CrO4 88
NaCl + KCIO; (16°C) 36.6 ZnSO, - 7H,0 90
Nal 384 Na,CO; - 10 H 9
Zn(NO;); - 6 H,0 42 Na.123r033 © gg
K,CO; -2 H,0 44 K,HPO, 92
KNO, 45 Na,S0, - 10 H,O 93
\KEIC,E 47 NH,H,PO, 93
NaHSO, - H,O 52 KNO; 93.2
Na,Cr,0; - 2 H,O 52 Na,HPO, - 12 H,0 95
Ca(NO;); - 4 H,0 54 Na,SO; - 7 H,0 95
Mg(NO;); - 6 H,O 54 K,S0, 97.2
FeCl, - 4 H,0 55 CaSO, - 5 H,0 98
NaBr-2H,0 58 Pb(NO,), 98

“ﬂ___—-_—1

applied as spots. Particularly in the case of adsorption-chromatographic systems
layers with concentrating zones offer another possibility of producing smail
starting zones. Here the applied zones are compressed to narrow bands at the
solvent front before the mobile phase reaches the active chromatographic layer.

The use of application schemes and labelling each single chromatogram track can
avoid mistakes as far as the order of application and positioning are concerned.
Each sample and reference solution is applied twice with a displacement of half a
plate width in the data-pair method [9], that has been in use since the 1960s for
the purpose of reducing errors of application and chromatography (Fig. 61). The

position of application must naturally be chosen so that the starting zone does
not dip into the mobile phase.

A soft pencil can be used to write on the chromatogram. But the chromatogram
should not be marked below the starting point, because the layer could be damaged
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4 3 Fixing the Visual Appearance of the Chromatogram 133

Test Test No
Data=pair methods Test
Name
Yy Uy vp Uy vy U vy Uy Date
® Q M A e o N A Chromatographic conditions:
gt F §
L — Method
Stationary phase
Mobile phase
, tion t
Fig. 61: Application scheme according to the data parr method — V; to V, = standard Migration distance Migration time
solutions, U; to U; = sample solutions Detection a)
b)
©)
Evaluat
with the result that the substance distribution m the chromatographic zones could valuation
be affected This would lead to errors mn direct photometric analysis [10] It 1s and
best to label the chromatogram above the level of the solvent front when the comments

chromatogram s later developed Immediately after development 1s completed the
level of the solvent front should be marked at the left and right-hand edges of the
plate to allow calculation of the Ry values This should be done even if a solvent
front “monitor” 1s employed [11] or the development 1s controlled by means of an
AMD [12—15] or PMD system [16—18] The practice of cutting a scratch across
the whole adsorbent layer for this purpose 1s now obsolete — especially dong 1t

Preparation of sample
Volume applied
Preparation of standards
Volume apphied

before develo; pment

The type of plate, chamber system, composition of mobile phase, running time and
detection reagent used must naturally all be recorded The sample protocol illustrated
in Figure 62 can be employed

When preparing mobile phase mixtures each individual component should be
measured out separately and only then placed 1n the mixing vessel This prevents
not only contamination of the solvent stock by vapors from the already partially
filled mixing vessel (e g ammoma') but aiso volumetric errors caused by volume
€Xpansions or contractions on mixing

All details i the reagent monographs concerning mobile Pphases are given in parts by
volume unless 1t 1s specifically stated otherwise

|

Fig. 62: Example of a protocol form

4.3 Fixing the Visual Appearance of the
Chromatogram

A chromatogram 1s produced by developing a TLC/HPTLC plate, but 1t may be
necessary to employ one of the reagents described to make the positions, structures
and sizes of the chromatogram zones apparent so that they can be recorded If the
R, values are the same a comparison of the sizes of the zones of the sample and
standard substances gives an indication for esumating the amounts If, asa result
atrix effects, the R; values of sample and standard are not the same then their

of matnx ef
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zone size and distribution of substance on the chromatogram will also differ on
account of different diffusion pa i

a chromatographic separation.

It is usually only possible to store the original chromatogram if TLC foils are
employed or if the adsorbent layer is fixed and removed from the plate as a whole.
This can be achieved by treating the chromatogram with collodium [19], “adhesive”
[20] or plastic dispersions and exercising a little patience.

4.3.1 Preserving with Neatan

Chromatograms can be made “handleable” and storable by treatment with plastic
dispersions, based on polyacrylic ester, polyvinyl chloride or polyvinyl propionate,
such as, for example, Neatan (MercK) [21 —23]. In order to avoid clogging the

snray haad with mlaceis dleooi o2

spray head with plastic dispersion residue it is recommended that it be rinsed
through immediately after use with tetrahydrofuran or that disposable jets be
employed [24].

After drying at a temperature below 50 °C (higher temperatures lead to yellowing!)
an adhesive film is rolled over the layer and the covered chromatogram ct

b A,
21 28 TOACE OV 1AC 2ayer and 1aC COVerea Caromatogram Cut aown

to the glass plate with a razor blade within 2 to 3 mm of its edges and raised at
one corner. The “polymerized” layer can then be detached from the glass plate by
soaking in water (methanol in the case of polyamide layers [23]) and after drying
stuck into the laboratory notebook and labelled (take care when aggressive re-
agents have been used!).
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Direct copying on Ozalid or Ultrarapid blue print paper has also been employed

for documentation [25—27]. For this purpose the chromatograms are laid layer-
side up on a light box and, if necessary, covered with a sheet of 1 mm thick glass.
The Ozalid paper is then laid on with the yellow-coated side down z%nd covered
with an appropriately shaped piece of wood (to keep out the daylight and to

maintain contact), The exposure time is 8 to 10 minutes depending on the
chromatographic background; it can be shortened to 3 to 4 minutes for weakly
colored zones or lengthened appropriately for heavily colored backgrounds. The
Ozalid paper is exposed to ammonia vapor after exposure. The chromatogram
zones are recorded as red-violet spots on a pale background. AGFA-Copyrapid

CpP or CpN papers can also be employed [37].

The simplest method of recording chromatograms nowadays is by means of conven-
tional photocopying (Fig.63).

Relative humidity [%]
728 65 F 472y 32 18 % 9

——This method-of chromatogram preservation has lost a great deal of its importance

with the increasing perfection of photographic methods, particularly since true-
colored, instant, paper and slide positives have become available. Photography is
the more rapid method of documentation if suitable photographic equipment is
available.

4.3.2 Documentation by Sketching, Photocopying or Photographing

The phenomenological analysis results can be recorded by sketching or tracing on
translucent paper and colored with crayons or pens to reproduce the impression
of color. It is usual to mark fluorescent zones with a “ray-like” edge; phospho-
rescence-inhibiting zones are marked with a broken line. Stippling and hatching
etc. can also be employed by a working group to convey additional information

Ormauoi.
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Fig. 63: Photocopy of the chromatogram in Fig. 60.
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The chromatograms can also be recorded onto normal photographic paper (e.g.

4.3 Fixing the Visual Appearance of the Chromatogram 137

ing fluorescent zones it is necessary to ensure that the filter transparency of the

1liospeed 2.1 M, glossy 2, Titord, Essex [28] or Kodak paper [29]) by transmitted
light. Here too, as in the case of copying onto Ozalid paper, a sandwich is prepared
from chromatogram and photographic paper (dark room!); this is then illuminated
for about 1 s with a 25 watt incandescent bulb at a distance of 1.5 m. The negative
image on the paper is then developed.

Color reproduction of the chromatograms can be achieved by color photogra-
phy — the best, but also the most expensive method of documenting thin-layer
chromatograms. It can be used not only to produce true-color reproductions of
colored zones but also — with the aid of a Reprostar (Fig. 64) or a UVIS analysis
lamp (Fig. 6) — of fluorescent or fluorescence-quenched zones. When photograph-

UV lamp is optimal so that the chromatogram illumination is even (Sec. 2.2.2 and
Fig. 8). It must also be ensured that no exciting radiation reaches the film
[31 —33].

When fluorescence-quenched zones are being photographed (excitation at A=
254 nm) it is often sufficient to place a Type GG 435 glass filter (ScHOTT, thickness
4 mm) in front of the camera lens. On the other hand, a Wratten Type 2 E filter
is recommended for recording fluorescent zones (excitation at A = 365 nm) [34].
The slight blue coloration of the film caused by light passing the black-light filter

of the UV lamp can be avoided by a yellow or pale orange filter.

The required exposure times are difficult to estimate. They are best found by trial
and error. Documentation of fluorescence quenching at A = 254 nm usually only
requires one trial. The exposure time found to be adequate here is normally suitable
for all following exposures of fluorescence quenching if the exposure conditions
are maintained constant (camera type, film type, distance of objective and lamp,
aperture etc.). The exposure time required for fluorescent chromatograms is pri-
marily dependent on the intensity of the fluorescence and, therefore, has to be
optimized for each chromatogram. It is best to operate with a range of exposure
times, e.g. aperture 8 with exposures of 15, 30, 60, 120 and 240 seconds. Experience
has shown that one exposure is always optimal.

Favorable settings are given in Table 28 for the employment of Polaroid color film
Type 669 in a CU-5 Polaroid-Land camera with a 127 mm objective. Further

Fig. 64: Reprostar (CAMAG).

Table 28: Setting conditions for a Polaroid Land CU 5 camera with supplementary lens (0.5
dioptres) for photographing TLC plates of 20 x 20 cm format on Type 669 Polaroid color
film.

Subject Aperture Exposure Color
correction

Colored zones,

white transmitted or incident light 1 1/8s no

Colored zones,

white transmitted and incident light 16 1/8s no

Fluorescent zones,

mncident light at 4 = 365 nm 8 30s yes

Fluorescence quenching zones,

mcident light at 4 =254 nm 8 30s yes
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detailed data have been reported in the literature for other types of cameras and

films [30—32, 35, 36]. The production of autoradiograms will be dealt with in
Volume 2.

The color plates for the chromatograms reproduced in the reagent monographs
were produced using an Olympus OM-4 camera with 50 mm lens combined with
a copying stand with TTL-Makrobhtz T 28 (OLYMPUS).

4.4 Documentation by Means of in situ Evaluation by Computer

The methods of documentation of thin-layer chromatograms described until now
depend on the photographic recording of the visually detectable chromatograms.
The film negatives or slides can then be subjected to densitometric quantitation [26,
38, 39] and included in the protocol. This indirect method of TLC chromatogram
quantitation with its intermediate photographic step has been rendered completely

obsolete with the coming of the computer-controlled, chromatogram spectrometer.

Particularly elegant documentation is achieved by storing the quantitative TLC
data on diskettes. They are then available for years and complement the qualitative
record in an excellent manner. In addition they are always available for statistical

analysis and, thus, contribute to comprehensive documentation.
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Alizarin Reagent

Reagent for: g O
O
o]
e Cations [1—7] C14HgO4
M, =240.22

Preparation of the Reagent

Dipping solution Dissolve 100 mg alizarin in 100 ml ethanol.

Spray solution A 0.25% [3] or saturated solution of alizarin [4] in ethanol.

Storage The solution may be kept for several days at room temperature.
Substances Alizarin
Ethanol

Ammonia solution (25%)

i ) a® _
Keacuon
Metal cations yield colored complexes with alizarin:
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Method

Alizarin Reagent 145
Procedure Tested

The chromatogram is dried for 10 min in warm air and either immersed in the
dipping solution (1 s) or sprayed evenly with the spray solution. The still-moist
TLC plates are placed in the empty part of a twin-trough chamber filled with
ammonia solution (25%) for 1 min. In a few minutes red-violet zones appear on
a violet background. If the plate is then dipped in either 0.1 —1% acetic acid in
diethyl ether or in a 1% solution of boric acid in methanol-water (9 + 1) the
background turns yellow and most of the chromatogram zones appear as red to
violet spots. The following cations (arranged as in the periodic table) can be
detected:

1 I il v v \%1 vi VIII
Li Be NH4
Mg Al
Cu Ca Zn Ga Sc Ti As V Se Cr Mn Fe Co Ni
Ag Sr Cd In Sn Zr Sb Pd
Au Ba Hg La Pb Bi Pt

and Ce, Th, U and other rare earths.

Note: The reagent can be employed on silica gel layers, which may also be impreg-
nated, for example, with 8-hydroxyquinoline or dibenzoylmethane [3] or with 2,2’

ipyridy! or imi s

Nickel, Copper and Beryllium nitrates; Calcium, Magnesium, Strontium and Barium
chlorides [5, 7]

Method One-dimensional ascending development in a HPTLC

PR TOSUNUE RPUDNPL T RO RPN P
chamber with chamber saturation.

Layer HPTLC plates Cellulose (Merck). The plates were pre-
washed with mobile phase and dried for 10 min in a stream
of warm air before use.

Mobile phase 1. Ni, Cu and Be cations: acetone — nitric acid (25%)
(35+15).
2. Alkaline earth cations [5]: methanol-hydrochloric acid
(25%) (80 + 20).

Migration distance 5—7cm

Running time 20 min

Rather than dipping the chromatogram in acid solution it is preferable to heat it
to 100°C for 2— 5 min (fume cupboard!) in order to evaporate the ammonia and
turn the background yellow. By this means it is possible to increase the sensitivity
of detection for some of cations e.g. Sr2* and Ba?*. However, these zones fade
after some time, so that it is necessary to quantify the chromatogram immediately
after heating.

————w —— Front

Start

J VI\VI :

Fi%.'l: Absorption scanning curve of the alizarin complexes of barium (1), strontium (2),
calcium (3), magnesium (4) and beryllium cations (5). The amounts applied were 2 pg in
cach case.
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Detection and result: The separation was adequate in the systems given. The
following AR, values were obtained after heating for 2— S min to 1

Mobile phase 1: Ni2* (blue-violet), hR;: 45— 50; Cu®* (violet), AR, : 55—60; Be>*
(violet), hR;: 80—85.

Mobile phase 2: Ba®* (pale blue-violet), hR;: 15-20; Sr?* (pale blue-violet

Qi€ DIUC-VIOET), MG 10— 2V, oI ale

slightly tailing), AR;: 30— 35 Ca?* (violet), hR;: 50—55; Mg?* (v101et) hR:: 75—
80; Be2* (violet), hR;: 93—98.

The visual limit of detection was between 30 and 50 ng per chromatogram zone
for nickel and copper, a factor of ten worse for the alkaline earths. There was
sometimes an “impurity” front in the same AR, range as beryllium.

In situ quantitation: The photometric determination was made in reflectance mode
at A =550 nm (Fig. 1).
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Reagent for:

e Unsaturated 1,2- and 1,3-dihydroxyketones, e.g. flavonoids [1 —4]

o Mycotoxins: zearalenone [5, 6, 10]; ochratoxin [5];
sterigmatocystine [7— 11]; citrinine [12]

e Trichothecenes: deoxynivalenol (vomitoxin) [13} AlCl; - 6H,0
: 1 M, =241.45

o Phospholipids and triglycerides [14]

Preparation of the Reagent

[5] Gagliardi, E., Likussar, W.: Mikrochim. Acta (Vienna) 1965, 765-769.

{6] Bhushan, R., Srivastava S. P., Chanhan, R. S.: Anal. Letters 1985 18, 1549-1553.

{7] Kany, E., Jork, H.: GDCH-Workshop Nr. 300 ,,Einfithrung in die Diinnschicht-Chromatogra-
phie“, Universitédt des Saarlandes, Saarbriicken 1987.

Solution I Dissolve 0.2 to 1 g aluminium chloride in 100 ml ethanol.
Solution II Dissolve 20 g aluminium chloride in 100 ml ethanol.

Storage The solutions can be stored for Iong periods in the refrigerator.
Substances Aluminium chloride hexahydrate

Ethanol absolute
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Reaction

Aluminium Chloride Reagent 149
Procedure Tested

Aluminium chloride forms, for example, fluorescent complexes with flavonoids:

| + AR > |
~Ht

Method
The developed chromatograms are briefly immersed in or evenly sprayed with the
appropriate reagent solution. Solution 1 is employed for flavonoids [1, 3] and
solution II for mycotoxins [5, 8, 12], phospholipids, triglycerides and cholesterol
[14].

After the dipped or sprayed chromatogram has been dried in a stream of cold air
long-wave UV light (4 = 365 nm) reveals fluorescent yellow zones (flavonoids).
Sterigmatocystine, which can be detected without derivatization on account of its
red intrinsic fluorescence (detection limit 0.5 pg), also fluoresces pale yellow after
being heated to 80°C [9] or 100°C [13] for 10 min; on the other hand, citrinine,

Flavonoids (Quercetin, Rutin, Hyperoside, Quercitrin) [15]

Method One-dimensional, ascending development in a trough cham-
ber with chamber saturation.

Layer HPTLC piates Silica gel 60 (MERCK) pre-washed by a single
development with chloroform-methanol (504-50). The
layers were preconditioned for 30 min over water after the
sample had been applied.

Mobile phase Ethyl acetate — formic acid (98 —100%) — water (85 + 10
+15).

Migration distance 6cm
Running time 18 min

Detection and result: The chromatogram was freed from mobile phase and dipped

for 1 s in solution I and after drying for 1 min in a stream of cold air it was dipped
in a solution of liguid naraffin — n-hexane I1 + 2 in order to stabilize and increase

solunon of liquid paratiin n-nexane 4, 1N OIGOr 1O SlaBLiZe ang inlreéase

the intensity of ﬂuorescenoe by a factor of 1.5—2.5. The derivatives which were
pale yellow in daylight after drying fluoresce pale blue to turquoise in long-wave

zearalenone and vomitoxin fluoresce blue.

The detection limits are ca. 20 ng per chromatogram zone.

Note: The reagent can be employed on silica gel, kieselguhr, polyamide, RP, CN,
NH, and cellulose layers.
The colors of the fluorescing zones can depend on the concentration o
aluminium chloride solution.

Hypericin which is a hydroxyanthraquinone and the antibiotic nystatin also yield
fluorescent zones. A higher fluorescence intensity is frequently obtained by heating
to 88°C for 2— 5 min instead of simply allowing to dry at room temperature.

Front
~

Start

UULL |

quercitrin (3) and quercetin (4).
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t (1 =365 nm): rutin (2R;: 25— 30), hyperoside (AR;: 45—50), quercitrin
(hR;: 60—65) and quercetin (AR¢ 85—90). The detection limits were 10 ng sub-
stance per chromatogram zone.

In situ quantitation: The in situ fluorescence measurement was carried out at Aee. =

436 nm and Ay = 546 nm (monochromate filter M 546).
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11o=H4:

4-Aminoantipyrine — Potassium
Hexacyanoferrate(III) Reagent
(Emerson Reagent)

Reagent for:

e Arylamines [1, 2 w
ry 1,2 H3C/N‘N10

@ Phenols [3—5] 7

e Salithion [6] S J

e Sympathicomimetics
C1:H13N30 K;[Fe(CN)¢]
M, =203.25 M, =329.26

4-Aminoantipyrine

[12] Gimeno, A.: J. Assoc. off. Anal. Chem. 1979, 62, 579-585; 1980, 63, 182-186: 1984, 67,
194-196.

[13] Eppley, M. R., Trucksess, M. W., Nesheim, S., Thorpe, C. W., Wood, G. F,, Pohland, A. E.:
J. Assoc. off. Anal. Chem. 1984, 67, 43-45.

[14] Segura, R., Navarro, X.: J. Chromatogr. 1981, 217, 329-340.

[15] Gilles, F.: Thesis, Universitét GieBen, Fachbereich Agrarwissenschaft, 1986.

Preparation of the Reagent

Dipping solution 1  Dissolve 1 g 4-aminoantipyrine (4-aminophenazone; 4-ami-
no-2,3-dimethyl-1-phenyl-3-pyrazolin-S-one) in 100 ml 80%

ethanol.

Dipping solution II Dissolve 4 g potassium hexacyanoferrate(1II) in 50 ml water
and make up to 100 ml with ethanol.

Spray solutionI  Dissolve 2 g 4-aminoantipyrine in 100 ml 80% ethanol.
Spray solution I See dipping solution II.

Storage The dipping solution and spray solution I can be stored in the

vafrigarat £ ool
refrigerator for about 1 week.




152 4-Aminoantipyrine— Potassium Hexacyanoferrate(I11) Reagent

Substances 4-Amino-2,3-dimethyl-1-phenyl-
3-pyrazolin-5-one

Potassium-hexat HD
v N’allul\(lla\-\r\lll}

4-Aminoantipyrine— Potassium Hexacyanoferrate(I1Il) Reagent 153

In the case of sympathicomimetics it should be checked whether the reaction in
solution (PFEIFER, S., MANNS, O.: Pharmazie 1957, 12, 401-408) is applicable to

TLC
TIC,

Ammonia solution (25%)
Ethanol

Procedure Tested

Reaction

4-Aminoantipyrine forms with aniline, for instance, a colored diimine derivative
under the oxidative influence of iron(III) ions.

Eugenol, Carvacrol and Thymol in Essential Oils [7]

Method Ascending, one-dimensional development in a trough
chamber with chamber saturation. A double development
(5 min intermediate drying in a stream of warm air) was
required for the separation of carvacrol/thymol.

HC NH., Fe+ Fe2+ HC, N NH
HsC NH, H5C N={  =NH
—l + @—NHZ — > ) = Layer TLC plates Silica gel 60 W or HPTLC plates Silica gel 60
HsC” 0 HyC7 N0 WRF;s4, (MERCK); SIL G-25 or Nano-Sil-20 (MACHEREY-
/ & NAGEL).
A \vl Mobile phase TLC: chloroform; HPTLC: toluene (for carvacrol/thymol

Quinone diimine derivative

separation).

>

P
immersed for 1 s in dipping solution II or sprayed with spray solution II. After
redrying the background is decolorized by placing the chromatogram in a twin-
trough chamber, one of whose troughs contains 25% ammonia solution. Red-
orange colored zones are produced on a pale yellow background. The color
intensity of the chromatogram zones is also increased in the case of phenols, since
these only react in alkaline medium [4].

Note: The reagent can be just as successfully employed on silica gel, kieselguhr,
aluminium oxide and polyamide layers as it can with RP and NH, phases. The
final treatment with ammonia vapor to decolorize the background can be omitted
in the last case.

An iodine solution can be employed as oxidizing agent in place of potassium
hexacyanoferrate(111). 4- Aminoantipyrine also produces colored zones with 1- and
1,4-unsaturated 3-ketosteroids (pregnadienediol derivatives) in the absence of
oxidizing agents.

nd thy!
ground was pale yellow colored. The visual detection limit was 20() 500 ng per
chromatogram zone. The colored zones faded after 1 to 2 hours.
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Method

3 * *
ent
Reagent for: NH,
e Carbohydrates (sugars)
¢.g. monosaccharides [1—5] COOH
disaccharides [2, 3]
uronic acids [1 — 3] C;H;NO;
M, = 137.14

The chromatogram is freed from mobile phase and dipped in the reagent for2s
or uniformly sprayed with it, dried for several minutes in a stream of cold air and
heated to 100°C for 10— 15 min. The result is reddish-brown chromatogram zones
on a colorless to pale brown background.

Note: The reagent can be employed on cellulose layers. Sodium acetate-buffered

kieselguhr layers are less suitable [6]. Only a few sugars are detectable and
those with lower sensitivity if acid is not added to the reagent [7].

Sugar in Diabetic Chocolate [8]

Preparation of the Reagent Method Ascending, one-dimensional development in a trough cham-
P O 1L REE B> ber with chamber saturation.
Dipping solution Dissolve 1 g 4-aminobenzoic acid in 18 ml glacial acetic acid Layer TLC plates Silica gel 60 (MERCK).

and add 20 ml water and 1 ml 85% phosphoric acid; immedi- . . P

. . . . ¥ Mobile phase Dichloromethane — methanol — glacial acetic acid — water
tely bef dilute with

ately before use dilute with acetone in the ratio 2 + 3 [2]. (50 + 50 + 25 + 10).
Storage The reagent may be stored for 1 week in the dark at room s

femperature. Migration distance 15 cm
Substances 4-Aminobenzoic acid Running time 120 min

Glacial acetic acid
Orthophosphoric acid (85%)
Acetone

Reaction
Sugars react with the reagent probably with the formation of SCHIFF’s bases:
R? R!

AN
c=0 + N N coon ——>  Scan— H—coon
—/ Th

R2 20 R2 4 ==/

Detection and result: The chromatogram was freed from mobile phase and im-
mersed in the reagent solution for 2 s and placed in a drying cupboard while still
moist. After heating to 120°C for 15 min red-brown (fruciose) and grey-biue
(lactose) chromatogram zones were produced, which fluoresced turquoise under
long-wavelength UV light (A = 365 nm). The detection limits in visible light were
200—300 ng substance per chromatogram zone. The detection limits were
appreciably lower with less than 5ng per chromatogram zone on fluorimetric
analysis.

In situ quantitation: Quantitation was performed fluorimetrically (Aexe = 365 nm,
A > 560 nm). The baseline structure was most favorable under the chosen con-
ditions (Fig. 1).
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2 * L3
3 2-Aminodiphenyl —
* *
Sulfuric Acid Reagent
1 Reagent for:
]
— ) e Carbonyl compounds [1, 2] 7'\ \
u—-\/—’p\" ¢.g. aliphatic aldehydes from C-8, =/ =
glycol aldehyde [5), glyoxalic acid, NH,
Fig. 1: Fluorescence plot of a blank (A) and a chromatogram track of a diabetic chocolate 2,3-pentanedione
extract (B). Circa 50 ng lactose and fructose were applied. Start (1), lactose (2), fructose (3). o o
e Vitamin B¢ (pyridoxal) [2] Ci2Hy (N H3>N0,
o Sugars [3, 4] M, =16923 M,=98.08
) ) DAY SRR
KEICTONCES
[1] Metraux, J. P.: Chromatogr. 1982, 237, 525-527.
[2] Ersser, R. S., Andrew, B. C.: Med. Lab. Technol. 1971, 28, 355-359. .
[3] Damonte, A., Lombard, A., Tourn, M. L., Cassone, M. C.: J. Chromatogr. 1971, 60, Preparatlon Of Reagent
203-211.
[4] Menzies, 1. S., Mount, J. N.: Med. Lab. Technol. 1975, 32, 269-276. Solution I Dissolve 1 g 2-aminodiphenyl (biphenyl-2-ylamine) in 100 mi
5] Kroplin, U.: J. agric. Food Chem. 1974, 22, T10-1T6. ethanol.
[6] Bell, D. J., Talukder, M. Q.-D.: J. Chromatogr. 1970, 49, 469-472.
[7] Roy, J. K.: Analyst (London) 1960, 85, 294-295. Solution 11 20% sulfuric acid.
[8] Miiller, E., Jork, H.: GDCh-training course Nr. 302 ,,Méglichkeiten der Quantitativen Aus- X . X .
wertung von Diinnschicht-Chromatogrammen®, Universitit des Saarlandes, Saarbriicken Dipping solution  Carefully mix equal volumes of solutions I and II immediately
1987.

before the dipping process.

PR AR Sr o r TS

Spray solution For sugars [3]: dissolve 3 g 2-aminodiphenyl in 100 ml glacial
acetic acid and add 1.5 ml 85% orthophosphoric acid.

Storage Solution I may be stored in the refrigerator for several days.
Substances Biphenyl-2-ylamine

Sulfuric acid (25%)

Ethanol

Glacial acetic acid
Orthophosphoric acid (85%)
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Reaction

2-Aminodiphenyl — Sulfuric Acid Reagent 159

Migration distance 5cm

2-Aminodiphenyl reacts with carbonyl compounds to form colored or fluorescent
ScHIFF’s bases with the elimination of water:

R! . J . .
N _
C=0 + 4 —_ /
Rz/ —/ - H0 —

NH, N
c
R1/ \R2

Method

The chromatogram is freed from mobile phase and immersed for 1 s in the freshly
prepared reagent solution and then heated to 105 to 110°C for 5 to 10 min. Green,
blue or purple fluorescence appears on a dark background under long-wavelength
UV light (4 = 365 nm).

Note: The dipping solution, which can also be used as a spray solution, can be
employed with silica gel, kieselguhr, cellulose, RP, NH; and CN phases. Sugars
(exceptions include, for example, fructose, melezitose and raffinose) yield
brilliantly colored zones on an almost colorless background when the spray solu-
tion is employed Aldohexoses appear brown aldopentoses bright red and

different sub
attrerent-sub

Running time 20 min

Detection and result: The chromatogram was freed from mobile phase and im-
mersed for 1 s in the freshly prepared dipping solution and then heated to 105 to
110°C for 5 to 10 min. Citral (2R; 60) and citroneilal (AR, 80) produced brown
zones on a light brown background in visible light, the zones had a purple fluores-
cence under long-wavelength UV light (4 = 365 nm). Cinnamaldehyde acquired
an intense yellow color but did not fluoresce.

In situ quantitation: This could be made under long-wavelength UV light (i, =
365 nm; A, > 560 nm). However, it was not very sensitive.
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stances; it ranges from 10 ng (pyndoxal) over 100 ng (cmnamaldehyde) upto2pug
(citral).

Procedure Tested

Citral, Citronellal, Cinnamaldehyde [6]

Method Ascending, one-dimensional development in a trough cham-
ber.
Layer HPTLC plates Silica gel 60 Fs4 (MERCK).

Mobile phase Toluene — ethyl acetate — glacial acetic acid (90 + 5+ 5).
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4-Aminohippuric Acid Reagent 161

Method

0
Reagent for: HzN—O—Cf

NH—CH,—COOH
e Sugars (monosaccharides) [1, 2] CoH{(N,03

AL 104 10
iVip = 179.17

Preparation of the Reagent

Tinning aaltion MNicaalra N € o A asmminabi;eiaa onid S €n ethoam a1 o
WAPPAGE SOalion LUISSOIVEUD § -r-auuuuluypuuu acid in 50 mi ethanol a

up to 100 ml with toluene.
Spray solution  Dissolve 0.5 g 4-aminohippuric acid in 100 ml ethanol.

The chromatogram is freed from mobile phase and immersed in the reagent
solution for 1 s or homogeneously sprayed with the spray solution and then heated
to 140°C for 8 min [2]. Hexoses and pentoses yield orange-colored zones on an
almost colorless backoround, the zones fluoresce blue under Innw-wavelenuth_ uv

AMOSt COIOrIEss Dackground, ¢ Zones uQresce diue undger 1on, ciengtl]

light (A = 365nm).

Note: The layers on which the reagent can be employed include silica gel, cellulose
and polyamide.

Procedure Tested
Hexoses and Pentoses jij

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

Laver HPTLC plates Silica el 60 (MerCK)
Layer HPTLC plates Silica gel 60 (MERCK).
Mobile phase 2-Propanol — 0.75% aqueous boric acid — glacial acetic

acid (40 + 5 +1).
Migration distance 8 cm

Running time 80 min

Storage Both solutions are stable for several days.
Substances 4-Aminohippuric acid

Ethanol

Toluene
Reaction

Sugars react with the reagent, probably with the production of SCHIFF’s bases:

R 0 R 0
Ne=0 + H2N—©—C// — \c=N~©—c"
2 \ Y \
R NH-CH,—COOH R NH-CH,—COOH
Carbonyl 4-Aminohippuric Reaction product
compound acid

Detection and result: The chromatogram was freed from mobile phase and im-
mersed in the reagent solution for 1s and heated to 140°C for 10 min. The
following appeared as blue fluorescent zones under long-wavelength UV light (4 =
365 nm): lactose (hR; 25—130), fructose (hR; 30— 35), arabinose (hR; 45—50),
xylose (hR; 55— 60) and rhamnose (hR; 60— 65) (Fig. 1A)

Immersion in a liquid paraffin — n-hexane (1 + 3) did not lead to an appreciable
increase in fluorescence intensity.

In situ quantitation: The fluorimetric analysis was made in UV light (4, = 313 nm,
4 > 460 nm; F1 46 filter). The signal-noise ratio was better above 4 =460 nm
than when a F1 39 filter is employed.

The detection limits per chromatogram zone were 10 —20 ng for xylose, 50—
100 ng for fructose, arabinose and rhamnose and 1 —2 pg for lactose (Fig. 1B).
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S f 4-Aminohippuric Aci
L - 3
5 Phthalic Acid Reagent
o . A
s, I
° 3 g 2 E Reagent for: COOH 0
¢ ¢ N /\ - g ) (\( HZN—(/_\\—C//
U [V U S cooH M=/ “NH-CH,~COOH
° ot @ Sugars (mono- and CgHgO,4 CyH(N,0;
A B disaccharides) [1—3] M, =166.13 M, =194.19

Fig. 1: Schematic diagram of the chromatographic separation (A) and the fluorescence scan
(B) of a sugar mixture containing 1 pg substance per chromatogram zone. Lactose (1),
fructose (2), arabinose (3), xylose (4), rhamnose (5), mixture (G).
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e.g. hydrolysaies

of tragacanth [4] Phthalic acid 4-Aminohippuric acid

Preparation of the Reagent

Dipping solution Dissolve 0.2 g 4-aminohippuric acid and 3 g phthalic acid in
50 ml ethanol and dilute with 50 ml toluene.

Sor. . Dissolve 0.3 & 4-aminohiopuric aci 1 o phthalic acid i

100 ml ethanol.
Storage Both solutions are stable for several days.
Substances 4-Aminohippuric acid

Phthalic acid

Ethanol

Toluene

Reaction

Sugars react with the reagent probably with the formation of SCHIFF’s bases:

R 0 R e
C=0 + H N—</_\>—c C=N—</_\>—c
-7 2 PRI, e

— N - H0 % \—/ N
R# = NH-CH,—COOH 2 R? NH-CH,-COOH
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__Method

4- Aminohippuric Acid — Phthalic Acid Reagent 165

long-wavelength UV light (4 = 365 nm) as pale blue fluorescent zones on a weakly

The chromatogram is dried in a stream of warm air and immersed for 10's in the

reagent solution or the spray solution is applied to it homogeneously and it is

then heated to 115—140°C for 8 —15 min [2, 4]. Yellow to orange-red zones
oo ot ol odoco Laal gen

are produced on an almost colorless background; these emit an intense blue

fluorescence under long-wavelength UV light (4 = 365 nm).

Note: Subsequent immersion of the chromatogram in a mixture of liquid par-
affin — n-hexane (1 + 2) leads to an increase in the fluorescence by a factor of 2.5
to 4.5 for some carbohydrates.

The visual limit of detection, when irradiating with UV light, is 250 ng per chroma-
togram zone; the zones are only detectable in visible light when the amounts are
4 to 5 times greater [2].

The reagent can be employed on silica gel, kieselguhr, Si 50 000, NH,, cellulose
and polyamide layers.

Procedure Tested

Glucose, Fructose, Maltose [1]

bluish fluorescent background.

The fluorescence intensity of the chromatogram zones could be stabilized and
increased by a factor of 2.5 to 3.5 by subsequent immersion in liquid paraffin —
n-hexane (1 + 2).

In situ quantitation: The in situ fluorimetric analysis was made under long-wave-
length UV light (4., = 365 nm, Ay > 560 nm) and is illustrated in Figure 1. The

detection limits for maltose, glucose and fructose were ca. 10 ng substance per
chromatogram zone.

— >

Start

Method Ascending, one-dimensional development in a trough cham- .§- I
ber without chamber saturation. | [
Layer HPTLC plates NH; F;s4, (MERCK). 1§ -
Mobile phase Acetonitrile — water — phosphate buffer (pH=5.9) Fig. 1: Fluorescence plot for a sugar mixture containing 50 ng substance per chromatogram

(80 + 15 + 10).

Preparation of the phosphate buffer :

Dissolve 680 mg potassium dihydrogen phosphate in 50 ml
water and add 4.6 ml 0.1 M caustic soda; then dilute 1 + 9
with water.

Migration distance 7 cm
Running time 20 min
Detection and result: The chromatogram was freed from the mobile phase, im-

mersed in the reagent solution for 10 s and heated to 150°C for 8 min. Maltose
(hR; 10—15), glucose (hR; 20—25) and fructose (hR; 25—30) appeared under

zone. Maltose (1), glucose (2), fructose (3).
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Reaction

Reagent for:

o Alkaloids
e.g. morphine, heroin [1, 2]
6-monoacetylmorphine {2]

e Mycotoxins
e.g. ochratoxin A [3—5]

e Flavonoids, flavonoid glycosides [6 —9]
e Sennosides [10]

e Naphthoquinone glucosides [11]

e Valepotriates [12]

e Antibiotics
e.g. penicillic acid [13]
rifamycin [14]
tetracyclins [15]

Morphine and heroin form fluorescent oxidation products on heating in the
presence of ammonia [1].

Method

The chromatograms are dried in a stream of cold air (alkaloids: 110—120°C for
25 min in drying cupboard) and placed for 15 min in a twin-trough chamber —
in the case of alkaloids while still hot — whose second trough contains 10 ml 25%
ammonia solution.

Valepotriates are detected by placing the chromatogram 0.3 mm from a TLC plate
sprayed with conc. ammonia solution (sandwich configuration layer to layer),
fastening with clips and heating to 110°C in a drying cupboard for 10 min [12].

The result is usually chromatogram zones that fluoresce yellow, green or blue on
a dark background under long-wavelength UV light (4 = 365 nm), in some cases
colored zones are detectable in visible light (e.g. homogentisic acid [17], sennosides
{10}, rifamycin [14]).

Note: The natural fluorescence colors of some flavonoids [7, 9] and anthracene
derivatives [16] are altered by the ammonia treatment. This makes possible differ-
entiation on the basis of color. Detection limits per chromatogram zone have been

e Anthracene derivatives [16] NH;
M, =17.03

e Homogentisic acid {17]

Preparation of Reagent
Solution Ammonia solution (25%).
Storage The reagent may be stored over an extended period.

Substances Ammonia solution (25%})

reported of 2 ng for morphine and heroin [2], 6 ng for ochratoxin A [S] and 1 pg
for penicillic acid [13].

The reagent can be employed on silica gel, kieselguhr, Si 50 000, polyamide, RP
and cellulose layers.

Procedure Tested

Alkaloids [2]

Method Ascending, one-dimensional development in a trough
chamber without chamber saturation.
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Layer HPTLC plates Silica gel 60 F,s,4, with concentrating zone

Ammonia Vapor Reagent 169

wavelength UV light (1 =365 nm). In each case the detection limits were 2 ng

(MEerck), which had been prewashed by developing once
with chloroform — methanol (50 + 50) and then dried at
110°C for 30 min.

Application The samples were applied to the concentrating zone as bands
in the direction of chromatography. The zones were concen-
trated by brief development in the mobile phase described
below almost to the junction between the concentrating zone
and the chromatographic layer, followed by drying for 5 min
in a stream of warm air. The actual chromatographic separ-
ation was then carried out.

Mobile phase Methanol — chloroform — water (12 + 8 + 2).
Migration distance 4.5 cm

Running time 20 min

Detection and result: The chromatogram was heated in the drying cupboard to
110—120°C for 25 min and immediately placed — while still hot — in a twin-
trough chamber, whose second trough contained 10 ml 25% ammonia solution,
for 15 min. The chromatogram was then immersed for 2 s in a solution of liquid

paraffin — n-hexane (1 + 2).

Morphine (hR; 20—25), 6-monoacetylmorphine (hR; 35—40) and heroin (AR¢
50—55) appeared as blue fluorescent zones on a dark background under long-

substance per chromatographic zone (Fig. T).

In situ quantitation: The fluorimetric determination was carried out in UV light
(feexe = 313 nm, A, > 390 nm).
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Fig. 1: Fluorescence scan of a mixture of alkaloids with ca. 50 ng substance per chromatogram
zone: morphine (1), 6-monoacetylmorphine (2) and heroin (3).
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Method

Iron(III) Chloride Reagent

Reagent for:

e Phosphates and phosphonic acids in
detergents* [1]

e Organic acids and phosphate esters [2] NH,SCN FeCl;
¢.g. sugar phosphates M. =7612 M, =16222

Preparation of the Reagent

Dipping solution I  Dissolve 1 g ammonium thiocyanate (ammonium rhodanide)
in 100 ml acetone.

Dipping solution II Dissolve 50 mg iron(III) chloride in 100 ml acetone.

The chromatogram is dried for 10 min in a stream of warm air and immersed in
solution I for 1 s. It is then dried for 5 min in a stream of warm air and finally
immersed in solution II for 1 s. White zones result on a pink background.

Note: It is necessary to remove acid mobile phases completely, since the color
reaction only occurs in neutral to weakly acid medium. This is often difficult when
cellulose layers are employed so that interference can occur.

Some acids such as cinnamic, lactic, oxalic and quinaldic acid yield yellow zones.
Maleic, fumaric and o-phthalic acids turn red in color, salicylic acid grey and
4-aminobenzoic acid bluish.

Dipping solution I alone is a sensitive detection reagent for phosphate esters.
Combination with dipping solution II does increase the sensitivity limit for organic
acids but it is still insufficient for sensitive detection. Inorganic ions that form
complexes with iron(I1I) ions can interfere with detection. It is necessary to replace
dipping solution II after each dipping procedure because accumulated impurities
(e.g. NH4SCN from I) can discolor the background.

The reagent can be employed on silica gel, kieselguhr, polyamide and cellulose
layers. Only dipping solution I can be employed on amino phases.

Storage The solutions are stable — when stored in the dark — for one
month at room temperature [2].

Substances Ammonium thiocyanate
Iron(11I) chloride anhydrous
Acetone

Reaction

Iron(III) thiocyanate is not formed to any extent in the chromatogram zones. The
result is white zones on a pink-colored background:

Fe’* + 3SCN™ —#—— Fe(SCN),

*) Rudt, U.: Private communication, Chemische Untersuchungsanstait, Stuttgart, i984

Procedure Tested

Inorganic Phosphates and Phosphonic Acids in Detergents [1]

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

Layer HPTLC plates Cellulose (MERCK).

Mobile phase Dioxan — trichloroacetic acid solution (70 + 30).

Preparation of the trichloroacetic acid solution: 16 g tri-
chloroacetic acid were dissolved in 50 ml water. 0.8 ml 33%
ammonia solution was (carefully!) added (fume cupboard)
and made up to 100 ml with water.
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Migration distance 6 cm

Amylose —

Running time 30 min

Detection and result: The chromatogram was dried for 10 min in a stream of warm
air and immersed in solution I for 1 s, it was then dried for 5 min in a stream of
warm air and immersed in solution II for i s.

The phosphates and phosphonic acids appeared as white zones on a pink back-
ground (Fig. 1A). Figure 1B is a reproduction of the reflectance plots (A = 480 nm).
Detection limits of 50 ng have been found for PO~ and P,0%". In the case of

P;03~ and P;03; the detection limits were 125 ng per chromatogram zone.

Front

-
o Front
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o

Potassium Iodate/Iodide Reagent

Reagent for:

e Nonvolatile aromatic

and aliphatic

carboxylic acids [1] KI KIO; Amylose
a Amnicillin M1 M = 166 01 = 21400 M ~ 106
s Ampicillin 2] M, =16601 M, =21400 M ~ 10
e Phenylethylamines

¢.g. ephedrine [3]

Preparation of Reagent

Cd— Start
j_---— Start

A B

Fig. 1: A) Separatnon of phosphates and phosphomc acids; B) absorption plots of track 5
and track 8. P;037 (1), P3035 (2), P,0%~ (3), PO}~ (4), mixture I (5), aminotrimethylene-

h}lner\hnnn\ acid (6). 1 hudrr\vupthno_l 1-dinhosphonic acid 1'7\ mixture I[T(

ospr acic (&), I-nydroxyetnane-1,1-Gipnospionic acic {/ GIXIUre 11 (9.
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Solution 1 Dissolve 1 g amylose with warming in 100 ml water.
Solution IT Dissolve 2 g potassium iodate in 100 ml water.
Solution IT1 Dissolve 8 g potassium iodide in 100 ml water.

Dipping solution Combine 10 ml each of solutions I to III immediately before
use and dilute to 100 ml with water.

Spray solution Mix equal volumes of solutions I to III immediately before

spraying.
Storage Solutions I to III are stable for several weeks in the refrigerator.
Substances Amylose

Potassium iodide
Potassium iodate
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Reaction

Amylose — Potassium lodate/lodide Reagent 175

2. ethanol (96%) — ammonia solution (25%) (112 + 16).

Iodide and iodate ions react under the influence of protons to yield iodine mole-
cules which react with amylose to yield a blue clathrate complex:

Amylose

105 +51" + 6 HY —— 31, + 3H,0 ————— blue complex.

Method

The well-dried chromatogram (1 h at 105°C if acidic or basic eluents have been
empioyed) is immersed in the dipping soiution for i s or homogeneousiy sprayed
with the spray solution and then dried in a stream of cold air. Acids yield blue
zones on a colorless or pale blue background [1] which gradually darkens.

For the detection of ampicillin it is necessary to add acetic acid to the dipping or

nnnnnn tham wialds smnla macas A a kliia hoal genad 191

spray solution. nluylvlllxu il yiCias paic Zoncs Oii a bluc OACKEIouna j£j.

Note: The reagent can be employed on silica gel and cellulose layers. Starch can
also be employed in place of amylose [2]. The blue coloration of the amylose

b) for M & N SIL G-25 and Merck HPTLC plates
3. diisopropyl ether — formic acid — water (90 + 7 + 3).

Migration distance 6 cm

Ac_ 1 S,
l\ullll.lllg I.I.[llc LI— JO muu

Detection and result: The chromatograms had to be freed from mobile phase before
they were immersed; otherwise a blue background was produced. After it had
been dipped the chromatogram was dried in a stream of cold air. Zones appearing

on an initially pale background were first brown and then turned blue. The

background, however, darkened so much that after 5 min it was scarcely possible
to discern the zones. Table 1 lists some AR; values.

Table 1: hR; values of some carboxylic acids

Acid hR; value

Celtulose Silica gel

complex turns brown after a short time. 4-Aminobenzoic acid 55—60 —
2-Aminobenzoic acid 60—65 -

Saccharin and the three diphenols, pyrocatechol, resorcinol and hydroquinone, Fumaric acid - 80—85

react only weakly or not at all. The same is true of picric acid. On the other Benzoic ?gld 70-175 -

hand, cyclohexanesulfamic acid and bis-(2-ethylhexyl)-phosphoric acid are readily %ﬁ:ﬂf‘c";ﬁ 4 510 15 o 20

detected [1]. Phthalic acid 15-20 60—65

The detection limit for ampicillin is 50 ng per chromatogram zone. Adipicacid 20_gs 3560

. _

Procedure Tested

Organic Acids [4}

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

Layer TLC plates Cellulose (MERCK).
HPTLC plates Silica gel WRF;54, (MERCK).
SIL G-25 (MACHEREY-NAGEL).

Mobile phase a) for cellulose layers

1. 1-butanol — ethanol (96%) — ammonia solution
(25%) — water (60 + 60 + 60 + 15)

Note: The reagent was not particularly sensitive for acids. On cellulose layers the
detection limit was ca. 1 pg (salicylic acid > 5 pg) and on silica gel layers it was
5 pg (fumaric acid ca. 1 pg).

Insitu quantitation: The reagent was not suitable for a sensitive, direct, photometric
analysis.
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jHZOH
8] H

Reagent for: @

e Organic acids [1—4]

e N-Acylglycine conjugates [7] CgH,N C¢H,,06
M,=93.13 M,=180.16
Aniline Glucose

Preparation of the Reagent

Solution 1 Mix 2 ml freshly distilled aniline with 18 ml ethanol.

Solution 11 Dissolve 2 g of an aldose (e.g. glucose) in 20 ml water.

and make up to 100 ml with 1-butanol.

Storage Solutions I and II are stable for a long period in the refrigerator.
Substances D(+) Glucose

Aniline

Ethanol

1-Butanol
Reaction

Furfural is produced from glucose under the influence of acid and this reacts with
aniline to yield a colored product [S].

HA H " 5
H H ——> 1 L.
- 3 H,0 C
HO oH T3M0 So N
H OH
Glucose Furfural

+
2O ; 4
— @—NHZ—CH=CH-CH=C—CH=N©

Method

The chromatogram is freed from mobile phase and immersed in the dipping
solution for 3 s or the solution is sprayed on homogeneously; the chromatogram
is then heated to 90 — 140°C for S— 10 min. Brown zones are produced on a beige-

orev backoround
ety

dacxground,

Note: Aldoses other than glucose can also be used e.g. arabinose [1], xylose [2, 3,

7] or ribose [4]. The background color is least on cellulose layers; when cellulose

acetate, aluminium oxide 150, silica gel, RP, NH, or polyamide layers are

employed the background is a more or less intense ochre. The detection limit o
DOX d (S ON CE QSC 1aVe C C

It has not been possible to ascertain why this reagent is occasionally referred to
as SCHWEPPE reagent.

Procedure Tested
Organic Acids [6]
Method Ascending, one-dimensional development in a trough

chamber with chamber saturation.

o N &

¥ - T o QI Y AC (NA A s s AT e
Lrayer 1 LC plates Sl U-20 (IMIACHEREY-INAGEL ).
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Mobile phase Diisopropyl ether — formic acid — water (90 + 7 + 3).

Aniline — Diphenylamine —

Migration distance 10 cm

Running time 30 min

Detection and result: The chromatogram was freed from mobile phase and im-
mersed for 3 s in the dipping solution and heated to 125°C for 5—10 min. The
carboxylic acids: terephthalic acid (hR; 5), succinic acid (hR; 50—55), phthalic
acid (hR; 55— 60), suberic acid (hR; 60— 65), sebacic acid (hR; 65— 70), benzoic
acid (AR, 75—80) and salicylic acid (hR; 80—85) yielded brown zones on a light

brown background. The detection limit was 2 ug acid per chromatogram zone.
Note: If a dipping solution was employed for detection whose concentration was
reduced to 1/10th that given above the acids appeared as white zones on a light

brown background.

In situ quantitation: The reagent was not suitable for a sensitive, direct, photometric
analysis.
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Phosphoric Acid Reagent

Reagent for:

o Sugars @ O
Mono- and disaccharides

NH,
[1-3] CeH,N CioH N H;PO,
Oligosaccharides [S—7] e
Starch hydrolysates [8 —12] r=7

M 2 IY's

A3 M, =16523 M,=98.00

w

e Thickening agents [13, 14] Aniline Diphenyl- Orthophos-

o Glycosides [15, 18] amine phoric acid

eo arhutin nrunacin
€.g. afouun, prunasin,

amygdalin, rutin

Preparation of the Reagent

[31 Lin, L, Tanner, H.: J High Resolut. Chr gr. Chr Ce 1985 8 126-131.

[4] Beaudoin, A. R., Moorjani, S., Lemonde, A.: Can. J. Biochem. 1973 51, 318-320.

[5] Kaka¢, B., Vejdélek, Z. J.: Handbuch der photometrischen Analyse photometrischer Verbin-
dungen. Weinheim: Verlag Chemie, 1974.

[6] Jork, H., Klein, I: GDCh-training course Nr. 300 ,,Einfithrung in die Diinnschicht-Chromato-
graphie® Unversitit des Saarlandes, Saarbricken 1987,

[7] Berg, H. van den, Hommes, F. A.: J Chromatogr. 1975, 104, 219-222.

Dipping solution Dissolve 2 g diphenylamine and 2 ml aniline in 80 ml acetone.
Carefully add 15 ml phosphoric acid and make up to 100 ml
with acetone [2, 8].

Spray solution Dissolve 1 to 2 g diphenylamine and 1 to 2 ml aniline in 80 ml
methanol or ethanol. After addition of 10 ml phosphoric acid
make up to 100 ml with methanol [3, 9] or ethanol [7].

Storage Both reagents can be stored in the dark at 4°C for up to 14
days. It is recommended that the reagent be prepared daily for
in situ quantitation.

Substances Diphenylamine
Aniline
Orthophosphoric acid
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Reaction (according to [16])

Aniline — Diphenylamine — Phosphoric Acid Reagent 181

Aldohexoses are stained dark grey to grcy—blue 14-Lmked aldohcxose-

Heating the sugar with strong acid yields furfural derivatives. Aldohexoses can
eliminate water and formaldehyde under these conditions yielding furfural. This
adehyde reacts with amines according to I to yield colored SCHIFF’s bases. K etohex-
oses condense with diphenylamine in acid medium with simultaneous oxidation
according to II to yield the condensation product shown.

+
o — H }
| Py A LN  yRn-cr=cr-cn=c—cnn—
0T TN, =/ % -HpO '_\\_/ ‘ \_/J
II
- w N T SO0 T I P
2-Keiohexose —— 2 C— A—~CHyOH ———> C—‘\ /—CHZ —0— CH2—'\ /—C
el Hz0 “
¢)] (2)
. /N F\ +2Ht
(Z} +4 ¢ PN
— =/ - 2HO
(3)

nguauwuauucs d g

from maltose. Sucrose goes brown, lactose pale blue and rafﬁnose grey-green.
Ketohexoses yield olive green zones while pentoses (rhamnose) yield grey-green to
pale green ones. Glucuronic acid (very dark grey) and galacturonic acid (pale
violet) also react. Trehalose and sugar alcohols do not react.

Note: For in situ quantitation the scanning should begin 20 min after applying the
reagent [7]. Suitable stationary phases include silica gel [2, 8] — also buffered with
0.02 M sodium acetate solution [9] — kieselguhr, Si 50000 [10] and, in particular,
NH; layers [S]. An adequate resolution is often obtained on amino layers after a

single development (cf. Procedure Tested).

To detect glycosides heat the chromatograms to 130—150°C for 15 min. Blue-
grey zones are produced (detection limit prunasin: 0.3—0.5 pg [18]). Flavonoids

are better detected with a2 modified reagent of the following composition: phos-

phoric acid (85%) — acetic acid — aniline — diphenylamine (20 ml + 100 ml
+5ml+5g).

Absorption plots of oligosaccharide separations are reproduced in Figure 1 (A:

" Q et
maltodextrin, B: glucose syrup), those of mono- and disaccharide separations in

Figure 2.

= )—CHz-o CHz—k e

Ol OO

Method

The chromatogram is freed from mobile phase and evenly sprayed with the spray
solution or immersed for 1 s in the dipping solution. After drying the TLC plate
is heated to 85—120°C normally for 10 to 15 min but in exceptional cases for
60 min. It is advisable to observe the chromatogram during the reaction period,

because the temperature and duration of heating strongly affect color develop-
ment,

]
L

T T YT Ty

nseg 758 3 1 g 7 5 3 1
Glucose units Glucose units

L

Fig. 1: Absorption piot (A) of a maitodextrin and (B) of a glucose syrup [8].
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Procedure Tested

Aniline — Diphenylamine — Phosphoric Acid Reagent 183

Table 1: AR, values of some sugars

Glucose, Fructose, Maltose or Lactose, Sucrose and Raffinose [17]

Two noninterchangeable methods of procedure are reported below under the
headings A and B.

Method A) Ascending, one-dimensional, double development in a
trough chamber (5 min drying in warm air between de-
velopments) with chamber saturation.

B) Ascending, one-dimensional development at 20°C in a
trough chamber.

Layer A) HPTLC plates Si 50000 (Merck); develop once in
chloroform — methanol (1 + 1) to prewash and then dry
at 110°C for 30 min.

B) HPTLC plates NH; F, 54, (MERCK).

Mobile phase A) Acetonitrile — water (17 + 3).
B) Acetonitrile — water — phosphate buffer (16 + 3 + 2)
Preparation of the phosphate buffer: Make up 10 ml of
a mixture of 50 ml potassium dihydrogen phosphate
solution (¢ = 0.1 mol/l) and 4.6 ml caustic soda solution

(¢ =0.1 mol/1) to 100 ml with water.

Migration distance A) 2x7cm

Sugar hR¢ value
Method A Method B

Fructose 45—-50 25-30
Glucose 35—-40 20-25
Sucrose 25-30 15-20
Lactose 15-20 —
Maltose — 10—15
Raffinose 10—15 5—10

In situ quantitation: Quantitative analysis (Figs. 2 and 3) could be performed
both absorption-photometrically with long-wavelength UV light (4 = 365 nm) or
fluorimetrically (... = 436 nm; Ay = 546 nm [monochromation filter M 546] or
A > 560 nm).

The detection limit for fluorimetric quantitation was 10 ng substance per
chromatogram zone.

Note: If the chromatogram developed by method B was exposed to ammonia
vapors for 10 min before being immersed in liquid paraffin —n-hexane (1 + 2) the
fluorescence of the chromatogram zones became deep red. Glucose and fructose

also appeared red. .

B) 7cm

Running time A) 2x10 min
B) 15 — 20 min

Detection and result: A) and B): The chromatogram was dried for 3 min in a
stream of warm air, immersed in the dipping solution for 9 s and then heated to
105—-110°C for 15min and finally immersed for 2s in a solution of liquid

~ ctahilina o immanoa ¢l . S, Y
paraffin —n-hexane (1 +2) to stabilize and increase the fluorescence intensity

(factor 2 to 3).

Grey-green zones on a white background resulted ; they exhibited weak red fluores-
cence under long-wavelength UV light (1 = 365 nm) glucose and fructose ex-

hibited pale blue fluorescence in method B. Some AR; values are listed in Table 1.

L’ V
— W
Fig. 2: Fluorescence plots of the sugars after separation on a Si-50 000 layer without

ammonia-vapor treatment. Start (1), raffinose (2), lactose (3), sucrose (4), glucose (5), fructose
(6).




184 Aniline — Diphenylamine — Phosphoric Acid Reagent
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Fig. 3: Absorbance plots (A) and fluorescence plots of the sugars without ammonia-vapor
treatment (B) after separation on a NH, layer. Start (1), raffinose (2), maltose (3), sucrose
(4), glucose (5), fructose (6).
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Aniline — Phosphoric Acid Reagent

Reagent for: NH,
e Carbohydrates (sugars) @
e.g. monosaccharides [1}
o Glucosides Ce¢H,N H;PO,
e.g. aryl- and thioglucosides {2] M, =93.13 M, =98.00
Aniline Orthophosphoric
acid
Preparation of the Reagent
Solution I Make 15 ml aniline up to 100 ml with 1-butanol in a volumetric
flask.
Solution I Carefully make 30 ml orthophosphoric acid (88 —90%) up to

100 mi with 1-butanol in a volumetric flask.

14 0 =022,
{5] Doner, L. W., Blller, L. M J Chromatogr. 1984, 287, 391-398.
{6] Buffa, M., Conglu, G., Lombard, A., Tourn, M. L.: J. Chromatogr. 1988 200, 309-312.
Y| Mansﬁeld, C. T., McElroy, H. G. jr.: Anal. Chem. 1971, 43, 586-587.

[8] Schweizer, T. F., Rei S.: Z. Leb Unters. Forsch. 1982, 174, 23-28.
[9] Conway, R. L., Hood, L. F.: Die Stirke 1976 28, 341-343; J. Chromatogr. 1976 129,
415-419.

[10] Koizumi, K., Utamura, T., Okada, Y.: J Chromatogr. 1985 321, 145-157.

[11] Stefanis, V. A., Ponte, J. G. jr: J. Chromatogr. 1968 34, 116-120.

[12] Wausch, P., Roulet, P.: J. Chromatogr. 1982, 244, 177-182.

[13] Scherz, H., Mergenthaler, E.: Z. Lebensm. Unters. Forsch. 1980, 170, 280-286.

[14] Friese, P.: Fresenius Z. Anal. Chem. 1988 301, 389-397.

[15] Wolf, S. l( Denford, K. E.: Biochem. Syst. Ecol. 1984, 12, 183-188.

{16] Kakadé, B., Vejdé]ek, Z. ).: Handbuch der photometrischen Analyse organischer Verbindun-
gen. Weinheim, Verlag Chemie, 1974.

[17] Patzsch, K.: Thesis, Fachhochschule GieBen, Fachbereich Technisches Gesundheitswesen,
1986.

[18] Jork, H.: Private communication, Universitit des Saarlandes, Fachbereich 14, Saarbriicken
1986

Dipping solution Immediately before use add 20 ml solution I to 50 ml solution
II and mix well to redissolve the precipitate that is produced.
If this does not go back into solution it should be filtered off.

Storage Solutions I and II are stable for several days.
Substances Aniline

Orthophosphoric acid

1-Butanol
Reaction (after [3])

Heating the sugars with strong acid yields furfural derivatives. Under these con-
ditions aldohexoses can eliminate formaldehyde and water to yield furfural. This
aidehyde reacts with amines to yieid coiored SCHIFF’s bases.
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Detection and result: The chromatogram was freed from mobile phase in the drying

H

I /0 7 \ H*, AT r =\ + ?H
ko/LC + 2 NHy ——> [U—NHz—CH=CH—CH=C—CH=N‘OJ
\ — - H0 —

Method

The chromatogram is freed from mobile phase in the drying cupboard (10 min,
120°C) and immersed for 1 s in the reagent solution or sprayed homogeneously
with it untii the plate starts to appear transparent; it is then dried briefly in a
stream of warm air and heated to 125—130°C for 45 min.

Many aryl- and also thio-f-D-glucosides produce yellow fluorescent chromato-
gram zones on a dark violet background under long-wavelength UV light (1 =
365 nm), the zones are also sometimes recognizable in visible light as grey-brown
zones on a white background [2]. Monosaccharides produce dark brown chroma-
togram zones on a white background [1].

Note: The detection limit for aryl- and thioglucosides is 100 —200 ng substance
per chromatogram zone [2]. Reduction of the proportion of phosphoric acid in
the reagent leads to loss of sensitivity [2].

The reagent can be employed on silica gel, RP-18, CN and NH, layers. Cellulose
and polyamide layers are not suitable.

cupboard (10 min, 125°C) and immersed for 1 s in the reagent solution, then
heated to 120°C for 45 min.

Sinigrin (hR; 35—40) appeared as a yellow fluorescent chromatogram zone on a
dark background under long-wavelength UV light (A = 365 nm). The detection
iimit was 25— 50 ng substance per chromatogram zone.

In situ quantitation: Excitation at A, = 365 nm and measurement at 1r, > 560 nm
were employed for fluorimetric quantitation (Fig. 1).

—— front
——

“—— Start

Procedure Tested

Thioglucosides [4]

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

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

Mobile phase 1-Butanol — 1-propanol — glacial acetic acid — water
(30+10+ 10+ 10).

Migration distance 5 cm
Running time 45 min

Sinigrin

Fig. 1: Fluorescence plot (A) of the chromatogram track of an “unpurified” extract of sinapis
seed (application: 2 pl of a 1% solution in methanol) and (B) of a reference track with 1 ug
sinigrin per chromatogram zone.
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(Aniline phthalate Reagent)

Reagent for:
e Halogen oxyacids [1] NH,
e.g. chlorate, chlorite, perchlorate, COOH
bromate, bromite, iodate ©:
COOH
e Reducing carbohydrates (sugars)
e.g. monosaccharides [2— 8]
oligosaccharides 2, 8] CsHsNH, CgHgO,
oligouronic acids [9] M,=93.13 M,=166.13
methyl sugars [10, 11] Aniline Phthalic acid

Preparation of Reagent

Dipping solution  Dissolve 0.9 ml aniline and 1.66 g phthalic acid in 100 ml

Aniline — Phthalic Acid Reagent 189

bases. Chlorate, chlorite, perchlorate etc. oxidize aniline to 1,4-quinone, which

Oxidation
O = oDy G 2t <O

Aniline 1.4-benzo- Indophenol
quinone

Method

The chromatograms are freed from mobile phase, immersed in the reagent solution
for 1 s or homogeneously sprayed with it, dried briefly in a stream of warm air
and heated to 80—130°C for 20— 30 min.

Varioucly colared chromatgeram zones are formad on an almost colorless hack.
variousiy CO:0reéG caromalogram zones are 1ormed on an aimost COiCrifss vack:

ground [1, 4], some of which fluoresce after irradiation with long-wavelength UV
light (4 = 365 nm) [5].

Note: The dipping solution can also be employed as spray reagent. The detection
limits per chromatogram zone are reported to be 1—35 ug substance [1] for the
oxyacids of halogens and ca. 10 pg substance for reducing sugars [4].

The reagent may be employed on silica gel, kieselguhr, aluminium oxide, cellulose
and polyamide layers.

acetone.

Spray solution Dissolve 0.9 ml aniline and 1.66 g phthalic acid in 100 ml water-
saturated 1-butanol [1].

Storage The reagent solutions may be stored for several days.
Substances Aniline

Phthalic acid

1-Butanol

Acetone

Reaction (according to [12])

Furfural derivatives are produced when sugars are heated with acids (see Aniline —
Diphenylamine —Phosphoric Acid Reagent), these condense with aniline to SCHIFF’s

Procedure Tested

Halogen Acids and Halogen Oxyacids [13]

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

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

Mobile phase 2-Propanol — tetrahydrofuran — ammonia solution (32%)
(50 + 30 + 20).

Migration distance S cm

Running time 25 min
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Detection and result: The chromatogram was freed from mobile phase in a stream

O warm a mmersed 1n the gen O on-io n ed—to 0° a

20 min. Intense yellow to brown zones of various hues were produced; these
appeared as dark zones on a fluorescent background under long-wavelength UV
light (4 = 365 nm).

While chiorate and bromate yielded strong brown zones, iodate did not react at
all. Iodide yielded an intense yellow zone, the colors produced by chloride, bromide
and perchlorate were weak (Fig. 1).

Fig. 1: Schematic diagram of a chromatogram of halogen acids and halogen oxyacids:
Chloride (1), chlorate (2), perchlorate (3), bromide (4), bromate (5), iodide (6), iodate (7).

Ammonium Salt Reagent
(ANS Reagent)

Reagent for:
e Lipids, phospholipids [1— 8]

e.g. fatty acids or their methylesters, NH  SO3NHy4
fatty alcohols [9] )\j\
e Cholesterol and cholesteryl esters [1, 2] N l /
ids [3
o Steroids [3] C1oH1oN;05S
o Detergents [3]
o ITAde o anctna s [2] M! = 31638
. nyuluuu oo (o]

Preparation of the Reagent

Dipping solution Dissolve 100 mg of 8-anilinonaphthalene-1-sulfonic acid am-

[1] Peschke, W.: J. Chromatogr. 1965, 20, 572-579.
[2] Weicker, H., Brossmer, R.: Klin. Wochenschrift 1961, 39, 1265-1266.
[3] Scott, R. W.: J Chromatogr. 1970, 49, 473-481.
{4} Young, D. S, Jackson, A. J.: Ciin. Chem. 1970, i6, 954-959.
[5] Grafe, 1., Engelhardt, H.: Chromatographia 1972, 5, 307-308.
[6] David, J., Wiesmeyer, H.: Biochim. Biophys. Acta 1970, 208, 68-76.
[7] Wolfrom, M. L., De Lederkremer, R. M., Schwab, G.: J Chromatogr. 1966, 22, 474-476.
[8] Sinner, M., Dietrichs, H. H., Simatupang, M. H.: Holzforschung 1972, 26, 218-228.
[9] Markovic, O., Slezarik, A.: J Chromatogr. 1984, 312, 492-496.
[10] Mergenthaler, E., Scherz, H.: Z. Lebensm. Unters. Forsch. 1978, I166, 225-227.
[11] Tschope, G.: Hoppe-Seyler’s Z. Physiol. Chem. 1971, 352, 71-71.
[12] Kacég, B., Vejd€lek, Z. J.: Handbuch der photometrischen Analyse organischer Verbindun-
gen. Weinheim: Verlag Chemie, 1974,
[13] Kany, E., Jork, H.: GDCh-training course »Einfilhrung in die Diinnschicht-Chromatogra-

s P et
phie*, Universitit des Saarlandes, Saarbriicken, 1985.

monium salt in a mixture of 40 ml caustic soda solution
(c=0.1 mol/l) and 57 ml of an aqueous solution containing
21 g citric acid monohydrate and 8 g sodium hydroxide per
liter.

Spray solution Dissolve 100 mg of 8-anilinonaphthalene-1-sulfonic acid am-
monium salt in 100 ml water [1].

Storage The solutions are stable for at least 3 months if stored in a
refrigerator in the dark [3].

Substances 8-Anilinonaphthalene-1-sulfonic acid
ammonium salt
Citric acid monohydrate
Sodium hydroxide pellets
Caustic soda (0.1 mol/l)
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Reaction

8-Anilinonaphthalene- 1-sulfonic Acid A ium Salt R t 193

-3

Layer HPTLC plates Silica gel 60 WRF 245, (MERCK). After appli-

8-Anilinonaphthalene-1-sulfonic acid ammonium salt, which scarcely fluoresces
in aqueous solution, is stimulated to intense fluorescence by long-wavelength UV
light (A = 365 nm) if it is dissolved in nonpolar solvents or adsorptively bound to
nonpolar molecular regions [3].

Method

The developed chromatogram is freed from mobile phase by heating to 110°C for
10 min in the drying cupboard. It is allowed to cool and immersed for 1 s in or
sprayed homogeneously with the reagent; the plate is then examined (while still

i)

moisyy.

Yellow-green fluorescent zones are easily visible against a dark background under
long-wavelength UV light (1 = 365 nm).

Note: The developed chromatogram must be completely freed from nonpolar
solvents before derivatization, otherwise an intense fluorescence will be stimulated
over the whole plate. The fluorescence intensity of the chromatogram zones re-
mains stable for ca. 40 min; it decreases slowly as the layer dries out and can be

returned to its original intensity by renewed immersion in the reagent solution or
in water.

cnromatogram miust Ireea

i &O-A00 1
G U VUV 1aVe

cation of the samples the plate was preconditioned for

30 min at 0% relative humidity.
Mobile phase Cyclohexane — diethyl ether (1 + 1).
Migration distance 6 cm

Running time 15 min

Detection and result: The developed chromatogram was freed from mobile phase
by drying for 10 min at 110°C, allowed to cool and immersed for 1s in the
reagent solution. The plate was evaluated as rapidly as possible while it was moist
since the fluorescent background increased in intensity as the plate dried out.
Cholesterol appeared as a yellow-green fluorescent zone (hR¢ 20— 25).

In situ quantitation: Fluorimetric analysis was made with long-wavelength UV
light (Aexe = 365 nm, Ay > 430 nm). The detection limit on HPTLC plates thgt were
analyzed in a moist state was 25 ng cholesterol per chromatogram zone (Fig. 1).

£ d X € C y KICSC g d all
necessary, on RP-2 and RP-8 phases. It cannot be used on RP-18 layers [9] because
here the whole plate is fluorescent.*)

Procedure Tested

Cholesterol [2]

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

P TR S PR T a4
*) Jork, H.: Private communication, Universiiit des Saarlandes, 66 Saa ken
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Fig. 1: Fluorescence plot of a blank track (A) and of a cholesterol standard with 200 ng
< b b

ubstance per chromatogram zone (B).

w
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Reagent

Reagent for:

e Antioxidants [1]

e Steroids [2 — 4]
e.g. estrogens [2, 3], androgens [3]
sterols, bile acids [3]

e Prostaglandins [5]
e Carbohydrates (sugars) [4, 6]

e Phenols [4, 7]
e.g. salicyl alcohol, salicylsalicin [8]

o Glycosides
e.g. cardiac glycosides [4, 12]
diterpene glycosides [17]

e Sapogenins

/N

OCH

CngOz
M, =136.15

Anisaldehyde

HzSO4
M, =98.08

Sulfuric acid

e.g. polygalaic acid [8], diosgenin
tigogenin, gitogenin [9]

o Essential oil components or
terpenes [4, 10, 11]
e.g. from Hedeoma pulegioides [10],
Melissae folium [11]
e Antibiotics [13, 14]
e.g. macrolide antibiotics [13]
heptaene antibiotics [14]
tetracyclines [15]

e Mycotoxins (trichothecenes) [16]
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Preparation of the Reagent

Anisaldehyde — Sulfuric Acid Reagent 197

Note: Amsaldehyde — su]func acid i isa universal reagent for natural products

Dipping solution  Dissolve 1 ml 4-methoxybenzaldehyde (anisaldehyde) and 2 ml
conc. sulfuric acid in 100 ml glacial acetic acid.

Spray solution  Carefully add 8 ml conc. sulfuric acid and 0.5 ml anisaldehyde
under cooling with ice to a mixture of 85 ml methanol and
10 ml glacial acetic acid [1, 4, 8, 11, 16].

Storage The reagents are stable for several weeks in the refrigerator [4].
Substances 4-Methoxybenzaldehyde

Sulfuric acid
Acetic acid
Methanol
Ethanol

Reaction

The mechanism of reaction with steroids has not been elucidated. Various
nonquantitative reactions occur simultaneously. Cyclopentenyl cations have been
postulated as intermediates which condense with anisaldehyde to yield colored
compounds [4]. It is probable that triphenylmethane dyes are also formed with
aromatic compounds.

coloratxon if the heatmg is carrled out for too long, it can be decolonzed again by
interaction with water vapor. The dipping solution can be modified by the addition
of n-hexane for the detection of glycosides [17). The detection limits are 50 ng
substance per chromatogram zone for prostaglandins and sugars [5, 6]. Bacitracin,
chloramphenicol and penicillin do not react [15].

The reagent can be employed on silica gel, kieselguhr, Si 50 000 and RP layers.

Procedure Tested
Essential Qils [18]
Method Ascending, one-dimensional development in a trough cham-

ber with chamber saturation.
Layer HPTLC plates Silica gel 60 F,54 (MERCK).

Mobile phase Toluene — chloroform (10 + 10).

The chromatogram is freed from mobile phase in a stream of warm air, immersed
for 1 s in the dipping solution or sprayed homogeneously with the spray solution
until the layer begins to become transparent and then heated to 90—125°C for
1—15 min.

Variously colored chromatogram zones result on an almost colorless background,
they are often fluorescent under long-wavelength UV light (A =365 nm) (e.g.
prostaglandins, salicylsalicin).

Migration distance 2 x 6 cm with intermediate drying in a stream of cold air.

Running time 2 x 10 min

Detection and result: The chromatogram was freed from mobile phase ‘and im-
mersed for 1 s in the dipping solution and then heated to 100°C for 10 min.

Menthol (AR; 15) and menthyl acetate (hR; 55) yielded blue chromatogram zones;

caryophyllene (3R, 90) and caryophyllene epoxide (hR; 20—25) anneared red-

CAryOpayulii® ying ~v) anG CalyCpayuchio CPORIGe iff &V appearegC re

violet and thymol (hR; 40—45) appeared brick red in color.

In situ quantitation: Absorption photometric recording in reflectance was
nerformed at 2 medium nmunlannfh 1 =500 nm (Fla 1\

PErICImea aw a MCGIu:
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5 o o 3o . .
: p-Anisidine — Phthalic Acid Reagent
1 2 3 6 4 5 ]
® ®
‘ NH,
L \ Reagent for: COOH
o © 1.
_ S COOH
o ¢ ' E—’ | o Carbohydrates OCH3
e o o o o o U U U \/' e.g. monosaccharides {1 —7, 12] C,HoNO CgHeO4
A B oligosaccharides [2, 6] M,=12316 M, =166.13
Fig. 1: Schematic sketch (A) of the separation of essential oil components (ca. 500 ng of each uronic acids [1, 4, 6] p-Anisidine  Phthalic acid
component) and reflectance scan of the mixture (B). Menthol (1), caryophyllene epoxide (2),
thymol (3), menthyl acetate (4), caryophyllene (5), mixture (G).

[1] Van der Heide, R. F.: J. Chromatogr. 1966 24, 239-243.

[2] Jarc, H., Ruttner, O., Krocza, W.: Fleischwirtschaft 1976 9, 1326-1328.
[3] Kritchefsky, D., Tepper, S. A.: J. Chromatogr. 1968 37, 361-362.

[4] Stahl, E., Glatz, A.: J. Chromatogr. 1982, 240, 518-521; 243, 139-143.
[5] Ubatuba, E. B.: J Chromatogr. 1978 161, 165-177.

3611366
I, 351=3507

Preparation of the Reagent

Solution I Dissolve 1.25 g p-anisidine (4-methoxyaniline) in 25 ml metha-

nol and add 25 ml ethyl acetate.

Solution H Dissolve 1.5 g phthalic acid in 25 ml methanol and dilute with
25 ml ethyl acetate.

Dipping solution Mix equal quantities of solutions I and II immediately before
dipping.

[7] Sancin, P.: Planta Med. 1971, 20, 153-155.
[8] Genius, O.-B.: Dtsch. Apoth. Ztg. 1980: , 120, 1417-1419 1980, 120, 1739-1740.
[9] Dawidar, A. M., Fayez, M. B. E.: Fresenius Z. Anal. Chem. 1972, 259, 283-285.
[10] Sleckman, B. P., Sherma, J., Mineo, L. C.: J Ligq. Chromatogr. 1983 6, 1175-1182.
[11] Kloeti, F., Christen P., Kapetanidis, 1.: Fresenius Z. Anal. Chem. 1985 321, 352-354.
[12] Bulger, W. H., Talcott, R. E., Stohs, S. J.: J. Chromatogr. 1972, 70, 187-189.
[13] Kibwage, I. O., Roets, E., Hoogmartens, J.: J. Chromatogr. 1983 256, 164-171.
[14] Thomas, A. H., Newland, P.: J. Chromatogr. 1986 354, 317-324.
[15] Langner, H. J., Teufel, U.: Fleischwirtschaft 1972, 52, 1610-1614.
[16] Martin, P. J., Stahr, H. M., Hyde, W., Domoto, M.: J. Lig. Chromatogr. 1986, 9, 1591-1602.

171 Matzel sier . ebensm. Unters. Forsc,
{17} Matzel, U, Maier, H. G.: Z. Lebensm. Unters. Forsch. 1983 176, 281-284,

[18] Kany, E., Jork, H. : GDCh-training course Nr. 300 ,,Einfiihrung in die Diinnschicht-Chroma-
tographie®, Universitit des Saarlandes, Saarbriicken 1987.

Storage The two solutions I and II may be stored for several weeks in
the refrigerator.

Substances p-Anisidine
Phthalic acid
Methanol
Ethyl acetate

Reaction

Sugars react with the reagent probably with the formation of SCHIFF’s bases:
Rt

R1
N N
=0 + HN—{ )—OCH; ——> c=N<®—(>CH
2/C 0+ H, T 3

R
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Method
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In situ quantitation: Absorption photometric scanning was carried out in reflec-

The chromatogram is freed from mobile phase and immersed in the dipping
solution for 1 s or uniformly sprayed with it and then heated to 100—130°C for
10 min. The result is reddish-brown (pentoses) to brown chromatogram zones on
a colorless background, which also becomes brown after a time.

Note: Phosphoric acid [8] and hydrochloric acid [6, 9] have both been suggested
in the literature as substitutes for phthalic acid. The addition of sodium dithionite
{0} is also cnnacinnn"v mentioned and sometimes no additives are Pmnlnvﬂ"l 1o
The alternative reagents offer no advantages over the phthalic acxd containing
reagent since they usually cause more background coloration. The limits of detec-
tion are about 0.1 —0.5 pg per chromatogram zone [5].

The reagent can be employed on silica gel, RP, NH; and polyamide layers

Procedure Tested

Monosaccharides [11]

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

Layer HPTLC plates Silica gel 60 (MERCK).

Mobile phase 2-Propanol — boric acid (2% aqueous solution) — glacial
acetic acid (40 + 5+ 1).

Migration distance 2x 8 cm

Running time 2 x 90 min

Detection and result: The chromatogram was freed from mobile phase and im-
mersed in the reagent solution for 1s and then heated to 130°C for 10 min.
Rhamnose (hR; 35 —40) and fructose (hR; 70— 75) yielded brown and xylose (AR,
45—50) and arabinose (hR; 60 —65) red-brown chromatogram zones on a pale
background. The detection limit for the pentoses was 0.1 pg and for fructose it

wae N E i ailotnman s aheamintanenn 2ana
was v.o g Suosiandd por Ciroimialogiaiil Zong,

5 X
'muw llt = 480 pitiig (Fls. 1).

Front
Start

—

Vo UL

Fig. 1: Absorption curve of a chromatogram track with 4 pg of each substance per chromato-
gram zone. Rhamnose (1), xylose (2), arabinose (3), fructose (4).
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Reagent for: 0
o Ketoses [1] Q‘O
o Glycolipids, gangliosides [2—7] C14H 100
o Cyclodextrins [8] M, =19424
Preparation of Reagent
Dipping solution  For ketoses: Dissolve 300 mg anthrone in 10 ml acetic acid and
add in order 20 mi ethanol, 3 ml 85% phosphoric acid and 1 ml
water [1].

Spray solution  For glycolipids: Carefully add 72 ml conc. sulfuric acid to 28 mi
water with cooling. Dissolve 50 mg anthrone in the mixture
with gentle warming [5].

efrigerator for

/ N
c — H—CHy—C—CH,—Cl
0._CH
- 400

o

(1) °
@

Method

The chromatogram is freed from mobile phase in a stream of warm air and
immersed for 4 s in the dipping solution or evenly sprayed with it until the layer
begins to be transparent (the spray solution is employed for glycosides ) and then
heated to 105—120°C for 5—15 min

afalle o 1V2 L IOT 2> min.

Colored chromatogram zones appear on an almost colorless background; ketoses,
for example, are yellow in color [1].

Note: Aldoses do not react or only react with greatly reduced sensitivity. The

reagent can be employed with silica gel kieselguhr and Si 50 000 layers. Paraffin-
impregnated silica gel layers may also be employed [8].

Procedure Tested

several wecks the spray solunon should be freshly prepared
each day.

Substances Anthrone

- Ve ] 70/
Sulfuric acid (9.} 97%

Acetic acid (96%)
Ethanol
Orthophosphoric acid (85%)

~

Reaction

Carbonyl derivatives react with anthrone in acidic medium to yield condensation
products of types 1 (pentoses) or 2 (hexoses) [9]:

Raffinose, Sucrose, Fructose [10]

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

Layer HPTLC plates Si 50 000 (MeRCK); before application of
the samples the layer was developed once in chloroform —
methanol (50 + 50) to precleanse it and dried at 110°C for

30 min.

Mobile phase Acetonitrile — water (85 + 15).

Migration distance 2 x 7 cm with 5 min intermediate drying in a stream of warm
air.

Running time 2 x 10 min
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Detection and result: The chromatogram was dned for 5 min in a stream of warm {4) Stoffel W., Hanfland, P.: Happe -Seylers Z. Physiol. Chem 197:5 354, 21- 31
air, immersed in the reagent for 4 0° 8 ; AU €. 8
{61 Salto, S., ’I}unal Y J Neurochem. 1983 41, 737-744.
o, _ y

cooling to room temperature it was immersed for 2 s in a 20% solution of dloctyl [7) Koenig, F:: Z Naturforsch. 1971, 26b, 1180-1187.
sulfosuccinate in chloroform. [8] Cserhati, T., Szente, L., Szeijthi, J.: J. High Resolut. Ch gr. Ch C

.. . 1984, 7, 635-636.
In visible light raffinose (AR 10— 15), sucrose (AR 30— 35) and fn‘wtosi (:lﬁ{ ;45 : 9] Kakag, B., Vejdélek, Z. J.: Handbuch der photometrischen Analyse organischer Verbindun-
50) produced yeiiow zones on a light background, in long-wavelength UV light gen. Weinheim: Veriag Chemie, 1974.
(A= 1365 nm) the zones had a red fluorescence on a pale blue background. The {10] Patzsch, K., Netz, S., Funk, W.: J. Planar Chromatogr. 1988 1, 39-45.

detection limits were less than 10 ng substance per chromatogram zone (Fig. 1).

In situ quantitation: The absorption photometric scan in reflectance was made
at A =435 nm (detection limit 20— 30 ng per chromatogram zone). Fluorimetric
scanning was performed at A= 436nm and An> 560 nm (detection
limit < 10 ng per chromatogram zone).

Start

It

Fig. 1: Fluorescence scan of a chromatogram track with 100 ng substance per chromatogram
zone. Raffinose (1), sucrose (2), fructose (3).
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[1} MERck E.: Company literature “Dyeing Reagents for Thin-Layer and Paper Chromatogra-
phy*, Darmstadt 1980.

[2] Kasai, N., Sillerud, L. O., Yu, R. K.: Lipids 1982, 17, 107-110.

[3] Patton, S., Thomas, A. J.: J Lipid Res. 1971, 12, 331-335.
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(Carr-Price Reagent)

Reagent for:

e Vitamins A and D [1, 2]
e Carotinoids [1, 2]
o Terpenes, triterpenes [1—5}

o Sterols [6]
e.g. B-sitosterol [7]

® Steroids, steroid hormones [8 —10]

Anmtennantivas 1101

€.g. CoOnuacCpuives 1v)

steroid alkaloids [11]
o Bile acids {12]
o Sapogenins, steroid sapogenins [2, 13—16]
o Glycosides [1]

Storage The solution should always be freshly made up.
Substances Antimony(I1I) chloride
Chloroform

Carbon tetrachloride

Reaction

Antimony(I1I) chloride forms colored n-complexes with double bond systems (e.g.
vitamin A).

N/

Nas
ﬁ + SbCly ——> Aﬁ» sbCly
A\ N
Double bond system n-Complex

Method

The chromatograms are freed from mobile phase, immersed in the dipping solution
for 1 s or sprayed evenly with the spray solution and then heated to 110—120°C
for 5—10 min.

Variously colored chromatogram zones are sometimes produced even before
heating; they often fluoresce in long-wavelength UV light (1 = 365 nm)

e.g. steroid glycosides [Z]
digitalis glycosides [17, 18]

o Flavonoids [3] SbCl,
e Phospholipids [19] M, =228.11

Preparation of Reagent

Dipping solution Dissolve 2 g antimony({1I) chloride in 50 mi chloroform.

Spray solution Dissolve 10 g antimony(I11) chloride in 50 ml chloroform or
carbon tetrachloride.

Note: The reagent is also occasionally employed in hydrochloric acid [5, 14— 16]
or acetic acid [10] solution or with the addition of acetic anhydride [7] or sulfuric
acid [12]. The solvents employed should be as anhydrous as possible.

The reagent can be employed on silica gel, kieselguhr, Si 50 000 and aluminium
oxide layers.

Procedure Tested
Yitamin D, |20]
Method Ascending, one-dimensional development in a trough cham-

PRI (U T S
ber with chamber saturation.
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Layer HPTDC plates Silica gel 60 (MERCK). Before sample apph—

Antimony(III) Chloride Reagent 209

References

g-oncewith
chloroform — methanol (50 + 50) and dried at 110°C for
30 min.

Mobile phase Cyclohexane — diethyl ether (40 + 20).
Migration distance 6cm
Running time 15 min

Detection and result: The developed chromatogram was dried in a stream of cold
air for 15 min, then immersed in the dipping solution for 1 s and, after brief drying
in a stream of warm air, heated to 110°C for 10 min. Vitamin D3 (AR; 15—20,
detection limit ca. 1 ng per chromatogram zone) appeared in visible light as a grey
chromatogram zone on a white background and in long-wavelength UV light (A =

365 nm) as a bright red flucrescent zone on a blue background.

The fluorescence intensity was stabilized and enhanced (ca. 2-fold) by immersion
of the chromatogram for 1 s in a mixture of liquid paraffin — n-hexane (1 + 2).

In situ guantita; ﬁ

a0 situ gu

j.ﬂ > 560 ﬂm 1)

The fluorimetric analysis was made at 1., = 436 nm and

[1} Hoérhammer, L., Wagner, H., Hein, K.: J Chromatogr. 1964, 13, 235-237.
{2} Ikan, R., Kashman, J., Bergmann, E. D.: J. Chromatogr. 1964, 14, 275-279.
{3] Stahl, E.: Chem.Ztg. 1958, 82, 323-329.

[4] Griffin, W. J., Parkin, J. E.: Planta Med. 1971, 20, 97-99.

{51 Auterhoff, H., Kovar, K-A.: Identifizierung von Argneistoffen. 4th Ed,

schaftliche Verlagsgesellschaft, 1981; p. 69.
[6] Mermet-Bouvier, R.: J. Chromatogr. 1971, 59, 226-230.
[7} Elghamry, M. 1., Grunert, E., Aehnelt, E.: Planta Med. 1971, 19, 208-214.
[8] Vaedtke, J., Gajewska, A.: J. Chromatogr. 1962, 9, 345-347.
[9] Abraham, R., Giitte, K-F, Hild, E., Taubert, H.-D.: Clin. Chim. Acta 1970, 28, 341-347.
[10} Szekacs, 1., Klembala, M.: Z. Klin. Chem. Klin. Biochem. 1970, 8, 131-133.
[11] Wagner, H., Seegert, K., Sonnenbichler, H., Ilyas, M., Odenthal, K. P.: Planta Med. 1987,
53, 444-446.
[12] Anthony, W. L., Beher, W. T.: J. Chromatogr. 1964, 13, 567-570.
[13] Takeda, K., Hara, S., Wada, A., Matsumoto, N.: J Chromatogr. 1963, 11, 562-564.
{14] Blunden, G., Vi, Y., Jewers, K.: Phytochemistry 1978, 17, 1923-1925.
[15] Hardman, R., Fazli, F. R. Y.: Plenta Med. 1972, 21, 131-138.
[16} Blunden, G., Hardman, R.: J. Chromatogr. 1968, 34, 507-514.
[17} Thieme, H., Lamchav, A.: Pharmazie 1970, 25, 202-203.
[18} Eder, S. R.: Fette, Seifen, Anstrichm. 1972, 74, 519-524.
[19] Horvath, P., Szepesi, G., Hoznek, M., Vegh, Z.: Proc. Int. Symp. Instrum. High Perform.
Thin-Layer Chromatogr. (HPTLC), Ist. Bad Durkheim, IfC-Verlag, 1980, p. 295—304.
[20] Netz, S., Funk, W.: Private communication, Fachhochschule Giefien, Fachbereich Techni-
sches Gesundheitswesen, 1987.
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Fig. 1: Fluorescence scan of a chromatogram track with 50 ng vitamin D5 per chromatogram
zone: by-products (1, 2), vitamin D3 (3).
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Antimony(V) Chloride Reagent Method

The chromatograms are freed from mobile phase, immersed in the dipping solution
for 1 s or homogeneously sprayed with it until they begin to be transparent and
then heated to 105—120° for 5—10 min.

Vaet ool anlacad aheamataora ana e .
Variously colored chromatogram zones are produced on a colorless background;

Reagent for: some of them fluoresce under long-wavelength UV light (4 = 365 nm).

e Esters o.f phenoxyalkanecarboxylic acids Note: The solvents employed should be anhydrous. The esters of phenoxy-
e.g herbicides [1] alkanecarboxylic acids (detection limits: 500 ng) [1] yield brown to violet, terpenes

o Components of essential oils [2—4] violet-grey [2] and triterpenes yellow to violet [5] colored chromatogram zones.

o Terpenes, triterpenes [2, 5] The reagent can be employed on silica gel, kieselguhr, Si 50 000 and aluminium

. oxide layers.
o Steroids [6, 7]

e Phenols, phenol ethers [2, 8, 9]

e Antioxidants [9] SbCls Procedure Tested
e Aromatic hydrocarbons [10] M, =299.02

Method Ascending, one-dimensional development in a HPTLC
Preparation of Reagent trough chamber with chamber saturation.
. Layer HPTLC plates Silica gel 60 Fs, (MERCK).
Dipping solution Mix 2 ml antimony(V) chloride with 8 ml carbon tetrachloride. Mobile phase Dichloromethane
Storage The reagent solution should always be freshly prepared. Migration distance 5 cm
Substances Antimony(V) chloride

Carbon tetrachloride Running time § min

Detection and result: The chromotograms were dried in a stream of warm air,
immersed for 1s in the reagent solution and dried at 120°C for 5 min. Menthol

Reaction (hR; 15—20), cineole (AR; 20—25), menthone (AR, 35— 40), menthyl acetate (hR;
. ) 45—50) and menthofuran (hR; 80—85) yielded grey to brown chromatogram
Antimony(V) chloride forms colored n-complexes with double bond systems. zones on a pale background, they fluoresced yellow under long-wavelength UV
N light (A =365nm). The detection limit for menthol was 15 ng substance per
Na7
(i —‘ﬁa chromatogram zone (Fig. 1).
| + SbCly —> SbClg
o
N k\ P 7N In situ quantitation: The fluorimetric analysis was carried out at 4.,. = 365 nm and
Double bond system omiplex

om n-Complex Aq > 560 nm (Fig. 2).
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. Berberine Reagent
4 1
1 s
3 .
) 5 . Reagent for: o
w %
. h l l o Sterols [1—3] /\/\/@
v i e.g. sitosterol, stigmasterol, ¢ | N \)
}/‘ J JV J L\-) L U v w campesterol, cholesterol H:,COJYK/Q
Fig. 1 Fig. 2 ci-

Fig. 1: Fluorescence scans of a series of dilutions for evaluation of the detection limit of
menthol: 15 ng (1). 30 ng (2). 75 ng (3). 150 ng (4), 300 ng (5).

Fig. 2: Fluorescence scan of a chromatogram of peppermint oil: menthol (1), cineole (2),
menthone (3), menthyl acetate (4), menthofuran/terpenes (5).

OCH3

C,0H;5CINO, - 2H,0

M, = 4(7.86

o Saturated compounds [4]

Preparation of Reagent

References Dipping solution Dissolve 10 mg berberine chloride in 100 ml ethanol.
[1} Henkel, H. G., Ebing, W.: J. Chromatogr. 1964, 14, 283-285. Storage The dipping solution may be kept for several days.
[2] Stahl, E.: Chem-Ztg. 1958, 82, 323-327. . .

[3] Szejtli, J., Szente, L., Banky-Elod, E.: Acta Chim. Hung. 1979, 101, 27-46. Substances Berberine chloride
(4] Lindner, K., Szente, L., Szejtli, J.: Acta Alimentaria 1981, 10, 175-186. Ethanol
[5] Ikan, R., Kashman, J., Bergmann, E. D.: J. Chromatogr. 1964, 14, 275-279.
[6] Neder, A., Uskert, A., Nagy, E., Mehesfalvi, Z., Kuszmann, J.: Acta Chim. Hung. 1980, 103,
231-240; 1980, 104, 123-140.. .
[7] Neder, A., Pelczer, 1., Mehesfalvi, Z., Kuszmann, J.: Acta Chim. Hung. 1982, 109, 275-285. Reaction

{8] Thielemann, H.: Mikrochim. Acta (Vienna) 1971, T17-723.

[9] Van der Heide, R. F.: J Chromatogr. 1966, 24, 239-243.

[10] Thielemann, H.: Mikrochim. Acta (Vienna) 1971, 838-840.

[11] Kany, E., Jork, H.: GDCh-training course Nr. 301 ,,Diinnschicht-Chromatographie fiir Fort-
geschrittene*, Universitat des Saarlandes, Saarbriicken 1988.

The mechanism of the reaction has not been elucidated. Berberine is probably
enriched in the lipophilic chromatogram zones which then fluoresce more intensely
than the environment.

Method

The chromatograms are freed from mobile phase, immersed in the reagent solution
for 1's or sprayed homogeneously with it and then dried in a stream of cold air.
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Under UV light (A =254 nm or 365 nm) the chromatogram zones appear as pale

Berberine Reagent 215

stearic acid (hR; 20—25), tripalmitin (hR; 45— 50) and caryophyllene (AR; 90—

yellow fluorescent zones on a weakly yellow fluorescent background.

Note: The reagent can also be applied before chromatography e.g. by impregnating
the layer, which should preferably be free from fluorescent indicator; it is not
eluied by most mobile phases [4].

The reagent can be employed on silica gel, silver nitrate-impregnated silica gel,
carboxymethylcellulose-containing silica gel, kieselguhr and Si 50000 layers; RP
phases are not suitable.

Procedure Tested

Sterols, Fatty Acids, Triglycerides, Hydrocarbons [5]

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

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

Mobile phase n-Hexane — diethyl ether — glacial acetic acid
80+20+1).

Migration distance 5cm

Running time 7 min

95) appeared as pale yellow fluorescent zones on a less intense yeilow fluorescent
background. The visual detection limits per chromatogram zone were 10 ng for
cholesterol, 50 ng for stearic acid and tripalmitin and 100 ng for caryophyllene
(Fig. 1).

In situ quantitation: The reagent is unsuitabie for in situ quantitation.

References

[1] Misso, N. L. A., Goad, L. J.: Phytochemistry 1984, 23, 73-82.

[2] Huang, L.-S., Grunwald, C.: Phytochemistry 1986, 25, 2779-2781.

[3] Heintz, R., Benveniste, P., Robinson, W. H., Coates, R. M.: Biochem. Biophys. Res. Commun.
1972, 49, 1547-1553.

Mamlok. L.: J Chro:

ra

[d}

[5] Kany, E., Jork, H.: GDCh-training course Nr. 301 ,, Dunnschicht-Chromatographie fiir Fortge-
schrittene®, Universitit des Saarlandes, Saarbrucken 1988.

togr. Sci. 1981, 19, 53,

togr el 28L,

Detection and result: The chromatogram was dried in a stream of cold air for
5 min and immersed in the dipping solution for 1s. Cholesterol (AR 10—15),

Fig. 1: Sketch of the chromatographic separation of a mixture (G) of cholesterol (1), stearic
acid (2), tripalmitin (3) and caryophyllene (4).



Reagent
(Emmerie-Engel Reagent)

Reagent for:
VY
o Phenols [1] NN
o Vitamin E (tocopherols) {2 —4] C;0HgN, FeCl; - 6H,0
e Antioxidants [5] M, =156.19 M, =270.30
o Reducing substances 2,2’-Bipyridine
e.g. ascorbic acid [6]
Preparation of the Reagent

Solution 1 Dissolve 0.1 g iron(I1I) chloride hexahydrate in 50 ml ethanol.

. ;1 I .
Dissolve 0 g -bipyridine (e, o’-dipyrid n 50 mlethano

Dipping solution Mix equal quantities of solutions I and II immediately before

use.
Storage Solution I should be stored in the dark.
Substances 2,2’-Bipyridine
Iron(III) chloride hexahydrate
Ethanol

Reaction

Ascorbic acid, for example, is oxidized to dehydroascorbic acid with reduction of ’

the iron(IIl) ions. The Fe(II) ions so produced react with 2,2"-bipyridine with
formation of a colored complex.

2,2-Bipyridine — Iron(1II) Chloride Reagent (Emmerie-Engel Reagent) 217

HO, OH
Fe+ @
H H e
HOHZC—? 0”0 HOH,C—C~ Y070
OH OH

Method

The chromatogram is freed from mobile phase in a stream of warm air and
immersed in the reagent solution for 1 s and then dried in a stream of cold air.
Red to reddish-brown zones are formed on a colorless background. They often
appear immediately but sometimes they only appear after some minutes; their
color intensity is completely developed after 30 min [1]. They can be employed for

quantitative analysis.

Noter ¢ dipping reagent, w Ca apphed-as-a-spray reagent;can o€
employed on cellulose and silica gel layers. A 3% solution of 2,2’-bipyridine in
40% thioglycolic acid can be employed as a specific spray reagent for the detection
of iron (red coloration) [7].

Procedure Tested

o-Tocopherol [3]

Method Horizontal, one-dimensional development in a linear
chamber (CAMAG).

Layer HPTLC plates Silica gel 60 F,s4 (MERCK).
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Mobile phase Toluene — chloroform (10 + 10).

Migration distance 5 cm

Running time 10 min

Detection and result: The chromatogram was freed from mobile phase in a stream
of warm air, immersed in the freshly prepared reagent mixture for 1's and then
dried in a stream of cold air. After a short time a-tocopherol yielded a red
chromatogram zone on a colorless background at AR; 35 —40. The visual detection
limit on the HPTLC layer was 20 —25 ng per chromatogram zone.

In situ quantitation: The plate was scanned with visible light (4 = 520 nm) in the
reflectance mode (Fig. 1).

Start
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Blue Tetrazolium Reagent

Reagent for:

Ci=
e Corticosteroids [1—6] =Nt~ [
) OCH,
o Reducing steroids [2] CHy0” N 3
o Carbohydrates [7] N==N

Qo O

- -

C4oH32Cl13N30,
M, =1727.66

Preparation of Reagent

N

Fig. 1: Reflectance scan of a chromatogram of 200 ng D-a-tocopherol per chromatogram
zone.

References

[1] BartON, G. M.: J. Chromatogr. 1965, 20, 189.

[2] STROHECKER, R., HENNING, H. M.: Vitaminbesti gen. Weinheim : Verlag Chemie 1963,
n 2N1_212

p. 311-312,

[3] Koop, R.: Dissertation, Universitéit GieBen, Fachbereich Erniihrungswissenschaften, 1984.

{4] PERED), J., BALOGH, A.: Olaj, Szappan, Kozmet. 1981, 30, 1-5.

{5} HEDE, R. F. vaAN DER: J Chromatogr, 1966, 24, 239-243.

[6] SCHNEKENBURGER, G.: Thesis, Fachhochschule GieBen, Fachbereich Technisches Gesund-
heitswesen, 1987.

{7} FEicL, F.: Fresenius Z. Anal. Chem. 1956, 152, 52-55.

Solution I

Solution 11

Spray solution

Storage

Dissolve 0.5g blue tetrazolium (3,3’-(3,3’-dimetho?(y4,f’-
biphenylylene)-bis(2,5-diphenyl-2H-tetrazolium)-chloride) in
100 ml methanol.

Dissolve 24 g sodium hydroxide carefully in 50 ml water and
make up to 100 ml with methanol.

Dilute the dipping solution with methanol in a ratio of 1 + 2.

Each solution may be stored for a longer period of time in the
refrigerator.
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Blue Tetrazolium Reagent 221

Substances Blue tetrazolium Procedure Tested
Sodiumhydroxide pettets
Methanol Corticosteroids [8]
Method Ascending, one-dimensional, double development in a
trough chamber with chamber saturation (5 min intermedi-
Reaction ate drying in a stream of warm air).

Blue tetrazolium is transformed into the colored or fluorescent formazan by
reducing compounds.

QA/N\ /O @—cﬁN_N\H

= J
—_—>
CHO ‘] O OCH3  REDUCTION CH30 O OCH;
N—N N=N

N
NP H\ //h
fegas o

Blue tetrazolium Formazan

Layer TLC or HPTLC plates Silica gel 60 F,54 (MERCK).
Mobile phase Chloroform — methanol (93 4 7).

Migration distance TLC:2x12 cm; HPTLC: 2x 6 cm.

Running time TLC: 2 x 35 min; HPTLC: 2 x 20 min.

Detection and result: The chromatogram was freed from mobile phase and evenly
sprayed with reagent solution. After a short time at room temperature violet-
colored chromatogram zones appeared for the corticosteroids tetrahydrocortisol
(hR; 10—15), tetrahydrocortisone (hR; 15—20), prednisolone (AR 15—20),
hydrocortisone (AR; 20—25), prednisone (hR; 30— 35), cortisone (hR; 35—40),
corticosterone (AR; 45— 50), cortexolone (REICHSTEIN S., AR, 50— 55). 11-dehvdro-

COorucosierone 4y cortexolione (EICHSTEIN 227 cenyar

corticosterone (hR; 60— 65), 11-desoxycorticosterone (hR; 75—280).

Method

The developed chromatograms are either immersed briefly in the dipping solution
or homogeneously sprayed with the spray solution. The color reaction occurs
immediately at room temperature or on gentle heating. In general violet-colored
zones are formed on a light background. If they are heated to 90°C for 10 to
20 min 4*-3-ketosteroids exhibit rather characteristic deep yellow fluorescence
under long-wavelength UV light (4 = 365 nm).

Note: The reagent can be employed on silica gel, alumina, polyamide and cellulose
layers. In the case of the latter it is to be recommended that the solutions be diluted
1+3 with methanol. The detection limit is reported to be 0.1 to 0.5 pg per
chromatogram zone [5].

A B

Fig. 1: Separation of the corticosteroids. (A) Detection in UV light (4 = 254 nm, (B) staining
with blue tetrazolium. Tetrahydrocortisol (1), tetrahydrocortisone (2), prednisolone (3),
hydrocortisone (4), prednisone (5), cortisone (6), corticosterone (7), cortexolone (8), 11-
dehydrocorticosterone (9), 1i-desoxycorticosterone (i0), mixture (Mi).
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Note: In the case of HPTLC plates the detection limit for the visual recognition

2
chromatogram zone. With the exception of the two tetrahydrosteroids the cor-
ticosteriods could be detected on TLC plates with fluorescent indicators by reason
of fluorescence quenching (Fig. 1A). Figure 2 illustrates the absorption scans of
the separations illustrated in Figures 1A and 1B.

A=530 nm

Front Start

Reagent for:

o Primary aromatic amines [1 —3] {_\>>NH CHy—CHa—NH
e.g. benzodiazepines. aminobenzophenones — 27 VT2

[3'7— 5] @ -2 HCI

o Sulfonamides [6—10] CoH.<CLLN
1216 121N 2

@ Urea, carbamate and anilide herbicides [11]

M,=259.18
® Folic acid [12] N-(1- Naphthyl)ethylene-
e Dulcin [13] diaminedihydrochloride

Preparation of Reagent

Spray solution 1 Dissolve 1 g sodium nitrite in 20 ml water and make up to

Fig. 2: Absorption scan of the corticosteroid mixture in Figure 1.

References

[1] Adamec, O., Matis, J., Galvanek, M., : Steroids 1963, 1, 495-505.

[2] Feher, T.: Mikrochim. Acta (Vienna) 1965, 105-116.

{3} Freimuth, U., Zawta, B., Biichner, M.: Acta Biol. Med. Ger. 1964, 13, 624-628.

{4} Nishikaze, O., Abraham, R., Staudinger, Hj.: J Bischem. (Tokyc) 1963, 54, 427-431

{5} McCarthy, §. L., Brodsky, A. L., Mitchell, J. A., Herrscher, R. F.: Anal. Biochem 1964, 8,
164-170.

[6] Nieminen, E., Castren, E.: Zbl. Pharmaz. 1970, 109, 571-578.

[7) Schmoldt, A., Machut, M.: Dtsch. Apoth. Ztg. 1981, 121, 1006-1009.

{8] Kany, E., Jork, H.: GDCh-training course Nr. 300 ,,Einfithrung in die Diinnschicht-Chroma-
tographie, Universitit des Saarlandes, Saarbriicken 1985.

100 ml with a mixture of 17 ml conc. hydrochloric acid and
83 ml ethanol [11].

Spray solution IIa Dissolve 1 g N-(1-naphthyl)ethylenediamine dihydrochloride
in 10 ml water and make up to 100 ml with ethanol [11].

Spray solution IIb Dissolve 1 g N-(1-naphthyl)ethylenediamine dihydrochloride
in 50 ml dimethylformamide and 50 ml hydrochloric acid
(cuc1 = 4 mol/l) with warming. If the cooled solution is not
clear it should be filtered. A pale violet coloration does not
interfere with the reaction {4j.

Storage Spray solutions I and Ila are only stable for a short period of
time and, hence, should always be freshly made up [11], spray
solution IIb can be stored for several weeks in the refrigerator

rat

141
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Note: In the case of HPTLC plates the detection limit for the visual recognition

2
chromatogram zone. With the exception of the two tetrahydrosteroids the cor-
ticosteriods could be detected on TLC plates with fluorescent indicators by reason
of fluorescence quenching (Fig. 1A). Figure 2 illustrates the absorption scans of
the separations illustrated in Figures 1A and 1B.

A=530 nm

Front Start

Reagent for:

o Primary aromatic amines [1 —3] {_\>>NH CHa—CH—NH
e.g. benzodiazepines, aminobenzophenones — 2T

[3':—5] S @ - 2 Hel

o Sulfonamides [6—10]

Cl ZH 1 GCIZNZ
@ Urea, carbamate and anilide herbicides [11] M.—259.18
® Folic acid [12) N-(1- Naphthyl)ethylene-
e Dulcin [13] diaminedihydrochloride

Preparation of Reagent

Spray solution 1 Dissolve 1 g sodium nitrite in 20 ml water and make up to

Fig. 2: Absorption scan of the corticosteroid mixture in Figure 1.

b 5 PR S,
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100 ml with a mixture of 17 ml conc. hydrochloric acid and
83 ml ethanol [11].

Spray solution IIa Dissolve 1 g N-(1-naphthyl)ethylenediamine dihydrochloride
in 10 ml water and make up to 100 ml with ethanol [11].

Spray solution IIb Dissolve 1 g N-(1-naphthyl)ethylenediamine dihydrochloride
in 50 ml dimethylformamide and 50 ml hydrochloric acid
(cuc1 = 4 mol/l) with warming. If the cooled solution is not
clear it should be filtered. A pale violet coloration does not
interfere with the reaction [4].

Storage Spray solutions I and Ila are only stable for a short period of
time and, hence, should always be freshly made up [11], spray
solution IIb can be stored for several weeks in the refrigerator

rat
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Substances Sodium nitrite

Bratton-Marshall Reagent 225

Note: Note that the diazotization of primary aromatic amines can also be achieved

N-(1-Naphthyl)ethylenediamine
dihydrochloride

Hydrochloric acid 32%
Ethanol
N,N-Dimethylformamide

Reaction

Primary aromatic amines are first diazotized and then coupled to yield azo
dyestuffs [4].

Prim aromat amine Diazonium compound

m 2

Q NH—CHy—CHy—NH, N=N
@ — ﬂ

NH—CH,—CH,—NH,

by placing the chromatogram for 3— 5 min in a twin-trough chamber containing
nitrous fumes (fume cupboard!). The fumes are produced in the empty trough of
the chamber by addition of 25% hydrochloric acid to a 20% sodium nitrite
solution [2, 4]. N-(1-Naphthyl)ethylenediamine can be replaced in the rcagent by
a- or f-naphthol [10, 14], but this reduces the sensitivity of detection [2]. Spray

solutions IIa and IIb can also be used as dipping solutions.

A range of benzodiazepines which do not contain free aromatic amino groups are
only able to react with BRATTON-MARSHALL reagent after in situ hydrolysis to the
“"“’PQP““““’“’ "m'“"]“""’""‘l“‘“"“‘“‘ M} In such cases the J‘uuuuuusn Qs aie
sprayed with 25% hydrochlonc acid after being freed from mobile phase and then
heated to 110°C for 10 min before diazotization [4]. Some benzodiazepines form
secondary amines on hydrolysis which can be photolytically dealkylated to the

corresponding primary amines by irradiation with UV light [4].

Urea, carbamate and anilide herbicides, which are reported only to be detectable
on layers containing fluorescence indicators [11], also have to be hydrolyzed, for
example by spraying the dried chromatogram with a mixture of 60 ml conc.
hydrochloric acid and 50 ml ethanol and then heating (10 min 180°C, covering
the chromatogram with a giass piate) before reacting with BRATTON-MARSHALL
reagent.

Folic acid is detected by irradiating the chromatogram with broad-spectrum UV

light for 30 min before reaction with BRATTON-MARSHALL reagent (detection limit:
200 ng) [12).

N-(1-Naphthyl)
ethylenediamine Azo dye

(3 4

Method

The chromatograms are freed from mobile phase and then sprayed with spray
solution 1 until the layer begins to be transparent, then dried in a stream of cold
air for 10 min and finally sprayed again to the start of transparency this time with
spray solution Ila or IIb and dried in a stream of warm air.

The pink to violet-colored chromatogram zones on a colorless background usually
appear immediately.

The detection timits for benzodiazepines, aminobenzophenones and sulfonamides

lie in the lower nanogram range.

The reagent can be employed on silica gel, cellulose and RP layers.

Procedure Tested
Hydrolysis Products of Benzodiazepines [15]

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

Layer HPTLC plates Silica gel 60 F,s, (MERCK). Before sample
application the plate was prewashed by developing once
with chloroform — methanol (50 + 50) and then dried at
110°C for 30 min.
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Mobile phase Benzene.

Bratton-Marshall Reagent 227

benzophenone (“ACB”, violet, #R; 30—35), 2-amino-5-chloro-2’-fluorobenzo-

Migration distance 6 cm
Running time 15 min

Detection and result: The chromatogram was freed from mobile phase (10 min in
a stream of warm air) and placed for 10 min in the empty half of a twin-trough
chamber in whose second half nitrous fumes were being generated by the addition
of 10 drops 37% hydrochloric acid to 5 ml 20% aqueous sodium nitrite solution.
After the nitrous fumes had cleared (3—5 min in air, fume cupboard!) the
chromatogram was immersed in solution Ila for 1 s and dried in a stream of cold
air.

(2-Amino-5-bromophenyl(pyridin-2-yl)methanone (“ABP“, deep violet, hR; < 5),
2-amino-5-nitrobenzophenone (“ANB”, pink, #R; 15—20), 2-amino-5-chloro-

]

phenone (“ACFB™, violet, Ry 35—40), 2-amino-2",5-dichlorobenzophenone———
(“ADB”, violet, AR, 40—50) and 5-chloro-2-(methylamino)benzophenone
(“MACB?”, ochre, hR; 60 —65) appeared as colored zones on a white background.

The detection limits per chromatogram zone were 5 ng for ABP, ANB, ACB,

ACFB and ADB and ca. 50 ng for MACB.

In situ quantitation: The absorption photometric analysis in reflectance was
performed at a mean wavelength of 4 = 560 nm (Amax(asr) = 580 nm, Amayxang) =
550 NN, Amax(ACB, ACFB, ADB) = 560 DM, Amgy ace) = 470 nm, see Fig. 1).
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Fig. 1: Reflectance scan (A: scan at A = 560 nm, B: scan at 4 =470 nm) of a chromatogram
track of a mixture of 100 ng each of ABP, ANB, ACB, ACFB and ADB and 500 ng MACB
per chromatogram zone: ABP (1), ANB (2), ACB (3), ACFB (4), ADB (5), MACB (6).
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Bromophenol Blue —
Potassium Permanganate Reagent

Bromocresol Green— Bromophenol Blue— Potassium Permanganate Reagent 229

Reaction

The detection of acids takes place on the basis of the pH-dependent color change
of the two indicators bromocresol green (pH range: 3.8—5.4) and bromophenol
blue (pH range: 3.0 —4.6) from yellow to blue.

Method

The chromatogram is freed from mobile phase in a stream of warm air or in the
drying cupboard (5 min 100°C), immersed for 1s in freshly prepared dipping
solution or sprayed homogeneously with it and then heated to 100°C for 5—
10 min. This usually results in the formation of blue-green colored zones on a
grey-blue background.

Note: The reagent can be employed on silica gel, kieselguhr, RP and, with lower
sensitivity of detection, on cellulose layers. The color differentiation is probably
greater on cellulose layers [1]. A dark blue background is produced on polyamide
layers.

Procedure Tested

Br r r r
Reagent for: Ho A jvo Ho\,/j\l PN
|
Organic acids B Y Br B N N g
e Or aci
gal H3C S SO3H
KMnO4 C21H14BI'4OSS ClngoBr4OSS
M, =158.04 M, =698.04 M, =669.96
Bromocresol green Bromophenol blue
Preparation of the Reagent
Solution 1 Dissolve 40 mg bromocresol green and 15 mg bromophenol
blue in 100 ml ethanol
Solution 11 Dissolve 250 mg potassium permanganate and 500 mg sodium

carbonate in 100 ml water.

Dipping solution Mix solutions I and II to a ratio of 9 + 1 immediately before
use.

Storage Solutions I and II may be stored in the refrigerator for an
extended period. The dipping solution must be employed within
5—10 min of preparation.

Substances Bromocresol green
Bromophenol blue
Potassium permanganate
Sodium carbonate decahydrate

| oS N |
Ccumanol

Organic Acids [2]

Method Ascending, one-dimensional development with chamber
saturation.

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

Mobile phase Diisopropyl ether — formic acid — water (90 + 7 + 3).

Migration distance 10 cm
Running time 30 min
Detection and result: The chromatogram was freed from mobile phase in the drying

cupboard (5 min 100°C), immersed in the freshly prepared dipping reagent for 1 s
and then heated to 100°C for 10 min.
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Even before heating all the acids rapidly appeared as blue zones on a yellow-blue R

background. After heating tartaric acid (hR; 2—5) and malic acid (hR; 5—10)
retained their color while lactic acid (AR 30—35), succinic acid (hR; 35—40),
pimelic acid (4R, 50), maleic acid (kR 55), suberic acid (hR¢ 55—60), benzoic
acid (hR; 80—85), stearic acid (hR; 85—90) and arachidic acid (R 85—90)

appeared as pale yellow zones on a blue-yellow background (Fig. 1). The detection

limits lay at 1 to 2 pg substance per chromatogram zone.

In situ quantitation: This reagent was not suitable for direct, precise photometric
quantitation.

12345678910M J

e . %08

Fig. 1: Schematic representation of the chromatographic separation of carboxylic acids.
Maleic acid (1), pimelic acid (2), succinic acid (3), benzoic acid (4), malic acid (5), tartaric
acid (6), lactic acid (7), stearic acid (8), arachidic acid (9), suberic acid (10), mixture (M).

Reagent for:

o Organic acids [1 4]
o Halogen anions [5]

@ Phenols [6]

C,1H;6Br,058

e 5-Aminodibenzo(a,d)cycloheptane
derivatives m M, =540.24

Preparation of the Reagent

Dipping solution I  Organic acids: Dissolve 40 mg bromocresol purple in 100 ml
50% ethanol and adjust to pH = 10.0 (glass electrode) with
caustic soda solution (¢ = 0.1 mol/l) [1}.

Dipping solution 11 Halogen anions: Dissolve 100 mg bromocresol purple in
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100-miethanotand-addafewdropsof 0% ammoniasolution—

until the color changes.

Storage The bromocresol solution keeps well in the refrigerator before
basification.
Substances Bromocresol purple

Sodium hydroxide solution (0.1 mol/l)
Ammonia solution (25%)
Ethanol

Reaction

The pH indicator bromocresol purple changes in color from yellow to purple in

lllC pn range _) 1.—0 O
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Method

Bromocresol Purple Reagent 233

solution I for 1 s and then heated on a hotplate to 100°C for 15 mm Cnnc acxd

The chromatogram is freed from mobile phase in a stream of warm air or in the
drying cupboard (10 min 100°C) and after cooling dipped for 1s in dipping
solution I or II or sprayed homogeneously with it. Then it is heated to 100°C for
10 min.

Organic acids yield lemon-yellow zones on a blue background [1]. Halide ions
migrate as ammonium salts in ammoniacal mobile phases and are also colored
yellow. The colors fade rapidly in the air. This can be delayed for some days by
covering the chromatogram with a glass plate.

Note: The background color depends on the pH of the layer, it is, therefore,
affected by the efficiency of removal of acidic mobile phase components before
staining.

Dicarboxylic acids react more sensitively than do monocarboxylic acids. Fatty
acids and amino acids cannot be detected.

The reagent can be employed on silica gel, kieselguhr and Si 50 000 layers (also
when they are impregnated with polyethylene glycol [1]) and on cellulose layers.

Procedure Tested

Muiltibasic Carboxylic Acids [8]

(AR 0=35); 1a 2
60—65) and sallcyhc acld (hRf 80—85) y:elded lemon-yellow chromatogram zones
on a yellow background on silica gel layers (Fig. 1). Figure 2 illustrates a similar
separation of other dicarboxylic acids.

In situ quantitation: The reagent was not suitable for an exact quantitative deter-
mination of acids because the background structure did not allow sensitive repro-
ducible scanning.

12 3 45 M t
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Fig. 1: Separation of carboxylic acids (schematic representation). Citric acid (1), lactic acid
(2), phthalic acid (3), sebacinic acid (4), salicylic acid (5), mixture (M).

Fig. 2: Separation of dlcarboxyhc acids (reflectance scan). Start + tartaric acid (1), malic
acid (2), phthalic acid (3), succinic acid (4), adipic acid (5), fumaric acid (6), front (7).

ber thh chamber saturatlon

Layer 1. TLC plates Silica gel 60 (MERCK).
2. TLC plates Silica gel 60 (MERCK) impregnated by dipping
once in a 10% solution of nolvethvlene slvcol 1000 in meth-

onceIn a 1V /s SOIULIon O PpOIyeinyiene giyCol 1V 1n meth:

anol.
Mobile phase Diisopropyl ether — formic acid — water (90 + 7 + 3).
Migration distance 10 cm
Running time 30 min (silica gel layer)

50 min (impregnated layer)

Detection and result: The chromatogram was freed from mobile phase in a stream

of warm air or in the drying cupboard (10 min 100°C), immersed in dipping
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_tert-Butyl Hypochlorite Reagent ~  Methd

Reagent for:

o Fatty acids, triglycerides, amino acids,

sugars, steroids [1] CHy
e Peptides, nucleotides [2} H;;C—(::—OCI
e Vitamin B, [3] CHs
o Alkaloids [5] C4H,CIO
o Carbamazepine [4] M, =108.57

Preparation of the Reagent

Dipping solutionI  Dissolve 1 ml tert-butyl hypochlorite in 100 ml carbon tetra-
chloride or cyclohexane.

Dipping solution II Mix chloroform, paraffin oil and triethanolamine in the ratio

tert-Butyl Hypochlorite Reagent 235

The developed chromatogram is freed from mobile phase in a stream of warm air
and then either immersed in dipping solution I for 1 s or sprayed homogeneously
with it or exposed to its vapors for 15 min in a twin-trough chamber in whose
second chamber 5 ml of dipping solution I has been placed ca. 10 min previously.
The chromatograms are then immersed in dipping solution II for 1 s and dried in
a stream of hot air. If derivatization is carried out by dipping, the chromatograms
should be dried for ca. 1 min in a stream of hot air and allowed to cool to room
temperature before the second treatment.

There then appear, in long-wavelength UV light (4 =365 nm), yellow to violet
fluorescent zones on a dark background; these can be quantitatively analyzed.

Note: The reagent can be employed on silica gel and cellulose layers. When
derivatization is carried out from the vapor phase the detection limit for morphine
is 10 ng and that for papaverine 1 ng per chromatogram zone [5]. In some cases
it has been recommended that ammonium sulfate be added to the layer with
subsequent heating to 150 —180°C [1] after derivatization. It is also possible to
spray afterwards with an aqueous solution of potassium iodide (1%) and starch

1%) [2].

Procedure Tested
of 6+1+1.
Storage Dipping solution I may be stored in the refrigerator for a few Vitamin B, [3]
days. feri-Butyl hypochlorite should be stored cool in the dark
under an atmosphere of nitrogen. Method Ascending, one-dimensional development in a twin-trough

Caution: fert-Butyl hypochlorite is very reactive, e.g. it reacts
violently with rubber seals particularly under the influence of
light.

Substances tert-Butyl hypochlorite
Carbon tetrachloride
Paraffin viscous

Chloroform
Triethanolamine
Reaction
L o o alt o oLt Lo s P PG % PRy |
1N€ reacuion mecnanism lldb nouv ()Ccll eluciaatca.

chamber with chamber saturation with the layer being pre-
conditioned in the solvent-free half of the trough for 15 min
after application of the sample.

Layer HPTLC plates Silica gel 60 (MERCK), which had been pre-
washed by single development of the plate with chloro-
form — methanol (50 + 50) and then dried at 110°C for
30 min.

Mobile phase Methanol — ammonia solution (25%) — glacial acetic acid
@B+1+1).

Migration distance 6 cm

Running time ca. 20 min
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Detection and result: The chromatogram was dried in a current of warm air and

tert-Butyl Hypochlorite Reagent 237

References

cither immersed in reagent solution I for 1 s or placed for 15 min in a twin-trough
chamber in whose second trough 5 ml of dipping solution I had been placed ca.
10 min previously. If the chromatogram was derivatized by dipping it had to be
dried for ca. 1 min in a stream of hot air and allowed to cool to room temperature.

The chromatogram was then immersed for 1 s in reagent solution II to increase
sensitivity and stabilize the fluorescence and then dried in a stream of hot air.

Thiamine (AR, 40 —45) yielded a yellow fluorescent zone on a dark background
under long-wavelength UV light (A = 365 nm).

Note: Vapor-phase derivatization was appreciably more homogeneous than that
produced by dipping and simultaneously increased both the precision and the
sensitivity of the method.

In situ quantitation: The fluorimetric analysis was performed in long-wavelength
UV light (dex = 365 nm, Ay > 430 nm). The detection limit for thiamine was less
than 3 ng per chromatogram zone.
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Fig. 1: Fluorescence scan of 30 ng thiamine after vapor-phase derivatization (A) and an
accompanying blank track (B).



7-Chloro-4-nitrobenzo-2-oxa-1,3-

diazole Reagent
(NBD-Chloride Reagent)

Reagent for:
1

o Prim. and sec. aliphatic amines [1 — 3] N

o Amino acids and peptides [1, 4, 5] \N/O

o Sulfonamides [6] r'loz

o Alkaloids (7] CeH,CIN304

o Phenols [7] M, =199.55
Preparation of Reagent

40 ml methanol

Dipping solntion II Dissolve 0.1 g NBD-chloride (7-chloro-4-nitrobenzofurazan,
7-chloro-4-nitro-2,1,3-benzoxadiazole) in 50 ml ethanol.

Spray solutionI  Dissolve 2 g sodium carbonate or 5 g sodium hydroxide in
100 ml water [6, 7.

Spray solution I Dissolve 0.1—0.5 g NBD-chloride in 100 ml ethanol (5],
methanol [6] or acetonitrile [7].

Storage All solutions may be stored for an extended period of time.

Substances 7-Chloro-4-nitrobenzofurazan
Sodium acetate trihydrate

Qadiniem anshamata
ovuliuiil Laroviiaw

7-Chloro-4-nitrobenzo-2-oxa-1,3-diazole Reagent 239

Sodium hydroxide pellets

Meth
Methanol

Ethanol

Reaction

NBD-chloride reacts with nucleophilic compounds (amines, mercaptans etc.) to
yield the corresponding 7-substituted 4-nitrobenzofurazan derivatives.

i

| NH

A o VA N %(’N\ﬁ
v+ K—l‘ﬁz — /V

NN - HOl S/EN

NO, NO,

Prim

NBD-chloride  amine Reaction product

Method

The dried chromatograms are 1mmersed in dlppmg soluuon I for 1s, dried in a
: di

and then heated to 100°C for 2— 3 min. Altematlvely the chromatogram can be
sprayed with the appropriate spray solutions.

Under long-wavelength UV light (4 = 365 nm) the chromatogram zones fluoresce
vellow to vellow-green, they are sometimes detectable in daylight as colored zones,
too.

Note: The reagent can be employed for qualitative and quantitative analysis on
silica gel and RP layers. Ammonia, amine and acid-containing mobile phases
shouid be compietely removed beforehand. Amino phases cannot be employed.
The NBD-chloride reagent is not as sensitive as the DOOB reagent (qv.) on RP

phases.

Primary and secondary amines and phenols generally produce yellow to reddish-

AAAAAAAA d o A A wax

orange zones (sermomn VlOlClj oo a palc ycuuw Uau\sluuuu, unaGer luus-vvav'e—
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length UV light (A = 365 nm) the zones fluoresce yellowish green (serotonin ap-

7-Chloro-4-nitrobenzo-2-oxa-1,3-diazole Reagent 241

Hydroxyproline (hR; 20— 25) and prolme (hRf 25—30) y1elded orange—colorcd

pears as a dark zone). The plate background also fluoresces but appreciably less.
Noradrenaline, 5-hydroxytryptophan and dopamine yield red to blue-violet zones
on a yellow background, they do not fluoresce*. Sulfonamides and alkaloids
produce greenish-yellow, olive brown or violet colors. Peptides and amino acids
{except tryptophan) yield pale yellow fluorescent zones; tryptophan and proline
produce orange-red zones. The detection limits are 100 —800 ng substance per
chromatogram zone, sometimes appreciably less (cf. “Procedure Tested” (8]).

Although the reagent itself is not fluorescent an excess of NBD-chloride can
interfere in quantitative analysis. In such cases it should be checked whether
prechromatographic derivatization produces better results [3, 4]. The reaction
products can then be separated on polyamide layers.

Procedure Tested

Proline, Hydroxyproline [8]

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

Layer HPTLC plates Silica gel 60 (MERCK), which had been de-

veloped once with chloroform — methanol (50 + 50) and
dried at 110°C for 30 min before applying the samples.

Fia I 1)

light (/1 365 nm) they ﬂuorcsccd yellow ona bluc background (Dctectlon limits:
ca. 5 ng substance per chromatogram zone).

The chromatogram was then immersed for 1 s in a mixture of liquid paraffm and

n-uexauc \l + L} o bldUllllE auu cuuauw ue llUUl'CN.CIlW (Uy a ldLlUI' Ol ca. l J)
The detection limits were then ca. 1 ng substance per chromatogram zone.

In situ quantitation: The absorption photometric measurement in reflectance was
performed at A1 =490 nm, the fluorimetric analysis at A, =436 nm and
Ag; > 560 nm (Fig. 1).
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(100 + 90 + 20).
Migration distance 7cm

Running time 40 min

Detection and result: The chromatogram was freed from mobile phase in a stream
of warm air, then immersed in dipping solution I for 1 s, dried for 90 s in a stream
of warm air and after cooling immersed in dipping solution II for 1 s. After drying

brieflv in a stream of warm air it wag heated to 110°C for 2 min and treated with

briefly in a stream of warm air it was heated to 110°C for 2 min and treated with
hydrochloric acid vapor for 15 min in a twin-trough chamber (37% hydrochloric
acid in the vacant trough).

*—Jork, H.: private communication, Universitat des Saarlandes, Fachbereich 14 “Pharmazie
und Biologische Chemie”, D-6600 Saarbricken 1988.

Fig. 1: Reflectance scan (A) and fluorescence scan (B) of a chromatogram track with 50 ng
of each amino acid per chromatogram zone: hydroxyproline (1), proline (2).
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Method

Phosphoric Acid Reagent

Reagent for:

e Prostaglandins [1—3]
o f-Sitosterol [4]

a Dglar linide 151
L4 Giar i

£ 1pIds 10 (CH;C00),Cu - H,0 H;PO,
e Phospholipids [5—17]

M, =199.65 M, =98.00
® Glycolipids [9) Copper(ll) acetate  ortho-Phos-
o Esters of fatty acids [18, 19] monohydrate phoric acid

The chromatograms are dried in a stream of warm air, immersed in the reagent
solution for 2s and then heated to 120—125°C for 10—15 min. p-Sitosterol
appears as a grey-blue zone on a colorless background [4] and prostaglandins yield
variously colored zones [2], which absorb long-wavelength UV light (A = 365 nm).
The dipping solution can also be employed as a spray solution [11].

Note: Phospholipids and glycolipids appear after 6—25 min [5—13] and esters of
fatty acids after heating for 2 h [18] at 180°C (charring!) as grey-black zones on
an almost colorless background. According to TOUCHSTONE {7] in the case of
phospholipids it is only the unsaturated ones that react, while the saturated ones
only react with the copper(II) sulfate — phosphoric acid reagent. The reagent may

be applied to silica gel layers.

Procedure Tested

Prostaglandin E, [1]

Preparation of the Reagent

Dipping solution Dissolve 3 g copper(I) acetate in 100 ml 8—15% aqueous
phosphoric acid.

Storage The dipping solution can be stored for long periods of time.

Substances ortho-Phosphoric acid (85%)
Copper(II) acetate monohydrate

Method Horizontal, one-dimensional development in a linear cham-
ber (CAMAG).
Layer HPTLC plates Silica gel 60 (MERCK).

The layer was prewashed twice before application of the
samples by developing first with cyclohexane and then, after
drying for 30 min at 120°C, with methanol; it was finally
activated for 30 min at 120°C.

Mobile phase Ethyl acetate — formic acid (80 + 1).
Migration distance ca. Scm
Running time 10 —15 min

Detection and result: The chromatogram was dried in a stream of warm air,
immersed in the reagent solution for 2 s and then heated to 120°C for 15 min.
Prostaglandin E, appeared as a yellow-brown zone (hR; 25— 30) on a colorless
background.
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In sm: qnnnutanon Quantxtatlon by rcﬂectance had to be performed as soon as

Detection wavelength: 4 = 345 nm; detect.lon hmrt 25ng per chromatogram zone
(Fig. 1).

2
]

\\_/‘

Fig. 1: Reflectance curve of a blank track (A) and a chromatogram (B) with 80 ng prostaglan-
din E, (1), B-front (2).
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Reagent for:
o Stabilization of “ninhydrin” spots [1—3] Cu(NO;),
M, =181.56
Preparation of the Reagent

Dipping solution Mix 1 ml saturated aqueous copper(Il) nitrate solution with

0.2 ml 10% nitric acid and make up to 100 ml with 95% ethanol
[1].

[5] lonlal;tzic, L., Traitler, H.: J High Resolut. Chr Chromatogr. C. 1985, 8, Storage The reagent can be kept for several days.
1
(6] Touchstone, J. C., Chen, J. C., Beaver, K.: Lipids 1980, , 15, 61-62. Substances Copper(1I) nitrate trihydrate
[7} Touchstone, J. C., Levin, S. S., Dobbins, M. F, Carter, P. J.: J Lig. Chromatogr. 1983, 6, Nitric acid (65%)
179-192: J. High Resolut. Chr gr. Chr gr. Ce 1981, 4, 423-424. Ethanol
[8] Sherma, J., Bennett, S.: J. Lig. Chromatogr. 1983, 6, 1193-1211. . . o
[9] Fewster, M. E., Burns, B. 1., Mead, J. F.: J. Chromatogr. 1969, 43, 120-126. Ammonia solution (25%)
[10] Kohl, H. H., Rlander, D. H. jr., Roberts, E. C., Elliott, H. C. jr.: Clin. Chem. 1978, 24,
174-176.
[t1] Mallikarjuneswara, V. R.: Clin. Chem. 1975, 21, 260-263.
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[16] Spillman, T., Cotton, D., Lynn, S., Breumdrerc] Clin. Chem 1983, 29,, 250-255.
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are stained with ninhydrin is only stable for a short time. It rapidly begins to fade
even on cellulose layers. The stability can be appreciably enhanced by complex
formation with metal ions {3].
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Method

Copper(11) nitrat Reagent 247

Mobile phase 2-Propanol — 1-butanol — trisodium citrate solution

The chromatograms stained with ninhydrin are immersed in the reagent solution
for 1s or sprayed evenly with it and then placed in the free half of a twin-
trough chamber containing 25% ammonia solution. Apart from proline and
hydroxyproline which yield yellow copper complexes, all the amino acids yield

A Aol anlannd Aheamintageane manas [2]

reddish-colored chromal tOgiaiii Zoncs (o).

Note: The copper in the reagent may be replaced by other metal ions. Table 1 [3]
lists the colors obtainable with some cations.

Table 1: Colors of the metal cation complexes

Ammo acnd Zn%* cd?* Co?* Cu?*
Proline yellow yellow brown yellow ochre
Hydroxyproline grey yellow light brown

Alanine brick red wine red brown salmon
Glycine brick red wine red brown salmon
Serine brick red wine red brown salmon
Threonine brick red wine red brown salmon
Phenylalanine red red ochre brown red ochre
Tryptophan red orange brown red ochre
Other amino acids  red wine red brown salmon

The copper complex is very stable at neutral pH, but it fades very rapidly in the
presence of hydrogen ions. Other complex formers such as tartaric acid or citric
acid and thiourea interfere with the reaction and, therefore, should not be included
in mobile phases used for the separation of amino acids [3].

(c = 0.2 mol/I'in water) (50 + 30 + 20).
Migration distance 9 cm
Running time 120 min

Detection and result: After staining with ninhydrin the chromatogram was cooled
to room temperature, immersed in the reagent solution for 1 s and after drying in
the air it was then placed for 15 min in the empty half of a twin-trough chamber
containing 25% ammonia solution.

Before treatment with ammonia valine (2R; 45— 50), isoleucine (2R; 65— 70) and
leucine (hR; 70— 75) produced red chromatogram zones and phenylalanine (AR,
55—60) violet chromatogram zones on a pale pink background. After treatment
with ammonia all four amino acids appeared as violet chromatogram zones on a
flesh-colored background; these zones were stable over an extended period.

In situ quantitation: The absorption-photometric quantitation was carried out in
reflectance at A = 540 nm. The detection limit was 5 ng substance per chromato-
gram zone.

When staining with ninhydrin the appearance of colors of various hues on TLC
layers with and without fluorescence indicators is probably a result of complex
formation between the “ninhydrin zones” and the cations of the inorganic fluores-
cence indicators.

Procedure Tested
Valine, Phenylalanine, Leucine, Isoleucine [1]

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

Layer HPTLC plates Cellulose (MERCK) Before sample application
the layers were prewashed by developing with chloroform —
methanoi (50 + 50) and then dried at 110°C for 30 min.

-— Front

s
L
Fig. 1: Reflectance scan of a chromatogram track with ca. 100 ng amino acid per
chromatogram zone. Valine (1), phenylalanine (2), isoleucine (3), leucine (4).
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Reagent for:

PO T oo

® Di-, tri- and polycarboxylic acids [1]
e Thioglycolic and dithioglycolic acids [2]
o Diuretics [3]

a Antithvuroid nharmaceuticalg 41

ADINJYreid paarmacculicas 14

e.g. N-aryl-N’-benzenesulfonylthiocarbamides
o N-Arylthiosemicarbazides [5] Cu,S0, - 5H,0

e Sterols and their esters [6] M, =249.68
e.g. cholesterol and cholesteryi esters

e Metal chelates [7—9]

Copper(11) Sulfate Reagent 249
Method

The chromatograms are freed from mobile phase, immersed in the reagent solution
for 10 s or homogeneously sprayed with it and then dried in a stream of warm air.
Di- and tricarboxylic acids are reported to appear rapidly as blue zones on an
evenly pale blue background [1]. On layers containing fluorescence indicators they
can usually also be recognized under short-wavelength UV light (A = 254 nm) as
dark spots on a green fluorescent background [1]; thioglycolic and dithioglycolic
acids yield green-colored zones [2] and N-aryl-N’-benzenesulfonylthiocarbamides
yield yellow to violet-colored zones {4].

For the determination of sterols and their esters the chromatogram is immersed
ina 10% aqueous copper(I[) sulfate solution and then heated to 105°C for 30 min.
In this case green-yellow fluorescent chromatogram zones are visible in long-
wavelength UV light (A = 365 nm) [6].

Note: Silica gel, kieselguhr and polyamide layers can be used as stationary phases.
Not all acids are stained on RP layers. Amino layers yield a pale blue background.
The detection limits are in the pg range for carboxylic acids (1], thioglycolic and
dithioglycolic acids [2] and for antithyroid pharmaceuticals [4]; they are about
5 ng per chromatogram zone for sterois and steryi esters {6].

Table 1: List of carboxylic acids that can be detected with copper(Il) sulfate reagent [1]

Acid Color Fluorescence Sensitivity (pg/zone)
quenching -_
(L = 254 nm) TLC HPTLC
Preparation of Reagent Malonic acid pale blue + (weak) 20
Succinic acid biue - 5
Dipping solution Dissolve 1.5 g copper(Il) sulfate pentahydrate in a few milli- tAA;ith.yI-sqgmmc acid g}“e B }(5) s
liters of water and make up to 100 ml with methanol. plmg:if; 4 b1:: _ 5
Stora i Suberic acid blue - 5
ge The solution should always be freshly made up. Sebacic acid blue _ 5
Substances Copper(1]) sulfate pentahydrate Fumaric acid pale blue + 10 25
Methanol Maleic acid blue + 10
Aconitic acid blue + 10
Phthalic acid paie blue + 36 20
Terephthalic acid blue + 15
2-Ketoglutaric acid pale blue + 25
Reaction

The substances listed above form colored copper complexes.

A mixture of 10% aqueous copper(1]) sulfate solution and 25% ammonia solution

(100 + 15 ) is recommended as spray solution for the detection of diuretics.
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Copper(II) Sulfate Reagent 251

Procedure Tested References
Organic Acids [1] [1} Gaberc-Porekar, V., Socic, H.: J. Chromatogr. 1979, 178, 307-310.
{2] Klaus, R.: Chromatographia 1985, 20, 235-238.
i -di i i - {3] Guven, K. C., Cobanlar, S.: Eczacilik. Bul. 1967, 9, 98-103.
Method Ascen'dmg, o dlmellSlOI_lal devclopmcnt ma trough cham [4] Upadhyaya, J. S., Upadhyaya, S. K.: Fresenius Z. Anal. Chem. 1979, 294, 407.
ber with chamber saturation. {] Srivastava, S. P.. Dua, V. K., Upadhyaya, J. S.: Fresenius Z. Anal. Chem. 1977, 286, 249.
{6] Tiefenbach . Woidi Lin: i i i Instrumen-
ini il {6] Tiefenbacher, K., Woidich, H. in: Proceedings of the International Symposium on
Layer TLC aluminium shects, TLC platcs. Silica gel 60 Fasq tal HPTLC, Wirzburg. Bad-Diirkheim: IfC-Verlag, 1985.
(MERCK). [7] Konig, K., Becker, J., Henke, W., Stenshorn, J., Werner, H., Ballschmiter, X.: Z. Aral. Chem.
Mobile phase Diisopropyl ether — formic acid — water (90 + 7 + 3). 172, 259, 11-16.

Migration distance 10 cm

Running time 40 min

Detection and result: The TLC plate was dried in the air for 30 min and heated to

immersing the chromatogram in the reagent solution for 10 s.

Tartaric acid (hR; 5), malic acid (4R; 15), maleic acid (AR, 35), lactic acid (kR 40,
adipic acid (hR¢ 45) and fumaric acid (hR; 55) yielded blue zones on a weakly
bluish background; these were stiil to be recognized unchanged after several weeks.

In situ quantitation: The quantitation (Fig. 1, succinic acid) was performed in
reflectance with visible light (A = 690 nm).

[8] Malissa, H., Kellner, R., Prokopowski, P.: Analyt. chim. Acta 1973, 63, 225-229.

[9] Ballschmiter, K.: Z. Anai. Chem. 1971, 254, 348-353.

Wyg
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2,6-Dibromoquinone-4-chloroimide Reagent 253

Storage The solutions may be stored in the refrigerator for ca. 2 weeks

111

Reagent
(Gibbs’ Reagent)

e Phenols [1-3, 5]
e.g. vitamin Bg [1, 3]

e Cumarins [1 J]

e Thiol and thione compounds [4, 5]

e Antioxidants [6] Br. Br
e Prim. and sec. aliphatic amines (7] Y

@ Prim., sec. and tert. aromatic amines [7] Nel

o Carbazoles and aromatic hydrocarbons (7] C¢H,Br,CINO
o Indoles and other N-containing heterocyclics [7] M, =299.36

o 2,4-Pentanedione [7]

[EJE

Care: 2,6-dibromoquinone-4-chloroimide can decompose ex-
plosively [9]; so only small amounts should be stored in the
refrigerator!

Substances 2,6-Dibromoquinone-4-chloroimide
Sodium hydrogen carbonate
Dimethyl sulfoxide (DMSO)
Chloroform
Methanol

vaCullans

Ethanol

Reaction

2,6-Dibromoquinone-4-chloroimide, in whose stead 2,6-dichloroquinone-4-chlo-
roimide (q.v.) may also be employed, reacts primarily with phenols and anilines
which are not substituted in the n-nnelflnn

B B
"
- HC!
Br Br

o Pesticides [8, 9, 13]
o Antiepileptics {10, 11]
e Barbiturates {10]

Preparation of the Reagent

Dipping solution Dissolve 0.1 g 2,6-dibromoquinone-4-chloroimide in 10 ml
dimethyl sulfoxide saturated with sodium hydrogen carbonate.
Then make up to 100 mi with chloroform.

Spray solution  Dissolve 0.4 to 1g 2,6-dibromoquinone-4-chloroimide in
100 mi methanol or ethanol and filter if necessary.

Method

The chromatogram is dried in a stream of cold air, heated to 110°C for 10 min,
cooled and immersed in the dipping solution for 5 s or sprayed with spray solution

and finally heated to 110°C for 2 min.

Note: If the spray solution or a nonbasic dipping solution [2] is employed for
detection then it is advisable to spray again with a 10% aqueous sodium carbonate
solution. The necessary basicity can aiso often be achieved by piacing the treated
chromatogram in a twin-trough chamber whose second trough contains 5 ml
ammonia solution (25%).

In general no warming is necessary to produce the colored zones: pyndonne is

colored iniense Oluc pynuux‘uluul: violet and p'Tlqual dark blue |_1 J] Phenols
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that are substltuted in the p—posmon exhxblt charactenstlc color dlffcrenccs Tluol

thiones are colored red. Tluourea appcars asa brown zone on a light background
[41.

In some cases, e.g. the detection of antioxidants [6], the plate is heated to 105°C
far & min aftar haing cnravad and tha otill hat wlnta wmlnand dasmendiosal
1UL U il aitvi Uvilg dSplayvu allud uiv dull 1ut piav praiais uuulculnwl_y ll.l. au

ammonia-vapor chamber. The blue color of the tryptamine derivatives is also
stabilized by spraying afterwards with a 5% methanolic ammonia solution [12].

The sensitivity of detection is usually between 0.2 and 0.5 pg per chromatogram

zone. This is also true for pesticides based on organcphosphorus acids [9].

The reagent can be employed on silica gel, cellulose and polyamide layers.

Procedure Tested
Antiepileptics, Barbiturates [10]

Method Ascending, one-dimensional development in a trough
chamber. After sample application the HPTLC plates were
equilibrated in a conditioning chamber at 42% relative
humidity for 30 min and then developed immediately.

Layer HPTLC plates Silica gel 60 (MERCK) which were prewashed

2,6-Dibromogquii 4-chloroimide Reagent 255

In situ quantxtatlon. Rcﬂectance measurements were carried out at a wavelength

Fig. 1: Reflectance scan of a blank (A) and of a mixture of antiepileptics with 500 ng
substance per chromatogram zone (B). Start (1), primidone (2), carbamazepine (3), phenytoin
(4), phenobarbital (5), ethosuximide (6), hexobarbital (7) and solvent front (8).
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by developing three times in chloroform — methanol (50 +
50) and drying at 110°C for 30 min.

Mobile phase Chloroform — acetone (80 + 15).
Migration distance 7 cm
Running time 20 min

Detection and result: The chromatogram was freed from mobile phase (first dried
for 5 min in a stream of cold air, then heated for 10 min at 110°C and allowed to
cool), immersed for 5s in the reagent solution and finally heated for 2 min at
110°C. Grey to grey-blue zones were formed on a light background. The following
hR¢ values were obtained: primidone (hR; 10—15); carbamazepine (AR; 40—
45); phenytoin (hR; 50—55); phenobarbital (AR, 60); ethosuximide (hR; 75);

Lol __L:: 171D ON oey
nexooaroiiai {1 JU—9)5).
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2,6-Dichlorophenolindophenol Reagent 257

Organic acids:

Reagent
(Tillmans’ Reagent)

o Organic acids [1, 2]

Cl
o: N—@-—O' Na*
cl

C,,HCl,NNaO,
M, =290.09

o Reductones
€.g. ascorbic acid (vitamin C) [2, 3]

|

Preparation of the Reagent

Dipping solution Dissolve 40 mg 2,6-dichlorophenolindophenol sodium in
100 ml ethanol.

%:)z»‘@—o- = ‘:c%;\/“"’@“ - %D‘"‘@“’”

blue red
Reductones:
HO_  OH
T cn L
CHOH—CH,OH 1OH—CH,OH
cl \ A cl
0=< >=N—©—o' Na* —;'L) HO_QNH_O—O‘ Na
Reduction
c cl
blue colorless
Method

Dissolve 100-mg 6-dichloropheno odium in
100 ml ethanol {1, 2].

Storage The reagent solutions may be stored in the refrigerator for
several weeks.

Substances 2,6-Dichlorophenolindophenol sodium salt
Ethanol

) ) PV

Reéaction

Organic acids convert the blue mesomerically stabilized phenolate anion to the

red undissociated acid. Reductones (e.g. ascorbic acid) reduce the reagent to a
colorless salt.

The chromatograms are freed from mobile phase, immersed in the dipping solution
for 1 s or sprayed evenly with the spray solution and heated to 100°C for 5 min.
Carboxylic acids yield red-orange zones and reductones colorless zones on a blue-
violet background.

Note: Acids contained in the mobile phase must be completely removed otherwise
pale violet zones will be produced instead of the red-orange zones on a violet
background. If heating is prolonged the pink color of keto acids changes to white
[1]. The colored zones of the carboxylic acids appear sharper if the chromatograms
are exposed to an atmosphere of ammonia for a few seconds after heating [1].
Ascorbic and dehydroascorbic acids can also be detected fluorimetrically if the
chromatogram is immersed after heating in liquid paraffin — n-hexane (1 + 2). In
long-wavelength UV light (A = 365 nm) they appear as green fluorescent zones on

TR T WK AP &1
a Gark pacKkgrouna Jj.



258 2,6-Dichlorophenolindophenol Reagent

The reagent can be employed on silica gel, kieselguhr, Si 50 000, cellulose and

2,6-Dichlorophenolindophenol Reagent 259

The carboxylic acids tartaric acid (AR¢ 15— 20), malic acid (AR 25— 30), lactic acid

1 1del
polyamide1ayers:

Procedure Tested

Organic Acids [4]

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

Layer TLC plates Silica gel 60 (MERCK).

Mobile phase Diisopropyl ether — formic acid — water (90 + 7 + 3).

Migration distance 10 cm
Running time 30 min

Detection and result: The chromatogram was freed from mobile phase, immersed
for 1 s in the dipping reagent and then heated on a hotplate at 100°C for 5 min.

{(R; 45="50), succinic acid (AR 60—65), fumaric-acid-(#Rr 80)-and stearic-acid————

(hR¢ 95— 100) yielded orange-red zones on a violet background.

In situ quantitation: The photometric evaluation was carried out at 1 = 600 nm.
The detection limits of the acids were at 200— S00 ng per chromatogram zone

(Fig. 1).

[1} Passera, C., Pedrotti, A., Ferrari, G.: J. Chromatogr. 1964, 14, 289-291.
[2] Chan, H. T., Chang, T. S., Chenchin, E.: J Agric. Food Chem. 1972, 20, 110-113.
{3] Schnekenburger, G.: Thesis, Fachhochschule Giefien, Fachbereich Technisches Gesundheits-

cosam 1007
Wwesen, 1767,

[4] Jork, H., Kany, E., Klein, I.: GDCh-training course Nr. 300 ,,Einfiihrung in die Diinnschicht-
Chromatogmphie“ Universitit des Saarlandes, Saarbriicken, 1987.
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Fig. 1: Absorption scan of a chromatogram with 10 pg (!) per chromatogram zone of the

carboxyllc acids tartaric acid (1), malic acid (2), lactic acid (3), succinic acid (4), fumaric acid
(5), stearic acid + front {0).



2.6-Dichloroquinone-4-chloroimide
Reagent

Reagent for:

e Phenols [1—3, 6]
e.g. vitamin Bg

e Antioxidants [2—4]

o Prim. and sec. aliphatic amines [5] cl

e Prim,, sec. and tert. aromatic amines [5] O=§:>=NCI

o Carbazoles and aromatic hydrocarbons [5] cl

o Indoles and other N-containing CegH,Ci3NO
heterocyclics [5] M, =210.45

o 2,4-Pentandione [5]

o Pharmaceuticals [7]
e.g. barbiturates, amphetammes, diuretics,

———antthistamines; narcoticsetc{7}

2,6-Dichloroquinone-4-chloroimide Reagent 261

Storage The solutlons should always be freshly mude up

exothermncally (5); it should, therefore, only be storcd in small
quantities in the refrigerator!

Substances 2,6- Dichloroquinone-4—chloroimide

DUul um ﬂyUIUgCLI deUUUdlC
Dimethyl sulfoxide (DMSO)
Chloroform

Ethanol

Reaction
2,6-Dichloroquinone-4-chloroimide, which can be replaced by 2,6-dibromoqui-

none-4-chloroimide (qv.) reacts preferentially with phenols and anilines which are
not substituted in the p-position [2].

Ci Ci
OH™
HO@ + C|N3<:§=0 T O=C>=N—d*OH
Cl Cl

Phenol 2,6-Dichloroquinone-  Reaction product
4-chloroimide

o Phenoxyacetic acid herbicides [8, 9]

Preparation of Reagent

Dipping sointion Dissolve 0.1 g 2,6-dichloroquinone-4-chioroimide in 10 mi
dimethyl sulfoxide saturated with sodium hydrogen carbonate.
Finally make up to 100 ml with chloroform.

Spray solution  Dissolve 1 to 2 g 2,6-dichloroquinone-4-chloroimide in 100 ml

ethow 1 T8 £ 447 cc tnlicnnn O O nnd Sltae £ manaconer
€inaioi [J, U, 11] Of tO1UCHC [0, 7] AT 1T, il NICCLSsary.

Uric acid couples with 2,6-dichloroquinone-4-chloroimide in position N-7 to yield
a yellow dyestuff.

t
0 T {?O

,N
" J\>=o+ an:&fo—>”‘ )=o
N

Uric acid 2,6-Dichloroquinone-  Yellow reaction
4-chioroimide product
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Method
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Cephaeline (hR; 40—45) produces a blue color spontaneously immediately on

The chromatogram is dried in a stream of cold air and heated to 110°C for 10 min,
after cooling it is immersed in the reagent solution for 5 s or sprayed with it and
then heated to 110°C for 2 min.

Note: If the spray solution or a nonbasic dipping solution is employed for detection
then it is advisable to spray afterwards with a 10% aqueous solution of sodium
carbonate or a 2% solution of borax in ethanol — water (1 + 1). It is often possible
to achieve the required basicity by placing the chromatogram in a twin-trough
chamber one of whose troughs coniains 5 mi 25% ammonia. This is not suitabie
for the Chiralplate® (MACHEREY-NAGEL) because in this case the plate background
acquires a dark violet coloration.

In general chromatogram zones of differing colors are formed even without
warming. Thus, gallates produce brown zones, butythydroxytoluene orange ones
and butylhydroxyanisole blue ones on a light background [11]. The detection

sensitivity is usually between 0.2 and 0.5 pg substance per chromatogram zone;

immersion, while emetine (AR; 60—65) only does so on heating; on storage this
color slowly changes to brown (background light brown). The detection limits for
both substances are ca. 10 ng per chromatogram zone.

In situ quantitation: The absorption photometric analysis was made at A = 550 nm
(Fig. 1).

o-phenylphenol and cephaeline can be detected 10 times more sensitively. Despite /B
its free amino group serotonin does not produce a coloration [1]. \
The reagent can be employed on silica gel, kieselguhr, Si 50 000, NH,, cellulose V
and polyamide layers.
A
— Procedure Tested
Fig. 1: Absorption scans of the pure substances (ca. 500 ng of each) cephaeline and emetine
Isoquinoline Alkaloids [12] (A) and an extract of Ipecacuanhae Radix (B): cephacline (1), emetine (2).
Method Ascending, one-dimensional double development in a
trough chamber with chamber saturation.
Layer HPTLC plates Silica gel 60 (MERCK). References
Mobile phase Chloroform — methanol (15 + 5). (1} Studer, A., Traitler, H.: J. High Resolut. Ch gr. Chromatogr. Ci 1982, 5,
581-582; Proc. Int. Symp. Instrum. High Perform. Thin-Layer Chromatogr. 2nd, Interlaken

Migration distance 2 x 5cm
Running time 2 x 12 min

Detection and result: The chromatogram was dried for 5 min in a stream of warm
air, immersed in the dipping solution for 5 s and then heated to 110°C for 2 min.

1982, p. 62-73.
[2] Josephy, P. D., Lenkinski, R. E.: J. Chromatogr. 1984, 294, 375-379.
[3] Van der Heide, R. F.: J Chromatogr. 1966, 24, 239-243.
[4] Seher, A.: Fette, Seifen, Anstrichm. 1959, 61, 345-351.
[5] Ross, J. H.: Anal. Chem. 1968, 40, 2138-2143.
[6] Raghuveer, K. G., Govindarajan, V. S.: J Assoc. Off. Anal. Chem. 1979, 62, 1333-1337.
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[7] Vinson, J. A., Hooyman,] E.: J Chromatogr 1975, 105, 415 417.

(9] Sattar, M. A+ J. Chromatogr. 1981, 209, 329-333. . N . e
[10] Kovar, K-A., Teutsch, M.: Arch. Pharm. (Weinheim) 1986, 319, 81-83. -
[11] Groebel, W., Wessels, A.: Dtsch. Lebensm. Rundsch. 1973, 69, 453-459. 4 Dlmethylamanbenzaldehyde
[12] Kany, E., Jork, H.: GDCh-training course Nr. 300 ,,Einfithrung in die Diinnschicht-Chroma-
tographie, Universitit des Saarlandes, Saarbriicken 1987. Reagent
Reagent for: o
o Primary amines [1] /U\
e Amino acids [1] CHz0” "0 “OCH3 I
N,
o Benzodiazepines [1] HzC” ~CHy
e Panthenol [1] CeH,,0; CoH,;NO
M, =132.16 M, =149.19
2,5-Dimethoxy- 4-Dimethylamino-
tetrahydrofuran benzaldehyde

Preparation of the Reagent

Dipping solutionI ~ Mix 1 ml 2,5-dimethoxytetrahydrofuran with 99 ml glacial
acetic acid [1) or ethyl acetate — glacial acetic acid (95 + 5).

Dipping solution II  Dissolve 2 g 4-dimethylaminobenzaldehyde in 100 ml of a
mixture of glacial acetic acid and 32% hydrochloric acid
(85+15).

Storage Dipping solution I may be kept for several days and dipping
solution II for several weeks at room temperature.

Substances 2,5-Dimethoxytetrahydrofuran
4-Dimethylaminobenzaldehyde
Acetic acid (glacial acetic acid)
Hydrochloric acid (32%)
Ethyl acetate
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Reaction

2,5-Dimethoxytetrahydrofuran — 4-Dimethylaminobenzaldehyde Reagent 267

mtrazepam other benzodiazepines, such as, for example chlorodlazepomde or

Dimethoxytetrahydrofuran forms pyrrole derivatives with primary amines, these
derivatives then condense with 4-dimethylaminobenzaldehyde in acid milieu to
yield colored products [1]:

—> HC—CH, == HC—CH
CH30 e N

0" "OCHj C CH [ ]
T i— N
0 © :H;.EH‘; A
TH il Hi
N
N
i
R
_« CH
| + —O— s
U e 7 SkonO

| CH
R 3

Method

The chromatogram is freed from mobile phase in a stream of warm air, dipped in
dipping solution I for 3 s, then heated to 120°C for 5— 10 min, cooled to room
temperature and then immersed in dipping solution II for 3 s. The final drying of

mcu ==
acids and benzodiazepines and at 500 ng substance per chromatogram zone for
panthenol [1].

The reagent can be applied to silica gel, kieselguhr Si 50 000, RP and CN layers
Aot nnbing comatticite ta madiand he o fontnn A 100 i o Agas locaea

lllc ucicLuou )CublllVll_y i rCaucca UY a l1aviul Ul 1vv vua WHUIU)C ld_yclb. nnz

layers are not suitable, as would be expected.

Occasionally, instead of dipping solution I it may be advisable to employ the
following alternative dipping solution 1a mixed with citrate buffer in order to

incranca tha dataction sancitivity fa o with nitrazanam)
INCICase tne Geleclion sensitivity (&.8. will nitrazépam,) l'l

Dipping solution Ia: Mix 1 ml 2,5-dimethoxytetrahydrofuran with 99 ml glacial
acetic acid — citrate buffer, pH = 6.6 (1 + 2).

Citrate buffer solution: Dissolve 210 g citric acid in 400 ml caustic soda solution
(¢ =5 mol/l) and make up to 11 with water. Mix 530 ml of this solution with
470 ml caustic soda solution (¢ = 1 mol/l) and adjust to pH 6.6 with caustic soda
solution or citric acid [1].

the chromatogram should take place in a stream of cold air in order to avoid
strong background coloration.

Red-violet chromatogram zones on a weakly ochre-colored background are
yielded within a few seconds (< 30 s) on silica gel layers.

Note: Traces of ammonia left by the mobile phase should be completely removed
from the chromatograms before the reagent is applied in order to avoid strong
background coloration. The dipping solutions may also be applicd as spray solu-
tinne Qansndaece aminag PRC. S o o HRAc PR,

1ions. SeConaary amiuca, auuuco, py’umiumca and puuuca do not react with the
reagent [1]. In the case of benzodiazepines only those substances react which

. o}
contain the structural element R —CZ CH.’ such as, for example, diazepam or
2

—C=N/

Procedure Tested

Amino acids [2]

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

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

Mobile phase 2-Propanol — glacial acetic acid — water (16 + 3 + 3).

Migration distance 5cm
Running time 55 min

Detection and result: The chromatogram was freed from mobile phase in a stream
of warm air, immersed in reagent solution I for 3 s, heated to 120°C for 5 — 10 min,

cooled to room temperature and finally immersed in reagent solution II for 3 s. It
was then dried in a stream of cold air.

Glycine (hR; 20—25), DL-alanine (hR; 30—35), DL-valine (hR; 45—50) and

L-leucine (AR; 55—60) yielded red-violet chromatogram zones on a pale yellow
background. The detection limits for these amino acids were 5 ng substance per
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chromatogram zone. With the exception of glycine the detection sensitivity was

In situ quantitation: Direct quantitative analysis was performed in reflectance at
A =580 nm (Fig. 1).

.3

¢~ Front
C— Start

Hydrochloric Acid Reagent

Reagent for:

o Primary amines (1, 2, 9]

o Hydrazines [3]

CHs
o Indoles[4, 5, 13—15] \N_©_¢H=CH_CH0
s
e Organoarsenic compounds [6] CHs
@ Urea [7, 8] and thiourea derivatives [9] C;;H,3NO HCI1
e Biotin [7] M,=175.23 M, = 36.46
o Sulfonamides [10] 4-Dimethylamino-
cinnamaldehyde

e Pyrroles

Preparation of the Reagent

Dipping solution  Dissolve 0.5 g 4-dimethylaminocinnamaldehyde in 50 ml hy-
drochloric acid (¢ = 5mol/l) and make up to 100 m! with

Fig. 1: Scanning curve of a chromatogram track with 100 ng per chromatogram zone of the
amino acids glycine (1), alanine (2), valine (3), leucine (4).

References

[1} Haeffelfinger, P.: J. Chromatogr. 1970, 48, 184-190.
[2] Jork, H., Klingenberg, R.: GDCh-training course Nr. 300 ,,Einfithrung in die Diinnschicht-
Chromatographie®, Universitit des Saarlandes, Saarbriicken 1987.

ethanol.

Spray solution Dilute the dipping solution 1 + 1 with ethanol for spraying.

Storage Both solutions may be stored for several days in the refrigerator.
Substances 4-Dimethylaminocinnamaldehyde
Ethanol

Hydrochloric acid 5 mol/l Combi-Titrisol

Reaction [11]

4-Dimethylaminocinnamaldehyde reacts with primary amines to form colored or
fluorescent SCHIFF’s bases (I). Pyrroles react with the reagent to form colored or

f N PRSP NP s ¢ A
HUOTEsCenit Conacnsation proaucis (ii):
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I CHs i CHs,_ H
C=C v
CH cH
’ Q) ? @)
cH — —
e T3 5 WK onechc
N
H ? 3
Method

The chromatogram is freed from mobile phase and dipped in the dipping solution
for 1 s or uniformly sprayed with spray solution and then heated to 100°C for ca.
10 min. Colored zones are produced on a colorless to yellow background, after
being left in the air for ca. 5 min they fluoresce greenish-yellow under long-

wavelength UV light (1 = 365 nm).

Note: Sulfuric acid (4%) can also be employed in place of hydrochloric acid [3].
If ammoniacal mobile phases are employed the ammonia should be removed
completely (e.g. heat to 105°C for 10 min) before dipping or spraying; otherwise
background discoloration can occur. The addition of titanium(III) chloride to the
reagent allows also the staining of aromatic nitro compounds [6].

Aminoglycoside antibiotics and f-substituted indoles are stained red. Pyrrole
derivatives with free f-positions react at room temperature to yield blue-colored

one DO o DO o n olo O

sometimes produces fluorescence [3]. The detection limit for monomethylhydrazine
is 200 pg per chromatogram zone [3].

Silica gel, cellulose [3, 13] and ion exchanger layers are amongst the stationary
phases that can be employed

AsCe natl can be empioyed.

Procedure Tested

Gentamycin Complex [1, 12]

s

Layer HPTLC plates Silica gel 60 (MERCK),

4-Dimethylaminocinnamaldehyde — Hydrochloric Acid Reagent 271

prewashed by triple

Mobile phase Chloroform - ethanol — ammonia solution (25%)
(10 4+ 9 + 10); the lower organic phase was employed.

Migration distance 5 cm

Running time 20 min

Detection and result: The chromatogram was freed from mobile phase (NH3!) in

a stream of cold air for 45 min. It was then immersed in the dipping solution for

1s and heated to 100°C for ca. 20 min. The chromatograms could be further

treated with ammonia vapor if a colored background was found to be troublesome.
The pale red zones then became bright red spots and the background frequently

3

~

8
1
[\‘_ N Fig. 1 5vJ Fig. 2

Fig. 1: Absorption scan of a chromatogram track (A) of a gentamycin standalq (600 ng
Method Ascending, one-dimensional development at 10—12°Cin a gentamycm C complex) and of an accompanying blank (B). Start (1), gentamycin C, ),
twin-trough chamber with 5 ml conc. ammonia solution in gentamycin C, and C,, (3), gentamycin C,, (4), solvent front (5).
the trough containing no mobile phase (chamber saturation Fig. 2: Fluorescence scan of a gentamycin C complex. Peak order and amount applied as in

i5 min). Figure 1.
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acquired a strong yellow coloration. Greenish-yellow fluorescent zones appeared 2,4-Dillitl‘ophellVthdl'aZille Reagent
e allows ie in the air for.ca. 5 min. A .

In situ quantitation: Gentamycins could be both absorption photometrically and
fluorimetrically quantitated.

The absorption scans were made at a wavelength of 1 = 505 om (Fig. 1). T}':e ‘.-;'"...f.t Reagent for:
of detection was 100 ng gentamycin C complex. The best conditions for fluorimetric

determination (Fig.2) were excitation at A..=313nm and detection at
Aq > 390 nm. (Fie.2 o Free aldehyde and keto groups [1—3]

e.g. in aldoses and ketoses
o 0- and m-Dihydroxybenzenes,
References dinitrophenols [1]
. Dehydroascorbic acid [4]

[1] Kiefer, U.: Thesis, Fachhochschule GieBen, Fachbereich Technisches Gesundhei N Yaloide IS €]
1004 - SN
1984. e Alkaloids [3, 6] 0N 7 N NH-NH,
[2] Ritter, W.: J. Chromatogr. 1971, 142, 431-440. Otherwise in: Proceedings of the 2nd. Interna- @ Zearalenone [7 8] =
tional Symposium on HPTLC, Interlaken, Bad Diirkheim: IfC-Verlag 1982, p. 100-113. ’ NO,
[3] Andary, C., Privat, G., Bourrier, M. J.: J. Chromatogr. 1984, 287, 419-424. o Flavonoids
[4] Harley-Mason, J., Archer, A. A. P. G.: Biochem. J. 1958, 69, 60p. ; : Svdiani HN.O
[5] Relo, L. 1 Ohromatog, 1960, 4, 455476, e.g. silymarin, silydianine [9] CeHgN4O4
[6] Morrison, J. L.: J. Agric. Food Chem. 1968, 16, 704-705. @ Phospholipids [10] M, =198.14
[7] Bikfalvi, B., Szep, E., Berndorfer-Kraszner, E.: Szeszipar, 1978, 26, 35-39.
(81 Maulding, H. V., Nazareno, J., Polesuk, J., Michaelis, A. E: J. Pharm. Sci. 1972, 61, o Prostaglandins [11, 12]
1389-1393 .
(9] Marshall, W. D., Singh, . /. Agric. Food Chem. 1977, 25, 1316-1320. e Valepotriates [13]
[10] Pauncz, J. K.: J High Resolut. Ch. f Ch C . 1981, 4, 287-291.
[11] Strell, M., Kalojanoff, A.: Chem. Ber. 1954 87, 1025-1032.
4ﬂ21—Funk—W_€anstﬂn—M—07rCoﬁWTh—Héiﬁge—nﬂﬁ]—M—Kiéﬁ, U., Schherbach, S.,
Sommer, D. in: Proceedings of the 3rd International Symposium on HPTLC, Wiirzburg. Bad Preparation of the Reagent
Diirkheim: IfC-Verlag 1985, p. 281-311.
Bi} g:szg:: ghél:;::z:kBNKrimlgmwaﬁZugz g{of";"éhlz:;:’ %r,lzg;n, 59, 463-466. Dipping solution  Dissolve 75 mg.2,4-d1mtrophenylhydragme in aomlxture of
[15] Narasimhachari, N., Plaut, J. M., Leiner, K. Y.:: Biochem. Med. 1971, 5, 304-310. 25 ml ethanol arid 25 ml ortho-phosphoric acid (85%).

Spray solution Dissolve 100 mg 2,4-dinitrophenylhydrazine in a mixture of
90 ml ethanol and 10 ml conc. hydrochloric acid.

Storage Both solutions may be stored for several days in the refrigerator.

Substances 2,4'-Dinitrophenylhydrazine
Hydrochloric acid (32%)
Hydrochloric acid (0.5 mol/1)
Ethanol

artha Dhac aot,
Orinc-r nos] yuuln. aci
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Reaction

2,4-Dinitrophenylhydrazine Reagent 275

Layer HPTLC plates Silica gel 60 (MERCK).

2,4-Dinitrophenylhydrazine reacts with carbonyl groups with the elimination of
water to yield hydrazones (I) and with aldoses or ketoses to yield colored osazones

(D).

1 nt

~ n
. /
I OaN NH-NHp + 0=CC ——> O,N NH-N=C
g2 - o N2

NO, NO,
. _H
I =~ 4§_)—N02
-C- - _—
H i OH + 3 HN NH—Q—NOZ_ =
S S ™
R

Method

The chromatogram is freed from the mobile phase in a current of warm air (2 to
10 min), immersed in the dipping solution for 2 s or sprayed evenly with the spray
solution and then dried in a stream of warm air (or 10 —20 min at 110°C).

Substances containing aldehyde or keto groups yield yellow to orange-yellow
chromatogram zones on an almost colorless background [1, 11]. Silymarin appears
red-blue and silydianine ochre-colored [9]

Mobile phase Acetone — toluene — formic acid (60 + 30 + 10).
Migration distance 6 cm

Running time 11 min

Detection and result: The chromatogram was freed from mobile phase in a current

of warm air (2 min), immersed in the reagent solution for 5 s and dried in a current
of warm air or at 110°C for 10 min.

Mol denaa~ne
LEiyaroascor
ground.

The detection limit for dehydroascorbic acid is 10 ng per chromatogram zone.

In situ quantitation: The quantitative

a r
absorption of the chromatogram zone in r ﬂectance at

Note: The spray reagent can be made up with sulfuric acid instead of hydrochloric
acid [9]. In contrast to other prostaglandins containing carbonyl groups which
yield yellow-orange colored chromatogram zones, some of them without heating,
6-0x0-PGF, does not react even when heated [ii].

The reagent can be employed on silica gel and cellulose layers.
Procedure Tested
Dehydreascorbic Acid [4]

Method Ascendin g, one-dimensional development in a trough cham-

Wl wuu umuluw balulauuu

~=—— Front

Vg

maa s

E —=— Start
[

Fig. 1: Absorption scan of a chromatogram containing 200 ng dehydroascorbic acid per
chromatogram zone.
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ster Reagent
(Flavone Reagent According to NEU)

Reagent for:

o Flavonoids [1 —16, 21]
o Penicillic acid [17, 18]
e Carbohydrates [19]

2 DALY

e.g. glucose, fructose, lactose l

QJB\—O—CHZ—CHZ—NHZ

=

7
e Anthocyanidines [20] C,4H,(BNO
e Hydroxy- and methoxycinnamic acid [20] M, =225.10

Preparation of the Reagent

Dipping solution  Dissolve 1 g diphenylboric acid-2-aminoethyl ester (dipher.lyl-
boric_acid B-aminoethyl ester, diphenylboryloxyethylamine,

“Naturstoffreagenz A”, Flavognost®) in 100 ml methanol.

Storage The reagent solution may be kept for several days in the refriget-
rator. However, it should always be freshly prepared for quanti-
tative analyses.

Substances Naturstoffreagenz A
Methanol

Diphenylboric acid-2-aminoethyl ester reacts to form complexes with 3-hydroxy-
flavones* with bathochromic shift of their absorption maximum.

* Hohaus, E.: Private communication, Universitit-GH Siegen, Analytische Chemie, D-5900
Siegen, 1987.
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) Procedure Tested
U \ I
@"I\/ Flavonoids [21]
CH A _? Method Ascending, one-dimensional developmenF in a trough cham-
-Ho” HOT Z\CHZ/N\B ber with chamber saturation. After application qf ' the sam-
/\'/ W ples but before development the layer was conditioned for
i j ples but befo !
N N 30 min over water.
Flavonol
Layer HPTLC plates Silica gel 60 (Merck). The layer was pre-
washed by developing once in methanol and then drying at
110°C for 30 min.
Method

The chromatograms are heated to 80°C for 10 min and allowed to cool in a
desiccator for 10 min, they are then immersed in the dipping solution for 1 s or
sprayed with it, dried in a stream of warm air for ca. 1 min and stored in the
desiccator for 15 min. Finally, they are immersed for 1 s in a solution of liquid
paraffin — n-hexane (1 + 2) to stabilize the fluorescence and — after drying for
1min in a stream of warm air — irradiated for ca. 2 min with intense long-
wavelength UV light (1 = 365 nm).

Substances are produced with a characteristic fluorescence in long-wavelength UV
light (4 = 365 nm).

Note: A 5% solution of polyethylene glycol 4000 in ethanol can be sprayed
onto the chromatogram [2, 4] for the purpose of increasing and stabilizing the

Mobile phase Ethyl acetate — formic acid — water (85 + 10 + 15).
Migration distance 6 cm

Running time 30 min

Detection and result: The developed chromatogram was heated to 80°F3 for 15 min;
the warm plate was sprayed first with “Flavone Reagent” (3% in methanol)

]

—fluorescence instead of dipping it in liquid paraffin — n-hexane (1 4 2). If this

alternative is chosen the plate should not be analyzed for a further 30 min since it
is only then that the full intensity of the fluorescence develops [6].

In order to detect penicillic acid (detection limit: ca. 5 ng) the plate is heated to
44N0M £

110°C for 15 min after it has been sprayed with reagent; this causes penicillic acid
to produce pale blue fluorescent zones [17, 18].

In long-wavelength UV light (1 = 365 nm) carbohydrates, e.g. glucose, fructose
and lactose, yield pale blue fluorescent derivatives on a weakly fluorescent back-
ground. In situ quantitation can be performed at Aexc = 365 nm and Ay = 546 nm
(monochromatic filter M 546) [19]. Further differentiation can be achieved by
spraying afterwards with p-anisidine-phosphoric acid reagent [8].

The reagent can be employed on silica gel, kieselguhr, cellulose, RP, NH, and

polyamide-11 layers.

J \___ Fig.2

Fig. i / —
Fig. 1: Chromatography of flavonoids. 1. Extract. Solidaginis; 2. Rutin — ghlorogemc ac_lgl -
1soquercitrin — quercitrin; 3. Extract. Hyperici; 4. Hyperosid — quercetin-3-arabinosid —
hypericin — quercetin; 5. Extract. Betulae
Fig, 2: Fluorescence scan of a chromatogram track with 30 ng substance per chromatogram
zone of rutin (1), hyperoside (2), quercitrin (3) and quercetin (4).
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and then immediately with polyethylene glycol 6000 (5% in ethanol). After drying.

Diphenylboric Anhydride Reagent

at Toom temperature for 30 min the chromatogram was inspected under long-
wavelength UV light (A = 365 nm).

Colored substance zones were obtained which could be analyzed quantitatively.
The (visual) detection limits were: hypericin 1 ng, rutin and chlorogenic acid 5 ng,

hyperoside — quercetin 10 ng per mm chromatogram zone. The detection hrmts
for densitometric analysis are between 20 and 50% of those for visual detection.

The following hR; values were obtained: quercetin 90—95, hypericin 75— 80,
quercitrin 60 —65, quercetin-3-arabinoside 55— 60, isoquercitrin 45— 50, hyper-
oside 40 —45, chlorogenic acid 30 — 35, rutin 20— 25 (Fig. 1).

In situ quantitation: The in situ fluorescence determination was carried out by
excitation at A, = 436 nm and detection at 1, = 546 nm (monochromate filter
M 546) (Fig. 2).
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lastics) * C,4H,0B,0
plastics) M, =346.04
[ 2
Preparation of ihe Reageni
Dipping solution Dissolve 350 mg diphenylboric anhydride (DBA) in 100 ml
methanol.
Storage DBA should be stored dry, cool and protected from light. The
sotution should be freshly madeupeveryday——————
Substances Diphenylboric anhydride
Methanol

Reaction

The reaction takes place with the formation of fluorescent chelates according to
the following scheme:

* Hohaus E.: Private communication, Universitit-GH Siegen, Analytische Chemie, D-5900
Siegen, 1985.
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CH3 Mobile phase Carbon tetrachloride.
CHy N AN = I
CEN ‘O U\ )\) Y \N{‘_“s\_) Migration distance 10 cm
2 N + B-0-B —> 2 it L .
=N O/ \© - H0 Q_B‘.o Running time ca. 12 min
HO

¢ | Detection and result: The chromatogram was freed from mobile phase in a stream
g of warm air, immersed in the reagent solution for 1 s and dried in a stream of

2-(2-Hydroxy-5-methyl- DBA Fluorescent reaction warm air.

phenyl)benztriazole product

(Tinuvin P, CiBA-GEIGY)

Method

The chromatogram is freed from mobile phase in a stream of warm air, immersed
for 1 s in the reagent solution or sprayed evenly with it and dried in a stream of
cold air.

Yellow-green fluorescent zones are formed on a dark background in long-wave-
length UV light (4 =365 nm).

Note: Since neither the DBA reagent nor 2-(2-hydroxyphenyl)benzotriazole are
intrinsically fluorescent the chromatogram is not affected by interfering signals.

The reagent can be employed, for example, on silica gel, kieselguhr and Si 50000

Under long-wavelength UV light (4 = 365 nm) the 2-(2-hydroxyphenyl)-benztri-
azoles yielded yellow-green fluorescent chromatogram zones, which were, in the
cases of Tinuvin P (hR; 20— 25) and Tinuvin 343 (2-[2-hydroxy-3-(1-methylpropyl)-
5-tert-butylphenyl]benztriazole; 1Ry 45— 50), suitable for quantitation.

In situ quantitation: Quantitative determination is performed fluorimetrically
(Aexe =365 nm, A =535 nm) the detection limits are 250 ng substance per

Aexe = 202 DM, 222 nmy, the d4cieclion miis are ubpstand

chromatogram zone.

Procedure Tested

2-(2-Hydroxy-5-methylphenyl)benztriazole *

Method Ascending, one-dimensional development in a twin-trough
chamber with chamber saturation.
Layer TLC plates Silica gel 60 (MERCK).

* Hohaus, E., Monien, H.. Overhoff-Pelkner, A -P.: private communication, Universitit-
GH Siegen, Analyusche Chemie, D-5900 Siegen 1985.
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Diphenylboric Anhydride — Substamess_ Diphenyiboric anhydrid
Salicylaldehyde Reagent Chioroform
(DOOB Reagent) Reaction

Reagent for:

o Primary (!) amines
e.g. alkyl amines [1—3]
lipid amines [4]

A,
oo

a, w-diamines [5, 6] C14H;0B,0 C7HeO,
polyamines [6] M, = 346.04 M, =122.12
alkanol amines [7] Diphenylboric  Salicylaldehyde
subst. anilines [8] anhydride

aminoglycoside S

antibiotics [9, 10]
biogenic amines [11]
hydrazines

The DOOB reagent, which is formed by reaction of diphenylboric anhydride with
salicylaldehyde, yields fluorescent reaction products with primary amines [1].

3 e &

~ N B
+2 @: H —s 2 0’
Diphenyiboric 2-Hydroxybenz- DOOB reagent
anhydride aldehyde

\9+ \'ﬁ/R
)
@in\,s‘ /N + R 2> 28
~og —/ = HC - \—=y/
DOOB reagent  Amine Fluorescent
reaction product

Preparation of the Reagent

Dipping solution Dissolve 35 mg diphenylboric anhydride (DBA) and 25 mg
salicylaldehyde (= 2-hydroxybenzaldehyde) in 100 ml chloro-
form. This results in the formation of 2,2-diphenyl-1-oxa-3-
oxonia-2-boratanaphthalene (DOOB).

Storage DBA solutions should only be stored for a short time even in
the refrigerator. On the other hand, DOOB reagent solution

in bottles with ground-glass stoppers may be stored in the
refrigerator for at least 2 weeks,

Method

The chromatogram is freed from mobile phase (stream of warm air, 15 min),
immersed for 2 s in the reagent solution after cooling to room temperature and

immersed for 2 s in the reagent solution after cooling om tem,
heated to 110—120°C for 10— 20 min. The chromatogram is then briefly immersed
in liquid paraffin — n-hexane (1 + 6) in order to enhance and stabilize the fluores-

cence.

After evaporation of the hexane blue fluorescent chromatogram zones are visible
on a dark background under long-wavelength UV light (A = 365 nm).

Note: The dipping solution may also be used as spray solution [1]. The reagent

Lo onnliad ta RDI it i not suitable for aminog n}mcpc
ulay LT apputu w N lu]\-la it 1S ot suitaoc:e Ior aminge
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Procedure Tested
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cence. After the evaporation of the n-hexane the netilmicin and the gentamycin
d ac hl £ I +. Y 4 1 h. 1

Netilmicin and Gentamycin-C Complex [10]

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

Layer KC8F or KC18F plates (WHATMAN).

Mobile phase 0.1 mol/l LiCl in 32% ammonia solution — methanol
25+5).

Migration distance 10 cm

Running time 30 min

Detection and result: The chromatogram was dried in a stream of warm air for
15 min, cooled and immersed in the reagent solution for 2 s. It was then heated to

110—120°C for 10—20 min, allowed to cool to room temperature and immersed
for 2 s in liquid paraffin — n-hexane (1 + 6) to enhance and stabilize the fluores-

1

\,UlllyUuhutb apybcubu ay vruv rmauriesiAnar MluUJllalUslaJll LoNLS UINa Ualln Ualh~=
ground under long-wavelength UV light (4 = 365 nm). The same applied to neo-
mycin. The detection limits were 10 ng per chromatogram zone for netilmicin and
15—20 ng per chromatogram zone for the various gentamycin components.

Note: If netilmicin is to be chromatographed alone it is recommended that the
methanol content of the mobile phase be increased (e.g. to 23 4+ 7), in order to
increase the value of the AR;. The detection limit for the substances in the appli-
cation tested was more sensitive using DOOB reagent on RP layers than when

NRD chloride. fluorescamine or g-nhthalaldehvde were emnloved. The derivatives
NBD chloride, [uores Oor o-p yae were empioyed. 1 he genvatives

so formed were stable and still fluoresced after several weeks if they were stored
in the dark.

In situ quantitation: Quantitative analysis was performed fluorimetrically (4¢y.
= 365 nm, g > 430 nm) (Fig. 1).
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Fig. 1: Fluorescence scan of a blank track (A) and of a chromatogram track (B) with 500 ng
netilmicin and 1 pg gentamycm C complex as sample Netilmicin (1) gentamycm Ci (),

gentamycin Ca, (3), gentamycin C, {4). gentamycin C,, (5), impurity in netiimicin (6).
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Spray solution II Caustic soda solution (¢ = 0.1 mol/l)

Reagent for:

e Phenols
e.g. n-alkylresorcinol homologues [1]
thymol derivatives [2]
hydoxyanthraquinones [3]
ratanhia phenols [4]
cardol, anacardol [5]
phloroglucinol derivatives [6, 7

2+
o Tannins [8, 9] H3CO OCH3

+ +
o o- and y-Pyrone derivatives C~ |N=N O O =N| CI~ - ZnCl,

e.g. cumarins [10]
flavonols [11] C,4H,,CI,N,O, - ZnCl,
o Phenolcarboxylic acids [12] M, =339.18
o Cannabinoids [13 —18]

e Amines capable of coupling
e.g_carbamate pesticides [19]

Storage The reagent solutions should always be freshly made up and
fast blue salt B should always be stored in the refrigerator.

Substances Fast blue salt B
Methanol
Dichloromethane
Sodium hydroxide solution (0.1 mol/l)

Reaction

Fast blue salt B couples best with phenols in alkaline medium, e.g. with 11-nor-
A°-THC-9-carboxylic acid to yield the following red-colored product:

e e
oH 0 H3C—0, 0—-CHj 0 o
+ +
HO O + O [N=N N=N] CI™ - ZnCl, + O OH

g

Fast blue salt B

pharmaceutical metabolites [20 — 22]

Preparation of Reagent

Dipping solution Dissolve 140 mg fast blue salt B in 10 ml water and make up
to 40 ml with methanol. Add 20 ml of this solution with stirring
to a mixture of 55 ml methanol and 25 ml dichloromethane.

Spray solution I Dissolve 0.1 to 5 g fast blue salt B in water [7, 8], 70% ethanol

[17]1 or acetone-water (9 + 1) [14]
(LS ISttt e CARL VN S

{ )

11-Nor-4°-THC- 11-Nor-4°-THC-
9-carboxylc acid 9-carboxylic acid

0=C l/ \J C=0
CO

P

| |
OH O Hj OCH3; Q OH
HO—, )—N=N { N4 N N=N— ,—OH
\__4 \—/ \—/
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Method
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The chromatograms are dried in a stream of warm air, then placed for 10— 15 min
in the empty half of a twin-trough chamber whose other trough contains 25 ml
conc. ammonia solution (equilibrate for 60 min!) and then immediately immersed
in the dipping reagent for 5 s [18] and dried for 5 min in a stream of warm air.

Alternatively the dried chromatograms can be homogeneously sprayed with spray
solutions I and II consecutively.

Chromatogram zones of various colors are produced (yellow, red, brown and
violet) on an almost colorless background.

Note: The detection is not affected if the dipping solution exhibits a slight opal-
escent turbidity. Fast blue salt BB [18] or fast blue salt RR [18, 19] can be employed
in the reagent in place of fast blue salt B. It is occasionally preferable not to apply
spray solutions I and II separately but to work directly with a 0.1% solution of
fast blue salt B in caustic soda solution (¢ =1-2mol/l) [13, 15] or in 0.5%
methanolic caustic potash [3].

A dipping solution consisting of 0.2% fast blue salt B in hydrochloric acid
{c = 0.5 mol/i, immersion time: 30 s) has been reported for the detection of resorci-
nol homologues [1].

Detection limits of 250 ng per chromatogram zone have been reported for THC-
11-carboxylic acid [15] and of 500 ng per chromatogram zone for carbamate
pesticides [19].

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

Silica gel 60 WRE, s, (MERCK).
Mobile phase 1 Toluene — ethyl acetate — formic acid [16 + 4 + 0.5 (0.4)].
Mobile phase 2 Toluene — ethyl acetate — formic acid [17+3+0.25 (0.2%)].

Mioration distances Eluent 1: 7.5 mm, 15.0 mm and 22.5 mm

viigration Ances Nt 1

Eluent 2: 30.0 mm, 37.5 mm and 45 mm

Detection and result: The chromatogram was dried in a stream of warm air for
5 min (it is essential to remove all traces of formic acid) and then placed for 1~0—
15 min in the empty haif of a twin-trough chamber whose other trough contained
25 ml conc. ammonia solution (equilibrated for 60 min!). It was immersed immed.i-
ately afterwards in the dipping reagent for 5 s and dried in a stream of warm air
for 5 min.

In visible light the chromatogram zones were red on an almost colorless back-
ground (Fig. 1), they slowly turned brownish on exposure to air and appeared

—siti ide tayers {117;
kieselguhr, RP and Si 50 000 layers are also suitable.

Caution: Fast blue salt B may be carcinogenic [23).

Procedure Tested
THC Metabeolites in Urine after Consumption of Hashish [18]

Method Ascending, one-dimensional multiple development method
(stepwise technique, drying between each run) in two mobile
phase systems in a twin-trough chamber without chamber
saturation (equilibration: 30 min at 20~ 22°C) at a relative
humidity of 60— 70%.

QUMIGy

@

1 5 10 15 20

Fig. 1: Chromatograms of urine samples containing THC metabolites; detection with fast
blue salt RR (A) and fast blue salt B (B). Track A, and B, :'metabohte'-free urines; tracks
A, and B, 5 represent ca. 60 ng total cannabinoids per ml urine (determined by RIA).



292 Fast Blue Salt B Reagent

1 5 10 15 20
Fig. 2: Chromatogram from Fig. 1 observed under long-wavelength UV light (4 = 365 nm).

S . O — — | —

50 40 30 20 10 O[mm] 50 40 30 20 10 0[ma]

Fig. 3 Reflectance scan of a urine free from THC metabolites (A) and one contaming THC
metabohtes (B): Peak 1 corresponds to ca. 100 ng 11-nor-4°-THC-9-carboxylic acid per m!
urine

..... TV 1ol e A

under UV 1gni on ine mumdlor—eonldlmng layer as dark biue zones on a paie biue
fluorescent background.

Additional .dipoing in a 0.001% solution of dansyl semipiperazide or bis-dansyl
piperazide in dichloromethane — liquid paraffin (75 4 25) stabilized the color of

tha chramatagram far o mariad o
the chromatogram for a period of months.

Fast Blue Salt B Reagent 293

Note: The alternative fast blue salt BB produced the most mtensely colored

n UV l1ght (i =254 nm) was greater w1th fast blue Sdlt B dl’ld fasl blue salt RR
(Figs. 1 and 2).

In situ quantitation: The absorption photometric analysis was performed at A=
546 nm (Fig. 3).
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di-Sodium tetraborate decahydrate

Reagent for:
. . . . o}
o Primary amines, amino acids [1 — 5] ~
e.g. histamine [4], sympathomimetics [6], o 1)
. . . U, N
catecholamines, indolamines [5], 0
arylamines [7], gentamicins [8) =
o Peptides [2, 5]
@ Secondary amines [9] Ci7H1004
Sulfonamides [10— 14] M, =27827

Preparation of the Reagent

Dipping solution I  Dissolve 10—50 mg fluorescamine (Fluram®) in 100 ml
acetone [2, 9, 10].

Dipping solution II Make 10 ml triethylamine up to 100 ml with dichloromethane

.~ .
aurme

di-Sodium hydrogen phosphate dihydrate

Roaction
AAWav v

Fluorescamine reacts directly with primary amines to form fluorescent products.
Secondary amines yield nonfluorescent derivatives which can be transformed into
fluorescent products by a further reaction with primary amines.

RNH,

[ o
SRy

Fluorescamine Fluorescent
reaction product

(2

Spray solution 1 Dissolve 1.9 g di-sodium tetraborate decahydrate in 100 ml
water and adjust the pH to 10.5 with caustic soda solution.

Comnwr cnleadiom: ITT ool 1L = end: .
S i1 Dissolve 3.6 g di-sodium uyurugcn pnospna[e umyura[e in

100 ml water and adjust the pH to 7.5 with phosphoric acid.
Dissolve 2.5 g taurine in this.

Storage The dipping solutions and the spray solutions may be stored
for at least onc week in the refrigerator [2].

Substances Fluorescamine
Triethylamine
Acetone

Dichloromethane

280 Iromeuiand

Method

Primary amines: The chromatograms are dried for 10 min at 110°C, cooled to
room temperature and then immersed in dipping solution I or sprayed evenly with
1t and then dried for a few seconds in the air.

Then they are immersed in dipping solution II for 1 s or sprayed with it.

Fluorescent blue-green chromatogram zones appear on a dark background in
long-wavelength UV light (1 = 365 nm).

Secondary amines: The chromatograms are first freed from mobile phase and then
sprayed evenly with spray solution I and heated to 110°C for 15 min.

Then they are immersed in dipping solution I or sprayed with it, stored in the dark
for 15 min, then sprayed with spray solution II and heated to 66°C for 5 min.
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Sulfonamides : The chromatograms are freed from mobile phase and immersed in

Fluorescamine Reagent 297

length UV light (A = 365 nm); these zones could be quantitatively determined after

d sth-1t 110111
—drppmgse}uﬁeﬂ%fer—ksﬁspm,w uvuul) WHHHIU, 1

After ca. 15 min green-yellow fluorescent chromatogram zones appear on a dark
background in long-wavelength UV light (A = 365 nm).

Note: The pre- and post-treatment of the chromatograms with the basic tri-
ethylamine solution, which can be replaced by an alcoholic solution of sodium
hydroxide [1, 4] or a phosphate buffer solution pH = 8.0 (¢ = 0.2 mol/l) [5], serves
to stabilize the fluorescence of the amino derivatives [2]. A final spraying with
methanolic hydrochloric acid (cyc = S mol/l) or 70% perchloric acid renders the
detection reaction highly specific for histamine [4] and for catecholamines and

indolamines [5].

The reagent can also be employed for prechromatographic derivatization by over-
spotting [6] or dipping [5].

The detection limit for amines and sulfonamides lies in the low nanogram range.

The layers with which the reagent can be employed include silica gel, kieselguhr,
Si 50000 and cellulose.

Procedure Tested

Primary Amines [15]

5 min (Fig-1):

In situ quantitation: The fluorimetric determination was performed at i, =
365 nm and Ay > 460 nm. The detection limits were 5—20 ng substance per
chromatogram zone.

<= Front
54_—=—— -

> Start

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

Layer HPTLC plates Cellulose (MERCK).

Mobile phase 1-Butanol — glacial acetic acid — water (15 + 5 + 5).

Migration distance 5 cm
Running time 25 min

Detection and result: The chromatogram was freed from mobile phase, immersed
in dipping solution I for 1 s, dried briefly in a stream of cold air and then immersed
for 1 s in dipping solution II. The layer was then dipped in a mixture of liquid
paraffin — n-hexane (1 + 5) in order to enhance the sensitivity of the fluorescence

by 25—40% and to stabilize it.

Glycme (hR; 20— 25), alanine (kR 35—40), valine (hR; 55— 60) and leucine (th
65—70) appeared as blue-green fluorescent cL-omatogr i ZOnes in

Fig. 1: Fluorescence scan of a chromatogram track with 200 ng of each substance per
chromatogram zone. Glycine (1), alanine (2), valine (3), leucine (4).
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Formaldehyde — Sulfuric Acid
Reagent
(Marquis’ Reagent)

R 5 ) 4 £ .
Keagent ior:

e Aromatic hydrocarbons
and heterocyclics [1]

e f-Blockers
¢.g. pindolol, alprenolol, propranolol,
oxprenolol, nadolol etc. (2, 3]
o Alkaloids
e.g. morphine, codeine, heroin
6-monoacetylmorphine [4]
e Amphetamines
e.g. 2,5-dimethoxy-4-bromoamphetamine [S]

o Methyl esters of fatty acids [6] H—C/<

Phenothiazines [7 "
° en? iazines [7] CH,0 H,S0,
o Tannins [8] M, =130.03 M, =98.08

o Guaifenesin [9] Formaldehyde Sulfuric acid

Preparation of Reagent
Dipping solution Add 10 ml sulfuric acid (95 — 97%) carefully to 90 ml methanol.
To this add 2 ml formaldehyde solution (37%).

Spray solution Add 0.2—1 ml formaldehyde solution (37%) carefully to 10 ml
conc. suifuric acid {1 —3j.
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Variously colored chromatogram zones are formed on a pale pink background,

£

Storage The dipping solution may be stored for ca. 4 weeks in the
refrigerator.

Substances Formaldehyde solution (= 37%)
Sulfuric acid (95—97%)
Methanol

Reaction

Morphine (i) reacts with formaidehyde in acidic solution io yield a cyclic
ketoalcohol (2) which is transformed into the colored oxonium (3) or carbenium
ion (4) in acidic conditions [10].

OH

HO, - 2 HO
2 CH,0 + 2

H,S0,

haf 1 H £
SOME O e OCI0TIC ucaﬁuls. These zones uu.lucﬂt{y ﬂﬁﬁﬁs@eﬂ_}W

UV light (4 = 365 nm).

Note: The dipping reagent is to be preferred because of the strongly irritating
effects of formaldehyde on the respiratory tract. Detection limits of ca. 10 —40 ng
have been reported for alkaloids [4] and 50 ng—1 pg for p-blockers [2, 3].

The reagent can be employed on silica gel, kieselguhr, Si 50 000 and aluminium
oxide layers.

Procedure Tested

Morphine Alkaloids [4]
Method Ascending, one-dimensional development in a trough cham-
ber without chamber saturation.

Layer HPTLC plates Silica gel 60 (MERCK) which had been pre-
washed by developing once with chloroform — methanol
(50 + 50) and then dried at 110°C for 20 min.

Mobile phase Methanol — chloroform — water (12 4 8 4+ 2).

&)

The chromatograms are freed from mobile phase (5 min in a stream of warm air),
immersed in the dipping solution for 4 s or sprayed evenly with it and then heated
to 110°C for 20 min (the methyl esters of fatty acids are heated to 140°C for
10 min [6]).

Migration distance 6 cm

Running time 20 min
Detection and result: The chromatogram was dried in a stream of warm air for

After drying in a stream of cold air morphine (4 R¢ 25— 30), 6-monoacetylmorphine
(hR; 40—45) and heroin (AR, 50— 55) yielded reddish chromatogram zones and
codeine (4 R; 30— 35) yielded blue chromatogram zones on a pale pink background.

If a quantitative fluorimetric analysis was to follow the chromatogram was then
exposed to ammonia vapor for 20 min (twin-trough chamber with 25% ammonia
in the vacant trough) and then immediately immersed for 2's in a 20% solution
of dioctyl sulfosuccinate in chloroform. After drying in a stream of cold air the
morphine alkaloids investigated appeared under long-wavelength UV light (2 =
365 nm) as pink to red fluorescent zones on a blue fluorescent background.
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In situ quantitation: The absorption-photometric determination in a reflectance

Hydrochloric Acid Vapor Reagent

= . tograny
zone). The fluorimetric analysis was carried out at A.;c = 313 nm and 4, > 560 nm
(detection limits: ca. 10 ng per chromatogram zone) (Fig. 1).

“T‘ . _ E I.3!~
Coill 2 L ih 2
~Jure L

Fig. 1: Reflectance scan (A) and fluorescence scan (B) of a mixture of alkaloids with 725 ng
(A) and 100 ng (B) substance per chromatogram zone. Morphine (1), codeine (2), 6-mono-
acetylmorphine (3), heroin (4).

Reagent for:

o Antiepileptics
e.g. carbamazepine [1, 2]
primidone, phenytoin, phenylethyl-
malonamide, phenobarbital [3]

o Chalcones [4]

P L

[ pH indicators

¢.g. 4-aminoazobenzene derivatives [5]
e Digitalis glycosides [6 —10]

e.g. acetyldigoxin [6], digoxin [7, 9]

digsitowin 191
GIgIORIn o)

e Carbohydrates, diazepam, testosterone [11]

e Alkaloids
¢€.g. papaverrubines [12]

e Anabolics HCl1
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¢€.g. trenbolone [13—13] M, =36.46
e Chloroplast pigments [16]

Reagent solution Place 10 ml conc. sulfuric acid in a twin-trough chamber and
add 2 ml conc. hydrochloric acid dropwise and with care.
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Substances Hydrochloric acid (32%)

Hydrochloric Acid Vapor Reagent 305

Layer HPTLC plates Silica gel 60 with concentrating zone

INA

Sulfuric acid (95—97%)

Reaction

The reaction mechanism has not yet been elucidated.

Method

Free the chromatogram from mobile phase (first in a stream of cold air for a few
minutes, then at 100°C for 5 min), place in the free trough of the prepared twin-
trough chamber for 5 min and then evaluate immediately in the case of chalcones
or 4-aminoazobenzene derivatives. Digitalis glycosides and carbohydrates as well
as diazepam and testosterone are first viewed after reheating (to 160—165°C for
15 min) [6, 7, 11] or after irradiation with unfiltered UV light from a mercury lamp
[8]. In the case of antiepileptics the chromatogram is irradiated for 15 min with
unfiltered UV light from a mercury lamp immediately after exposure to the HCl
vapors and then inspected [1, 2].

Chalcones yield orange-red to brown-colored zones [4] as do 4-aminoazobenzene
derivatives, but their colors begin to change after 10 min and slowly fade [5].
Penicillic acid is visible as a greyish-black zone [18].

Antiepileptics [3], carbohydrates, diazepam and testosterone [11] as well as digitalis
glycosides are visible as light blue fluorescent zones on a dark background in long-

(MERCK):

Application technique The samples were applied as bands (ca. 5 mm long) at right
angles to the lower edge of the plate (that is paralle] to the
future direction of development), e.g. with the Linomat III

L0V v s N
(VAMAGU).

1. Chloroform;
2. Acetone — chloroform (65 + 35).

Migration distance  Mobile phase 1: 7cm
Movbile phase 2: 4 cm

Mobile phase

Detection and result: The chromatogram was freed from mobile phase in a stream
of warm air and exposed to hydrochloric acid gas (LINDE) in a Teflon autoclave
dinmatar M) om haioht  em) Far thic nurnnce the HPTI (! nlate wac laid on a

\\.uuuu,u,; <v T, adigat & Sy, £OF wlis PUlpost o Aol Pidiv Was :2ig 0nv a

06

wavelength UV light (4 = 365 nm); the blue fluorescence of the digitalis glycosides
turns yellow after irradiation with UV light [7, 8]. Trenbolone fluoresces green;
its detection limit in meat is 5 ppb [14].

Note: The reagent can be employed on silica gel, kieselguhr, Si 50 000 and RP
layers [6]. The fluorescence intensities of the chromatogram zones can be increased
by dipping in a solution of liquid paraffin in hexane or chloroform [8, 11].

Procedure Tested
Digitalis Glycosides [9]
Method Ascending, one-dimensional double development (stepwise

technique) in a trough chamber with chamber saturation.

W%

Fig. 1 LJL L  Fig
o v 0525510 052550 2
Migration distance [ng/zone]

Fig. 1: Fluorescence scan of a mixture of digitalis glycosides. Digoxin (DGy), digoxigenin
bis-digitoxoside (DG), digoxigenin mono-digitoxoside (DG, ), digoxigenin (DG).

Fig. 2: Fluorimetric analysis of various quantities of digoxin for evaluation of the detection
fimit.



306 Hydrochloric Acid Vapor Reagent

Teflon support with its glass side facing the gas inlet; the autoclave was evacuated 3
(10 min, < 1 mbar), carefully filled with HCI gas (1 bar) and heated to 110°C for
15 min. After opening the autoclave the HCI vapors were blown out with a stream

of cold air (5 min) and the HPTLC plate was cooled to room temperature. In

order to intensify and stabilize the fluorescence the plate was dipped in a solution
of liguid naraffin in chloroform (30 4 7(\\ for15s. [

Of quic paralimn n chioroiorm (39 for

The digitalis glycosides yielded blue fluorescent zones in long- wavelength UV ‘ Reagent for:

light (4 = 365 nm) (Fig. 1).
. . e Aromatic acids [1] H,0,
In situ quantitation: The ﬂuonmetnc a alvqm was carried out in UV light (4, =
365 nm, 4g > 430 nm). The detection mit fo r digoxin was 300 pg per zone (Fig. 2). ‘ o Thiabendazole [2] M, =34.01
References
(1] Hundt, H. K. L., Clark, E. C.: J Chromatogr. 1975, 107, 149-154. Preparation of Reagent
[2) Funk, W., Canstein, M. v., Couturier, T., Heiligenthal, M. Kiefer, U., Schlierbach, S., Som-
mer, D.: Proceedings of the 3rd International Symposium on Instrumental HPTLC, Wiirz- Dipping solution  Acids: Make up 1 ml 30% hydrogen peroxide (Perhydrol®) to
burg. Bad Diirkheim: IfC-Verlag, 1985, p. 281-311. 100 ml with water [1].
[3] Canstein, M. v.: Thesis, Fachhochschule Giefien, Fachbereich Technisches Gesundheitswe-
sen, 1984. Spray solution Thiabendazole: Make up 3 ml 30% hydrogen peroxide to
[4] Stanley, W. L.: J Ass. Off. Agric. Chem. 1961, 44, 546-543. 100 ml with 10% acetic acid [2].
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Method

The chromatograms are freed from mobile phase, immersed for 3 s in the reagent
solution or homogeneously sprayed with it and then subjected to intense UV
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radiation (4 = 365 nm) for 30 s to 3 min while still moist [3]. Generally, after a few

~ Running time 30 min

Hydrogen Peroxide Reagent 309

References

minutes, aromatic acids produce biue fluorescent chromatogram zones under fong-
wavelength UV light (1 = 365 nm) [3] which are not detectable in visible light.
Within a few minutes thiabendazole yields bright fluorescent zones on a dark
background under long-wavelength UV light (1 = 356 nm) [2].

Note: The dipping solution can also be sprayed on. The detection of the aromatic
acids is best performed on cellulose layers, if ammonia-containing mobile phases
have been employed. The reagent can also be employed on silica gel, aluminium
oxide, RP 18 and polyamide layers.

Procedure Tested

Organic Acids [1]

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

Layer SIL G-25 UV,s, plates (MACHEREY-NAGEL).

Mobile phase Diisopropyl ether — formic acid — water (90 + 7 4 3).

Migration distance 10 cm

[1] Jork, H., Klein, I.: GDCh-training course Nr. 300 ,,Einfithrung in die Diinnschicht-Chroma-
tographie®, Universitit des Saarlandes, Saarbriicken 1987.

[2] Laub, E., Geisen, M. : Lebensmittelchem. gerichtl. Chem. 1976, 30, 129-132.

[3] Grant, D. W.: J. Chromatogr. 1963, 10, 511-512.

Detection and result: The chromatogram was dried in a stream of warm air for
10 min, immersed in the reagent solution for 3 s and then subjected to intense UV
radiation (high pressure lamp, A2 = 365 nm) for up to 10 min. Terephthalic (AR¢
0—35), pimelic (hR¢ 55), suberic (hR; 60), sebacic (hR; 65— 70) and benzoic acids
(hR¢ 70— 175) together with sorbic, malic, adipic, citric, tartaric, lactic and fumaric
acids only exhibited a reaction on silica gel layers at higher concentrations.
4-Hydroxybenzoic, salicylic and acetylsalicylic acids fluoresced light blue after
irradiation. The detection limit per chromatogram zone was 0.5 ug for salicylic

n imit n Chrom: gram zoneé was .o Oor salic

acid and more than 5 pg for benzoic acid.

In situ quantitation: The reagent had no advantages for the direct determination
of the acids investigated; the determination of the intrinsic absorption or intrinsic
fluorescences was to be preferred.
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~ 8-Hydroxyquinoline Reagent Method

The chromatograms are dried in a stream of warm air, immersed in the reagent
solution for § s, dried in the air and then placed for 5 min in a twin-trough chamber
whose second trough contains 5 ml 25% ammonia solution. Directly after it is
removed the plate is viewed under UV light (4 = 254 nm or 365 nm). The zones

are mainly yellow in color; the colors of their fluorescence are listed in Table 1.
Reagent for H o ) o
The dipping solution can also be employed as spray reagent, in this event 60% [6],
Cati 1210 ) 80% [5] or 95% ethanol [9] have been recommended in the literature. The reagent
@ Cations [1-10] can be employed on silica gel, Dowex 50X4 (Na*), cellulose and starch layers.
e 1,4-Benzodiazepines [11] CoH,NO The detection limit for 1,4-benzodiazapines is 100 ng per chromatogram zone [11].
. M, =145.16
Table 1: Colors of the 8-hydroxyquinoline complexes
Ion Color Detection
. limit [ng]
Preparation of the Reagent Daylight Fluorescence

(Aexc = 365 nm)

Dipping solution  Dissolve 0.5 g 8-hydroxyquinoline in 100 ml ethyl acetate.

Be’* green-yellow yetlow 200
Storage The solution may be kept for several days. Mg+ green-yellow yellow 100
o Ca?* yellow yellow 500
Snbstances 8-Hydroxyquinoline Sr?* yellow green-blue 200
Ba’* 11 bl
gtgyl alcetate S:MH izug: blue 520
A‘mam - colution (25% Cr3vis+ black . .
monia solution (25%) Fe2ti3+ black purple *
APt yellow yellow *
Ni®* yellow red *
Co** yellow red *
. Cu?* yellow red *
Reaction Bi2* yellow red *
7 24 IRTY el *
Lns yellOW yenow N
8-Hydroxyquinoline forms colored and fluorescent complexes with numerous Cd*+ yellow yellow :

2
metal cations. Hg*~* yellow red

* = not reported

x
\_F~
/
—\ {
‘-ﬂ_/
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Procedure Tested

Alkaline Earths [4, 12]

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

Layer HPTLC plates Cellulose (MERCK).

Mobile phase Methanol — hydrochloric acid (25%) (80 + 20).

Migration distance 5cm
Running time 20 min

Detection and result: The chromatogram was dried in a stream of warm air for
15 min, immersed in the reagent solution for 5 s, then dried in the air and finally
placed in an ammonia chamber for 5 min. The plate was inspected under long-
wavelength UV light (4 = 365 nm) immediately after removal from the chamber.
The separation (Fig. 1) corresponded to the order of the group in the periodic
table: Be?* (AR; 95—98), Mg?* (AR, 75—80), Ca>* (hR; 50—55), Sr?* (hR; 30—
35, slight tailing) Ba2* (hR¢ 15—20).

The proportion of hydrochloric acid in the mobile phase was not to exceed 20%,
so that complex formation did not occur and zone structure was not adversely
affected. An excess of accompanying alkaline earth metal ions did not interfere
with the separation but alkali metal cations did. The lithium cation fluoresced
blue and lay at the same height as the magnesium cation, ammonium ions interfered
with the calcium zone.
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Fig. 1: Chromatographic separation of the alkaline earth cations. Mixture (G), Be2* (1),
Mg?* (2), Ca?* (3), Sr** (4), Ba®* (9).
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Reaction

Perchloric Acid Reagent
(FCPA Reagent)

Reagent for:

e Indole alkaloids [1 —-10]
e.g. from rauwolfia [1]

The reagent mechanism has not yet been elucidated.

Method

The chromatogram is freed from mobile phase in a stream of warm air, immersed

Fae Aot tha dimains anlirtina an cmcnwad avanly oithh $ha a0 caTiel o aael]
10T 48 1il 0 Gipping SO1ULioil Or SprayCa ovelily wiul uif Spray SOoiuuon uiliin

just transparent, dried briefly in the air and then heated to 110—120°C for

20— 60 min.

Variously colored chromatogram zones are produced on a colorless background.

Cama aof tha »anag annear hafara hanting: thair hitags which ara ta o orant aviant

tabernaemantana ] DULLIV UL Ui L\Jf:l\-o c;lt)y\'ul é}\d\ll\- ltli\].al.iils,tl,ll\zll nuLy, Wllgl;}:]\- wa sl[\:lll. hAL\Alll
mitragyna [3, 4 structure-specific, change during the heating process and they not infrequently
stry cthas [g] ] §;C132’7?)I;(2)0 ;Clofoo i fluoresce under short or long-wavelength UV light (A = 254 or 365 nm).
synclisia [6 ity o
c}i)nchona [IS]] If(‘m(n}) P?rn‘:hlonc Note: Indoles, that are substituted with oxygen in position 2 or 3, do not react
o chloride acid [11]. The reagent can be employed on silica gel, kieselguhr and Si 50 000 layers.
o Indoles hexahydrate Aluminjum oxide layers are not suitable [3].
Danger warning: Mists of perchloric acid can condense in the exhausts of fume
cupboards and lead to uncontrolled explosions! So dipping is to be preferred.
Solution I Mix 2 ml perchloric acid (70%) carefully into 100 ml ethanol.
Solution 11 Dissolve 1.35 g iron(11I) chloride hexahydrate in 100 ml etha- Procedure Tested

nol.
Dipping solution Mix 100 ml solution I with 2 ml solution II [10].

Spray solution  Dissolve 5 g iron(IIl) chloride hexahydrate in a mixture of
50 ml water and 50 ml perchloric acid (70%).

Storage The dipping solution may be stored for at least a week.
Substances Iron(11I) chloride hexahydrate

Perchloric acid (70%)

Ethanol

Strychnine, Brucine [10]
Method Ascending, one-dimensional development in a trough
chamber without chamber saturation.

Layer HPTLC plates Silica gel 60 (Merck). The layers were pre-
washed once with chloroform — methanol (1 + 1) and dried
at 110°C for 10 min before application of samples.

Mobiie phase Acetone — toiuene — 25% ammonia soiution (40 + 15 + 35).



316 Iron(1II) Chloride — Perchloric Acid Reagent

Migration distance 5 cm

Iron(1ll) Chloride — Perchloric Acid Reagent 317

[7] Beek, T. A. van, Kuijlaars, F. L. C., Thomassen, P. H. A. M., Braga, R. M., Leitdo Filko,
H. F, Reis, F. De A M.: Phytochemistry 1984, 23, 1771-1778

Running time 10 min

Detection and result: The chromatogram was freed from mobile phase in a stream
of warm air (45 min), immersed in the dipping solution for 4 s, dried briefly in the
air and heated to 110°C for 20) min

all anG natC o 11V LU 101 4V miin.

Strychnine (hR; 50—55) appeared as a red and brucine (AR, 35) as a yellow
chromatogram zone on a colorless background. The detection limit for both
substances was 10 ng per chromatogram zone.

In situ quantitation: The light absorption in reflectance was measured at a wave-
length 2 =450 nm (Fig. 1).

[8] Mulder-Krieger, T., Verpoorte, R., De Water, A., Gressel, M. van, Oeveren, B. C. J. A., Baer-
heim Svendsen, A.: Planta Med. 1982, 46, 19-24.
[9] Beek, T. A. van, Verpoorte, R., Baerheim Svendsen, A.: Planta Med. 1983, 47, 83-86.
[10] Miiller, J.: Thesis, Fachhochschule GieBen, Fachbereich Technisches Gesundheitswesen,
1987.
[11] Clotten, R., Clotten, A.: Hochspannungs-Elektrophorese. Stuttgart, G. Thieme 1962.
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Fig. 1: Reflectance scan of a nux vomica extract (A) and a reference chromatogram containing
1 pg each of strychnine and brucine (B). Start (1), brucine (2), strychnine (3), front (4).
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L L4 L L L4
zide s 0 s
R t HC \\NH--NH2 Hso
eagen + | > 20
0 ” T 0 "NH-N
(INH Reagent) ®
N
Testosterone Isonicotinic acid Testosterone-iso-
hydrazide nicotinic acid hydrazone
Reagent for: 20
\\NH—NHZ
o 4*-3-Ketosteroids [1 —6] l Method
e.g. corticosteroids, androgens, gestagens N
CsHsN30 The chromatograms are dried in a stream of cold air, immersed in the dipping
M, =137.14 solution for 20 s or sprayed evenly with spraying solution, then dried in the air
and left for a few minutes at room temperature.
The layer can then be dipped into liquid paraffin — n-hexane (1 + 2) to intensify
Drennrnﬁnn aof tha Daaaant the fluorescence [1].
aan l’“l GLIVII UL UIV IZNWWaLpL I

Dipping solution Dissolve 1 g isonicotinic acid hydrazide (4-pyridinecarboxylic
acid hydrazide, isoniazide) in 100 ml ethanol and add 500 pl
trifluoroacetic acid [1] or 1 ml glacial acetic acid.

Spray solution Dissolve 0.8 g isonicotinic acid hydrazide in 200 ml methanol

Colored hydrazones are formed which fluoresce on a dark background in long-
wavelength UV light (4 = 365 nm).

Note: 4%, 4%5-, A*- and A'-3-Ketosteroids react at different rates — as a
function amongst other things of the acid strength of the reagent — so they can

and add 1 m! hydrochloric acid (25%) [6] or glacial acetic acid

(2

Storage Both solutions may be kept in the refrigerator for one week at
4°C.

Substances 4-Pyridinecarboxylic acid hydrazide

Hydrochloric acid (25%)
Trifluoroacetic acid
Ethanol

Methanol

Reaction

Isonicotinic acid hydrazide forms fluorescent hydrazones with ketosteroids.

be differentiated {3; 5, 6]

The dipping solution may also be used as a spray solution. If this is done the
reaction occurs more rapidly than reported in the literature for alcoholic spray
solutions.

Sitica gel, kieselguhr, Si 50000 and cellulose layers, amongst others, can be used
as stationary phases.

Testosterone [1]

Method Ascending, one-dimensional development in a trough cham-
ber with chamber saturation.
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Layer HPTLC plates Silica gel 60 (MERCK).

Isonicotinic Acid Hydrazide Reagent 321

4

The layer was prewashed by developing once in chloroform
and then twice in toluene — 2-propanol (10 + 1), with drying
at 110°C for 30 min after each step.

Mobile phase Toluene — 2-propanol (10 + 1).
Migration distance 5 cm
Running time 10 min

Detection and result: The chromatograms were freed from mobile phase (stream
of cold air), immersed in the reagent solution for 20 s, then dried in the air and
finally kept at room temperature for 20 min. Testosterone (hR; 35—-40) fluoresced
pale blue in long-wavelength UV light (A = 365 nm, Fig. 1).

In situ guantitation: The ch-:emategram was then dipped into liquid paraffin
— n-hexane (10 + 20) to increase the intensity of the fluorescence by a factor
of ten and to stabilize it. The detection limit for testosterone is less than 500 pg
per chromatogram zone (1,, = 365 nm; A, > 430 nm).

The separation of a mixture of 4*-3-ketosteroids is illustrated in Figure 2.

2
1 1

|
I
JUIIL

Fig. 2: Fluorescence scan of a 4%-3-ketosteroid mixture after INH treatment. Aldosterone

V2 Y NP SR UL SR

(1), corticosterone (2), cortexolone (3), testosterone (4), progesterone (3).
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Fig. 1: Fluorescence scan of a blank track (A) and of the testosterone derivative (B, 2 ug).

tart {1), iestosierone-INH derivative (AR, 39) (2), unknown substances 3, 4).



Reagent for:

e Flavonoids [1 —3]

o Aryl-substituted thiourea derivatives
(thiocarbamide derivatives) [4]

o Oligogalactoside uronic acids [5]

Pb(CH;COO), - n Pb(OH),

Dipping solution Basic lead(II) acetate solution (lead content: 17.5—19%)).

Storage The reagent solution may be stored over a longer period of
time, providing it is tightly stoppered.

Lead(Il) Acetate Basic Reagent 323

_ Lead(IT) Acetate Basic Reagent ~~ Meted

The chromatogram is freed from mobile phase in a stream of warm air, immersed
in the reagent solution for 1s or homogeneously sprayed with it until the layer
starts to be transparent and heated to 50—80°C for 5—20 min.

Lantmsntasenine matman A ool PR =

\_,lllUu.lalUslnul ZOncs O1 various \.«UlUlb suuu:tli‘ﬁc
these fluoresce under long-wavelength UV light (
substances.

s car even before heating,
=365 nm) in the case of some

Note: The detection limits per chromatogram zone are ca. 1 pg substance in the
case of aryl-substituted thioureas (4], but even at 50 pg per zone diallate and
triallate did not produce any reaction [6]. The reagent should be employed
undiluted (cf. “Procedure Tested”, Fig. 2).

The reagent can be employed on silica gel, kleselguhr Si 50 000, cellulose and
polyamide layers.

Procedure Tested

Flavone Glucosides [7]

Substan 1 4 109/ Py
CeSs

Lald auctaw \l I J* 701 U)
(lead(II) acetate solution, basic)

Lead(II) acetate yields colored lead salts with flavonoids and thiourea derivatives.

S S
N v AN 4
N-C + Pb2* —> | N-C Pb2+/,
7 \, [T N\
SH S

Thiourea derivatives Lead salt

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

Layer HPTLC plates Silica gel 60 (MERCK).

Mobile phase Ethyl acetate — dichloromethane — formic acid — water
(B5+15+5+3).

Migration distance 5cm
Running time 13 min

Detection and result: The chromatogram was freed from mobile phase, immersed
1n the reagent solution for 1 s and then heated to 80°C for 10 min. Rutin (AR; 5—
10). kaempferol glucoside (AR; 10—15), hyperoside (AR, 20—25), isoquercitrin
(hR; 25— 30), quercitrin (hR; 40—45), luteolin (hR; 75— 80), quercetin (AR; 80—
85) and isorhamnetin (AR; 80 —85) yielded yellow to brown chromatogram zones
on a pale background; under long-waveiength UV light (1 = 365 nm) these pro-
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duced yellow to orange ﬂuorescence The detectlon hmlts were 50 100 ng substance

Dichlorofluorescein Reagent

Reagent for:
@ Vicinal diols f1 — 5]
e.g. sugar acids [1, 2]
monosaccharides [2—4] N CooH
— oligosaccharides [2, 3] “"'
C sugar alcohols [2—4] (CH5CO0)4Pb o o oH
Fig. 1 Fig. 2 cyclitols [5]
glycerol [2, 3]
Fig. i: Chromatographic separation of flavone giucosides o Glycosides
| .
Fig. 2: The influence of the reagent concentration on the sensitivity of detection; detection } &8 m;utl.lyl glucoside 6] CsHlig)sl;b Czufl‘lt((l)?lzzi)s
of equal amounts of luteolin with basic lead acetate solution that was (A) undiluted, (B) arbutin [7] M, =443.37 M. = ’
diluted 1 + 4 and (C) diluted 1 + 50. ® Phenols [8] Lead(IV) acetate  Dichloro-
fluorescein
References
[1] Horhammer, L., Wagner, H., Hein, K.: J Chromatogr. 1964, 13, 235-237.
[2] Poethke, W., Schwarz, C., Gerlach, H.: Planta Med. 1971, 19, 177-188. Prenaration of the Reacent
[3] Willuhn, G., Rottger, P-M.: Disch. Apoth. Ztg. 1980, 120, 1039-1042. S TETE TR S R TEETe T
[4] Upadhyaya, J. S., Upadhyaya, S. K.: Fresenius Z. Anal. Chem. 1979, 294, 407; 1980, 304, 144.
[5] Markovic, O., Slezarik, A.: J. Chromatogr. 1984, 312, 492-496. Solution 1 Two percent to saturated solution of lead(IV) acetate in glacial
[6] Jork, H.: Private communication, Universitit des Saarlandes, Fachbereich 14 ,Pharmazie acetic acid.
und Biologische Chemie*, Saarbriicken 1988.
[71 Kany, E., Jork, H.: GDCh-training course Nr. 301 ,, Diinnschicht-Chromatographie fiir Fort- Solution 1T Dissolve 0.2 to 1 g 2',7’-dichlorofluorescein in 100 mi ethanol.

geschrittene®, Universitit des Saarlandes, Saarbriicken 1988.

Dipping solution Mix 5 ml solution I and 5 ml solution If and make up to 200 m}
with toluene immediately before use.

Storage Solutions I and II on their own are stable for several days, the
dipping soiution shouid aiways be freshiy made up before use.
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Substances Lead(1V) acetate
2°.7"-Dichlorofluerescein

Lead(1V) Acetate — Dichlorofluorescein Reagent 327

Procedure Tested

Acetic acid (glacial acetic acid) 100%
Ethanol
Toluene

Reaction

The reaction is based, on the one hand, on the oxidative ¢ cleavage of vicinal diols
by lead(IV) acetate and, on the other hand, on the reaction of dlchloroﬂuorescem
with lead(IV) acetate to yield a nonfluorescent oxidation product. The dichloro-
fluorescein only maintains its fluorescence in the chromatogram zones where the

lead(IV) acetate has been consumed by the glycol cleavage reaction [1].

Method

The chromatogram is freed from mobile phase, immersed in the reagent solution
for 8—10 s, dried briefly in a stream of warm air and heated in the drying cupboard
to 100°C for 3 — 30 min.

Chromatogram zones are formed that exhibit yellow fluorescence in shortwave
UV light (4 = 254 nm); they are sometimes also recognizable as orange-red spots

Mono- and Sesqgniterpene Glucosides [6], Arbutin and Methylarbutin [7]

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

Layer HPTLC piates Siiica gei 60 (MERCK).

Mobile phase Terpene glucosides: chloroform — methanol (80 + 20).

Arbutin: ethyl acetate — methanol — water (100 + 17 + 14).
Migration distance 5cm

Running time 15 min

Detection and result: The chromatogram was freed from mobile phase, immersed
in the reagent sotution for 1 s, dried briefly in a stream of warm air and heated to
100°C for 5 min.

The glucosides of menthol, citronetlol, nerol, geraniol, cis-myrtenol, L-borneol,
linalool and «-terpineol yielded yellow- green fluorescent chromatogram zones
PERE & o ¥4 PO VALY JE. y P At bt (LD AL

n lOng-WdVCLCﬂglﬂ UV agnia= 365 ninj. The same dppucu L0 aroutinn (ing 40 —

50).

H LIRL TG DL LI TN
—imrvisible light:

Note: The full fluorescence intensity usually only develops about 30 min after the
dipping process; it then remains stable for several days if the chromatograms are
stored in the dark [1, 5]. Fluorescein sodium can be employed in the reagent in
place of 2, 7"-dichlorofluorescein [5]. The detection limits lie in the lower nanogram
to picogram range [1, 5].

The reagent can be employed on silica gel, Si 50 000 and kieselguhr layers.

Remark: All substances with vicinal diol groups (sugars, sugar alcohols, glycosides
etc.) yield a yellow-green fluorescence with this reagent. In order to determine
which zones are produced by sugars the plate can be sprayed later with
naphthalene-1,3-diol — sulfuric acid reagent which colors the sugars but not the

sugar nlcohe!s M 01

ML

50ng 100ng 200ng
Fig. 1: Fluorescence scan of chromatogram tracks with 50, 100 and 200 ng arbutin per

chromatogram zone.
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In situ quantitation: The fluorimetric analysis of monoterpene glucosides could be
performed with advantage at A.,. = 313 nm and A, > 390 nm. The detection limits

Lead(IV) Acetate — Fuchsin Reagent

of arbutin and L-menthylglucoside were 1—5ng and 15 ng substance per
chromatogram respectively (Fig. 1).
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NH, CI-
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Reagent for:

o a-Diol groupings
e.g. sugar alcohols [1]

NH

sugars [4] (CH;C00),Pb 2
CgH,,05Pb CyoH,CIN;
M, =44337 M, =337.85
Lead(IV) acetate Fuchsin

Preparation of Reagent

Dipping solution T Dissolve 1 g fead(IV) acetate (lead tetraacetate) in 100 ml

ethanol.
Dipping solution II Dissolve 10 mg fuchsin in 100 ml methanol.

Spray solution I Dissolve 1 g lead(IV) acetate in 100 ml toluene.

Spray solution II  Dissolve 50 mg fuchsin in 100 ml methanol.

Storage Solution I should always be freshly prepared, solution II may

be stored for a longer period of time.

Lead(IV) acetate
Fuchsin

Toluene
Methanol

1
E‘iunuul

Substances
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Reaction

Lead(1V ) Acetate — Fuchsin Reagent 331

Procedure Tested

The reaction depends, on the one hand, on the fact that fuchsin is decolorized by
oxidizing agents (e.g. lead(IV) acetate) and, on the other hand, on the fact that
lead(IV) acetate is reduced by compounds containing a-diol groups. Itis, therefore,
no longer available to decolorize the fuchsin. The fuchsin undergoes a ScHIFF
reaction with the aldehydes that are formed [2].

o}

R=CH-GH-R m 2r-¢7 + Pb(OAc),
T - 2 AcOH N
OH OH H
Diol Aldehyde Lead(ll) acetate

+ +
NH, CI NH, CI°
/7 73

4 4
0 }J }J
2r-¢7 4+ HzN—@—C _ R-CH=N—©—C
S -2 H0
Q% Qﬁ.a

Mono-, Di- and Trisaccharides [4]

Method Ascending, one-dimensional double development in a
trough chamber at 80°C without chamber saturation.
Layer HPTLC plates Si 50000 (Merck), which had been pre-

washed before sample application by developing once with
chloroform — methanol and then dried at 110°C for 30 min.

Mobile phase Acetonitrile — water (85 + 15).
Migration distance 2 x 6 cm
Running time 2 x 8 min (5 min intermediate drying in stream of warm air)

Detection and result: The chromatogram was dried for 15 min in a stream of cold
air, immersed in dipping solution I for 3 s and dried for 10 min in a stream of cold
air. It was then immersed for 1 s in dipping sotution II, dried briefly in a stream
of warm air and heated to 140°C for 1 min (hot plate).

NH, N=CH-R Raffinose (AR; 5—10), lactose (AR; 15—20), sucrose (AR 30—35), glucose (hR¢
45—150) and fructose (hR; 60 —65) yielded violet chromatogram zones with a weak,
Aldehyde Fuchsin SCHIFF's base ) (kR 2 ¢
5 5
Method 4 ‘
2
The chromatogram is freed from mobile phase, immersed for 3 s in dipping " ?
solution I or sprayed homogeneously with spray solution I and then dried for ca. !
10 min in a stream of cold air. It is then immersed for 1 s in dipping solution II or g 3! 3 “ l
snraved evanly with snrav sglution I1 “ 1

sprayed evenly with spray solution IL.
Reaction usually occurs immediately or occasionally after heating briefly to 140°C,
to yield red-violet chromatogram zones on a pale yellow-beige background.

Noate: The color of the zones nersists for a lone neriod. but chanees to blua-viglat
Netel 1€ Color Of the Zones persists Ior a 1ong pericg, out ¢nanges (o diue-vioiet

[1]. Rosaniline [1, 2] can be employed instead of fuchsin. With sugar alcohols
lead(IV) acetate alone yields white zones on a brown background (detection limit
1—2 pg per chromatogram zone) [3].

Front

N - Start

™
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Fig. 1: Absorption scan (A) and fluorescence scan (B) of a chromatogram track with 200 ng
sugar per chromatogram zone: raffinose (1), lactose (2) sucrose (3), glucose (4) and fructose
(5).
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pale blue fluorescence on a pale beige background. The detection limits were Manganese( II) Chloride —_—

— 20 g substance per chromatogram zone. When the chromatogram was sub- . .
sequently treated with hydrochloric acid vapor for 15 min (twin-trough chamber, Sulfurlc ACId Reagent

32% hydrochloric acid in the unoccupied half) the zones became more intensely
violet-colored against a pale violet background; under long-wavelength UV light
(A =365 nm) the zones fluoresced red against a dark background. Here too the
detection limits were 20 ng substance per chromatogram zone.

In situ quantitation: The absorption photometric determination in reflectance was Reagent for:
performed at A = 560 nm, the fluorimetric analysis was performed at 4, = 436 nm
and Aq > 500 nm {Fig. 1). e Cholesterol, cholestery! esters [1 —4]
e Phospholipids, lipids [1, 5]

. . . MnCl, - 4H,O0 H,SO
o Triglycerides, free fatty acids [1 2 2 e
References & Y w M,

o Bile acids 2] M. =19791 M, =98.08
[1] Hiner, E.: Pharmazie 1984, 39, 689-690. o Ketosteroids [3] Mang,anese(ll) Sulfuric acid
[2] Sampson, K., Schild, F.,, Wicker, R. J.: Chem. Ind. (London) 1961, 82. chloride
[3] Wright, J.: Chem. Ind. (London) 1963, 1125-1126. e Estrogens [6] tetrahydrate
[4] Netz, S., Funk, W.: Private communication, Fachhochschule GieBien, Fachbereich Technisches |
Gesundheitswesen, 1988. h _

Preparation of Reagent

Dipping solution Dissolve 0.2 g manganese chloride tetrahydrate in 30 m! water
and add 30 mi methanol. Mix well and then carefully add 2 mi
conc. sulfuric acid dropwise.

Storage The solution should always be freshly made up for quantitative
evaluations.

Substances Manganese(II) chloride tetrahydrate
Methanol

Sulfuric acid (95—-97%)

Reaction
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Method

Manganese(11) Chloride — Sulfuric Acid Reagent 335

Mobile phase Cyclohexane — diethyl ether (1 + 1).

The chromatograms are freed from mobile phase in a stream of cold air, immersed
in the reagent solution for 1 s and then heated to 100—120°C for 10— 15 min.
Colored zones appear on a colorless background [2] (Table 1) and these fluoresce
pale blue in long-wavelength UV light (4 = 365 nm) [1].

Table 1: Colors of the chromatogram zones

Substance Color
Cholesterol pink

Cholic acid deep yellow
Chenodesoxycholic acid grey-green
Desoxycholic acid yellow
Hyodesoxycholic acid brown
Lithocholic acid pale pink

The pink color of the cholesterol begins to fade after 5 min while the color of the

and 2 pg per chromatogram zone for bile acids [2]. Fluorimetric detection is more
sensitive by a factor of 1000!

Note: The reagent, which may also be used as spray solution, can be applied to
silica gel, RP-2, RP-8, RP-18 and CN layers.

Migration distance 6 cm

Running time ca. 15 min

Detection and result: The developed chromatogram was dried in a stream of cold
atr, immersed in the reagent solution for 1 s and then heated to 120°C for 15 min.

The result was that light blue fluorescent zones were visible under long-wavelength
UV light (1 = 365 nm). Before fluorimetric analysis the chromatogram was dipped
for 1 s into liquid paraffin — n-hexane (1 + 2) to enhance (by a factor of 2 to 8)
and stabilize the intensity of the fluorescence and then dried for 1 min in a stream
of cold air. The quantitation (4., = 365 nm; g > 430 nm) was carried out after
1 h since it was only then that the fluorescence intensity had stabilized.

Note: Coprostanone, 4-cholesten-3-one and 5a-cholestan-3-one could be detected
more sensitively, if the dried chromatogram was irradiated with intense long-
wavelength UV light (A = 365 nm) for 2 min before being immersed in the reagent
solution. Figure 1 illustrates a separation of these substances. The detection limits

Procedure Tested

Cholesterol, Coprostanene, Coprostanol, 4-Cholesten-3-one, Sa-Cholestan-3-one 31

Method Ascending, one-dimensional development in a trough cham-
ber. The HPTLC plates were preconditioned for 30 min at
0% rel. humidity (over conc. sulfuric acid) after sample
appiication and then deveioped immediately.

Layer HPTLC plates Silica gel 60 F,54 (MERCK), which had been
prewashed by developing once up to the edge of the plate
with chloroform — methanol (1 + 1) and then activated to
110°C for 30 min.

il s,

Fig. 1: Fluorescence scans of a blank (A) and of a mixture (B) of cholesterol (2), coprostanol
(3), 4-cholesten-3-one (4), Sa-cholestan-3-one (5) and coprostanone (6), start (1), solvent
front (7).
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were 1 ng per chromatogram zone for cholesterol (hR, 20— 25) and coprostanol

45), Sa-cholestau 3 -one (hRf 60— 65) and coprostanone (hRf 70-175).

References
Reagent for:

[1] Halpaap, H.: Kontakte (MERCK) 1978, 32-34.

[2] Goswami, S. K., Frey, C. F.: J. Chromatogr. 1970, 53, 389-390. e Barbiturates and barbiturate
[3] Schade, M.: Thesis, Fachhochschule Giefen, Fachbereich Technisches Gesundheitswesen, :

1986, metabolites [1 —4]
[4]1 Hauck, H. E., Jost, W.: GIT Fachz. Lab. Suppl. 3 ,,Chromatographie* 1983, 3-7. e Various pharmaceuticals

[5] Jork, H., Wimmer, H.: Quantitative Auswertung von Diinnschicht-Chromatogrammen. Darm-
stadt: GIT-Verlag, p. I11./3-82.

[6] Jost, W., Hauck, H. E. in: Proceedings of the 3rd International Symposium on Instrumental
HPTLC, Wiirzburg. Bad Diirkheim: IfC-Verlag, 1985, p. 83-91. . Organophosphorus insecticides i5]

o Succinimides [6] Hg,(NO,), - 2H,0

o Thiourea [7] M, =561.22

e.g. pentenamide [1]
gluthethimide, primidone, phenytoin [2]

Preparation of Reagent

Spray solution Grind 5 g mercury(l) nitrate dihydrate with 100 ml water in a
mortar and tranfer it to a storage vessel along with the sediment;
the supernatant is fit for use as long as the sediment remains

white [1].

Storage The reagent may be stored for an extended period; new reagent
must be made up when the sediment becomes grey or yellow in
color [1].

Substances Mercury(l) nitrate dihydrate

Reaction

The reaction mechanism has not yet been elucidated.
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Method

Mercury(I) Nitrate Reagent 339

then sprayed with reagent solution until the layer began to be transparent. After

The chromatograms are dried in a stream of warm air or at 105°C for 10 min,
cooled to room temperature and sprayed homogeneously with the spray reagent
until they start to become transparent.

Grey-biack chromatogram zones are produced on a white background, usually
appearing immediately but sometimes only after a few minutes. In the case of
insecticides the chromatograms are heated after spraying [5].

Note: Traces of ammonia from the mobile phase should be removed from the
plate completely to avoid background discoloration (grey veil) [1]. If the layer is
sprayed too heavily the initially grey-black chromatogram zones can fade again
[2]. The reagent which is usually employed as a 1 to 2% solution [2, 3, 6, 7] can
be treated with a few drops of nitric acid to clarify the solution [2].

Barbiturate metabolites are more heavily colored by the mercury(l) nitrate reagent
(exception: allobarbital), while unaltered barbiturates react more sensitively to the
mercury(II)-diphenylcarbazone reagent (q.v.) [1].

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

Procedure Tested

5 min barbiturates and their metabolites produced grey to black zones on a
colorless background (Fig. 1).

Urine Standard
l sampie soiution I

— Prominal ®
® — Evipan

. — Luminal ®
g — Novonal ®

}Metabolites
[ SRS R SUS— |

Fig. 1: Chromatograms of a urine sample and a standard solution.

References

Barbiturates and Metabolites [1]

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

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

Mobile phase Chloroform — acetone (80 + 20).

Migration distance ca. 6 cm
Running time 7 min

Detection and result: The developed chromatogram was dried for 5 min in a stream
of hot air (120—150°C) then treated with a stream of cold air for 5 min. It was

[1] Interschick, E., Wust, H., Wimmer, H.: GIT Fachz. Lab. 1981, 4, 412-440.

[2] Berry, D. J., Grove, J.: J. Chromatogr. 1973, 80, 205-219.

[3] Srivastava, S. P., Reena: J. Lig. Chromatogr. 1985, 8, 1265-1278.

[4] Cserhati, T., Bojarski, J., Fenyvesi, E.: J. Chromatogr. 1986, 351, 356-362.

[5] Mirashi, S. V., Kurhekar, M. P., D’Souza, F. C.: J. Chromatogr. 1983, 268, 352-354.
{6] Nuhn, P., Woitkowiiz, P.: Pharmazie 1978, 33, 202-205.

[7] Hashmi, M. H., Chughtai, N. A., Ahmad, L.: Mikrochim. Acta (Vienna) 1970, 254-257.
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Spray solution Ib  Dissolve 200 mg 1,5-diphenylcarbazone in 100 ml ethanol

1M1 3 4

Diphenylcarbazone Reagent

Reagent for:

e Barbiturates, barbiturate
metabolites [1 — 6]

o Sulfonamides [2]

¢ Varicus pharmacecuticals

e.g. glutethimide [2—4]

lysergic acid [2] N=N @
primidone, phenytoin [3] o’ o
e Organophosphorus insecticides [7] NH—NH—\_/‘/\‘
HgCl, Hg(NO,), - H,0 Ci3H,2N,0
M, =271.50 M, =342.62 M, =240.27
Mercury(II) Mercury(II) nitrate Diphenylcarbazone
chloride monohydrate

[ EEIEE I O

Spray solution Ila Dissolve 200 mg mercury(II) nitrate monohydrate in 100 ml
nitric acid (¢ = 0.1 mol/l) [6].

Spray solution IIb Mix 4 ml solution I and 26 ml solution II [6].

Storage Solutions I and II and spray solutions Ia and Ib may be stored
in the refrigerator for ca. 1 month, both spray solutions Ila
and IIb may be kept for ca. 1 week.

Substances 1,5-Diphenylcarbazone
Mercury(II) nitrate monohydrate
Mercury(II) chloride
Nitric acid 0.1 mol/l Titrisol
Nitric acid (65%)

Ethanol
Ammonium acetate

Reaction

The reaction mechanism has not yet been elucidated.

Preparation of Reagent

Solution I Dissolve 100 mg 1,5-diphenylcarbazone in 100 ml ethanol
(96%).
Solution I Dissolve 40 g ammonium acetate in 100 ml water and adjust

to pH 3.5 with ca. 30 ml nitric acid (65%).

ey S an 1

issolve 2 g mercury(If) chloride in 100 mi ethanol {1, 3, 4.

Method

Variant I: The chromatogram is dried in a stream of warm air or in the drying
cupboard (10 min, 120°C), cooled to room temperature and either sprayed with
spray solutions Ia and Ib one after the other (with brief drying in a stream of cold
air in between) [1] or sprayed with a mixture of equal volumes of these two spray
reagents until the layer begins to be transparent [2, 4].

In the case of organophosphorus insecticides [7] and usually also in the case of
barbiturates and other pharmaceuticals [1, 3] white chromatogram zones are
produced on a lilac background. Barbiturates sometimes appear — especially after
the use of basic mobile phases — as blue-violet colored zones on a pink background

m <
1<+ I
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Variant II: The chromatogram is dried in a stream of warm air or in the drymg

w1th spray solutron Ila uxml the layer is transparent (dry ina stream of warm air
after each spray step!). It is then sprayed with a small amount of spray solution
IIb [6].

ne. lat chroama
always appear as red-violet chroma

Barbiturates and their metabolites
zones on a white background with this variant of the reagent [6].

Note: The reaction for barbiturates according to variant I is increased in sensitivity
if the chromatogram is exposed to direct sunlight or UV light after it has been
sprayed; this causes the background coloration to fade almost completely and the
blue zones stand out more distinctly [4].

While barbiturate metabolites are more intensely colored by the mercury(I) nitrate
reagent (q.v.) the unaltered barbiturates react more sensitively to the mercury(II)
diphenyicarbazone reagent; the detection limits lie between 0.05 pg (Luminal®)
and 10 pg (Prominal®) per chromatogram zone [6)].

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

Procedure Tested

Barbiturates and Metabolites [6}

Mercury(II) Salt — Diphenylcarbazone Reagent 343

qolunon IIb Barbrturates and thelr metabohtes appeared as vrolet chromatogram

Fig. 1: Chromatograms of a urine sample and a standard solution.

References

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

Layer TLC plates Silica gel 60 F,s4 (MERCK).

Mobile phase Chiloroform — acetone (80 + 20).

Migration distance ca. 6 cm
Running time 7 min

Detection and result: The chromatogram was dried for 5 min in a stream of hot
air (120—150°C) then treated with a stream of cold air for 5 min. It was then
sprayed twice to transparency with spray solution Ila (drying in between for 3 min
in a stream of hot air). It was then heated in a stream of hot air for 5 min. After

ccclmg for 5 min in a stream of cold air it was Spr a_ycu with a small amount of spray
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furanone Reagent
(MDPF Reagent)

Reagent for:
e Amines
e.g. colchicine [1]
Cy7H,404 Method
M, =266.30 .
The chromatograms are freed from mobile phase in a stream of warm air, immersed
in the reagent solution for 4 s or sprayed evenly with it and then heated to 110°C
far MY snin
Yellow chromatogram zones are formed on a colorless background; these exhibit
yellow fluorescence in long-wavelength UV light (= 365 nm).
Preparation of Reagent . . : .
Note: The reagent can be applied to silica gel, Si 50000 and kieselguhr layers.
Dissolve—25me 2-meth 4 13-
mg—2-methoxy-2;4-diphenyl-3(2H)-furanone —in
50 m] methanol.
Storage The dipping solution may be stored for several days. Procedure Tested
Substances 2-Methoxy-2,4-diphenyl-3(2H)-furanone Colchicine [1]
Methanol
Method Ascending, one-dimensional development in a trough cham-
ber without chamber saturation.
N . Layer HPTLC plates Silica gel 60 (MERCK) which had been washed
Keaction by developing once with chioroform — methanoi (i + 1)
and then dried at 110°C for 30 min before applying the
MDPF.reac@ directly with primary amines to form fluorescent products. Second- samples.
ary amines yield nonfluorescent derivatives, which may be converted into fluor- Mobile phase Acetone — toluene — ammonia solution (25%) (40 + 15

escent substances by a further reaction with primary amines
Aurinlr réaciion witn yuulaly amluca [AJ

+5).
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Migration distance 5 cm

3-Methyl-2-benzothiazolinone-

Running time 10 min

Detection and result: The chromatogram was freed from mobile phase in a stream

of warm air (45 min), immersed in the reagent solution for 4 s and then heated to
110°C for 20 min.

Colchicine (hR; 35— 40) appeared as yellow fluorescent zone on a dark background

in long-wavelength UV light (A =365 nm). The detection limit was 10 ng per
chromatogram zone.

In situ quantitation: The fluorimetric analysis was carried out with excitation at
Aexe =313 nm and evaluation at Ay, > 390 nm (Fig. 1).

1

hydrazone Reagent
(MBTH Reagent, BESTHORN'S
Reagent)

\ e Carbonyl compounds [1]

oy
N
o Mycotoxins @ S>:N‘NH2 - HOI

an matukn [0 101
€.g. patuiinl [ —1V]

moniliformine [11] . CgH;(CIN;3S
@ Penicillic acid [12] M, =21571
N~ 4
8 Preparation of Reagent

Fig. 1: Fluorescence scan of a chromatogram track with an extract of Colchicum

frack w n extract Loicnic

(A) and of a reference track (B, 1 pg colchxcme) start (1), colchicine (2).

References

[1] Muller, J.: Thesis, Fachhochschule GieBen, Fachbereich Technisches Gesundheitswesen, 1987,
[2] Nakamura, H., Tanii E., Tamura, Z.: Anal. Chem. 1982, 54, 2482-2485.

Dippi luii — 3-methyl-2-benzothiazolinone-hydrazone
Dipping solution Dissoive 0.5-1g 3 y y

hydrochloride (BESTHORN’s hydrazone) in 100 ml methanol —
water (1 + 1), water [2,4— 8] or methanol [3, 11]. If precipitation
occurs filter the solution before use.

et s gl o anlv otable for
ior

Storage The dipping solution is only stabie io

should be freshly made up each time.

a few davs and, hence
a few days and, hence,

Substances 3-Methyl-2-benzothiazolinone-hydrazone
hydrochloride

AA~thnnal
iviCuianon
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Reaction (according to [13])

3-Methyl-2-benzothiazolinone-hydrazone Reagent 349

Procedure Tested

fs GHs
N

PAVAN ,;0 A~ N
k/lk C=N=-NH, + RC] —— I c=N-N=CH-R
NN Ny Sy

l Q) )

s
Ra
| Oxidation, H* (I \:C—N=NH
S
&)
+
[ M3 ?Hs
by .
Oxidation N\\ /N
2+ @3) —> JCN=N—G=N-N=C(
S S
R

Penicillic Acid [14]

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

Layer HPTLC plates Silica gel 60 F5, (MERCK).

Mobile phase Toluene — ethyl acetate — formic acid (60 + 30 + 10).

Migration distance 5cm
Running time 10 min

Detection and result: The chromatogram was freed from mobile phas.e, imm.er.se.d
in reagent solution for 1 s and then heated to 130°C for 90 —120 min. Pemclll.lc
acid (hR; 45— 50) yielded yellow chromatogram zones which fluoresced yellow in
long-wavelength UV light (A = 365 nm). The detection limits were 50 to 100 ng
per chromatogram zone.

In situ quantitation: Fluorimetric analysis was carried out at Aexe = 365 nm and
/n > 560 nm (Fig. 1).

Method

The chromatogram is freed from mobile phase, immersed in the reagent solution
for 1 s or homogeneously sprayed with it and then heated to 110 — 130°C for up
to 2 h. The chromatographic zones produced are usually blue-violet (e.g. patulin,
moniliformine) on a pale background; they exhibit yellow to yellow-orange fluores-

cence (penicillic acid, patulin) in long-wavelength UV light (A = 365 nm).

Note: The reagent can be employed on silica gel, kieselguhr, cellulose and polyam-
ide layers. When left exposed to air the whole chromatogram is slowly colored
blue because of the formation of the blue cation (3) (see Reaction). The detection
limits for patulin, moniliformine and penicillic acid are ca. 50 ng per chromatogram

one.
zene,

Front
Start

-

]

Fig. 1: Fluorescence scan of a chromatogram track of 0.5 pg penicillic acid.
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— Perchloric Acid —
Formaldehyde Reagent

Reagent for:
o Sterols o
¢.g. ergosterol o ] 0
stigmasterol NN H—c';
cholesterol [1] 03~ Na* H
o Alkaloids C10HsNaOsS HCIO, CH,0
e.g. codeine M, =260.20 M, =100.46 M, =30.03
morphine i,2-Naphtho- Perchioric Formaldehyde
heroin quinone-4- acid
6-monoacetyl- sulfonic acid
morphine [2] sodium salt

Preparation of Reagent

Dipping solution Dissolve 100 mg 1,2-naphthoquinone-4-sulfonic acid sodium
id 20 id (70%), 18 mi

sait in 40 mi ethanol and add 20 mi perchioric acid (70%
water and 2 ml formaldehyde solution in that order.

~—

Storage The reagent solution may be kept for ca. 4 weeks in the refriger-
ator.

Substances 1,2-Naphthoquinone-4-sulfonic acid
sodium salt
Ethanol

Perchloric acid (70%)

- i, g [ M.y 170/ )
Formaldehyde solution (37%)
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Reaction

1.2-Naphthoquinone-4-sulfonic Acid— Perchloric Acid— Formaldehyde Reagent 353

am of warm air for

Detection and result: The chromatogram was dried in a stre:

3 min, IMmersed 1m th agent sotutron {o and heated to

The reaction mechanism has not been elucidated. It is possible that formaldehyde
reacts by oxidation as in the MARQUIS’ reaction (see formaldehyde — sulfuric acid
reagent), whereby colored salts are formed with naphthoquinone sulfonic acid.

Method

The chromatograms are freed from mobile phase (stream of warm air 5 min),
immersed for 4 s in the reagent solution or sprayed homogeneously with it until
they begin to be transparent and then heated to 70 °C for ca. 10 min.

Chromatogram zones are produced that are initially pink but turn blue as the
heating continues; they are on a pale blue background.

Note: The color development depends on the temperature and duration of heating

[1]. The detection limit for sterols and morphine alkaloids is in the lower nanogram
range [1, 2].

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

Morphine (hR; 25— 30), codeine (hR; 30—35), 6-monoacetylmorphine (hR; 40—
45) and heroin (hR; 50—55) yielded blue chromatogram zones on a pale blue
background. The detection limits were 10 to 20 ng substance per chromatogram

zone.

In situ quantitation: The absorption photometric analysis was made in reflectance
at A= 610 nm (Fig. 1).

Ll

ULJ\I "‘-\

Fig. 1: Reflectance scan of the alkaloid mixture with ca. 50 ng sub_stancc per chromatogram
zone. Morphine (1), codeine (2), 6-monoacetylmorphine (3), heroin (4).

o ~s—— Front
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Procedure Tested References
Morphine Alkaloids [2] 1] Richter, E.: J. Chromatogr. 1965, 18, 164-167. ) ' L
{2} Patzsch, K., Funk, W., Schiitz, H.: GIT Fachz. Lab., Supp 3..Chi £rap 1988,
Method Ascending, one-dimensional development in a trough cham- 32, 83-91.
ber without chamber saturation.
Layer HPTLC plates Silica gel 60 (MErcK) which had been prewash-

ed once with chloroform — methanol (50 + 50) and then

dried at 110°C for 20 min.

Mobile phase Methanol — chloroform — water (12 + 8 + 2).

Migration distance 6 cm

=
3
£}
5,
]
]
B
©
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0 min




Ninhydrin — Collidine Reagent

Ninhydrin — Collidine Reagent 355

Reagent for: o
OH Hsl | N\ CHz
o Amines [1] OH 7
e Aminoglycoside antibiotics [2, 3] 0 CHs
e Amino acids [5—7] CoHeO4 CgH N
o Peptides [6] M,=178.15 M, =121.18
Ninhydrin Collidine

Preparation of Reagent

Dipping solution  Dissolve 0.3 g ninhydrin (2,2-dihydroxy-1,3-indanedione) in
95 ml 2-propanol and add 5 ml collidine (2,4,6-trimethylpyri-
dine) and 5 ml acetic acid (96%).

L., R R |
vietnoa

The chromatogram is freed from mobile phase, immersed for 1 s in the.r'eaggnt
solution and then heated to 95—120°C for 5— 10 min. After 15 min stabilization
time mainly reddish but sometimes blue substance zones appear on a pale back-

ground.

Note: The reagent can be employed on silica gel and cellulose layers anq fhe
dipping solution can also be employed as a spray solution. The addition of collidine

1

o

Storage If the solvents are not sufficiently pure the solution may only
be kept for a short time.
Substances Ninhydrin

2,4,6-Trimethylpyridine
Acetic acid (96%)
2-Propanol

Reaction

The course of the reaction has not been fully explained; one possible route is:

Front

3

LAz!
Jte . JrnJ o

Fig. 1: Comparative recordings of the reflectance scans ofa mixture of phenylethylaming ),
tyramine (2), serotonin (3) and histamine (4); A. ninhydrin reagent (q.v.), B. ninhydrin —

collidine reagent
cougine reagent.
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buffers the Iayer and allows, for examp]e the d1fferent1at10n of glycme and scnne

CO]lldlne is omltted* (Flg 1) Ammoma vapors mterfcrc w1th the reactlon If the
zones fade rapidly they can be stabilized by complex formation by the addition of
tin, copper [8], cobalt or cadmium salts to the reagent (cf. also copper(Il) nitrate
reagent for the stabilization of “ninhydrin spots™).

Procedure Tested

Gentamycin Complex [2, 3, 10}

Method Ascending, one-dimensional development at 10—12°Cin a
twin-trough chamber, with 25% ammonia in that part not
containing mobile phase. The chamber was equilibrated for
15 min before starting development.

Layer HPTLC plates Silica gel 60 (MERCK) prewashed by develop-
ing three times with chloroform — methanol (50 + 50) with
intermediate and final drying at 110 °C for 30 min.

Mobile phase Chloroform — ethanol — ammonia solution (25%) (10
+9 +10).
The lower organic phase was employed.

Running time ca. 20 min

Detection and result: The chromatogram was treated in a stream of cold air for
30 min in order to remove the mobile phase, it was then immersed in the reageni
solution for 1 s and finally, after drying in the stream of warm air it was heated
to 95°C for 10 min. After 15 min stabilization time at room temperature blue
chromatogram zones are produced on a colorless background.

Note: Under these conditions gentamycins C, and C,, form a common zone. A
separation can be achieved, for example, with methanol — 0.1 mol/l LiCl in 32%
aqueous ammonia solution (5 + 25) on KC18F plates (WHATMAN) [9].

Ninhydrin — Collidine Reagent 357

In situ quanutatmn The dxrect quantltatlve analys15 of the blue-wolet denvauves

The detecuon hmlts are 50 ng substance per chromatogra.m zone for gentamycm
Cia (AR, 35—40), C; + Ca. (hR 40—45), and C, (hR; 45—50) (Fig. 2).

2

]
—

T

Flg 2 Absorpuon scans (A) ofa blank and (B) of a gentamycm sta.ndard (800 ng substance

solvent from (5)
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Reagent for:

o Epoxides
e.g. trichothecene-mycotoxins [1 6]
valepotriates [7, 17]
o Olefins, acetylene derivatives [8]

o 4-Hydroxycumarin, anthraquinone [8]

e Alkylating agents [9-12] NO,
e.g. sulfur and nitrogen mustard derivatives,
bis-(halogenalkyl)sulfides,
N,N,N-(trihalogenalkyl)amines and i y
N,N-bis-(halogenalkyl)alkylamines [9, 10], 2
diazoalkanes and aziridines [10], Z |
substances with labile halogens [12] SN
o Pyrethroid insecticides
e.g. S-bioallethrine [13] CpoH,oN,O,
M, =21423

e Organophosphorus insecticides [16]

Preparation of Reagent
Dipping solution I  Dissolve 9 g 4-(4-nitrobenzyl)pyridine (NBP) and 90 mg bu-
tylhydroxytoluene (BHT) in 90 ml chloroform.

Dipping solution I Dissolve 24 ml tetracthylene pentamine and 60 mg butyl-
hydroxytoluene in 36 ml dichloromethane.

Spray solution I Dissolve 2—5 g 4-(4-nitrobenzyl)pyridine in 100 ml acetone
{7—10].



360 4-(4-Nitrobenzyl)pyridine Reagent

Spray solution II Dlssolve 92 mg potassium hydrogcn phthalate in 100 m] water

4-(4-Nitrobenzyl )pyridine Reagent 361

and jum hydroxide sofution
(1 mol/1). Dissolve 5 g sodlum perchlorate in this solution [9].

A sodium acetate buffer solution (0.05 mol/l; pH 4.6) may
be employed as an alternative [10].

Spray solution III Piperidine {10] or alternatively a mixture of triethylamine and
acetone (1 + 4) or sodium hydroxide solution (¢ = 10~° mol/l;
pH 8.5-9) (8].

Storage All solutions may be stored for several days in the refrigerator.

Substances 4-(4-Nitrobenzyl)pyridine
Tetraethylene pentamine
Chloroform
Dichloromethane
Acetone
Potassium hydrogen phthalate
Sodium perchlorate monohydrate
Sodium hydroxide solution (1 mol/l)
Pineridine
Piperidine
Triethylamine
Butylhydroxytoluene
(= 2,6-di-tert-butyl-4-methy! phenol)

Reaction

Viethod

1. Epoxides: The chromatograms are dried in a stream of warm air, immersed in
dipping solution I for 1 —2 s and then heated to 120 —150°C for 15— 30 min. They
are then cooled to room temperature and immersed for 1 —2 s in dipping solution
I {i].

2. Acetylene derivatives and substances containing labile halogen: The dried
chromatograms are homogeneously sprayed with spray solution I, dried in a
stream of hot air and sprayed once more with the same solution. The color can
then be intensified by spraying with sodium hydroxide soiution (10~ ° mol/i) (8].
3. Alkylating agents: The chromatograms are freed from mobile phase, then
sprayed homogeneously with spray solution I, dried briefly in a stream of cold air,
sprayed homogeneously with spray solution II and then heated to 105 —140°C for
10 —25 min. After cooling to room temperature they are then sprayed with spray
solution I11[9, 10]

NBP reacts with epoxides according to I to yield methine dyestuffs [14] and with
alkylating agents (R-X, X = e.g. halogen) according to I1 to yield colored pigments
[15).

NO, NO, NO,

|
R‘—CH—(I:H—OH RY-C=CHR2
RZ

4. Organophosphorus insecticides: The chromatograms are freed from mobile
phase, immersed in dipping solution I for 10 s and exposed to a saturated acetic
anhydride atmosphere for 15s. After heating to 110°C for 30 min the
chromatogram is immersed for 10 s in dipping solution II and dried for a few
minutes in a stream of cold air [16].

Trichothecenes, valepotriates, organophosphorus insecticides and alkylating agents
yield blue [1, 7, 9, 16] and acetylene derivatives and substances containing labile
halogens yellow to red-violet [8, 13] chromatogram zones on a colorless back-
ground. The colors produced fade after a short period [7, 10]. By subsequently
dipping the dried chromatogram in liquid paraffin — n-hexane (1 + 2; containing
0.1% butylhydroxytoluene) for 2 s and drying the chromatogram once more in a
stream of cold air the intensity of the colored chromatogram zones is increased
and stabilized for more than 45 min.
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Note. Tnchothecenes and valepomates only react when there is an epoxy group

4-(4-Nitrobenzyl)pyridine Reagent 363

Mobile phase Chloroform — diethylether — toluene — n-hexane (29.3
4+ 257 + 20 + 25)

per chromatogram zone [1] The detecnon hmlts for acetylene denvatwes are 100 -
800 ng substance per chromatogram zone, but not all give a positive reaction 8].

Spray solution I can also be employed as a dipping solution. Dipping solution II

can be replaced by a freshly made up 10% methanolic solution of anhydrous
piperazine.

The reagent can be employed on silica gel, kieselguhr, Si 50 000, cellulose, CN and
RP layers. NH, layers are unsuitable, since no coloration is produced, as are Nano-
SIL C,5 UV,s, plates (MACHEREY-NAGEL), since the whole plate background is
colored violet.

Procedure Tested

Organophosphorus Insecticides [16]

Method Ascending, one-dimensional stepwise development in a twin
trough chamber without chamber saturation.
Layer HPTLC plates Silica gel 60 (MERCK).

Migration distance  a. 6 cm; b. 2cm

Running time a. 20 min; b. 5 min

Detection and result: The chromatogram was freed from mobile phase in a stream
of warm air for 3 min and then immersed in dipping solution I for 10 s and exposed
to a saturated acetic anhydride atmosphere for 15 s. After heating to 110°C for
30 min the chromatogram was immersed for 10 s in dipping solution II and dried
in a stream. of cold air. By subsequent dipping the plate into liquid paraffin —
n-hexane (1 + 2 v/v; containing 0.1% butylhydroxytoluene) for 2 s and drying in
a stream of cold air the intensity of the blue to violet chromatogram zones is
increased and stabilized for more than 45 min.

By this procedure it is possible to derivatize all of the 10 investigated organo-
phosphorus insecticides (Fig. 1).

Insitu quantitation: The direct quantitative determination of the blue-violet deriva-
tives should be made in reflectance at A = 580 nm.
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of each substance per chromatogram zone: 1 = demeton-S-
methylsulfone, 2 = dimethoate, 3a = transmevinphos,

3b = cis-mevinphos, 4 = demeton-S-methyl, 5 = triazophos,
6 = azinphosmethyl, 7 = azinphos-ethyl, 8 = malathion,

9 = parathion-methyl and 10 = parathionethyi.

8
Fig. 1: Absorption scan of a chromatogram track with 150 ng i A7
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Perchloric Acid Reagent S e o o)

Perchloricacid-(70%)————————
Ethanol

Reaction

Reagent for: The reaction mechanism has not been elucidated.

Steroids [1—8]
@ Bile acids [

Method

101
>

Polystyrenes [11] The chromatogram is freed from solvent, dippeq in the reagent solution for 5.—
10 s and then heated to 120 —150°C for 5—10 min. (Caution: Remove perchloric
acid from the back of the chromatographic plate!).

e Antiepileptics [12—15]

e.g. carbamazepine, primidone
& pioe, p Mainly colored zones are produced on a colorless background ; they are fluorescent

o Psychopharmaceuticals [12, 16] HCI0, under long-wavelength UV light (A = 365 nm) and are suitable for quantitative

e.g. chlorodiazepoxide, diazepam, M, =100.46 analysis [9, 10].
nitrazepam, oxazepam L. . .
. Bile acids also yield fluorescence when an only 5% perchloric acid is employed as
o Phenobarbital [12] reagent and the chromatogram is only heated to 100°C until coloration commences
o Fatty acid esters [17] [9]. Steroids can also be detected with 2% methanolic perchloric acid {4].

o Nucleosides, nucleotides [18] Note: Heating for too long and to too high a temperature can lead to charring of

the substances. For this reason heating, for example, to 80°C for 30 min has also
e Sugars [19, 20] been recommended [11]. The dipping solution can also be employed as a spray
o Indoles solution.

-g. trypt . . -
&g tryptophan, tryptamine [21] Danger warning: Perchloric acid sprays can condense in the exhausts of fume

cupboards and lead to uncontrolled explosions! Dipping is to be preferred for this

reason.

. The reagent can be employed on silica gel, kieselguhr and Si 50 000 layers.
Preparation of Reagent
Dipping solution  Add 50 ml perchloric acid (70%) carefully to 50 m! water and Procedure Tested

after cooling dilute the mixture with 50 ml ethanol.

Caoavhom amas o, 12 141
Spray solution I  For steroids: 20% aqueous perchloric acid. bamazepine {13, 14}
. . . L Method Ascending, one-dimensional development in a trough
S lution II For bil : 60% .
pray solution or bile acids: 60% aqueous perchloric acid. chamber. After application of the samples the TLC plate
Storage The reagent solutions may be stored for an extended period of was equilibrated in a chamber at 42% relative humidity for

$3enn PR ¥ WNUL S TOC T SN SRS SIS LI
ue. Cd. OV I 40d inen acvcjoped mmmeuidicly.
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Layer HPTLC plates Silica gel 60 (MERCK). Before application

ed three times with

Perchloric Acid Reagent 367

References

chloroform — methanol (1 + 1) and dried at 110°C for
30 min after each wash.

Mobile phase Chloroform — acetone (16 + 3).
Migration distance 7 cm
Running time 20 min

Detection and result: The chromatogram was dried in a stream of cold air, immersed

It could be inspected after allowing to cool for 30 min. Carbamazepine (hR; 30—
35) fluoresced blue in long-wavelength UV light (A = 365 nm).

The fluorescence was stabilized and enhanced by a factor of 30 by dipping into a
solution of liquid paraffin — chioroform — triethanolamine (i0 + 60 + 10).

The detection limit for carbamazepine was 50 pg per chromatogram zone.

In situ quantitation: The direct fluorimetric analysis was carried out under long-
wavelength UV light (4., = 365 nm; A; > 430 nm, Fig. 1).
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Peroxide Reagent 369

(1-Naphthol — N*-Ethyl-N*-
A(2-methanesulfonamidoethyl)-
2-methyl-1,4-phenylenediamine

Reagent)

Reagent for:
o Peroxides [1]

e.g. hydrogen peroxide, per acids, diacylperoxides,
hydroperoxides, ketone peroxides [1]

U
CaH5 - 1,5 H,80, - H,0
0 o
CoHa~NH—S0,—CHy

CH3

C,oHgO Ci2H2,N30,S - 1,5H,80, - H,0
M,=14417 M, =436.25
1-Naphthol

- Method

Preparation of Reagent

Dipping solution  Dissolve 3 g 1-naphthol in 150 ml methanol and add 1350 ml
water. Dissolve 0.5 g potassium disulfite (potassium metabi-
sulfite) in this solution, add 20 ml glacial acetic acid and dissolve
0.5 g iron(Il) sulfate - 7H,0 followed by 2.2 g N*-ethyl-N*-
(2-methanesulfonamidoethyl)-2-methy1-1,4—phcnylenediamine
(sesquisulfate, monohydrate) (color developer 3, MERCK). Care
should be taken at each step that the solution has clarified

Storage The dipping solution may be used for ca. 1 week. Later it slowly
turns blue causing the plate background to deteriorate
Substances 1-Naphthol

Color developer 3
Potassium disulfite
Tron(I) sulfate heptahydrate

Methanol
Acetic acid (glacial acetic acid)

Reaction

Under the influence of peroxides aromatic amines (color developer 3) react with
phenols to yield quinone imines [1].

. . Oxidizing agent . L.
Aromatic amine + 1-Naphthol ———————— Quinone imine dyestuff.

The chromatograms are freed from mobile phase, immersed in reagent solution
for 1 s or sprayed evenly with it and dried in a stream of cold air. Blue chromato-
gram zones develop in a few minutes on a pale reddish background.

Note: The detection limits for the various peroxides are from 0.5 to 2 pg substance
per chromatogram zone [1]. The reaction works best when the reagent solution is
3—5 days old; later the background absorption increases. The background color-

ation that is nroduced on drvine in a stream of cold air can be largelv avoided by
ation that is proQuced on ¢rying 1n 2 stream of COIC air ¢an de .argely avelged by

drying the plate after dipping in the absence of oxygen, first with a moist and then
with a stream of dry nitrogen [1].

The reagent can be employed on silica gel, kieselguhr, Si 50 000 and particularly

sensitively [1] on cellulose layers.
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Procedure Tested

Peroxide Reagent N

then for a further 15 min over dry mtrogen gas The zone mtcnsny was then ca.

Dibenzoyl Peroxide in Acne Preparations [2]

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

Layer HPTLC plates Silica gel 60 F,s54 (MERCK).

Mobile phase Toluene —dichloromethane — glacial acetic acid (5042+1).

Migration distance 5 cm

Running time 10 min

Detection and result: The chromatogram was freed from mobile phase in a stream
of cold air, immersed in the reagent solution for 1 s and then dried in a stream of
cold air for 15 min. At first reddish and then after 60 min violet chromatogram
zones developed on a pink background (detection limit of dibenzoyl peroxide: ca.
500 ng).

Note: The background coloration could be avoided if the dipped chromatogram

was stored in a chamber first over streaming moist nitrogen gas for 15 min and

In situ quantitation: The direct analysis was carried out at A =510 nm if the zones
were red in color and at 4 = 620 nm if they were violet.

References
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1: Reflectance scans of 5, 1benzoyl perox1de (4 =620 nm); after dipping the
chromatogram was dricd in (A) a stream of cold air and (B ) in a stream of nitrogen.
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1,2-Phenylenediamine — Trichloroacetic Acid Reagent 373

Reaction

Trichloroacetic Acid Reagent

Reagent for:

o a-Keto acids
e.g. ascorbic acid,

NH,
dehydroascorbic acid [1] @: CCl3;COOH
o Sugars [2] N2
CeH;N, C,HC1,0,
M,=108.14 M, =163.39
1,2-Phenylene-  Trichloro-
diamine acetic acid
Preparation of Reagent

The following reactions are to be expected with ascorbic acid and dehydroascorbic
acid:

0 H 0
Ho. NHy e N
OO s O
HO NH, ~2HO N
HOGH H HocH
CH,0H CH,0H

1. Ascorbic acid

o] 0
0 NH, H*] N\
oo e o
o NHy ~2HO i
HQ(I:H HO?H
CH,OH CHQOH

2. Dehydroascorbic acid

Dipping solution  Dissolve 50 mg 1,2-phenylenediamine in 50 ml 10% ethanolic

trichloroacetic acid.

Storage The reagent solution should always be made up freshly.

Substances

Trichloroacetic acid
Ethanol

1,2-Phenylenediamine

Method

The chromatogram is freed from mobile phase in a stream of coid air, either
immersed in the reagent solution for 5s or homogeneously sprayed with it and
then heated to 110—120°C for 10—15 min [2].

Chromatogram zones are produced which exhibit a green fluorescence under long-
wavelength UV light (4 = 365 nm).
Note: The chromatogram can be dipped into liquid paraffin — n-hexane (1 +2)

for 1 s to stabilize the fluorescence.

11

The reagent can be empioyed on silica gel, and celiulose lay
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Procedure Tested

1,2-Phenylenediamine — Trichloroacetic Acid Reagent 375

10 min. After cooling it was immersed for 1 s in liquid paraffin — n-hexane (1 + 2)
hils

Ascorbic Acid and Dehydroascorbic Acid [1}

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

Layer HPTLC plates Silica gel 60 (Merck). Before application of
the samples the layer was prewashed once with the mobile
phase and dried at 110°C for 20 min. Before it was placed
in the developing chamber the prepared HPTLC plate was
preconditioned for 30 min at 0% relative humidity (over
conc. sulfuric acid).

Mobile phase Acetone — toluene — formic acid (60 + 30 + 10).

Migration distance 6cm

gratio 2l ocm

Running time 11 min

Detection and result: The chromatogram was dried in a stream of cold air for
2 min, immersed in the dipping solution for 5 s and then heated to 110°C for

3

to-staoth

In long-wavelength UV light (4=365nm) ascorbic acid (kR 45—50) and
dehydroascorbic acid (RR; 50— 55) yielded green fluorescent zones on an orange-
colored background. The detection limits were less than 5ng substance per

~hramataoram zZone
cnromaiogram 2000,

In situ quantitation: The fluorimetric determination was carried out under. long-
wavelength UV light (Aexc = 365 nm, 4 = 546 nm, monochromatic filter; Fig. 1).

References
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Fig. 1: Fluorescence scans of chromatogram tracks with 200 ng ascorbic acid (A) and 200 ng
dehydroascorbic acid (B): Siart (1), ascorbic acid (2), dehydroascorbic acid (3), p-front {(4).



Phosphomolybdic Acid Reagent

Phosphomolybdic Acid Reagent 371

Reaction

Reagent for:

e Reducing substances
e.g. antioxidants [1 — 3], ascorbic acid [4],
isoascorbic acid [4, 5], vitamin E [1]

o Steroids [6—9]

o Bile acids, bile acid conjugates [9, 10]

o Lipids [11 —14], phospholipids [11, 12]

o Fatty acids [15] or their methyl esters [16]
o Triglycerides [14, 15]

o Subst. phenols [5]

H3(P(M03010)4)
M, =1825.28

o Indoie derivatives [3]

o Prostaglandins [17]

o Components of essential oils
e.g. carvone, agarofuran [18]

o Morphine [5]

A large number of organic substances can be oxidized with phosphomolybdic
acid, whereby a portion of the Mo(VI) is reduced to Mo(IV), which forms blue-
erey mixed oxides with the remaining Mo(VI).

2MoQ3 —— MoO; - MoO;

Reduction

L Y SRl g |

vVieinod

Dry the chromatogram in a stream of warm air and immerse for 2—3 s in the
reagent solution or spray the layer with it until this acquires an even yellow
coloration and dry in a stream of warm air (ca. 2 min).

Blue zones appear immediately or after a few minutes on a yellow background.
The background can then be lightened [7] by placing the chromatogram in a twin-
trough chamber whose second trough contains 25% ammonia solution.

Note: Occasionally in order to achieve optimal color development a brief heating
1s to be recommended after dipping or spraying (normally at 105—120°C for
10 min, or in the case of saturated lipids at 150—180°C). This also causes sugars
to yield blue derivatives. Heating for too long can result in the background being
darkened [11]. The detection sensitivity can be improved by adding 4 ml conc.
hydrochloric acid to every 100 ml reagent solution.

Preparation of Reagent

Dipping solution  Dissolve 250 mg phosphomolybdic acid (molybdatophospho-
ric acid) in 50 ml ethanol.

Spray solution Dissolve 2—20 g phosphomolybdic acid in 100 m! ethanol
[1—3,6—11, 13, 16], in 2-propanol — methanol (70 + 30) [14]
or in water 5, 12].

Storage The solutions may be stored in the dark for ca. 10 days [14].
Substances Molybdatophosphoric acid hydrate
Ethanol

The detection limit per chromatogram zone is 50—200 ng for lipids [11], 200—
400 ng for antioxidants [3] and several ng for ascorbic acid.

The phosphomolybdic acid reagent can be employed on silica gel, aluminium

oxide, polyamide, RP-2, RP-18 and cellulose phases and also on silver nitrate-

impregnated silica gel [13].

Procedure Tested
Lecithin, Sphingomyelin [19]

Method Ascending, one-dimensional development in a linear cham-
ber (CAMAG).
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Layer HP’I‘IC plates Silica gel 60 (MERCK).

1t was best to prewash the layeg
with mobile phase (Fig. 1) and then activate at 120°C foi

15 min. i
Mobile phase Chloroform — methanol — water (30 + 10 + 1.4). i
Migration distance 5 cm
Running time 10 min

Detection and result: The chromatogram was dried in a stream of cold air for
2 min and sprayed three times with the spray reagent until it began to apj
transparent. The plate was dried in cold air after each spray step and finally heated
to 120°C for 15 min. Lecithin (AR, 15) and sphingomyelin (hR; 5—10) appeared
as dark blue zones on a yellow background (Fig. 1).

In situ quantitation: The photometric analysis was performed in reflectance aj
A =650 nm.
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Fig. 1: Reflectance scan of chromnatogram tracks (A: layer prewashed with inobile phase, B;
with methanol) with 750 ng each substance per chromatogram zone. Sphingomyelin (1)1
lecithin (2).
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Reaction

(OPT, OPA)

Reagent for:

o Primary amines [1— 6] CHO
¢.g. aminoglycoside antibiotics @ HS~CH,—CH,~OH
e Amino acids [1, 2, 7—9] cHo
@ Peptides [4, 8, 9] CgHeO, C,HOS
o Imidazole derivatives [1] M, =134.14 M, =178,13
o-Phthalal- 2-Mercapto-
o Indole derivatives dehyde ethanol

e.g. pindolol [10]
hydroxyindolylacetic acid [11 —14]
bufotenine [14, 15]
serotonin, 5-hydroxytryptamine [11, 14—17]
o Ergot alkaloids [18, 19]

In the presence of 2-mercaptoethanol o-phthalaldehyde reacts with primary amines
to yield fluorescent isoindole derivatives [20]:

H
!

c=0 _
@ + HyN=R + HS—CH,~CH,—OH —> @:?\;Q—R
§=°

" S—CHy—CH,—OH

o-Phthalaldehyde Amine 2-Mercaptoethanol Fluorescing derivative

Method

Immerse the dried chromatogram for 1 s in the reagent solution and then heat to
40—50°C in the drying cupboard for 10 min.

Substance zones are produced that mainly yield blue fluorescence under long-
wavelength UV light (4 =365 nm) (indoles occasionally fluoresce yellow [15]),
colored zomes are also produced occasionally. The fluorescence is stabilized by
immersing in 20% methanolic polyethylene glycol solution [3].

For the detection of the ergot alkaloids 0.2 g o-phthalaldehyde in 100 m! conc.
sulfuric acid (1) [15] or buffer solution i H :

Preparation of Reagent

Dipping solution Make 0.1 g o-phthalaldehyde (phthaldialdehyde, OPA) and ,
0.1 ml 2-mercaptoethanol (2-hydroxy-1-ethanethiol) up to
100 ml with acetone.

Storage The reagent solution is stable for severa! days when stored in
the dark at room temperature.

Substances Phthaldialdehyde
2-Mercaptoethanol
Acetone

(11, 12, 15, 19] or sulfurous acid [17] is occasionally substituted for mercapto-
ethanol.

Note: The reagent can be employed on silica gel, alumina and silica gel plates but
not on amino or polyamide layers. The dipping solution can also be employed as
a spray solution.

If the reaction proves difficult the TLC plate should first be dipped in 1% solution
of triethylamine in acetone or in a solution of 1 to 2 drops sodium hydroxid
solution (¢ = 10 moi/I) in methanol to optimize the pH for the reaction. This effect
can also be achieved by employing borate buffer, pH = 11, instead of acetone in
the spray reagent [10, 11].

Since the fluorescence intensity of the zones on silica gel layers is reduced after a
few minuies the deierminaiion of aromatic amino acids is usually performed on
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cellulose layers, where the ﬂuorescence remams stable for a longer period of time:
o o o the nl

o-Phthalaldehyde Reagent 383

h
u\.uuus me PlalU to

110 °C for 1 h whrle the other zones fade

The detection limits for amino acids and peptides are between 50 and 200 pmol
per chromatogram zone [9], 400 pg for 5-hydroxyindolylacetic acid [11] and 300 pg
for dihydroxyergotoxin [19].

Procedure Tested

Gentamycin C Complex [21]

Meihod Ascending, one-dimensional development in a twin-trough
chamber (CAMAG) with 5 ml ammonia solution (25%) in the
trough free from mobile phase. Chamber saturation: ca.
15 min; development at 10 —12°C.

TrnmT

Layer HPTLC plates Silica gel 60 (MERcK), prewashed by

~

in mi 800 ng
Fi Fluorescence scan of (A) a blank track and (B) a standard gentamycin mixture (
CgL-Qm_ lex per application). Start (1), gentamycin C;, (2), C3/C. (3), C, (4), solvent front

o POl apprLatiOnl). a2 SHReRl 1a b

developing three times with chloroform — methanol (1 + 1) G
and drying at 110°C for 30 min after each development.
Mobile phase Chloroform — ethanol — ammonia solution (25%) (10
+ 9 + 10); the lower organic phase was used for chromatog-
raphy. References
Migration distance ca. 5cm
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[3] Shelley, W. B., Juhtin, L.: J. Chromatogr. 1966, 22, 130-138.
Detection and result: The chromatogram was freed from mo [4] Edvinsson, L., Hakanson, R., Ronnberg, A. L., Sundler, F.: J. Chromatogr. 1972, 67, 81-85.

efection ang reswit: [ he chnromatogram was ficed from mobile pndae for ca.
45min in a current of cold air, immersed for 1 s in the reagent solution and dried
in the air.

Alongside gentamycin C, (hR, 45— 50) and gentamycin C1a (AR; 35—40), genta-

mycins C; and C,, formed a common zone (AR, 40— 45; Fig. 1).

Quantitation could be performed fluorimetrically: 4. =313 nm, ;> 390 nm.
The chromatogram was first immersed for 1 s in a solution of liquid paraffin —
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chromatogram zone for each substance.
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Reagent

. H

Reagent for: ool A NG

f e A°-3p-Hydroxysteroids [1] 7
NO,

e Sterols
‘ e.g. cholesterol [1, 2] Ce¢H3N;04 HCIO,
‘ coprostanol [2] M,=229.11 M, =100.47
! Picric acid Perchioric acid

Preparation of Reagent

Dipping solution Dissolve 100 mg picric acid (2,4,6-trinitrophenol) in 36 ml
acetic acid (96%) and carefully add 6 ml perchloric acid (70%).

Storage The dipping solution should be freshly made up before use.
Substances Picric acid
Acetic acid (96%)

Perchioric acid (70%)

Reaction

Presumably perchloric acid oxidizes the steroids at ring A and these then form
charge transfer complexes with picric acid.
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Method

Picric Acid — Perchloric Acid Reagent 387

In situ quantitation: The absorption-photometric analysis was carried out at
; =378 nm

After drying in a stream of cold air the chromatogram is immersed in the reagent
solution for 1 s and heated to 70—75°C for 3—5 min (until the color develops
optimal intensity). Red-colored zones are usually formed on a white background;
occasionally, however, yellow to brown chromatogram zones, which gradually
fade, are formed on a white to pale yellow background [1].

Note: The reagent can be employed on silica gel and cellulose layers. The coloration
of the stained chromatogram zones is dependent on the temperature and duration
of heating. For instance, cholesterol appears bluish-pink after heating to 75—
80°C for 3—5 min [1], but yellow to brown-colored after heating for 20— 30 min
(cf. “Procedure Tested”).

Warning of danger: The perchloric acid-containing reagent should not be employed
as a spray solution for reasons of safety.

Procedure Tested

Cholesterol, Coprostanol [2]

Method Ascending, one-dimensional development in a trough cham-
ber.
Layer HPTLC plates Silica gel 60 F,s, (MERCK). The plates were

/— Front

K-—— Start

Fig. 1: Absorption scan of a chromatogram track with 250 ng cholesterol and 500 ng
coprostanol per chromatogram zone. Cholesterol (1), coprostanol (2).

prewashed by developing once to the upper edge with
chloroform — methanol (1 4 1) and then activated at 110°C
for 30 min.

Mobile phase Cyclohexane — diethyl ether (10 + 10).
Migration distance 6 cm

Running time ca. 15 min

Detection and result: The developed chromatogram was dried in a stream of cold
air, immersed in the reagent solution for 1 s and heated to 80°C for 20— 30 min
(until optimal color development occurred). Yellow to brown-colored zones were
produced on a pale yellow-colored background; these were suitable for quantita-
tive analysis. The detection limits for cholesterol (AR 20 —25) and coprostanol

25—30) were a few nanograms per chromatogram zone.
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Pinacryptol Yellow Reagent 389

Method

Reagent for:
@ Anionic active and nonionogenic detergents [1—7]

e Organic anions of

Tgani +
aliphatic phosphates, [CoHSO A Mo |
phosphonates, 1\/“\+ )_CH=CH__® CH350,~
sulfates, sulfonates and ’|\l
sulfamates 8, 9] CHs

e Sweeteners C,;H,,N,0,8

e.g. cyclamate, saccharin, dulcin [10] M, =446.48

Preparation of Reagent

Dipping solution  Dissolve 100 mg pinacryptol yellow in 100 ml ethanol (95%)
with gentle heating.

The chromatogram is freed from mobile phase in a stream of warm air and either
\mmersed for 2 s in the dipping solution or homogeneously sprayed with it until
the layer begins to be transparent. In the case of detergents the chromatograms
are evaluated while still moist [3], in the case of sweeteners after drying for 10 min
1n the dark [10j.

Fluorescent chromatogram zones are produced on a dark or fluorescent back-
ground under long-wavelength (A =365 nm) and occasionally short-wavelength
UV light (A = 254 nm).

Note: Detergents fluoresce blue, yellow or orange [1, 3, 5, 6]. On cellulose layers
aliphatic organic anions with chain lengths of at least 3 C atoms yield yellow to
orange fluorescence on a pale green background; increasing chainlength of the
organic part of the molecule has a positive effect and hydroxyl groups a negative
effect on the fluorescence intensity [8]. Inorganic anions, carboxylic acids and
amino acids do not react [8]. Cyclamate fluoresces orange and saccharin and dulcin
can be recognized as orange and dark violet zones respectively [10].

The reported detection limits per chromatogram zone are 5— 50 pg for detergents
[3, 5], 0.025—5 ug for aliphatic phosphate, phosphonate, sulfate, sulfonate and
sulfamate ions [8] and 0.2—1 pg for sweeteners [10].

The reagent can be employed on silica gel, cellulose, polyamide and alumina layers.

Spray solution Dissolve 100 mg pinacryptol yellow in 100 ml water with boil-
ing [2, 3] or in ethanol (95%) with heating [8, 10].

Storage The reagent solution may be stored for several months in the
dark.

Substances Pinacryptol yellow
Ethanol

Reaction

The reaction has not been elucidated. An exchange of counterions is probable in
the case of anionic compounds [8].

Procedure Tested

Sweeteners [10, 11}

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

Layer HPTLC plates Cellulose (MERCK).

Mobile phase Ethyl acetate — acetone — ammonia (25%) (6 + 6 + 1).

Migration distance 2x8cm

Running time 2x 10 min with 5 min intermediate drying in a stream of
warm air.
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Detection and result: The HPTLC plate was freed from mobile phase, immersed
. . - . - and

Pinacryptol Yellow Reagent 391

{7} Longman, G. F.: The Analysis of Detergents and Detergent Products. 3. Wiley & Sons, Ltd.,
Chichester 1975

then immediately stored in the dark for 10 min.

In long-wavelength UV light (4 = 365 nm) cyclamate (hR; 5—10) appeared as a
light orange fluorescent zone while saccharin (AR; 15—20) and acesulfame (AR,
25—30) yielded violet and brownish zones respectively on a pale blue fluorescent
background. Under the chromatographic conditions chosen dulcin lay in the
region of the front. The fluoresence colors are concentration-dependent. At 4 =
254 nm the sweeteners were detectable as weak light fluorescent zones.

in situ quantitation: The fluorimetric determination was carried out at A, =
313 nm and Ay = 365 nm (monochromatic filter M 365; Fig. 1).

-t

— Start

[8] Nagasawa, K., Ogamo, A., Anryu, K.: J Chromatogr. 1972, 67, 113-119.

[9] Takeshita, R., Jinnai, N., Yoshida, H.: . Chromatogr. 1976, 123, 301-307.

[10] Nagasawa, K., Yoshidome, H., Anryu, K.: J. Chromatogr. 1970, {2, 173.— 176.

[11] Klein, 1., Muller, E., Jork, H.: GDCh-training course Nr. 301 ,,Diinnschicht-Chromatogra-
phie fur Fortgeschrittene, Universitat des Saarlandes, Saarbriicken 1988.

[12] Borecky, J.: . Chromaiogr. 1859, 2, 612-614.

Uia

Fig. 1: Fluorescence scan of a chromatogram track with 3 pug each of acesulfame and sac-
charin and 2.25 pg of cyclamate per chromatogram zone. Cyclamate (1), saccharin (2),
acesulfame (3).
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Potassium Hexacyanoferrate(Ill) — ot NI
Ethylenediamine Reagent i
OH * “’N/c B N
Adranaline Ethylene— Condensation
diamine product

Reagent for:

o Catecholamines [1 —4] H,N-CH,CH,-NH,

e 3,4-Dihydroxyphenyl- K 3(Fe(CN)g) C,HgN,
acetic acid {5}
M, =329.26 M. =60.10
@ 3-Hydroxyiyramine {5] Potassium hexacyano- Ethylenediamine
ferrate(II)

Preparation of Reagent

Dipping solution Mix 20 ml methanol and 5 ml ethylenediamine and then add
5 ml of a solution of 0.5 g potassium hexacyanoferrate(III) in

Method

The chromatograms are dried thoroughly in a stream of warm air, immersed in
the reagent solution for 1 s, dried in the air and heated in the drying cupboard at
65 C for 30 min.

Fluorescent zones, which are suitable for quantitation [2], are visible in long-
wavelength UV light (4 > 400 nm).

Note: The dipping solution may also be used as a spray solution [2]. Catechol-
amines are only separable on silica gel layers as their triacetyl derivatives but they
can be separated underivatized on cellulose layers [4].

Procedure Tested

Adrenaline, Noradrenaline, Dopamine, Dopa as Triacetyl Derivatives [6]

Method Ascending, one-dimensional development in a trough cham-

100 mI water.

Storage The s_olution may be kept in the refrigerator for 1 week; how-
ever, it should always be freshly prepared for in-situ quantita-
tion [3].

Substances Methanol
Ethylenediamine

Potassium hexacyanoferrate(I1I)

Reaction

OAn oxidation by potassium hexacyanoferrate(III) adrenaline is converted into
drenochrome which then condenses with ethylenediamine:

a3

ber. After application of the sample the layer was equilibrat-
ed for 30 min in a conditioning chamber at 18% relative
humidity and then developed immediately.

r HPTLC plates Silica gel 60 (MERCK).

Mobile phase Acetone — dichloromethane — formic acid (50 + 50 + 1).
Migration distance 8 cm

Running time 20 min

Detection and result: The chromatogram was dried in a stream of warm air,
immersed in the freshly prepared reagent solution for 1 s and then heated to 80°C

for ca. 15 min. Blue-yellow fluorescent zones were visible under long-wavelength
UV light (4 = 365 nm).
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In s:tu quantltatlon The ﬂuonmetnc analysm was performed at ).m = 405 nm and

200 pg dopamme (hRf 65 70) 400 pe adrenalme (hR; 55 60) or noradrenaline
(AR, 45—50) and 1 -2 ng dopa (AR, 80 —85) per chromatogram zone (Fig. 1).

s

~o— Front
~a— Start

Fig. 1: Fluorescence scan of the catecholamine derivatives (each ca. 10 ng) of noradrenaline 1),
adrenaline (2), dopamine (3), dopa (4).
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ptassium Hexacyanoferrate
Sodium Hydroxide Reagent

Reagent for:

e Vitamin B, and its phosphates [1 —2] K3(Fe(CN)e)
l e Adrenaline, noradrenaline, isoprenaline [3] M, =329.25
| E—
Preparation of Reagent

Dipping solution  First dissolve 10 mg potassium hexacyanoferrate(III) and then
1 g sodium hydroxide pellets in 7 ml water and then dilute the
solution with 20 ml ethanol.

[5] Clotten, R., Clotten, A Hochspannungs-Elektrophorese. Stuttgart : Thieme, 1962.
[6] Wallenstem, B.: Thesis, Universitit GieBen, Institut fiir Pflanzenbau und Pfl
I, 1985.

ichtung

Storage The dipping solution should be prepared fresh before use, since
it is unstable.

Substances Potassium hexacyanoferrate(I1I)
Sodium hydroxide pellets
Ethanol

Reaction

Potassium hexacyanoferrate(IIT) forms, for example, fluorescent thiochrome with
vitamin B, :

CHs

24
] 2O el K,[Fe(cn),] " P/l\d\ﬁ)\ I
J

CH,—CH,OH
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Method

Potassium Hexacyanoferrate(Ill) — Sodium Hydroxide Reagent 397

The developed chromatograms are dried in a stream of warm air for 1 min, then
after cooling they are immersed in the reagent solution for 1 s and dried again in
a stream of warm air for 30 s.

\

The dipping solution can also be used as a spray solution; other concentrations
are also reported in the literature [1 —3].

Vitamin B, and its phosphates yield bluish to bright blue fluorescent zones in
long-wavelength UV light (A = 365 nm). But adrenaline, noradrenaline, dopa and
isoprenaline yield red colors and dopamine blue. Noradrenaline yields an orange-
colored fluorescence in long-wavelength UV light (A = 365 nm).

Note: The reagent may be applied to silica gel, kieselguhr, Si 50000 and cellulose
layers.

Donnndecmn Tacdasd

rroceaiire 1estea

Vitamin B, [2]

Method Ascending, one-dimensional development in a twin-trough

chamber with chamber saturation. After application of the

phase-free part of the twin-trough chamber.

Layer HPTLC plates Silica gel 60 (MERCK) which were prewashed
once to the upper edge of the plate with chloroform —

mathanal 71 L 1) and than deiad o6 11000 £ae N - fen
ClanvUl (1 7 1) alil uiell Ulicd at 11V L 101 Ov 1miil.

Mobile phase Methanol — ammonia solution (25%) — glacial acetic acid
B+1+1).

Migration distance 6 cm
Running time ca. 20 min
Detection and result: The chromatogram was dried in a stream of warm air for

1 min, after cooling it was immersed for 1 s in the reagent solution. After redrying
in a stream of warm air it was dipped into a mixture of chloroform — liquid

paraffin — triethanolamine (6 + 1 +1) for 1 s to enhance (by a factor of 2) and
stabilize the fluorescence and dried again i -

Under long-wavelength UV light (4 = 365 nm) thiamine (AR, 40 —4}5) fippeared as
2 bluish fluorescent zone which could be employed for quantitative analysis
(Fig. 1). The detection limit was 500 pg vitamin B, per chromatogram zone.

In situ quantitation: The fluorimetric quantitation took place under long-wave-
length UV light (Aexc = 365 nm, An > 430 nm).

~a—- Front

W A
Fig. 1 Fluorescence scan of a blank track (A) and of a chromatogram track with 5 ng thiamine
per chromatogram zone (B).
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__ Pyrocatechol Violet Reagent ~~ GeeiwresebmaGneE OB

Reagent for: Ho\é\ IEf
o
o Metal ions (cations) [1 —4]

Ao tim 1o AroanAamal H
C.g. tin in u.Eauum..ta‘.‘..c /j\ SOzH

compounds (stabilizers) {1 —3]

S~
molybdenum, tungsten [4] C,oH,,0-S
1911147

M, =386.38

Pyrocatechol Violet Reagent 399

Colored zones are formed (tin: violet-red to blue) on a yellow ochre background

Note: The dipping solution can also be employed as a spray reagent.

Organotin compounds must first be decomposed before using the reagent [1—3].
This can be done by first heating the chromatogram to 110°C for 30 min and then
exposing it to saturated bromine vapors for 60 min (7—9 drops bromine in a
chamber), the excess bromine is then allowed to evaporate in the air (10 min) and
the plate is treated with the dyeing reagent (1, 3]. Quantitative determinations
should be made at A = 580 nm, the detection limits for organotin compounds are

in the 10— 20 ng per chromatogram Zone range {3
pe Bl gC 1)

The reagent can be employed on silica gel, kieselguhr, Si 50 000 and cellulose
layers.

Procedure Tested
Preparation of Reagent Organotin Compounds 3, 5
i Method ’ Ascending, one-dimensional development in a trough cham-

Dipping solution D'iss(?lve 100 mg pyrocatechol violet (pyrocatecholsulfophtha- ber with chamber saturation.

lein) in 100 ml ethanol. Layer HPTLC plates Silica gel 60 (MERCK).
Storage The reagent should always be freshly made up. Mobile phase Methyl isobutyl ketone — pyridine — glacial acetic acid
Substances Pyrocatechol violet 975+ 15+1).

Ethanol (96%) Migration distance 5 cm

Running time 10 min

Reaction

Pyrocatechol violet forms colored complexes with a variety of metal ions, the
complexes are stable in differing pH ranges.

Method

The chromatogram is freed from mobile phase, dipped for 1s in the reagent

;olution or sprayed evenly with it until the plate begins to be transparent and dried
in a stream of cold air.

Detection and result: The chromatogram was freed from mobile phase (heated to
110°C for 30 min) and then exposed to brofaine vapor for 1 h in a chamber, after
blowing off excess bromine from the layer it was immersed for 1 in the reagent
solution. On drying in air dibutyltin dilaurate (hR; 25—30), dibutyltin dichloride
(hR; 25—30), dioctyltin oxide (AR; 40), tributyltin oxide (hR; 80), tributyltin
chloride (hR; 80) and tetrabutyltin (AR; 85—90) produced persistent blue zones

on a yellow ochre background (Fig. 1).

In situ quantitation: The analysis is performed at A = 580 nm. The detection limits
for the di- and trialkyltin compounds are 10—20 ng and for tetrabutyltin 500 ng
per chromatogram zone (Fig. 2).
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Rhodamine B Reagent

Fig. 1: Chromatogram of organotin compounds. Dibutyltin dilaurate (1), dibutyltin dichlor-
ide (2), dioctyltin oxide (3), tributyltin oxide (4), tributyltin chloride (5), tetrabutyltin (6).

J\J\JL

e Lipophilic substances, lipids [1—3] (CaHs)oN

\ Reagent for:
N(CaHs)2
e.g. triglycerides (3], gangliosides [2] \©[ ]i\/r
fatty acids and fatty acid methyl esters 3, 4] oo

fatty alcohol dinitrobenzoates [5]

e Prenols, prenylquinones, prenyl vitamins [6]

Dolyshenols (7] C15H3:CIN, O3
© roypRemon i M, =479.02
o Flavonols [8]

o Detergents [9]

e

Preparation of Reagent

50 ng 100 ng 200 ng

Fig. 2: Absorption scans of chromatograms with 50, 100 and 200 ng dibutyltin dichloride
per chromatogram zone.
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Dipping solution _ Dissolve 50 mg rhodamine B in 200 ml water.

Spray solution  Dissolve 10 to 500 mg rhodamine B in 100 ml ethanol [3, 7],
methanol [5] or water [2].

Storage Both reagent solutions may be stored over a long period.
Substances Rhodamine B (C.1. 45170)

Ethanol
Reaction

Because it contains amino and carboxylic groups rhodamine B tends to form
zwitter ions which easily associate and can accumulate in lipophilic chromatogram
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Method

Rhodamine B Reagent 403

References

The chromatograms are freed from mobile phase and immersed in the reagent
solution for 1 s or evenly sprayed with it. Red-violet zones are usually formed on
a pink background; they fluoresce a deeper red than their surroundings in long-
wavelength UV light (4 = 365 nm).

Note: Rhodamine B is a universal reagent that can be used on silica gel, talc, starch
[5] and cellulose layers, just as on urea [1] or silver nitrate-impregnated [7] phases.
Liquid paraffin-impregnated silica gel and RP layers are less suitable, since the
background to the chromatographic zones is also inteasely colored. It is often
possible to increase the detection sensitivity by placing the plate in an atmosphere
of ammonia after it has been sprayed or dipped, alternatively it can be oversprayed
with sodium or potassium hydroxide solution.

Procedure Tested

Fatty Acids [10]

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

Layer TLC plates Kieselguhr (MERCK), which were impregnated
before application of the samples b ingle development
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Frt 1982, 242, 196-201
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in a 1% solution of viscous paraffin oil in troleum ether.
Mobile phase Acetic acid — acetone — water (40 + 20 4 4).

Migration distance 17 cm

Running time 60 min

Detection and result: The chromatogram was freed from mobile phase and im-
mersed in the reagent solution for 1s. Arachidic acid (hR; 15— 20), stearic acid
{(hR; 30—35), palmitic acid (AR, 50— 55), myristic acid (2R, 60— 65) and lauric
acid (hR; 70—175) appeared as pink zones on a reddish background.

The reaction was not particularly sensitive on paraffin-impregnated kieselguhr
layers because of background coloration. For quantitation it was better to use the
five-fold more sensitive rhodamine 6G reagent (q.v.).



Rhodamin

Reagent for:

e Lipophilic substances, lipids [1 —11] nE
e.g. hydrocarbons [1]} ' > i z .
fatty acids and fatty acid esters [2, 3] HaC CHy CI
ubiquinones [4]
gangliosides [5]
ctanle COOC,Hg

steroids, sterols i3, 6
triterpene alcohols [7] C,sH;3,CIN,O,
diglycerides, triglycerides [3, 8] M, =479.02

phospholipids [3]

Preparation of Reagent

Rhodamine 6G Reagent 405

Method

The chromatograms are freed from mobile phase and immersed in the reagent
solution for 1 s or evenly sprayed with it. Pink-colored chromatogram zones are
usually formed on a red-violet background, these fluoresce deeper yellow-orange
than their environment in long-wavelength UV light (4 = 365 nm).

Note: Rhodamine 6G is a universal reagent which can also be incorporated in the
TLC layers [4, 9] or added to the mobile phase [4]. The spray reagent can also be
made up in water [8], acetone [4, 6] or ammonia solution (¢ = 2.5 mol/l) [5]. The
visual detection limit is most favorable when the water from the mobile phase or
the detection reagent has not completely evaporated from the layer. ThlS can be
recognized by the fact that the background fluorescence has not turned from red
to pink [4].

It is often possible to increase the detection sensitivity in visible light by exposing
the dipped or sprayed chromatogram to ammonia vapors; it can also be sprayed
with caustic soda or potash solution. When this is done the fluorescence intensity

is reduced on silica gel layers and increased on RP ones.

The reagent can be employed on silica gel, kieselguhr, cellulose an nd Florisil layers;

these can also be impregnated, if desired, with silver nitrate.

Procedure Tested

Fatty-A

Dipping solution  Dissolve 50 mg rhodamine 6G in 100 ml ethanol (96%). o
Spray solution Dissolve 100 mg rhodamine 6G in 100 ml ethanol (96%). Method Ascending, one-dimensional development in a trough cham-
. ber.
Storage Both reagent solutions may be stored for an extended period. . L.
Subst . Layer HPTLC plates RP-18 without fluorescence indicator
ubstances Rhodamine 6G (C.I. 45160) (MERCK)
Ethanol ’
Mobile phase Acetone — acetonitril — 0.1 mol/l aqueous lithium chloride
solution (10 + 10 + 1).
. Migration distance 7 cm
Reaction

Rhodann‘?e 6G accumulates in lipophilic chromatogram zones giving rise to a
stronger fluorescence than in their surroundings.

Running time 8 min

Detection and result: The chromatogram was freed from mobile phase and im-

mersed for 1 s in the reagent soiution. Arachidic acid (AR 35—40), stearic acid
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[10] Jork, H., Kany, E.: GDCh-training course 300 ,.Einfithrung in die Dunnschicht-Chromato-

(hR; 40— 45), palmitic acid (hR, 45— 50), myristic acid (kR¢ 55—60) and lauric graphie* Universitat des Saarlandes, Saarbriicken 1986.
acid (hR; 60—65) appeared as pink-colored zones on a red-violet background; [11] Abdelkader, A. B., Cherif, A., Demandre, C., Mazliak, P:: Eur. J Biocher. 973,32
these fluoresced a deeper yellow-orange than their environment in long-wavelength 155-165.

UV light (4 = 365 nm) (Fig. 1).

In situ quantitation: The fluorimetric analysis was carried out in long-wavelength
UV light (Aexc = 365 nm; A > 560 nm). The detection limit for fatty acids was ca.
100 ng per chromatogram zone.

? — Start

UV

Fig. 1: Fluorescence scan of a fatty acid mixture with 500 ng substance per chromatogram

Zone. Arachidic acid (1), stearic acid (2), palmitic acid (3), myristic acid (4), Iauric acid (5)-

n __
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Silver Nitrate — Sodium Hydroxide Reagent 409

Method >

Sodium Hydroxide Reagent

Reagent for:

o Carbohydrates
¢.g. mono- and oligosaccharides [1 —8]
sugar alcohols [4, 9]
AgNO;  NaOH
M,=169.87 M,=400
Silver nitrate  Sodium
hydroxide

Preparation of Reagent

Dipping solution I Make 1 ml of a saturated aqueous silver nitrate solution up
to 200 ml with acetone. Redissolve the resulting precipitate
by adding 5 ml water and shaking.

Dipping solution II Dissolve 2 g sodium hydroxide pellets in 2 ml water with
heating and make up to 100 ml with methanol.

Storage Dipping solution 1 should be prepared freshly each day,
dipping solution II may be stored for several days.
Substances Silver nitrate
Sodium hydroxide pellets
Acetone
Methanol
Reaction

The ionic silver in the reagent is reduced to metallic silver by reducing carbo-
hydrates.

The chromatograms are freed from mobile phase in a stream of warm air, immersed
in solution I for 1 s or sprayed evenly with it, then dried in a stream of cold air,
immersed in solution II for 1 s or sprayed with it and finally heated to 100°C for
1 —2 min.

Occasionally even without warming brownish-black chromatogram zones are
produced on a pale brown background.

Note: The background can be decolorized by spraying afterwards with 5% aqueous
ammonia solution and/or 5—10% sodium thiosulfate in 50% aqueous ethanoi
2, 3]. The sodium hydroxide may be replaced by potassium hydroxide in dipping
solution 1I [4].

The reagent may be employed on silica gel, cellulose and cellulose acetate layers.

Procedure Tested

Sugar Alcohols [9]

Method Ascending, one-dimensional development in a trough cham-
ber with chamber saturation (15 min).

Layer HPTLC plates Si 50 000 (MERCK). Before application of the

sample the plates were prewashed once by developing in

chloroform — methanol (50 4+ 50) and then dried at 110°C
for 30 min.

Mobile phase 1-Propanol — water (18 +2).

Migration distance 7 cm

Running time 1h

Detection and result: The chromatogram was dried in a stream of cold air, immersed

in dipping solution I for i s, then dried in a stream of cold air, immersed in dipping

solution II for 1 s and finally heated to 100°C for 1 —2 min.
The sugar alcohols sorbitol (AR; 15—20), mannitol (2R, 20— 25) and xylitol (AR
30 —35) appeared as light to dark brown chromatogram zones on a beige-colored

background. The detection limits were 1 ng substance per chromatogram zone.



410 Silver Nitrate — Sodium Hydroxide Reagent

In situ quantitation: The photometric determination of absorption in reflectance

Sulfuric Acid Reagent

was carried out at a mean wavelength of 4= 530 nm (Fig. 1).

3
Fig. 1: Reflectance scan of a chromatogram track with 50 ng substance per chromatogram
zone: sorbitol (1), mannitol (2), xylitol (3).

== —— Start

— Front

1

(
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Reagent for:

@ Steroids [1—3]
e.g. estrogens, androgens, anabolics [1 —4]
bile acids [2, 5, 6]
cholesterol, cholesteryl esters [7]

o Steroid conjugates [6, 8, 9]

& Sapogenins, saponins {2, 10] H,SO
M, =98

o Spironolactone, canrenone [11]
o Cardiac glycosides [2]
o Alkaloids [2]
o Gibberellins [12]
o Prostaglandins [13]
o Lipids
e.g. fatty acids [13], ceramides [14]
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o Phenothiazines [16]
e Triphenodioxazines {17]

e Mycotoxins
e.g. aflatoxins, trichothecenes [12 —20]

e Antibiotics [21, 22]
e Vitamin A acid [23]
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Preparation of Reagent

Sulfuric Acid Reagent 413

temperature [2] and on the solvent employed [1]. For instance, the detection of
prostaglandins is most sensitive after heating to 80°C for only 3 — 5 min [13].

Dipping solution Add 10 ml sulfuric acid (95—97%) cautiously to 85 ml water
while cooling with ice and add 5 ml methanol after mixing
thoroughly.

Spray solution  Add 5—10 ml sulfuric acid cautiously under cooling to 85 to
95 ml acetic anhydride [1], ethanol [1], butanol [5] or methanol

(1.

Storage The dipping solution may be kept at 4°C for an extended
period.

Substances Sulfuric acid (95—97%)
Acetic anhydride
Methanol

Ethanol absolute

Reaction

The reaction mechanism has not yet been elucidated.

Method

The following detection limits (substance per chromatogram zone) have been
reported: steroids (1 — 10 ng) [1, 2], steroid conjugates (< 50 ng) [8], prostaglandins
(< 1 ng) [13], phenothiazines (2 pg) [16].

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

Procedure Tested
Cis-/trans-Diethylstilbestrol, Ethinylestradiol [24]

Methed Ascending, one-dimensional development in a twin-trough
chamber with the spare trough containing 2 ml (25%) am-
monia solution. Before development the HPTLC plate was
preconditioned with eluent vapors for ca. 60 min.

Layer HPTLC plates Silica gel 60 (MERCK); prewashed by triple
development with chloroform — methanol (50 + 50) and

then heated to 110°C for 30 min.
Mobile phase Chloroform — methanol (19 + 1).

Migration distance 5 cm

The chromatogram is dried in a stream of warm air for 10 min, immersed in the
dipping solution for 1—2 s or evenly sprayed with the spray solution, dried in a
stream of warm air and then heated to 95—140°C for 1—20 min.

Under long-wavelength UV-light (1 = 365 nm) characteristic substance-specific
yellow, green, red or blue fluorescent chromatogram zones usually appear which
are often recognizable in visible light [7] — sometimes even before heating [2] —
as colored zones on a colorless background and which are suitable for

fluorimetric analysis [1].

Note: Sulfuric acid is a universal reagent, with which almost all classes of substance
can be detected by charring at elevated temperatures (150—180°C). The pro-
duction of colored or fluorescent chromatogram zones at lower temperature:
(< 120-C) and their intensities are very dependent on the duration of heating, the

Running time ca. 10 min

Detection and result: The chromatogram was freed from mobile phase and am-
monia vapors and immersed twice for 10 s in reagent solution, with intermediate
drying in a stream of cold air, and then heated to 95°C for 12 min. The steroid
derivatives were then visible under long-wavelength UV light (4 = 365 nm) as light
blue fluorescent zones on a dark background: cis-diethylstilbestrol (AR 15—20),
trans-diethylstilbestrol (#R; 40— 45) and ethinylestradiol (AR; 50 —55).

In situ quantitation: The chromatogram was immersed twice for ca. 1's with brief
intermediate drying in a mixture of chloroform — liquid paraffin and tri-
ethanolamine (60 4 10 + 10) to stabilize the fluorescence (for ca. 24 h) and in-
crease its intensity (by a factor of ca. 3). The analysis was made in UV light
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(Aexe = 313 nm, Ay > 390 nm); the detection limit was 500 pg per chromatogram
zone (Fig. 1)
= AN =3 7

Sulfuric Acid Reagent 415

[10] Nakayama, K., Fujino, H., Kasai, R., Tanaka, O., Zhou, J.: Chem. Pharm Bull. 1986, 34,
2209-2213.

Note: The result of the analysis is extremely dependent on the acid concentration
employed, the immersion time and the subsequent temperature and duration of
heating.

-~

N

Fig. 1: Fluorescence scan of a blank (A) and of a diethylstilbestrol-ethinylestradiol mixture
(B), each with 10 ng substance per chmmatogram zone. Start (1), cis-diethylstilbestrol (2),

+h s -
trans-diethylstilbestrol-(3)-ethensylestradiol-(4); front-(5)-
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Tetracyanoethylene Reagent PO
| = u
o
(TCNE Reagent) S
H
/ n-Complex
o~ AS NG ON | o
+  C=C -
O N NG ON L o
. H |
Reagent for: - ch\ NC. G\
/c’ CN
e Aromatic hydrocarbons and 7 | A
heterocyclics [1, 2] x I|1
e Aromatic amines and phenols [2, 3] NC N H
o Indole derivatives [3, 4, 6] " /C=C\CN Indole TCNE Tricyanovinyl derivative
e Carbazoles [3] CeN,
e Phenothiazines [5] M, =128.09

Preparation of Reagent

Dipping solution Dissolve 0.5 g tetracyanoethylene (TCNE) in 100 ml dichloro-

Method
The chromatograms are freed from mobile phase in a stream of warm air, immersed
for 1 s in the dipping solution or sprayed evenly with the spray solution and dried

for a few minutes in a stream of cold air [4, 6] or at 80°C.

Variously colored chromatogram zones are formed on a pale yellow background.

methane.

Spray solution Dissolve 0.5—1g TCNE in ethyl acetate [3], dichloromethane [4]
or acetonitrile [5].

Storage The reagent solutions may be kept for several days.
Substances Tetracyanoethylene

Dichloromethane
Reaction

Tetracyanoethylene yields a colored n-complex with aromatic compounds; in
the case of aromatic amines, phenols and indoles these then react to yield the
corresponding tricyanovinyl derivatives {3, 4].

Note: For some of the substances the intensities of coloration are only stable for
ca. 2 h; in the case of phenols the coloration intensifies during this time [2]. The
detection limits for indole derivatives lie in the lower nanogram range.

The reagent can be employed on silica gel, kieseiguhr, Si 50000 and ceiiuiose iayers.

Procedure Tested

Indole and Indole Derivatives [6]

Method Ascending, one-dimensional development in a trough cham-
ber with chamber saturaiion.
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Layer HPTLC plates Silica gel 60 (MERCK).

Tetracyanoethylene Reagent 419

References

Mobile phase Toluene — ethyl acetate (50 + 15).
Migration distance 7.5 cm
Running time 17 min

Detection and result: The chromatogram was freed from mobile phase in a stream
of warm air, immersed in reagent solution for 1 s and dried in a stream of cold
air.

5-Nitroindole (7R 40 —45), 5-chioroindoie (7R; 60— 65) and indole (7R¢ 70—75)
yielded orange-yellow chromatogram zones on a pale yellow background. If the
chromatogram was exposed to ammonia vapor for 15 s the color was intensified.
The detection limits were 10 ng substance per chromatogram zone.

In situ quantitation: The photometric scanning in reflectance was carried out at a
mean wavelength of A = 460 0 (max (s-nitroindote) = 450 NI, Amas (s-chioroindole) =
460 DM, Ay (indotey = 480 nm; Fig. 1).
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[5] Forrest, J. E., Heacock, R. A.: J. Chromatogr. 1973, 75, 156- 160.

[61 Helllgenthal M., Funk W.: Private communication, Fachhochschule GieBen, Fachbereich
, GieBien 1988; J. Planar Chromatogr. 1989, in press.
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Fig. 1: Reflectance scan of a chromatogram track with 80 ng per chr m

zone: 5-nitroindole (1), 5-chloroindole (2) and indole (3).
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Trichloroacetic Acid Reagent 421

Mainly light blue fluorescent zones appear under long-wavelength UV light

Reagent for:

e Steroids [1]

AT _1_*a_ £ ___
Ikaloids from

.
e.8. verat.rum [1], CCl;-COOH
colchicum [2] C,HC1;0,
e Digitalis glycosides [3, 4] M, =163.39

e Vitamin D, [5]

e Benzodiazepin-2-one derivatives [6]

Preparation of Reagent

Dipping solution Dissolve 5 g trichloroacetic acid in 50 ml chloroform [2] or
ethanol.

—StorageThe dipping solution may be kept for at least t week at room

(7-=-365-nm)-

Note: A few drops of 30% hydrogen peroxide solution are added to this reagent
when detecting digitalis glycosides [4, 7]. Digitalis glycosides of the A series fluor-
esce yellow-brown, those of the B series brilliant blue and those of the C series
pale blue [7]. The fluorescence can be stabiiized and intensified by dipping the
plate into a solution of liquid paraffin — n-hexane (1 +2).

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

Procedure Tested
Steroids [1]
Method Ascending, one-dimensional development in & trough cham-

ber. The layer was conditioned for 30 min at 0% relative
humidity after the samples had been applied.

Layer HPTLC plates Silica gel 60 Fs54 (MERCK), which had been
prewashed by developing once to the upper edge of the plate
with chloroform — methanol (50 + 50) and then activated

at 110°C for 30 min.
Mobile phase Cyclohexane — diethyl ether (50 + 50).
Migration distance 6 cm

temperature.

Substances Trichloroacetic acid
Chloroform

Reaction

The reaction mechanism has not yet been elucidated.

Method

After drying in a stream of cold air the chromatograms are immersed for 1s in

the reacent colution ar enra 5 H ad 7o) .
iAW Awiagwial 37 (< a a i
fu sclution or sprayed with it and then heated at 120°C for 10 min

Running time ca. 15 min

Detection and result: The chromatogram was dried in a stream of cold air and
then intensively irradiated with UV light (A = 365 nm) for 2 min and then immersed
in the reagent solution for 1 s. It was finally heated to 120°C for 10 min and after
cooling dipped into liquid paraffin — n-hexane (1 +2) to intensify and stabilize
the fluorescence. Light blue fluorescent zones were produced under long-wave-
length UV light (1 = 365 nm) by cholesterol (hR; 20 —25), coprostanol (AR; 25—
30), 4-cholesten-3-one (hR; 40—45), Sa-cholestan-3-one (hR;: 60) and co-
prostanone (kR 70).

In situ quantitation: The fluorimetric analysis was carried out under long-wave-
length UV light (i, =365 nm, in > 430 nm; Fig. 1). The detection limit was

several nanograms substance per chromatogram zone.
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Trinitrobenzenesulfonic Acid Reagent

-— Front
Start

|
(N U U U
Fig. 1: Fluorescence scan of a chromatogram track with 250 ng of each substance per

chromatogram zone (exception coprostanol with 500 ng). Cholesterol (1), coprostanol (2),
4-cholesten-3-one (3), Sa-cholestan-3-one (4), and coprostanone (5).

(TNBS Reagent)

0sH
Reagent for: 0y NO,
| e Amino acids [1] s
e Aminoglycoside antibiotics [2, 3] CsH3N3;00S
¢.g. neomycin, gentamycin M,=293.2

Preparation of Reagent

Dipping solution Dissolve 100 mg 2,4,6-trinitrobenzenesulfonic acid in a mixture
of 20 ml acetone, 20 ml ethanol and 10 ml water.

References Storage The reagent should always be freshly made up.
[1] Schade, M.: Thesis, Fachhochschule GieBen, Fachbereich Technisches Gesundheitswesen, Substances 2,4,6-Trinitrobenzenesulfonic acid
1986. Acetone
[2] Miiiler, J.: Thesis, Fachhochschule GieBen, Fachbereich Technisches Gesundhei , 1987. Ethanol
[3]1 Horvath, P., Szepesi, G., Hoznek, M., Vegh, Z., Mincsovics, E. : Proceedings of the 2nd Inter-
national Symposium on Instrumental HPTLC, Interlaken. Bad Diirkheim : IfC-Verlag, 1982,
p. 295-304.
4] Balbaa, S. I, Hilal, S, H, Haggag, M. Y.: Planta Med. 1970, 18, 254-259.
[5] Zeller, M. : Thesis, Fachhochschule Gieien, Fachbereich Technisches Gesundheitswesen, 1986. Reaction

[6] Steidinger, J., Schmid, E.: Arzneim. Forsch. 1970, 20, 1232-1235.
[7] Aldrich, B. J., Frith, M. L., Wright, S. E.: J Pharm. Pharmacol. 1956, 8, 1042-1049.

On heating primary amines form colored MEISSENHEIMER complexes with
trinitrobenzenesulfonic acid.

02 \02
o, a1 R-HN
R-NHp + HO3S NO, > NO,

NO, NO2
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Method

Trinitrobenzenesulfonic Acid Reagent 425

Insitu quanhtanon The UV absorpuon was rccorded in reﬂectance at A =353 nm.

The chromatograms are freed from mobile phase, immersed in the reagent solution
for 1's or sprayed evenly with it, dried in a stream of warm air and heated to
100°C for 5 min.

Deep vellow-colored zones are

n N ain
CRoOW-Colore relormeconap yeuOW SLOUnG, LOCsC rémain

v131b1e for ca. 2 days.

Note: Ammonia interferes with the reaction and must be removed from the layer
completely before application of the reagent.

The reagent can be employed on silica gel and kieselguhr layers. NH, layers are
not suitable.

Procedure Tested
Gentamycin C Complex [2]
Method Ascending, one-dimensional development at 10—12-C in a

twin-trough chamber with 5 ml ammonia solution (25%) in
the second trough; chamber saturation for 15 min.

Layer HPTLC plates Silica gel 60 (MERCK) which had been pre-
washed by developing three times with chloroform — meth-

—— >

W s

1
- A
AValle
Fig. 1: Reflectance scan of a blank track (A) and of a gentamycin standard track (B) with

800 ng gentamycin mixture per starting zone. Start (1), gentamycin C,, (2), gentamycin C,/
C;a (3), gentamycin C, (4) and solvent front (5).

anol (1 + 1) and then dried at 110°C for 30 min.

Mobile phase Chloroform — ammonia solution (25%) — ethanol (10
+ 10 + 9); the lower organic phase was employed.

Migration distance ca. 5cm
Running time ca. 20 min

Detection and result: The HPTLC plates were freed from mobile phase (ca. 30 min

n o ofteanms Afanld ote slo oot o

in a stream of cold air, the ammonia must be removed as completely as pOSSlDlE),
immersed in the reagent for 1 s, dried in a stream of warm air and then heated to
100°C for 4 — 5 min.

The gentamycins Cy, (hR, 35—40), C,/Ca, (hR; 40—45) and C, (hR; 45— 50)

o o Fanac an o mola call e oo Al e cian 1
yielded intense yellow-colored zones on a pale yellow background.
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Preparation of Reagent

Reagent
(Mandelin’s Reagent)
(Ammonium Monovanadate —
Sulfuric Acid or Vanadium

SR Q160 e AN ran
Pentoxide — Sulfuric Acid Reagent)
Reagent for:

e Carbohydrates and derivatives
e.g. monosaccharides [1—4]

oligosaccharides [1—3]
sugar alcohols (hexitols) [1, 3, 4]
alkylglycosides [1, 3]
uronic acids 1, 3]

e Glycols [1, 4]

o Diethylene glycol (4]

NH,VO,;
M, =116.98
Ammonium monovanadate

V.05

‘e Reducing carboxylic acids {1]
e.g. ascorbic acid, glycolic acid,
oxalic acid, pyruvic acid

o Steroids [5]

e Antioxidants 3]

e Vitamins [5]

o Phenols [5, 6]

e Aromatic amines [5]

e Antihypertensives (f-blockers) [7, 9]
e Pyrazolidine derivatives [8]

e Laxatives [10]

M =18188—
Vanadium pentoxide

H,SO,
M, =98.08
Sulfuric acid

Dipping solntion

Spray solution Ib

Spray solution I

Storage
Substances

| Reaction

Dissolve 0.6 g ammonium monovanadate (ammonium meta-
vanadate) in 22.5ml water and carefully add 2.5 ml conc.
sulfuric acid and 25 ml acetone.

Dissolve 1.2 g ammonium monovanadate in 95 ml water and

carefully add 5 ml conc. sulfuric acid [1, 2].

Dissolve 18.2 g vanadium pentoxide in 300 m! aqueous sodium
carbonate solution, (cns,co, = 1mol/l), with heating; after
cooling carefully add 460 ml sulfuric acid, (cy,so, = 2.5 mol/l),
and make up to 11 with water. Remove excess CO; in the
ultrasonic bath [1, 3, 4].

B-Blockers: Saturated solution of ammonium monovanadate
in conc. sulfuric acid [7].

The reagent solutions may be stored for an extended period.

Ammonium monovanadate
Vanadium(V) oxide

Sulfuric acid

Sodium carbonate decahydrate
Acetone

The yellow colored vanadyl(V) ion is transformed to the blue vanadyl(IV) ion by
reaction with reducing agents.

vo;

Yellow

H*

SN

Sugar Oxidized sugar Blue
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Method

Vanadium(V) — Sulfuric Acid Reagent 429

Atenolol (hR, 25— 30) bumtrolol (hR, 40 45) and alprenolol (hRf 50 55) ap—

The chromatogram is freed from mobile phase, immersed for 2 s in the dipping
solution or sprayed evenly with spray solution Ia or Ib until it starts to appear
transparent and then heated to 100—120°C for 5min. After cooling the
chromatogram can be sprayed briefly once more to decolorize the background [4].

Spray solution II is employed for the detection of S-blockers [7]; here the plates
are analyzed immediately after spraying.

In the case of carbohydrates blue chromatogram zones are produced on a yellow
background that slowly fades [2], Steroids , vitamins, antioxidants, phenols and
aromatic amines yleld, sometxmes even at room temperature, variously colored
chromatogram zones [5]. f-Blockers and laxatives also acquire various colors [7,

10]. The detection limits are in the nanogram to microgram range [5].

Note: The reagent can be employed on silica gel, kieselguhr, Si 50 000 and cellulose
layers. At room temperature sugars and sugar derivatives react at different rates
depending on the functional groups present [1], e.g. ketoses react more rapidly
than aldoses. It is possible to differentiate substance types on this basis [1, 3].

were visible as light blue ﬂuormcent zones on a famt blue background in long-
wavelength UV light (1 = 365 nm).

In situ quantitation: The fluorimetric determination was carried out in UV light
(Aexe = 313 nm, 44 > 390 nm; Fig. 1). The detection limits were 50 ng substance
per chromatogram zone.

w

J WU

Fig. 1: Fluorescence scan of a chromatogram track with 1 pug sybs?anoe per chromatogram
zone. Start (1) atenolol (2), bunitrolol (3), alprenolol (4) and “dipping” front (5).

Procedure Tested

p-Blockers [9]

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

Layer HPTLC plates Silica gel 60 (MERCK) which had been pre-

washed by developing once with chloroform — methanol
(50 + 50) and then heated to 110°C for 30 min.

Mobile phase Ethyl acetate — methanol — ammonia solution (25%) (40
+5+5).

Migration distance 6cm

Running time 15 min

Detection and result: The chromatogram was freed from mobile phase (20 minin
a stream of warm air), immersed in the dlppmg solution for 2 s, dried briefly in a

stream of warm air and heated to 126°C for 10 min.
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Reaction

Reagent

Reagent for:

e Steroids, sterols [1 —4]

o Triterpenes [4, 5]

e Cucurbitacins
(bitter principles) [4, 6]

o Digitalis glycosides [7, 8]
o Prostaglandins [9]

o Saponins [10, 11]

e.g. estrogens, anabolics [2, 3]

i
HO—Q—C:O

ocu
Olhs

CgHgO3 H;PO,
M, =152.15 M, =98.00
Vanillin ortho-Phos-
phoric acid

The reaction probably occurs according to the following scheme:

H
HsC
/ili-CECH 20
<
H
H+
+ —> 3
HO OCHy
Ethinylestradiol OH
(1) &)
Hye QH He M
OH JC=CH ~C=CH
S\ Ht 7=\
4 \) —
-1 _’_Hzo _
OCHy [or OCH; o
) (4)
Method

The dned chromatograms (15 min in a stream of warm a1r) are bneﬂy immersed

~ Preparation of Reagent

Dipping solution Dissolve 1 g vanillin (4-hydroxy-3-methoxybenzaldehyde) in
25 ml ethanol and add 25 ml water and 35 ml ortho-phosphoric

acid.
Storage The solution may be kept at 4°C for ca. 1 week.
Substances Vanillin

ortho-Phosphoric acid (85%)

Ethanol

160°C for 5—15 min. Colored zones are produccd on a pale background in
the case of digitalis glycosides, cucurbitacins and sterols these fluoresce in long-
wavelength UV light (A = 365 nm) [4, 7].

Note: The reagent can be employed on silica gel, kieselguhr, Si 50 000 and RP
layers. Hydrochloric or sulfuric acid can be employed in place of phosphoric
acid (q.v.). The detection limits for steroids and digitalis glycosides are several
nanograms per chromatogram zone.
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In situ quantltatlon The absorption photometnc analysis was made at A= 540 nm

ethynylestradiol was 12 ng and that for dlethylstllbestrol 3 ng per chromatogram

Procedure Tested

tethynylestradiot)—and—1—605nm(diethyl
Estrogens, Anabelics [3]

zone.
Method Ascending, one-dimensional development in a twin-trough

chamber with 2 ml 25% ammonia solution in the chamber
free from mobile phase. After application of the sample and
before development the plate was preconditioned for 60 min
over the mobile phase.

Layer HPTLC plates Silica gel 60 (MERCK), which had been pre-
washed three times with chloroform — methanol (50 + 50)
and then dried at 110°C for 30 min.

Mobile phase Chloroform — methanol (19 + 1).
Migration distance ca. Scm
Running time ca. 10 min

Detection and result: The chromatogram was dried in the air, immersed in the

reacant calution for § ¢ and than hantad 6 1 MO Fae § main ~fo Thatholotilhacted
Ivaguiin SUILUON 107 J 5 aliG Uil 1ivawd 0 14v L 107 J . CiS-L/iCUiyiSui oCsiion

(hR; 15—20) and trans-diethylstilbestrol (kR 40—45) turned red; while
ethynylestradiol (hR; 50— 55) appeared blue.
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Fig. 1: Absorption scan of a blank track (A) and of a mixture of estrogen anabolics with
100 ng of each substance per chromatogram zone (B). Start (1), cis-diethylstilbestrol 2),
trans-dicthyistilbestrol (3), 17-a-ethynylestradiol (4), solvent front (5).
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-X

Reagent

— — .

Reagent for:

)
HO C=0
e Amines, amino acids
e.g. aminoglycoside OCHs
antibiotics [1, 2] CsHgO, KOH
M,=152.15 M, =56.11
Vanillin Potassium

hydroxide

Preparation of Reagent

Dipping solution I  Dissolve 1 g vanillin (4-hydroxy—3—methoxy—benzaldehyde) in
50 ml 2-propanol.
Dipping solution I Make 1 ml 1 mol/] potassium h

- ydroxide soluti
with ethanol. ution up to 100 ml

s in th ige-
rator. y e refrige

Substances Vanillin
2-Propanol

Potassium hydroxide solution (1 mol/y)
Ethanol

eaction
neaction

Vanillin reacts with primary amines in w
colored SCHIFF’s bases whereby colored
time.

eakly basic media to form fluorescent or
phenolates are also produced at the same

H
HO —Qc:o + HoN-R wo—d N ioncr

- H0 >_/
OCHy OCH3

Vanillin Primary amines SCHIFF’s bases

Method

The chromatograms are freed from mobile phase (10 min stream of warm air),
immersed for 1 sin solution I, dried for 10 min at 110°C, then immersed in solution
[1 and finally heated once again for 10 min to 110°C.

Variously colored zones are produced; these can frequently be excited to fluores-
cence by long-wavelength UV light (4 = 365 nm) [3].

Note: The dipping solution can also be employed as a spray solution.

Ornithine, proline, hydroxyproline, pipecolic acid and sarcosine yield red zones,
glycine greenish-brown and the other amino acids weakly brown ones [3]. The
colors of the zones are different if an alcoholic solution of potassium carbonate is
used for basification instead of dipping solution II.

Characteristic fluorescence often appears under long-wavelength UV light (4 =
365 nm) after drying for the first time (before the use of reagent solution II): e.g.
ornithine yields a strong greenish-yellow fluorescence and lysine a weak one, while

P
Storage The solutions may be stored for several da hydroxyprotine-appears tight btue:

The reagent can be employed on silica gel, kieselguhr or cellulose layers. Amino
phases and polyamide layers are unsuitable.

Procedure Tested
Gentamycin C Complex [1, 2|

Method Ascending, one-dimensional development at 10—12°Cin a
twin-trough chamber with 5 ml ammonia solution (25%) in
the second part of the chamber; chamber saturation for

46
10 MiI.
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Layer HPTLC plates Silica gel 60 (MERCK), which had been pre-
wa i i i oroform — meth-
anol (1+1) and heated to 110°C for 30 min after each
development.

Mobile phase Chloroform — ammonia solution (25%) — ethanol (10

+ 10 + 9); the lower organic phase was employed.

Migration distance ca. 5cm

Running time ca. 20 min

Detection and result: The chromatogram was freed from mobile phase (45 min,
stream of cold air), immersed in reagent solution I for 1s, dried at 110°C for
10 min, immersed in solution II and heated to 110°C for a further 10 min.
Gentamycins Cy, (kR; 35—40), C2/Caa (R 40—45), C, (hR; 45—50) produce
yellow zones on a pale yellow background.

In situ quantitation: The absorption photometric determination was carried out in
long-wavelength UV light (1 = 392 nm). The detection limit was 40 ng gentamycin
per chromatogram zone (Fig. 1).

[1] Kiefer, U.: Thesis, Fachhochschule GieSen, Fachbereich Techni_sches Gesund?xeitswesen, 1984.
2] Funk ’W. Canstein, M. v., Couturier, Th., Heiligenthal, M., Kiefer, U,, Schiierbach, S. ,“Slom-
mer. i) i’roceedings of the 3rd International Symposium on Instrumental HPTLC, Wurz-
, D c X Sym
burg. Bad Diirkheim: IfC-Verlag, 1985, p. 281-311. )
[31 Curgzon. G., Giltrow, J.: Nature (London) 1953, 172, 356-357: 1954, 173, 314-315.

|
.

Fig. 1: Absorption scan of a blank track (A) and of a gentamycin standard track (B) with
500 ng gentamycin C 1= C,. mixture per starting zone. Start (1), gentamycin C,, (2), gentamycin

~

C,/C2. (3), gentamycin C, (4) and solvent front (3)-
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Reaction

Reagent

—

Reagent for:

o Flavonoids [1 —3]

| ® Mycotoxins
e.g. sterigmatocystine [2]
o Steroids
ZrOCl, -
e.g. estrogens [4, 7] M, ;32?;;0

® Purines, pyrimidines [4]
o Cardiac glycosides [3]
‘ ® Lipids
e.g. fatty acids, phospholipids, choles
! cholesteryl esters [4]
triglycerides [4, 6]

o Sugars [4]

® Prostaglandins [4]

The reaction mechanism has not yet been elucidated [4].

Method

The chrema'ﬂm'ﬂm“ are freed from mobile nhacp immersed in the d;p};\;ng Q@ll_lti@

for 1 s or sprayed evenly with it and normally heated to 100—120°C for 10
[2, 5, 6], or sometimes to 150 —180°C for 5 to 60 min [4].

Mainly yellow-green to bluish fluorescent chromatogram zones are formed on a
dark background under long-wavelength UV light (A = 365 nm).

Note: Flavonoids react with the reagent even at room temperature [1]; mycotoxins,
steroids, purines, pyrimidines, cardiac glycosides and lipids only react on heating
[2, 4—6]. Zirconyl sulfate can be used to replace the zirconyl chloride in the
reagent; this is reported to result in an increase in the sensitivity to certain groups

reagent; 118 18 reported 1o resull in an increase in

of substances (e.g. cholesteryl esters, triglycerides) [4].

The chromatogram can be sprayed with liquid paraffin — n-hexane (2+1) to
increase the fluorescence intensity [2]. The detection limits per chromatogram zone
are 0.5—1 ng for cardiac glycosides [5], triglycerides [6] and sterigmatocystine [2]
and 25 pg for estrogens [7].

Preparation of Reagent

h:..n o
ipping solution Dissolve 1 g zirconium(IV) oxide chloride octahydrate (zirconyl

chloride) in 50 ml methanol.

Spray solution Dissolve 2 to 25 g zirconium(IV) oxide chloride octahydrate in
100 ml methanol [1], ethanol — water (55 + 15) [5] or water [4].

Storage The reagent solutions may be stored for an extended period
Substances Zirconium(IV) oxide chloride octahydrate

Methanol

Ethanol

The reagent, which can also be employed to impregnate the layer before
chromatography, is best suited for silica gel layers [4]; it can, however, also be
employed on aluminium oxide, kieselguhr, Si 50000, cellulose and polyamide

layers [4].

Estriol, Estradiol, Estrone [7]

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

Layer HPTLC plates Silica gel 60 (MERCK), which had been pre-
wa i i = nol
(14 1) and then activated at 110°C for 30 min before sample
application.

Mobile phase Toluene — ethanol (9 + 1).

Migration distance 7 cm

Running time 15 min

Detection and result: The chromatogram was freed from mobile phase in a stream
of cold air, conditioned for 15 min in ammonia vapor (placed in a twin-trough
chamber whose second part contained 25% ammonia solution). It was then im-

mediately immersed in the reagent solution for 1 s and heated to 180°C for 15 min.

Estriol (AR; 10— 15), estradiol (hR; 30—35) and estrone AR, 40—45) appeared
under lono-wavelen gl ¥Tv7 1

under ‘ong-waveiength UV light (4 = 365 nm) as light blue fluorescing chromato-
gram zones on a dark background.

In situ quantitation: Fluorimetric analysis was carried out by excitation at
Aexe = 313 nm and detection at A1> 390 nm. The detection limits were 25 pg sub-
stance per chromatogram zone (Fig. 1).

[1] Poethke, W., Schwarz, C., Gerlach, H.: Planta Med. 1970, 19, 177-188.
[2] Gertz, C., Bosch , L.: Z. Leb Unters. Forsch. 1980, 171, 335-340.
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[6] Négele, U., Hagele, E. O., Sauer, G., w165 nan E,L
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Y

Fig. 1: Fluorescence scan of a chromatogram of ca. 50 ng each of estriol (1), estradiol )
and estrone (3) per chromatogram zone



Name Reagents

Reagent Acronyms

Name Reagents

BESTHORN’s Reagent 347-350
BRATTON-MARSHALL Reagent 223227
CARR-PRIiCE Reagent 206209
EMERSON REAGENT 151-153
EmMERIE-ENGEL Reagent 216218
Gises’ Reagent 252255
MANDELIN’s Reagent 426—429
MarqQuis’ Reagent 299—302
NeuU's Flavone Reagent 277280
TiLLMANS’ Reagent 261 —264

_____ 4 WO

n Acronvms
REAFENT ATTONYHIS

ANS-Reagent 191—-194
DBA-Reagent 281—283
DOOB-Reagent 284287
FCPA-Reagent 314317
INH-Reagent 318321
MBTH-Reagent 347 —350
MDPF-Reagent 344346
NBD-chloride Reagent 238241
NBP-Reagent 359—363
OPA-(OPT)-Reagent 380384
TCNE-Reagent 416—-419

E-Reagent

TNBS-Reagent 423—425



Index

A

ABP = 2-amino-5-bromophenyl(pyridin-2-
yhmethanone 226, 227

Absorbance, determination of 31

Absorption, measurement of 9, 17, 31

—, molar coefficient 36, 40

-, quantitative relationship 35, 36

—, recording of spectra 30, 31
-bathochromic/hypsochromic shift 31
-comparison to spectra of solutions 31

-, scanning curves 17, 31, 32

ACB = 2-amino-5-chlorobenzophenone
227

Acesulfame 390
Acetanilide 65
- p-chloro- 65

- 2,5-dichloro- 65

Acetone, dipole moment 97
Acetophenone 72, 87
3-B-Acetoxyglycyrrhetic acid chloride 65
Acetylation, in situ 68
Acetylbromodiethylacetylurea 65
Acetyldigoxin 303

Acetylene, derivatives 359, 361, 362
Acetylsalicylic acid 308

AGFA-Copyrapid CpN paper 135

AGFA-Copyrapid CpP paper 135

Alanine 246, 267, 268, 296, 297

-, dipole moment 97

Albumins 74

Alcohols 70, 77, 106

-, 3,5-dinitrobenzoates 44

—, monounsaturated 89

-, primary 57, 68, 70,106

—, saturated 89

—, secondary 57, 68, 70, 106

-, tertiary 57, 68, 106

Aldehydes 72, 273

— aliphatic 76, 157

— aromatic 76

— phenolic 72

- a-,f-unsaturated 106

Aldohexoses 158, 180, 181, 185

Aldopentoses 158

Aldose reagent 176

Aldoses 158, 176, 177, 180, 181, 185, 203,
273,274, 428

Aldosterone 321

Aldrin 76

Alizarin reagent 143

ACFB = 2-amino-5-chloro-2"-flucrobenzo-
phenone 227

Aconitic acid 249

Acridine, pH-dependent change of fluores-
cence color 91

Acridine orange, pH-dependent change of
fluorescence color 91

Activation of the layer 124ff.

N-Acylglycine conjugates 176

ADB = 2-amino-2’,5-dichlorobenzophe-
none 227

Adipic acid 175, 233, 249, 250, 308

Adrenaline  392ff

Adrenochrome 392

Aflatoxins 69, 103, 411

- By, B, 103

376

Agarofuran

Agar

Alkaline earths 312

Alkaloids 7, 45, 60, 88, 166, 167, 206, 234,
238, 240, 262, 263, 273, 299, 301, 303, 314,
351, 380, 381, 411, 420

—, Cinchona- 88, 314

—, Colchicum- 420

-, Ergot- 380, 381

-, Indole- 66, 314

-, Ipecacuanha- 46, 263

-, isoquinoline- 46, 66, 262

—, Mitragyna-

—, morphine- 299, 301, 351, 352

—, oxidation 60

, pyridine- 66

-, pyrrole- 66

-, quinine- 88, 314

—, quinoline- 66



446 Index

-, Rauwolfia- 314
-, steroid- 206

4-Aminobenzoic acid 171, 175
-, reagent 154

Androgens 195, 318, 411
A*-Androstendione-(13,17) 32, 89

—, Strychnos-— 314

—, Synclisia- 314

-, Tabernaemontana- 314

, Veratrum- 420

Alkanol amines 284

Alkenylacylethanolamine phosphatides 62

Alkenylacylglyceryl acetate 70

Alkenyldiacylethanolamine phosphatides
62

Alkylacylglyceryl acetate 70

Alkyl amines 284

Alkylaiing agenis 35911

Alkylglycosides 426

n-Alkyiresorcinol, homologues 288

Allobarbital 338

Alprenolol 299, 429

Aluminium, cations 144, 311

Aluminium chloride reagent 147

Aluminium oxide reagent 89

AMD system 132

Amiloride 104

Amination of sugars 56

mines 58, 75, 76, 91. 106, 223, 239. 252
Amines 58, 75, 76, 91, 106, 223, 239, 252,

7.
260, 265, 284, 294, 296 344,354, 434
-, aromatic 66, 151, 252, 284, 294, 416, 426,
428
-, biogenic 70, 88, 284, 356
—, capable of coupling 288
-, primary 76, 106, 223—225, 238, 239,
252, 260, 265, 266, 269, 284, 294—296,

Ammoﬁnzophenones 223,225

2-Amino-5-bromophenyl(pyridin-2-
yhmethanone (= ABP) 226, 227

2-Amino-5-chlorobenzophenone  (ACB)
226,227

2-Amino-5-chloro-2’-fluorobenzophenone
(ACFB) 226,227

5-Aminodibenzo(a,d)cycloheptane derivati-
ves 45,231

2-Amino-2’,5-dichlorobenzophenone
(ADB) 226, 227

4-Amino-2,3-dimethyi-1-phenyi-3-
pyrazolin-5-one 158

2-Aminodiphenyl reagent 157, 158

Aminoglycoside antibiotics 107, 270, 284,
354, 380, 423, 434

4-Aminohippuric acid reagent 160, 163

2-Amino-5-nitrobenzophenone (ANB)
226, 227

Amino phases 3

4-Aminophenazone reagent 151

1-Aminopyrene 61

Aminoirimethylenephosphonic acid

Ammonia 86, 87

—, dipole moment 97

— reagent 166

Ammonium cations 144

Ammonium rhodanide see Ammonium thio-
cyanate

Ammonium hydrogen carbonate “vapor”

~1
N

344, 380, 381, 423, 434, 435
—, primary aliphatic 238, 239, 252, 260, 284,
296

-, primary aromatic 223 —225, 252, 260

—, secondary 225, 238, 239, 252, 260, 266,
294,295, 344

-, secondary aliphatic 238, 239, 252, 260

-, secondary aromatic 252, 260

-, tertiary aromatic 252, 260

Amino acids 45, 58, 61, 75, 76, 87, 88, 90,
107,232, 234, 238, 240, 245, 246, 265, 267,
294, 354, 380— 382, 423, 434, 435

~, 2-anilino-5-thiazolinone derivatives 75

-, reduction 61

4-Aminoantipyrine 151

4-Aminoazobenzene derivatives 303, 304

2-Aminobenzoic acid 175

Androst-5-en-17-on-3-p-0!

Anilide herbicides 223, 225

Aniline 152

—, derivatives 253, 261, 284

-, reagent 176, 179, 185, 188

Aniline phthalate reagent 78, 188

8-Anilinonaphthalene-1-sulfonic acid am-
monium salt (ANS reagent) 44, 88, 191

Anions, organic 44, 388, 389

Anisaldehyde reagent 78,195

m-Anisidine 67

o-Anisidine 67

p-Anisidine 67

-, reagent 199

ANS reagent 44, 88, 191

Anthanthrene 39

Anthocyanidines 277

Anthocyanins 59

Anthracene derivatives 166, 167

Anthraquinone 359

Anthrone reagent 78, 202

Antibiotics 7, 107, 109, 148, 166, 195, 270,

784 254 19N A11 471 a4
204, 554, 53U, 411, 425, 454

-, aminoglycoside- 107, 270, 284, 354, 380,

423,434
, bioautographic determination 109
—, heptaene 195
—, macrolide 195
Aantiepileptics 252, 254, 303, 304, 364
Antihistamines 260

86

Ammonium monovanadate, reagent 89,
426

Ammonium sulfate reagent 89

Ammonium thiocyanate reagent 170

Amphetamines 45, 260, 299

Ampicillin 173, 174

Amygdalin 179

Amylene, stabilizer for solvents 120

Amylose reagent 173

a-Amyrin 44, 69

B-Amyrin 69

o-Amyrin benzoate 63

Anabolics 303, 411, 430, 432

Anacardol 288

ANB = 2-amino-5-nitrobenzophenone
226,227

Index 447

-, methyl 327
Arsen cations 144

T
Artisil blue 2RP 129
Arylamines 66, 151, 294
N-Aryl-N"-ben Ifonylthiocarb
248, 249
N-Aryl-N’,N'-dialkylurea herbicides 43
Aryl glycosides 185, 186
Aryloxybutanolamine derivatives 45
N-Arylthiosemicarbazides 248
Ascorbicacid 216, 256, 257,372—374, 376,
377, 426
~, metabolites 45
Atenolol 429
-, ethyl 362
Azinphos, methyl 362
Aziridines 359
Azo dyes 66, 67, 68
Azomethines 66

Azulene 66

B

Barbiturates 44, 45,66,252, 254, 260,337 —
343

—, metabolites 337 —343

—, thio- 45

Barium cations 144, 145, 311, 312
Behenic acid 73

Benzidine

—, treatment with 90

Antihypertensives 426

Antimony cations 144

Antimony(III) chloride reagent 206, 207
Antimony(V) chloride reagent 210

Antioxidants 45, 75, 108, 195, 210, 216,

ALY Va4 VLN VTL VTT AL ADNQ
252, 254, 260, 376, 377, 426, 40

Antithyroid pharmaceuticals 248, 249
Application

-, bandwise 57

-, errors 131

-, scheme 131,132

-, solvents 131

Aqua regia reagent 270
Arabinose 161, 162, 200, 201
-, reagent 177

Arachidic acid 230, 402, 405
Arbutin 179, 325, 327, 328

Benzocaine 63

1,4-Benzodiazepines 223, 225, 265—267,
310, 311

—, derivatives 225

-, 2-one derivatives 420

—, hydrolysis products 225

Benzo(b)fluoranthene 39, 85

Benzo(k)fluoranthene 39, 85

Benzoic acid 45, 71, 75, 175, 178, 230, 308

—, Chloro- 72

-, Dichloro- 72

Benzo(ghi)peryiene 39, 85

Benzo(a)pyrene 39, 85, 103

p-Benzoquinone

—, derivatives 72

Benzoyl chloride reagent 70

3.4-Benzpyrene 60



448 Index

Benztriazole
—, derivatives 281 ff

Bromothymol blue reagent 45
Brucine 60, 67, 315, 316

Carvone 72, 376
Caryophyllene 197, 198, 214

Index 449

4-Cholesten-3-one 334336, 421, 422
Cholesterol 44, 65, 104, 147, 148, 191 —

—, 2-(2-Hydroxy-5-methylphenyl)- 282

-, 2-(2-Hydroxy-3-(1-methylpropyl)-5-tert-
butylphenyl- 283

Berberine reagent 44, 213

Beryllium cations 144, 145, 311, 312

BESTHORN's hydrazone reagent 347

Beta-blockers 74, 299, 301, 426 —428

Beta-fronts 126

Beta-radiation 12

Betulae, Extr. 279

Betulic acid 59

BHT: see Butyihydroxytoluene

Bile acids 43, 195, 206, 333, 334, 364, 365,
376, 411

-, conjugates 376

Binder, effect on derivatization 123

S-Bioallethrine 359

Bioautographic determinations 109

Biodetection 109

Biological/physiological detection 109

Biotin 269

Biphenyl-2-ylamine reagent 157

2,2-Bipynidine reageni 216

Bis-3,4-benzpyrenyl 60

Bis(2-ethylhexyl)phosphoric acid 174

Bis(halogenalkyl)amines 359

Bis(halogenalkyl) sulfides 359

Bismuth cations 144, 311

Bitter principles 7, 109, 303, 430

__ Blue tetrazolium reagent 219

Bufotenine 380

Bunitrolol 429

tert-Butyl hypochlorite reagent 86, 87, 89,
234

Butylhydroxyanisole (= BHA) 262

Butvlhudrogviglhene {1 — BUITY 229
sutyinydroxytoiuene (=BHT) 262

-, stabilizer in solvents 120, 359, 361, 363

C

Cadmium cations 144, 311

Caffeine 65, 90

Caicium cations 144, 145, 311, 312

Calibration of the wavelength scale 21

Campesterol 213

Cannabinoids 288, 291

Canrenone 411

Capsaicinoids 65

Carbadrine 76

Carbamate herbicides 44, 74, 104, 107, 223,
225

Carbamate pesticides 44, 223, 225, 288, 290

Carbamazepine 105, 234, 254, 255, 303,
364 —366

Carbazoles 252, 260, 416

Carbohydrates 154,164, 185, 188,195, 199,
219, 277, 278, 303, 304, 408, 426, 428

-, reducing 188

Carbon disulfide reagent 75

—, epoxide 197, 198

Catecholamines 76, 240, 294, 296, 392, 393,
395, 396

-, triacetyl derivatives 393

Cations 143 —146, 310—313, 398

Cellulose, microcrystalline 123

-, native (fibrous) 123

Cephaeline 46, 262, 263

Cer cations 144

Ceramides 411

Cetanol 106

Chalcones 303, 304

Chamber saturation 124, 126

Chamber system, choice of 124

Chenodesoxycholic acid 334

o-Chloranil 67

p-Chloranil 67

Chlorate anions 188—190

Chloride anions 190

Chlorination 65, 90

Chlorine

-, gas (dipole moment) 97

-, vapor reagent 64, 86

Chlorite anions 188, 189

p-Chloroacetanilide 65

4-Chloroaniline 67

Chlorobenzaldehyde, derivatives 72

Chlorobenzoic acid

194, 213, 214, 248, 333—1336, 351, 376,
377, 385—1387, 411, 421, 422, 438

—, dehydrated 66

— esters 44, 70, 147, 191, 248, 333, 411,
438, 439

-, gangliosides 45

—, glucuronides 45

—, propionate 89

Cholic acid 334

Chromatography errors 131

Chromium cations 144, 311

Chromophors 57

Chrysene 39

Cinchona alkaloids 314

Cineole 211, 212

Cinnamaldehyde 158, 159

Cinnamic acid 171

Cinnamic alcohol 70

Citraconic acid 61

Citral 58, 158, 159

Citric acid 45, 233, 308

Citrinine 69, 147, 148

Ve M1 420 4EQ
Liiron€udl 150, 157

Citronellol 68, 69, 70, 327
-, acetate 68

-, glucoside 327

Cleanup 119

Cobalt

-, cations 144, 311

—, nitrate reagent 89

L-Borneol glycoside 327
BRATTON-MARSHALL reagent 223
Brilliant green 44

Bromate anions 188, 190
Bromide anions 190

Brominaiion 65, 66
Bromine

-, ineluent 58

-, vapor (reagent) 64, 86
Bromite anions 188
Bromocresol blue reagent 45
Bromocresol green reagent 45, 228
Bromocresol purple reagent 45, 231
2-Bromoisovalerylurea 65
4-Bromophenacyl bromide reagent 71
4-Bromophenacyl esters 72
Bromophenol blue reagent 45

228
y aoS

Carbon dioxide, dipole moment 97 -m- 72
Carbonyl compounds 71, 72, 76,106, 157, —o- T2
158, 179— 181, 185, 202, 273, 274, 347 -p 7

Carboxyhemoglobin, dipole moment 97

Carboxylic acids 44, 45, 70, 91,170 —178,
229, 231, 232, 248250, 256— 258, 307,
308, 426

-, aliphatic 45, 173,

-, aromatic 173, 307

—, multibasic 232, 248, 249

— reducing 426

Cardenolide glycosides 62

Cardiac glycosides 63, 64, 104, 195, 303 —
305, 411, 420, 421, 430, 431, 438, 439

Cardol 288

Carotinoids 206

CARR-PRICE reagent 206

Carvacrol 153
Carveol 76

Chlorodiazepoxide 267, 364
Chlorogenic acid 279, 280
5-Chloroindole 418
5-Chloro-2-(methylamino)benzophenone
(MACB) 226, 227
7-Chloro-4-nitrobenzofurazan reagent
238, 239
7-Chloro-4-nitrobenzo-2-oxa-1,3-diazole
reagent 238
Chloroplast pigments 303
Chloropropham 108
Chloropropionic acid 45
Chlorothymol 67
a-Cholestanol 43, 65
5-a-Cholestan-3-one

a7
L 2%

43, 334-336, 421,

Codeine 108, 299, 301, 302, 351, 353

-, phosphate 65, 90

Colchicine 344 —346

Colchicum alkaloids 344, 345

Colchicum autumnale extract 346

Collidine, reagent 354

Color developer 3 368

Concentrating zone 56

Conditioning chamber 87, 129, 131

Contamination of place of work 92

Contraceptives 206

Copper(Il) acetate reagent 242

Copper cations 144, 145, 311

Copper(1l) nitrate reagent 245

Copper salts, reagents for stabilization of
ninhydrin spots 356

Conner(ID) sulfate reagent 248
SOPPenRAs, Su S



450 Index

Coproporphyrin  99ff
Coprostanol

104, 334—336, 385-—387,

~, with dansyl semipiperazide 73, 53
Data pair method 131, 132

—, with aqueous dye solutions 43
—, with pH indicators 45

Index 451

Dihydroxybenzenes 88
—,1,2- (= pyrocatechol) 89, 174, 273

421,422
Coprostanone 104, 334, 335, 421, 422
Cortexolone (= R]-:KCHSIEIN-S) 221 321
Corticosteroids 219, 222, 318
-, 17-Hydroxy- 59
Corticosterone 221, 321
Cortisol dansyl hydrazone 104
Coupling
-with Fast Black Salt K 68
-with Fast Blue Salt B 288 ff
-with Fast Blue Salt BB 290
-with Fast Blue Salt RR 290
-with Fast Dark Blue R Salt 67
-with a-naphthol 67
Cucurbitacins 430, 431
Cumarin
—, glycosides 62
—, pPH-dependent change of fluorescence co-
for 91
Cumarins 252, 288
Cyanogen bromxde vapor reagent 86
Cyano phases 3

(“\mlnmom 198 ¢f
...... ate  388f1

Cychtols 325

Cyclodextrins 202
Cyclohexanesulfamic acid 174
Cyclohexanol 43
Cyclohexylamine derivatives 45
Cyclopentenyl cations 196
Cysteine

Daucol 59
DBA reagent 281

Dehydroascorbic acid 216, 262, 273 —275,

372374
11-Dehydrocorticosterone 221

Demeton-S-methyl 242
....... S-methyt 362

Demeton-S-methylsulfone 362
Deoxynivalenol 89, 147, 148
Derivatization, aims 56, 57

~, during development 57

-, for cleanup 56

— msitu 56

-, postchromatographic 55, 77ff

Derivatization prechromatographic 55,

56ff
-, disadvantage 57
—, with acetic anhydride 70
-, with alkali methylate 70
-, with benzoyl chloride 70
-, with boron trifluoride/methanol 71
—, with bromophenacyl bromide 71
-, with carbon disulfide 75
-, with diazomethane 71
-, with 3,5-dinitrobenzoyl chloride 70
~, with 2,4-dinitrofluorobenzene 71, 75
-, with diphenylacetyl-1,3-indandion-1-
hydrazone 76
—, with fluorescamine 76
-, with heptafluorobutyric acid 75
—_ with mpthyl iodide__ 70

Detergents (Tensides) 44, 86, 89, 191, 388,
389, 401

Deuterium lamp 21

1,2-Diacetylhydrazine 63

Diacylperoxides 368

Diallate 323

a,w-Diamines 284

Diazepam 266, 303, 304, 364

Diazoalkanes 359

Diazotation 66fT, 225

Dibenzoyl peroxides 370

2,6-Dibromoquinone-4-chlorimide
reagent 252

2,6-Di-tert-butyl-4-methylphenol see Butyl-
hydroxytoluene

Dibutyltin dichloride 399, 400

Dibutyltin dilaurate 399, 400

Dicarboxylic acids 45, 171, 175, 178, 188,
232, 233, 248, 249, 308, 426

2,5-Dichloroacetanilide 65

Dichlorobenzoic acids 72

2’ 7’-Dichlorofluorescein

—, pH-dependent change of fluorescence co-
lor 91

-, reagent 88, 105, 325

2,6-Dichlorophenolindophenol reag

—, 1,3- (= resorcinol) 174,273
-, 1,4- (= hydroquinone) 44, 89,174
Dihydroxyergotoxin 382
2,2-Dihydroxy-1,3-indandione see Ninhy-
drin

Dihydroxyketones 147
3,4-Dihydroxyphenylacetic acid 392
2,4-Diiodoestrone 66

Dimethoate 362

2,5-Dimethoxyaniline 67
Dimethoxy-4-bromoamphetamine 299
2,5-Dimethoxytetrahydrofuran 265
Dimethyl sulfoxide, intrinsic detector 83
4-Dimethylamino benzaldehyde 265
4-Dimethylamino cinnamaldehyde 269
3,5-Dinitrobenzoates 77
2,5-Dinitrobenzoyl chloride reagent 70
2, 4-Dmltroﬂuor0benzenc reagent 71,75
Dinitrophenols 273
2,4-Dinitrophenylhydrazine reagent 273
2,4-Dinitrophenylhydrazones 77
Dioctyl sulfosuccinate 301

Dioctyltin oxide 399, 400

Diol phases 3

Diols, vicinal 325, 326, 329, 330

256 o
2,6-Dichloroquinone-4-chlorimide
reagent 260

Nialde 716
Dieldrin—7

Diosgenin 59, 61, 195

Diosgenone 59

Diphenyl 44
Diphenylacetyl-1,3-indandion-1-hydrazone

—, adducts of unsaturated aldehyde dansyl
hydrazones 106

— reagent (alternative to 2-mercaptoetha-
nol) 381

Cytidine 63

Cvtidine-dinhosphate ol
Lylcine-cipnosphate glucose

6
Cytidine-5-monophosphate 63

D

Dansylamides 104, 106 — 108
Dansylamino acids 73, 107, 108
Dansyiation 72ff

—, amines (prim. and sec.) 73

-, amino acids 73

-, phenols 73

~. prechromatographic  72ff

-, with dansyl semicadaveride 73, 53

2,23

3

—, with NBD-chloride 76

-, with nitrophenyl isocyanate 77
—, with p-toluenesulfonic acid 76
—, with zinc chloride 76

-, sensitivity enhancement 57
Desoxycholic acid 334
11-Desoxycorticosterone 221
Detection

—, biological/physiological 4, 6, 7, 9, 109
-, group characterizing 4,7

—, influence of layer material 90
-, microchemical 4,7,9

-, nondestructive 6, 9, 42f

-, physical 4,6

-, selectivity 109

-, sensitivity enhancement 405

-, substance specific 4,7

Diethylalkylacetamide derivatives 45

Diethylamine vapor reagent 86

Diethylene glycol 426

Diethylstilbestrol 80, 84, 105,413,414, 432,
433

Digitalis glycosides 63, 64, 104, 206, 303 —

305, 420, 421, 430, 431
—, A-series 421
—, B-series 421
—, C-series 421
Digitoxin 104 303
Diglycerides 45, 404
Digoxigenin 305
-, bisdigitoxoside 305
-, monodigitoxoside 305
Digoxin 104, 303, 305
-, methyi- 104

TCdgein 76

Diphenylamine reagent 179

Diphenytboric acid-2-aminoethyl ester re-
agent 277

Diphenylboric anhydride reagent 281, 284

Diphenylcarbazone reagent 340

2,2-Diphenyl-1-oxa-3-oxonia-2-
boratanaphthalene reagent 284

Dipping in reagent solutions 82T

—, apparatus 84

—, automated/manually (comparison) 80,
84

—, chambers 83

—, choice of appropriate solvents 85

-, sequences 90

Dipterocarpol 71

2,2"-Dipyridyl reagent 144,216

Rt



452 Index

Disaccharides 154, 161, 163, 179, 181, 203,

204, 277, 331

Diterpene glycosides 195

Dithioglycolic acid 248, 249

Diuretics 248, 249, 260

Diurone 74

DNP-Amino acids 75

Documentation of chromatograms  119ff
—, by autoradiography 6

—, by computer 138

—, by manual-graphical sketching 6, 134
- by photographing 6, 134

-, by photocopying 6, 134

DOOB reagent 239, 284, 285

Dopa 393-396

Dopamine 240, 393 —396

Drying cupboards 93

Dulcin 10, 11, 223, 388390

E
Effortil 107
Eldrin 76

EMERSON reagent 151

Emetine 46, 263

Emission lines of line radiators 23
EMMERIE-ENGEL reagent 216

Eosin 64, 65

-, reagent 44

Ephedrine 45, 107,173

Epoxides 63, 359— 361

Epoxy resins, pyrolysis products 45

Ethosuximide 254, 255
Ethoxyquin 106, 108

-, ineluent 57
Fluorescein 64, 65

Index 453

-influence of scanning speed on peak size
35

45

Ethylenediamine reagent 392

N*-Ethy}-N*-(methanesulfonamidoethyl)-2-
methyl-1,4-phenylenediamine
reagent 368

Ethynylestradiol ~ 80, 84, 105, 413, 414,
431433

Eugenol 153

Evaluation of chromatograms 133ff

—, optical trains 30, 39

—, peak area/height 31, 33, 40

Evipan 339, 343

Explosion caused by reagent residues 82,
253, 261, 315, 365

Extinction, coefficient of: see Absorption
coefficient

F

Fast Blue Salts see Coupling

Fattyacids 44,45, 61,70, 71, 214, 232, 234,
333, 376, 401, 402, 404, 411, 438

—, dansyl semicadaveride derivatives 73

-, dansyl semipiperazide derivatives 73

— esters 242, 243, 364, 404

-, even nu.mbered 73,74

-, methyl esters 44, 70, 299, 300, 376, 401

—, odd numbered 73, 74

—, unsaturated 58

Fatty alcohol dinitrobenzoates 401

Fatty aldehydes 45

—, pH-dependen of ftuor e o=
lor 91
-, reagent 44

—, sodium, reagent 88, 326

Fluorescence 10, 37, 98ff

—, emission 33, 37

—, enhancement  100ff
-with benzene 103
-with cetyltrimethylammoniumchloride
108
-with B-cyclodextrin 108
-wiih dioctyl sulfosuccinate
-with dodecane 103
-with ethanol vapor 105
-with 2-ethoxyethanol 106
-with ethylene glycol 106
-with fatty acids 103
-with Fomblin H Vac 103
-with Fomblin Y Vac 103
-with glycerol 106
-with isooctane 103
-with kerosine 103

1ne N1
1U0, SUi

-with liquid paraffin 103 f, 241,285,286,
296, 304, 306, 319, 335, 361, 363, 366, 421,

439

-with liquid paraffin/tricthanolamine
105, 397, 413

-with monoethanolamine 107

-with petroleum ether 103

-with polyethylene glycols 106, 278, 381

3. 17

=5 8¢ CUrves—17
-filter combination for recording 17

-, selectivity 38, 39

-, spectra recording 31, 40
-optical train 39

—, stabilization 98T, 241, 278, 285, 286,
296, 306, 366, 373, 375, 381, 382, 397, 413,
421

Fluorophors 57

Fluphenazine 104

Fluram 294

Folic acid 223,225

Formaldehyde reagent 299, 351

—, vapor reagent 86

Formazan 220

Fructose 155, 156, 158, 161, 162, 164, 165,
182—184, 200, 201, 203, 204, 277, 278,
33

Fuchsin reagent 329

Fumaric acid 44, 61, 171, 175, 233, 249,
250, 258, 259, 308

Fungicides 7

— hlgautomanhlc detection 109

-, Oxathizine 44

Furosemide 108

~, metabolites 108

G
D-Galactose, dipole moment 97

Equilibration of the layer 131

Ergosterol 351

Ergot alkaloids 380, 381

Erucicacid 73

Essential oil components 87, 89, 92, 153,
195, 197, 210, 211, 376

Esterification, prechromatographic in situ
69ff

Estradiol 68, 89, 439, 440

Estriol 67, 68, 89, 104, 107, 439, 440

Estrogens 66, 67, 68, 89, 104, 107, 195, 333,
411, 430, 432, 438, 439

Estrone 66, 68, 89, 439, 440

-, 2,4-Diiodo- 66

-, 2-Iodo- 66

Etherification, prechromatographic in situ
69T

FCPA-reagent 314

Filters, black light 38

- cut off 17,38

—, monochromatic 17, 38

-, optical transmittance 15

Fi isetin reagent 44

Fixing the chromatogram 133

Flavognost 277

Flavone glycosides 62, 323

Flavone reagent acc. to NEU 277

Flavonoids 44, 106, 147149, 166, 167,
181, 206, 273, 277, 279, 322, 323, 438, 439

-, reagent 44

Flavonol reagent 44

Flavonols 278, 288, 401

Fluoranthene 85

Fluorescamine reagent 76, 88, 287, 294

-with Silicone DC 200 105
-with sodium cholate 108
-with sodium dodecylsulfate 108
-with tricthanolamine 107
-with triethylamine 107, 297
-with Triton X -100 108
-with water vapor 105
-, excitation 10, 12, 20, 37
—, indicators 12T
-interference with absorbance measure-
ment 33 o S
—, influence of layer (binder/sorbent) 103,
105
-, pH-dependence 91, 301, 405
—, quantitative relationship 40
-, quenching 10, 33, 46, 137
-detection limits 15

Galacturonic acid 45, 181

Gallates 262

Gallium cations 144

Gangliosides 44, 202, 401, 404

Gentamicins 105, 270272, 286, 287, 294,
356, 357, 382, 383, 404, 423425, 435,
436

Geranic acid 58

Geraniol 58, 59, 70, 76, 327

-, glucoside 327

Gestagens 318

Gas’ reagent 76, 252

Gibberellins 411

GIRARD’s reagent 72

Gitogenin 195

Glucose 45,63, 89,97,164,165,176, 181 —

184,277, 278, 331



454 Index Index 455

8-Hydroxyquinoline reagent 144, 310

-with 4-nitrophenylhydrazine 72
A%-3B-Hydroxysteroids 385

-with trimethylacetyl hydrazide (GIRARD’s

—, derivatives 45 H
-, dipole moment 97 Habituating drugs 76

5—Hydlu)xyu_ypuu.u;u» 380
5-Hydroxytryptophan 240, 241
Hydroxytyramine 392
Hyodesoxycholic acid 334
Hyperici, Extract. 279

reagent) 72

Hydrocarbons 39, 43— 46, 191, 210, 214,
252, 260, 299, 404, 416

-, aromatic 46, 210, 252, 260, 299, 416

-, syrup 182 Halate anions 45

- -1-phosphate 63 Halide anjons 45
Glucosides, aryl- 185, 186 Halogen anions 231, 232
-, flavone- 323 Halogen acids 189

—, kaempferol- 323

-, menthyl- 325, 327, 328
—, monoterpene- 327, 328
-, naphthoquinone- 166
-, sesquiterpene- 327
-, terpene- 327
—, thio- 185, 186
Glucuronic acid 181
Glutaconic acid 61
Glutamic acid 45
Glutethimide 337, 340
Glycerides 44
Glycerol 325
—, phosphatides 70
Glycine 246, 267, 268, 296, 297, 356, 435
-, dipole moment 97
Glycol aldehyde 157
Glycol cleavage 326
Glycolicacid 45 426
Glycolipids 44, 45, 202, 242, 243
Glycols 426

Glycosides 62,179, 181, 195, 197, 203, 325,

326
-, alkyl- 426

—, cardiac 63, 64, 104, 195, 303 —305, 411,

N,N-Bis(halogenalkyl)-alkylamines 359

N N A _Teifbholacamalboll noale oo
N,N,N-Tri(halogenalkyl)-amines 359

Bis- -(halogenalkyl)sulfides 359

Halogenation 64

—, with bromine vapor/solution 65

-, with chlorine gas 65

—, with iodine vapor 66

—, with thionyl chloride 65

Halogen lamp 22

Halogen oxyacids 188, 189

Halogens, labile bonded 359, 361

Hecogenin 71

P A ) ) jal ail

pulegioides, essential oil compo-

nents 195

Heptaene antibiotics 195

Heptafluorobutyric acid reagent 75

Heptaporphyrin  99ff

Herbicides 223, 225, 210

—, anilide 223, 225

—, carbamate 44, 74, 104, 107, 223, 225

-, phenoxyacetic acid 260

—, residues 45, 210

—, triazine 45

— urea 43, 74, 104, 107, 223, 225

Heroin 108, 166—168, 299, 301, 302, 351,
353

-, monoterpene 76
~, polycyclic aromatic 39, 60, 66, 67, 85,
86, 103, 108, 120
—, polycyclic aromatic, fluorescence enhan-
cement 103, 108
Hydrochloric acid vapor reagent 86, 303
Hydrocortisone 221
Hydrogen lamp 21, 22
Hydrogen peroxide 368
—, reagent 307
Hydrogen sulfide vapor reagent 86
Hydrolysis 62fT
— acid 62
-with hydrochloric acid 62
-with phosphoric acid 63
-, alkaline 63
-with ammonia vapor 63
-with potassium hydroxide 63
-with sodium hydroxide 63
, enzymatic 63, 64
-with Luizyme Solution 64
-with phosphate esterases 63
-with phospholipase 64
Hydroperox:des 368
1-B-Hydroperoxylanostenyl acetate 62
Hydroquinone see Dihydroxybenzene

4.0, 421, 430, 431, 438, 439
-, cumarin- 62

—, digitalis- 63, 64,104, 303 — 305, 420, 421,

430, 431
—, diterpene- 195
—, flavone- 62, 106, 166

, 1lavone e, 1

—, monoterpene- 327, 328

—, triterpene- 62

-, steroid- 206
Glycosphingolipids 44
Glycyrrhetic acid acetate 65, 70
Glyoxylic acid 157

-, vapor reagent 86

GOD reagent (glucose oxidase) 78
Gold cations 144

Gramine 106, 107

Guaifenes:
Guaifenesin 299

Heterocyclics 252, 260, 299, 416

n-Hexadecanol esters 63

Hexaporphyrin 102

Hexitols 426

Hexobarbital 254, 255

Hexoses 161, 202

Hexuronic acid 158

Histamine 294, 296, 355

Homogentisic acid 166, 167

Horizontal chamber 127

Hot plates  93ff

-, temperature distribution 95

Hydrazines 269, 284

Hydrazone formation 71 ff
-with 2,4-dinitrophenythydrazine 71, 72,
274

i A
-with 2

el 4 :
2, 4-dimitrophenylisemicarbazide 72

Hypericin 148, 279, 280
Hyperoside 149, 279, 323
—, -quercetin 280

1

Imidazole derivatives 380
Imperatorin 65
Impregnation of TLC layers 86
-with caffeine 86
-with silver nitrate 86
-with tungstate 86
Indeno(1,2,3-cd)pyrene 39, 85
Indicators, pH- 303
—, reagents 45
Indium cations 144
Indoleacetic acid 45

Indoles 46, 252, 260, 269, 314, 315, 364,

417, 418
-, alkaloids 66, 314
—, amines 76, 294, 296

—, derivatives 45, 76, 106, 260, 270, 294,

296, 376, 380 —382, 416, 417
—, B-substituted 270
INH reagent 318
Insecticides 7, 44, 76

n-Hydroxy acids 71
Hydroxyanthraquinones 148, 288
2-Hydroxybenzaldehyde 284
Hydroxybenzaldehyde derivatives 72
4-Hydroxybenzoic acid 308
i-Hydroxychiorden 44
Hydroxycinnamic acid 277
17-Hydroxycorticosteroids 59
4-Hydroxycumarin 359
1-Hydroxyethane-1,1-diphosphonic  acid
172
2-Hydroxy-1-ethanethiol 380
3-Hydroxyflavones 69, 70, 277
5-Hydroxyindolylacetic acid 380, 382
4-Hydroxy-3-methoxybenzaldehyde see Va-
nillin
Hydroxyproline 240, 241, 246, 435

yerexyp 4{ 244 1

—, carbamate 44

—, organophosphorus 337, 340, 341, 359,

361—363
—, pyrethroid 359
Iodate anions 188, 190
Iodide anions 190
Iodination 66
Iodine starch inclusion compounds
Todine vapor reagent 46, 64, 78
2-Iodoestrone 66
Ipecacuanha alkaloids 46, 263

lpecacuannae radix exiract 263
Iron cations 144, 217, 311

46

Iron(III) chloride reagent 170, 216, 314

Iron(III) thiocyanate reagent 170
Isoascorbic acid 376
Isoleucine 246, 247



456 Index

Isoniazide 318
Isonicotinic acid hydrazide reagent 318

Laser, Ar+/He-Ne 22
Lauric acid 402, 406

Maltodextrin 182
Maltose 164 165, 181 —184

Index 457

Methy! desoxyglycyrrhetate 61
Methyldigoxin 104

Isoprenaline 395, 396
Isoprenoid compounds 44
Isopulegol 59

Isoquercitrin 279, 280, 323
Isoquinoline alkaloids 46, 66, 262
Isorhamnetin 323
Isothiazolones, microbiocidal 45
Isothiocyanates 75

Isotopes, f-radiation-emitting 41
—, detection limits 41

Itaconic acid 61

K

Kaempferol glucoside 323
a-Keto acids 249, 262, 372
3-Ketobetulic acid 59
7-Ketocholesterol 60
Ketoglutaric acid 45, 249
Keto groups, free 273
Ketohexoses 180, 181
Ketone peroxides 368
Ketones 72

Ketoses 180, 181, 202, 203, 220, 273, 274,

428

Ketosteroids 59, 88, 104, 152, 220, 318,

319, 333
3-Ketoursolic acid 59
Khusol 59
KUBELKA-MUNK function 35, 36

Laxatives 426, 428

Lead(II) acetate basic reagent 322
Lead(IV) acetate reagent 325, 329
Lead cations 144

Lecithin 44, 377, 378

Leucine 246, 247, 267, 268, 296, 297

Lichen acids 44

Light sources  20ff

—, continuous 21

—, spectral line radiators 22

Linalool 68, 69, 70, 76, 327

—, acetate 68

—, glucoside 327

Linear chamber (see also Horizontal cham-
ber) 5

Linearity, improvement of calibration curves
by derivatization 56

Linoleic acid 73

Linolenic acid 73

Linuron 74,108

Lipid amines 284

Lipids 44—46, 89, 191, 242, 333, 376, 377,
401, 404, 411, 438, 439

Lipoproteins 44

Lithium cations 144

Lithocholic acid 334

Luminal 339, 342, 343

Luminescence 10, 11

Lupeol 70

acetate— 63

MANDELIN’s reagent 426

Manganese cations 144

Manganese(1]) chloride reagent 333

Mannitol 409, 410

Marking the front 132

Marmesin 67

MARQUIS’ reaction 352

MARQuIS’ reagent 299

Matacil 107

Matrix effects on Rf-values 133

MBTH reagent 347

MDPF reagent 344

Measurement, choice of wavelength 31

Medazepam 267

MEISSENHEIMER complexes 423

Melezitose 158

Melissae folium, essential oil componeats
195

Menthofuran 211, 212

Menthol 44, 59, 68, 69, 70, 197, 198, 327

— acetate 68, 197, 198, 210, 211

— glucoside 325, 327, 328

Menthone 72, 210, 211

Mercaptans 239

2-Mercaptoethanol reagent 380

Mercury cations 144, 311

Mercury lamps 20, 22ff

—, emission lines 23, 24

—, high pressure  22ff

Methy! glycyrrhetate 61
Methyl iodide reagent 70
N-Methylphenylalanine 89
Methylsuccinic acid 249
Methyl sugars 188

4-Methyl  umbelliferone, pH-dependent
change of fluorescence 91

Metoxurone 74

Mevinphos (cis/trans) 362

Microwave apparatus  96fT

Mirsol 45

Mitragyna alkaloids 314

Mixing the mobile phase 132

Molybdatophosphoric acid see Phosphomo-
lybdic acid

Molybdenum cations 398

Moniliformine 347, 348

6-Monoacetylmorphine 74, 108, 166, 168,
299, 301, 302, 351, 353

Monochromators with diffraction gratings
17

Monoglycerides 45

PRTPS TR TR ISy
LVAUllulllclllyluyulauuc 270

Monosaccharides 154, 160, 163, 179, 181,
185, 186, 188, 199, 200, 325,
331, 408, 426
Monoterpene glycosides 327, 328
Monoterpene hydrocarbons 76
Morazone 45
Morin

L
Labelling of chromatograms 131 ff

Lacticacid 45, 171, 230, 233, 250, 258, 259,

308

Lactose 155, 156, 161, 162, 181 —183, 277,
278

Lamps 20ff

—, deuterium 20, 21
—, halogen 22

-, hydrogen 20, 21
— mercury 20, 23
-, operating life 21
-, radiation characteristics 20, 21
-, tungsten 21

- Uv 13-17

-, xenon 20, 22

Lanthamum cations 144

Luteolin 323, 324

Luteoskyrin 104

Lysergic acid and derivatives 98, 340

Lysine 435

M

MACB = 5-chloro-2-(methylamino)benzo-
phenone 227

Macrolide antibiotics 195

Magnesium cations 144, 145, 311, 312

Malachite green reagent 45

Malathion 362

Maleic acid 44, 61, 171, 230, 249, 250

Malic acid 45, 175, 230, 233, 250, 258, 259,
308

Malonic acid 45, 249

WA ano
iviaioron 1uo

— lcbilllibd; ddld 23
Mercury(I) nitrate reagent 337
Mercury(Il) salt reagent 340
Mesaconic acid 61
Mesoporphyrin 101, 102
Metal cations 310—312, 398
Metal complexes 248, 398
Methanol, dipole moment 97
Methine dyestuffs 360
4-Methoxyaniline see Anisidine
4-Methoxybenzaldehyde see Anisaldehyde

Methoxybenzaldehyde derivatives 72

Methoxycinnamic acid 277

2-Methoxy-2,4-diphenyl-3(2H)-furanone re-
agent

Methylarbutin 327

3-Methyl-2-benzothiazolinone-hydrazone
reagent 347

—, pH-dependent change of fluorescence co-
lor 91

- reagent 44

Morphine 74, 105, 108, 166—168, 235,
299302, 352, 353, 376

—, 6-monoacetyl- 74,108

—, 6-nicotinate 74

Muscard, derivatives 359

Mycotoxins 7, 69, 103, 105, 109, 147, 148,
166, 195, 347, 359, 411, 438, 439

Myoglobin (whale), dipole moment 97

Myristic acid 402, 406

cis-Myrtenol 327

~, glucoside 327

N
Nadolol 299
Naphihaiene-1,3-diol 326



458 Index

Naphthol (-, -) 67

Nucleotides 76, 234, 364

\

-with sodium periodate 59

Index 459

Phenols 66, 67, 71, 88, 91, 151, 152, 195,

—_pH-dependent change of fluorescence co- Nux icaextract 316 11-Oxolanostenylacetate 62 210, 216, 231, 238, 239, 252, 253, 260, 261,
Tlor 91 Nystatin 148 Oxprenolol 299 288, 376, 416, 417, 426, 428

—, reagent 225, 368 Oxyhemoglobin, dipole moment 97 - -ether§ ‘210

Naphthoquinone glucosides 166 o Phenothiazines 44, 59, 299, 411, 413, 416

1,2-Naphthoquinone-4-sulfonic acid re-
agent 351ff

2,1,3-Naphthoselenodiazole 102, 104, 108

Naphthylamines 66

N-(1-Naphthyl)ethylenediamine dihydroch-
loride reagent 223, 225

Narcotics 260

NBD-chloride reagent 76, 238, 287

NBP reagent 90, 359

Neatan preservation 134

Neomycin 287, 423

Nephopam 45

Nerol 76, 327
~, glucoside 327

Netllmlcm 105, 286, 287

Nickel cations 144, 145, 311

Ninhydrin reagent 90, 354

—, in eluent 57, 88

—, stabilization of ninhydrin spots 98,
245-247, 356

-, vapor reagent 86, 87

Nitration 66ff

Nitrazepam 267, 364

4-(4-Nitrobenzyl)pyridine reagent 359

Nitro compounds 61, 77

—, aromatic 66, 270

Ochratoxin A 69, 147, 166, 167

Oleanolic acid 59, 60

Oieanonic acid 59, 60, 70

-, methyl ester 70

Oleﬁns 359

Oleic acid 73, 89

Oligogalacturonic acids 45, 322

Oligonucleotides 76

Oligosaccharides 86, 179, 181, 188, 199,
325, 408, 426

Oligouronic acids 188

OPA reagent 287, 380

OPPENAUER reaction 59

OPT reagent 380

Optical trains, quantitation of chromato-
grams 30, 39

Organic acids see Carboxylic acids

Organoarsenic compounds 269

Organometallic compounds 398

Organophosphoric acids 70

Organophosphorus insecticides 337, 340,
341, 359, 361 —363

Organophosphorus pesticides 254

Organotin compounds 399

Osazones 274

Overspotting 296

P

PAH see Hydrocarbons, polycyclic aromatic

Palladium cations 144

Palmitic acid 45, 402, 406

Palmityllactic acid 45

Panthenol 265, 267

Papaverine 235

Papaverrubines 303

Paraffins 44

Parathion 44

— -ethyl 362

-, metabolites 44

-, -methyl 362

Patulm. 69,347, 348

Peanut oil 70

PEI-Cellulose 76

Penicillic acid 69, 166, 167, 277, 278, 303,
304, 347—349

2,3-Pentanedione 157

2,4-Pentanedione 252, 260

Pentaporphyrin  99ff

Pentenamide 337

Pentoses 161, 181, 200, 202

Peppermint oil 210, 211

Peptides 58, 76, 90, 234, 238, 240, 294, 354,

380, 382

— tryptamine- 76
J

Phenoxyacetic acid herbicides 260
Phenoxyalkanecarboxylic acid esters 210,
241

Phenylalanine 246, 247

Phenylalkanolamines 45

Phenylbutazone 65

N-Phenylcarbamate pesticides 63, 107

1,2-Phenylenediamine reagent 372

Phenylethylamines 173, 355

Phenylethylmalonamide 303

o-Phenylphenol 262

Phenylthiohydantoins 75

Phenylurea pesticides 63, 74, 107

Phenyramidol metabolites 45

Phenytoin 254, 255, 303, 337, 340

pH Indicators 45, 229, 303

Phloroglucin derivatives 288

Phosphates 170 —172, 388, 389

-, esters 170, 171

Phosphatides 62, 70

Phosphatidy! choline 64

Phosphatidyl glycerol 89

Phosphoinositides 43

Phospholipids 44, 45, 70, 147, 148, 191,
206, 242, 243, 273, 333, 376, 404, 411, 438

Phosphomolybdic acid reagent 89, 376

itr OMpO! , organic 89
Nitrogen oxide vapor reagent 86
5-Nitroindole 418
Nitrophenyl isocyanate reagent 77
1-Nitropyrene 61
N-Nitrosamines 107
Nitrous fumes reagent 225, 226
Nondestructive detection  42ff

-with fluorescent reagents 44

-with iodine 46

-with pH-indicators 45
Noradrenaline 76, 240, 393 —
Norephedrine 76
Norfenefrine 76
Norfenfluramine denvatives 45
11-Nor-4°-THC-9-carboxylicacid 289,292
Novonal 339
Nucleosides 364

N
N

Oxalicacid—45, 171,426

Oxathizine fungicides 44

Oxazepam 364

Oxidation  S8ff

—, prim. and sec. alcohols 57
-with 1,4-naphthoquinone potassium zerz-
butoxide 59
-with aluminium isopropoxide 59
-with chromic acid 59, 60
-with hydrogen peroxide 59
-with iodine 60
-with 4—mtrﬁperbenzmc acid 55,59
-with osmium tetroxide 55
-with oxygen (atmospheric) 60
-with phosphorus oxychloride 55
-with potassium dichromate 60
-with ruthenium tetroxide 55
-with sodium hypobromite 55

- tryptophan- 76

Peracetic acid, reagent in eluent 58
Per acids 368

Perchlorate 188 —190

Perchloric acid reagent 314, 351, 364, 385
Perhydrol reagent 307

Peroxide reagent 368

Perylene 39

Pesticides 44, 252, 254

-, carbamate 44, 223, 225, 288, 290
-, organophosphorus 254

-, phenylcarbamate 63

-, phenylurea 63

—, residues 63

Phenazones 45

Phenobarbital 254, 255, 303, 364
Phenoicarboxyiic acids 288

Phosphonates 388, 389
Phosphonic acids  170—172, 389
Phosphonolipids 44

Phosphorescence 10, 15

—, indicators see Fluorescence indicators
Phosphoric acid, esters 44, 170

-, reagent 179, 185, 242, 278, 430
Phosphotungstic acid reagent 89
Photo documentation, apparatus 137
-, exposure times 137

Photocell 25

Photodiode 24,29

Photo effect external/internal 24, 29
Photo element 24,29

Photomultiplier 25

-, disadvantage 27

—, headon 27

-, Sp

29
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460 Index

-, sideon 27
—, window material 28

Procaine 63
Processing the chromatogram  90ff

o-Phthalaldehyde reagent 287, 380
Phthalic acid 171, 175, 178, 233, 249
-, reagent 163

pH values of sorbents 121, 122
Physiological/biological detection 109
Picric acid 174

-, reagent 385

Pimelic acid 230, 249, 308
Pinacryptol yellow reagent 44, 388
Pindolo! 299, 380

Pipecolic acid 435

Piperazine reagent 362

Piroxicam 105

Plasma lipids 89

Platinum cations 144

PMD system 132

Polvamide lavers 123

olyamide layers
Polyamines 284
Polycarboxylic acids 248
Polyethylene glycol 44, 86, 278, 280
Polygalaic acid 195
Polyglycerol 69
Polyphenols 44, 401
Polypropylene glycol 44
Polysaccharides, sulfur containing 43
Polystyrenes 364
Polyuridylic acid 76
Porphyrins 991T, 103
—, methyl esters 103
151, 392, 395
Potassium hydroxide reagent 434
Potassium iodate reagent 173
Potassium iodide reagent 171
Potassium permanganate reagent 228
Prednisolone 221
Prednisone 221
Preloading of the layers 126
Prenazone 65
Prenols 44, 401
Prenylquinones 44, 401
Prenyl vitamins 401
Preservation of chromatograms, Neatan
134
Preservatives see Antioxidants
Prewashing the layers 124

Dol tdona 964 A6C 107 1)
Crimiaone 204, 2595, JUS, 35

Quinone imine dyestuff 369
Quinones 44

naex 401

-water compatibility 123
Rugulosin 104

-, drying 91

—, IR treatment 96

-, microwave treatment 96
—, UV treatment 92, 93
Progesterone 71, 321

Doolica 240 241 24 199 418
CTOUNC 24V, 251, 230, 5062, 45

Prominal 339, 342, 343

Propham 108

Propionic acid 75

Propranolol 299

Prostaglandins  195—197, 242244, 273,
274, 376, 411, 413, 430, 438

Protocol form example 133

Prunasin 179, 181

Psychopharmaceuticals 364

Purines 44, 266, 438, 439

Pyrazolidine derivatives 426

Pyrethroid insecticides 359

Pyridine alkaloids 66

4-Pyridinecarboxylic acid hydrazide re-
agent 318

Pyridoxal 157, 158, 253

Pyridoxamine 253

Pyridoxine 253

Pyrimidines 266, 438, 439

Pyrocatechol see 1,2-Dihydroxybenzene

Pyrocatecholsulfophthalein 398

Pyrocatechol violet reagent 398

Pyrolysis of organic compounds 92, 96

3 Pvrone deni 1ve 28

R

Radioisotopes, half-lives 49
Raffinose 158, 181 —184, 203, 204, 331
Rare earths cations 144

Datanhia nhanale 2022
naianaiia pocnoss 260

Rauwolfia alkaloids 314
Reaction chromatography S56ff
Reagents 144ff
-, homogeneous application 90, 405
—, in eluent 88, 405
-, incorporated in the layer 88, 405
-, minimum concentration 78
-, residues (explosive) 82, 365, 386
Reducing substances 216, 220, 376
Reduction 58ff
-with iron(I1) ammonium sulfate 64
-with palladium chloride 63
-with palladium colloidal 63
-with platinum chloride 63
-with sodium borohydride 62
-with zinc chloride/HCl 63
Reductones 256, 262
Reflection 36
Relative humidity 1291
-adjustment of defined humidity 130
-influence on separation 129, 365, 374,
393, 421
Remission see Reflection
- qnnnﬁ'nﬁvp relation hip 35,36

Rutin 149, 179, 279, 323
—, reagent 44

S

Saccharin 10, 11, 174, 388 —390

Salicyl alcohol 195

Salicylaldehyde reagent 284

Salicylic acid 45, 171, 175, 178, 233, 308

Salicylsalicin 195, 196

Salithion 151

Salt solutions, constant relative humidity
129, 130

Sandwich chamber 126, 127

Sapogenins 43, 195, 206, 411

-, steroid 69, 206

-, trifluoroacetates 69

Saponins 7, 109, 411, 430

Sarcosine 435

Scandium cations 144

Scanners, optical trains 30, 39

S-chamber see Sandwich chamber

Scintillators 12

Sebacic acid 178, 233, 249, 308

Selectivity

—, enhancement by derivatization 55
-by reaction sequences 90

—, fluorescence 38

—, of detection 4, 38, 40, 42

-, of separation 4

Seleni cations 144

Pyrrole alkaloids 66
Pyrrole derivatives 266, 269, 270
Pyruvic acid 426

Quantitation by peak height/area 31, 33,
40

—, optical trains 30, 39

Quercetin 149, 279, 323

—, -3-arabinoside 279, 280

—, reagent 44

Quercitrin 149, 279, 280, 323

Quinaldic acid 171

Quinine alkaloids 88

Quinine, pH-dependent change of fluores-
cence color 91

P R TR TS S Yo
Wulnoine daikaiolas oo

Reprostar 136
Resorcinol see 1,3-Dihydroxybenzene
Resorcinol homologues 290
Resorufin, pH-dependent change of fluores-
cence color 91
Rhamnose 161, 162, 181, 200, 201
Rhodamine B reagent 44, 401
Rhodamine G reagent 44
Rhodamine 6G reagent 44, 88, 402, 404
Ribopolynucleotides 76
D-Ribose, dipole moment 97
-, reagent 177
Rifamycin 166, 167
Robinetin reagent 44
Rosaniline reagent 330
RP-phases 3
-degree of modification 123

-, as 2,1,3-naphthoselenodiazole 102, 104,
108

Semen sinapis 187

Sennosides 166, 167

Sensitivity enhancement by derivatization
56

Serine 246, 356

Serotonin 70, 76, 239, 240, 262, 355, 380

Serum lipids 89

-, proteins 74

Sesquiterpene glucosides 327

Silica gel 60

—, caffeine-impregnated 85

—, specific surface area 91

—, surface-modified 3

Silica Si 50000, specific surface area 91

[ PSPPI I I RS - T 4
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462 Index

Silver
—cations 144

Stearyllactic acid 45
Sterigmatocystine 69, 103, 105, 147, 148,

—, nitrate reagent 89, 408

Silydianine 273, 274

Silymarin 106, 273, 274

Sinigrin 187

B-Sitosterol 206, 213, 242, 243

Sodium hydroxide reagent 395, 408

Sodium methylate reagent 70

Solamargine 62

Solasodine 62

Solasonine 62

Solidaginis, Extr. 279

Solvents 119ff

—, for sample preparation/preparative chro-
matography 121

-, quality 119, 120

Sorbents, plain and surface-modified 3

Sorbic acid 45, 65, 71, 75, 308

Sorbitol 409, 410

Specificity of detection 4

Specific surface area, silica Si 50000 91

Specific surface area, silica gel 60 91

Spermidine 107

Spermine 107

Sphingomyelin 44, 89, 377, 378

Spironolactone 411

Spot diameter 78, 131

Spray gun 81

Spraying

-, apparatus 81, 82

- Q9
—, aulomduc 6.

Sweeteners 44, 388 —390
Swep 108

Index 463

Thiol compounds 252, 254
Thione compounds 252, 254

438, 439

Steroids 44, 60, 66, 191, 195, 196, 206, 210,
219,222,234, 364, 376, 404, 411, 413,420,
421, 426, 428, 430, 431, 438, 439

-, alkaloids 206

-, conjugaies 4ii, 413

-, glycosides 206

-, hormones 206

—, ketones 72

-, sapogenins 69, 195, 206, 411

Sterols 44, 58, 65, 70, 104, 147, 148, 195,
206, 213, 214, 248, 249, 333, 351, 352, 385,
404, 430, 431, 438

— esters 44, 70, 147, 191, 248, 249, 333,
411,438, 439

-, hydroperoxides 60

gus.""ﬂasterﬁl 213,351

Strontium cations 144, 145, 311, 312

Strychnine 60, 315, 316

Strychnos alkaloids 314

Suberic acid 178, 230, 249, 308

Succinic acid 45, 61, 178, 230, 233, 249,
250, 258, 259

Succinimides 337

Sucrose 181—184, 203, 204, 331

Sudan dyes 129

Sugar acids 325

Sugar alcohols 45, 325, 326, 329, 408, 409,

426
Sugars—45;89,96 158,160—163,179,

Sympathomimetics 76, 106, 151, 153, 294
Synclisia alkaloids 314

T
Tabemaemontana alkaloids 314
Tanning 728 200

Tartaric acid 45, 175, 230, 233, 246, 250,
258, 259, 308

TCNE reagent 416

Tenside-plate 89

Tensides see Detergents

Terephthalic acid 178, 249, 308

Terpenes 44, 59, 195, 206, 210, 211

-, glucosides 327

o-Terpineol 59, 70, 76, 327

-, glucoside 327

Testosterone 32, 88 104, 108,303,304, 319,
321

—, isonicotinic acid hydrazone 319321

Tetrabutyltin 399, 400

Tetracyanoethylene reagent 416

Tetracyclins 166, 195

Tetraethyiene pentamine reagent 359

Tetrahydrocannabinol (= THC) metaboli-
tes 290—292

Tetrahydrocannabinol (= THC)-11-carbo-
xylic acid 290

Tetrahydrocortisol 221

Tetrahydrocortisone 221

Tetrahydro: teroids 222

Thiosemicarbazides, N-aryl- 248

Thiourea 107, 246, 254, 269, 337

—, derivatives 322, 323

Thorium cations 144

Threonine 246

Thymol 153,197,198

—, derivatives 288

Tigogenin 59, 195

-, acetate 63

Tigogenone 59, 60

TILLMANS’ reagent 256

Tin, cations 144, 311, 398

—, organic derivatives see Organotin com-
pounds

—, tetrachloride vapor reagent 86

Tinuvin 343 283

Tinuvin P 282, 283

Titanium cations 144

—, (I1I) chloride reagent 270

TNBS reagent 423

TNS reagent 44

Tocopherols 216—218, 376

p-Toluenesulfonic acid reagent 76

6-p-Toluidino-2-naphthalenesulfonic  acid,
reagent 44

Toxaphene 45

Tragacanth hydrolysates 163

Trenbolone 303, 304

Triallate 323

Triazine herbicides 45

—, distance to layer 81

—, on chromatograms 79 ff

-, pattern 81

-, solvent polarity 82

—, sequences 90

Squalene 44

SRS technique 57

Stabilization of fluorescence  99fF

Stabilization of stained chromatogram zo-
nes 90, 98, 245247, 292, 356, 361, 363

Qéalilinaras 209
Slacuizers 550

-, in solvents 120

Staining, stabilization of spots 98

Starch hydrolysates 179

Stationary phases, choice of 121

Stearit-acid .73, 214, 215, 230, 258, 259,
402, 405 ° !

154

180, 183, 185, 188, 189, 195, 197, 199, 200,
203, 204, 234, 326, 329, 331, 364, 372, 408,
428, 438

—, derivatives 170, 428

Sulfamates, aliphatic 388, 389

Sulfates, aliphatic 388, 389

Sulfhydryl groups 254

Sulfonamides 63, 223, 225, 238, 240, 269,
294, 296, 340

Sulfonates, aliphatic 388, 389

Sulfonic acids 91

Sulfur dioxide, dipole moment 97

Sulfur dioxide vapor reagent 86

Sulfuric acid, reagent 87, 195,333,411, 426

Sulfurous acid reagent (alternative to 2-mer-
captoethanol) 381

Suifuryi chioride vapor reageni 86

Tetrazolium salts, reduction 61

Thalidomide 45

—, hydrolysis products 45

Thiabendazole 307, 308

Thiamine 235, 236, 397

Thickening agents 179

Thin-layer chromatography, advantage 5

—, numbers of publications per year 6

Thiobarbiturates 45, 66

Thiocarbamide derivatives 322

Thiocarbamides, N-aryl-N’-benzenesulfo-
nyl- 248,249

Thiochrome 395

Thioflavine, pH-dependent change of fluo-
rescence color 91

Thioglucosides 185, 186

Thioglycolic acid 248, 249

Triazophos 362

Tribromoimperatorin 65

Tributyltin chloride 399, 400

Tributyltin oxide 399, 400

Tricarboxylic acids 248, 249

Trichloroacetic acid 45

—reagent 372, 420

Trichothecenes 147, 195, 359, 361, 362, 411

Triglycerides 45, 70, 89, 147, 148, 214,234,
333, 376, 401, 404, 438, 439

Trihalogenalkylamines 359

Triiodobenzoic acid 45

2,4,6-Trimethylpyridine see Collidine

Trinitrobenzenesulfonic acid reagent 423

2,4,6-Trinitrophenol see Picric acid

Tnolem 89

214
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464 Index

Triphenodioxazines 411

Tripolyphosphate 172
Trisaccharides 331
Triterpene 70, 206, 210, 211, 430
—, alcohols 404

—, derivatives 43

-, glycosides 62

Triton X—100 108

Trough chambers 125
Tryptamine 76, 98, 254, 364
Tryptophan 76, 246, 364
108

Tunesten cation
iu i t S 375

ngsten cations
Tungsten incandescent lamp 21, 22
Twin-trough chamber 87, 126
Tyramine 355

U

Ubiquinones 404

Umbelliferone, pH-dependent change of
fluorescence color 44

Universal reagents 4, 46,195, 376,402, 405,
412, 430, 434

Uracil derivatives 44, 45

Uranium cations 144

Uranyl acetate reagent 44

Urea

-, condensation products 44

—, derivatives 223, 269

—, herbicides 43, 74, 104, 107, 223, 225

—, thio- 107, 246, 254, 269, 337

Uricacid 261

Vanadium(V) oxide reagent 426
illi 434

VAN URK reaction

—, stabilization of “VAN URK-spots” 98

Vapor exposure of chromatograms 86

Vario chambers 128

Vaseline 44

Veratrum alkaloids 420

Vitamins 7, 109, 157, 158, 206—208, 216—
218, 234-236, 252, 253, 256, 260, 267,
269, 395, 397, 420, 426, 428

- A 206

— A-acid 411

—, B1 105, 234, 235, 395, 397

—, B6 157,158, 252, 260

—, C see Ascorbic acid

- D 206

— D3 207,208, 420

-, E 2i6-2i8,370

Vomitoxin see Deoxynivalenol

w
Water, dipole moment 97
Waxes 44

X

Xanthanonic acid 89
Xanthotoxin 67
Xanthotoxol 70
Xenon lamp 20, 22
Xylitol 409, 410

154, 199, 322, 426
102
59,71

Uronic acids
Uroporphyrin
Ursolic acid
UV lamps 13, 14, 16, 137

—, with camera holder 13,17, 136
UV absorber in plastics 281

v

Valepotriates 166, 167, 273, 359, 361, 362
Valine 246, 247, 267, 268, 296, 297
Vanadium cations 44, 144

Xylobiose 45
Xylose 45, 161, 162, 177, 200, 201
—reagent 177

Z

Zearalenone 69, 147, 148, 273
Zectran 107

Zinc cations 144, 311

Zinc chloride reagent 76
Zipeprol 45

Zirconium cations 144

Zirconium{iV) oxychioride reagent 89, 438
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