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high sample throughput because of parallel sample processing, and as a technique 
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VI Foreword 

in many cases, an elegant solution to difficult analytical problems. This book Pretace 
should serve to revive interest in this area and to provide a methodological source 
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 This book is the result of cooperation between four colleagues, who have been 

those problems is ever increasing. However, it behooves us as analytical chemists working in the field ofthin~layer chromatography for many years and, in particu-

not to forget our fundamental training in chemistry and to apply those principles Jar, took an active part in the development from hand-coated TLC plates to 
· .i!ohl" nlo>; "~ · ·;;,;._ .chmma-

. ~-, 
0 ,. 

this ok. tography. This development was accompanied by improvements in the field of 

C. F. Poole detection of the separated zones. In particular, it became necessary to be able 

Department of Chemistry to deal with ever decreasing quantities of substance, so that the compilation 

Wayne State University "Anf8.rbereagenzien" by E. Merck, that had been available as a brochure for 

Detroit, MI 48202 many, many years, no longer represented the state of the art of thin-layer 

It was against this background and in view of the fact that there is at present 
no contemporary monograph on mm-layer chromatograPfiYllUilmis uuul\. w<ts 
produced. It is intended as an introduction to the method, a reference book, and 
a laboratory handbook in one, i.e., 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. ln situ 
prechromaiOgrapmc oenvauza ion tecnniques useu w i~prove ""' · · 

· , t1 · ~rea!U': the !U':O~it'vitv of detection and to enhance the precision 
of the subsequent quantitative analysis are summarized in numerous tables. 

Particular attention has been devoted to the fluorescence methods, which are 
now of such topicality, 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 ofthis book, whose more than 600 literature 
rpfp,..,.n.-... mav serve to stimulate the reader to enlarl!e his or her own knowledge. 

Nor has a general introduction to the microchemical postchromatographic 

This s:~nd part wi~h its 80 worked-through and checked d~tection 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 

l~quid chromatograph~. A.l~ngside details of the rea~nts r~ui~~ an~~heir ha~d-

"• .•.. 
concerned. 

Wherever possible, dipping reagents have been employed instead of the spray 
reagents that were formerly commonplace. These make it easier to avoid contami-
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nating the laboratory, because the coating of the chromatogram with the reagent In spite of all our care and efforts we are bound to have made mistakes. For 
takes place with less environmental pollution and lower health risks; furthermore, this reason we would like to ask TLC specialists to communicate to us any errors 
it is more homogeneous, which results in higher precision in quantitative ami.lyses. and any suggestions they may have for improving later volumes. 

It is possible that the solvents suggested will not be compatible with all the 
Saarbriicken, Giessen and Darmstadt, Hellmut Jork substances detectable with a particular reagent, for instance, because the chro-

malo graphically separated substances or their reaction products are too soluble. October 1989 Werner Funk 
Waiter Fischer Therefore, it should be checked in each case whether it is possible to employ the 
H' ,w; 

conutuons suggesu;u WlluOUl ffiOUillCauon. vve illiVe uone llllS m eacn report wr 
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 

• • • 1 i~ a1~~ n;:pUJ.u;u. u an au~onx::m is DOL memioneu n orny means mat 
we did not check the annlication of the rea ent to that tvne f 1 1.-i t 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 ll of this book with its 
ea. 750 references as a source for TLC applications. Only rarely are earlier refer-
ences (prior to 1960), which were of importance for the development of the reagent, 

. •rlh. 

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. 

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 

. . ~' 

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. 

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 
short time. 
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1 mtrooucnon 

The separation methods routinely employed in the laboratory include the various 
chromatographic and electrophoretic techniques, whose selectivity is continually 

· · ri hv · · 1 nf n~ ad~rbents e.g. with chemicallv modi-
fted surfaces (Fig. 1 ). 

Detection methods, which provide real information concerning the separated sub­
stances, are necessary in order to be able to analyze the separation result and 
separation performance achieved by such a system. 

Future 
developments 

OH 

~'~~ 
H 

Fig. I: Schematic view of the surface-modified silica gds at present commercially available. 
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1D spite 01 numerous_ aavances 10 tne 1eld ol aetectton tnere are not and never 
rhe information can be read off as required at any time separately from the have been any genumely substance-specific chemical detection reactions. This 

means tba~, unlike the spectrometric methods, the methods of detection normally development process both in space and time. This possibility is only available in 

em~loyed m chromatography cannot be employed for an unequivocal identill- thin layer chromatography, because there is no direct on-line coupling between 

catwn of compounds, they can only provide more or less definite indications for chromatographic development and detection. Thus, the analysis of a thin layer 

the characterization of the separated substances. Universal reagents are usually chromatogram can be repeated at any time as desired or carried out again accord-

employed for a first analysis of the separation of samples of unknowns. This is ing to other criteria than those employed in the first analysis. It follows that the 

then followed bv the use of 2:roun-snecific re:~~>P.Ilt< detection technique does not restrict the choice of mobile phase. The chroma-

of information that can be provided from various sources for a presumed substance tograp~c conutuons c_an atways uc cnosen w gtve me oes separatton wr 

the more certainly is its presence indicated. However, all this evidence remains the parttcular sample, smce the chromatogram is freed from mobile phase before 

indicative; it is not a confirmation of identity. detection is undertaken. 

!he d~~tion met~o~s also serve especially to increase sensitivity and selectivity 
In addition to these advantages TLC also possesses other merits which ensure that 

t~ a~;~~n to provtdmg evidence concerning.the quality of the separation. In the 
it occupies a firm place in the arsenal of analytical techniques as a method for the 
separation of micro-, nano- and picogram quantities [5]. 

by the various techniques employed (e.g. multipl~ de~elopment, gradient elution, n ,.<h,A 

sequ:nC: TLC, AMD, HPPLC or OPLC techniques) (Fig. 2) is accompanied by 
:specificlly of detection [1-3]; the selectivity of detection can also be inCreased • is easy to learn technically; 

by the combin~tion of several detection methods as shown in Figure 2. After • is rapidly carried out, especially as HPTLC technique; 

chromatographtc development the chromatogram may be regarded as being rather • is always available for use, since the precoated layers can usually be employed 

like a "diskette" with the individual pieces ofinformation stored on it [4]. without pretreatment; 
• can readily be monitored because the whole chromatogram (including the sub-

11 0 development 1 12 0 development I """'"' . . . .. I h . di 'd"";.c ·~:;: ••u unakOli m '""" u 
vertical toe ute t em vt ua corn nents· 

I horizontal I I I other techliques I • does not require a regeneration step, since TLC and HPTLC plates are dispos-
able items; 

A 
• can be economically employed for routine use because the consumption of 

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 verv few milliliters of 

T mobile phase [6]); 

~ 
I 

~ 
. .., 11" . hil" • I th "I d" th . 

Detection 
as can neutra tpop tc so vents, us en mg ewhole thin layerchromatogra-

. 

I 
phic system a high degree of flexibility. I 

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

I physiological I words. The actual application of the method is very much more frequent. The 
detection method is employed as a matter of course in many areas of quality control and 

Fig. 1: Increasing the selectivity by combinations of methods. routine monitoring of product purity. This was also true in the 1970s when the 
rapid development of high performance liquid chromatography (HPLG) led to a 
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Microchemical reactions: These can be carried out either with universal reagents 
[11] or with such substances which react with particular functional groups (group-

Number 
characterizing reagents). If the separation process ensures that only one component 
occurs at a particular spot on the chromatogram, then this can be detected "sub-

600 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 

200 chemical properties [12]. 

Their use is to be recommended [13] because 

0 • such methods are highly specific (independent of the separation process); 
• inetTectwe accompanytng suostances ao not tnterrere wim me investigation so 

Fig. 3: Frequency distribution of TLC/HPTLC publications over the years 1967 ~ 1986 that previous clean-up can often be omitted; 
(search made from Chemical Abstracts). • the detection limits are comparable with those of classical detection methods. 

temporary reduction in the frequency of academic TLC publications. Today both 
These methods are employed for the detection and determination of antibiotics and 
substances with similar effects, like alkaloids, insecticides, fungicides, mycotoxins, 

methods stand side by side as separation techniques in their own right. The · · · · '" ·•nnn;n.rt41. 
analyst employs them where their respective advantages are evident. Economic We intend to devote separate volumes to each method of detection in the order 

here is probably tipped in favor of thin-layer chromatography~· 
1 dtscusse aoove. 

The information produced in a TLC separation can be recorded for storage or 
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 
uaLa are SLOreu tn oata swrage sysrems. 1 ne ms rumenra ton reqmreo ror tnese 

, wm he . ;.; th; c.hontec' A oenec;l · . nf 

documentation will follow in Chapter 4. 

In principle it is possible to employ physical, microchemical and biological-physio- [1] Jork, H.: Qualitative und quantitative Auswertung von DUnnschicht-Chromatogrommen 

logical methods for detection in TLC (Fig. 2). 
unter besonderer Berucksichtigung photoelektrischer Verfahren. Professorial thesis. Universi-
tat des Saar1andes, Saarbrilcken 1969. 

[2] Jork, H.: More than 50 GDCh-tmining courses since 1972, Universitat des Saarlandes, Saar-

Physical methods: Physical methods include photometric absorption and flu ores- m ~~nc;en. 3 , F~eni~ Z. A,./. Ch,m. l9ll<l 318 206-219. 
cence anu pnospnorescence mmmtwn, wmcn ts wrong.ty reterrea to as uuorescence [4] Jork. H.: Schnellmethoden in der Lebensmittel-Analytik. Behr's Verlag, Hamburg 1987. 
quenching [1], and the detection of radioactively labelled substances by means of [5] Jork, H.: Fmenius Z Anal. Chem. 19S4, 318, 177~178. 

autoradiographic techniques, scintillation procedures or other radiometric [6] J:inchen, D.: Proc. lnt. Symp. lnstrum. High Perform. Thin-Layer Chromatogr. (HPTLC), 

methods. These methods are m:mdestructive (Chapt. 2). 1st. Bad DUrkheim, 1980, 
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' .. . . . ~. ' . 
2 Physical Methods of Detection (8] Stahl, E.: DUnnschicht-Chromatographie, ein Laboratoriumshandbuch. 2nd Ed- Springet 

Berlin 1967. ., ' 

[9] Kirchner, J. G.: Thin-Layer Chromatography, 2nd Ed., Wiley, New York 1978. 
[10] Randerath, K.: Dan11$Chicht-Chromatographie. 2nd Ed., Verlag Chemie, Weinheim 1965. 
[11] E. MERCK, Company bnx:hure "Dyeing Reagents for Thin Layer and Paper Chromato-

grnphy". Darmstadt !980. 
[12] Wallhauser, K. H.: in [8]. 2.1 General 
~!!~ ~~~~: ~ .. \Z~T Fa~~- _Lab. Su?p~ement 3 ,Chromatog~phie"'.~ 30, 79-87. 

y · i n n in u i n u s nee-spec· tc prope .. ies. 
Arbeitsblatt l/l-7 und 1-8. GJT-Verlag, Darmstadt 1986. 

m.n ~ 

The most commonly employed are the absorption or emission of electromagnetic 
radiation, which is detected by suitable detectors (the eye, photomultiplier). The 
P-radiation of radioactively labelled substances can also be detected directly. These 
nondestructive detection methods allow subsequent micropreparative manipu-
lation of the substances concerned. They can also be followed by microchemical 
dHUfU' -

' ' ' 

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

2.2 Detection of Absorbing Substances 

' ' . '" -· .. 
The success of separation of colored compounds is usually monitored visually. 
Such compounds absorb a particular portion of the polychromatic (white) light 
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 

, 

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

Wavelength Color of radiation Complementary color 
[nm] 

620 ... 700 red bluish-green 
590 ... 620 orange greenish-blue 

:~·'~ 
yeuow "'"' 500 ... 570 "'"'" red/purple 

450 ... 500 blue yellow 
400 .. .450 violet yellowish green 

------
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(the UV range normally amenable to analysis A= 400 ... 200 nm). Such compounds 
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 
state by UV light. When they return to the ground state they release a part of the 

taken up in the form of radiation. The emitted mdiation is less 

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

This property can be applied to the detection of substances that absorb in the UV 
region: For on layers containing a fluorescent indicator or impregnated with a 
fluorescent substance the emission is reduced in regions where UV ·active eo m· 
pounds absorb the UV light with which they are irradiated. Such sub· 

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 
refer to fluorescence or phosphorescence diminishing. The more absorbant sample 
molecules there a.re present in the zone the darker this will appear (Fig. 4B). 

This method of detection is at its most sensitive if the absorption maximum 0-mu) 

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. 

Fluorescence and phosphorescence are both forms of luminescence [3). If the 

off it is known as fluorescence [4), if the decay phase lasts longer (because the 
electrons return to the ground state from a forbidden triplet state (Fig. 5), then the 
phenomenon is known as phosphorescence. A distinction is also made between 

i> 
0 
c 
w 

s 
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-- [mitted mtati~n 

B 

T 

Fig, 5: Schematic representation of the electronic transitions during luminescence phenomen~ 
[5]. - A absorbed energy, F fluorescence emis~?n, P phosphorescence, S ground state, S 
exc1ted singlet state, T "forbidden" triplet transJtwn. 
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can be incorporated in 
the adsorbent layers or applied afterwards by spraying or dipping, the 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. 

(code F 366, UV366) include: 

• the sodium salt of 3-hydroxypyrene-5,8,10-trisulfonic acid [6], 
• the sodium salt of 3,5-dihydroxypyrene-8,10-disulfonic acid [7], 
• sodium fluorescein [8 -11] and fluorescein [12] or 2', 7' -dichlorofluorescein [13-

• cyanine dyestuffs [30, 31], 
• stilbene derivatives (e.g. diaminostilbenetriazine) [12, 32] and 
• optical brighteners (Ultraphor WT BASF [12, 33], Caicofluor R-whlte [34], 

Leukophor). 

for the fluorimetric detection of radioactively labelled substances. They are stimu­
lated by ,8-radiation to the emission of electromagnetic radiation and will be 
discussed in Volume 2. 

The substances employed as inorganic phosphore.~cence indicators (incorrectly re-

[38]) emitting substances (code F 254, UV 254). 

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 254,). These possess a pale blue emission [39]. 

The advantages of these 

• 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). 
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A 

B 

Fig. 6: UVTS and MinUVTS apa\ysis lamps (DESAGA). 
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• 
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allows aromatic organic compounds, in particular, to be detected by fluorescence 
quenching. U ranylacetate may also be excited at ..1. = 366 nm. 

• In the most favorable cases the detection limits are from 0.1 to 0.3 J.lg substance 

per chromatogram zone. 

Energetic radiation sources are required to excite phosphorescence or fluorescence. 

r11254crn 
D 366nm 

t[bJ--

Fi~. 8: TransmLttance of black hght filter as a functmn of wavelength (A) and as a function 
of lhe length of operatiOn at A.= 254 and 365 nm (B) 
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Fig. 9: HP-UVIS cabmet for UV 

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
sively, the proportion oflong-wavelength UV radiation is much higher in the case 
ofhtgh pressure lamps. But these have the disadvantage that they require a starting 

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 7). Black glass surrounds 

that the transparency for short-wavelength UV light decreases appreciably with 
mcreasmg duraq_q~ of irradiation (Fig. 8). So it is advisable to change the filters 
of lamps intended fo~ short~wavelength radiation at regular intervals. They can 

r~:,·, .. 
·I 
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~: Whell working with UV light protective goggles should always be worn 

2.Z.3 Photometric Measurement of Absorption 

Photomultiplkrs 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~otffilters) are needed for the measure~ 
ment of fluorescence. Appropriate instruments are not only suitable for the quali~ 

of spectra in addition to hR.,) and for quantitative detenninations. 

Monocbromators 

• The wavelength scale is approximately linear; this also means 
• that the wavelength scan is also linear making automation easier using appropri~ 

ate stepping motors; 
• dispersion is almost constant and not wavelength-dependent, and 
• the transmission above A.= 270 nm is than is the case for prism 

However, the usable spectral region is limited by the 
fictency of the gratings. 
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Fig. 10: TLC scanner Il (CAMAG) Fig. 12: Flymg spot scanner CS 9000 (SHJMADZU) 

------Fig. 11: CD-60 dens1tometer (DESAGA) Fig. 13: FTR-20 scanner (SlGMA/BIOCHEM) 
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never on. 
is also true of coated or "bloomed" gratings which have magnesium or lithium 
fluoride evaporated onto them. 

Samples of spectrometers with grating monochromators 

• TLC scanner 11, CAMAG (Fig. 1 0) 
• CD-60 densitometer, DFSAGA (Fig. 11) 

Ught Sources 

Lamps to be employed in photometry should 

production of parallel beams [40]. 

A distinction must be made between continuous sources (hydrogen or deuterium 
lamps, incandescent tungsten lamps, high pressure xenon lamps) and spectra/line 
sources (mercury lamps), which deliver spectrally purer light in the region of their 
emission lines. 

bands they radiate more powerfully than do xenon lamps (Fig.14). 

Fig. 14: Radiation characteristics of a high pressure Hg lamp (OsRAM HBO 100; continuous 
line) and of a xenon lamp (PEK 75; broken line) [4]. The intensity /is represented logarithmi­
cally in relative units. 
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Continuous sources: sources 
spectral region are hydrogen or dt!uterium lamps [1]. When the gas pressure is 30 
to 60 x 10- 3 Pa they yield a continuous emission spectrum. The maxima of their 
radiation emission occur at different wavelengths (H2 : ..t = 280 nm; D 2 : ..l = 

220 nm). This means that the deuterium lamp is superior for measurements in the 
lower UV region (Fig. 15). 

deuterium lamp. 

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 its thermal con-

The continuum produced by both of these lamps is accompanied by emission lines 
in the visible spectral region at..l = 486.12 nm (H2) and ..l = 485.99 nm (02); these 
can be employed for adjustment and calibration of the wavelength scale. 
Hydrogen lamps are equipped with a rectangular slit for adjusting and centering 
the this ensures that the radiation intensity is particularly high in 

Tung.~ten incandescent lamps are primarily employed in the visible region (..l = 

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 of tungsten. The metal vapor is deposited on 

thus, reducing the operating life which is to be ea. 1000 hours at 2400 K. 
In order to reduce the rate of evaporation krypton or argon are often employed 
<b protective gases, which means that 70 to 90% of the electrical energy is converted 
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to radiation. The fact that a considerable proportion of the energy is radiated 
above A= 800 nm is a disadvantage of the tungsten incandescent lamp. 

Halogen lamps are 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 glowing 
coil. This causes a reduction in the deposition of tungsten on the surface of the 

a higher light yield. Since iodine vapor absorbs U V light these lamps have a purple 
tinge. 

High pressure xenon lamps are also employed in some TLC scanners (e.g. the 
scanner of SCHOEFFEL and that of FARRAND). They produce higher intensity radi­
ation than do lamps. The maximum intensity of the radiation 

drops appreciably nm 
higher wavelengths, begins to move [43]. 

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 

body in the middle leads to a concentr".dtion of the incandescent 
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 
not "jump". In addition the relative intensities of the individual lines can change 
with respect to each other, which can cause a short or change in the 

the 

resonance line at A= 254 nm, lamps (104 -106 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 mercuryvapor lamp increases the number 
of emission lines particularly in the visible region of the spectrum [45] so that it is 

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. 
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Table 2. Summary of the most important 
Hg lamps (471. 

Parameter 

St 41 

High p«:ssure Hg lamp 

St 43 St46 St 48 

Current type Direct current Alternating Direct current Direct current 

employing them (SHIMADZU) 
TLC scanner 
(CAMAG) 

List of emission lines and their relative intensities for the most important mercury 

238 and 240 
248 
254 

280 

436 
546 

577 and 580 

81 
108 
66 

* l Exact mtensities are given by KAASE et al. [48]. 

St 43 St 48 

3 7 
13 t8 
25 31 
67 69 

5 7 
100 100 

61 81 
79 108 
47 66 
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.. :: PhOlocells and · · '• ~tM) are m,~moy 

J. 
employed in photometry. These are detectors with an "external photo-effect". 

., 
L Photocells: The basic construction of a photocell is illustrated in Figure 17. A 
~ .. photocurrent flows when the photocathode is illuminated, this is proportional to 

the intensity of illumination if the supply potential has been chosen to be higher 

ID 
than the saturation potential. A minimal potenti~11~t'~~~~:~~tween the 

,, .,, h .,;, '" "-. h. •" t ace 

A !DD 300 '" 500 emitted. The sensitivity is independent of frequency up to 107 Hz. The temperature 
A.(nlll]-- sensitivity of evacuated photocells is very smalL The dark current (see below) is 

b) 
ca.to- 11 A [1). 

I 100 

;\ 
~ .. 

"'"""" 
/ ........ \ -"'--0 

IL MOOo M- ) J-100 V 

ID I 
er- 0 

B ,,, 3 ,,, ,,, 
y,,_ ••• D oO A "",'. MV "' . '· .. ·' 
mercury St 41 or St 48 lamp (B). 

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

Detectors 

Th~A~mmercial instruments employ detectors of various types. Their utility de-
Samples of analytical units with photocells: 

To ---
· model T11 ICAMAC.i 

•h "'" "· ·' .• ,. .. '""'"" <· .R&n, m. 

constant external conditions, • Fiber optic densitometer, model 800 (KoNIES) 
• the proportionality of the photocurrent to the intensity of illumination and 
• the signal to noise ratio of the photodetector. Photomultip/iers: Secondary electron multipliers, usually known as photomulti-

A rOle is also played by the temperature and frequency dependence of the phers, are evacuated photocells incorporating an amplifier. The electrons emitted 

photocurrent, the variable surface · · · at various parts of the cathode and from the cathode are by 8 to 14 ~! elec~~o.~:s Jdyn~~:~; A 
"" ·~·~· "'~' u . '[4UJ. All oe ue<e<O<O<S o DelOW are 
electroruc components whose electncal properties vary on irradiation. The effects 1mpact results in the production of2 to 4 and maximally 7 secondary electrons at 

depend on external (photocells, photomultipliers) or internal photo effects (photo- each dynode. This results in an amplification of the photocurrent by a factorof10
6 

elements, photodiodes). to 108 . It is, however, still necessary to amplify the output of the photomultiplier. 
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lnsulalii"IJ screen 

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

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 
millimeters on the surface of the Figure 19 illustrates this effect 
for a in addition 

Fig. 19: Spacial dependence of the spectral sensitivity of a photocathode [SO]. 
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Depending on their positioning the dynodes are referred to as being 
or "side-on.,. Commercial scanners mostly employ "side~ on" secondary electron 
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. 

Head-on on the other hand, possess a greater entry angle for 
in front of the photocathode 

in the CAMAG TLC/HPTLC scanner L The sensitivity of such head-on photomulti­
pliers is independent of frequency up to 106 Hz. 

Incident rac11at1on 

Opalescent layer 

it is a disadvantage of all photomultipliers that the photocurrent is not completely 
proportional to the strength of illumination. Further, the photocurrent must not 
exceed 10- 7 A or the photomultiplier becomes fatigued. Daylight switches are 

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

• the "chromatographic noise" and 
• the "detector noise". 

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 negligible. 
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The emission of thermal electrons is subject to statistical fluctuations (lead shot 
effect). It is mfluenced by the current strength, the number of electric charges 
liberated and the frequency of the radiation [55] (see [40] for further details). 

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

m 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 [56- 58]. 

The range of application into the short-wavelength region of the spectrum depends 
on the window material employed m the photomultipher. Borosilicate glass 
(KOVAR glass), for example, only transmits radiation down to about 280 nm, 

equtpped wtth type S-4 deteCtors (Tab. 4), whose windows absorb a part of the 
short-wavelength radiations. 

Table 4. Charactenst1cs of the most Important photomultJ.Rhers w1th Sb-Cs cathodes and 9 
amplification steps [50]. 

RCA HAMAMATSU EMI sensitivity 

S-4 1P21 1P21 9781A 300 .. 650 400 borosilicate 
931B R105 300 ... 650 400 borosihcate 

R105UH 300 .. 650 400 boros1l1cate 

S~S 

1P28A(Vl R282 185 .. 650 450 UV glass 

S-19 4837 R106 9665A 160 ... 650 340 fused sJilca 
R106UH 97838 160 .. 650 340 fused Slhca 

• UV /VIS chromatogram analyzer for fluorescence measurements (FARRAND) 
• Spectrofluorimeter SPF (AMERICAN INSTRUMENT Co.) 
• TLD-100 scanner (VrrATRON) 
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The majority of detectors, 
employ UV glass (e.g. Suprasil). All type S-5 photomultipliers possess of 
this material, so that they ought to be usable in the far UV region if N 2 purging 
1s employed (to remove 0 2) (Tab. 4). 

Scanners with S-5 detectors 

• KM3 (C. ZEISS) 

• CD-60 densitometer (OESAGA) 

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

• CS 930 scanner (SHIMADZU) 

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

converted into electrical energy. The construction of a photoelement is illustrated 
m Figure 21. 

hv 

2 

3 

.Fig. 21: Pnnc1ple of constructiOn of a photoelement [1]. - 1 hght-transmittmg metal layer, 
2 setruconductor layer, 3 metal plate. 
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as a 
a photocurrent flows that is strictly proportional to the radiation intensity. 
Photodiodes are sensitive and free from inertia. They are, thus, suitable for rapid 
measurement [1, 59]; they have, therefore, been employed for the construction of 
diode array detectors. 

2.2.3.2 Principles of Measuremeoi 

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 

• 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)]; 

A 

Pc L 

B 

truo 
R = recorder, I = integrator, E = detector, Pr = sample (TLC plate), S = mirror, M = 
mooochromator, L = lamps (incandescent lamp ®. deuterium lamp ::) and mercury lamp 
(' ), Fl = cutoff filter. 
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cent background without spectral analysis of the fluorescent light (Fig. 22B). 
[An additional 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. 

Direct Detennination 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, dyestuffs, caffein or 
PHB esters, are detennined spectrophotometrically after chromatography, then, 

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 

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

However, these absorption spectra can be employed as an aid to characterization, 
particularly when authentic reference substances chromatographed on a 
ncighboring track. The use of differential yields additional infor-

at the wave-

An example is the A = 220 nm instead of at Amu = 

~OS nm or of the fungicide vinclozolin at ;. = 245 nm instead of at Amu = 220 nm. 

Absorbance (reflectance) scanning: The positions of the chromatographically sep­
arated substances are determined at Amu· As the is 

or 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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Fig. 23: Reflectance spectra (o-o-) of 3 11g testosterone (A) and 3 IJ.g Ll 4 -androstendwne­
(3,17) (B) taken up on a sthca gel layer compared with the absorptJ.on spectra determmed m 
methanohc solution(·--) 

Frnnt 

t:::::l 

X 
Start L_ __ _ 

Fig. 24: Schemattc representation of the recordmg of an absorbance scan. - M = measunng 

sht 
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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 

radiation emitted by the indicator that 

arrives at the detector. The 
these two radiation types. 

When working with a deuterium lamp the radiation energy is so low that the 
luminescence radiation only makes up a few percent of the total radiation. This 

checked in the majority of scanners by setting the total radiation (e.g. 

(Fig. 22B). The energy that remains comes from the 
IS produced by stray light. The remaining signal is almost always small. Hence, 
when a deuterium lamp is employed absorption determ.inations are only falsified 
to a small extent. This falsification is also reduced by the fact that at the site of a 
zone the also reduces the emission. The absorbing substances 

lumineseent indicator and, hence, less 

However, the optical train illustrated in Figure 22B allows the 
fluoreseence quenching. The "interfering effect" described above now becomes the 
major effect and determines the result obtained. 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 Since the radiation 

the 

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 
(F1g 4A), whose intensity (or rather lack of it) is dependent on the amount of 
substance .If the plate background is set to 100% emission the phosphores-

zooes. When the 

chromatogram is scanned peaks are 
start can be used to calculate Rt values and whose area or height can 
construct calibration curves as a function of the amount applied (Fig. 25). 



34 2 Physical Methods of Detection 

-~-Absorphon at 254 n111 
- Ab•or~ltan il 238 n111 
-Fluorosc~tnte q!M!n<hlnt 

lucitiltion 2:54 11111, 1\uoroKUI<! 525 11111) 

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 

detector signal. The more rapidly the plate is moved the greater is the difference 
between the starting phosphorescence (chromatogram at rest) and the baseline 
during scanning (chromatogram in motion). Peak area and height also decrease 
appreciably; in addition, the baseline becomes more unsteady, which reduces the 
detection limit compared with that for absorption measurement at Amax· So analysis 

2.2.3.3 Quaotitative Analysis 

The determination ofthe 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 

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 

Determtnalton of 
fluorescence quenchmg 

M- Pr{R) 
254 nm 
Ftlter Fl 39 
Sht04><14mm 

Measurement !Tack 

Blank track 

Reduction of 
peak area[%) 

Base-lme change 
(scale dovostcm) 
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" " 

amount of substance applied. The limiting law is the KUBELKA-MUNK function 
[65, 66]: 

Where 

k absorption coefficient 
coefficient of scattering of the stationary phase 

R ~ = absolute reflectance 

I 

Io 
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the coefficient of absorption k can be defined as 2.3 The Detection of Fluorescent Substances 
k- 2.303" 

(e = molar extinction coefficient; c = concentration of substance, in the present 2.3.1 General 
case the amount of substance applied). Molecules that absorb radiation are raised to an excited state. They can return to 

the ground state by 
;only' 'under the totlow· ., " ,f 

in• s [61 731: . ·-~, .. , _, 

• I must r the analysis, '" '" tion and refraction phenomena in t~e_laye~ shall be as uniform as possible. This . '':'~'""• ... , 
also means that the radiation reaching the detector in reflectance retains its of fluorescence [3, 75, 76]. 

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

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

1 I light. 
Emi.ssion . A "··~· .. • Mirror reflection ( = regular reflection) must not occur. 

• The layer thickness must be large in wit_h
1

;he wavelength employed f '""''' ~"" ;,_ " """'· I V V 
o 1 ne pamcn'" mu" oe 1 m me >aye' w avo1o ,} \. 

errects. ./ " 
the '"' layer. ' 

These general requirements also apply to adsorbents laden with substance. All ' 2 
these requirements are not fulfilled to the same extent in thin-layer chromatogra- 1 
phy. So the KUBELKA-MUNK function does not apply without qualification. 11'=0 

For this reason it is understandable that numerous empirical functions have been 
proposed as substitutes for use in practical analysis [5, 74]. 

' 
' 

Fie. 27, ' of the ' betwren ' "'" 
cmi~ion ?.~ m and m· '" the I<nns invo1vea m UI< ''"""'""' numbers (4]. 
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The radiation emitted is usually longer in wavelength (i.e. lower in energy) than 
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 detected. This means that the selectivity of the 

extended 

by the of detection. Accompanying 
but do not emit light do not interfere when the analysis is made by the selective 
determination of fluorescence! 

2.3.2 Visual Detection 
If the fluorescent radiation lies above 1 = 400 nm it is detectable to the naked eye. 
Light-bright zones ace 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 

Rf 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. 

The optical train employed for photometric determinations of fluorescence de~ 
pends on the problem involved. A spectral resolution of the emitted fluorescence 
is not nocessary 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 

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 
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p, 

1<1g. 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. 

of chromatograms of polycyclic aromatic compounds is a 

266nm 

M 365 

Excitation: 
Fluorescence 
determination: 

365 om I 
M 436 

Excitation: 
Fluorescence 
determination: 

436nm 

M 578 

wavelengths in combination with 
BghiP = benzo(g,h,i)perylene; CHv = chrysene; Per = perylene; BbF = benzo· 
(b)fluoranthene; BkF = benzo-(k)fluoranthene; BaP = benzo-(a)pyrene; IP = indeno· 
(1,2,3-cd)pyrene; Att = anthaothrene. 



40 2 Phystcal Methods of DetectiOn 

tabon and recordmg (ermsston) allows selective detection 
components (F1g 29) 
The relatJ.onshtps between amount of substance applied and the heights or areas 
of the peaks m the chromatogram scan are employed for the quantJ.tatJ.ve detenm­
natlon of fluorescent substances The followmg relabonshtp ts apphcable when 
the amount of substance IS small 

'" d 

Where 

In fluorescence mtenstty 
k proportmnahty factor 

lo 

The mtenstty of the enutted fluorescence In IS, therefore, duectly proportional to 
the amount of substance apphed a Thts relationship IS much SlDlpler than the 
KUBELKA-MUNK functton and always leads to a hnear cahbratlon curve passmg 
through the ongm If this IS not true then mterference 1s occurnng [5] 

bmlt up on the kit pnnctple or m those equtpped wtth two monochromators 
(spectrofluonmetecs) The majonty of scanners commerctally available at the 
moment do not allow of such an optical tram, which was realized m the KM3 
chromatogram spectrometer (ZEISS) So such umts are not able to generate direct 
absorptiOn or fluorescence spectra for the charactenzation of fluorescent corn-

2.4 Detection of Radioactively Labelled Substances 

RadiOactively label1ed compounds have been employed m biology for the clanfi­
catiOn ofmetabohc processes smce the nud-1940s It has, thus, been necessary to 

All the usual detecbon methods are naturally suttable for the detection of such 
substances (F1g 2) In addlt:J.on, however, It ts also posSible to detect the P-rad1at10n 
they produce The selectlVlty of the detectiOn IS, thus, mcreased This, however, 
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does not any smce 
labelled compounds, for mstance, gtve the same "react:J.on" at a detector 

The ISotopes bsted m Table 5 are the ones most frequently employed They are all 
weak P-e!Dltters With a relatively ]ong half-bfe, so that they can unfortunately 
conta!Dlnate the orgamsm m medtcal mvesttgatlons 

Table 5 Ltst of the most commonly employed J1-radtatlon-em1ttmg rad!OtSotopes accordmg 
to their half-lives [5) 

Isotope Energy [Me V} Half-hfe 

0 71 

0 608 8 07 days 

The ISOtopes can be detected by 

• spark chamber detect10n and 
• scanmng techmques 

Their sensitiVIties are gtven m Table 6 We wttl discuss these detection techmques 
m more detail m Volume 2 

LiqUid scmtJllatJOn method 

Detection hm1t 
[nCt]" 

0 01 
0 05 

0 1 0 2 

' nCt symbol for nano-cune, tlu.s urut corresponds to the amount of substance which 
produces as many dismtegratiOns per second as 1 ng radmm 
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2.5 Nondestructive Detection Using Other Physical Methods 

2.5.1 Spectral Phenomena 

multitude of substances that only exhibit absorption. This detection possibility is 
characterized by high spedficity (Sec. 2.3). 

Differences in solubility behavior or the influence on pH are also employed for 
nondestructive detection and they will now be discussed. 

2.5.2 Wetting and Solubility Phenomena 

Silica gel, kieselguhr and aluminium oxide are hydrophilic adsorbents. Spraying or 
dipping the chromatogram in water yields transparent layers, on which lipophilic 
substances are not wetted and they appear - if their concentration is sufficient -

zones can 
gations or for biological-physiological detection. If the 
radioactively labelled scintillation counting can also follow [78]. 
detection are listed in Table 7. 

In the cas.e 

TLC:IHI'TIJ 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 

2.5 Nondestructive Dection Using Other Physical Methods 

Hydrocarbons 
Bile acids 
Sapogenins 
N-Ary!-N', N' -dialkyl-urea 
herbicides 

[79] 
[81, 82] 
[84] 

Cholestanooe, 11-cholestanol 
Triterpene derivatives 
Cyclohexanol 
Sulfur-contaioing 
polysaccharides 

References 

[80] 
[83] 
[85] 

[87] 
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and other dyestuffs. The detection limits for fatty acids lie at 1 to 2 J.lg per 
chromatogram zone [90]. The contrast is best recognizable immediately after 

background. 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]. 

these appear deeply colored on a pale 
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 

were the this 

colored background. Their method was adopted by numerous groups of 
[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-

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

Reagent 

8-Anilinonaphthalenesulfonic 
acid ammonia salt (ANS re­
agent) 

Brilliant green 

Eosin 

Quercetin 
Rutin 

Fluorescein 

Rhodamine B 

Rhodamine 6G 

6-p-
sulfonic acid 

Uranyl acetate 

reagent) 

Field of application and references 

fatty acids [112, 113]; lecithin/sphingomyelin [114, 115]; 
cholesterol and its esters [116, 117]; steroids, detergents, hy­
drocarbons (118, 119]; prenol, prenylquinones [120] 

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] 

paraffin derivatives, waxes, hydrocarbons [140, 141]; ali­
phatic acids [142]; hydroquinone and chlorinated derivatives 
[143]; isoprenoids, quinones [111, 144]; oxathizine fungicides 
[145]; barbiturates, phenothiazines [146] 

long-chain hydrocarbons [169]; squalene, 1%-amyrin [170]; 
methyl esters of fatty acids [171]; glycerides [91]; sterols [172, 
173]; isoprenoids, quinones [111]; lipoproteins [174]; 
glycosphingolipids [175]; phenolic lipids [176]; 
phosphonolipids [177]; increasing the sensitivity after ex­
posure to iodine vapor (178, 179] 

lipids [182] 

purines (36] 
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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. 

Tndicator(pH transition range 

Bromocresol blue (3.8 ... 5.4) 

Bromocresol green (3.8 ... 5.4) 

Bromocresol purple (5.2 ... 6.8) 

Bromothymol blue (6.0 ... 7.6) 

Application and 

lichen acids (186] 

aliphatic carboxylic acids [103, 187- 204]; triiodobenzoic 
acid (205], derivatives of barbituric acid [206]; 
amphetamine deri'Vatives 

deriva-

i and 
acids (196]; succinic acid [231 ]; 

indoleacetic acid, trichloroacetic acid [232]; palmitic acid, 
palmityl- and stearyUactic acid [223]; benmic, sorbic and 
salicylic acid [234]; metabolites of ascorbic acid (235]; 
chloropropionic acid · oligogalacturonic acids (2_37]; 

acid lipids, cholesterol glucuronides and gangliosides 
[241]; aryloxybutanolamine derivatives (242]; 
norfenlluramine derivatives [243]; ethylamphetamines 
[244]; involatile mineral oil hydrocarbons [245]; 
phospholipids [91] 
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adjusted to be near the indicator range by the addition of 

acid or borax, ammonium hydroxide or sodium 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. 

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 economical universal 

method of detecting lipophilic substances. Molecular iodine is enriched in the 

chromatogram zones and colors them brown. 

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. Iodine vapor is a universal detector, there are examples of its application for 

all types of substances, e.g. amino acids, indoles, alkaloids, steroids, psychoactive 

tabular compilation would be too voluminous to include in 

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 after this reversible reaction. 

If it is desired to stabilize slightly yellow-colored iodine-containing chromatograms 

best done treating them with dilute starch solution. This produces the 

Although, in most cases, iodine is a fairly inert halogen (in contrast to bromine) 

and does not normally react with the substances that have been chromatographed 

there are, nevertheless, examples where chemical changes have been observed. 

Oxidations can evidently take place (e.g. aromatic hydrocarbons and isoquinoline 

alkaloids [252, 253]} and additions and substitutions have also been observed. Pale 

Emetine and cephaeline, the two major alkaloids of ipecacuanha, begin to fluoresce 

after treatment with iodine vapor [254]. The molecular iodine, which acts as a 

quencher, must be removed by heating in the drying cupboard or on a hotplate 
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fluorescence of the zones becomes visible. With 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 

of silica gel as stationary phase and by the influence of light. 
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3 Chemical Methods of 

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 

now are frequently not sufficient on 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 
at the start after application of the sample. Reactions have also been described 

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. 

mination 

introduce a chromo-

at the start 

derivatlzatlon steps 

postchromatographic 

chromatogram 
- detection -

Fig. 30: Schematic representation of the position of the derivat1zation steps. 
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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 Precbromatograpbic 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-

that the future direction to be taken is to make 

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 possib~e because of.the employment of multiple c~omatographic 

nelle sur couche mince" [1, 2]) is steadily . Here the reaction, 
which also then takes on the role of a clean-up step, is performed at the start or 
in the concentration zone of the TLC plate. 

The requirements of such a reaction are [8]: 

• 
• 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]: 

with the same or similar chromatographic properties substance pairs) 
by exploiting their differing chemical behavior, thus, making it easier to identify 
them. Specific chemical derivatization allows, for example, the esterification of 

3.1 In Situ Prechromatographic Derivatization 57 

alcohols by a subsequent chromatographic 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. 

• The stability of the compound sought (e.g. oxidation~sensitive substances) can 
be improved. 

• The reactivity of substances (e.g. towards the stationary phase) can be reduced. 

be i·n oprc•ved. 

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 ofthe calibration curves can also be increased 

for a second chromatographic development after turning the plate at 90' 
derivatization described above is performed between the two chromatographic 

Reactions can also occur during chromatographic development. These can either 

[11] have reported, for example, that hexoses, pentoses and disaccharides can be 
ammated when ammonia-containing mobile phases are employed on silica gel G 
layers. On the other hand, fluorescamine or ninhydrin have been added to the 



58 3 Chemical Methods of Detection 

Substances 

Oxidations 

Phenothiazines 

Anthocyanins 
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Method, reagent and end products References 

Anthocyanins, which interfere with the 
chromatographic determination of other sub­
stances, are destroyed by .. overspotting" with 3% 
ethanolic hydrogen peroxide solution. 

[12] 

[13] 

a-Terpineol [1] 

Fig. 31: Ltnomat lV (CA.MAG). in glacial acetic acid, allow to react 
Citral is fonned. 

3.1.1 Oxidation and Reduction 

graphic reactions; they were 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. 

lsopulegol, daucol, men· [15] 
thol, khusol etc. 

Oleanohc ac1d, ursolic 
J1.:1d, betuhc acid 

acetone-benzene ( 4 + 1 ), heat to 
acetone (I + 1) atmosphere (twin-trough 
chamber) for 2 h, then dry, spray with 10% aque­
ous silver nitrate solution and finally dry for 
20 rnin at 80°C. Diosgenone and tigogenone are 
produced, for example, (OPPl!NAUER reaction, an­

! 

.strc and develop. 

Apply sample solution followed by 2% 
chromium(Vl) oxide solution in acetic acid, spray 
with acetic acid and keep in an atmosphere of 
acetic acid for 30 to 50 min in a tw;·, •·t<Olll~ 

spray with methanol to destroy excess 
oxidizing agent, activate the TLC plate and de­
velop. Oleanonic acid, 3-ketoursolic acid and 
3-ketobetulic acid are produced. 

[16] 
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Table to (Contmued) Table 10 (Contmued) 

Substances Method, reagent and end products References Substances Method, reagent and end products References 

Alkalotds a) 10% chrorruc actd m glactal acetic actd 1s ap- [2] Dtsulfides The apphed sample solutton 1s treated wtth 0 4% [26] 

phed on top of the sample spot Development ts sodmm borohydnde solutiOn m 95% ethanol 

performed after a bnef reactiOn penod Mter 15 to 20 mm reacl10D ttme the excess reagent 

[18, 19] 
IS destroyed w1th actd 

Strychmne, brucme Oxtdatton IS performed wtth potassmm [1~ 
dwsgemn start, then spray wtth 

dtchromate solution Tlus OXIdiZes brucme to the 
solution and dry m atr, 

o-qmnone whtch can then be separated 
spray wtth 5% acettc acid solutiOn and dry at 

chromatographically 
B0°C Then apply the sample solutwn and hghtly 
spray With ethyl acetate Store the TLC plate for 

a) Apply the sample solut10n, ]20] 50 to 72 h m a des1ccator over ethyl acetate m a 

b)Apply sample solutlon and place m an wdme [21] Fatty actds Apply 1 drop colloidal palladmm solutwn to the [27, 2B] 

chamber for several hours, allow the mdtne to start zone and dry at 80 to 90GC for 60 mm Then 

evaporate 3,4-Benzpyrene forms, for example, apply the sample solution, store the TLC plate for 

b1s-3,4-benzpyrenyl 60 mm m a hydrogen-filled desiccator, then dry 
and develop 

Reductions [29] 

' (1 + 1) The excess reagent 1s neutrahzed with ac1d CJDIC acid etc, which may also be separated 
after 30 mm chromatogmplncally 

Stryc!mme Sample apphed as spots followed by 5% sodmm [22] 
,\mmo ac1ds The configuratiOn was determmed by reactmg borohydnde solutton, which 1s then dned and fol· [30] 

!owed by development wtth a carbobenzyloxy-L-ammo ac1d az1de and 
removmg the groupw1th 

des1ccator at 55°C for 1 5 hover ethanol-meth- chlonde ac1d 

anol-d10xan (4 + 1 + 1), then dry the TLC plate The reaction was allowed to proceed for a short 
(drymg cupboard) and develop Olcanoltc ac1d t1me, the plate was then dned and the amtno corn-

and tlgogenm are produced pounds so formed were chromatographed 

7-Ketocholesterol, sterol The apphed sample 1s treated With 1% methanohc [23, 24] l N1tropyrene Extracts of diesel exhaust gases were apphed to [32] 
hydroperoxtdes sodJ.um borohydnde After allowmg reactton to chlonde solution 

hydnde was formed 

Alkaloids Sodium borohydnde solution IS apphed after the [2, 25] 
sample solut10n The plate 1s dned and developed TctrMohum sahs Formazan dyes are produced on reacllon of [33] 

after a few mtnutes tetrazohum salts wtth ammomum sulfide 
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Table 10 (Contmued) 

Substances 

11-{J-Hydroperoxy­
lanostenyl acetate 

3.1.2 Hydrolysis 

Method, reagent and end products References 

The sample solutton IS apphed and then treated [34] 
Wtth 5% lfon(ll) ammomum sulfate m water -
methanol- ether(2+ 1 +I) 11-0xolanostenyl 
acetate IS formed 

Examples are listed m Table 11 

Table 11 Prechromatograph1c denvatizatwn lnvolvmg hydrolytic and enzymat1c cleavage 
reactions 

Acid hydrolysis 

Alkenylacyl- and 
dJacylethanol amme phos­
phatides 

Apply bands of sample solutwn, overspray With 
12% hydrochlonc aCJd, leave m an atmosphere of 
mtrogen for 2 mm and then dry m a stream of 
mtrogen, then chromatograph The vmyl ether 
hnkages m the phosphat1des are hydrolyzed 

trough chamber, heat to SO to to S h, 
dry at 90"C for 3 mm, spray w1th SO% ethanohc 
ammoma solutiOn and finally activate at IOO"C 
for 5 mm Solasodme and the correspondmg 
aglycones and sugars are produced 

bands of 

and place m 
a over the vapors hydrochlonc 
acid, allow to react and chromatograph after the 
removal of excess hydrochlonc ac1d 

[35[ 

Substances 

Epoxtdes 

acetylhydrazme, pro­
came, benzocame, etc 

Alkaline hydrolysis 

n-Hexadecyl esters 

carbamate res1dues 

D1gJtahs glycos1des 

Enzymatic cleavage 

Cyt1dme-dtphosphate glu­
~:ose 

Cytidme-5' -monophos­
phate, glucose-1-phos­
phate 
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Method, reagent and end products References 

Apply two 5 ).ll port1ons of 10% phosphonc aCJd, [38] 
allow to dry for 20 mm then apply the sample 
solution and dry for 1 h Epox1des mcludmg 
tnsubshtuted epoXIdes are completely nog-
opened 

trough chamber WJth ac1d 
and heat to 100°C Then ac1d m a 
stream of cold a1r and chromatograph 

' (2 +I), then store for 4 hat ssoc over ethanol -
methanol - d10xan (4 + 4 + 1), finally dry at 
IOOoC and develop The 3{1-aicoholis formed m 
each case 

potassmm , cover the start 
zone With a glass plate and heat to 170oC for 
20 mm Pnmary arylammes are produced 

AP,Ph' t~'"""'plosolut!on as a band, then cover 
from the apphcatton zone, Wlth a 

1t m an ammoma chamber 

Buffered phosphate d1estemse IS apphed on top of 
the sample, covered wtth paralilm and warmed 
to 23°C for 45 to 60 mm Cyttdme-5'-mono-

and glucose-1-phosphate arc 

Prostate phosphate monoesterase IS employed to 
hydrolyze to cyt1dme, glucose and orthophos­
phate 

[40[ 

[37[ 

[42[ 

[42[ 
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---------·-·-

Substances Method, reagent and end products References 

Plmsphatidylch oline Apply phospholipase C solution as a band, dry, [43] 
apply sample solution to enzyme band, stop reac-
tion with hydrochloric acid vapor. sn-1,2-Digly-
cerides are produced. 

[37[ 

' cation zone with water. Cover the layer, except for 
the application zone, with a glass plate and incu-
bate at 39"C for 2 to 5 h. 

molecules. This is true not only of bromine and chlorine vapor but also of the less 
reactive iodine. Substitution also occurs in the presence of light. Examples of such 
halogenations are listed in Table 12. Figure 32 illustrates the characterization of 
fluorescein in a bubble bath preparation. Bromination of the fluorescein in the 
start zone yields eosin. 

Fig. 32: Characterization of fluorescein in a foam bath by bromination. 
2 = foam bath brominated, 3 = foam bath, 4 = eosin. 

fluorescein, 

Substances 

Chlorination 

Cholesterol, glycyrrhetic 
acid acetate 

Acetanilide, p-chloro­
acetanilide, 2,5-dichloro­
acetanilide 

phosphate 

Bromin:ation 

Fluorescein 

Sorbic acid 

Phenylbutazone, pre­
nazone 
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Method, reagent and end products References 

Apply sample solution and moisten with anhy- [16] 
drous benzene, subject for 4 h to the vapors of 

chloride - benzene (I + I) in a desiccator, 
and develop. 

acetoxyglycyrrhetic acid are formed. 

Apply sample solution and treat with chlorine 
vapor in the trough chamber for 20 s, then heat 
to 60"C forS min in a ventilated drying cupboard. 
Various chlorination patterns are produced. 

in ethanol and 
2 mll 0% Kl solution. Caffeine and codeine phos­
phate only react on Ah03 phases. 

esterol is derivatized. 

Apply sample solution, lead bromine vapor over 
it or apply 0.1% bromine in chloroform. Various 
intermediate bromination products are formed 
with eosln as the final product (Fig. 32). 

produced. 

Treat with bromine solution or bromine vapor: 
di-, tri- and tetrabmmocaproic acids are pro­
duced. 

: unsaturated 

0.1% bromine in chlorofom1. 2 to 3-fold excess. 

[44[ 

[46[ 

[47[ 

[49[ 
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Table 12: (Continued) 

Substances 

Barbiturates, 
thiobarbiturates 

Iodination 

Method, reagent and end products 

Bromination, distinction between reacting and 
nonreacting barbiturates. 

i.o,quinolim and in- an 18 h, remove the 

Polycyclic aromatic hy­
drocarbons. 

Dehydrated cholesterol 

Phenolic steroids (estrone 
etc.) 

excess iodine in a stream of warm air. 
Characterization on the basis of the iodination 
pattern. 

After application of the sample solution place the 
TLC plate in a darkened iodine chamber 

Apply sample solution; then place TLC plate in 
an iodine vapor chamber, blow ofT excess iodine. 
Di- and trimeric components are produced. 

Apply sample solution, then place TLC plate in 
an iodine vapor chamber. 2-Iodoestrone and 2,4-
diiodoestrone are produced. 

3. 1.4 Nitration and Diazotization 

References 

{50-52} 

[20} 

[54} 

[55} 

react with aldehydes with formation of ScmFF's bases to yield azomethines. 

This wide range of reactions offers possibilities of carrying out substance-specific 
derivatizations. Some examples of applications are listed in Table 13. 
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Table t3: Prechromatographic derivatization by nitration and diazotization. 

Method, reagent and end products References 
------------~----~--------
Substances 

Nitration 

Polycyclic aromatic hy­
drocarbons (PAH) 

Phenols 

a-, P-Naphthol, 
4-ch\oroaniline, 

Brucine 

Estrogens 

2.5-Dimethoxyaniline 

E<;triol 

Apply sample solution and dry. Place TLC plate 
for 20 min in a twin-trough chamber containing 

to which 2 to 3 ml cone. 

PAH nitrated fumes. 

Apply sample solution, dry, expose to nitrous 
fumes. 

acid and acetic acid (1 + 1) 
55°C in a desiccator. 
6-Nitromannesin and 4-nitroxanthotoxin are 
formed respectively. 

Apply a drop of cone. nitric acid to the spots of 
I sample solution and allow to react for 

Apply bands of sample am-
monia vapor and dinitrogen tetroxide (from cop­
per and cone. nitric acid), blow off excess and 
develop the nitroestrogens so formed. Detection 
by div.otization and coupling. 

i 
After cooling apply 

5% 11-naphthol solution and dry in a stream of 
warm air. 
Azo dyes are formed. 

Apply sample solution as spots; then apply 
diazonium chloride and <:~-naphthol solution and 

Dip the concentrating zone of a precoated HPTLC 
silica ge\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 

[20} 

[56} 

[19, 57} 

[221 

[61} 

[10, 59} 
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Table 13: (Continued) 

Substances 

Estrone, estradiol, 
cstnol 

------------

Method, reagent and end products References 

again into the reagent solution; dry the 
chromatogram and develop it. 

Dip silica gel foil2 cm in saturated Fast Black Salt [294] 
K solution· in a stream of warm air. 

' dry. Dip 2 cm in pyridine-
cyclohexane solution, dry at 100 to 200GC and 
develop the azo-dyestuffs that are formed. 

MILLER and KIRCHNER (9) and MATHIS and 0URISSON (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 

0 0 ~- 0 ~-
~ ~ E"Ol " .Q(;j a;v ~ 

.~ , 0 0 u 
"~ 

- 0 • " .0 ~ " 

l t 

Fig 33: Differentiation of primary (c1tronellol), secondary (menthol) and tertiary alcohols 
(linalool) by in situ prechromatographic acetylation: citronellol reacts completely, menthol 
partially and linalool not at all. 

3.1 In Situ Prechromatographic Derivatization 69 

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

Substances Method, reagent and end products References 
------ ---

Steroid sapogenins Apply sample solution; then moisten with 
trifluoroacetic anhydride. dry and develop. Sapo-

Aflatoxins, ochratoxin A, 
stengmatocystine, 
pcnicillic acid, patulin 

Polyglycerol 

Patulin 

~-. /:?-Amynn, 
6-hydroxyflavones 

acid, allow to react at room tem­
perature for 5 min then dry for 10 min at a max. 
of 40oC and develop. 

Apply sample solution and dry; then apply 
trilluoroacetic anhydride; allow to react at room 

for 45 develop. The derivatives 

pyridine- acetic (1 +I) on top; 
remove the excess reagent in a stream of cold air 
and chromatograph. The reagents can also be ap­
plied via gas phase 

Apply sample solution; then apply 60% acetic 
anhydride in anhydrous pyridine, heat to 95 to 
tOO''C for 15 min, allow the excess reagent to 
evaporate, develop. 

and 

Apply sample solution as band, followed by acetic 
anhydride- pyridine (6 + 1), wann to 40 C for 
1.) h in a desiccator m an atmosphere of acetic 

(62] 

(65] 

(461 

(6~ 

(68, 69] 

(16] 
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Table 14: (Continued) 
-----

Substances 

Alcohols 

Menthol, linalool, 
citronellol, geraniol, IX-ter­
pineol. cinnamic alcohol 

Alkyl and alkenyl 
acylglyceryl acetates 

Trig\ycerides 

Oleanonic acid, 
6-hydroxyflavone, 
xanthotoxol, glycyrrhetic 
acid acetate 

Pbospholipids, free fatty 
acids 

Metb.od, reagent and end products 

anhydride. Then heat to 100°C for a few minutes. 
The corresponding acetates are produced. 

plate allow to react 
for 3 h at SO °C in a desiccator, evaporate ofT and 
develop. Here too the acetates are produced from 
the alcohols employed. 

sample solution followed by acetyl chloride 

excess 

Apply sample solution, dry, blow on hydrochloric 
acid vapor; methylate with 2 mol/! sodium meth­
ylate solution. 

Methylation with 0.5 N potassium methylate 
solution in methanol (transesterification). 

linkages. 

Apply sample followed by 5% potassium carbon­
ate solution in aqueous acetone, dry, apply 50% 
methyl iodide in acetone. Allow to react for 3 h at 
50T in an of methyl iodide-
acetone (t develop. Oleanonic acid, 

Apply sample solution, then 12% metbanolic po­
tassium hydroxide solution, keep moist with meth­
anol for 5 min. Fatty acid methyl esters are pro­
duced, trig\ycerides do not react. 

References 

[161 

[701 

[721 

[751 

[761 

[161 
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Substances 

Fatty acids, n-hydroxy 
acids, ursolic acid 

Sorbic acid, benzoic acid 

Phenols 

Method, reagent and end products 

Apply sample solution, followed by methanolic 
boron trifluoride solution, beat with a hot-air 
drier, allow to cool and develop. 

Apply sample solution and spray with saturated 
sodium methylate solution and then treat with 4% 
2,4-dinitrofluorobcnzene in acetone and heat to 
190 "C for 40 min. Chromatograph the dinitro-

3.1.6 Hydrazone Fonnation 

References 

[701 

[781 

[791 

phenylhydrazine in acidic solution [70]. This yields osazones with aldoses and 
ketoses. Some examples are listed in Table 15. 

Dipterocarpol, hccogenin, 
progesterone 

Apply sample solution and moisten with 2,4-di­
nitrophenylhydrazine in acetic acid; then spray 
with acetic acid and store at room temperature or 
55oc for up to 1.5 h in a desia:ator; then dry at 
goc C and cbromatograpb.. 

with 0.1% cone. acid), to react 
at room temperature for 10 min and dry at 104YC 
for 5 min. 

[161 
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Substances 

Sterotd ketones 

Aldehydes, ketones 

Carvone, menthane, 

Phenohc aldehydes 

p-Benzoqumone denva­
t•ves 

o-, m-. p-chloro-. 2,4- and 
3,4-dtchlorobenzOic ac1ds 

3.1.7 Dansylation 

Method, reagent and end products References 

Apply the sample solutiOn followed by GIRARo's (SI] 
reagent (0 1% tnmethylacetyl hydraZide m 10% 
acehcaC!d)andallowto react for 15 h man atmos-
phere of acetic actd Then dry at SO"C for 10 mm 
and after chromatograph the hydrazones 

Apply sample solution and mmsten wtth 2 N 2,4- [14} 
dtmtrophenylhydrazmem acehc actd After react-
mg, dry and chromatograph the 2,4-DNPH de-
nvatJYes 

zones and carbazones can be 
thetr colors 

Apply sample soluhon and then acrdtc 2.4-dtmtro­
phenylhydrazme solul!on, allow to react, dry and 
develop 

Dcnvattzat!On wtth 2,4-dtmtrophenylhydrazme 
solutiOn m hydrochlonc aCid Heat to SO''C, cool 
and chromatograph 

Apply p-bromophcnacyl esters of the substances, 
followed by 0 5% 2,4-dmttrophenylhydra7.1ne m 
2 hydroch!onc ac1d and allow to react for 

[821 

[151 

1831 

[841 

[851 

Prechromatographic dansylahon has the advantage that chmrnatOJlrdphy separ-

from the reaction products of the substances to be determmed In the case of 
postchromatograpluc dansylatton the whole of the plate background fluoresces 
blue, so that m sttu analysis ts made more dtfficult 
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Pnmary and secondary ammes, ammo actds and phenols react In the case of long­
wavelength UV hght (A= 365 nm) the DANS am1des fluoresce yellow-green, wlule 
anunes that have reacted at a phenolic OH group have an m tense yellow to yellow­
orange fluorescence The detectiOn hm1t for DANS am1des ts ea 10- 10 mol [86] 

Ac1ds can also be converted to fluorescent dansyl denvatlves The reaction of C 8 

to C24 fatty acrds With sem1p1peraz1de or semtcadavende provtdes an 

and propwmc, sorb1c and benzoiC acid [89] can be detected m the same manner 

4 

Fig. 35 

Ftg. 34: Chromatogram of vanous even- and odd-numbered fatty ac1dsaftcr m SitU denvat17.t­
llon v.·Jth dansyl semtcadavende The w1th Rr- track 1 C-24 to 

\11 lr<~ck6 C-24toC-16 

F1g. 35: Fluorescence scan of the dansyl sem1cadavende dcnval!vcs of I behemc actd 
2 l:rucJC and, 3 steanc actd, 4 ole1c ac•d, 5 lmolctc aCid, 6 hnolemc aCid 
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Table 16 hsts some examples of dansylatlon 

Table 16 Prechromatographtc denvatizabon by dansylatmn 

Substances 

Phenylurea herbtctdes 

Metoxurone and degra 
datmn products 

Urea herbtcJdes, e g 
dmrone, metoxurone, 
I 

Morphme, 6-mono­
acetylmorphme, 
morphme-6-mcotinate 

{J Blockers 

Serum protems, e g albu­
mm 

Even-numbered and odd 
numbered fatty aCids (C..,­
C2<~-) 

Method, reagent and end products 

over tl Cover Wlth a glass plate to react 
m the dark at room temperature for 60 mm, then 
chromatogmph 

Treat sample With KOH, apply sample solutton 
and overspot w1th dansyl chlonde Allow to react 

correspondmg amlme denvabves ~""''"' reacted 
at the start WJth 4 !Jl 0 25% dansyl chlonde solu­
hon 

Apply sample solutJ.on to Sihca gel layer, cover 
wtlh a glass heat to 160oC for 25 mm and 

Apply samplesoluhon and apply to each spot 1 j.LI 
of dansyl chlonde and two times 1 ,.US% sodmm 
bicarbonate solution, allow to react for 7 mm, dry 
at 70 'C and develop the chromatogram 

and develop the chromatogram 

Allow to react at the start wtth 0 05% dansyl 
chlonde solutiOn m hexane, dry and expose for 
10 h to the vapors of a tnethylamme bicarbonate 
buffer (c = 0 1 mol/1, pH 8 5), then develop Ex 

and with the 

Apply dansyl senup1perande or dansyl semi­
cadavende solutiOn as a 14 cm long band, fol­
lowed by sample solution as short bands and then 

References 

[90[ 

[91] 

[93] 

[94-96, 
237] 

[97] 

[98] 

{87, SS] 

Substances 

Preservatives (benzoic, 
sorbic, proptomc ac:td) 
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Method, rea~nt and end products References 

1% N,N'-dJcyclohex:ylcarbodunude solutiOn as a 
14 cm band Dry and develop (F1gs 34, 35 and 
btle ptetun:) 

[89] 

Other group--charactensllc m Situ prechromatographtc reactwns have been de­
scnbed m addtt!On to the ones discussed above They all serve to unprove the 
charactenzatton of the substances concerned and the selecttvtty of the subsequent 
chromatography Table 17 provides an overnew 

Substances 

Ammo acrds 

Anunes 

Method, reagent and end products 

Apply sample solutwn, dry, treat wtth 2,4-di­
rutrofluorobenzene solutiOn DNP-ammo ac1ds 

wh1chare then separated chromato-

cool to room temperature and develop the 
phenyltlnohydantoms that are formed No reac­
tiOn occurs With, for example, threomne, senne, 
tryptophan or glutanuc aCid 

methanol - (1 + I) Heat 
for 10 mm and chromatograph the Isothto­
cyanates so formed 

References 

[99] 

[101] 
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Toh>o .0 
I3UJC 

-- -- ---- -- ·--- --- -----·-------

Substances Method, reagent and end products References Substances Method, reagent and end products References 

- - -- --- -- ----· 

Ammcs Apply sample solutwn then p-toluenesulfomc actd (102] Alcohols Apply sample solutiOn, then mtropheny!Jsocya- [121 

m pyndme, heat to 60"C for 4 h, after coolmg to nate solutmn (10% m benzene) Dry afterreactmg 

room temperature develop the p-toluene- and develop 
-

sulfonates so formed 

Serotonm Benzoylate the ammo groups by overspottmg at [103] 

tne sa sma es Otner possmmttes are the reauctwn 01 nhro groups uy app1ymg e samp e 
possible 

SympathomimetJcs with Apply sample solutmn (50 pg to 300 ng) Then !1041 
solutions to adsorbent layers contammg ZlllC dust and then exposmg to hydro-

free armno groups e g apply fluorescamme (0 03% m acetone), dry and 
ch\onc actd vapors [110] 3,5-Dimtrobenzoates and 2,4-dmttrophenylhydrazones 

carbadnnc, norfcncfnne, chromatograph 
can also be reduced m the same way on tm-contammg sthca gel phases [111] 

noradrenalme, 
Cellulose layers are also smtable for such reactiOns [112] SElLER and RornwEILER 

norephcdnne have descnbed a method of"trans-saltmg" the alkah metal sulfates to alkah metal 

Ammcs, Ammo ac1ds, ~p~ly mdole denvat1ves d1ssolv1~? ~~~ct;.~m bo- [1051 acetates [lUJ 

fr~;ptam:n~~ pcpt1des wtth ethanol (1 + 1) Otp TLC plate m lluorescamme 
tcnnmal tryptophan solutiOn to JUSt above startmg zone (15 s) Then 

groups dry at room temperature and develop In ca5e of 
mdole ammesfollowed by spraymg with 40% per-
chlonc ac1d 3.2 Postcbromatographic Detection 

Catecholammes Apply sample solutm~~o~l~we~.~y~h~~p~ate [1051 

fluorescammc solutmn to just above startmg zone, There ts no dJUiculty m detectmg cOIOreo suostances or compounus wnn tmnnstt: 
·TT r · ' Th 1me ~nnhes tO COffinOnentS abSOrblll T 

s;:aymg w1th pcrchlonc ac1d (70%) m UV hght whtch have been separated on layers with mcorporated "fluorescence 

Habttuatmg drugs Apply sample solutmn Let 1t react with NHD- [2361 mdtcators" and, hence, cause phosphorescence quenchmg m UV hght so that the 

chtonde or dlphenylacetyl-1,3-mdandmn-1-hy- substances appear as dark zones on a bnght em1ttmg background 
drazone 

Desoxynbo-ohgonucleo- Layer PEI cellulose Complex formation of [1061 
Substances wh1ch do not exhtbtt such properties have to be transformed mto 

t1des. nbooolvnucleot1des oolvundyhc actd (6 mg/ml) w1thdesoxyadenosmc 
detectable substances (denvahves) m order to evaluate the TLC separation Such 

. •" . .c 
ohgonucleotJ.des 

SU1tab\e functiOnal groups Substance-spectfic denvattzatwn 1s practically tmposs-
Ahphat1c and aromatic at- Apply sample so\utmn,_IOIIOWCU oy ~- o am me m l' 1b\e 
dehyde~ d1chloromethane and chromatograph the 

ScHIFF's bases after 10 mm 

lnscct!C!des. c g eldnn, Apply the sample solutmn, dry and then apply [108, 109] 
The atm of a postchromatograpluc denvattzat1on IS first 

dJeldnn, aldrm cthanohc Zincchlonde solutwn, heat to 100 C for • the detection of the chromatographically separated substances m order to he 

10 mm, aft~r1 ~~~l~~g chromatograph the carbonyl able to evaluate the chromatogram better, visually 
·~t I · ; formed 

CJrvcol, lmalool, Ehmmatton of water wtth the a1d of sulfunc .J.Ctd [9 14] But equally tmportant are also 

geramol. :z-terpmeol, nerol and fonnat10n of the corrcspondmg monolerpenc 

ctc hydrocarlxms • 1ncrcasmg the selectivity, wh1ch ts often assoc1ated Wlth th1s and 
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• 1mprovmg 
sequent m s1tu quanhtat10n 

The separatlOn IS already complete when detection IS undertaken The solvent has 
been evaporated off, the substance ts present finely d1stnbuted m the adsorbent 
For a g1ven amount of substance the smaller the chromatogram zone the greater 
IS the concentraUon and, hence, the detection sensitiVIty For tlus reason substances 
wtth low Rt values are more mtensely colored than those present m the same 

can the "best separations" 

lodme vapor 

Anrsa/dehyde reag 

Anthrone reag 

Am/me phth reag 

each 1 p.g sugar 
001% sof 

30 

zone 
J.tg) on the reagent employed, top rehef representat1on, below zone areas 

proJected on one another Todme vapor reacts least sens1t1vely here, andme-pbthalate most 
sensitively and the GOD react1on (glucose ox1dase reactwn) most spee~tica\ly [2161 
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More sensttlve detection methods and more objecttVe recordmg methods (e g the 
employment of scanners) are constantly been stnven for m order to overcome thts 
tlluston It ts for thts reason too that fluorescent methods have been mtroduced to 
an mcreasmg extent on account of thetr higher detectmn sensthvtty Tlus allows an 
apprectable reduction m the amount of sample apphed, so that posstble mterfenng 
substances are also present m smaller quantities Tlus mcreases the quahty of the 
chromatographic separat.lon and the subsequent m sttu analysts 

Vanous are reagents to 
plate The least satisfactory ts spray:tng the reagent manually onto the chromato­
gram (Ftg 37) Dtppmg and evaporatiOn methods are preferable wtth respect 
to prectston and repeatabdtty (Ftg 38) Methods have also been developed and 
descnbed mvolvmg the addttton of the reactants to the mobtle or the stahonary 

3.2.1 Spraying 

Unttl a few years ago the most common method of rendenng colorless substances 

F1g 37: Manual spraymg of the chromatogram 
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lE 

A 

B 

Fig. 38: Companson of manual d1ppmg (A) w1th mechamzed d1ppmg (B) on 1· 
<;eans and cahbrat10n curves [114} - 1 = rls-dtethylstilbestrol, 2 = rrans-dtethylslilbestrol. 
3 = cthmylestradwl Scannmg curve 2 ng of each substance per chromatogram zone 1 e« = 
313 nm. In> 390 nm D1ppmg ~olut10n water- sulfunc aCJd- methanol (85 + 15 +I) 
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sure supply (membrane pump) or cylinder ofmert gas It was necessary to use a Jet 
so fine adJusted that It was possible to spray the reagent solutton homogeneously 
Spraymg was earned out at a pressure of 0.6 to 0.8 bar from a distance of 20 to 
30 cm m a smtable fume cupboard (Fig. 37) Accordmg toW ALDI the spray should 
be applied m a meandenng pattern wtth the return pomt of the spray outstde the 
track of the chromatogram (f1g 398) [115] 

A 

The same apphes to the use of spray pistols (spray guns and aerosol cans), the 
frequency of whose use ought probably to be reduced on account of the propellant 
gds (chlorofluorohydrocarbons) employed Manual depresswn of the button valve 
of the verttcal\y held spray can "shoots'' the propellant gas through a fine Jet and 

solution wtth tt onto the vertically held chromatogram 

pump 

Because when operated manually the spray umt can never be moved so umformly 
that the chromatogram ts homogeneously covered wtth reagent and the amount 



82 3 Chemical Methods of Detection 

of reagent 
KREuziG [117 -119] and others have developed and marketed automatic sprayers. 
In the first case the sprayer is moved over the fixed, stationary TLC plate. The 
second type of automatic sprayer works with a fixed spray jet and the TLC plate 
is moved by a motor. 

Neither apparatus has, as yet, found general use m the laboratory, probably 
surface tensions 

and polarities of the various 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-

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 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. 

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

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

• The distribmion of the reagent is no longer influenced by the manual dexterity 

• It is only since this method has come into use that the precise quantitative 
analysis of thin-layer chromatograms has become possible. For the increased 
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structure 
means the detection limits are appreciably lower than they are in case 
of sprayed chromatograms. The reproducibility of the result is also appreciably 
improved on account of the homogeneity of the reagent application (Tab. 18). 

• 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). 

• The contamination of the place reagents may to 
health or corrosive, is considerably less when dipping than when spraying. 

• The complex spray facilities with integrated fume cupboard are unnecessary. 

In spite of these 

Fig, 40: Low volume dtpping chambers (DESAGA). 
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Table 1 B. Statistical comparison (F -test \125}) of the methods. Standard deviation sxo of the 
calibration curves for diethylstilbestrol and ethinylestradiol [114]. 

Procedure 

Manual dipping 
Mechanical dipping 
Statistical difference (F-test) 

trans-diethylstilbestrol 

0.37 
0.(196 
significant significant 
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TLC plate which is wetted with reagent solution when it leaves the dipping bath 
before laying it on the hotplate, laboratory bench or scanning stage. 

The dipping solutions described in Part 11 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 

solvents. 

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

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). 

f"ig. 42: Chromatogram of polycyclic aromatic hydrocarbons on ca!Teine.impregnated pre­
coatcd silica gel 60 HPTLC plates with concentrating zone (MERCK). The following can 
be rccogni7.ed in increasing R1 value. - 1. benzo(ghi)perylene. 2. indeno(1,2.3-cd)pyrene, 
3 belllo(a)pyrcne, 4. benzo(b)fluorantbenc, 5. benzo(k)fluoranthenc, 6. fluoranthene. 
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The times of immersion of the chromatogram in the reagent bath are usually short 
( < 5 s [126]) in order to avoid dissolving the substances out of the stationary pha~. 
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 

FUNK et al. [128a] dipped silica gel plates in a 4% solution of caffeine in order to 
separate 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 

3.2.3 Exposure to Vapors 

special conditioning chamber case 
for example, the reagent is placed in one of the troughs and the dried chromato­
gram plate m the other. Thin-layer chromatograms can be treated in this manner 
with the vapors of a large number of reagents. 

Iodine vapor allows nonspecific, usually nondestru~tive detection of many sub-

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 formaldehyde [171-176], glyoxylic acid [177] and silicon 

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 terephthalatc 

3.2 Postchromatographic Detection 87 

A 

Fig. 43: Twm-trough chambers (A) and oondttlomng chamber (B) (CAMAG). 

lilm frame round its edges and positioned the chromatogram bearing the amino 

Ntnhydrin). It is also possible to apply tert-butyl hypochlorite [203], sulfuric acid 
and ammonia vapor [180) or acetophenone [181] in an analogous manner. 

\1ARTINEK [182] has described the reverse procedure for relatively volatile sub­
stanc_es (e.g. essential oil components), where the compound to be detected is 

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 

Another method of applymg a reagent homogeneously to a TLC layer ts to add 1t 

to the mobile phase A necessary precondttwn IS that the reagent ts evenly spread 
over the layer (the reagent must "run" wtth the solvent front) Double develop­
ments have frequently been dcscnbed, where the first mobtlc phase brought about 
the development and the second one an Improvement m zone shape and a homo-

The followmg are amongst the reagents that have been reported as bemg added 
to the mobtle phase actds for qumme alkalmds [H!4l, mnhydnn for ammo aads 
[185-187], fluorcscamme for btogcmc anuncs [188] Fluorcsccm sodmm [189], 
dtchlorofluorcsccm [190], rhodammc 6G [191], ANS reagent [192] and brommc 

have all been dcscnbcd as additives to mob1le phases 

tungstate 

3.2.5 Stationary Phase as Reagent (Reagent in Adsorbent) 

The explOitation of spcctlic adsorbent properties can also lead to the same goal of 

surface areas whtch can, for example, - on - directly dehydrate, degrade 
and, m the presence of oxygen, ox1drze substances m the layer Thts effect 1s 
brought about by actdlC s1lanol groups [93] or IS based on the adsorption forces 
(proton acceptor or donor effects, dtpole mteract1ons etc) The traces of tron m 
the adsorbent can also catalyze some reactions In the case of testosterone and 

employed for later denvahzatwn but for homogeneous detect1on by fluonmetnc 
processes (cf Sec 2 2 2) Examples of morgaruc reagents m the adsorbent are 
hstcd m Table 19 
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Table 19 DenvatiZatJOn 

Reagent 

Ammomum sulfate 

Ammomum sulfate 

Ammomum sulfate 

Ammomum sulfate 

Substance detected, 
matnx 

tnglycendes, serum ltptds 

phosphattdyl glycerol de-

phosphattdyl glycerol, 
sphmgomyelm 

detergents 

androsten-3,17-dtone, 
xantl:mnomc ac1d, 
eh olesterol-propwnate, 
N-methylphenylalamne, 
D-glucose 

Alummmm ox1de deoxymvalenol m wheat 

Silver mtrate 1,2- and 1,4-dihydroxy­
benzene 

Phosph.omolybdJc essential 011 components 
JCid 

Reactwn condttJons, re­
marks 

25-85 mm at 150cc, y1elds 
fluorescent denvat1ves 

charnng on heatmg 

10 mm at 280cC 
densitometnc m sttu 
quantJtatwn 

SIL G 25 detergent plate 
(MACHEREY- NAG\oL) 

150-ISO"C, exposure to 
tert-butyl hypochlonte 

Reference 

[197] 

[198] 

[199] 

[200, 201] 

7mmat12Q-'C,yteldsaflu- [193,196] 
orescent denvat1ve under 
UV hght (}. := 365 nm) 

oxJdatton to correspondmg [208} 
benzoqumones 

stabJb.zatton of the stlver 
mtrate-tmpregnated adsorb­
ent layer 

[201] 

ZJrcomum(lV) oxy- , 17-P-estradwland heat to 150 to 180"C for [118] 

produced - somettmes only 
after heatmg for longer 
penod 
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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 

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 series that the detection evidence produced 

of a later one. It therefore, 

3.2. 7 Processing tbe Chromatogram 

detection and increasing detection So that the reagents arc no longer 
regarded merely as "visualizers" for chromatogram zones (qualitative evidence) 
but are used deliberately as tools to perform reproducible, stoichiometric reactions, 
which are a suitable basis for quantitative analyses. This means that it is necessary 

the processing of the chromatogram. This begins 
and the 

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 

it is on layers containing fluorescence indicators [210]. The NBP reagent (q.v.) 
cannot be employed on Nano-Sil-C 18-100-UV 254 plates because the whole of the 
plate background becomes colored. 
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The reasons for the above phenomena are to 
of hydrogen bonds, the effect of pH, differences in the structures of fluorescence 
indicators and binders and differences in surface area. For example, silica gel 60 
possesses a surface area ofSOO m1/g [211] while that of Si 50 000 lies below 5 m 2Jg 
[212]. 

Jn the case of substances whose structures are pH-dependent (e.g. phenols, 
and sulfonic acids, amines etc.) it is possible to produce fluorcscences 

20). of the absorption and emission bands have 
reported. This is particularly to be observed in the case of modified silica gels. 
some of which arc markedly acidic or basic in reaction (Table 25). 

Calor ch.ange pH range 

from to 

orange 
weak blue 
weak blue 
weak green 
colorless 
weak green 

3.2.7.1 Drying the Chromatogram 

blue 
green 
blue green 
gre'" 

6.5 .. 8.0 
6.5 .. R.O 
7.0 .. 8.5 
7.0 .. !!.5 
7.0 .. 9.0 
8.0 .. 9.5 

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 This is properly performed in the 

possible the TLC plate should be laid horizontally because then as the mobile 
phase evaporates the separated substances will migrate evenly to the surface where 
they can be the more readily detected. A fan or hair dryer (hot or cold air stream) 
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is often employed to increase the gradient of the solvent vapor over the surface of 
the layer. It must, however, be checked whether this evaporation affects the 
substances, for 

• essential 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; 

turcs; 

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

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

employed phosphorus pentoxidc, 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 
\ L'MAuJ. Here the mobile and mobile phase vapor is sucked out of the 

vapors. 

3.2. 7.2 Effect of Heating after Application of Reagent 

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 

ensure complete reaction. However, the pyrolysis of organic compounds requires 
temperatures of 200 to 250'T, 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]. 

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. 
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Drying Cupboards 

Drying cupboards arc often employed for heating chromatograms after they have 
been treated with reagents. The TLC plate should not be placed on the 

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 
analysis would suffer. 

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" arc reported 
to be good, but the method has not oome into general use at least until now. 

Hotplates (Fig. 45) arc 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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A 

8 

. 45: Commerc1al hot plates A) CAMAG. B) DESAGA 

reagent vapors can escape directly (fume cupboard!). The TLC plate JS removed 
as soon as the opt1mal color development 1s produced. 

Hotplates can normally be regulated over a temperature range of 30 to 190 C 
The temperature set should be mamtamcd to an accuracy ofw1thm 2'·C, but th1s 
1s not usually ach1eved m practtce 46 shows the results of a representative 

function of the temperature settmg The temperatures were determmed by means 
of 25 thermal sensors, wh1ch had prevwusly been checked agamst each other They 
were d1stnbuted over the hotplate accordmg to the pattern shown m F1gure 46B 
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Fig. 46: Evaluation of the smtab1hty of a hot plate for TLC by determmatlon of the 
1~n1perature dJstnbutwn, A) results of25 thermal elements at temperature setlmgs of80 c 
10() C and 120 C, B) pattern of measunng pomts m live tracks (1-V) each wnh fh~ 
ffiCdsunng pomts 
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At low temperatures the average temperatures calculated from the individual 
measurements corresponded to the temperature setting. They were appreciably 
lower at higher temperatures and it was found that the temperature setting corre­
sponded to the highest temperature that could be reached in the individual mea­
surements. lt 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 

In the dcrivatization 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. 

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 naturally do not play any rOle here. But there is usually no regulation 

Microwave Apparatus 

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

Fig. 47: Onentatlon of dipoles m ti:Je electnc field [220]. 
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of dielectric heating [217). Here frictional heat is produced in an nonconducting 
or only slightly conducting body by a high frequency electromagnetic field. This 
frictional heating is a result of the fact that molecules with an intrinsic or induced 
(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 p, 
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 

Water 
Acetone 
0-Giucose 

Dipole moment~ 
[DJ• 

* ID (DEBYE) = 3.33 · 10- 3 cm 

Substance 

Myoglobin (whale) 
Oxyhemoglobin, 
carboxyhemoglobin 

Dipole moment ~ 
[D]* 

17.5 
155 

400 

frequency radio waves and the boundaries between these regions arc not fixed 
[221]. The microwaves are generated in a transmitter (magnetron) which possesses 
a "stalk" which penetrates like a radio antenna into a hollow energy guide (Fig. 
48). This leads the electromagnetic waves into the reaction chamber (power about 

Fig. 48: Schematic representation of a mtcrowave apparatus [222]. 
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600 W) At the entrance an aperture focuses the rmcrowavcs on a rotatmg metal In the case of fluorescent chromatogram zones there ts also, m addthon to storage 
propeller (wave mtxer), wluch dtstnbutes the radtatton throughout the reaction of the chromatogram m the absence ofhght and oxygen mentmncd above (Ftg 49 
chamber and prevents the settmg up of standmg waves wluch would result m and 50), another method of stabthzatton, namely treatment of the chromatogram 
uneven hcatmg of the TLC plates [217, 223] wtth vtscous hpophthc or hydrophthc agents. These evtdently reduce the case wtth 

Modern apparatus arc cqmpped wtth a rotatmg table to accommodate the TLC 
whtch parts of the molecules rotate and keep out the laboratory atr Smglct oxygen, 

plate above the base of the reactton chamber Thts means that m1crowaves can 
wh1ch IS the pnmary agent m the oxtdahve degradation of substances, 1s not 

r>c TT r nl»c fmm h<lnw rhmn•h the •la<> nlate or n\a,tlc film Alu-
mmmm f01l backmgs are not smtable' They reflect the radtatton and high paten-
nals arc bmlt up between the alummmm foil and the wall of the rcactwn chamber, 
these result m clectncal discharges 

"' P-5 '\ So long as water ts present m the adsorbent layer, the temperature does not nsc \ 
above 1()()°C However, m1crowave heaters wdl even perform pyrolyses when th1s ._, 

90 ' ""'' _, _ , 
--h 

_, _ 
,_, 

'\ '•, cd 

c 80 
-., 

\ 
from the formula d = v; if= frequency, e = d1cleetnc constant of the adsorb- ' ' \ 

f c 0 \ 

ent, c = veloctty of propagatiOn of electromagnetic waves m vacuo) [225], that 70 \ I 
\ 

practJcally the same temperature 1s reached at every depth m the TLC layer durmg 
;;<: I 

' I 
~ I I 

rrucrowave hcatmg Th1s ts an advantage compared w1th hotplates In addttton, the I I 

" 60 • I ' reacuon Jscomp_KL<.:u y ~· 1111 

smt~ of these advanta!!es rrucrowave heaters have found scarcely any appbcatwn g \ I \ \ 
m TLC analysts ~ " -~ 

., 
' ' \ \ 

~ 
..... ,.. \ . ,, \ 

3.2.7.3 Stabilization of Developed Zones 40 t"-, \ 
\ "', \ 

Treatment of the chromatogram wtth a reagent results m the productJon of colored I \ \ 

or fluorescent chromatogram zones, whtch are used to evaluate the success of the lO \,\ '\ 
separat10n and for quant1tatJvc analysis Fo~ ~~IS T .... urp~~~ It ts necessary that the 

- . -
\, \\ ,, 

There are no general recommendations applicable to the stabthzatwn of the color 

101 

,,·~ 

' """ . of colored chromatogram zones apart from that of stonng the chromatograms m 
.__ . 

an atmosphere of mtrogen and protected from hght untd they are evaluated There '--. 
are naturally other oolor stab!hzahon methods which are apphcable Well known 
IS the addttlon of cadmmm or copper salts m the case of the mnhydnn reagent 

' 
, ' ' ' (q v J ana spraymg wnn somum 01 nre somnon aHer me v· n Time [h) 

lysergiC ac1d dcnvattves [226] The blue calor of tryptamme after reactton wtth F"1g 49: Reducuon m the fluorescence of coproporphynn (P-4), pentaporphyrtn (P-5) and 
2,6-dtbromoqumone-4-ch\oroumde (I.J v) can also be stabthzed, th1s tJme by expos- heptaporphynn (P-7) as a functiOn of ttme (storage of chromatogram m the mr and m 
mg to ammoma vapor or spraymg wtth ammoma solution [103] dayhght) 
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20% m the case of porphynns (Fig. 51). If the chromatograms arc dipped m 

t 2 5 • 7 
more concentrated solutions the fluorescence y:teld suddenly Jumps. It IS not clear 
whether rmcellc formahon plays a rOle m this mtensdication. 

"" '" 
Fig. 50,. 'm the 1 (P-4), ' (P-5) ""d .r~~ specml 'ar; taien.' ~~~that th~v ea~';;."'~:"'" 7~~~·~~::7h:~u;~ 

>er·' I~ • '"'"""" "' unoo t><uugo uo hours 1f the layers are dtpped m 50% paraffin solution and stored in the dark. 
Thts was true of all SlX porphynns investigated (Fig. 52). Quantttation should not 

excluded [227], but 1t 1s converted to less aggrcsstvc tnplet oxygen dunng tram.port be undertaken less than an hour after dippmg the chromatograms, because tt takes 

through the hpophihc phase. 
so long for the fluorescence ennsston to stabiliZe [230]. 

In 1967 spraymg with a solutwn of paraffin wax allowed the recordmg of the Similar fluorescence-stabJlization has been reported for polyethylene glycol 4000 

b' ' """· . m 'm=uy ou "" oL~ P:"".wonuuc any uuu· 
FUNK et al. [231) have demonstrated that the sensitiVIty of the analysis can be cultJes [228]. Ur. 1 luu was able to stabiltze errusswns by the addthon of 2% 

paraffin to the solvent [229]. Low concentrations evidently serve pnmanly to extended down mto the femtogram range for the detemunation of selemum m 
stab1bze the fluorescence - thts "stabihzatton concentration" extends up to ea water and btologtcal matnces (Fig. 53). 
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Further examples .of fluorescence stabilization and intensity augmentation as a 

"' ::~~ 
result of treatment of the chromatogram with viscous, lipophilic liquids are listed 
in Table 22. The alteration of the pH [293] or the addition of organic acids or 

90 
bases [292] have also been found to be effective. WINTERSTEIGER (291) has also 

!': P-2// 

--.,_ described the effect that the TLC layer itself (binder) can influence the fluorescence 
intensitv. 

80 

" T ••• ,, •. ·-•a,, '" 
_, 

p.' ... 
20 intensifier 

P-8 Isooctane porphyrin methyl reactivation of faded benzene and petroleum 
" esters fluorescence etber can be employed in 

the same way [233, 289] 

' 2 3 4 5 • 24 Dodecane polycyclic aromatic 2 to 2.5-fold 50% in n-hexane, appreci-

Time [h] 
hydrocarbons able time-dependant zone 

enlargement [234] 

~~~52: Fluo~nc~::~~~~r chromat_ogram zones as a function of time after 
Patm~i~c~~: aflatoxins B1 and B2 15 to 35% ><- "d ~;.; ;; 50 % )iq;rid .;_

4 
n wlution •nd ~t~r.tge m d"'"'"· -;,_

6
, . _ p. 

7
, 

'''""' . 
i- fh~-fi~oar~~~s 

Ill oom """" 2241 

A B ,, '0J 

400· 
comum« '"' P"'! 'Y" , in'·': 

tri!luoroethane [234] 

Fomblin H-Vac 1-aminopyrene stabitlzation and en- 50% in 1,1,2-trichloro-

lOO· 
hancement trifluoroethane [238] 

Liquid paraffin benzo(a)pyrene 35-fold spray solution, 67% in 
n-hexane; the fluorescence 

200· I is stable for more than 10 h 
~45) 

100 Liquid paraffin aflatoxins 3 to 4-fold ~·~::!,~lutinn_, 33% i~f • 
./I A 

~·' 
.,.w~~-1'1" - lSO <io 7SO 1000 

•p, ., 

1000f• B7Sfo 750fo 62S ro SOOfo 250fo ...,iumltol 

Fig. 53: Fluorescence scan of femtogram quantities of 2,1,3-naphthoselenodiazole (A) and Liquid paraffin aflatoxins, 10 to lOO-fold foodstuff investigations 

associated calibration curve (B). sterigmatocystine [65] 
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Table 22 (Contmued) 

Fluorescence 
mtens1fier 

Substances SensJtJVIty mcrease/ Remarks/references 
stab•ltzatJon 

L1qmd paraffin selemum as 2,1,3- 25-fold spray solutJon, 67% m 
n-hexane (F1g 53 [240}) naphthoseleno<hazole 

L1qwd paraffin and urea stabilu.at1on and en- spray solutmn, 20% m 

Ltqmd paraffin dJg:Jtahs glycos1des 

L1qmd paraffin digiioxm, d1goxm, 
methyld•goxm 

L•qmd paraffin L1 4 -3-ketostermds 

L•qmd paraffin .14-3-ketostermds 

dansyl hydrazone) 

L1qmd paraffin cholesterol, 
coprostanone, 
coprostanol etc 

L•qmd paraffin 

L1qmd paraffin dansylanndes 

L•qmd paraffin arrnlonde 

L1qwd paraffin fluphenazme 

stabJhzatwn and en- 30% m chloroform [242] 
hancement 

enhancement the chromatogram was 
co.:tted With a film of 

10-fold 

> 10-fold 

2 to 8-fold 

10-fold 

10-fold, stabiiJZatJon 
> 10 h 

80% mcrease 

enhancement 

d1ppmg solutwn, 33% m 
n-hexane [10] 

d1ppmg soluhon, 33% m 
n-hexane [246) 

d•ppmg soluhon, 5% m 
toluene, plasma mvesh­
gatlon [251] 

(Continued) 

Fluorescence 
mtenstfier 

L•qwd paraffin 

Substances 

p1ro:ucam 

LtqUid paraffin gentamycms, 
nehlrmcm 

Ltqwd paraffin gentamycms 

L1qwd paraffin­
tnethanolatrune 
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Sensitivity mcreasej Remark:sjreferences 
stabliJZatiOn 

enhancement d1ppmg solutwn, 10% m 
n-pentane, unne, tissue 

~-~~P'"m" mvest1gat•ons 

50 to 65% enhance- dJppmg solutiOn, 15% m 
ment n-hexane [253] 

stabJ!tzatwn d1ppmg solutiOn, 33% m 
n-hexane [254] 

3-fold 

20%m 

affin-
(60 + 10 + 10) [255, 256] 

chloroform- bqwd par­
affin-tnethanolamme 
(60 + 10 + 10) [257] 

(60 + 10 + 10) [258] 

18% m dJethyl ether, 
cheese mvestJgatlon [259] 

emJsstons 
of theu chromatograms after treatment With 2',7'dtchlorofluorescem [260] Some 
groups of workers have pomted out that the layer matenal Itself can affect the 
y1eld of fluorescent energy [261-263] Thus, polyamide and cellulose layers were 
employed m addthon to sthca gel ones [245] The fluorescence yteld was generally 
mcreased by a factor of 5 to 10 [264], but the mcrease can reach 100-fold [234, 

Some examples of fluorescence amphficatton wtth the rud of hydrophdtc hqwds 
arc hsted m Table 23 
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Table 23 Hydroph1hc fluorescence mtensilicrs and 

Fluorescence Substances Sensitivity mcrcasc/ Rcmarksfrefcrcnces Substances SensltlV!ty mcreasef Remarks/references 

mtensif'icr stablhz.atwn mtcns1ficr stabJhzatton 
----------------

Ethylene glycol furosemide and 1ts no m formatiOn 10% c1tnc acrd m ethylene Tnethylamme pbenylurca and N- stabiiiZahon and spray solut1on, 10% m 

metabohtes glycol-water (I+ 1), ph.enylcarbamate enhancement dlchloromctbanc, 15 mm 
plasma mvestlgat!ODS pcshcJdcs delay before analysis [41) 
[266] 

2-Ethox.yethanol gmmmc stab1hzahon 6% m mobtle phase bJOtlCS diChloromethane, mvest1-

Glycerol ethoxyqum, dansyl 20-fold 
gatlon of solutions for m-

am1des 
Jechon [276, 278] 

Tnethylamme ammo aCids as stab1hz.ahon spray solutwn, 10% m 

stabJhzatJOn and 
fluorescammc dichloromethanc, 
dcnvatlves employed before and after 

Polyethylene compounds Wlth al- 20 to 25-fold d1ppmg solution, 10% m 

glycol400 cohohc OH groups methanol [269] Tnethanolammc dansyl ammo ac1ds, enhancement spray solutiOn, 20% m 
dansyl am1dcs 2-propanol, fluonmetnc 

Polyethylcnc pnmary ammes, m- stab!hzahon and d1ppmg solutwn, 20% m evaluation after 16 h 

glycol dole denvat1ves, enhancement methanol [270] storage m vacuo [281] 

sympathomJmctJcs Tnethanolammc gramme enhancement 20% m water, sod mm by-

can also be employed 

Polyethylene flavon01de glycos1dcs no mformatwn 
[267] 

glycol4000 Tncthanolamme eptrednne, cfforhl stabJ.hzat10n 20% m 2-propano\ [282] 
and cstnol as dansyl >lOO mm 

Sl!ymann enhancement 
denvahvcs 

Polyethylcne pnmary, 
glycol4000 tcrbary alcohols as enhancement 

Tnethanolam.J.ne 
anthracene-

N-mtrosammes no mformatwn spray solution, I 0% In 

urethane denvat1ves 
dJchloromethane [284) 

compounds w1th al- 20 to 25-fold dlppmg solutJOn, 10% m 
Tnethanolam.J.nc thwurea enhancement spray solubon, 20% m 

Polyethylene 2-propanol [285) 
glycol 4000 cohohc OH groups methanol[269) 

Polycthylene cetanol after rcactwn stabilmitton > 15 d d1ppmg solut10n, 10% m herbicides as dansyl 28~ 

g\yco\4000 wtth 8-bromomethy\- chloroform [291) denvatJVcs 

benzo-d-pyndo(l ,2- T nethanolamme mataC!l, zectran stabJhzatlon spray solutwn, 20% m 

a)pynmtdm-6-one 2-propanol [288] 
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Table 23: (Continued) 

Fluorescence Substances Sensitivity increase/ 
intensifier stabifu.ation 

Tncth.anolamine prop ham, stabilization and 
cbloropropham, enhancement 
swep, linurone, 
maloron 

Triton X-HJO dansyl amides and 30 to 110-fold 
amino acids 

Triton X-100 ethoxyquin (antioxi- > 2Q(Hold, stabiliza-
dant in spices) tion >15h 

Triton X-100 testosterone dansyl > 25-fold 
hydrazone 

Triton X-100 selenium as 2,1 ,3- 90-fold 
naphthoselenodiazolc 

m onium 
sodium cholate, 
J!-cyclodextrin 

Dioctyl sulfo- codeine, morphine, stabili7.ation 
succinate monoacetyl-mor-

heroin 

Remarks/references 

spray solution, 20% m 
2-propanol, water investi-
gations [241] 

spray solution, 20% in 
chloroform [265, 290] 

spray solution, 33% in 
benzene; the fluorescence 
of aflatoxin B1 is reduced 
by tOto 15% [292]. 

mcnt [234] 

dipping solution, 20% in 
chloroform (232] 

dipping solution, 20% in 
chloroform (Fig, 53 [231]) 

dipping solution, 20% in 
ethanol [94] 

Although there is ample experimental evidence confirming the stabilization and 
amplification of fluorescence by means of viscous lipophilic and hydrophilic liquids 
there is as yet no convincing physicochemical explanation of the phenomenon. 
Wetting phenomena and pH changes could also play a r61e alongside solubilization 

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. 
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3.3 Biological-Physiological Methods of Detection 

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 selectively 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
stances, plant and animal hormones, mycotoxins, insecticides, spice and bitter 
principles and alkaloids. The frequency distribution of their employment is 
shown in Figure 54 [295]. 

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

• Reprint method~ where the developed dried chromatogam is laid on the prepared 
agar layer "detector" with the exclusion of air bubbles. In this and in the 

Antlbiol•c substances 

Animal and vegetable 
growth substances 

Hot and b1tter substances 

AlkaloidS Wllh 
enzyme-mllli:lltmg effects 

Percent 

Fig. 54: Fields of application and frequency distribution of biological-physiological detection 
methods. 
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prevtous method the "active agents" dtffuse out mto to 
4 mm thtck agar detector layer and there promote or mhibit the growth of the 
mdtcator orgamsm dunng the penod of mcubahon 

• Enzymattc determmatwns of the detectwn limit where the chromatograms are 
first sprayed wtth an enzyme solution Then after appropnate mcubatton the 
enzymatJcally altered components are detocted by reaction With a smtable re-

These methods are naturally subJeCt to the degree of vanatlon usual m btology 
and a degree of manual dextenty ts often reqmred Their employment m TLC 1s, 

nevertheless, JUStified because 

• these methods are htghly specifiC (Ftg 36), 

posstble to obtam better results by the classtcal method!'> of physical chemtstry 
without resortmg to ennchment 

These toptcs Wlll be treated m depth m Volume 3 
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4 Documentation and Hints 
for Chromatography Experts 

Every chromatographic investigation begins with the preparation of the sample 

process (development of chromatogram) which is in turn 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 

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 

• comminution of the sample (sieve size etc.) and 

• 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 

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 analysis it must, for example, be known what additives have 
been employed to stabilize sensitive solvents (Tab. 24). 

Only particular solvents are suitable for certain purposes. The choice depending, 
for instance, on their residual water content or their acid-base nature if Rr 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 

adequate for all analytical purposes, but they would 
final user [3, 4]. 

Table 24; List of some solvents and their stabili7.ers 

Chloroform 

Diethyl ether 

Diisopropyl 
ether 

HPLC solvent 
hydrocarbon stabilized 
GR 
LiChrosolv 
for analysis 
Chromasolv 

LiChrosolv 
for analysis 
Chromasolv 

GR 
dried 
for analysis 

for analysis 
Chromasolv 

GR 
for analysis 

Tetrahydrofuran HPLC solvent 

LiChrosolv 
for analysis 
Chromasolv 

ethanol, 0.5 to 1% 
amylene, 0.01 to 0.02% 
ethanol, 0.6 to 1.0% 
amylene 
ethanol, ea. 1% 
amylene 

ea. 20 ppm 
amylene, ea. 25 ppm 
amylene, ea. 25 ppm 

BHT, 7ppm 
no information 
BHT, 5 ppm 

BHT, ppm 
BHT, 25 ppm 
BHT, 1.5 ppm 

BHT, ea. 5 pp m 
BHT, 5 ppm 

BHT, 0.02 to 0.03% 

no infonnation 
BHT, 250 ppm 
no infonnation 

BAKER 
BAKER 
MERCK 
MERCK 
RIEDEI--dc HAilN 
RIEDEL-de HAiiN 

MERCK 

RIEDEI.-de HAEN 
RIEDEI.-de HAiiN 

MERCK 

MrnCK 
RIEDR-dc HAEN 

MERCK 

RlEDEL-dc HAEN 
RlEDEL-dc HAEN 

MERCK 

RIEDEL-de HAFN 

BAKER 

MERCK 
RIEDEL·dc HAEN 
Rrnm:L·de HAP.N 
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Large quantities of solvents are employed for sample preparation, in particular, 
and these are then concentrated down to a few milliliters. So particularly high 
quality materials 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. 

4.1.2 Choice of Stationary Phase 

If sufficient is available concerning the previous history and chemical 

oxide are They should be more 
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. 

act1ve polar 

[oo'"'"''"~t ~ ~ moO>eo"o>e [ 

,cact1ve ... P norpolar 

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

Thus, for instance, 10% aqueous suspensions of the adsorbents produced by the 

whether Silica gel 60 or Silica gel60 W {water-resistant) layers are employed, for 
the two differ appreciably both in pH and in running time and, hence, in selectivity 
[6[. 
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Table 25: Summary of the pH values of some layer materials of precoated plates, determined 
as 10% aqueous suspensions (duplicate determination; two different TLC/HPTLC plates 
from the same batch). 

Layer type Company and pH Layer type Company and pH 
Catalogue No. Catalogue No. 

Aluminium oxide MERCK 9.7 Silica gel SCHI.EICHER & 6.2 
60, type E 5713 G 1500 ScniiLL 

Aluminium oxide MERCK 8.9 Silica gel SCHLEICHER & 7.5 
150, type T 5727 G 1570 SarOu 

Cellulose MERCK 6.6 Kieselguhr ME'li.CK 7.6 
5786 5738 

Silica gel MACHEREY & 6.4 Silica gel 60 MERCK 7.6 
NAGEL 809023 silanized 5747 

Silica gel MACHEREY& 6.3 Silica gel MERCK 4.7 
NAGEL 811022 RP-8 13725 

Silica gel60 MERCK 7.6 Silica gel MERCK 4.4 
5721 RP-18 W 13124 

Silica gel 60 MERCK 7.7 CN phase MERCK 5.1 
5628 16464 

4.7 

with cone. zone 11798 15647 

Silica gel 60 RIEDEL-dc HAFN 7.6 Polyamide 11 MERCK 6.9 
37643 5557 

Silica gel RIEDEL-de HAEN 6.4 

"'Suspension well shaken, afterwards the RP-18 material floated on the surface. 
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which can also vary in the surface area and pore size. This makes the 
separations achieved vary and care must be taken to document precisely. 

Polyamide is available commercially as polyamide-6 (based on e-aminocapro­
lactam, MACHEREY-NAGEL) and as polyamide-11 (based on 11-aminoundecanoic 
acid, MERCK). The lipophilic properties of these are different, thus altering their 
chromatographic selectivity. 

Cellulose layers are produced from native, fibrous or microcrystalline cellulose 
(AvicelR). The separation behaviors of these naturally vary, because particle size 
(fiber length), surface, degree of polycondensation and, hence, swelling behavior 

are all different. 

wettability and separation behavior (Rr values, development times). 
should, therefore, also be documented. 

Differences in the materials employed for the layers can also become evident when 
chemical reactions are performed on them. Thus, MACHEREY-NAGEL report that 

reaction with is less 

It is for this reason that the details given in the monographs are, on the one hand, 
obtained by reviewing the literature while, on the other hand. the "Procedure Tested'' 
section reports the results we ourselves obtained, which are not necessarily in complete 

agreement with the literature reports. 

reagent on Nano-SIL C 18-100 UV254 plates (MACHEREY-NAGEL) because the 
whole surface of the layer is colored bluish-violet. The corresponding water­
wettable layers produced by the same manufacturer do not present any difficulties. 

These few remarks should suffice to demonstrate the of the precise 

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. 
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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 this as far as possible the precoated plates are packed with the 

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 oligomenc components of the binder interfering with the development, the 
plates are often prewashed before the actual chromatography, particularly during 
quantit11ti'" work. This is done by developing the chromatogram one or more 

graphic run. · or basic mobile phases can cause difficulties because they are 
not completely removed during the subsequent activation (30 min at t10°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 (hair drier), 
because is then blown over the . Such details also the 

4.1.4 Choice of Chamber System 

There is no other facet where thin-layer chromatography reveals tts paper­
chromatographic ancestry more dearly than in the question of development 
chambers (Fig. 56). Scaled-down paper-chromatographic chambers are still used 

was 
space of the · 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 

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. 
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Fig. 56: Commonly used trough chambers (DFSAGA). 



126 4 Documentation and Hints for Chromatography Experts 

But there can be no question of chamber saturation if the TLC plate IS then placed 
directly in the chamber. But at least there is a 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 ofmulticomponent mobile phases 

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 twin-trough chamber (Fig. 43A) was not just developed to economize in 
mobile phase; it also allows the layer to be impregnated as desired from the vapor 
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B 

Fig, 58: A) S chamber, B) horizontal developing chamber (CAMAG) 
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A 

1<1g. 59: Vario chambers (CAMAG) for plate format 20 cmx 20 cm (A) and 10 (.,'ffi 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, 

phase it is often possible to substitute an acid- or ammonia-containing 
phase by a neutral one. The impregnating liquid is placed in one of the troughs, 
the mobile phase and the TLCjHPTLC in the other one. 
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72 65 47 42 32 18 14 9 

• • • • • 

Hg. 60: Chromatogram of a 6 dyestuff mixture made up (according to falling Rr values) of 
Sudan red 7B, Sudan orange G, Sudan black B. Sudan yellow, Art1sil blue 2RP and Sudan 
black B (2 components) under different humid1ty conditions. From left to right 72, 65, 47, 
42. 32, 18, 14 and 9% relative humidity; layer: s1lica gel60; mob1le phase: toluene. 

humidity be controlled. There are sufficient 
ducible development is only possible if temperature and relative 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 possible that not only the zone behavior will be changed but also 

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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Sulfuric acid concentration 
[%] 

98 
62.5 
55 
50 

36 
33 
28 
25 
22 

ZnC\2 ·1 1
/ 2 H20 

LiCI· H 20 

(WC) 
KF 
MgBr2 
CaCh · 6 H20 
MgC!2 · 6 H20 
NaCl tKN03 {16"C) 

Nal 
Zn(N03)2 · 6 H 20 
K2C03 · 2 H20 
KN02 
KSCN 

Manufacture: Relative humidity 
[%] ml cone. sulfuric acid t ml water 

0 
9 

15 
20 

42 
47 
58 
65 
72 
----

Rei. humidity Salt 
[%] 

10 NaN02 
15 CuCI2 ·lH20 

100 + 0 
100 + 60 
100 + 82 
100 + 100 

57 + 100 
50 + 100 
39.5 + 100 
34 + 100 
27.5 + 100 

16.5 NH4Cl + KN01 
21.3 NaCI03 

30.5 NH4Cl 
31.8 {NH4hS04 
32.3 KB' 
32.4 KC! 
32.6 KHS04 

38.4 Na2C03 · 10 H20 
42 NaBr0 3 

44 K2HP04 
45 Na2S04 · 10 H20 
47 NH4H2P04 
52 KN03 
52 

54 
55 CaS04. · 5 H20 
58 Pb(NOJh 

Rel. humidity 
[%] 

66 

90 
92 
92 
93 
93 
93.2 
95 

97.2 
98 
98 
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a conditioning chamber is employed the equilibrated TLC plate must then be 
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 order to make it possible for others to repeat 

4.2 Documentation on the Chromatogram 

&amples same or different) can be developed on 
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 
requiring less than 20 ml of mobile phase. 

2 to 4mm, HPTLC: 0.5 to 1 mm) the application volumes are nonnally limited 
to a maximum of 5 j.tl for TLC and 500 nl for HPTLC when the samples are 
applied as spots. Particularly in the case of adsorption-chromatographic systems 
layers with concentrating zones offer another possibility of producing small 
starting zones. Here the applied zones are compressed to narrow bands at the 

avoid mistakes as far as the order of application 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 

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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Data-patr methods T~1 Test No 

v, u, v2 "• v, u, v2 "• 
N=o 

Daoo 

~-

• 0 • " ~ _Q • A 

f J r Method 

Stat10nary phase 

Mob1le phase 

:r~~~~~tb~l~~a~~n= samolc ~olut!On; to the data patr method - V 1 to V 3 =standard M1gmt1on dtstancc M1grallon time 

b) 

o) 

wtth the result that the substance distnbutwn m the chromatographic zones could Evaluallon 

be affected Thts would lead to errors m dtrect photometnc analysts [10J It ts ood 

best to label the chromatogram above the level of the solvent front when the comments 

chromatogram ts later developed Immedtately .-.tt IS completed the 
level of•h~ OOl• nJ f< Oh J h >0 •h • ~~· -L 

plate to ollo ., ...... • of the R, values Tins should be done even •f-a solvent .of~rnplo 

"""' " ;~~J[lo:~"'.' '" lbymeansofan Prepamtlon of standards AMD [12-15} or PMD system 18J The practice of cultmg a scratch across 
the whole adsorbent layer for tills purpose IS now obsolete - espeaally domg 1t Volume apphed 

before development 

The type of plate, chamber system, compasawn of mobcle phase, runmng /erne and 
1<1g. 62: Example of a protocol form 

m F<gu" 6;:~n "" my uu ue '"'"'""" 

4.3 Fixing the Visual 'of the 
When prepanng mobtle phase m1xtures each mdlVldual component should be Chromatogram 
measured out separately and only then placed m the miXIng vessel Tlus prevents 

A chromatogram 1s produced by developmg a TLC/HPTLC plate, but tt may be not only contammatlon of the solvent stock by vapors from the already partmlly 
filled m1xmg vessel (e g ammoma') but also volumetnc errors caused by volume necessary to employ one of the reagents descnbed to make the posltl:~~~~~c1t~~~! or contractions on m1xmg 

><L -Co n• '"'~ 

Rr values are the same a companson of the siZeS of the zones of the sample and 
All detmls m the reagent monographs concernmg mobr!e phases are gtven m parts by standard substances g~.ves an mdtcatron for estunatmg the amounts If, as a result 
volume unless tl lS specifically stated otherwcse ofmatnx effects, the Rr values of sample and standard are not the same then thetr 
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4.3 Fixing the Visual Appearance of the Chromatogram 135 

, uuu , u• 1 me · 1 Will a"o amer on 
Direct copying on Ozalid or Ultrarapid blue print paper has also been employed account of different diffusion patterns. These facts also ~long in the protocol of 
for documentation {25-27]. For this purpose the chromatograms are laid layer-a chromatographic separation. 
side up on a light box and, if necessary, covered with a sheet of 1 mm thick glass. 

It is usually only possible to store the original chromatogram if TLC foils are The Ozalid paper is then laid on with the yellow-coated side down and covered 
employed or if the adsorbent layer is fixed and removed from the plate as a whole. with an appropriately shaped piece of wood (to keep out the dayli~ht and to 
This can be achieved by treating the chromatogram with collodium [19], "adhesive" maintain contact). The exposure time is 8 to 10 minutes dependmg on the 
[20] or plastic dispersions and exercising a little patience. chromatographic background; it can be shortened to 3 to 4 minutes for weakly 

coiorea zones or . y I or neavuy cmm= . 'ne 
Ozalid paper is exposed to ammoma vapor after exposure. The chromatogram 

4.3.1 Preserving with Neatan zones are recorded as red-violet spots on a pale background. AGFA-Copyrapid 
CpP or CpN papers can also be employed [37]. 

Chromatograms can be made "handleable" and storable by treatment with plas~ic 
· :based on · I chlorirle · 1 · The simplest method of recording chromatograms nowadays is by means of conven-

such as, for example, Nealan IMERCK) [21-:- 23]. In order to avoid dogging the '('<g.oJJ. 
. . 

;t;;~~gh' . y ' H » WU' H 0C HH>CU 

immediately after use with tetrahydrofuran or that disposable jets be 
employed [24]. 

I I I 
After drying at a temperature below 50°C (higher temperatures lead to yellowing!) Relativa twmidlty [%] 
an adhesive film is rolled over the layer and the covered chromatogram cut down 

' 72 
65 47 42 l2 18 14 9 to the glass plate with a razor blade within 2 to 3 mm of its edge~ and raised at 

~::,~~:";~ 1 ne . ' 1~yer ca~;nen be detached !'~?m the~ I eby 

stuck into the laboratory notebook and labelled (take care when aggressive ;~~ 
agents have been used!). 

This method of chromatogram preservation has lost a great deal of its importance • • • with the increasing perfection of photographic methods, particularly since true- • • oolored, instant, paper and slide positives have become available. is • • • _,, 
'""'" " m;hhle 

' t • : 4.3.2 Documentation by Sketching, Photocopying or Photographing • • • • • • • • • 
I ; 

• ; • The phenomenological analysis results can be recorded by sketching or, tracing. on • • __1 • ; ; t oaner and colo;ed.with_ · . . ! 

of calor. It is usual to mark fluorescent zones with a "ray-like" edge; phospho- ' ' i ; ; : : ; 

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. 

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. 
Ilfospeed 2.1 M, glossy 2, Ilford, 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. 

of the color 
most 

chromatograms. It can be used not only to produce true-calor 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-

l<'ig. 64: Reprostar (CAMAG). 
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ing fluorescent zones it is necessary to ensure that the ftlter transparency of the 
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). 

Table 28: Setting conditions for a Polaroid Land CU 5 camera with supplementary lens (0.5 
dwptres) for photographing TLC plates of 20 x 20 cm format on Type 669 Polaro1d color 
film. 

11 1/8 s 00 

16 1/8 s 00 

30 s '" 
30, '" 
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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-Makroblitz 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 

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 

[1] Vavruch, J.: CLB Chem. Labor Betr. 1984, 35, 536-543. 
(2] Reichardt, C.: UJsungsmilte/-Effekte in der organischen Chemie. Verlag Chemie, Weinheim 

1979. 
[31 Hampel, B., Maas, K.: Chem. Ztg. 197l, 95,316-325. 
[4) Koch, F., Plein, G.: GJT Fachz. Lab. Supplement 3 .. Chromatographie'" 1988, 52-56. 
[51 Stab!, E.: Dfinnschicht-Chromatogrophie, ein Loboratoriumshandbuch. 2nd Ed., Springer, 

[6) E. MERCK: Company literature .. w~eifeste, wasserbenetzbare DC-Fertigschichten Kiesel­
gel 60 W'", Darmstadt 1985. 

171 MACHEREY-NAGEL: Company literature ,.Ferligprodukte jar die DUnnschicht-Chromato· 
graphie", 1985. 
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Alizarin Reagent 

Real!ent for: 

• Cations [1 -71 

Preparation of the Reagent 

rP'( )Y 
!,_ )( .) 

0 

c.4Hs04 
M,~240.22 

Dipping solution Dissolve 100 mg alizarin in 100 rn1 ethanol. 

Spra~' sohdion 

Substantes 

A Q 2501, [3} or saturated golutjon of aljzgrjn ~ jn ethanol 

The snlutjop may he kept for several days at room temperature 

Alizarin 
Ethanol 
Ammonia solution (25%) 

Metal cations yield colored complexes with alizarin: 

~OH 
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Method Procedure Tested 

The chromatogram is dried for 10 min in wann air and either immersed in the Nickel, Copper aad Beryllium nitrates; Calcium., Magnesium, Strontium aad Barium 

dipping solution (1 s) or sprayed evenly with the spray solution. The still-mo_ist cblorides 15, 71 
TLC plates are placed in the empty part of a twin-trough chamber filled wtth MefuOO One-dimensional ascending development in a HPTLC 
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 

chamber with chamber saturation. 

diethyl ether or m a 1% solution oi boric acid in methanol-water (9 I 1) the LayeJ IIPTLC plates Cellulose (MEiteK}. The plates nere pre 

background turns yellow and most of the chromatogram zones appear as red to washed with mobile phase and dried for 10 min in a stream 

violet spots. The following cations (arranged as in the periodic table) can be of warm air before use. 

detected: Mobile phase 1. Ni, Cu and Be cations: acetone - nitric acid (25%) 
(35 + 15). 

2. Alkaline earth cations (5]: methanol-hydrochloric acid 

I 11 Ill IV V VI VII VIII (25%) (80 + 20). 

Li "' NH, Migration distance 5 ?cm 

Mg AI Running time 
Cu Ca Zn Ga Se Ti A• V So Cc M" Fe Co Ni 20min 

Ag Sr Cd I" Sn Zc Sb Pd 

Au Ba Hg Lo Pb Bi Pt 

· nrl r, · Th T I 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 [31 or with 2,2'-

l 

dipyridyl or iminodiacetic acid [41 or on cellulose layers. 

Rather than dipping the chromatogram in acid solution it is preferable to heat it 

~ to 100 "C for 2- 5 min (fume cupboard 1) in order to evaporate the ammonia and 
turn the background yellow. By this means It.~ ~~ssiUJe o inc • ..,...~ · · · I 

· ... : ~.... · ~;: .. 1+ 2 + However these zones fade 

after some time, so that it is necessary to quantify the chromatogram immediately j 
after heating. 

'V ~A 
• ~ 

I 

Fig._I: Absorption scanning curve or the alizarin complexes or barium (I), strontium (2). 
calctum (3), magnesium (4) and beryllium cations (5). The amounts applied were 2 Jig in 
each case. 
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Detection and result: The separation was adequate in the systems given. The Aluminium Chloride Reagent 
following hRr values were obtained after heating for 2-5 min to 101)DC. 

Mohile phase 1: Ni2 + (blue-violet), hRr: 45- 50; Cu2 + (violet), hRr: 55 -60; Be2 + 

(violet), hRr: 80-85. 
Mobile phase 2: Ba2+ (pale blue-violet), hRr: 15-20; Srl+ (pale blue-violet, r -slightly tailing), hRr: 30-35; Ca2 + (violet), hRr: 50- 55; Mg2

+ (violet}, hRr: 15- r fn., 
80; Be (violet), hRr: 93 -9~. 
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 • Unsaturated 1,2- and 1,3-dihydroxyketones, e.g. flavonoids [1-4} 

sometimes an "impurity" front in the same hRr range as beryUium. • Mycotoxins: zearalenone [5, 6, 10]; ochratoxin [5]; 

In situ quantitation: The photometric determination was made in reflectance mode 
sterigmatocystine [7 -11]; citrinine [12] 

all 550 nm (Fig. 1). "' '"' M, 241.45 

• Phospholipids and triglycerides [14] 

References 
&eparatiou of the Reagent 

111 De Vnes, G., Schutz, G. P., Van Dalen, E.: J. Chromologr. 1964; 13, 119-12!. Solution I Dissolve 0.2 to 1 g aluminium chloride in 100 
[21 Hammerschmidt, H., MUller, M.: Papier Dannstodt l96l 17, 448-450. ml ethanol. 
{3] Srivastava, S. P., Bhushan, R., Chauhan, R. S.: J. Liq. Chromatogr. 1984, 7, 1341-1344. Solution 11 Dissolve 20 g aluminium chloride in 100 ml ethanoL 
[4] Srivastava, S. P., Bhushan, R., Chauhan, R. S.: I. Liq. Chromatogr. D8S, 8, 571-574. 
[51 Gagliardi, E., Lik:ussar, W.: Mikrochim. Ada (Vienna) 1965, 765-769. Storage The solutions can be stored for long periods in the refrigerator. 
[6) Bhushan, R., Srivastava S. P., Chanhan, R. S.: Anal. Letters~ 18, 1549-1553. 
171 Ka~:; 

1

E., ~ork:,_ H.: GDCH-Work:shop Nr. ~00 ,E:~~~brung in die Diinnscbicht-Chromatogra- Substanct'.S Aluminium chloride hexahydrate 
Fth•nnl •h<nlnt• 
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Reaction Procedure Tested 

Aluminium chloride forms, for example, fluorescent complexes with flavonoids: Flavonoids (Quercetin, Rutin, Hyperoside, Quercitrin) (151 

Method One-dimensional, ascending development in a trough cham-

oyC r?Yoy() ber with chamber saturation. 

r?Y' 4 

"" 
Layer HPTLC plates Silica gel60 (MERCK) pre-washed by a single 

);;"( ~ ~· yy development with chloroform-methanol (50+50). The 
layers were preconditioned for 30 min over water after the 

' ' sample had been applied. ~ 

3 
Mobile phase Ethyl acetate - formic acid (98-100%) - water (85 + 10 

+15). 

Method 
Migration distance 6cm 

Rmuung time l8m10 

The developed chromatograms are briefly immersed in or evenly sprayed with the 
appropriate reagent solution. Solution I is employed for flavonoids [1, 3] and Detection and result: The chromatogram was freed from mobile phase and dipped 

solution Il for mycotoxins [5, 8, 12}, phospholipids, triglycerides and cholesterol for 1 sin solution I and after drying for 1 min in a stream of cold air it was dipped 

[14]. in a solution of liquid paraffin - n-hexane (1 + 2) in order to stabilize and increase 

:A:Her Um dipped or sprayed ctuoma:togram has been dried in a stream of cold air 
the intensity of fluorescence by a factor of 1.5-2.5. The derivatives which were 

long-wave UV light (..1.- 365 nm) reveals fluorescent yellow zones (flavonoids). 
pale yellow m aayhglit alter Orymg fluoresce pale 61ue to turquoise in long-wave 

Sterigmatocystine, which can be detected without derivatization on account of its 
red intrinsic fluorescence (detection limit 0.5 J.Lg), also fluoresces pale yellow after ' being heated to 80°C [9] or 100°C [13] for 10 min; on the other hand, citrinine, 
zearalenone and vomitoxin fluoresce blue. 

The detection limits are ea. 20 mz ner chromatoYram zone. 

Note: The reagent can be employed on silica gel, kieselguhr, polyamide, RP, CN, 
NH 2 and cellulose layers. 

The colors of the fluorescing zones can depend on the concentration of the ~ , I i aluminium chloride solution. I a 

Hypericin which is a hydroxyanthraquinone and the antibiotic nystatin also yield IIJ\UU 
fluorescent zones. A higher fluorescence intensity is frequently obtained by heating Fig. I: Separation of flavonoids _fluorescence scanning curve of rutin (1), hyperoside (2), 
to 88° C for 2-5 min instead of simply allowing to dry at room temperature. qttercitrin (3) and quercetin (4). 
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UV light (..t = 365 nm): rutin (hRr: 25- 30), hyperoside (h.Rr: 45 -50), quercitrin 4-Aminoantipyrine - Potassmm 
(hRr: 60- 65) and quercetin (hRr 85- 90). The detection limits were 10 ng sub· 
stance per chromatogram zone. Hexacyanoferrate(III) Reagent 
In situ quantitation: The in situ fluorescence measurement was carried out at Acxc = 
436 nm and ,41 = 546 run (monochromate filter M 546). 

(Emerson Reagent) 

References 
I Reagent for: 

~~ .. . " , H3CHNH2 

... 
. '""'-""" . n• -··" -" 

H3c y"' 
[;] ~;~an~w~: A. Z, Ang~lo~. M. K.: Mikrochim Acta (Vienna) 1976, //, 481 ~486. 1,_1 
[31 FOrster, H., Ziege, M.: Fortschr. Med. 1971, 89, 612-615. • Salithion [6] 
[4] Willuhn, G., Ri:lttger, P. M.: Dtsch. Apoth. Ztg. 1980, 120. 1039-1042. • Sympathicomimetics 
[5] Fonseca, H., Nogueira, J., Graner, M.: Proc. of the 6th Int. Congress of Food Science and 

Th:hnology Dublin, 1983, 3, 53-54. 
CIIH13N30 K,[Fe(CN),] 

[6] Tak:erla, Y., Isohata, E., Amano, R., Uchiyama, M.: l Assoc. off. Anal. Chem. 1979, 62, M,~ 203.25 M,~ 329.26 
573-578. 

[7] Majerus, .p·:: W~ller,_ R.;, !:'~!vat, P., Klintrimas, T.: Fieischwirts~~aj~ ~-6l, J:l:l-w . 

· · · Leben.sm.-Unters. Fonch. 1980, 170, 421 424. ' 

4-Aminoantipyrine 

[9] Johann, J., Dose, K.: Fresenius Z. AnaL Chem. 1983,314, 139-142. 
[10] Josefsson, B. 0., M()ller, T. E.: J. Assoc. off. Anal. Chem. 1977, 60, 1369-1371. 
[11] Egmond, H. P. van, Paulsch, W. E., Deijll, E.: J. Assoc. off. Anal. Chem. 1980, 63, 

110-114. 
[12] Gimeno, A.: l Assoc. off Anal. Chem. 1919, 62, 579-585; 1980, 63, 182-186: 1984, 67, 

194-196. Preparation of the Reagent 
[13] Eppley, M. R., Tiud:sess, M. W., Nesheim, S., Thorpe, C. W., Wood, G. F., Pohland, A. E.: 

J. A$S"OC. of}. Anal. Chem. J98i( 6/, 43-45. 
1141 Segura, R., Navarro, X.: J. Chromatogr. 1981, 217, 329-340. Dipping solution I Dissolve 1 g 4-aminoantipyrine (4-aminophenazone; 4-ami-

" [15] Gilles, F.: Thesis, Universitll.t Gie en, racnoeretcn f'lgrarw1ssensc a ~ - ~ ·p. ~ -
ethanol. 

Dipping solution 11 Dissolve 4 g potassium hexacyanoferrate(III) in 50 ml water 
and make up to 100 m! with ethanol. 

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

Spray solution 11 See dipping solution II. 

Storage The dipping solution and spray solution I can be stored in the 
refrigerl\tor for about 1 week. 
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Substances 4-Amino-2,3-dimethyl-1-phenyl-
3-pyrazolin-5-one 

Ammonia solution (25%) 
t no 

Reaction 

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

b + o-NH, -\...._/=----> 
H3c/ 6 o -

4-Aminoantipyrine Aniline Quinone diimine derivative 

Metbod 

The chromatogram is freed from mobile phase and immersed in dipping solution I 
tor 1 s or Sprayed widi spray solution I, dried in warm air for 3 min and rhen 
immersed for 1 s in dipping solution Il or sprayed with spray solution 11. After 
redrying the background is decolorized by placing the chromatogram in a twin­
trough chamber, one of whose troughs contains 25% ammonia solution. Red­
erange eelere8 zenes are pre8HGG8 ea a Jlale yelh'l"' baekgreua8. The .-;eler 
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 NH2 phases. The 
final treatment with ammonia vapor to decolorize the background can be omitted 
in the last case. 

"n iedifl@ selutiee ean be emprleyed as exidizing agent ia plar;;e ef pehssium 
hexacyanoferrate(Ill). 4-Aminoantipyrine also produces colored zones with 1~ and 
1,4-unsaturated 3-ketosteroids (pregnadienediol derivatives) in the absence of 
oxidizing agents. 

4-Aminoantipjiine Pontssium Nexacyanvf.u;ate( .. Yn Reageltl 153 

In the case of sympathicomimetics it should be checked whether the reaction in 
solution (PFEIFER, S., MANNS, 0.: Pharmazie 1957, 12, 401-408) is applicable to 

Procedure Tested 

Eugenol, Carvacrol aDd Thymol in Essential Oils (7] 

Metbod 

Layer 

Mobikphase 

Running fime 

Ascending, one-dimensional development in a trough 
chamber with chamber saturation. A double development 
(S mia iatefllleEliate drying in a str-eam ef w1rm ·1ir) "':JS 
required for the separation of carvacrol/thymoL 

TLC plates Silica gel 60 W or HPTLC plates Silica gel 60 
WRF254• (MERcK); SIL G·25 or Nano·Sil·20 (MACHEREY· 

"AGELJ. 

'fLC: ehlereferm; IIP'fLC: teluene (fer ~ar- a~reljthy:mel 

separation). 

TIC· 20 mju· HPTIC· 12 min 

Detection and result: The following hRr values (TLC, chloroform) were obtained: 
carvacrol and rbymol (red) 30 33, eugenol (sabnon pink) 46 45, lrete the 'uack-
ground was pale yellow colored. The visual detection limit was 200- 500 ng per 
chromatogram zone. The colored zones faded after 1 to 2 hours. 

Refet ences 

[I] Eisenstaedt, E: J. Org. Chem. 1938, 3, 153-165 
[2] Mordovina, L. L., Korotkova, V. L, Noskov, V. V.: Zh. Anal. Khim. 1974,29, 580-583. 
[31 Gabel, G., Mi.lller, K. H., Schonknechl, J.: lJtsch. Apoth. Ztg. 1962, 102, 293-295. 
14] Emerson, E.: J. Org. Chem. 1943, 8, 417-428. 
[5] Thielemann, H.: Fresenius Z. anal. Chem. 1974,269, 125-!26: Pharmazic 1977,32,244. 
[6] Murano, A., M. Nagase, S. Yamane: Japan Analyst 1971, 20, 565-569. 
[7] Zentz, V.: Thesis, Univcrsitiit des Saarlandes, Fachbereich 14, Saarbrticken 1971!. 
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4-Aminobenzoic Acid Reagent Method 

The chromatogram is freed from mobile phase and dipped in the reagent for 2 s 
or uniformly sprayed with it. dried for several minutes in a stream of cold air and 
heated to tOO<>C for 10-15 min. The result is reddish-brown chromatogram zones 
on a colorless to pale brown background . ... : -"· . .. e • ·" 

Q 
.. o . 4& 

kieselguhr layers are less suitable [6]. Only a few sugars are detectable and 

• Carbohydrates (sugars) those with lower sensitivity if acid is not added to the reagent [1]. 

e.g. monosaccharides [1- 5] COOH 

disaccharid~~1[2, ;~ . . 3 CH N02 

M 137.14 '· .T.o+..l 

Sugar in Diabetic Chocolate 181 

Preparation of the Reagent 
Method Ascending, one-dimensional development in a trough cham-

ber with chamber saturation. 

Dipping solution Dtssolve 1 g 4=ammobenzotc actd m 18 m! glacial acetic acid Lay a TLC plates SilK-a gel 60 (MppcK) 

and add 20 ml water and 1 ml 85°& pbospbori~;; acid· imrnedi- !\olobile phase 9iehlefemethane methanol glacial ace:ti~;; a~;;id water 
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 Migration distance 15 cm 
temperature. 

Substances 4-Aminobenzoic acid 
Running time 120 min 

Glacial acetic a~;;id Detedion ud result· The chromatogram was freed from mobile phase and im-
Orthophosphoric acid (85%) 
Acetone 

mersed in the reagent solution for 2 sand placed in a drying cupboard while still 
moist. After heating to 1200C for 15 mm red-brown (ftuctose} and gtcy-bluc 
(lactose) chromatogram zones were produced, which fluoresced turquoise under 

Reaction 
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 5 ng per chromatogram zone on fluorimetric 

Su~rs react with the reagent ~robably with the formation ofSCIDFF's bases: analysis. 

•' R' 
In situ quantitation: Quantitation was performed fluorimetrically (Am= 365 run, 

'c=O + H2N--Q-cooH ---> 'c=N--Q-cOOH An> 560 run). The baseline structure was most favorable under the chosen con-

•'/ . ""' R2/ - ditions (Fig. 1). 
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2 2-Aminodiphenyl -
l 

Sulfuric Acid Reagent 

1 Reagent for: 
j. 

~· 
• Carbonyl compounds [1, 2] o-o e.g. aliphatic aldehydes from C-8, 

glycol aldehyde [5], glyoxalic acid, NH2 

l'ig. I: ~~uorescence plot ol a blan~ .. ~~!.and a chromatogram track o a diabetic chocola e 
extract (B). Circa 50 nll: lactose and fructose were aoolied. Start (1), lactose (2), fructose (3). 

---r,:r-pentanedtone 

o -vitanun H, (pyndoxal) [LJ L12nuN n2~U4 

• Sugars [3, 4] M,~ 169.23 M,~98.08 

References 

(I] Metraux, J. P.: Chromatogr. 1982,237, 525-527. 
(2] EissCi, R. S., Amltcn, B. C .. Med. bob. TechMl. 1911,18, 355 359. PTeparation ol Reagent (3] Damonte, A., Lombard, A., Tourn, M. L., Cassone, M. C.: J. Chromatogr. 1971, 60, 

203-211. 
[4] Menzies, L S., Mount, J. N.: Med. Lab. Technoi. 1975, 32, 269-276. Solution I Dissolve 1 g 2-aminodiphenyl (biphenyl~2~ylamine) in 100 ml 
[5] KrOplin, U.: J. agric. FoodChem. 1974,22, 110-116. 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. 

MOI!Iichkeiten der Ouantitativen Aus· 
Solution 11 20% sulfuric acid. 

fgj MUller E. Jork H.: GOCh·traininl! couilie Nr. 302 
~:;~ung von Di.innschicht-Chromatogrammen", UniversiUlt des Saarlandes, Saarbrucken Dtppmg solution careru11y tDlX equal vOlumes or solUuons 1 anu 11 1lllmemaie y 

pfo · · 

Spray solution For sugars [3): dissolve 3 g 2~aminodipheny1 in 100 m! glacial 
acetic acid and add 1.5 ml85% orthophosphoric acid. 

Storage Solution I may be stored in the refrigerator for several days. 

Substances Biphenyl-2-ylamine 
.:>Uuunc actu ~"""-' ,o, 
Ethanol 
Glacial acetic acid 
Orthophosphoric acid (85%) 
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Reaction Migration distance 5cm 

2-Aminodiphenyl reacts with carbonyl compounds to form colored or fluorescent 
Ruoniag time 20min 

ScmPF's bases with the elimination of water: 
Detection aad result: The chromatogram was freed from mobile phase and im-

•' >=o+O-Q -H..o OD 
mersed for 1 sin the freshly prepared dipping solution and then heated to 105 to 
110°C for 5 to 10 min. Citral (hRr 60) and citronella! (hRr 80) produced brown 
?nn" .. nn H lio-ht brown back!!rotmd in visible lie:ht the zones had a oumle fluores-

NHz N 
cence under long-wavelength UV light (A= 365 nm). Cinnamaldehyde acquired 

c an intense yellow calor but did not fluoresce. 
R'/ '-R2 

In situ quantitation: This could be made under long-wavelength UV light (..le,c = 

365 run; An> 560 run). However, it was not very sensitive. 

The chromatogram is freed from mobile phase and immersed for 1 sin the freshly 
prepared reagent solution and then heated to 105 to t10°C for 5 to 10 min. Green, References 
blue or purple fluorescence appears on a dark background under long~wavelength 
UV light(<~ 365 nm). Jl] Nakai, T., Demura, H., Koyama, M.: l Chromatogr. l97l. 66, 87-91. 

[2[ Nakai, T., Ohta, T., Takayama, M.: Agric. Biol. Chem. 1914, 38, !209-12l2. 

Note: The diQQing solution, which can also be used as a spray solution, can be (31 Timell, T. E., Olaudemans, C. P. J., Currie, A. L.: Anal. Chem. 19sti 28, 1916-1920. 

employed with silica gel, kieselguhr, cellulose, RP, NH 2 and CN phases. Sugars 
t4l Mc!Uhj, J. f., Scocca, J. A .. J; CluomawgJ. l9'Tt\ 5-:, 316 318. 
[5] Nakai, T., Ohta, T., Wanaka, N., Beppu, D.: J. Chromatogr. 1914, 88, 356-360. 

(exceptions include, fm example, fluctose, melezitose and raffinese) yield [6] Kany, E., Jork, H.: GDCli-Uahthtg comse Ik 361, ,.fiUJutsclriclit-e!nomatogiaphic fth Fott 

brilliantly colored zones on an almost colorless background when the spray solu- geschrittene", Universitilt des Saarlandes, Saarbrucken 1986. 

tion is employed. Aldohexoses appear brown, aldopentoses bright red and 
hexuronic acids orange in calor [3}. The detection limit differs for different sub-
stances; it ranges from 10 ng (pyridoxal) over 100 ng(cinnamaldehyde) up to 2j..Lg 
(citral). 

Procednre Tested 

Citra~ Gtrooellal, Cinoamaldehyde (6) 

Metlx>d Ascending, one-dimensional development in a trough cham-
oer. 

Layer HPTLC plates Silica gel60 F 254 (MERCK). 

Mobile pbase Toluene - ethyl acetate - glacial acetic acid (90+5+5). 



4-Aminohippuric Acid Reagent 

:for: 

• Sugars (monosaccharides) {1, 2] 

Preparation of the Reagent 

-= NH-CH2-COOH 

C9H10N203 
M,~ 194.19 

Dipping solution Dissolve 0.5 g 4-aminohippuric acid in 50 m1 ethanol and make 
up to 100 ml with toluene. 

Spray solution Dissolve 0.5 g 4-aminohippuric acid in 100 m1 ethanol. 

Storage 

Substances 

Reaction 

Both solutions are stable for several days. 

4-Aminohippuric acid 
Ethanol 
Toluene 

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

Carbonyl 
compound 

4-Aminohippuric 
acid 

R' 
'o 

Reaction product 

4-Aminohippuric Acid Reagent 161 

Method 

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 background, the zones fluoresce blue under long-wavelength UV 
light(}.- 365nm). 

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

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

Layer 

Mobile pbase 

HPTLC plates Silica gel 60 (MERCK). 

2 Fmpaael 0.7S0 4 aq'JOOUS beric acid 
acid (40 + 5 + 1). 

Migration distance 8 cm 

Running time 80 min 

ghcial w.:tic 

Detection and f(!Sult: The chromatogram was freed from mobile phase and im­
mersed in the reagent solution for 1 s and heated to 140°C for 10 min. The 
lollowmg appeared as blue lluorescent zones under long-wavelength 0 V hght (A: 
365 nm)· lactose (hR.r 25 30) fructose (hRr 30 35) arabinose (hR, 45 50) 

xylose (hRr 55-60) and rhamnose (hRr 60- 65) (Fig. lA). 

Immersion in a liquid paraffin - n-hex.ane (1 + 3) did not lead to an appredable 
increase in fluorescence intensity. 

In situ quantitation: The fluorimetricanalysis was made in UV light (...1.m = 313 nm, 
,:n) 466 nrn, F1 46 filtct). The signal-noise ratio was bettCI abo •e ). 468 nrn 
than when a Fl39 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 ~Jg for lactose (Fig. 1 B). 
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4 4-Aminohippuric Acid 1 1 G J 4 I -l 

A 

Phthalic Acid Reagent 

• • ! - • 1 

-

• • • 1 

• • ,;: V\ ~ Reagent for: aCOOH 
-Q-"0 J H N C

7 

I J COOH ' ' NH-CH2-COOH . . . . . . 
I • Sugars (mono- and CsH604 C<)HION103 
' 

A B d"accnand"Jl' -JJ 
M,~ 166.13 M,~ 194.19 1 

Fig. 1: Schematic diagram of the chromatographic separation (A) and the Huorescence scan o.g. 

of tragacanth [4] Phthalic acid 4-Aminohippuric acid 1 (B) of a sugar mixture containing t11g substance per chromatogram zone. Lactose (1), 
fructose (2), arabinose (3), xylose (4), rhamnose (5), mixture (G). I 

I 

References ~!reparation of tbe Reag.-nt 

Dippmg solution Dtssolve 0.2 g 4=ammoillppunc actd and 3 g phthahc actd m 
[I] Jork, H., Kany, E.: GDCh-training course Nr. 300 ,Einftlhrung in die Diinnschicht-Chroma- 50 m! ethanol and dilute with 50 ml toluene. 

tographic", Universittit des Saarlandcs, Saarbrilckcn 1986. 
Spray solution Dissolve 0.3 g 4-aminohippuric acid and 3 g phthalic acid in [2] Sattler, L., ?.crban, F. W.: Anal. Chem. 1952, 14, 1862. 

100 ml ethanol. 

Storage Both solutions are stable for several days. 

Substances 4-Aminohippuric acid 

c "'"""" ""'" Ethanol 
Toluene 

Reaction 

Sugars teaet nith the Jeagcut p10bably with the fOIInation of ScHIFr's bases. 

R' 0 
•' 0 

'c,o + H2N-Q-c1' ~ 'c=N-0-c.l/ 
/ ' - H20 / - ' R2 - NH~CH2-COOH R2 NH-CH2-COOH 
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Method long-wavelength UV light (A= 365 nm) as pale blue fluorescent zones on a weakly 
bluish fluorescent background. 

The chromatogram is dried in a stream of warm air and immersed for 10 sin the The fluorescence intensity of the chromatogram zones could be stabilized and 
reagent solution or the spray solution is applied to it homogeneously and it is increased by a factor of 2.5 to 3.5 by subsequent immersion in liquid paraffin -
then heated to 115-140°C for 8-15 min [2, 4]. Yellow to orange-red zones n-hexane (1 + 2). 
are produced on an almost colorless background; these emit an intense blue 
fluorescence under long-wavelength UV light (A= 365 nm). In situ quantitation· Ibe in situ tluorimetric anal~1sis was made under long-1.11a:;re-

Note: Subsequent immersion of the chromatogram in a mixture of liquid par-
length UV light (},m= 365 nm, ),n > 560 nm) and is illustrated in Figure 1. The 
detection limits for maltose, glucose and fructose were ea. 10 ng substance per 

affin - n-hexane (1 + 2) leads to an increase in the fluorescence by a factor of2.5 chromatogram zone. 
to 4.5 for some carbohydrates. 

The visual limit of detection, when irradiating with UV light, is 250 ng per chroma-
l 

. . . . -"-' : .. , 
.~b' ' 

4 to 5 times greater [2]. 

The reagent can be employed on silica gel, kieselguhr, Si 50 000, NH1, cellulose 
and polyamide layers. 

1 

Procedure Tested 

Glucose, Fructose, Maltose (11 I ;:: 

Method Ascending, one-dimensional development in a trough cham- ~ jU her without chamber saturation. 
I 

Layer HPTLC plates NH1 F154s (MERCK). 

Mobile phase Acetonitrile - water - phosphate buffer (pH~ 5.9) Fig.l: Fluorescence plot for a sugar mixture containing 50 ng substance per chromatogram 

\':" + !H !~~'h' ehuff"· 
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 7cm References 

Running time 20 min 
I tj l'allsdl. K.: I Fies!s, Facliliocliscliule G!e!Xn, Facli!Xie!cli loclimscfies Gesunilfie1Lswesen, 

Detection and result: The chromatogram was freed from the mobile phase, im-
191'16. 

[2] Saulcr, L., Zerban, F. W.: Anal. Chem. 1952,. 14, 1862. 
mersed in the reagent solution for 10 s and heated to 1500C for 8 min. Maltose [3] Kubclka, W., Eichhom-Kaiser, S.: Pharm. Acta Helv. 11.170 45, 513-519. 
(hRr 10-15), glucose (hRr 20 -25) and fructose (hRr 25- 30) appeared under [.+] :C.talll, E., Tugrul, L: Dtsch. Apoth. Ztg. 198l. 121, 1409-1413. 
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Ammonia Vapor Reagent Reaction 

Morphine and heroin form fluorescent oxidation products on heating in the 

presence of ammonia ( 1]. 

~---

'· : 
Method 

• Alkaloids The chromatograms are dried in a stream of cold air (alkaloids: 110-120°C for 
e.g. morphine, heroin [1, 2] 25 min in drying cupboard) and placed for 15 min in a twin-trough chamber -

6-monoacetylmorphine [2] 
in the case of alkaloids while still hot - whose second trough contains 10 ml25% 

i 
e.g. ochratoxin A [3-5] detected bv niacin!! the chromato!!ram 0.3 mm from a TLC nlate 

• Flavonoids, flavonoid glycosides [6-9] sprayed with cone. ammonia solution (sandwich configuration layer to layer), 

• Sennosides [10] 
fastening with clips and heating to 110"C in a drying cupboard for 10 min [12]. 

• Naphthoquinone glucosides [11] 
The result is usually chromatogram zones that fluoresce yellow, green or blue on 
a dark background under long-wavelength UV light (A= 365 nm), in some cases 

• Valepotriates [12] colored zones are detectable in visible light (e.g. homogentisic acid [17], sennosides 

• Antibiotics l'"J- ',,,_ 
c.,. • " Note: The natural fluorescence colors of some flavonoids [7, 9] and anthracene 

rifamycin [14] derivatives [16] are altered by the ammonia treatment. This makes possible differ-
tetracyclins [15] entiation on the basis of calor. Detection limits per chromatogram zone have been 

I 

• Anthracene derivatives [16] NH, reported of 2 ng for morphine and heroin [2], 6 ng for ochratoxin A [5] and 1 llg 

• Homogentisic acid [17] 
M,= 17.03 for penicillic acid [13]. 

nn 

and cellulose layers. 

Procedure Tested 
Preparation of Reagent 

Solution Ammonia solution (25%). 

Storage The reagent may be stored over an extended period. Method Ascending, one-dimensional development in a trough 

Substances Ammonia solution (25%) chamber without chamber saturation. 
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Layer HPTLC plates Silica gel 60 F z54s with concentrating zone 
(MERCK), 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 brjef development in the mobile phase described 
below almost to the junction between the concentrating zone 
and the chromatographic layer, followed by drying for 5 m in 
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 sin a solution of liquid 
paraffin - n-hexane (1 + 2). 

Morphine (hRr 20 25), 6-monoacetylmorphme (hRr 35 40) and herom (hRr 
50-55) appeared as blue fluorescent zones on a dark background under long-

Fig. t: Fluorescence scan of a mixtureofa!kaloidswithca. 50 ngsubstance per chromatogram 
?one: morphine (1), 6-monoacetylmorphine (2) and heroin (3). 
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wavelength UV light (A.= 365 run). In each case the detection limits were 2 ng 
substance per chromatographic zone (Fig. 1 ). 

In situ quantitation: The fluorimetric determination was carried out in UV light 
(/·cxc = 313 run, .41 > 390 nm). 
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Ammonium Thiocyanate - Method 

lron(III) Chloride Reagent The chromatogram is dried for 10 min in a stream of warm air and immersed in 
~olution I for 1 s. It is then dried for 5 min in a stream of warm air and finally 
immersed in solution Il for 1 s. White zones result on a pink background. 

Note: It is necessary to remove acid mobile phases completely, since the calor 

l;eagent for: 

reaction only occurs in neutral to weakly acid medium. This is often dilftccdt wheu 
cellulose layers are employed so that interference can occur. 

Some acids such as cinnamic, lactic, oxalic and quinaldic acid yield yellow zones. 

• Phosphates and phosphonic acids in Maleic, fumaric and o-phthalic acids turn red in calor, salicylic acid grey and 

detergents* [1] 4-aminobenzoic acid bluish. 

• Organic acids and phosphate esters {2] NH4 SCN Fe~~" I 

--uipptng- •uuuu a•uuc ;, a >«<>;,;,< uc.~uuu '.<agc.u '"' c"m. 
Combination with dinnin2: solution 11 does increase the sensitivitv limit for or~J:anic 

I ··o· -o· -~ acids but it is still insufficient for sensitive detection. Inorganic ions that form 
complexes with iron(Ill) ions can interfere with detection. It is necessary to replace 
dipping solution ll after each dipping procedure because accumulated impurities 

Preparation of the Reagent (e.g. NH4 SCN from I) can disco! or the background. 

The reagent can be employed on silica gel, kieselguhr, polyamide and cellulose 
Dipping solution I Dissel, e 1 g ammeniu.m !JliesyanatG (ammeainm rl:w+mide) layers. 8nly di:pping solution I can be emplo)ed em antino phases. 

in 100 ml acetone. 

Dipping solution 11 Dissolve 50 mg iron(III) chloride in 100 ml acetone. 

Storage The solutions are stable - when stored in the dark - for one 
month at room temperature [2]. 

Substances Ammonium thiocyanate Procedure Tested 
,, ·"'" '"' . 
Acetone Inorganic Phosphates and Phosphonic Acids in Detergents Ill 

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

lron(Ill) thiocyanate is not formed to any extent in the chromatogram zones. The 
layer HPTLC plates Cellulose (MERCK). result is white zones on a pink-colored background: 
Ylobile phase Dioxan - trichloroacetic acid solution (70 + 30). 

Fe3 + 3SCN ~· _. Fe(SCNh PreparatiOn o] the tnchloroacettc aCid solutwn: tog tn-
chloroacetic acid were dissolved in 50 ml water. 0.8 ml 33% 
ammonia solution was (carefully!) added (fume cupboard) 

*) Rlidt. U.: Private communication, Chemische Untersuchungsanstalt, Stuttgart, 1984 and made up to 100 m! with water. 
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Migration distance 6 cm 

Running time 30 min 

Detection and result: The chromatogram was dried for 10 min in a stream ofwann 
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 li for 1 s. 

1 1 

A B 

Fig 1• A) Separatmn o( phosphates and phosphomc acids· B) absorption plots of track 5 
and track 8. P 30~ (1), P30io (2), P20~ ~3), POl (4), II_Iixture 1 (5), aminotrimethylene-

References 

[IJ Morsdorf, W.: Thesis, Universitln des Saarlandes, Saarbruckcn 1986. 
!2] Firmin, J. L., Gray D. 0.: J. Chromatogr. 1974, 94, 294-297. 

Amylose-
Potassium Iodate/Iodide Reagent 

Reagent for: 

• Nonvolatile aromatic 
and aliphatic 

• Phenylethylamines 
e.g. ephedrine [3] 

Preparation of Reagent 

Solution I 

Solution 11 

Solution Ill 

Dissolve 1 g amylose with warming in 100 m! water. 

Dissolve 2 g potassium iodate in 100 m! water. 

Dissolve 8 g potassium iodide in 100 m! water. 

Dipping solution Combine 10 ml each of solutions I to Ill immediately before 
use and dilute to 100 m! with water. 

Spray solution Mix equal volumes of solutions I to Ill immediately before 
spraying. 

Storage 

Substan«S 

Solutions I tour are stable for several weeks in the refrigerator. 

Amylose 

Potassium iodide 
Potassium iodate 
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Reaction 2. ethanol (96%) - ammonia solution (25%) (112 + 16). 

Iodide and iodate ions react under the influence of protons to yield iodine mole-
h) for M & N SIL G-25 and MERcK HPTLC plates 

cules which react with amylose to yield a blue clathrate complex: 
3. diisopropyl ether - fonnic acid - water (90 + 7 + 3). 

103 +51- + 6 H + -------> 311 + 3H10 -A~y:~~-----+ blue complex. 
Migration distance 6cm 

Running time 25-30min 

Method lleteetiQn and mrult. The eh:ramategrams ltad te i:le freed from me bile phase before 
they were immersed; otherwise a blue background was produced. After it had 

The well-dried chromatogram (1 hat 105°C if acidic or basic eluents have been been dipped the chromatogram was dried in a stream of cold air. Zones appearing 

employed) is immersed in the dipping solution for 1 s or homogeneously sprayed on an initially pale background were first brown and then turned blue. The 

with the spray solution and then dried in a stream of cold air. Acids yield blue background, however, darkened so much that after 5 min it was scarcely possible 

zones on a colorless or pale blue background [1] which gradually darkens. to discern the zones. Table 1 lists some hRr values. 

For the detection of ampicillin it is necessary to add acetic acid to the dipping or Table 1: hR1 values of some carboxylic acids 
sptay solutiM. AmpieiHin then yields pale zones en a blue baekgiettnd [2]. 

Acid h.& value 

Note: The reagent can be employed on silica gel and cellulose layers. Starch can Cellulose Silica gel 
also be employed in place of amylose [2]. The blue coloration of the amylose 
complex turns brown after a short time. 4-Aminobenzoic acid 55-60 -

2-Aminobenzoic acid 60-65 -

Saccharin and the three diQhenols, Q~rocatechol, resorcinol and h~droguinone, Fumaric acid 80 85 
react only weakly or not at all. The same is true of picric acid. On the other Benzoic acid 70 75 

hand, cyclolJCxanesulfamic acid and bis-(1-ethylhex:yl)-phosphotie acid ate readily Malic acid 15 20 
Tartaric acid 5-10 0 

detected [1]. Phthalic acid 15-20 60-65 

The detection limit for ampicillin is 50 ng per chromatogram zone. Adipic acid - 55-60 
Salicylic acid 80-85 -
-- --·- --

Procedure Tested Note: The reagent was not particularly sensitive for acids. On cellulose layers the 
detection limit was ea. 1 pg (salicylic acid > 5 p:g) and on silica gel layers it was 

Organic Acids 141 5 ).lg (fumaric acid ea. 1 ):!g}. 

Method Ascending, one-dimensional development in a trough cham- In situ quantitation: The reagent was not suitable for a sensitive, direct, photometric 

ber with chamber saturation. analysis. 

Layer TLC plates Cellulose (MERCK). References 
HPTLC plates Silica gel WRF 2 54, (MERCK.). 
sn G-25 ("4W"FPFY-NWFI) lll Chafctz, L, Feullei M. H .. J. CiuomUlugJ. l!I1Q; 49, 346 341. 

Mobile phase a) for cellulose la.vers 
[2] Larscu, C., Johansen, M.: J. Chromalogr. IIJ82, 246, 360-362. 
13] Chafetz:, L.: J. pharmac. Sci. 1971., 60, 291-294. 

1. 1-butanol - ethanol (96%) - ammonia solution [4] Klein, 1., Jork, H.: GDCh-traiuingcourse Nr. 300 ,EinftihrungindieDiinnschicht-Chromato-
(25%) - water (60 + 60 + 60 + 15) graphie", Universitiit des SaaTlandes, SaarbrUcken 1985. 
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Aniline - Aldose Reagent 

·--· 1"' H20H 
--'--o 

ll H~~H 
• Organic acids (1-4] H OH 

• N-Acylglycine conjugates [7] C6 H7 N C6 H1206 
M,~93.13 M,~ 180.16 

Aniline Glucose ' I 

o of the Reaoeot 

Solution I Mix L nd freshly distilled aniline with 18 ml ethanol. 

Solution 11 Dissolve 2 g of an aldose (e.g. glucose) in 20 m! water. 

Dipping solution Mix 20 ml each of solutions I and 11 immediately before use 
and make up to 100 ml with 1-butanol. 

Storage Solutions I and ll are stable for a long period in the refrigerator. 

Substances D( +) Glucose 

Reaction 

Aniline 
Ethanol 
1-Butanol 

Furfural is produced from glucose under the influence of acid and this reacts with 
aniline to yield a colored product [5]. 

Method 

H~H 
H OH 
Glucose 

Aniline - Aldose Reagent 177 

Furfural 

?H 
o~H2-CH=CH-CH=C-CH=N-D 

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 5-10 min. Brown zones are produced on a beige­
grey background. 

Note: Aldoses other than glucose can also be used e.g. arabinose [lj, xylose_ r:. 3, 
7] or ribose 1AJ The background mlgr is least go cel!nlgse layers· whep ce!h,lgse 

acetate, aluminium oxide 150, silica gel, RP, NH 2 or polyamide layers are 
employed the background is a more or less intense ochre. The detection limit of 
carboxylic acids on cellulose layers is ea. 0.5 11g substance per chromatogram zone. 

lt has not been possible to ascertain why this reagent is occasionally referred to 
as SCHWEPPE reagent. 

Procedure Tested 

Organic Acids 161 

Method 

Layer 

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

TLC plates Si! G-25 (MACHEREY-NAGEL). 
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Mobile phase Diisopropyl ether fonnic acid water (90 + 7 + 3). 

Migration distance 1 0 cm 

Running time 30 min 

Detection and result: The chromatogram was freed from mobile phase and im­
mersed for 3 sin the dipping solution and heated to 125°C for 5-10 min. The 

Id lhR. <\ Id fhR. '" -"\ nh>holl 

acid (hRr 55-60), suberic acid (hRr 60-65), sebacic acid (hRr 65-70), benzoic 
acid (hRr 75-80) and salicylic acid (hRr 80-85) yielded brown zones on a light 
brown background. The detection limit was 2 1-1g acid per chromatogram zone. 

Note: If a dipping solution was employed for detection whose concentration was 
, 1./l01h 1h · oh :,h /do · ·,.h 

brown background. 

In situ quantitation: The reagent was not suitable for a sensitive, direct, photometric 
analysis. 
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[5] Kak<iC, B., Vejdelek, Z. J.: Hondbuch der photometrischen Analyse pho/omelrischer Verbin­
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Aniline - Diphenylamine -
Phosphoric Acid Reagent 

Reagent for: 

• Sugars 
Mono- and disaccharides 

,. ,_:' . .. -
Ohl!.osacchandes 15-tl 

o-NH-o 
Starch hydwlysale. [8-12] m, ~nu m, • '"7

·"
7 m, ~ 70

·"" 

• Thickening agents [13, 14] Aniline Diphenyl­
amine 

Orthophos­
phoric acid • Glycosides (15, 18] 

e.g. arbutin, prunasin, 
amygdalin, rutin 

Preparation of dte Reagent 

Dipping solution Dissolve 2 g diphenylamine and 2 ml aniline in 80 ml acetone. 

Spray solution 

Storage 

Substances 

Carefully add 15 m! phosphoric acid and make up to 100 m! 
with acetone [2, 8]. 

Dissolve 1 to 2 g diphenylamine and 1 to 2 m! aniline in 80 m! 
methanol or ethanoL After addition of 10 ml phosphoric acid 
make up to 100 ml with methanol [3, 9] or ethanol [7]. 

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 

Diphenylamine 
Aniline 
Orthophosphoric acid 
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Reaction (according to [16]) Aldohexoses are stained dark grey to grey-blue. 1,4-Linked aldohexose-
oligosaccharides appear as blue zones on a pale background if they are derived 

Heating the sugar with strong acid yields furfural derivatives. Aldohexoses can from maltose. Sucrose goes brown, lactose pale blue and raffinose grey-green. 
eliminate water and formaldehyde under these conditions yielding furfural. This Ketohexoses yield olive green zones while pentoses (rhamnose) yield grey-green to 
adehyde reacts with a mines according to I to yield colored SCHIFF's bases. Ketohex- pale green ones. Glucuronic acid (very dark grey) and galacturonic acid (pale 
oses condense with diphenylamine in acid medium with simultaneous oxidation violet) also react. Trehalose and sugar alcohols do not react. 
according to li to yield the condensation product shown. 

Note. Fm in situ quantitatien the seanning slwuld begin 2:8 min aftct applying the 

+ 2 o-NH2 _ :,, [ o-~H2-CH~CH-CHJ:CH~N--o l + 
reagent [7]. Suitable stationary phases include silica gel [2, 8] - also buffered with 0 0.02 M sodium acetate solution (9] - kieselguhr, Si 50000 [10] and, in particular, 

I CJ-c.¥ NH 2 layers [5]. An adequate resolution is often obtained on amino layers after a 0 'H single development (cf. Procedure Tested). 

To detect glycosides heat the cluomatograms to 130-150"C for 15 min. Blue-
11 o, o, 7 B/,o grey zones are produced (detection limit prunasin: 0.3 0.5 lJ-6 [18]). Flavonoids .. 

(QJ-cfi20H aie bettet: det~ed u'ith a modiHed reagent et= the fellewing eeffifJesitien: j:!hes 2-Ketohexuse z "e ' "tcH2-0-CH2~C~ 
phoric acid (85%) - acetic acid - aniline - diphenylamine (20 ml + 100 m! H/ H,O H/ H 

(I) (2) +5ml+5g). 

Absorption plots of oligosaccharide separations are reproduced in Figure 1 (A: 

(2) +4 o-NH--o + 2 H-+ maltodextrin, B: glucose syrup), those of mono- and disaccharide separations in -----'> 
- 2 H20 Figure 2. 

(J) 

A ' 2+ 
o-~H=CA -0-- ut:f~H--o 

C O CH2-0-CH2 O C'O-o-NH--0" f NH--o 
- (4) -

11 I 

Method m\ ~ ffl The chromatogram is freed from mobile phase and evenly sprayed with the spray lrL solution or immersed for 1 sin the dipping solution. After drying the TLC plate 
~ - 1.-

is heated to SS 12QoC nermally fer 1(1 te 1 S min but in el{CCJ'Itional cases fm •• ' ' ••• ' ' I I i I ' I I I; ' •• 
60 min. It is advisable to observe the chromatogram during the reaction period, 11 ' 7 5 J 1 ' 7 5 J 1 

because the temperature and duration of heating strongly affect color develop- Glucose units Glucose urwts 
ment. Fig. 1: Absorption plot (A) ofamaltodextrin and (B) of a glucose syrup [8]. 
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Procedure I ested Table I: hRr values of some sugars 

Glucose, Fructose, Maltose or Lactose, Sucrose and Raffinose 1171 Sugar hRr value 

Method A Method B 
Two noninterchangeable methods of procedure are reported below under the - ·--------- -·-- ·-
headings A and B. Fructose 45-50 25-30 

Glucose 35-40 20-25 

Ascending, g~ dimensienal, deuble de·1elepment in a Sucrose 25 30 15-20 Method A) 
Lactose 15 20 

trough chamber (5 min drying in warm air between de- Maltose - 10-15 
velopments) with chamber saturation. Raffinose 10-15 5-10 

B) Ascending, one-dimensional development at 20°C in a 
trough chamber. 

In situ quantitatiQn: Quantitative analysis (Figs. 2 and 3) could be performed 
layer A) RPTI c pla1es Si 50000 (HERCK); develefl enee in both absotption-photomcli ica:Hy with long-wavelength UV light (A 365 m~1 VI 

chloroform methanol (1 + 1) to prewash and then dry fluorimetricall f~ 436 nm; ..l.r1 546 nm rmonochromation filter M 546 or 
at ll u c to• JU mm. An> 560 nm). 

B) HPTLC plates NH2 F2s4s (MERcK). Tho detection limit fo• fluorimetric quantitation was 10 ng substance per 

Mobile pbase A) Acetonitrile -water (17 + 3). 
chromatogram zone. 

B) Acetonitrile- water- phosphate buffer (16 + 3 + 2) Note: If the chromatogram developed by method B was exposed to ammonia 
Preparation of the phosphate buffer: Make up 10 m! of vapors for 10 min before being immersed in liquid paraffin-n-hexane (1 + 2) the 
a mixture of 50 ml potasstum dthydrogen phosphate fluorescence of the chromatogram zones became deep red. Glucose and fructose 
solution (c 0 1 moii'J) and 4 6 ml caustic soda solution alse appeared red. 
(c = 0.1 mol/1) to 100 ml with water. ' 

Migration distance A) 2x7cm ' B) 7 crn J 2 

Runnine. time A) 2x10min ' B)15-20min n 
Detection and result: A) and B): The chromatogram was dried for 3 min in a r \ 
stream of warm air, immersed in the dipping solution for 9 s and then heated to 
105- t10°C for 15 min and finally immersed for 2 s in a solution of liquid 
paraffin-n-hexane (1 + 2) to stabilize and increase the fluorescence intensity 
(factor 2 to 3). / 1 

Grey-green zones on a white background resulted; they exhibited weak red fluores- "' Fig. 2: Fluorescence plots of the sugars after separation on a Si-50 000 layer without cence under long-wavelength UV light (A= 365 nm); glucose and fructose ex-
ammonia-vapor treatment. Start {I), raffinose (2),lactose (3), sucrose (4), glucose (5), fructose 

hibited pale blue fluorescence in method B. Some hRr values are listed in Table 1. (6). 
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? Aniline - Phosphoric Acid Reagent 
1 

1 

tfnr: NH. 

' lffi 6 • Carbohydrates (sugars) 
I e.g. monosaccharides [1] 

• Glucosides C6H7N H3P04 
e.g. aryl- and thioglucosides [2] M,~93.13 M,=98.00 

-"'· 
I! ~cid 

A - Ill 8 '-
F~g. 3: Absorbance plots (A) and fluorescence plots of the sugars without ammonia-vapor 
treatment (B) after separation on a NH2 layer. Start (I), raffinose {2), maltose (3), sucrose 
(4), glucose (5), fructose (6). Preparation of the Reagent 

Solution I Make lS ml aniline up te 100 ml with l butanel in a ~'()hmultAG References 
flask. 

[1] Bailey, R. W., Boume E. J.: 1 Chromatogr. l96Cl 4, 206-213. Solution D Carefully make 30 ml orthophosphoric acid (88 -90%) up to 
[2] Lee. K. Y., Nurok, D., Zlatkis, A.: J. Chromatogr.1979. 174, 187-193. 

100 m1 with 1-butanol in a volumetric flask. [3] Kreuzig, F.: J. Liq. Chromatogr. l98l 6, 1227-1238. 
[4] Martinez-Castro, 1., Olaoo, A.: Chromatographia :1981, 14, 621-622. Dipping solution Immediately before use add 20 m1 solution I to 50 m1 solution 
[5] Doner, L. W., Billcr, L M.: 1 Chromatogr. 1!18( 287, 391-398. 

Il and mix well to redissolve the precipitate that is produced. [6] Buffa, M., Coogiu, G., Lombard, A., Tourn, M. L.: 1 Chromatogr. 1984l 200, 309-312. 
If this d(I(S not go back into solution it should be filtered off. [7] Mansfield, C. T., McE1roy, H. G. jr.: Anal. Chem. 1971, 43, 586-587. 

[8] Schwetzer, I. F., Rcimaoo, S.: Z Lebensm. Unters. Forsch. 198l, 174, 23 28. 
Storage Solutions I and 11 are stable for several days. [9] Conway, R. L., Hood, L. F.: Die SUJrke 1974 28, 341-343; J. Chromatog_r. 197~ 129, 

415-419. 
Substaaees Aniline [10] Koizumi, K., Utamura, T., Okada, Y.: J. Chromatogr. rJ8S 321, 145-157. 

Orthophosphoric acid [11] Stefanis, V. A., Ponte, J. G. jr: J. Chromatogr. 1%6 34. 116-120. 
[12] Wiirsch, P .• Roulet, P.: 1 Chromatogr. 1982.244. 177-182. 1-Butanol 
[13] Scherz, H., Mergenthaler, E.: Z Lebensm. Unters. Forsch. l98Q 170,280-286. 
[14] Friese, P.: Fresenius Z. Anal. Chem. l98ll 301, 389-397. 

Reaction (aft"' [3]) [15] Wolf, S. K., Denford. K. E.: Biochem. Syst. &of. 1!18( 12. 183-188. 
(16] Kaktll, B., '.tjdllck, Z. J .. i<i'andbu.th att phmmneutscl•en Ana(Yse mganistlw i'i!rlJmdun-

gen. Weinheim, Verlag Chemie, 1974. Heating the sugars with strong acid yields furfural derivatives. Under these con-
[17] Patzsch, K.: Thesis, Fachhochschule GieDen, Fachbereich Technisches Gesundheitswesen, 

ditions aldohexoses can eliminate formaldehyde and water to yield furfural. This 1986. 
[18] Jork, H.: Private communication, Universitiit des Saarlandes, Fachbereich 14, Saarbriicken aldehyde reacts with amines to yield colored ScHIFF's bases. 

1986 
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[ r Detection and result: The chromatogram was freed from mobile phase in the drying 

CJ-c~p H+ loT ~ + ?H 
+ 2 o-NH2 _ ~20 o-NH2-CH=CH-CH=C-CH'"'N-o 

cupboard (10 min, 125°C} and immersed for 1 s in the reagent solution, then 
0 \ heated to 120 oc for 45 min. 

H 

Sinigrin (hRr 35 -40) appeared as a yellow fluorescent chromatogram zone on a 
dark background under long-wavelength UV light (A = 365 nm). The detection 

Method 
limit was 25-50 ng substance per chromatogram zone. 

The chromatogram is freed from mobile phase in the drying cupboard (10 min, 
In situ quantitation: Excitation atlm = 365 nm and measurement atln > 560 nm 

120°C) and immersed for 1 sin the reagent solution or sprayed homogeneously 
were employed for fluorimetric quantitation (Fig. 1 ). 

with it until 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. 

"'' - ' •>. ,_,_n_ '"' '""' - " gram zones on a dark violet background under long-wavelength UV light (A.= ~ 
.1oJ nmJ, me zones are a1so someumes recogmza_me m vtstote 11~~ as grey-orown I 
zones on a white background [2]. Monosaccharides produce dark brown chroma-

/\Jj 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 \A! ~ 
"" """<"' •=u> '" '"" "' Yl"l· __! "\I 
and p~'i~~mide layers are not suitable~ to• ' 

- ' .,, 
~ 

'A 

!'v-
Sinigrin B 

Procedure Tested Fig. I: Fluorescence plot (A) of the chromatogram track of an "unpurified'' extract of sinapis 
seed (application: 2 j.tl of a 1% solution in methanol) and (B) of a reference track with 1 11g 

Tbiogluoosides (4] 
s1mgnn per chromatogram zone. 

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

Layer HPTLC plates Silica gel60 F 254 (MERcK). 
References 

Mobile phase 1-Butanol - 1-propanol - glacial acetic acid - water (l] Ogan, A. U.: Planta Med. 1972.21, 431-434. 

(30+10+10+10). [2] Gauaway, J. L., Cook:, S. E .. J. Chwmwogt. 19~ 46, 134 136. 
[3] Kakiic, B., Vt::jdelek, Z. J.: Handbuch der photometrischen Analyse orxanischer Verbindun· 

Migration distance 5cm gen. Weinheim: Verlag Chcmie, 1974. 
[4] Kany, E., Jork, H.; GDCh-training course Nr. 300 ,Einfiihrung in die DC" Universitli.t des 

Running time 45 min Saarlandes, Saarbrtlcken 1987. 
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Aniline - Phthalic Acid Reagent bases. Chlorate, chlorite, perchlorate etc. oxidize aniline to 1,4-quinone, which 
then reacts with excess aniline to yield indophenol: 

(Aniline phthalate Reagent) 
" o=C}=N-Q o- O~idQtlon o=C}=o + o-NH, NH2 ________,.. -----? - ,_, 

Am line 1.4-benzo- Indophenol 
qumone 

Reagent for: Method 

• Halogen oxyacids [1] A2 The chromatograms are freed from mobile phase, immersed in the reagent solution 
e.g. ~hlorate, chlori~e, ~rchlorate, ("yCOOH for 1 s or homogeneously sprayed with it, dried briefly in a stream of warm air 

'V' ~OOH 
0 

e.g. monosaccharides [2- 8] ground [1, 4], some of which fluoresce after irradiation with long-wavelength UV 
oligosaccharides [2, 8] C 5H 5NH2 CsH604 light (l ~ 365 nm) [5]. 

Lligouronk acids [9] M,~ 93.13 M,~ 166.13 
methyl sugars [10, 11] Aniline Phthalic acid Note: The dipping solution can also be employed as spray reagent. The detection 

limits per chromatogram zone are reported to be 1-5 lJ.g substance [1] for the 
ox~'acids o£ halogens and ea 10 •1g substance ftu: reducing sugat:s (4j 

Preparation of Reagent llu~ RJag~nt may 13~ llmploy~d. on silisa g~l. ki~sdguhf, ahnniniwn oxide, oollulese 
and polyamide layers. 

Dipping solution Dissolve 0.9 ml aniline and 1.66 g phthalic acid in 100 ml 
acetone. 

Spray solution Dissolve 10~~ ... ~~,an~~~1e1and 1.66 g phthalic acid in 100 m1 water- Procedure Tested 

Storage The reagent solutions ma~r be stored Cot se1ret:al da~1s. 
Halogen Acids and Halogen Oxyacids (13) 

Substances Aniline Method Ascending, one-dimensional development in a trough 
Phthalic acid chamber with chamber saturation. 
1-Butanol 

HPTLC plates Silica gel 60 F 254 (MERCK). Acetone Layer 

Mobile phase 2-Propanol- tetrahydrofuran -ammonia solution (32%) 
Reaction (accm ding to [12]) (50 + 30 + 20). 

Furfural derivatives are produced when sugars are heated with acids (see Aniline-
Migration distance 5cm 

Diphenylamine-Phosphoric Acid Reagent), these condense with aniline to SClllFF's Running time 25min 
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ue1ection ana _resutt: 1 ?~ cn~omatogram was freed from mobile phase in a stream 8-Anilinonaphthalene-1-sulfonic Acid of warm air, immersed in the reagent solution for 1 s and heated to 120°C for 
20 min. Intense yellow to brown zones of various hues were produced; these Ammonium Salt Reagent appeared as dark zones on a fluorescent background under long-wavelength UV 
light (..l = 365 nm). 

(ANS Reagent) 
While chlorate and bromate yielded strong brown zones, iodate did not react at 
all. Iodjde yielded an intense yellow zone theco!grs produced by ch.lorid0, bremide 
and perchlorate were weak (Fig. 1 ). 

1 2 l ' 5 ' 7 Reagent for: 

Q - -
• Lipids, pho~pholipid~ [1-8] 

- -·c· fatty alcohols [9] J:J:''''"• 
• • • Cholesterol and cholesteryl esters [1, 2] vv 

• •• • Steroids [3] 
Ct6Ht6N20~S • • • • • • • • Detergents [3] 

• Hydrocarbons [3] M,= 316.38 

Fig. 1: Schematic diagram of a chromatogram of halogen acids and halogen oxyacids: 
Cfilonae {1}, clilorate {2}, percfilorate (3), bromide (4), bromate (5), iodide (6), iodate (7). 

Preparation of the Reagent 

Dipping solution Dissolve 100 mg of 8-anilinonaphthalene-1-sulfonic acid am-References 
monium salt in a mixture of 40 m! caustic soda solution 
(c = 0.1 mol/!) and 57 m! of an aqueous solution containing 

[I] Peschke, W.: l Chromatogr. 1965,10, 572-519. 21 g citric acid monohydrate and 8 g sodium hydroxide per 
[2] W.•icker H Brgssmer, R · 'TR. Jf'9ri!ei'JBeil lft 19fil, 39, 1265 1266. 

!iter. [3] Scott, R. W.: 1 Chromatogr. 1970, 49, 473-481. 

Dissolve 100 mg of 8-anilinonaphthalene-1-sulfomc actd am-[1] Yeoog, [). S., Jaeksen, A. J.. €Yin. Chem. me, 16, !:JS4 !:JS!:J. 
Spray solution 

[5] Grafe, I., Engelhardt, H.: Chromatographia 1971,5, 307-308. 
monium salt in 100 ml water [1]. [61 David, J., Wiesmeyer, H.: Biochim. Biophys. Acta 1970, 208, 68-76. 

The solutions are stable for at least 3 months if stored in a [71 Wolfrom, M. L., De lederkremer, R. M., Schwab, G.: 1 Chromatogr. 1966, 22, 474-476. Storage 
[81 Sinner, M., Dietrichs, H. H., Simatupang, M. H.: Hol7,[orschung 1972, 26, 218-228. 

refrigerator in the dark [3]. [9] Markovic, 0., Sie".t.arik, A.: 1 Chromatogr. 1984, 312, 492-496. 
!101 Mergenthaler, E., Scherz, H.: Z. Lebensm. Unters. Fbrsch. 1978, 166, 225-227. 

Substances 8-Anilinonaphthalene-1-sulfonic acid [Ill TschOpe, G.: Hoppe-Sevler's Z. Physiol. Chem 1971 uz 7]-77 
ammomum salt [12] KacaC, B., Yejdtlek, Z. 1.: Handbuch der photomelrischen Analyse organischer Verbindun 
Citric acid monohydrate gen. Weinheim: Yerlag Chemie, 1974. 

[13J Kany, E., Jork, H.: GDCh-training couflie ,Einfiihrung in die Diinnschicht-Chromatogrn- Sodium hydroxide pellets 
phie", UniversiUit des Saarlandes, Saarbriicken, 1986. Caustic soda (0.1 mol/!) 
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Reaction Layer HP I LC plates Slhca gel60 W RF 24.5• (MERCK). After appli-
cation of the samples the plate was preconditioned for 

8-Anilinonaphthalene-1-sulfonic acid ammonium salt, which scarcely fluoresces 30 min at 0% relative humidity. 

in aqueous solution, is stimulated to intense fluorescence by long-wavelength UV Mobile pbase Cyclohexane - diethyl ether (1 + 1 ). 
light (A= 365 run) if it is dissolved in nonpolar solvents or adsorptively bound to 
nonpolar mole{;ular regions [3]. Migration distance 6cm 

Rwmiog lime 15min 

Method Detection and result: The developed chromatogram was freed from mobile phase 
by drying for 10 min at l10°C, allowed to cool and immersed for 1 s in the 

The developed chromatogram is freed from mobile phase by heating to 110QC for reagent solution. The plate was evaluated as rapidly as possible while it was moist 

10 min in the drying cupboard. It is allowed to cool and immen;ed for 1 s in or 
since the fluorescent background increased in intensity as the plate dried out. 

spr~yed homogeneously with the reagent; the plate is then examined (while still etmlesteiOI appeared as a )ell611 gfeeH tluefeSGent i!:Gile OIRI 20 25) 

,.,. 
Yellow-green fluorescent zones are easily visible against a dark background under In situ quantitation: Fluorimetric analysis was made with long-wavelength UV 

long-wavelength UV light (..t = 365 nm). light CA-uo = 365 nm, ..ln > 430 nm). The detection limit on HPTLC plates that were 
analyzed in a moist state was 25 ng cholesterol per chromatogram zone (Fig. 1). 

Note: The developed chromatogram must be completely freed from nonpolar 
solvents before derivatization, otherwise an intense fluorescence will be stimulated 
over the whole plate. I fie fluorescence mtenstty of the chromatogram zones re-
mains stable for ea 40 m in· il decreases slowl¥ as the la}'er dries oul and can be 
returned to its original intensity by renewed immersion in the reagent solution or 
in water. 

The reagent can be employed on silica gel, kieselguhr and Si 50 000 layers and, if 
necessary, on RP-2 and RP-8 phases. It cannot be used on RP-18layers [9] because 
here the whole plate is fluorescent.*) 

Procedure Tested ~ 
t a 

Cbolesterol(2) ~ j, 
Method Ascending, one dimmsional development in a t .. in-Ltough 

~· chamber. 

------ Fig. 1: Fluorescence plot of a blank track (A) and of a cholesterol standard with 200 ng 
"') Jork, H.: Private communication, Universitit des Saarlandes, 66 Saarbriicken, 1987 substance per chromatogram zone (B). 
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References 

[I] Vinson, 1 A., Hooyman, J. E.: J. Chromatogr. 1911 135, 226-228. 
[2] Zellcr, M.: Thesis, Fachhochschule GieBen, Fachberelch Technisches Gesundheitswesen, 1986. 
[3] Gitler, C.: Anal. Biochem. 1972, 50, 324-325. 
[4] Gitler, C., in: Biomembranes; Manson, L., (Ed.). New York: Plenum, 1971; Vol. 2, p. 41-47. 
[5] Larsen, H. F., Trostmann, A. F.: J. Chromatogr. 198L 226, 484-487. 

~~~ ?~ass, G., H:, C .. , S.: 1 C~rom_atogr. 1981,208, 170~173., 

[8] Ozawa, A., Jinbo, H., Thkahashi, H., Fujita, T., Hirai, A., Terano, T., Thmura, Y., Yoshida, 
S.: Bunseki Kogaku (Japan Anal. Chem.) 1985, 34, 707-711. 

[9] Hiittenhain, S. H., Balzcr, W.: Fresenius Z. Anal. Chem. 1989,334,31-33. 

Anisaldehyde - Sulfuric Acid 
Reagent 

Reagent for: 

• Antioxidants [1] 

• Steroids [2 - 4] 

"·•· "''~ 
sterols, bile acids [3] 

• Prostaglandins [5] 

• Carbohydrates (sugars) [4, 6] 

• Phenols [4, 7] 
e.g. salicyl alcohol, salicylsalicin [8] 

diterpene glycOsides [17] 

• Sapogenins 
e.g. polygalaic acid [8], diosgenin 

tigogenin, gitogenin [9] 

'o' '"' 
terpenes [4, 10, 11] 
e.g. rom Heaeoma pu egiotoes [lUJ, 

Melissae folium [11] 

• Antibiotics [13, 14] 
e.g. macrolide antibiotics [13] 

heptaene ant~bi~tics [14] 
tr~~vclines 1151 

• Mycotoxins (trichothecenes) [16] 

CsHsOz 
M,~ 136.15 

Anisaldehyde Sulfuric acid 

"-------------------------~ 
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Preparation of the Reagent Note: ArusaWehyde sUifunc actd ts a umversat reagent for natural products, 
that makes color differentiation possible [6]. The background acquires a reddish 

Dipping solution Dissolve 1 ml4-methoxybetmt.ldehyde (anisaldehyde) and 2 ml coloration if the heating is carried out for too long; it can be decolorized again by 
cone. sulfuric acid in 100 ml glacial acetic acid. interaction with water vapor. The dipping solution can be modified by the addition 

Spray solution Carefully add 8 ml cone. sulfuric acid and 0.5 m1 anisaldehyde of n-hexane for the detection of glycosides [17]. The detection limits are 50 ng 

under cooling with ice to a mixture of 85 ml methanol and substance per chromatogram zone for prostaglandins and sugars [5, 6]. Bacitracin, 

10 ml glacial acetic acid [1, 4, 8, 11, 16]. chloramphenicol and penicillin do not react [15]. 

Storage The reagents are stable for several weeks in the refrigerator [4]. 1 he reagent can be employe<i on sthca gel, kieselguhi, St 50 000 and RP layers. 

Substances 4-Methoxybenzaldehyde 
Sulfuric acid 
Acetic acid 
Methanol 

"'" ·~· Procedure Tested 

Essential Oils (181 

Reaction 
Melllod Ascending, one-dimensional development in a trough cham-

The me~;;banism of reaclion with steroids has not been eluGidahld. \1afleus 
ber with chamber saturation. 

nonquantitative reactions occur simultaneously. Cyclopentenyl cations have been Laver HPTLC olates Silica gel 60 F .(MERCK). 
postUJateu as imermemates wmcn co~~nse wd~ amsaldehyde to yield colored 
compounds [4]. It is probable that triphenylmethane dyes are also formed with Mobile phase Toluene~ chloroform (10 + 10). 
aromatic compounds. 

Migration distance 2 x 6 cm with intermediate drying in a stream of cold air. 

Running time 2x 10 min 

... ". ' 
Detection and result: The chromatogram was freed from mobile phase and im-

The chromatogram is freed from mobile phase in a stream of warm air, immersed mersed for 1 sin the dipping solution and then heated to 100°C for 10 min. 

for 1 sin the dipping solution or sprayed homogeneously with the spray solution Menthol (hRr 15) and menthyl acetate (hRr 55) yielded blue chromatogram zones; 
until the layer begins to become transparent and then heated to 90-125QC for caryophyllene (hR1 90) and caryophyllene epoxide (hRr 20~25) appeared red-
1-15min. 

violet and thymol (hRr 40-45) appeared brick red in color. 

Variously colored chromatogram zones result on an almost colorless background, 
they are often fluorescent under long-wavelength UV light (A= 365 nm) (e.g. In situ quantitation: Absorption photometric recording in reflectance was 
prostaglandins, salicylsalicin). performed at a medium wavelength A = 500 nm (Fig. 1 ). 
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5 
] p-Anisidine - Phthalic Acid Reagent 

2 

f-' 2 3 ' ' 5 -

• • 
• • ' I Reaeent for: J: r#'YCOOH 

• • A ~ 
I 

YcH3 
~COOH 

• I " 
I 

• "' "I 
• Carbohydrates 

0 0 0 0 0 0 I e.g. monosaccharides [1- 7, 12] C1H9NO C8H604 

A B v oligosaccharides [2, 6] M,~ 123.16 M,~ 166.13 

Fig. l: Schematic sketch (A) of the separation of essential oil components (ea. 500 ng of each uronic acids [1, 4, 6] n-Anisidine Phthalic acid 
component) and rel_lectancescan or the mtxture,~?J~ ~enthol__(l), caryophyllene epoxide{Zf, 
thymol (3), menthyl acetate (4), caryophyllene {5), mixture (G). I 

Preparation of the Reagent 

Solution I Dissolve 1.25 g p--anisidine (4-methoxyaniline) in 25 m! metha-
References nol and add 25 m! ethyl acetate. 

[1] Van der Heide, R. F.: 1 Chromatogr. 1966 14, 239-243. 
Solutiou H Dissel.e 1.5 g flhthaliG aGid in 25 m! methanol and dilute wjth 

12l Jarc H Ruttner 0 Krocza W · EleiscblltirLscbqtl 191fi 2 1326-1328 25 ml ethyl acetate. 

[3] Kritchefsky, D., Teppn, S. A.: J. Chromatogr. 1968,37, 361-362. Dipping solution Mix equal quantities of solutions I and 11 immediately before 
[41 Stahl, E., Glatz, A.: J. Chromatogr. 1982, 140, 518-521; 143, 139-143. 
[5] Ubatuba, F. B.: J. Chromatogr. m!1, 161, 165-177. dipping. 

[61 Stahl, E., Kaltenbach, U.: J. Chroma/ogr. 1961, 5, 351-355. Storage The two solutions I and 11 may be stored for several weeks in 
[7] Sancin, P.: Pian/a Med. 1?71, 10, 153-155. 
[8] Genius, 0.-B.: Dtsch. Apoth. Ztg. 1980:, 110, 1417-14191980, !10, 1739-1740. the refrigerator. 

[9] Dawidar, A. M., Fayez, M. B. E.: Fresenius Z. Anal. Chem. 1972, 159, 283-285. 
Suhstanees p '\nisidin~ 

[10] Sleckman, B. P., Sherma, J., Mmeo, L. C.: J. Liq. Chromatogr. llJK\ 6, Il/5 1182. 
[11j Kloeti, F., Christen P., Kapetanidis, I.: Fresenius Z. Anal. Chem. ~ 311, 352-354. Phthalic acid 
[12] Bulger, W. H., Thlcott, R. E., Stohs, S. J.: J. Chromatogr. 1972, 70, 187-189. Metnano1 
[131 Kibwage, I. 0., Roets, E., Hoogmartens, J.: J. Chromatogr. 1983,156, 164-171. Ethyl acetate 
[14] Thomas, A. H., Newland, P.: J. Chromatogr. ~ 354,317-324. 
[15] Langner, H. J., leufel, U.: Ffeischwirtscluift 1972, 51, 1610-1614. 
[16] Martin, P. J., Stahr, H. M., Hyde, W., Domoto, M.: J. Liq. Chromatogr. ~ 9, 1591-1602. Reaction 
[17] Matzel, U., Maier, H. G.: Z. Lebensm. Unters. Forsch. :l98l 176,281-284. 
[18] Kany, E., Jork, H.: GDCh-training course Nr. 300 ,Einfiihrung in die Diinnschicht-Chroma- Sugars react wjth the reagent nrobably with the formation ofScmFF's bases: 

tog1aphie , tlni9eJSitJt des Saailandts, Saatbti:tcken 1987. 

R' - R' -

"c=O + H2NVCH3 ----> 'C=N-0-ocH3 
R2/ 

- H2o R2/ 
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Method In situ quantitation: Absorption photometric scanning was carried out in reflec-
Lance at A= 480 nm (Fig. 1). 

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. 1 

Note: Phosphoric add [8} and hydrochloric acid [6, 9) have both been suggested 
in the literature as substitutes for phthalic acid. The addition of sodium dithionite 
[9] is also occasiona11y mentioned and sometimes no additives are employed [10]. 
The alternative reagents offer no advantages over the phthalic acid containing 1 

reagent since they usually cause more background coloration. The limits of detec- ~ a . " .m 

n. • h DD hlU I I 
\ v\......C 

Fig. l: Absorption curve of a chromatogram track with 4 jlg of each substance per chromato-
gram zone. Rhamnose (1), xylose (2), arabinose (3), fructose (4). 

Procedure Tested 

""' 
References 

Method Ascending, one-dimensional double development in a [1] Friese, P.: Fresenius Z. Anal. Chem. J98(l 301, 389-397. 

HPTLC trough chamber with chamber saturation. 
[2] Damonte, A., Lombard, A., Toum, M. L., Cassone M. C.: J. Chromatogr. 1971,. 60, 203-211. 
[3] Thlchtenberg, S., Mayer, A. M.: Phytochemistry 1981, 20, 2665-2668. 

Layer HPTLC plates Silica gel 60 (MERCK). [4] Metraux, J. P.: J. Chromatogr. 1982.237, 525-527. 
[5] Schweiger, A.: J. Chromatogr. 1962, 9, 374-376. 

Mobile obase 2-Pronanol - boric acid (2% aaueous solution) - IZiacial [6] Petre, R., Dennis, R., Jackson, B. P., Jethwa, K. R.: Plan/a Med. 1972, 21, 81-83. 

acetic acid (40 + 5 + 1). ~.~! lJobson, R. L., Cooper, M. F.: Biochim. Biophys. Acta 1911, 254, 393 401. 
[8] Niemann, G. J.: J. Chromatogr. ~ 170 227. 

Migratioo distance 2x8cm [9] Bell, D. J., Talukder, M. Q.-K.: J. Chromatogr. ~ 49, 469-472. 
[10] Loub, W. D., Fong, H. H. S., Theiner, M., Farnsworth, N. R.: J. Pharm. Sci. l97l 62, 

Running time 2x90min 149-150. 
Ill] Jork, H., Kany, E.: GDCh-training course Nr. 300 ,Einfiihrung in die Diinnschicht-Chroma-

Detection and result: The chromatogram was freed from mobile phase and im- lographie", Universitat des Saar1andes, Saarbrild::en 1986 

mersed in the reagent solution for 1 s and then heated to 130°C for 10 min. 
112] Hartley, R. D., Jones, E. C., Wood, T. M.: Phytochemistry 1976, 15, 305-307. 

Rhamnose (M<, 35 46) and fi octose (hR, 79 75) )ielded bww•n and X) lose (/tR1 

45- 50) and arabinose (h.Rt 60- 65) red-brown chromatogram zones on a pale 
background. The detection limit for the pentoses was 0.1 ~g and for fructose it 
was 0.5 ~g substance per chromatogram zone. 



Anthrone Reagent 

,------------------------------------, 

Reagent for: 

• Ketoses [1] 

• Glycolipids, gangliosides [2-7] 

• Cydodexlrins [8] M,~ 194.24 

Preparation of Reagent 

Dipping solution For ketoses: Dissolve 300 mg anthrone in 10 ml acetic acid and 
add in order 20 ml ethanol, 3 ml85% phosphoric acid and 1 ml 

water [1]. 

Spray solution For glyco/ipids: Carefully add 72 ml cone. sulfuric acid to 28 m! 
water with cooling. Dissolve 50 mg anthrone in the mixture 
with gentle warming (5]. 

Storage The dipping solution may be stored in the refrigeralor for 
several weeks, the spray solution should be freshly prepared 
each day. 

Substances 

Reaction 

Anthrone 

Acetic acid (96%) 
Ethanol 
Orthophosphoric acid (85%) 

Carbonyl derivatives react with anthrone in acidic medium to yield condensation 
products of lypes 1 (pentoses) or 2 (hexoses) [9]: 

Method 

Anthrone Reagent 203 

i}'«<i} 
0 

(2) 

The chromatogram is freed from mobile phase in a stream of warm air and 
immersed for 4 sin the dipping solution or evenly sprayed with it until the layer 
begins to be transparent (the spray solution is employed for glycosides) and then 

Colored chromatogram zones appear on an almost colorless background; ketoses, 
for example, are yellow in calor [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-
nnpregnated s1hca gel layers may also be employed [8). 

Procedure Tested 

Raffinose, Sucrose, Fructose (101 

Method 

Layer 

Mobile phase 

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

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. 

Acetonitrile- water (85 + 15). 

Migration distance 2 x 7 cm with 5 m in intermediate drying in a stream of warm 
air. 

Running time 2 x 10 min 
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Detection and result: The chromatogram was dried for 5 min in a stream of warm [4] Stoffel, W., Hanfland, P.: Hoppe-Seylers Z. Physiol. Chem. 191l354, 21-31. 

air, immersed in the reagent for 4 s and then heated to 110"C for 8 min. After [51 Thketomi, T., Kawamura, N.: J. Biochem. 19'72, 72, 791-798: 1971, 72, 799-806. 

cooling to room temperature it was immersed for 2 sin a 20% solution of dioctyl-
[61 Saito, S., 1lunai, Y.: 1 Neurochem. 1983, 41, 737-744. 
[7] Koenig, F.: Z Naturforsch. 1971, 26b, 1180-ll87. 

sulfosuccinate in chloroform. (8] Cserhati, T., Szente, L., Szeijtli, J.: 1 High Re.solut. Chromatogr. Chromatogr. Commun. 

In visible light raffinose (hRr 10-15), sucrose (hRr 30- 35) and fructose (hRf 45-
1984, 7, 635-636. 

[9] KakaC, B., Vejdelek, Z. J.: Handbuch der photometrischen Analyse organischer Verbindun-
50) produced yellow zones on a light background, in long-wavelength UV light gen. Weinhcim: Verlag Chemie, 1974. 

{). = 365 nm} the zones had a red fluorescence on a pale blue background. The [10] Patzsch, K., Neu, S., Funk, W.: J. Plnnar Chromatogr. 198fl J, 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 Am = 436 nm and J.n > 560 nm (detection 

limit< 10 n~ ner chromato£ram zone). 

3 

1 
I 

. 
" I I 
'-

Fig. I: Fluorescence scan of a chromatogram track with 100 ng substance per chromatogram 
zone. Raffinose (t), sucrose (2), fructose (3). 

References 

[ l] MERCK E.: Company literature "'Dyeing Reagents for Thin-Layer and Paper Chromatogra-
phy", Darmstadt 1980. 

(2] Kasai, N., Sillerud, L. 0., 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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Antimony(III) Chloride Reagent 
Storage The solution should always be freshly made up. 

Substances Antimony(III) chloride 

(Carr-Price Reagent) Chloroform 
Carbon tetrachloride 

Reaction 
~-

~eagent for: 
Antimony(Ill) chloride forms colored n-complexes with double bond systems (e.g. 
vitamin A). 

'( ' / • Vitamins A and D [1, 2] 
~SbCI3 

"1 21 
+ SbCI3 ---'> 

c 
/ ' 

• Temenes tritemenes (1 51 Double bond svstem n-Comnl• 

• Sterols [6] 
e.g. P-sitosterol [7] 

Method 
• Steroids, steroid hormones [8- 1 0] 

e.g. contraceptives [10] 
i,'~e1chromatog~~s ~~~- fr:~hf~~m mobil~~.hase, i~ersed in the dipping solution 

steroid alkaloids [11] on ~ · ' •' " > ••<en , 110 _ 110'r 

• Bile acids [12] for 5-10 min. 

• Sapogenins, steroid sapogenins [2, 13-16] Variously colored chromatogram zones are sometimes produced even before 
• Glycosides [1] heating; they often fluoresce in long-wavelength UV light (.-1. = 365 nm) 

e.g. steroid glycosides [2] 
digitalis glycosides [17, 18] Note: The reagent is also occasionally employed in hydrochloric acid [5, 14 -16] . ~ .. .;., [31 SbCI, or_acetic acid [10] solution or with the addition of acetic anhydride [7] or sulfuric 

'l'"l· > dO pv»W<O. 

o Phosoholioids 1191 M,= 228.11 

'-----~·· 
. «5' ' •. ' 

ox1de layers. 

Procedure Tested 
Preparation of Reagent ... 
Dipping solution Dissolve 2 g antimony(III) chloride in 50 ml chloroform. 

Spray solution Dissolve tO g antimony(III) chloride in 50 ml chloroform or Method Ascending, one-dimensional development in a trough cham-

carbon tetrachloride. her with chamber saturation. 
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Layer HPTLC plates Silica gel 60 (MERCK). Before sample appli­
cation the layers were prewashed by developing once with 
chloroform - methanol (SO+ 50) and dried at J10°C for 
30min. 

Mobile phase Cyclohexane - diethyl ether (40 + 20). 

Migration distance 6 cm 

Running time J5min 

Detedion and result: The developed chromatogram was dried in a stream of cold 
air for 15 min, then immersed in the dipping solution for 1 sand, after brief drying 
in a stream ofwann air, heated to 11occ for lOmin. Vitamin D 3 (hRr 15-20, 
detection limit ea. 1 ng per chromatogram zone) appeared in visible light as a grey 
chromatogram zone on a white background and in long-wavelength UV light(). -
3M ll'liB as a bfight mi t'lueressent zene en a blue bar.::kgreund. 

The fluorescence intensity was stabilized and enhanced (ea. 2-fold) by immersion 
of the chromatogram for 1 sin a mixture of liquid paraffin- n-hexane (1 + 2). 

In situ quantitation: The fluorimetric analysis was made at ;·eu: = 436 nm and 
)-c1 > 560 nm (Fig. 1 ). 

I U.U 
Fig. I: Fluorescence scan of a chromatogram track with SO ng vitamin 0 3 per chromatogram 
7.one: by-products (1, 2), vitamin 03 (3). 

Antimony( lll) Chloride Reagent 
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Antimony(V) Chloride Reagent 

Reagent for: 

• Esters of phenoxyalkanecarboxylic acids 
e.g herbicides [1] 

• Components of essential oils [2-4] 

• Terpenes, triterpenes [2, 5] 

• Steroids [6, 7] 

' • Phenols, phenol ethers [2, 8, 9] 

• Antioxidants [9] SbCl5 

• Aromatic hydrocarbons [10] M,~ 299.02 

Pteparation of Reagent 

Dipping solution Mix 2 ml antimony(V) chloride with 8 ml carbon tetrachloride. 

Storage The reagent solulion should always be freshly prepared. 

Substances Antimony(V) chloride 
Carbon tetrachlonde 

Reaction 

Antimony(V) chloride forms colored n~complexes with double bond systems. 

/c, 
Double bond system 

Antimony(V) Chloride Reagent 211 

MethOd 

The chromatograms are freed from mobile phase, immel;'Sed in the dipping solution 
for 1 s or homogeneously sprayed with it until they begin to be transparent and 

en ea 0 - -th h ted t 105 120" for 5 10 min 

Variously colored chromatogram zones are produced on a colorless background; 
some of them fluoresce under long~wavelength UV light (l = 365 nm). 

Note: The solvents employed should be anhydrous. The esters of phenoxy~ 
alkanecarboxylic acids (detection limits: 500 ng) [1] yield brown to violel, terpenes 
violet~grey [2] and triterpenes yellow to violet [5] colored chromatogram zones. 

The reagent can be employed on silica gel, kieselguhr, Si 50 000 and aluminium 

Procedure Tested 

Essential Oil of Peppermint 

MethOd 

Layer 

Ascendmg, one~dtmens1onal development m a HP I LC 
trough chamber with chamber saturation 

HPTLC plates Silica gel60 F254 (MERCK). 

Mobile phase Dichloromethane. 

Migration distance 5 cm 

Running time 8 mjn 

Detetbon and resutt: the chromotograms were dried in a sueam of watm ait, 
immersed for 1 sin the reagent solution and dried at 120"C for 5 min. Menthol 
(hRr 15- 20), cineole (h/4 20-25), menthane (hRr 35-40), menthyl acetate (hRf 
45-50) and menthofuran (h/4 80-85) yielded grey to brown chromatogram 
zones on a pale background, they fluoresced yellow under long~wavelength UV 
light (..1. = 365 nm). The detection limit for menthol was 15 ng substance per 
chromatogram zone (Fig. 1 ). 

In situ quantitation: The fluorimetric analysis was carried out at ).m= 365 nm and 
).r1 > 560 nm (Fig. 2). 
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' 1 

2 
J - ' 2 0 ;; 

jr~y ~, 
~ 

~ 

I 3 I 

Lr.. Fig. I l Fig.2 "' 
Fig. 1: Fluorescence scans of a series of dilutions for evaluation of the detection limit of 
menthol: 15 n•• rn. 30 n-• r21. 75 n '3'- 150 rr • (4). 300 rr> f5. 

Fig. 2: Fluorescence scan of a chromatogram of peppermint oil: merrthol (1}, cineole (2), 
menthone (3), menthyl acetate (4}, menthofuran/terpenes (5). 
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er erme eagen B b • R t 

fo 

§ 0 

• Sterols [1- 3] I 

e.g. sitosterol, stigmasterol, 

H,co~+ cl-campesterol, cholesterol 
! 

• Saturated comnounds f41 
' 

CzoHtaCIN04 · 2H 20 
m, ~<.OU 

Preparation of Reagent 

Dipping solution Dissolve 10 mg berberine chloride in 100 m! ethanol. 

Storage The dipping solution may be kept for several days. 

Substances Berberine chloride 
Ethanol 

Reaction 

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. 

ethod 

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 (..l = 254 nm or 365 nm) the chromatogram zones appear as pale stearic acid (hRr 20-25), tripalmitin (hRf 45-50) and caryophyllene (hRr 90-

yellow fluorescent zones on a weakly yellow fluorescent background. 95) appeared as pale yellow fluorescent zones on a less intense yellow fluorescent 
hack ground. The visual detection limits per chromatogram zone were 10 ng for 

Note: The reagent can also be applied before chromatography e.g. by impregnating cholesterol, 50 ng for stearic acid and tripalmitin and 100 ng for caryophyllene 

the layer, which should preferably be free from fluorescent indicator; it is not (hg. 1). 

eluted by most mobile phases [4]. In situ quantitation: The reagent is unsuitable for in situ quantitation. 

The ICagcnt can be emple)ed en siliea gel, silo er nitrate ~regnated siliea gel, 
carboxymethylcellulose-containing silica gel, kieselguhr and Si 50000 layers; RP 
phases are not suitable. References 

Procedure Tested [1] Misso, N. L. A., Goad, L. J.: Phytochemistry 1984, 23, 73-82. 
[2] Huang, L.-S., Grunwald, C.: Phytochemistry 1986,25, 2779-2781. 

Sterols, Fatty Acids, Triglycerides, Hydrocarbons (5) 
[3j Heiplz R Benvepjde p Robjnson W H Coates R M · Biochem. Biophvs. Res. Commun. 

1972,49, 1547-1553. 

Method Ascending, one-dimensional development in a trough cham- [5] Kany, E., Jork, H.: GDCh-trainingcourse Nr. 301 ,DUnnschicht-Chromatographie filr Fortge-

ber with chamber saturation. schrittene", Universitat des Saarlandes. Saarbri.tcken 1988. 

Layer HPTLC plates Silica ge160 Fz5 4 (MERCK). 

Mobile phase ~~~ex~~e - diethyl ether - glacial acetic acid 

., 
' 

Running time 7min 

Detection and result: The chromatogram was dried in a stream of cold air for 
5 ruin and immersed in the dipping solution for 1 s. Cholesterol (hRr 10-15), 

- I 1 G 3 I 

-- --- ------- - - -

• • • • • • • ... 
• • • • • 

Fig. 1: Sketch of the chromatographic separation of a mixture (G) of cholesterol (1), stearic 
acid (2), tripalmitin (3) and caryophyllene (4). 
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2,2' -Bipyridine Iron(III) Chloride HO OH ~ - , ... 
H ----> H + F'e2+ 

Reagent HOH2c-'i'Mo HOH2c- o o 
OH OH 

(Emmerie-Engel Reagent) 
~ 

2+ 

'"I lo . , -~ ' ' ' ,-------- 3 G-Q+F'e2+--------;,.. ----~F~---- " 

' ' -
Reagent for: 

N N 

d-b o-o 
• D' ~·- '" 

N N 

• Vitamin E (tocopherols) [2-4] C10H8N2 FeCl3 • 6H20 

• Antioxidants (5] M,~ 156.19 M,= 270.30 

• Reducing substances 2,2'·Bipyridine 
Method 

e.g. ascorbic acid [6] 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 

Preparation of the Reagent appear immediately but sometimes they only appear after some minutes; their 
coiot intensity is wmpletely developed after 38 m in (1]. The) ean be emple) ed fer 

Solution I Dissolve 0.1 g iron(III) chloride hexahydrate in 50 ml ethanol. quantitative analysis. 

Solution 11 Dissolve 0.25 g 2,2' -bipyridine (o:, o:' -dipyridyl) in 50 ml ethanol. Note: The dipping reagent, which can also be applied as a spray reagent, can be 

Dipping solution Mix equal quantities of solutions I and 11 immediately before employed on cellulose and silica gel layers. A 3% solution of 2,2' -bipyridine in 

use. 40% thioglycolic acid can be employed as a specific spray reagent for the detection 

Storage Solution I should be stored in the dark. 
',, ,.,. 

Substances 2,2'-Bipyridine 
Iron(III) chloride hexahydrate 
Ethanol Procedure Tested 

Reaction •-Tooopberol(3( 

Ascorbic acid, for example, is oxidized to dehydroascorbic acid with reduction of Me- Horizontal, oncxlimensional development in a linear 

the iron(III) ions. The Fe( H) ions so produced react with 2,2' -bipyridine with 
chamber (CAMAG). 

formation of a colored complex. Layer HPTLC plates Silica gel60 F 254 (MERcK). 
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Mobile phose Toluene- chloroform (10 + 10). Blue Tetrazolium Reagent 
Migration distaDce Scm 

Running time tOmin 

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 

' •. -""' --"" o C01u air. I"'.Her a sum• ume a- ocopuerot yte1ueu a n::u : 
~:"'~}__,) cl-chromatogram zone on a colorless background at hRr 35-40. The visual detection 

limit on the HPTLC layer was 20-25 ng per chromatogram zone. • Corticosteroids [1-6] 

~:hcc • Reducing steroids [2] CHO~ ""'OCH.3 
In situ quantitation: The plate was scanned with visible light (A..= 520 nm) in the ' I + 
reflectance mode (Fig.1). • Carbohydrates [7] N~ 

cl- ' ' 

Cl" 1 J 
C40HnClzNs0 2 

M,~ 727.66 

·-

. 
~ 

I 

• f 
~ -I ~ Preparation of Reagent 

Fig. 1: Reflectance scan of a chromatogram of 200 ng D-a:-tocopherol per chromatogram Solution I Dissolve 0.5 g blue tetrazolium (3,3' ~(3 ,3 '-dimethoxy-4,4'-
zone biphenylylcne)-bis(2,5 dipheft)l 211 tetmze~ ehleri8e} m 

100 ml methanol. 
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Substances 

Reaction 

Blue tetrazolium 
Sodium hydroxide pellets 
Methanol 

Blue tetrazolium is transformed into the colored or fluorescent formazan by 
reducing compounds. 

Blue tetrazolium 

Method 

-----,--------7 
REDUCTION 

Formazan 

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 L1 4-3-ketosteroids exhibit rather characteristic deep yellow fluorescence 
under long-wavelength UV light (A= 365 nm). 

Note. The teagent can be employed on slhca gel, alununa, polyarmde 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 j.lg per 
chromatogram zone [5]. 
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Procedure Tested 

Corticosteroids (8] 

Metbod 

Layer 

Mobile phase 

Ascending, one-dimensional, double development in a 
trough chamber with chamber saturation (5 min intermedi­
ate drying in a stream of warm air). 

TLC or HPTLC plates Silica gel60 F 254 (MERCK). 

Chloroform - methanol (93 + 7). 

Migration distance TLC: 2 x 12 cm; HPTLC: 2 x 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. A ter a s ort ttme at room temperature VlO et­
colored chromatogram zones appeared for the corticosteroids tetrahydrocortisol 
(hRr 10-15), tetrabydrocortisone (hRr 15-20), prednisolone (hRr 15-20), 
hydrocortisone (hRr 20-25), prednisone (hRr 30-35), cortisone (hRr 35-40), 
corticosterone (hRr 45 -50), cortexolone (REICHSTEIN S., hRr 50- SS), 11-dehydro­
corticosterone (hRr 60-65), 11-desoxycorticosterone (hRr 75-80). 

A B 

Fig. 1: Separation of the corticosteroids. (A) Detection in UV light (.l. = 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), 11-desoxycorticosterone (10), mixture (Mi). 
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Note: ln the case of HPTLC plates the detection limit for the visual recognition Bratton-Marshall Reagent 
of the violet (lma< = 530 nm) colored chromatogram zones was 20ng pe< 
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. 1 A). Figure 2 illustmtes the absorption scans of 
the separations illustrated in Figures 1 A and 1 B. 

-~ ·-

i 
Reaeent for: ' 

;o ! 

• Primary aromatic amines [1-3] 
~NH-CH,-CH,-NH, e.g. benzodiazepines, aminobenzophenones 

[3-5) • 2 HCI 

• Sulfonamides [6-10} r U PLhl. 
! 
I 

o U<ea, ' and anilide ;(tiJ 
M_ ~?.,9.1R 

I 

I , • Folic acid [12] N-(1- Naphthyl)ethylene-
A ~254rm ' • Dulcin [ 13] diaminedihydrochloride 

L -

' 

) PI I 
t-J tl • 101 

.!.=530 nm 

~ort 
Spray solution I Dissolve 1 g sodium nitrite in 20 m\ water and make up to 

Fig. 2: Absorption scan of the corticosteroid mixture in Figure 1. 
100 ml with a mixture of 17 m\ cone. hydrochloric acid and 
83 m\ ethanol [11]. 

Spra)' solution lla Dissoh1e l g N·(l·napbtb)'l)etb:tle:ne:diamine: dib)ldmchloride: 
in 10 m\ water and make up to 100 m! with ethanol [11]. 

Spray solution lib Dissolve 1 g N·(l·naphthyl)ethylenediamine dihydrochloride 

[1] Adamec, 0., Matis, J., Galvanek, M.,: Steroids 1963. 1, 495-505. in 50 m! dimethy\fonnamide and 50 ml hydrochloric acid 

[21 Feher, T.: Mikrochim. Acta (Vienna) 1%5, 105-116. (cHCI = 4 mol/!) with warming. If the cooled solution is not 
[3] Freimuth, U., Zawta, B., BUchner, M. : Acta Bioi. Med. Ger. 1964, 13, 624-628. cle-.ar it should be filtered. A pale violet coloration does not 
]41 Nishikaze, 0., Abraham, R., Staudinger, Hj.: 1 Biochem. (Tokyo) 1963, 54, 427-431. interfere with the reaction [4]. 
[5] McCarthy, J. L, Brodsky, A. L., Mitchell, J. A., Herrscher, R. F.: Anal. Biochem 1964, 8, 

164-17(}, Storage Spray solutions I and I la ate only stable fm a slrm t pe:1iod of 
[6) Nicmincn, E., Castren, E.: Zbl. Pharmaz.. 1970, 109, 571-578. 
]7) Schmoldt, A., Machut, M.: Dtsch. Apoth. Zlg. 1981, 121, 1006-1009. 

time and, hence, should always be freshly made up [11}, spray 

]8) Kany, E., Jork, H.: GDCh-training course Nr. 300 ,Einfilhrung in die Diinnschicht-Chroma- solution lib can be stored for several weeks in the refrigerator 

tographie", Universitat des Saarlandes, Saarbriicken 1985. [4). 
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Note: ln the case of HPTLC plates the detection limit for the visual recognition 
of the violet (lma• = 530 nm) colored chromatogram zones was 20 ng per 
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. 1 A). Figure 2 illustmtes the absorption scans of 
the separations illustrated in Figures 1 A and 1 B. 

Fig. 2: Absorption scan of the corticosteroid mixture in Figure 1. 

[11 Adamec, 0., Matis, J .• Galvanek, M.,: Steroids 1963. 1, 495-505. 
[21 Feher, T.: Mikrochim. Acta (Vienna) 1%5, 105-116. 
[31 Freimuth, U., Zawta, B., BUchner, M. : Acta Bioi. Med. Ger. 1964, 13, 624-628. 
[41 Nishikaze, 0., Abraham, R., Staudinger, Hj.: 1 Biochem. (Tokyo) 1963, 54, 427-431. 
[51 McCarthy, J. L, Brodsky, A. L, Mitchell, J. A., Herrscher, R. F.: Anal. Biochem 1964, 8, 

164-17(}, 
[6) Nicmincn, E., Castrcn, E.: Zbl. Pharmaz.. 1970, 109, 571-578. 
[7) Schmoldt, A., Machut, M.: Dtsch. Apoth. Zlg. 1981, 121, 1006-1009. 
[8) Kany, E., Jork, H.: GDCh-training course Nr. 300 ,Einfilhrung in die Diinnschicht-Chroma­

tographie", Universitat des Saarlandes, Saarbriicken 1985. 

L 

Bratton-Marshall Reagent 

• Primary aromatic amines [1-3] 
e.g. benzodiazepines, aminobenzophenones 
[3-5) 

• Folic acid [12] 

• Dulcin [ 13] 

N-(1- Naphthyl)ethylene­
diaminedihydrochloride 

Spray solution I Dissolve 1 g sodium nitrite in 20 m\ water and make up to 
100 ml with a mixture of 17 m\ cone. hydrochloric acid and 
83 m\ ethanol [11]. 

Spray solution lla Dissolve 1 g N-(1-naphthyl)ethylenedjarojne dihydrocb!orjde 
in 10 m\ water and make up to 100 m! with ethanol [11]. 

Spray solution lib Dissolve 1 g N-(1-naphthyl)ethylenediamine dihydrochloride 
in 50 ml dimethy\fonnamide and 50 ml hydrochloric acid 
(cHCI = 4 mol/!) with warming. If the cooled solution is not 
cle-.ar it should be filtered. A pale violet coloration does not 
interfere with the reaction [4]. 

Storage Spray solutions I and IIa ate only stable fm a slrm t pe:Iiod of 
time and, hence, should always be freshly made up [11}, spray 
solution lib can be stored for several weeks in the refrigerator 
[4). 
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Substances 

Reaction 

Sodium nitrite 
N-( 1-Naphthyl )ethylenediamine 
dihydrochloride 
Hydrochloric acid 32% 
Ethanol 
N,N-Dimethylformamide 

Primary aromatic amines are first diazotized and then coupled to yield azo 
dyestuffs [4}. 

+ 

Pnm aromat amme D1azon1um compound 

Method 

The chromatograms are freed from mobile phase and then spmyed with spray 
solution I until the layer begins to be transparent, then dried in a stream of cold 
air for 10 mjn and finally sprayed again to the st·ut of tfanspaFililS)' this time uith 
spray solution Ila or llb and dried in a stream of warm air. 

The pink to violet-colored chromatogram zones on a colorless background usually 
appear immediately. 
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Note: Note that the diazotization of primary aromatic amines can also be achieved 
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 reagent by 
r:x- or P-naphthol [10, 14], but this reduces the sensitivity of detection [2]. Spray 
solutions Ila and lib 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 BRATION-MARSHALL reagent after in situ hydrolysis to the 
corresponding aminobenzophenones [4}. In such cases the chromatograms are 
sprayed with 25%, hydrochloric acid after being freed from mobile phase and then 
heated to 110oC for tO min before diazotization [4). Some benzodiazepines form 
secondny amipes on bydmly~is "'biGb Gan be pbatalytisail) Eieali<)Jated ta 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 m! cone. 
hydrochloric acid and 50 m1 ethanol and then heating (10 min 180°C, covering 
the chromatogram with a glass plate) before reacting with BRAITON-MARSHALL 
rea}:(ent. 

Folic acid is detected bv irradiatinl! the chromatol!mm with hn ~.td- • TTV 

light for 30 min before reaction with BRA TTON-MARSHALL reagent (detection limit: 
200 ng)[12]. 

The detection limits 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 

Layer 

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

HPTLC plates Silica gel 60 F 254 (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. 

Migration distance 6 cm 

Running time 1 5 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 m whose second half mtrous fumes were being generated by the addttion 
of 10 drops 3711/o hydrochloric acid to 5 m120% aqueous sodium nitrite solution. 
After the nitrous fumes had cleared (3-5 min in air, fume cupboard!) the 
chromatogram was immersed in solution IIa for 1 s and dried in a stream of cold 
air. 

(2-Amjnn-5-hromophenyl(pyridjn.?-yl)methanone (" ABP" deep violet hR, < Sl 
2-amino-5-nitrobenzophenone ("ANB", pink, hRr 15 20), 2-amino-5-chloro-

,. 

I ft 
1 l!. 

J;.t1L. 
F~g. 1: Reflectance scan (A: scan at).= 560 nm, B: scan at A= 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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benzophenone ("ACB", violet, h~ 30 35), 2-amino-5-chloro-2'-fluorobenzo­
phenone ("ACFB", violet, h.Rr 35-40), 2-amino-2',5-dichlorobenzophenone 
("ADB", violet, hRr 40-50) and 5--chloro-2-{methylamino)benzophenone 
("MACB", ochre, hRr 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 ea. 50 ng for MACB. 

In situ quanlitatima. Tire absorption photomet.rie analjsis in refleeta.nee was 
performed at a mean wavelength of A = 560 nm (..l.,..,u(ABPJ = 580 nm, Amu(ANBl = 
550 nm, A...ax(ACB,ACFB.ADBl = 560 nm, Ama,(MACBl = 470 nm, see Fig. 1). 
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Bromocresol Green - Reaction 

Bromophenol Blue - 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 

Potassium Permanganate Reagent blue (pH range: 3.0-4.6) from yellow to blue. 

Be c ' ' 
Method 

Reagent for: HO ::Y ::Y 0 HO ::Y <7' 0 
The chromatogram is freed from mobile phase in a stream of warm air or in the ti I 

Br ~ Br Br~ .4" Br drying cupboard (5 min lOO"C), immersed for 1 s in freshly prepared dipping 
• Organic acids H CH3 <7' yS03H solution or sprayed homogeneously with it and then heated to 10(YC for 5-SOH 

V V lU nun. lhls usuilfy resillts m llleTormatlon of blue-green colored zones on a 
-

KMn04 C2,H,4Br40sS C,9HtoBr405S 

M,~ 158.04 M, ~698.04 Mr=669.96 Note: The reagent can be employed on silica gel, kieselguhr, RP and, with lower 

Bromocresol green Bromophenol blue 
sensitivity of detection, on cellulose layers. The calor differentiation is probably 
greater on cellulose layers [1]. A dark blue background is produced on polyamide 

------· layers. 

Preparation of the Reagent 

Solution I Dissolve 40 mg bromocresol green and 15 mg bromophenol Procedure Tested 
blue in 100 ml ethanol. 

Solution 11 Dissolve 250 mg potassium permanganate and 500 mg sodium Organic Acids 121 
carbonate in 100 ml water. 

1\ledmd: Ascending, one-dimensional development with chamber Dipping solution Mix solutions I and Il to a ratio of 9 + 1 immediately before saturation, 

""· 
Storage Solutions I and 11 may be stored in the refrigerator for an 

Layer TLC plates Silica gel 60 F 254 (MERCK). 

extended period. The dipping solution must be employed within Mobile phase Diisopropyl ether - formic acid - water (90 + 7 + 3). 
5-10 min of preparation. 

Migration distance 10cm 
Substances Bromocresol green 

Running time 30 min 

Potassium permanganate 
Detection and result: The chromatogram was freed from mobile phase in the drying 

Sodium carbonate decahydrate 
cupboard (5 min 100°C), immersed in the freshly prepared dipping reagent for 1 s 

Ethanol 
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 ye11ow-blue Bromocresol Purple Reagent 
background. After heating tartaric acid (hRr 2-5) and malic acid (hRr 5-10) 
retained their calor while lactic acid (hRr 30-35), succinic acid (hRr 35-40), 
pimelic acid (hRr 50), maleic acid (hRr 55), suberic acid (hRr 55 -60), benzoic 
acid (hRr 80-85), stearic acid (hRr 85-90) and arachidic acid (hRr 85-90) 
appeared as pale yellow zones on a blue-yellow background (Fig. 1 ). The detection 
limits lay at 1 to 2 IJ.g substance per chromatogram zone. Rea!!ent for: !' !' 

T In situ quantitation: This reagent was not suitable for direct, precise photometric 
• Organic acids [1-4] H~C """- I 17 ,-:::; CH3 

quantitation. 
• Halogen anions [5] 

p S03H 

1 2 ' 4 5 6 7S910M • Phenols [6] 
,_I 

~ u n no 

•• • • 5-Ammodibenzo(a,d)cyclOlleptane 
• • ! A, . • • "'~ 

" """ ?. 

•• •a 
• • • • Preparation of the Reagent 

I •• 
u • v;gunic udas. ,;., mg 

10.0 (glass ;i:Ctrode) with 50"!" ethanol and ad'ust to ..;H 
Fig. I: Sc~~mattc representatiOn ol the chromatograptuc separa ton o carboxy c actus. 
Maleic acid (1), pimelic acid (2), succinic acid (3), benzoic acid (4), malic acid (5), tartaric caustic soda solution (c- 0.1 mol/1) [1]. 

acid (6), lactic acid (7), stearic acid (8), arachidic acid (9), suberic acid (10), mixture (M). Dipping solution Il Halogen anions: Dissolve 100 mg bromocresol purple in 
100 ml ethanol and add a few drops of10% ammonia solution 
until the color changes. 

References Storage The bromocresol solution keeps well in the refrigerator before 
basification. 

I 11 Paslrova ! Mnnk V.: J. Chromatog_r. 1%0. 4, 241-243. 
[21 Jork, H., Klcin, 1.: Private communication, Univcrsitat des Saarlandcs, Fachbereich 14, Substances Bromocresol purple 

Saarbrticken, 1987. Sodium hydroxide solution (0.1 mol/1) 
Ammonia solution (25%) 
Ethanol 

The pH indicator bromocresol purple changes in color from yellow to purple in 
the pH range 5.2- 6.8. 
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Method solution I for 1 sand then heated on a hotplate to 100°C for 15 min. Citric acid 
(hRr 0-:5), lactic acid (hRr 30), phthalic acid (hRr 40-45), sebacinic acid (hRf 

The chromatogram is freed from mobile phase in a stream of wann air or in the 60- 65) and salicylic acid (h.Rt 80- 85) yielded lemon-yellow chromatogram zones 

drying cupboard (10 min 100°C) and after cooling dipped for 1 s in dipping on a yellow background on silica gel layers (Fig. 1 ). Figure 2 i11ustrates a similar 

solution I or 11 or sprayed homogeneously with it. Then it is heated to 100°C for separation of other dicarboxylic acids. 
10 min. 

Organic acids y!eld lemon-yellow zones on a blue back&!:ound [1]. Halide ions 
In situ quantitatiou: The reagent was not suitable for an exact quantitative deter-

migrate as ammonium salts in ammoniacal mobile phases and are also colored 
minatiou of acids beeattse the baekgraund struet1:1re did net all e ... sensitive -r~rg 

yellow. The colors fade rapidly in the air. This can be delayed for some days by 
ducible scanning. 

covering the chromatogram with a glass plate. 1 

' 
Note; The background col or depends on the pH of the layer, it is, therefore, 1 2 ' ' 5 " ' 
affected bv the efficiency of removal of acidic mobile phase components before ' 
staining. • • 

z 
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 • • 1 

when they are impregnated with polyethylene glycol [1]) and on cellulose layers. 

~ 
._ 

' . . ' ., ' V Fi•. 2 
Yroceoure ltsteo 

Fig. l: Senaration of carboxylic acids (schematic re~sentation}. Citric acid (1}, lactic acid 

Multibasic Carboxy6c Acids (81 
(2), phthalic acid (3), sebacinic acid (4), salicylic acid (5), mixture (M). 

Fig. 2: Separation of dicarboxylic acids (reflectance scan). Start + tartaric acid (1), malic 

Method Ascending, one-dimensional development in a trough cbam-
acid (2), phthalic acid (3), succinic acid (4), adipic acid (5), fumaric acid (6), front (7). 

ber with chamber saturation. 

Layer 1. TLC plates Silica gel60 (MERCK). 
2. TLC plates Silica gel 00 (MERCK) tmpregnateO by illpping References 
once in a 10% solution ofpolyetbylene glycoltOOO in metb 
anol. [1] Knappe, E., Peteri, D.: Fresenius Z Anal. Chem. 1962, /88, 184-189; 352- 355; 1962, 190 

Mobile phase Diisopropyl ether - formic acid - water (90 + 7 + 3). 380-386. 
[2] Fortnagel, P.: Hiochim. Biophys. Acta. 1970., 222, 290-298. 

Migration distance 10cm [31 Tjan, G. H., Konter, T.: J. Assoc. off. AIUll. Chem. 1973,55, 1223-1225. 
[4] Yang Zuying: Chinese Brew (Zhongguo Niangwo) 198..\ 2, 32-34. 

Running time 30 min (silica gel layer) [51 Sciler, H., Kaffenberger, T.: He/v. Chim. Acta, 1961, 44, 1282-1283. 

50 mm (rmpregnated layer) [6) BmnLL, B., h:c; B. '11 .. lfu;wt:>to/fl 19'1.2, 62, S11 SH. 
[7] Maulding, H. V., Brusco, D., Polesuk, J., Nazareno, J., Michaelis, A. F.: 1. Pharmac. Sci. 

Detection and result: The chromatogram was freed from mobile phase in a stream 
1912, 61, 1197-1201 

[8] Jork, H., Klein, I.: Private communication. UniversitiH des Saarlandes, Fachbereich 14, Saar-
of warm air or in the drying cupboard (10 min 100°C), immersed in dipping briicken 1987. 
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tert-Butyl Hypochlorite Reagent Method 

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 

Reagent for: 
with it or exposed to its vapors for 15 min in a twin-trough chamber in whose 
second chamber 5 m\ of dipping solution I has been placed ea. 10 min previously. 
The chromatograms are then immersed in dipping solution 11 for 1 sand dried in 

• , ·auy actus, Lr.t~~cenues, arruno actus, asueammuo au. uueriv· · ·a ' · uy ~vv"u~;;, 

sugars, steroids [1] 9H3 
should be dried for ea. 1 min in a stream of hot air and allowed to cool to room 

• Peptides, nuc\eotides [2] H3c-y-ocl temperature before the second treatment. 

• Vitamin 8 1 [3] CH, There then appear, in long-wavelength UV light (..t = 365 nm), yellow to violet 
fluorescent zones on a dark background; these can be quantitatively analyzed. 

• Alkaloids [5] C4H9ClO 

• Carbamazepine [4] M, -108.57 Note: The reagent can be employed on silica gel and cellulose layers. When 

'U>CdH>~ UUC HUHUHO '"" C " 

is 10 ng and that for papaverine 1 ng per chromatogram zone [5]. In some cases 

Preparation of the Reagent 
it has been recommended that ammonium su\fate be added to the layer with 
subsequent heating to 150-180°C [1} after derivatization. It is also possible to 

Dipping solution I Dissolve 1 ml tert-butyl hypochlorite in 100 m! carbon tetra-
spray afterwards with an aqueous solution of potassium iodide (1 %) and starch 

.... . 
(1%)[2]. 

Dipping SOllltiOD 11 Mix chloroform paraffin oil and triethanolamine in the ratio Proeedure Tested 
of6+1+1. 

Storage Dipping solution I may be stored in the refrigerator for a few Vitamin B1 [3) 

days. tert-Butyl hypochlorite should be stored cool in the dark 
under an atmosphere of nitrogen. Method Ascending, one-dimensional development in a twin-trough 

Caution: tert-Butyl hypochlorite is very reactive, e.g. it reacts chamber with chamber saturation with the layer being pre-

vwlently wnh rubber seals particularly under the mlluence of eenditieneel in the selvent frue half ef the tmugh fgr 15 mjp 

\i!!ht. after application of the sample. 

Substances tert-Butyl hypochlorite Layer HPTLC plates Silica gel 60 (MERCK), which had been pre-

Carbon tetrachloride washed by single development of the plate with chloro-

Paraffin viscous form - methanol (50+ 50) and then dried at 110°C for 

Chloroform 30min. 

Triethanolamine Mobile phase Methanol- ammonia solution (25%) - glacial acetic acid 

Reaction 
t8+1+1J. 

Migration distance 6cm 

The reaction mechanism has not been elucidated. Running time ea. 20 min 
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Detection and result: The chromatogram was dried in a current of warm air and 
either 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 ea. 
10 min previously. If the chromatogram was derivatized by dipping it had to be 
dried for ea. 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 11 to increase 
s~nsitiYity and stabilize the flngrescence and then dried in a stream ofbot air 

Thiamine (hRf 40 -45) yielded a yellow fluorescent zone on a dark background 
under long-wavelength UV light (A= 365 run). 

Note: Vapor-phase derivatization was appreciably more homogeneous than that 
produced by dipping and sllnultaneously increased both the precision and the 
senst tvt y o 

Jn situ quantitation: The fluorimetric analysis was performed in long-wavelength 
UV light (Am= 365 nm, Ar1 > 430 run). The detection limit for thiamine was less 
than 3 ng per chromatogram zone. 

lu· ~ 
;_r ___ ) ' 

Fig. I: Fluorescence scan of 30 ng thiamine after vapor-phase derivatization (A) and an 
accompanying blank track (B). 
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7-Chloro-4-nitrobenzo-2-oxa-1,3- Sodium hydroxide pellets 
Methanol 

diazole Reagent Ethanol 

(NBD-Chloride Reagent) 
Reaction 

NBD-chloride reacts with nucleophilic compounds (amines, mercaptans etc.) to 

Reagent for: 
yield the corresponding ?-substituted 4-nitrobenzofurazan derivatives. 

• Prim. and sec. aliphatic amines [1-3] T R 
I 

• Amino acids and peptides {1, 4, 5] cco ~N, ~N, 

• Sulfonamides {6] ~02 ~' 
2 

- HCI YN' 
• Alkaloids {7] C6H2ClN303 NO, 

Pnm 
NO, 

• Phenols [7] Mr= 199.55 
NBD-chloride amine Reaction product 

Preparation of Reagent 
The dried chromatograms are immersed in dipping solution I for 1 s, dried in a 

Dipping solution I Dissolve 10 g sodium acetate in 20 ml water and dilute with 
stream of warm air, dipped immediately after cooling in dipping solution 11 (1 s) 

40 ml methanoL 
and then heated to 100 oc for 2- 3 min. Alternatively the chromatogram can be 
sprayed with the appropriate spray solutions. 

Dippine solntion 11 Dissolve 0.1 g NBD--<:hloride (7--<:hloro-4-nitrobenzofnr:u.l'ln 
7-chloro-4-nitro-2,1,3-benzoxadiazole) in 50 ml ethanol. unoer tong-wavetengm u 1 ugm (A'~ ouo ":~' ~-

yellow to yellow-green they are sometimes detectable in daylight as colored zones, 
Spray solution I Dissolve 2 g sodium carbonate or 5 g sodium hydroxide in too. 

100 ml water [6, 7]. 

Spray solution 11 Dissolve 0.1-0.5 g NBD-chloride in 100 ml ethanol [5], 
Note: The reagent can be employed for qualitative and quantitative analysis on 

methanol [6] or acetonitrile [7]. silica gel and RP layers. Ammonia, amine and acid-containing mobile phases 
should be completely removed beforehand. Amino phases cannot be employed. 

Storage All solutions may be stored for an extended ~riod of time. The NBD::ebloride reagent is not as sensitive as the DOOB reagent (qv.) on RP 

Substances 7-Chloro-4-nitrobenzofuraza.n phases. 

Sodium acetate trihydrate Primary and secondary amines and phenols generally produce yellow to reddish-
Sodium carbonate orange zones (serotonin violet) on a pale yellow background, under long-wave-



240 7-Ch/oro-4-nitrobenzo-2-oxa-1 ,3-diazole Reagent 

length UV light (A= 365 nm) the zones fluoresce yellowish green (serotonin ap­
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 
curomatogram zone, some tmes apprectau1y 1ess ~c. r LUJJ· 

Although the reagent itself is not fluorescent an excess of NBD-chloride can 
interfere in quantitative analys.is. 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. 

Laver HPTLC olates Silica e:el 60 (MERCKl, which had been de-
veloped once with chloroform methanol (50+ 50) and 
dried at 110"'C for 30 min before applying the samples. 

Mobile phase Chloroform - methanol - ammonia solution (25%) 
(100 + 90 + 20). 

Migration distance 7 cm 

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 90s in a stream 
of warm air and after cooling immersed in dipping solution li for 1 s. After drying 
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). 

• J ork, H.: private communication, Universitiit des Saarlandes, Fachbcreich 14 "Phannazie 
und Biologische Chemie", D-6600 Saarbriicken 1988. 
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Hydroxyproline (hRr 20-25) and proline (hRr 25-30) yielded orange-colored 
chromatogram zones on a pale yellow background, under long-wavelength UV 
light (A = 365 nm) they fluoresced yellow on a blue background. (Detection limits: 
ea. 5 ng substance per chromatogram zone). 

The chromatogram was then immersed for 1 sin a mixture of liquid paraffin and 
n-hexane (1 + 2) to stabilize and enhance the fluorescence (by a factor of ea. 1.5). 
The detection limits were then ea. 1 ng substance per chromatogram zone. 

In situ quantitation: The absorption photometric measurement in reflectance was 
performed at A = 490 run, the fluorimetric analysis at Ae•c = 436 run and 
At1 > 560 nm (Fig. 1 ). 

' 

I 

l B 

Fig. 1: Rell~tance scan (A) and fluorescence scan (B) of a chromatogram track with 50 ng 
of each amino acid per chromatogram zone: hydroxyproline (I), proline (2). 
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Copper(II) Acetate -
Phosphoric Acid Reagent 

.... 

Reagent for: 

0 Prostaglandins [1 - 3] 

.,., 
··r ·n (CH 3COO)zCu · H 20 H 3P04 

• Phospholipids {5-17] 
M,~ 199.65 M,~98.00 

• Glycolipids [9] 
Copper(II) acetate ortho-Phos-

• Esters of fatty acids [18, 19] monohydrate phoric acid 

... 

Preparation of the Reagent 

Bippiug solution Dissolve 3 g copper(II) aceLale in 100 m! 8 ts~/o aqueous 

Storage 

Substan<es 

Reaction 

hos boric acid. 

The dipping solution can be stored for long periods of time. 

or/ha-Phosphoric acid (85%) 
Copper(II) acetate monohydrate 

The reaction mechanism has not yet been elucidated. 

Copper(II) acetate- Phosphoric Acid Reagent 243 

Method 

The chromatograms are dried in a stream of warm air, immersed in the reagent 
solution for 2 sand 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(ll) sulfate - phosphoric acid reagent. The reagent may ..•. • b' •• , 

Procedure Tested 

Prostaglandin E, Ill 

MetOOd 

Layer 

Horizontal, one-dimensional development in a linear cham­
ber (CAMAG). 

HPTLC plates Silica gel60 (MERCK). 
The layer was prewashed twice before application of the 
samples by developing first with cyclohexane and then, after 

Mobile phase Ethyl acetate - formic acid (80 + 1 ). 

Migration distance ea. 5 cm 

Running time 10 - 15 min 

netecllou arid restllt: I he chromatogram was drred tn a stream of warm au, 
immersed in the reagent solution for 2 sand then heated to 120°C for 15 min. 
Prostaglandin E 1 appeared as a yellow-brown zone (hRr 25-30) on a colorless 
background. 
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In situ quantitadoa: Quantitation by reflectance bad to be perfonned IUI soon as Copper(D) Nitrate Reagent possible, since the color intensity of a zone decreased ea. 40% within a day. 
Detection wavelength: l = 345 nm; detection limit: 2.5 ng per chromatogram zone 
(Fig.!). 

1 

JL, Keagent tor: 

\.. A 
• Stabilization of"ninhydrin" spots [1-3) Cu(N03h 

Fig. 1: Reflectance curve of a blank track (A) and a chromatogram (B) with 80 ngprostaglan· Mr = 187.56 
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Method 
The chromatograms stained with ninhydrin are immersed in the reagent solution 
for 1 s 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 
reddish-colored chromatogram zones [3]. 

Note. The ea~~er ia the reagent may be replaeed b) ather fhetal ions. 'Fable 1 [3] 
lists the colors obtainable with some cations. 

Table 1: Colors of the metal cation complexes 

Amino acid Zn 2 + Cd2+ Co2 + Cu2 + 

PmFne yelbv )elbu lug"O )@IJg"' go:;}us 

lfydr.oxyproline "''' yellow light brown 
nlaame lniek red nine red brona 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 nod 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]. 

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 

• " • . " .A •h . ,;,. . . fl, 

cence indicators. 

Procedure Tested 

Valine, Pbeoylalanine, Leucine, Isoleucine Ill 

Metbod 

Layer 

Ascending, one-dimensional development in a trough cham-
her witholJt chamber saturation 

HPTLC plates Cellulose (MERCK) Before sample application 
the layers were prewashed by developing with chloroform ~ 
methanol (50+ 50) and then dried at 110°C for 30 min. 
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Mobile phase 2~Propanol - !~butanol - trisodium citrate solution 
(c = 0.2 mol/! in water) (50+ 30 + 20). 

Migration distaoce 9 cm 

Running time 120 min 

Detection and result: After staining with ninhydrin the chromatogram was cooled 
to room tempera hire immersed jn the reagent solution for 1 sand 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 (hRf 45 -50), isoleucine (hRr 65- 70) and 
leucine (hRr 70- 75) produced red chromatogram zones and phenylalanine (hRr 
55-60) violet chromatogram zones on a pale pink background. After treatment 
wnh ammoma all four ammo acids appeared as violet chromatogram zones on a 
Oe:;;h-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. 

I 
'-' 

Fig. I: Reflectance scan of a chromatogram track with ea. tOO ng amino acid per 
chromatogram zone. Valine (1), phenylalanine (2), isoleucine (3), leucine (4)-
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Copper(II) Sulfate Reagent 
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 
~--·- 1111-- - ,;. -- . 

Reagent for: acids yield green-colored zones {2] and N-aryl-N'-benzenesulfonylthiocarbamides 
yield yellow to violet-colored zones [4]. 

• Di-, tri- and polycarboxylic acids [1] For the determination of sterols and their esters the chromatogram is immersed 

• Thioglycolic and dithioglycolic acids [2] in a 10% aqueous copper(II) sulfate solution and then heated to 105°C for 30 min. 
In this case green-yellow fluorescent chromatogram zones are visible in long-

-,., wavefeng1lilJ V hght (.< • Jo' nm) [oJ. 

-'" 
e.g. N-aryl-N '-benzenesulf on y lthiocarbamides Note: Silica gel, kieselguhr and polyamide layers can be used as stationary phases. 

• N-Arylthiosemicarbazides [5] Cu2S04 · 5Hl0 
Not all acids are stained on RP layers. Amino layers yield a pale blue background. 
The detection limits are in the 1-1g range for carboxylic acids [1], thioglycolic and 

• Sterols and their esters [6] M,~249.68 dithioglycolic acids [2] and for antithyroid pharmaceuticals [4]; they are about 
e.g. cholesterol and cholesteryl esters 5 ng per chromatogram zone for sterols and steryl esters [6]. 

• o.<«a,.uo<a<o> L' >j Table 1: List of carboxylic acids that can be detected with copper(II) sulfate reagent [1] 

Acid Col or Fluorescence Sensitivity (1-Lgfzone) 
quenching 
(.l."" 254 nm) TLC HPTLC 

Preparation of Reagent Malonic acid pale blue +(weak) 20 
Succinic acid blue - 5 

Dipping solution l)issat.e LS g eepper~H) sulfate pentah)drate in a fe!'¥ mi!li- Methyl-succinic acid blue 10 

liters of water and make up to 100 ml with methanol. 
Adipic acid blue 15 5 
rimdic acid blue 5 

Storage The solution should always be freshly made up. Suberic acid blue - 5 
Sebacic acid blue - 5 

Substances Copper(II) sulfate pentahydrate Fumaric acid pale blue + 10 2.5 

Methanol Maleic acid blue + 10 
Aconitic acid bluo + 10 
Phthalic acid pale blue + 30 20 
Terephthalic acid blue + 15 
:.:-~<..etogtutanc actu pao "" Reaction 

,_ 

A mixture of 10% aqueous copper(II) sulfate solution and 25%, ammonia solution 

Tbe substances listed above form colored copper complexes. (lOO+ 15) is recommended as. spray solution for the detection of diuretics. 
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Procedure I ested References 

Organic Acids (1) (I] Gaberc-Porekar, V., Socic, H.: J. Chromatogr: 19'79, 178, 307-310. 
[2] Klaus, R.: Chromatographia 1985. 20, 235-238. 

Melbod Ascending, one-dimensional development in a trough cham- [3] Guven, K. C., Cobanlar, S.: Ecz.acilik. Bu/. 1967,9, 98-103. 
[41 Upadhyaya, J. S., Upadhyaya, S. K.: Fresenius Z Anal. Chem. Im, 294, 401. 

ber with chamber saturation. [5] Srivastava, S. P., Dua, V. K., Upadhyaya, J. S.: Fresenius z_. Anal. Che~. 1977, 286, 249. 

Layer TLC aluminium sheets, TLC plates. Silica gel 60 F 2 54 
[6] Tiefenbacher, K., Woidich, H. in: Proceedings of the International Symposmm on lnstrumen-

tal IIP+bG, l~l:ill:;dHifg Bad Diifkheim· IfC-Y'!llag 1985 
(MERCK). [7] KOnig, K., Becker, J., Henke, W., Stenshorn, J., Werner, H., Ballschmiter, K.: Z. Anal. Chem. 

Mobile phase Diisopropyl ether - formic acid - water (90 + 7 + 3). 1972,259, 11-16. 
[8] Malissa, H., Kel\ner, R., Prokopowski, P.: Analyt. chim. Acta 1973, 63, 225-229. 

Migration distance 10 cm [9] Ballschmiter, K.: Z. Anal. Chem. 1971,254, 348-353. 

Running time 40min 

Detection and result: The TLC plate was dried in the air for 30 min and heated to 
1 10 C for 10 mm m oriler to remove the lornuc actd from the mobtle phase, before 
immersing the chromatogram in the reagent solution for 10 s. 

Tartaric acid (hRt 5), malic acid (hRr 15), maleic acid (hR1 35), lactic acid (hRt 40, 
adipic acid (hRt 45) and fumaric acid (hR1 55) yielded blue zones on a weakly 
bluish background; these were still to be recognized unchanged after several weeks. 

In situ quantitation: The quantitation (Fig. 1, succinic acid) was performed in 
'wicn vi,io.e Hgm \A 'o>u nmJ. 

~ .. 
'"" ,., 

T 
~ 

Fig. 1: Absorption scans of a range of dilutions of succinic acid [1). 
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2,6-Dibromoquinone-4-chloroimide Storage The solutions may be stored in the refrigerator for ea. 2 weeks 
(3]. 

Reagent Care: 2,6-dibromoquinone-4-chloroimide can decompose ex-
plosively {9]; so only small amounts should be stored in the 

(Gibbs' Reagent) refrigerator! 

Substances 2,6-Dibromoquinone-4-chloroirnide 
C--A; 

Dimethyl sulfoxide (DMSO) 
Chloroform 

Reagent for: Methanol 
Ethanol 

• Phenols [1- 3, 5] 
e.g. vnanun Ho [>, 'I 

'" """ReactiOn 
• Thiol and thione compounds {4, 5] 

"'~"' • Antioxidants {6] 
2,6-Dibromoquinone-4-chloroimide, in whose stead 2,6-dichloroquinone-4-cblo-

• Prim. and sec. aliphatic amines {7] 
roimide (q.v.) may also be employed, reacts primarily with phenols and anilines 
which are not substituted in the p-position. 

• Prim., sec. and tert aromatic amines [7] NCI 

• Carbazoles and aromatic hydrocarbons [7] C6H2Br20NO "\. "\. 
• Indoles and other N-containing heterocyclics [7] M,-299.36 YNCI + \_)--OH ~"?"=\..)= 
• 2,4-Pentanedione [7] "' "' 
• Pesticides [8, 9, 13] 

• Antiepileptics {10,11] Method 

. ,, Tbe chromatogram IS oneo m a stream or co1o a1r, neareo ro 11u -L. wr JU mm, 
' cooled and immersed in the dipping solution for 5 s or sprayed with spray solution 

and finally heated to 110°C for 2 min. 

Preparation of the Reagent 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 

Dipping solution Dissolve 0.1 g 2,6-dibromoquinone-4-chloroimide in 10ml solution. The necessary basicity can also often be achieved by placing the treated 
dimeth¥1 sulfoxide saturated with sodium h)'drogen carbonate cbrmnatogram in a twin-trough chamber whose second trough contains 5 rn1 
Then make up to 100 ml with chloroform. ammonia solution (25%). 

Spray solu~on Dissolve 0.4 to 1 g 2,6-dibromoquinone-4-chloroimide in In general no warming is necessary to produce the colored zones: pyridoxine is 

100 ml methanol or ethanol and filter if necessary. colofed intense blue, pyridoxamine violet and pyridoxal dark blue [1, 3]. Phenols 
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that are substituted in the p-position exhibit characteristic color differences. Thlol 
compounds and substances containing sulfhydryl groups yield yellow zones, while 
thiones are colored red. Thiourea appears as a brown zone on a light background 
[4]. 

In some cases, e.g. the detection of antioxidants [6], the plate is heated to 105 ~c 
for 5 min after being sprayed and the still hot plate placed immediately in an 
ammonia-vapor chamber. The blue calor 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 ).lg per chromatogram 
zone. This is also true for pesticides based on organophosphorus acids [9]. 

The reagent can be employed on silica gel, cellulose and polyamide layers. 

Procedure Tested 

Antiepileptics, Barbiturates 1101 

Method 

Layer 

Mobile phase 

Ascending, one-dimensional development in a trough 
chamber. After sample apphcatmn the HPTLC plates were 
equilibrated jn a conditioning cbami;Jer at 42% relati"e 
humidity for 30 min and then developed immediately. 

HPTLC plates Silica gel60 (MERCK) which were prewashed 
by developing three times in chloroform - methanol (50+ 
50) and drying at 110"C for 30 min. 

Chloroform acetone (80 + 1 5) 

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 oc and allowed to 
cool), immersed for 5 s in the reagent solution and finally heated for 2 min at 
116"C. Giejl to giey-blue zones we1e fmmed on a light backg.Jound. The Iollowing 
hRt values were obtained: primidone (hR1 10-15); carbamazepine (hR1 40-
45); phenytoin (hRr 50-55); phenobarbital (hRr 60); ethosuximide (hRf 75); 
hexobarbital (hRf 90-95). 
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In situ quantitation: Reflectance measurements were carried out at a wavelength 
of A.= 429 nm. The detection limit lay at 50 to 200 ng per chromatogram zone 
(Fig.!). 

A 

Fig. I: Reflectance scan of a blank (A) and of a mixture of antiepileptics with 500 ng 
sl!bstaBGG p~:r Gh:remategram wne (8 ) Start (1 ), primidone(?) carhamazepine (3) phenytoin 
(4), phenobarbital (5), ethosuximide (6), hexobarbital (7) and solvent front (8). 
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2,6-Dicblorophenolindophenol 
Reagent 

(Tillmans' Reagent) 

Reagent for: 

• Organic acids [1, 2] 

• Reductones 
e.g. ascorbic acid (vitamin C) [2, 3] 

Preparation of tbe Reagent 

Cl 

Cl 

C12H60 2NNa02 

M,~290.09 

Dipp10g solution Dtssolve 40 mg 2,6~dichlorophenolindophenol sodium in 
100 ml ethanol. 

Spray solution Dissolve 100 mg 2,6-dichlorophenolindophenol sodium in 
100 ml ethanol [1, 2]. 

Storage The reagent solutions may be stored in the refrigerator for 
several weeks. 

Substances 

Reaction 

l;ti=Dtcblorophenofindophenol sodium salt 
Ethanol 

Organic acids convert the blue mesomerically stabilized phenolate anion to the 
red nndissociated acid. Reductones (e.g. ascorbic acid) reduce the reagent to a 
colorless salt. 

2,6~Dichlorophenolindopheno/ Reagent 257 

Organic acids: 

Reductones: 

Cl Cl 

blue colorless 

Method 

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 l()()OC 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]. 
Ascotbic and dchydtoascorbic aeids ean als6 be deteeted fluafimetfieall) 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 
a dark background {3]. 
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The reagent can be employed on silica gel, kieselguhr, Si 50 000, cellulose and 
polyamide layers. 

Procedure Tested 

Organic Acids (41 

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

Layer TLC plates Silica gel60 (MERCK). 

Mobile phase Diisopropyl ether - formic acid - water (90 + 7 + 3). 

Migration distance 10 cm 

Running time 30 rnin 

Detection and result: The chromatogram was freed from mobile phase, immersed 
for 1 sin the dipping reagent and then heated on a hotplate at 100"C for 5 min. 

' A J 

I 
J 

~ I 
1\u 

\ 
Fig.1: Absorption scan of a chromatogram with 10 11g (!)per chromatogram zone of the 
carboxylic acids tartaric acid (I), malic acid (2), lactic acid (3), smx:inic acid (4), fumaric acid 
(5), stearic acid + front (6). 
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The carboxylic acids tartaric acid (hRr 15 -20), malic acid (hRr 25 -30), lactic acid 
(hRr 45-50), succinic acid (hRt 60-65), fumaric acid (hRr 80) and stearic acid 
(hRr 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 200-500 ng per chromatogram zone 
(Fig. 1). 
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2,6-Dichloroquinone-4-chloroimide 
Reagent 

Reagent for: 

• Phenols [1-3, 6] 
e.g. vitamin B6 

• Antioxidants [2-4] 

• Prim. and sec. aliphatic amines [5] 

O~NCI • Prim., sec. and tert. aromatic amines [5] 

• Carbazoles and aromatic hydrocarbons [5] Cl 

• lndoles and other N-containing C6HzChNO 

. "" M 21045 

• 2 4-Pentandione 151 

• Pharmaceuticals (7] 
e.g. barbiturates, amphetamines, diuretics, 

antihistamines, narcotics etc. [7] 

• Phenoxyacetic acid herbicides [8, 9] 

Preparation of Reagent 

Dippingsolntion Dissolve 0.1 g 2,6-dichloroquinone-4-chloroimide in 10 m1 
dimeth 1 sulfoxide saturated with sodium hydro en carbonate. 
Finally make up to tOO m1 with chloroform. 

Spray solution Dissolve 1 to 2 g 2,6-dichloroquinone-4-chloroimide in 100 m1 
ethanol [5, 6, 11] or toluene [8, 9] and filter, if necessary. 

Storage 

Substances 
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The solutions should always be freshly made up. 
Caution: 2,6-dichloroquinone-4-chloroimide can decompose 
exothermically (5); it should, therefore, only be stored in small 
quantities in the refrigerator! 

2,6-Dichloroquinone-4--chloroimide 
Sodium hydrogen carbonate 
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]. 

,<1 I 

//'\. ,. F\ rl 
'6/ ~ - '" v\J 

~ 
·vc 

V< 

Phenol 2,6-Dichloroquinone- Reaction product 
4-chloroimide 

Uric acid couples with 2,6-dichloroquinone-4-chloroimide in position N-7 to yield 
l)'"UUWU)'""lu.ll. 

".11 ~)=o J-J:N 
H 

Uric acid 2,6-Dichloroquinone-
4-chloroimide 

Yellow reaction 
product 



262 2,6-Dichloroquinone-4-chloroimide Reagent 

Method 

The chromatogram is dried in a stream of cold air and heated to 1 10 oc for 10 min, 
after cooling it is immersed jn the reagent solution for 5 s or sprayed with it and 
then heated to t 10 oc for 2 min. 

Note: If the spray solution or a non basic dipping solution is employed for detection 
then it is advisable to sptay afterwards with a IO';o aqueous sohnion ut 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 contains 5 m1 25% ammonia. This is not suitable 
for the Chiralplate® (MACHEltEY-NAGEL) because in this case the plate background 
acquires a dark violet coloration. 

In general chromatogram zones of differing colors are formed even without 

"o· , 6" ~ p , .,"'"','~c uuvo 
and butylhydroxyanisole blue ones on a light background [11]. The detection 
sensitivity is usually between 0.2 and 0.5 Jlg substance per chromatogram zone; 
o-phenylphenol and cephaeline can be detected 10 times more sensitively. Despite 
its free amino group serotonin does not produce a coloration [1]. 

The reagent can be employed on silica gel, kieselguhr, Si 50 000, NH2 , cellulose 
and polyamide layers. 

Procedure Tested 

lsoquiooline Alkaloids (12) 

Method 

Layer 

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

HPTLC plates Silica gel 60 (MERCK). 

Mobile phase Chloroform -methanol (15 + 5). 

Migration distance 2 x 5 cm 

Runmng time 2 x 12 mm 

Detection and result: The chromatogram was dried for 5 min in a stream of warm 
air, immersed in the dipping solution for 5 sand then heated to 110"C for 2 min. 
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Cephaeline (hR1 40-45) produces a blue color spontaneously immediately on 
immersion, while emetine (h.Rr 60-65) only does so on heating; on storage this 
calor slowly changes to brown (background light brown). The detection limits for 
both substances are ea. 10 ng per chromatogram zone. 

In situ quantitation: The absorption photometric analysis was made at A= 550 nm 
(Fig. I). 

V 
Fig. J: Absorption scans of the pure substances (ea. 500 ng of each) cephaeline and emetine 
(A) and an extract of Ipecacuanh.ae Radix (B): ceph.aeline (I), emetine (2). 
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Reagent for: H Jo 
. o.· - ... 

A -'"-'"' CH 0-:r J V 
• Benzodiazepines [1] H3C'N'CH3 

• Panthenol [1] C6H1203 C9H11 NO 
M,~ 132.16 M,~ 149.19 

2,5-Dimethoxy- 4-Dimethylamino-

--

Preparation of tbe Reagent 

Dipping solution I Mix 1 m! 2,5-dimethoxytetrahydrofuran with 99 ml glacial 
acetic acid [1) or ethyl acetate - glacial acetic acid (95 + 5}. 

Dipping solution 11 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 Il 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 

Dimethoxytetrahydrofuran forms pyrrole derivatives with primary amines, these 
derivatives then condense with 4-dimethylaminobenzaldehyde in acid milieu to 
yield colored products [1]: 

0 
~ 
R 

I 
HC CH 

11 11 
0 0 

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 11 for 3 s. The final drying of 
the chromatogram should take place in a stream of cold air in order to avoid 
strong background coloration. 

Red-•iolct dnomatog•am runes ou a weakly oclne-colored bad:gwund ate 
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 applied as spray solu­
tions. Secondary amines, amides, pyrimidines and purines do not react with the 
reagent [1). In the case of benzodiazepines only those substances react which 

contain the structural element R-c:::0 , such as, for example, diazepam or 
/CH2 

-C~N 

I 
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nitrazepam; other benzodiazepines, such as, for example, chlorodiazepoxide or 
medazepam do not react [1]. The detection limits are at 5-50 ng for amino 
acids and benzodiazepines and at 500 ng substance per chromatogram zone for 
panthenol [I]. 

The reagent can be applied to silica gel, kieselguhr, Si 50 000, RP and CN layers. 
The detection sensitivity is reduced by a factor of 100 on cellulose layers; NH 2 

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 la mixed with citrate buffer in order to 
increase the detection sensitivity (e.g. with nitrazepam) [1]. 

Dipping solution la: Mix 1 m1 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 m1 caustic soda solution 
(c- 5 mol/1) and make up to 11 with water. Mix 530 ml of this solution with 
470 ml caustic soda solution (c = 1 moljl) and adjust to pH 6.6 with caustic soda 
solution or citric acid [1]. 

Procedure Tested 

Andoo acid> [21 

Method 

Layer 

Mobile phase 

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

HPTLC plates Silica gel60 F 254 (MERCK). 

2-Propanol -glacial acetic acid - water (16 + 3 + 3). 

Migration distance 5 cm 

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 11 for 3 s. It 
was then dried in a stream of cold ajr 

Glycine (hRr 20-25), DL-alanine (hRr 30-35), DL-valine (hR1 45-50) and 
L-leucine (hRr 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 
greater than with ninhydrin reagent. 

la situ quantitatioa: Direct quantitative analysis was performed in reflectance at 
1 ~ 580 run (Fig. 1 ). 

1 

' 3 

~ 

" 
~ I -L 

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). 
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4-Dimethylaminocinnamaldehyde 
Hydrochloric Acid Reagent 

Reagent for: 

• Primary amines {1, 2, 9] 

• Hydrazines [3] 

CH3~ • Indoles [4, 5,13-15] ~ - H=CH-CHO 

CH3 • Or~noarsenic comoounds [6] 

• Urea [7, 8] and thiourea derivatives [9] CuH13NO HCI 

• Biotin [7] M.= 175.23 M.= 36.46 

• Sulfonamides [10] 4~Dimethylamino-

• Pyrroles 
cinnamaldehyde 

----------

'ofthP n 

Dipping solution 

Spray solution 

Storage 

Substances 

Reaction (11( 

Dissolve 0.5 g 4·dimethylaminocinnamaldehyde in 50 ml by-
drochloric acid (c = 5 mol/1) and make up to 100 ml WJth 
ethanol. 

Dilute the dipping solution 1 + 1 with ethanol for spraying. 

Both solutions may be stored for several days in the refrigerator. 

4-Dimethylaminocinnamaldehyde 
Ethanol 
Hydrochloric acid 5 mol/1 Combi-Titrisol 

4-Dimethylaminocinnamaldehyde reacts with primary amines to form colored or 
fluorescent SCHIFF's bases (1). Pyrroles react with the reagent to form colored or 
fluorescent condensation products (II): 
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,, CH3, __ ~ 
CH3, ~ ~ Layer HPTLC plates Silica gel 60 (MERCK), prewashed by triple 

N~H=CH-C=O + H2N-R -----3o- /N H-CH-C=N-R development with chloroform - methanol (50+ 50) and 
c~' -¥ eH, drying for 30 min at 110"C. 

(1) (2) 

Mobile pbase Chloroform - ethanol - ammonia solution (25%) 

llo ,. CH
3

, _ _ (10 + 9 + 10); the lower organic phase was employed. 

(1) + 0 -----> N~CH~CH-CH~ Migration distante Scm 
N CH/ ~+ 

(J) Running time 20rnin 

Method Detection aod result: The chromatogram was freed from mobile phase (NH 3 !) in 
a stream of cold air for 45 min. It was then immersed in the dipping solution for 

The chromatogram is freed from mobile phase and dipped in the dipping solution t sand heated to tOO"C for ea. 20 min. The chromatograms could be further 

for 1 s or uniformly s12ra:yed with Sj2ray solution and then heated to lOO"C for ea. treated with ammonia vapor if a colored background was found to be troublesome. 

10 min. Colored zones are produced on a colorless to yellow background, after The pale red zones then became bright rea spots ana die Oackgrouna frequenUy 

being left in the ait fm ea. 5 ruin the) fluoresce giCenish-jcllow wtdct long-
wavelength UV light (A= 365 run). ' 
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.~. heat t~ tosoc for 10 min) be_f~re dip~ing or spraying; otherwise ' 
reagent allows also the staining of aromatic nitro compounds {6]. ' 
Aminoglycoside antibiotics and /J-substituted indoles are stained red. Pyrrole 
derivatives with free /J-positions react at room temperature to yield blue-colored 
zones [11]. Exposure to the vapors of aqua regia deepens the colors. This reaction 

2 
sometimes produces fluorescence [3]. The detection limit for monomethylhydrazine 
is 200 pg per chromatogram zone [3]. A ; 
>:~mea gel, cellUlose t3, 13J and ton exchanger layers are amongst the stationary J nh "h •h 

' Procedure Tested 
' 

GentamyciD Complex (I, 12) Fig. 1 ' "'' Fig. 2 

Melbod Ascendtng, one=<hmenstonal development at 10 ILVL m a 
F!g.l: Abso~tion scan of a chromatogram track (A) of a gentamycin standard (600ng 
gentamycm C complex) and of an accompanymg blank (B). Start (1), gentamycin C, (2), 

twin-trough chamber with 5 ml cone. ammonia solution in gentamycin c2 and c2. (3), gentamycin cla (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 
15 min). Figure I. 
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acquired a strong yellow coloration. Greenish-yellow fluorescent zones appeared 2,4-Dinitrophenylhydrazine Reagent 
after allowing to lie in the air for ea. 5 min. 

In situ quantitation: Gentamycins could be both absorption photometrically and 
fluorimetrically quantitated. 

I 
The absorption scans were made at a wavelength of A = 505 nm (Fig. 1 ). The limit Reagent for: 
of detection was 100 ng gentamycin C complex. The best conditions for fluorimetric 
aetermmatlon (t•tg. L) were excttatlon at Aeu 313nm and detection at 
A..-1 > 390 run. • Free aldehyde and keto groups [1-3] 

e.g. in aldoses and ketoses 

• o- and m-Dihydroxybenzenes, 

References dinitrophenols [1] 

[l] Kiefer, U.: Thesis, Fachhochschule Giellen, Fachbereich Tet:hnisches Gesundheitswesen, 
- " " 

[2] Ritter, W.: J. Chromatogr. 1977, 142, 431-440. Otherwise in: Proceedings of the 2nd. Jmerna- 02N~NH NH, 
• ZearaJenone [7, 8] 

tional Symposium on HPTLC, Interlaken, Bad Durkheim: IfC-verlag 1982, p. 100-113. No, 
[3] Andary, C., Privat, G., &Jurrier, M, J.: J. Chromatogr. 1984, 287, 419-424. • Flavonoids 
(4] Har1ey-Mason, J., Archer, A. A. P. G.: Biochem. l 1958, 69, 60p. e.g. silymarin, silydianine [9] C6H6N404 
(5] Reio, L.: 1 Chromatogr. 1960. 4, 458-476. 

!~~ ~~~~s~n~J. !:·: _1 DAgric. FOod ~~~m. ~~~ ~:04-_705. lWHI • Phospholipids [10] M,~ 198.14 
-

(8] Maulding, H. V., Nazareno, 1., Po1esuk, J., Michaelis, A. F.: l Pharm. Sci. 1972, 61, • Prostaglandins [11, 12] 
-

• Valepotriates [13] (91 Marshall, W. D., Singh, J.: J. Agric. Food Chem. 1977, 25, 1316-1320. I [10] Pauncz, J. K.: J. High Resolut. Chromatog1. Chromatogr. Commun. 1981,4, 287-291. 
[Ill Strell, M., Kalojanoff, A.: Chem. Ber. 1954.87, 1025-1032. 
112] Funk, W., Canstein, M. von, Couturier, Th., Heiligenthal, M., Kiefer, U., Schlierbach, S., 

Sommer, D. in: Proceedings of the 3rd International Symposium on HPTLC, Wurzburg. Bad Preparation of the Reagent 
Durkheim: Ifc-verlag 1985, p. 281-311. 

[13] Baumann, P. Matussek, N.: Z. K/in. Chem. Klin. Biochem. 1972, 10, 176. 
Dipping solution Dissolve 15 mg 2,4-dinittopheuylhydtazi.ne iu a mixture ef [14] Baumann, P., Scherer, B., Kramer, W., Matussek, N. : J. Chromarogr. 1971, 59, 463-466. 

(15] Narasimhachari, N., Plaut, J. M., Leiner K. Y.:: Biochem. Med 1211 l 3!14 310 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 cone. hydrochloric acid. 

Storage Both solutions may be stored for several days in the refrigerator. 

Substances 2,4' -Dinitrophenylhydrazine 

Hydrochloric acid (0.5 moljl) 
Ethanol 
arrha-Phosphoric acid (85%) 
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Reaction 

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 
(II). 

l: 

II: 

R' 
02N f ' NH-NH2 + O=C/ 

R 
No, 

Method 

NH-N=C 

No2 

•' / 

The chromatogram is freed from the mobile phase in a current of warm air (2 to 

'" . ·~·· .~., ·~~ 
solution and then dried in a stream of warm air (or 10-20 min at 110cC). 

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]. 

Note: The spray reagent can be made up with sulfuric acid instead of hydrochloric 
acid r9l. In contrast to other orostae:landins containine: carbonvl erouos which 
yield yellow-orange colored chromatogram zones, some of them without heating, 

"" "" "'-"' I l •~J· 

The reagent can be employed on silica gel and cellulose layers. 

Procedure Tested 

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

2,4-Dinirrophenylhydrazine Reagent 275 

Layer HPTLC plates Silica gel60 (MERcK). 

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 rnin), immersed in the reagent solution for 5 sand dne m a current 
of warm air or at 110°C for 10 min. 

Dehydroascorbic acid (hRf 45 -50) appears as a yellow zone on a colorless back­
ground. 

The detection limit for dehydroascorbic acid is 10 ng per chromatogram zone. 

absorption of the chromatogram zone in reflectance at A = 440 nm (Fig. 1 ). 

Fig. 1: Absorption scan of a chromatogram containing 200 ng dehydroascorbic acid per 
chromatogram zone. 
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Diphenylboric acid-2-aminoethyl 
Ester Reagent 

(Flavone Reagent According to NEu) 

I Reagent for: 

• Flavonoids [1-16, 21] 

e.g. glucose, fructose, lactose 

• Anthocyanidines [20] 

• Hydroxy- and methoxycinnamic acid [20] 

Preparation of the Reagent 

Dipping solution 

Storage 

Substances 

Reaction 

Dissolve 1 g diphenylboric acid-2-aminoethyl ester (diphenyl­
boric acid P-aminoethyl ester, diphenylboryloxyethylamine, 
"Naturstoffreagenz A", Flavognost00 ) in 100 ml methanol. 

The reagent solution may be kept for several days in the refrige­
ratot. :However, it should always be f1eshl) ptcpaied far qttanti 

tative anal ses. 

Naturstoffreagenz A 
Methanol 

Dif)lumylbeFiG acid 2-aminoethy) ester reacts to fonn complexes with 1-hydroxy-
flavones *with bathochromic shift of their absorption maximum. 

* Hohaus, E :Private communication, Universitii.t-GH Siegen, Analytische Chemie, D-5900 
S1cgen, 1987. 
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p 
r--1+ 

y 0 "'- o,8/NH2 I + --> 
" OH ()'() • H20 

0 

Flavonol 

Method 

The chromatograms "'PO" h~ated te 8Q°C fer 1Bmin and allowed to cool in a 

desiccator for 10 min, they are then immersed in the dipping solution for 1 s or 
sprayed with 1t, dned m a stream of warm air for ea. 1 min and stored in the 
desiccator for 15 min. Finally, they are immersed for 1 sin a solution of liquid 
paraffin - n-hexane (1 + 2) to stabilize the fluorescence and - after drying for 
1 min in a stream of warm air - irradiated for ea. 2 min with intense long­
wavelength UV light (..1. = 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 
fluorescence instead of dipping it in liquid paraffin - n-hexane (1 + 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 

to produce pale blue fluorescent zones [17, 18]. 

In long-wavelength UV light(). = 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 A.,c = 365 nm and ;.-r1 = 546 run 
(mon~hromatic filter M 546) [191. Further differentiation can be achieved by 
spraymg afterwards with p-anisidine-phosphoric acid reagent [8]. 

The reagent can be employed on silica gel, kieselguhr, cellulose, RP, NH
2 

and 
polyamide-11 layers. 
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Procedure Tested 

FJayonoids (211 

Method 

Layer 

Mobile phase 

Ascending, one-dimensional development in a trough cham­
ber with chamber saturation. After application of the sam­
ples but before development the layer was conditioned for 
30 min over water. 

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. 

Ethyl acetate- formic acid- water (85 + 10 + 15). 

Mjwatioo disfaoce 6 cm 

pngnjng tjme 30 mjo 

Detection and result: The developed chromatogram was heated to 80"C for 15 min; 
the warm plate was sprayed first with "Flavone Reagent" (3% in methanol) 

3 

Fig. I 
• 5 

Fig. 2 

Fig )• Chromatography ofOavonojds 1 Extract. So\idaginis· 2. Rutin - chlorogenic ac!d -
1soquercitrin- quercitrin; 3. Extract. Hyperici; 4. Hyperosid- quercetin-3-arabmosid­
hypencin - quercetin; 5. Extract. Betulae 

Fig. 1: Fluorescence scan of a chromatogram track with 30 ng substance per chromatogram 
mne 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 room temperature for 30 min the chromatogram was inspected under long-

(DBA Reagent) 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 limits .. ,. ' ose tor vtsua1 ueu:cuon. 

The following hRr values were obtained: quercetin 90-95, hypericin 75-80, 

I 

Reagent for: Q _D 
8-0-8 quercitrin 60-65, quercetin-3-arabinoside 55-60, isoquercitrin 45-50, hyper-

• 2-(2-Hydroxyphenyl)benztriazole a u oside 40-45, chlorogenic acid 30-35, rutin 20-25 (Fig. 1 ). 
derivatives (UV absorber in . ,,, . c H BO 

· · ·.eu our oy 
I 

M, 346.04 excitation at ) . .,c 436 nm and detection at). 546 run lmonochromate filter 
M 546) (Fig. 2). L -
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The reaction takes place with the formation of fluorescent chelates according to [IS] Ehnert, M., Popken, A. M., Do~. K.: Z. Lebensm Unters. Forsch. 1981, 172, 110-114. 
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D-8500 Ni!rnberg I. Siegcn, 1985. 
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Q .D 
+ B-0-B a '0 

2-(2-Hydroxy-5-methyl-
phenyl)benztriazole 
(Tinuvin P, CmA-GEIGY) 

Method 

DBA Fluorescent reaction 
product 

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 (). = 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 
layers. 

Procedure Tes 

2-(2-Hydroxy-5-methylpbenyl)benztriazole * 

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

* Hohaus, E., M omen, IL Overhoff-Pelkner, A.-P.: private communication, Universitiit­
GH S1egen, Analytische Chem1e, D-5900 S1egen 1985. 

Diphenylboric Anhydride Reagent 283 

Mobile phase Carbon tetrachloride. 

Migration distance 10 cm 

Running time ea. 12 min 

Detection and result: The chromatogram was freed from mobile phase in a stream 
of warm air, immersed in the reagent solution for 1 s and dried in a stream of 
"'arm air. 

Under long-wavelength UV light (A.= 365 nm) the 2-(2-hydroxyphenyl)-benztri­
azoles yielded yellow-green fluorescent chromatogram zones, which were, in the 
cases ofTinuvin P (hRr 20 ~ 25) and Tinuvin 343 (2-[2-hydroxy-3-(1-methylpropyl)-
5-tert-butylphenyl]benztriazole; hRr 45- 50), suitable for quantitation. 

In situ quantitation: Quantitative detennmatton IS performed fluonmetncally 

chromatogram zone. 
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Diphenylboric Anhydride Substances Oiphenylbonc arihydnde 
2-Hydroxybenzaldehyde 

Salicylaldehyde Reagent Chloroform 

(DOOB Reagent) 
Reaction 

The DOOB reagent, which is fmmcd by reaction of diphenylboric anhydride nitlt 
salicylaldehyde, yields fluorescent reaction products with primary arnines [1]. 

-

Reagent for: Q _D c~o ()(;+ 
Q _D •oQ 

I"Yc"o f"i(s-o-sY') + 2 a. 'H ---> 2 (Ju'-
• Primarv (!) amines B 0 B f 'H "- OH - <,0 

e.g. alkyl amines [1 3] (J 'lJ ~OH -- 'V "' 
""'" """"" ,.,_ 
rX, w-diamines [5, 6] C24H2oB20 C7H602 a~hydride 

-
aldehyde 

polyamines [6] M,~ 346.04 Mr = 122.12 

oc:~=O 
alkanol amines [7] Diphenylboric Salicylaldehyde cx:::9· " subst. anilines [8] anhydride o;;.oQ 

+ H2N-R -------7 

aminoglycoside 
- H20 

I ("" r 
. ·'' ' '"'. biogenic amines -[111 

"V """ 
hydrazines UUUH reagent Amme r morescenl 

reaction product 

··-

Method 

Preparation of the Reagent The chromatogram is freed from mobtle phase (stream ol warm a1r, ISmmJ, 
immsrssd fer :Is in tb~ n:agent solution ·•fter cooling to room temperatme and 

Dipping solution Dissolve 35 mg diphenylboric anhydride (DBA) and 25 mg heated to 110-120"C for 10-20 min. The chromatogram is then briefly immersed 

salicylaldehyde ( = 2-hydroxybenzaldehyde) in 100 m\ chloro- in liquid paraffin - n-hexane (1 + 6) in order to enhance and stabilize the fluores-

form. This results in the formation of 2,2-diphenyl-1-oxa-3- cence. 

oxonia-2-boratanaphthalene (DOOB). 
After evaporation of the hexane blue fluorescent chromatogram zones are visible 

Storage DB~ ~·oiutions should oal~ be stefeEl fer a shl'lft time eoen in on a dark background under long-wa¥elengtb I !Y' ligbt (~ 365 nm) 

the refrigerator. On the other hand, DOOB reagent solution 
in bottles with ground-glass stoppers may be stored in the !'Jote: The dipping solution may also be used as spray solution [1]. The reagent 
refrigerator for at least 2 weeks. may be applied to RP layers; it is not suitable for amino phases. 
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Procedure Tested 

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/! LiCI 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 mm, cooled and Immersed m the reagent solutiOn for 2 s. It was then heated to 
110-120'-'C for 10-20min, allowed to cool to room temperature and immersed 
for 2 s in liquid paraffin - n-hexane (1 + 6) to enhance and stabilize the fluores-

A 

Fig. 1: Fluorescence scan of a blank track (A) and of a chromatogram track (B) with 500 ng 
netilmicin and 1~-tg gentamycin C complex as sample. Netilmicin (1). gentamycin C 1 (2), 
gentam)·cin C2. (J), gentamycin C2 (4), gentamycin C1• (5), impurity in netilmicin (6). 
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cence. After the evaporation of the n-hexane the netilmicin and the gentamycin 
components appeared as blue fluorescent chromatogram zones on a dark back­
ground under long-wavelength UV light (). = 365 run). 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 netihnicin is to be chromatographed alone it is recommended that the 
m~thanel €eeteet ef the mebile flhase be ie~Nased Ee.g. te :n 1 7), in efder te 
increase the value of the hRf. The detection limit for the substances in the appli­
cation tested was more sensitive using DOOB reagent on RP layers than when 
NBD chloride, fluorescamine or o-phthalaldehyde were employed. The derivatives 
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 (Am 
365 nm, ).n > 430 nm) (F1g.l). 
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Spray solution II Caustic soda solution (c = 0.1 mol/l]

Reagent for:

Storage

Substances

The reagent solutions should always be freshly made up and
last blue salt B should always be stored In the refrigerator.

Fast blue salt B
Methanol

• Phenols
e.g. n-alkylresorcinol homologues [1]

thymol derivatives [2]
hydoxyanthraquinones [3]
ratanhia phenols [4]
cardol, anacardol [5]
phloroglucinol derivatives [6, 7]

• Tannins [8, 9]

e.g. cumarins [10]
l1avonols [11]

• Phenolcarboxylic acids [12]

• Cannabinoi s 1 -18

• Amines capable of coupling
e.g. carbamate pesticides [19]

pharmaceutical metabolites [20- 22]

2+

CI4H12ClzN40Z . ZrrCl,

M, = 339.18

Sodium hydroxide solution (0.1 mol/l)

Reaction

Fast blue salt B couples best with phenols in alkaline medium, c.g. with ll-nor-
9 e f llowin red-colored roduct:

C~O

I
OH

Fast blue sail B

eagent

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] or acetone-water (9 + 1) [14].

11·Nor-Ll9-THC­
9-carboxyllc acid

red-colored aZQdye

11-Nor-Ll"·THC­
s-carboxvhc acid



290 J:"'ast Blue Salt B Reagent 

Method 

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 
cone. 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 
SOU lOOS an consecutive y. 

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 he employe,! 

in the reagent in place of fast blue salt B. It is occasionally preferable not to apply 
spray solurions I and 11 separately but to work duectly wllh a 0.1% solutiOn of 
fast blue salt B in caustic soda solution (c = 1-2 mol/1) [13, 15] or in 0.5% 
methanolic caustic potash [3]. 

A dipping solution consisting of 0.2% fast blue salt B in hydrochloric acid 
((" = 0.5 moljl, immersion time: 30 s) has been reported for the detection ofresorci-

11-carboxylic acid [15] and of 500 ng per chromatogram zone for carbamate 
pesticides [19]. 

The reagent can be employed on cellulose, silica gel and polyamide layers [11]; 
kieselguhr, RP and Si 50 000 layers are also suitable. 

Caution: Fast blue salt B 

Procedure Tested 

THC Metabolites in Urine after Consumption of Hashish (181 

Method Ascending, one-dimensional multiple development method 
(stej3,ise teehnique, df)ing betneen eadttun) in two mobile 
phase systems in a twin-trough chamber without chamber 
saturation (equilibration: 30 min at 20-22 cq at a relative 
humidity of 60-70%. 

Layer 

Mobile phase 1 

~obile phase 2 

~igration distances 

Fast BlUR Salt B Reagent 291 

HPTLC plates Sil1ca gel 60 F254, (MERCK) or HPI CC plates 
Silica gel60 WRF 254• (MERCK). 

Toluene - ethyl acetate - formic acid [16 + 4 + 0.5 (0.4")]. 

Toluene- ethyl acetate- fonnic acid [17+3+0.25 (0.2*)]. 

Eluent 1: 7.5 mm, 15.0 mm and 22.5 mm 
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 half of a twin-trough chamber whose other trough contamed 
25 mlconc. ammonia solution (equilibrated for 60 min!).lt was immersed immedi­
ately afterwards in the dipping reagent for 5 sand dried in a stream of warm air 

tor 5 mm. 

In v1slbie hght the chromatogram zones were red on an almost colodcss back-
ground (Fig. 1), they slowly turned brownish on exposure to air and appeared 

5 10 15 20 

blue salt RR (A) and fast blue salt B (B). Track. A 1 and B1 :_metabohte~free urmcs, tracks 
A16 and B15 represent ea. 60 ngtotal cannabinoids per m! unne (detenmncd by RIA). 

* These quantities apply to th.e WRF 2 ~4• layer. 
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A 

8 

l<'ig. 2; Chromatogram from Ftg. 1 observed underlong-wavelength UV hght (l = 365 nm). 

A. • 

Fig. 3 Rctlcctance scan of a urine free from THC metabolites (A) and one contammg THC 
metabohtes (B): Peak 1 corresponds to ea. 100 ng 11-nor-,1 9 -THC-9-carboxyhc acid per ml 
unne 

under UV light on the indicator-containing layer as dark blue zones on a pale blue 
fluorescent back round. 

A.dditional .dipping in a 0.001% solution of dansyl semipiperazide or bis-dansyl 
p1peraz1de m dichloromethane - liquid paraffin (75 + 25) stabilized the calor of 
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 
chromatogram zones for visual analysis in daylight, while fluorescence quenching 
tn UV light (A= 254 run) was greater with fast blue salt B and fast blue salt RR 

(Figs. 1 and 2). 

In situ quantitadon: The absorption photometric analysis was performed at A= 
546 nm (Fig. 3). 
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F'luorescamine Reagent di-Sodium tetraborate decahydrate 
Taurine 
di-Sodium hydrogen phosphate dihydrate 

Reaction 
Reagent for: 

• Primary amines, amino acids [1- 5] 
0 

Fluorescamine reacts directly Wl[D pnmary ammes to torm tluorescent prouucts. 

p Secondary amines yield nonfluorescent derivatives which can be transformed into 

e.g. histamine [4], sympathomimetics [6], fluorescent products by a further reaction with primary amines. 

catecholamines, indolamines [5], 
arylamines [7], gentamicins [8] "''\"TT r 

! 
,, <.--9 lj._ 'oH 

" I 
,,, 

" w·' 

~/ 1 l~::)"""' 
i • Sulfonamides [10-14] M,~ 278.27 " 0 

I ~ 
0 

R2 ..... O:,!r 1("' 
PreJ!aration of the Reagent 

o(, 
COOH _, 

Fluorescamine Fluorescent 
Dipping solution I Dissolve 16 56 mg fluOiescamine (Fiuramtl:) In lOOmi reaction pwduct 

acetone [2, 9, 10]. 

Dipping solution 11 Make 10 ml triethylamine up to 100 ml with dichloromethane 
[2]. Method 

Spray solution I Dissolve 1.9 g di-sodium tetraborate decahydrate in 100 m! 
Mtct and adjust the pll to 16.5 with caustic soda solutiOII. Primar)' amjney · Tbe cbromatngrams are dried for 10 min at 110''C cooled to 

Spra) solution 11 Bi:ssohe 3.6 g di-sodium hydrogen phosphate dihydrate in 
room temperature and then immersed in dipping solution I or sprayed evenly with 

1t and then dned for a few seconds m the a1r. 
100 m! water and adjust the pH to 7.5 with phosphoric acid. 
Dissolve 2.5 g taurine in this. Then they are immersed in dipping solution 11 for 1 s or sprayed with it. 

Storage The dipping solutions and the spray solutions may be stored Fluorescent blue-green chromatogram zones appear on a dark background in 

for at least one week in the refrigerator [2]. long-wavelength UV light().= 365 nm). 

~ubstanees I<lueFeseamine 
Triethylamine 

Secondary ammes: The chromawgrams are fitst freed from moUHc phase and then 

Acetone 
sprayed evenly with spray solution I and heated to 110°C for 15 min. 

Dichloromethane 
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 60°C for 5 min. 
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Sulfonamides: The chromatograms are freed from mobile phase and immersed in length UV light (A= 365 nm); these zones could be quantitatively determined after 
dipping solution l for 1 s or sprayed evenly with it [10, 11]. 15 min (Fig. 1). 
After ea. 15 min green-yellow fluorescent chromatogram zones appear on a dark 
background in long-wavelength UV light().= 365 nm). In situ quantitation: The fluorimetric determination was performed at A0 , 0 

~ 

365 run and A.f1 > 460 nm. The detection limits were 5-20 ng substance per 
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 

chromatogram zone. 

hyd.mxid.s [1, 4) er a piHlsphate but:rer selutien pll 2.0 (e 0.2 melfl) [S], so:p·es 
to stabilize the fluorescence of the amino derivatives [2]. A final spraying with 1 

methanolic hydrochloric acid (cHc• = 5 mol/!) 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 prechromatographlc derivatization by over- ' 3 
spottJn,g[(if orilippmgr5f. 

--rneaetect!On tmtiTor ammes aMsUironamTcreSTtes m tneTow nanogram range. 

The layers with which the reagent can be employed include silica gel, kieselguhr, 
Si 50000 and cellulose. ;: 

" 
Procedure Tested !. 

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

Layer HPTLC plates Cellulose (MERCK). Fig, I: Fluorescence scan of a chromatogram track with 200 ng of each substance per 

Mobile ~base 1-Butanol glacial acetic acid water (15 ± 5 ± 5). 
.:hromato,gram zone. Glycmc (1 ), alanine (2), valine (3), leucine (4). 

Mh•ration distance 5cm 

Running time 25 min 
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• Aromatic hydrocarbons 
and heterocyclics (1] 

• /3- Blockers 
e.g. pindolol, alprenolol, propranolol, 

oxprenolol, nadolol etc. [2, 3] 

• Alkaloids 
e.g. morphine, codeine, heroin I 

'- . "'" I 

e.g. 2,5-dimethoxy-4-bromoamphetamine (5] 

• Methyl esters of fatty acids [6] 
/-0 

H-C~ 

• Phenothiazines [7] 
H 

CH20 H2S04 

• Tannins [8] M,~ 30.03 M,~ 98.08 

• Guaifenesin [9] Formaldehyde Sulfuric acid 

.. 

Preparation of Reagent 

Di~mim:; solution Add 10 m! 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 rnl 
cone. sulfuric acid [1- 3]. 
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Storage 

Substances 

Reaction 

The dipping solution may be stored for ea. 4 weeks in the 
refrigerator. 

Formaldehyde solution(~ 37%) 
Sulfuric acid (95- 97%) 
Methanol 

Morphine (1) reacts with formaldehyde in acidic solution to yield a cyclic 
ketoalcohol (2) which is transformed into the colored oxonium (3) or carbenium 
ion (4) in acidic conditions [10]. 

2 CH 20 + 2 

/ 

I y 
(3) (4) 

Method 

The chromatograms are freed from mobile phase (5 mm m a stream of warm atr), 
immersed in the dipping solution for 4 s or sprayed evenly with it and then heated 
to 110 C for 20min (the methyl esters of fatty acids are heated to 140°C for 
10 min [6]). 

Formaldehyde - Sulfuric Acid Reagent 301 

Variously colored chromatogram zones are formed on a pale pink background, 
some of them before heating. These zones frequently fluoresce in long-wavelength 
UV light (A~ 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 ea. 10-40 ng 
have been reported for alkaloids [4] and 50 ng-1 l!g for P-blockers [2, 3]. 

The reagent can be employed on silica gel, kieselguhr, Si 50 000 and aluminium 
oxide layers. 

t'foceifure tesreo 

Morphine Alkaloids 141 

Method 

Layer 

Mobile phase 

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

HPTLC plates Silica gel 60 (MERCK) which had been pre-

Methanol -chloroform - water (12 + 8 + 2). 

Migration distance 6 cm 

Running time 20 min 

uetecnon ano resun: 1 ne curomalugram was utitx 
5 min immersed jn the dipping solution for 6 sand heated to 110°C for 20 min. 
After drying in a stream of cold air morphine (hRr 25-30), 6-monoacetylmorphine 
(hRr 40-45) and heroin (hRr 50-55) yielded reddish chromatogram zones and 
codeine (hRt 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 vacam trough) and then immediately immCiscd: for 2 sin a 2!:1% soltttiem 
of dioctyl sulfosuccinate in chloroform. After drying in a stream of cold air the 
morphine alkaloids investigated appeared under long-wavelength UV light (). = 

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 
mode was performed at A= 330 nm (detection limit ea. 40 ng per chromatogram 
zone). The fluorimetric analysis was carried out at Am= 313 nm and An> 560 nm 
(detection limits: ea. 10 ng per chromatogram zone) (Fig. 1 ). 
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Fig. l: Reflectance scan (A) and nuorcscencc 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-
acctylmorphinc (3), heroin (4). 
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Hydrochloric Acid Vapor Reagent 

' 
~-

I 
Reagent for: ' 

' 

• Antiepileptics 
e.g. carbamazepine [1, 2] 

primidone, phenytoin, phenylethyl-
malonamide, phenobarbital [3] 

, ,., 
·p 

e.g. 4-aminoazobenzene derivatives [5] 

• Digitalis glycosides [6-10] I 
I 

e.g. acetyldigoxin [6], digoxin [7, 9] 
digitoxin [8] 

e.g. papaverrubines [12] 

• Anabolics HCI 
e.g. trenbolone (13-15] M,= 36.46 

• Chloroplast pigments [16] 

' l" l 

',._, 
-

~-

Preparation of Reagent 

Reagent solution Place 10 ml cone. sulfuric acid in a twin-trough chamber and 
add 2 ml cone. hydrochloric acid dropwise and with care. 

Storage The reagent should be made up fresh daily. 
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Substances Hydrochloric acid (32%) Layer HPTLC plates Silica gel 60 with concentrating zone 

Sulfuric acid (95-97%) (MERCK). 

Application teclmique The samples were applied as bands (ea. 5 mm long) at right 

Reaction angles to the lower edge of the plate (that is parallel to the 
future direction of development), e.g. with the Linomat Ill 

The reaction mechanism has not yet been elucidated. (CAMAG). 

. .. 
Method 

2. Acetone - chloroform (65 + 35). 

Migration distance Mobile phase 1 : 7 cm 

Free the chromatogram from mobile phase (first in a stream of cold air for a few Mobile phase 2: 4 cm 

minutes, then at wo~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 Detection and result: The chromatogram was freed from mobile phase in a stream 

or 4-aminoazobenzene derivatives. Digitalis glycosides and carbohydrates as well of warm air and exposed to hydrochloric acid gas (LINDE) in a Tetlon autoclave 

as diazepam and testostewne ate first viewed aftet 1eheating (te 168 16S'C fer (diameter :20 em, height S e~. Fer this JHlFpese th@ MFTLC plate "'as laid Qll a 

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 ruin with 
unfiltered UV light from a mercury lamp immediately after exposure to the HCI " vapors and then inspected [1, 2]. 

Chalcones yield orange-red to brown-colored zones [4] as do 4-aminoazobenzene 

"' deri~~ti_ves, _b~t t~~ir colors be~in to change after 10 min and slowly fade [5]. '1'1 
Antiepileptics [3], carbohydrates, diazepam and testosterone [ 11] as well as digitalis ·n111 glycosides are visible as light blue fluorescent zones on a dark background in long-
wavelength UV light (). = 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]. -m Note: The reagent can be employed on silica gel, kieselguhr, Si 50 000 and RP 
layers [6]. The fluorescence intens1t1es ol the chromatogram zones canoe mcreasea 

u '" by dipping in a solution of liquid paraffin in hexane or chloroform [8, 11]. 

Fig. I o.H.s s to· ot2.s s m Fig, Z 

Procedure Tested ' 1 2\cml 
Migratioo distance [nglzone) 

Digitalis GlycosUICs [9) 
Fig. I: Flueresee11ee sean ef a mi~lme af digitalis giY"asidt:S Digr,nin (IX}s), digoxigenin 
bis-digitoxoside (DG1), digoxigenin mono-digitoxoside (DGl), digoxigenin (DG). 

Method Ascending, one-dimensional double development (stepwise Fig. Z: Fluorimetric analysis of various quantities of digoxin for evaluation of the detection 
technique) in a trough chamber with chamber saturation. limit. 
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Teflon support with its glass side facing the gas inlet; the autoclave was evacuated Hydrogen Peroxide Reagent 
(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 liquid paraffin in chloroform (30 + 70) for 15 s. 

n "; ·,~; ;p'""" hi I mne< ;n Inn•- ' JIV c fnr• 
light (A~ 365 nm) (Fig. 1). 

I 

• Aromatic acids [1] H202 
In situ quantitation: The fluorimetric analysis was carried out in UV light (Am = 
365 nm, ).n > 430 nm). The dete(;tion limit for digoxin was 300 pg per zone (Fig. 2). • Thiabendazole [2) M,=34.01 

[I] Hundt, H. K. L, Ciark:, E. C.: 1 Chromatogr. 1915, 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, Wtirz- Dipping solutioo Acids: Make up 1 ml30% hydrogen peroxide (Perhydrot®) to 
burg. Bad Dtirkheim: IfC-Verlag, 1985, p. 281-311. 100 ml with water [1]. 

[3] Canstein, M. v.; Thesis, Fachhoch~hule GieBen, Fachbereich Technisches Gesundheitswe-
sen, 1984. SP'rax solution Thiabendazole: Make up 3 ml 30% hydrogen peroxide to 

[4) Stanley, W. L.: J. Ass. Off. Agric. Chem. 1961, 44, 546 548. 100 ml with 10% acetic acid [2]. 
[5) To12ham, J. C. Westro(', l W.: 1 Chromatog_r. 1964, 16, 233-234. 
[6] Winsauer, K., Buchberger, W.: Chromatographia 1981, 14, 623 625. Storage The reagent solutions should always be freshly made up. 
[7) Bottler, R.: Kontak/e (MERCK} 1978, 2, 36-39. 
[8] Faber, D. B., Kok, A. de, Brinkmann, U. A. Th.: 1 Chromatogr. }1)77, 143, 95-103. Substances PerhydroJ® 30% H 20 2 

[9] Reh, E., Jork, H.: Fresenius Z. Anal. Chem. 1984, 318, 264-266. Acetic acid 
[10] Lugt, C. B.: Pharm. Weekbl. Ned. 1976, Ill, 405-417. 
[11] Zhou, L., Shanfield, H., Wang, F. S., Z1atkis, A.: 1 Chromatogr. 198J., 217, 341-348. 
[12] Slavik, J.: Collect. Czech. Chem. Commun. 1980, 45, 2706-2709. 

:~~ :"."" . ., . . . . ":.'· . . - . 
[14] Hohls, F. W., Stan, H. J.: Z. Lebensm. Unlers. Forsch. 1978, 167, 252-255. Reaction 
[13] Oehrie, K.-L., Vogt, K., Hoffmann, K: J. Chromatogr. 1'115, 114, 244-246. 
[16] Petrovic, S. M., Ko!arov, L. A.: 1 Chromatogr. 19'19, 171, 522-526. Many carboxylic acids are converted into fluorescent derivatives by oxidation and 
[17] Schneider, G., Mielke, B.: Dtsch. Apoth. Ztg. 1978, 118, 469-412. 
[18] Vesely, D., Vesela, D.: C7zem. Listy ((;SSR) 1980, 74, 289-290. UV irradiation. The reaction mechanism has not been elucidated. 

J>Iemoo 

The chromatograms are freed from mobile phase, immersed for 3 sin the reagent 
solution or homogeneously sprayed with it and then subjected to intense UV 
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radiation (A= 365 run) for 30 s to 3 min while still moist (3]. Generally, after a few 
minutes, aromatic acids produce blue fluorescent chromatogram zones under long­
wavelength UV light (A = 365 run) [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 (A = 356 nm) [2]. 

Note: The dipping solution can also be sprayed on. The detection of the aromatic 
acids is best petfmmed on cellulose laycts, ifaunllVnia-containin:g 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 Ill 

Method 

Molrile pbase 

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

()iisepmpyl ether fermis asiEl "'ater (9Q 1 7 1 J). 

Migration distance 10 cm 

Running time 30 min 

Detection and result: The chromatogram was dried in a stream of warm air for 
1o min, immersed in the reagent solution for 3 sand then subjected to intense' rv 

radiation (high pressure lamp, l = 365 nm) for up to 10 min. Tcrephthalic (hR, 
0 5), ptmelic (hRr 55), subenc (hRr 60), sebaCic (hR, 65 /0) and benZOlC actds 
(hRr 70 -75) 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 JJ.g for salicylic 
acid and more than 5 !J.g 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 wann air, immersed in the reagent 
solution for 5 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 (A = 254 nm or 365 nm). The zones 

ffnr 
are mainly yellow in color; the colors of their fluorescence are listed in Table 1. 

eo The dipping solution can also be employed as spray reagent, in this event 60% [6], 

• Cations [1-10] 
80% [5] or 95% ethanol [9] have been recommended in the literature. The reagent 
can be employed on silica gel, Dowex 50X4 (Na + ), cellulose and starch layers. 

• 1,4-Benzodiazepines [11] C9H1NO The detection limit for 1,4-benzodiazapines is 100 ngperchromatogram zone [11]. 
M,= 145.16 

Table I: Colors of the 8-bydroxyquiooline complexes 

loo Color Detection 

Preparation of the Reagent 
limit (ng) 

Daylight Fluorescence 
(A,,0 = 365 nm) 

Dippiog solution Dissolve 0.5 g &-hydroxyquinoline in 100 ml ethyl acetate. 
Be2 + green-yellow yellow 200 

Storage The solution may be kept for several days. Mgl+ green-yellow yellow lOO 
Ca2 yellow yellow 500 

Substances 8-Hrdroxyquinoline Srz+ yellow green-blue 200 

Ethyl acetate Ba 2 + yellow blue 500 

Ethanol 
Sn2+f4+ yellow • • 
Cr3+/<>+ black • . 

Ammonia solution (25%) 1-'e2+f3+ black purple • 
AJ3+ yellow yellow • 
NjH yellow red • 
Co2 + yellow red • 

H • 
Reaction Bt2 + yellow red • 

&-Hydroxyquinoline forms colored and fluorescent complexes with numerous cd<+ ~ellow yellow • 
metal cations. 

Hg2+ yellow "" • 
-

* = not reported 

20o .. ,. w 
------'> o---~1 - ' .,. 

(X) 
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Procedure Tested 

Alkaline Earths (4, 121 

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 5 cm 

Running time 20 min 

Detection and result: The chromatogram was dried in a stream of warm air for 
15 min, immersed in the reagent salutian far S s, then dried in the air and fmall~ 
placed in an ammonia chamber for 5 min. The plate was inspected under long-
wavelength UV light (A- 365 nm) immediately after removal from the chamber. 
The separation (Fig. 1) corresponded to the order of the group in the periodic 
table: Be2 + (hRr95-98), Mgl+ (hRr 75-80), Ca2 + (hRr S0-55), Sr2 + (hRr 30-
35, slight tailing) Ba2+ (hRr 15-20). 

The proportion of hydrochloric acid in the mobile phase was not to exceed 20%, 
so that complex fonnation did not occ"r and zone str:uctnre "'tUi not ad"ecsely 
affected. An excess of accompanying alkaline earth metal ions did not interfere 
wtth the separatton but atkah metal cattons dtd. I he lithium catton fluoresced 
blue and lay at the same height as the magnesium cation, ammonium ions interfered 
with the calcium zone. 

G 1 1 3 I 5 G 

: .. : 
• • • • • • • • • . . . . . • • 

Fig. I: Chromatographic separation of the alkaline earth cations. Mixture (G), Be2 + (I), 
Mg2 + (2), Ca2 + (3), Sr2 + (4), Ba2 + (5). 
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Iron(III) Chloride - Reaction 

Perchloric Acid Reagent The reagent mechanism has not yet been elucidated. 

(FCPA Reagent) 

1 
The chromatogram is freed from mobile phase in a stream of warm air, immersed 

Reagent for: for 4 s in the dipping solution or sprayed evenly with the spray solution until 
just transparent, dried briefly in the air and then heated to 110-120'C for 
20-60 min. 

,_,,I ·I'· I i'· 'I I"' 
e.g. from rauwolfia [1] Variously colored chromatogram zones are produced on a colorless background. 

®ernaemomana--yr,T,""9f 'fi he d . h h,,;. ' d , 6 ,[ I 
mitragyna [3, 4] FeCI3 • 6H20 HCI04 

structure-spec! IC, c ange unng t e eatmg process an they not m requent y 

Strychnos [5] 
M,~ 270.30 M,~ 100.46 

fluoresce under short or long-wavelength UV light().= 254 or 365 nm). 

synclisia [6] lron(III) Perchloric Note: Indoles, that are substituted with oxygen in position 2 or 3, do not react cinchona [8] chloride acid [11]. The reagent can be employed on silica gel, kieselguhr and Si 50 000 layers. 
• Indoles hexahvdrate . . ,,_ '· . "'· '" 

Danger warning: Mists of perchlonc ac1d can condense m the exhausts of fume 
cupboards and lead to uncontrolled explosions! So dipping is to be preferred. 

Preparation of the Reagent 

Solution I Mix 2 m! pcrchloric acid (70%) carefully into 100 m! ethanol. 

Solution 11 Dissolve 1.35 g iron(lll) chloride hexahydrate in 100 ml etha- Procedure Tested 

Dipping solution Mix 100 ml solution I with 2 ml solution 11 [10]. Strycbnine, Brucine 1101 

Spray solution Dissolve 5 g iron(III) chloride hexahydrate in a mixture of Method Ascending, one-dimensional development m a trough 
50 ml water and 50 m] perchloric acid (70%). chamber without chamber saturation. 

Storage The diQQing solution may be stored for at least a week. La)'er HPTLC nlates Silica gel 60 (MERcK). The layers were pre-

Substances lron(lll) chloride hexahydrate washed once with chloroform - methanol (1 + 1) and dried 

Perchloric acid (70%) at 110"·C for 10 min before application of samples. 

Ethanol Mobile phase Acetone - toluene - 25% ammonia solution ( 40 + 15 + 5). 
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Migration distance 5cm [7] Beek, T. A. van, Kuij!aars, F. L C., Thomassen, P. H. A. M., Braga, R. M., Leitd.o Filko, 
H. F., Reis, F. De A. M.: Phytochemistry 1984, 23, 1771-1778. 

Running time 10min [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. 

Detection and result: The chromatogram was freed from mobile phase in a stream [9] Beek, T. A. van, Verpoorte, R., Baerlieim Svendsen, A. : Plan/a Med. l98l, 47, 83-86. 

of warm air (45 ruin), immersed in the dipping solution for 4 s, dried briefly in the [10] MUller, J.: Thesis, Fachhochschule GieBen, Fachbereich lechnisches Gesundheitswesen, 
1987. 

air and heated to 110 cc for 20 min. [ll} Clotten, R., Clolten, A.: Hochspannungs-Elektrophorese. Stuttgart, G. Thieme 1962. 

Stry~lmine (li R., W SS) apJlilared as a FIHi and bmeine fhRt 35) as a )elle>n 

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 A =450 nm (Fig. 1). 

1 

3 

~ ~ 
4 

Jti~ A 

8 

Fig. I: Reflectance scan of a nux vomica extract (A) and a reference chromatogram containing 
1 ~each of SIQ'chnine and brucine (B). Start (1) brucine (2) stm;bcice (3) frool (4) 
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Isonicotinic Acid Hydrazide 
Reagent 

(INH Reagent) 

Reagent for: ,o 

6NH-NH2 

• LI 4-3-Ketosteroids [1-6] 
0 .•. 

CHNO 
M,~ 137.14 

Preparation of the Reagent 

Dippiog solution Dissolve 1 g isonicotinic acid hydrazide (4-pyridinecarboxylic 
aeid h)drazide, isaniazide) in 1QQ m! ethane! and add §Q{I ~;tl 

trifluoroacetic acid [1] or 1 ml glacial acetic acid. 

Spray solution Dissolve 0.8 g isonicotinic acid hydrazide in 200 ml methanol 
and add 1 ml hydrochloric acid (25%) [6] or glacial acetic acid 
[2]. 

Stol'agt IJG>th sG>IYtiG>os may be kept in th@ F@ffig0rater fer ene ""-eek at 
4'C. 

Substances 4-Pyridinecarboxylic acid hydrazide 
Hydrochloric acid (25%) 
Trifluoroacetic acid 
Ethanol 
Methanol 

Reaction 

Isonicotinic acid hydrazide forms fluorescent hydrazones with ketosteroids. 

honicotinic Acid Hydrazide Reagent 319 

hydrazide nicotinic acid hydrazone 

Method 

Th, ...... nf, nl• . •h, .; 

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 
the fluorescence [1]. 

Colored hydra zones are formed which fluoresce on a dark background in long-
wavelength UV light (A= 365 nm). 

Note: .14-, .14 •6 -, .1 1
•
4

- and .1 1-3-Ketosteroids react at different rates - as a 
function amongst other things of the acid strength of the reagent - so they can 
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. 

Silica gel, kieselgubr, Si 50000 and cellulose layers, amongst others, can be used 
as stationary phases. 

Procedure Tested 

Testosterone Ill 

Method Ascending, one-dimensional development in a trough cham­
ber with chamber saturation. 
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Layer HPTLC plates Silica gel60 (MERCK). 4 
The layer was prewashed by developing once in chloroform 

I 
and then twice in toluene - 2-propanol (10 + 1), with drying 
at 110"C for 30 min after each step. J 

1 Mobile phase Toluene- 2-propanol (10+ 1). 1 

Migration distance Scm 

Running time 10min 

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 
fina1ly kept at room temperature for 20 min. Testosterone (hRr 35-40) fluoresced 

' \.. pale blue in long-wavelength UV light (A 365 nm, Fig. 1 ). 

Fig. 1: Fluorescence scan of a .:1 4 -3-ketosteroid mixture after INH treatment. Aldosterone 
In sib! quantjtatiog• Tile chmmategr:am w-as then aip.,ed inta liquid pataffin (' ), cot ticoste•onc (2), cot texolone (3), tcstoslt!OIIC (4), piogcstcJOJIC (5). 
- 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 P-exc = 365 nm; -41 > 430 nm). 

The separation of a mixture of ..1 4 -3-ketosteroids is illustrated in Figure 2. References 

l'! ~u~11., .: :_resemus _L •. !"In~'· '-:'~~m:~~'· :11~. LUb-LI~. 

[2] Lisboa, B. P.: Acta Endocrinol. 1963, 43, 47-66 

l 1 [3] Lisboa, B. P. : 1 Chroma/ogr. 1964, 16, 136-151 : 1965, 19, 81-104. 

tAJ\, [41 Vaedtke, J., Gajewska, A.: J. Chroma/ogr. 1962,9, 345-347. 
[.5] Weichsclbaum, T. E., Margraf, H. W.: J. C/in. Endocrinol. Me/ab. (Copenhagen) 1957, 17. 

959-965. 
[(i] Smith, L. L., Foell, T.: Anal. Chem. 1959, 3!, 102-105. 
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Fig. I: Fluorescence scan of a blank track (A) and of the testosterone derivative (B, 2 11g). 
Start (I), testosterone-INH derivative (hRr 39) (2), unknown substances (3, 4). 
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Lead(II) Acetate Basic Reagent MethOd 

The chromatogram is freed from mobile phase in a stream of warm air, immersed 
in the reagent solution for 1 s or homogeneously sprayed with it until the layer 
starts to be transparent and heated to 50- 80°C for 5-20 min. 

I 
Chromatogram zones of various colors sometimes appear even before heating, 

Rea,.ent for: these fluoresce under long-wavelength UV Ii~ht (..t = 365 nm) in the case of some 

I 
substances. 

• Flavonoids [1- 3] 
1\"ote: The detection limits per chromatogram zone are ea. 1 ~g substance in the 

• Aryl-substituted thiourea derivatives case of aryl-substituted thloureas [4], but even at 50 J.Lg per zone diallate and 
(thiocarbamide derivatives) [4] triallate did not produce any reaction (6]. The reagent should be employed 
n "" 

undiluted (cf. "Procedure Tested", Fig. 2). 

Pb(CH,COO), · n Pb(OH), The reagent can be employed on silica gel, kieselguhr, Si 50 000, cel!ulose and 
polyamide layers. 

Preparation of Reagent 
Procedure Tested 

Dipping solution Basic lead(! I) 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. :vlethod Ascending, one-dimensional development in a HPTLC 

Substances Lead acetate (17.5-19% Pb) trough chamber with chamber saturation. 

(lead( I I) acetate solution, basic) Layer HPTLC plates Silica gel60 (MERCK). 

\1obile pbast Eth)'l acetate diclllorornetbane formic acid ~&mter 

n (35+15+5+3). 

Migration distance 5cm 
Lead( H) acetate yields colored lead salts with flavonoids and thiourea derivatives. Running time 13 ruin 

Detection and result: The chromatogram was freed from mobile phase, immersed 

' r 'l- In the reagent solution for 1 sand then heated to 80"C for tO min. Rutin (hRr 5-

N c~ +Pb2+~l/N <sj Pb2+ /2 
• · vo; , · e.:n r ..::~ :>J, isoquerciu.tn 

/ lhRr 25-30), quercitrin (hRf 40-45), luteolin (hRf 75-80), quercetin (h~ 80-SH -W S 
115) and isorhamnetin (hl4 80 -85) yielded yellow to brown chromatogram zones 

Thiourea derivatives Lead salt on a pale background; under long-wavelength UV light (..t = 365 nm) these pro~ 
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duced yellow to orange fluorescence. The detection limits were 50 100 ng substance 
per chromatogram zone (Fig. 1 ). The influence of the reagent concentration on 
the sensitivity of detection is illustrated in Figure 2. 

Fig. I F_ig.2 

Fig. I: Chromatograpl:tic separation or flavone glucosides 
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[7] Kany, E., Jork, H.: GDCh-training coune Nr. 301 ,Dlinnschicht-Chromatographie fiir Fort­
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Lead(IV) Acetate -
Dichlorofluorescein Reagent 

Reagent for: 

• Vicinal dials 

sugar alcohols (2-4] 
cyc!itols [5] 
glycerol [2, 3] 

• Glycosides 

• Phenols [8] 

Preparatjon of the Reagent 

(CH,COO),Pb 

Lead( IV) acetate Dichloro­
lluorescein 

Solution I Two percent to saturated solution oflead(IV) acetate in glacial 
acetic acid. 

Solution 11 Dissolve 0.2 to 1 g 2',7'-dichlorofluorescein in 100 m! ethanol. 

Dipping solution Mjx 5 ml sohJtjon I and 5 ml solution )I and make up to 200 m! 

Storage 

with toluene immediately before use. 

Solutions I and 11 on their own are stable for several days, the 
dipping solution should always be freshly made up before use. 
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Substances Lead(IV) acetate Procedure Tested 
2', 7'-Dichlorofluorescein 
Acetic acid (glacial acetic acid) 100% Mono-- and Sesqniterpene Glucosides (61. Arbutin and Methylarbutin (7) 

Ethanol "1ethod Ascending, one-dimensional development in a trough cbam-
Toluene ber with chamber saturation. 

Layer HPTLC plates Silica gel 60 (MERCK). 

Mobile pbase lerpene glucosldes: chlotofmm methanol (M+ 1fl). 
Reaction Arbutin: ethyl acetate - methanol -water (100 + 17 + 14). 

The reaction is based, on the one hand, on the oxidative cleavage of vicinal diols :\tigration distance Scm 

by lead(IV) acetate and, on the other hand, on the reaction of dichlorolluorescein Running time 15 min 
with lead(! V) acetate to yield a nonfluorescent oxidation product. The dichloro-
fluoregcejn only maintains its fluorescence in the chromatogram zones where the betecdon and result. 'fhe chromatogtam was fteed ftom mobtle phase, illilltctscd 
lead(IV) acetate has been consumed by the glycol cleavage reaction [1]. in the reagent solution for 1 s, dried briefly in a stream of warm air and heated to 

IOO"C for 5 min. 

Method 
1 he glucosides of menthol, citronellol, nerol, geraniol, cis-myrtenol, L-borneol, 
lmaloo! and er-terpineol yielded yellow-green fluorescent chromatogram zones 

The chromatogram is freed from mobile phase, immersed in the reagent solution 
in long-wavelength UV light (A= 365 nm). The same applied to arbutin (hRr 45-

fur8 tO s, dried briefly in a slream of warm a1r ana lleate<l m ffie arymgcupOOara 
50). 

to 100°C for 3 30min. 

Chromatogram zones are formed that exhibit yellow fluorescence in shortwave 
UV light (A= 254 nm); they are sometimes also recognizable as orange-red spots 
in visible light. 

Note: The full fluorescence intensity usually only develops about 30 min after the 
.~ ........ ;._'51-' , · · al' ;, me ..... uul.lili•Ograms are 

stored in the dark [1, 51. Fluorescein sodium can be emploved in the acr,.nt 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 ldeselguhr layers. 

_A Remar~! ... All s~~stances with vicinal dial ~oups _(sugars, sugar alcohols, glycosi~es 
-o· . 

which zones are produced by sugars the plate can be sprayed later with Sling IDling 200ng 

naphthalene-1,3-diol- sulfuric acid reagent which colors the sugars but not the Fig. I: Fluorescence scan of chromatogram tracks with 50, 100 and 200 ng arbutin per 
sugar alcohols (4, 9]. chromatogram zone. 
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' ' ' • . . , De ~UCOS!ueS COU1u ut: Lead(l V) Acetate Fuchsin Reagent performed with advantage at Am = 313 nm and An > 390 nm. The detection limits 
of arbutin and L·menthylglucoside were 1-5ng and 15 ng substance pe; 
chromatogram respectively (Fig. 1). 

References I 

I "eagem tor: H2NnoNH2 Cl-
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~cH3 
[31 Klau:., R., Fischer, W.: Chromatographia 1987,23, 137-140. 

• rx-Diol groupings [4] Schmoldt, A., Mach ut, M.: Dtsch. Apoth. Ztg. 1981, 121, 1006-1009. 
[51 Stepanek, J.: J. Chromatogr. 1983, 257, 405-410. e.g. sugar alcohols [1] 
[6] !shag, K. E. A.: Dissertation, Universitat des Saarlandes, Saarbri.icken 1984. 

''" 
(CH3COO),Pb NH2 

1 r. Jor~, ., l'l.any:_n.: vu...__n-trammg course Nr. 301 ,Diirmschicht-Chromatographie fUr Fort 
geschrittene", Universitllt des Saarlande;, Saarbrlicken 1986. 

~~! Klaus, x .• __t-·lscher, W., Bayer, H.: J. Chromalogr. 1987,398, 300-308. 

I 

CHH120RPb C2oH2oCIN3 [9) Wimmer, T.: Dissertation, Universitlit Munich, 1985. 
M,= 443.37 M,~ 337.85 
Lead(l V) acetate Fuchsin 

---

Preparation of Reagent 

Dipping solution I Dissolve 1 g lead(! V) acetate (lead tetmacetate) in 100 m! 
ethanol. 

Di~ing solution 11 Dissolve 10 mg fuchsin in lOO ml methanol 

Spra! solution I Dissolve 1 g lead{IV) acetate in 100 ml toluene 

Spray solution 11 Dissolve 50 mg fuchsin in 100 m! methanol. 

Storage Solution I should always be freshly prepared, solution 11 may 
be stored for a longer period of time. 

Substances Lead(IV) acetate 

Toluene 
Methanol 
Ethanol 
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Reaction 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 

Mono--, Di- and Trisaccbarides (41 

lead( IV) acetate is reduced by compounds containing a-dial groups. It is, therefore, Method Ascending, one-dimensional double development in a 
no longer available to decolorize the fuchsin. The fuchsin undergoes a SCHIFF trough chamber at 80°C without chamber saturation. 
reaction with the aldehydes that are formed [2]. 

Layer HPTLC plates Si 50000 (MERCK), which had been pre-

Pb(OAc),. ~0 washed before sample application by developing once with 
R-9H-9H-R 2 R-C" + Pb(OAch chloroform - methanol and then dried at 110"C for 30 min. 

- 2 AcOH OH OH H 
Mobile phase Acetonitrile - water (85 +I 5). 

Diol Aldehyde Lead(II) acetate 
2x6cm Migration distance 

JH, ± Running time 2 ; ' 8 min ~§: m in intermediate EIFyiog in stfeam af •1 aFm aiFJ a- J"' c1-

+ H,N-o-Y ------'> R-CH~N-o-c)-1 
Detection and result: The chromatogram was dried for 15 min in a stream of cold 

Ao air, immersed in dipping solution I for 3 sand dried for 10 min in a stream of cold 
2 R-C

7 

air. It was then immersed for 1 s in dipping solution Il, dried briefly in a stream ' -o- '"~ -tr H 
_ CH3 '1:1 H3 of warm air and heated to 140°C for 1 min (hot plate). 

NH, N=CH-R Raffinose (hRr 5-10), lactose (hR. 15-20), sucrose (hRr 30-35), glucose (hRr 

Aldehyde Fuchsin SCHIFF's base 
4> SO) and ffw;tgse (f1R1 60 65) ~·ielded 1•iolet chromatogram zones ~1itb a 111eak 

5 5 

Method ' ' 1 
The chromatogram is freed from mobile phase, immersed for 3 s in dipping 

1 
solution I or sprayed homogeneously with spray solution I and then dried for ea. 1 

10 min in a stream of cold air. It is then immersed for 1 sin dipping solution li or ] 3 
3 " ~ 

j '" "' Reaction usually occurs immediately or occasionally after heating briefly to 140°C, 

J l to yield red-violet chromatogram zones on a pale yellow-beige background. 

~ '" 
Note: The calor of the zones persists for a long period, but changes to blue-violet I [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 IJ.g per chromatogram zone) [3]. Fig. 1: Absorption scan (A) and fluorescence scan (B) of a chromatogram track with 200 ng 

The reagent can be employed on silica gel, kieselguhr and Si 50 000 layers. 
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 ng substance per chromatogram zone. When the chromatogram was sub-

Sulfuric Acid Reagent sequently treated with hydrochloric acid vapor for 15 min (twin-trough chamber, 
32% hydrochloric acid in the unoccupied half) the zones became more intensely 
violet-colored against a pale violet background; under long-wavelength UV light 
(J. = 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 lluorimetricanalysis was performed at Aexc = 436 nm 

' and An> 560 nm (Fig. 1). 

I 

• Cholesterol, cholesteryl esters [1-4] 

• Phospholipids, lipids [1, 5] 

• Triglycerides, free fatty acids [1] ' •rr, ll13V4 

References 
• Bile acids (2] ' ' 

[I] Illncr, E.: Pharmazie 1984, 39, 689-690. • Ketosteroids [3} Manganese(II) Sulfuric acid 
[2] Sampson, K., Schild, F., Wicker, R. J.: Chem. lnd. (London) 1961, 82. chloride 
[3] Wright, J.: Chem. Ind. (London) 1963, 1125-1126. • Estrogens (6] tetrahydrate 

' [4] Netz, S., Funk, W.: Private communication, Fachhochschule GieBen, Fachbereich Technisches 
I _j Gesundheitswesen, 1988. 

Preparation of Reagent 

Dipping solution Dissolve 0.2 g manganese chloride tetrahydrate in 30 m! water 
and add 30 m! methanol. Mix well and then carefully add 2 m! 
cone. sulfuric acid dropwise. 

Storage The sol~tion should always be freshly made up for quantitative 

Substances Manganese(II) chloride tetrahydrate 
Methanol 
Sulfuric acid (95-97%) 

Reaction 

The reaction mechanism has not yet been elucidated. 
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Method :\'lobile phase Cyclobexane - diethyl ether (1 + 1). 

The chromatograms are freed from mobile phase in a stream of cold air, immersed Migration distance 6cm 

in the reagent solution for 1 sand then heated to 100-120°C for 10-15 min. 
Co!ored zones appear on a colorless background [2] (Table 1) and these fluoresce 

Running time ea. 15 min 

pale blue in long-wavelength UV light (A.= 365 nm) [1]. Detection and result: The developed chromatogram was dried in a stream of cold 
au, immersed in the reagent solution for 1 sand then heated to 120°C for 15 min. 

Table I: Colors of the chromatogram zones The result was that light blue fluorescent zones were visible under long-wavelength 
UV light (..1. = 365 nm). Before fluorimetricanalysis the chromatogram was dipped 

Substance Color 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 Cholesterol pink 

of cold air. The quantitation (A.,c = 365 nm; ).fl > 430 nm) was carried out after Cholic acid deep yellow 
Chenodesoxycholic acid grey-green I h since it was only then that the fluorescence intensity had stabilized. 
Desoxycholic acid yellow 
llyodesoxycholic acid browp Note. Coptostanone, 4-cholestcn-3-one and 5a-cholestan 3 one eottld be deteeted 
Lithocholic acid pale pink 

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 

The pink calor of the cholesterol begins to fade after 5 min while the color of the 
solution. Figure 1 illustrates a separation of these substances. The detection limits 

bile acids deepens (2]. The visual detection limit in visible light is 1 jl.g for cholesterol 
and 2 ug ner chromatogram zone for bile acids [2] Flnorimetric detection is more ' sensitive by a factor of 10001 

3 
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. 

Procedure Tested 

Cholesterol Conrostanone Cnnrnst .. ...-.1 
.,_ 

·-~ .... 
' 

Method Ascending, one-dimensional development in a trough cham- 1~ lJ, 
her. The HPTLC plates were preconditioned for 30 min at 

~· 0% rei. humidity (over cone. sulfuric acid) after sample 
application and then developed immediately. 

.• ,. ~ P · · ge 254 VVIERCKJ, wrucn naa oeen 
prewashed by developing once up to the edge of the plate Fig. 1: Fluorescence scans of a blank (A) and of a mixture (B) of cholesterol (2), coprostanol 
with chloroform - methanol (1 + 1) and then activated to 0). 4-cholesten-3-one (4), 5~-<:holestan-3-one (5) and coprostanone (6), start {1), solvent 
110°C for 30 min. front (7). 
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were 1 ng per chromatogram zone for cholesterol (hRr 20 25) and coprostanol Mercury(!) Nitrate Reagent (hR1 25- 30) and 50 ng per chromatogram zone for 4-cholesten-3-one (hRr 40-
45), So:-cholestan-3-one (hRr 60-65) and coprostanone (hRr 70-75). 

References 
I Rea!!ent for: 
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I [2] Go~wami, S. K., Frey, C. F. : 1. Chromalogr. 1970., 53, 389-390. • Barbiturates and barbiturate 
[3] Schade, M.: Thesis, Facllhochschule Giellen, Fachbereich Technisches Gesundheitswesen, 

metabolites [1-4] 1986. 
[4] Hauck, H. E., Jost, W.: GIT Fachz. Lab. Supp/. 3 ,Chromalographie" 1983, 3-7. • Various pharmaceuticals 
[5] Jork, H., Wirnmer, H.: Quamitalil'e Au.vwertung wm Dilnnschicht-Chromatogrammen. !)ann-

e.g. pentenamide [1} stadt: GIT-Vcrla", n. 111./3 !12_ 
[0] Jost. ,";'.·· Hauck, ~· ;; ~n~;,:~~eed,i~~s of the 3rd International Symposium on Instrumental gtuthetntmtae, pnrruaone, pnenywm LLJ 

HPTL W" - . · -
• urgan ;ecunue> L'J 

• Succinimides (6] Hg2(N0 3)z · 2 H20 

• Thiourea [7] M,~ 561.22 

Preparation of Reagent 

Spray solution Grind 5 g mercury(!) nitrate dihydrate with 100 m! 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 
wm.e L q. 

Storage I he reagent may be stored !or an extended penod; new reagent 
must be made up when the sediment becomes grey or yellow in 
color (1]. 

Substances Mercury(!) nitrate dihydrate 

Reaction 

The reaction mechanism has not yet been elucidated. 
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Method 

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-black chromatogram zones are produced on a white background, usually 
apoearing 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 

Barbiturate metabolites are more heavily colored by the mercury(!) 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 

Barbiturates and Metabo6tes 111 

Metbod '\s6endiag, eae dimensienal de • eieflmeat in a treugh cham-
ber with chamber saturation. 

Layer TLC plates Silica gel 60 F 254 (MERCK). 

Mobile phase Chloroform - acetone (80 + 20). 

Migration distance ea. 6 cm 

mm 

Detection and result: The developed chromatogram was dried for 5 min in a stream 
of hot air (120 -150 oc) then treated with a stream of cold air for 5 min. It was 
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then sprayed with reagent solution until the layer began to be transparent. After 
5 min barbiturates and their metabolites produced grey to black zones on a 
colorless background (Fig. 1). 

Urine 
sample 

. -~-
··,;,. 

' 

Standard 
solution 

;~·-·.· .. · - . -Prominat® '< . -Evipan® 

:J 
-Luminal® 

I 

}Metabolites 

Fig. I: Chromatograms of a urine sample and a standard solut1on. 
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! Reagent for: 
' 

• Barbiturates, barbiturate 
metabolites [1-6] 

"' 
e.g. glutethimide [2-4] 

lysergic acid [2] 
N~N--o primidone, phenytoin [3] Q=oC/ -

' 

• Organophosphorus insecticides [7] \NH-NH-o 
' 

u Hg~~; '" 
Hg(N03h · H 20 -.-. ·;;, C13H12N40 

Mercury(II) Mercury(II) nitrate Diphenylcarbazone 
chloride monohydrate 

L_ 

reparation of Reagent 

Solution I Dissolve 100 mg 1,5-diphenylcarbazone in 100 m! ethanol 
(96%). 

Solution H Dissohc 46 g annnonium acetate in 100 ml watet and adjust 
to pH 3.5 with ea. 30 ml nitric acid (65%). 

Spray solution la Dissolve 2 g mercury(II) chloride in 100 ml ethanol [1, 3, 4]. 

Mercury(!!) Salt- Diphenylcarbazone Reagent 341 

Spray solution lb Dissolve 200 mg 1,5-diphenylcarbazone in 100 m1 ethanol 
[I, 3, 4]. 

Spray solution lla Dissolve 200 mg mercury(II) nitrate monohydrate in 100 m! 
nitric acid (c = 0.1 mol/1) [6]. 

Spray solution Db Mix 4 ml solution I and 26 m! solution 11 [6]. 

Storage S I o uhons an dll d an db spray so uttons la an I maybe store d 
in the refrigerator for ea. 1 month, both spray solutions Ila 
and lib may be kept for ea. 1 week. 

Substances 1,5-Diphenylcarbazone 
Mercury(II) nitrate monohydrate 
Mercury(II) chloride 
"' · iA ~•n T' . ~· 
Nitric acid (65%) 
"tnanot 
Ammonium acetate 

Reaction 

'" •c~uuu < H~ UU< ,0< UCCH < 

Method 

Variant 1: The chromato ram is dried in a stream of warm air or in the d in 
..:upboard (10 min, 120"C), cooled to room temperature and either sprayed with 
spray solutions la and 1 bone 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 [1] and usually also in the case of 
bmbiturates and other phaunaceuticals [1, 3] white chwmatogram zones arc 
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 
[2. 5]. 
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Variant 1!: The chromatogram is dried in a stream of warm air or in the drying 
cupboard (10 min, 120°C), cooled to room temperature and then sprayed twice 
with spray solution Ila until the layer is transparent (dry in a stream of warm air 
after each spray step!). It is then sprayed with a small amount of spray solution 
lib [6]. 

Barbiturates and their metabolites always appear as red-violet chromatogram 
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]. 

and 10 ).Lg (Prominal®) per chromatogram zone [6]. 

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

Procedure Tested 

Barbiturates and Metabolites 161 

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

La) u TLC plates Silica gel 66 F 2 54 (MERCK). 

Mobik phase Chlm ofm m - acetone (8{1 + l:tl). 
Migration distance ea. 6 cm 

Running time 7 min 

Detection and result: The chromatogram was dried for 5 min in a stream of hot 
mr (129 15Q"C) then treated ••ith a stream of cold ait fur 5min. It was then 
sprayed twice to transparency with spray solutiOn Ha (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 
cooling for 5 min in a stream of cold air it was sprayed with a smatl amount of spray 
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soluhon lib. Barbiturates and their metabolites appeared as violet chromatogram 
zones on an almost colorless background. The detection limits for barbiturates 
lay between 50 ng (Luminal®) and 10 J.lg (Prominal®, Fig.l). 

. .' ·- Prcminal® 

.:."- Evipan® 

-Luminlll® 

Fig. l: Chromatograms of a unne sample and a standard solut10n. 
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[7) M1raslli, S. V., Kurekhar, M. P., D'Souza, F. C., Meghal, S. K.: J. Chromatogr. 1983, 268, 

352-354. 
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2-Methoxy-2,4-diphenyl-3(2H)- ""! 
R..._N"""" " furanone Reagent 
"I 

0 
OH 

(MDPF Reagent) " 
0~ 

/-" 1 ,. - RZ:::NH 

~0 
+ RNH2 

I OCH3 
R' ~ J ;":::, -'" R'' 

"" Il~ Reagent for: 

~ I vol., . ~""''"' \) e.Q. colchicine f11 

C!7H140J Method 

L M, ~266.30 
The chromatograms are freed from mobile phase in a stream ofwann air, immersed 
in the reagent solution for 4 s or sprayed evenly with it and then heated to 110 oc 
for 20 min. 

Yelleo1 eluemategfam :lenes at=e feFmed en a ~elofl~::ss ba~kg~gund; these exhibit 
yellow fluorescence in long-wavelength UV light (A.= 365 nm). 

Preparation of Reagent 
Note: The reagent can be applied to silica gel, Si 50000 and kieselguhr layers. 

Dipping solution Dissolve 25 mg 2-metho xy-2,4-dipheny 1-3 (2H )-furanone in 
50 ml methanol. 

Storage The dipping solution may be stored for several days. 
Procedure Tested 

Substances 2-Methoxy-2, 4-diphenyl-3(2H)-furan one Colchicine (1) 
MetnanoJ 

\letbod Ascending, one-dimensional development in a trough cham-
her without chamber saturation. 

Layer HPTLC plates Silica gel60 (MERCK) which had been washed 

Reaction by developing once with chlorofonn - methanol (1 + 1) 
and then dried at tto~c for 30 min before 3J2J2lying the 

MDPF reacts directly with primary amines to fonn fluorescent products. Second- samples. 

ary amines yield nonfluorescent derivatives, which may be converted into fluor- :\tobile phase Acetone - toluene - ammonia solution (25%) (40 + 15 
escent substances by a further reaction with primary amines [2]. + 5). 



346 2-Methoxy-2,4-diphenyl-3 ( 2H )-furanone Reagent 

Migration distance 5cm 3-Methyl-2-benzothiazolinone-
Running time 10 min 

hydrazone Reagent 
Detection and result: The chromatogram was freed from mobile phase in a stream 

(MBTH Reagent, BESTHORN's of warm air (45 min), immersed in the reagent solution for 4 sand then heated to 
110"Cfor20min. 

Reagent) Colcbicine ~hilt 35 40) appeared as ~'01!911' t:lueFeseeotlEIHe en a clatk baekgrottnd 
in long-wavelength UV light (). = 365 nm). The dete<:tion limit was 10 ng per 
chromatogram zone. 

In situ quantitation: The fluorimetric analysis was carried out with excitation at 
Aexo 313 nm and evaluation at An> 390 nm (Fig.t). 

1 
I -+ fnr• 
I 

?H3 

I 

• Carbonyl compounds [1] o:N • Mycotoxins )=N-NH 2 • HCI 
5 

1 

I 

e.g. patulin [2 -10] 
C&H 10CIN3S moniliformine [11} -

• Penicillic acid [12] M, 215.71 

--' [V"-' A I 

.J:'rena.ration of Rea2ent 

Fig. 1: FluQrtSCtDce: scan o[ H cbromatogr.am track with a a e~lfast ef: Gllle~iewn eutw malt Dippmg soludun fiissohe e.s t g 3 metlryl ~ benlethia..:elinene ~~drazone 
(A) and of a reference track (B. I Jlg colchicine); start (I), colchicine (2). hydrochloride (BESTHORN's hydrazone) in 100 m! met~~no~ 

water (1 + 1), water [2, 4- 8) or methanol [3, 11 ]. If prectpttatton 
occurs filter the solution before use. 

References 
Storage The dipping solution is only stable for a few days and, hence, 

[I] Milller, J.: Thesis, Fachhochschule Giellen Facbben:icb Iecbniscbes GesHndheitswesea 191!:;1 should be freshly made up each time. 
[2] Nakarnura, H., Thnii E., Tarnura, Z.: Anal. Chem. 1982, 54, 2482-2485. 

Substances 3-Methyl-2-benzothiazolinone-hydrazone 
hydrochloride 
Methanol 
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Reaction (accordmg to [13]) Procedure Tested 

Pcnicillic Acid (14) 

fHJ lH' :\lcthod Ascending, one-dimensional development in a trough 

erN, /.0 erN, chamber with chamber saturation. 
C=N-NH2 + RC/' ~ C=N-N=CH-R s/ 'I::J s" HP I LC plates Silica gel ()() F 254 (MERLK). (1) (2) Layer 

lH' '\1obile phase Toluene - ethyl acetate - fonnic acid (60 + 30 + 10). 

O>cidotioo, H+ erN: Migration distance 5cm C-N=NH 
/ s 

yH, '"' + Kunrung nme w min 
eH, 

Oxidotion erN: /NX) Detection and result: The chromatogram was freed from mobile phase, immersed 
(2) + (3) ---7 C-NoN-)=N-NoC I in reagent solution for 1 s and then heated to 130"C for .90-120 min. Penicill.ic 

/ ' 3 
S R S acid (hRr 45 -50) yielded yellow chromatogram zones wh1ch fluoresced yellow m 

(4) long-wavelength UV light (A= 365 nm). The detection limits were 50 to 100 ng 
per chromatogram zone. 

In situ quantitatioo: Fluorimetric analysis was carried out at Am 365 nm and 

n ''"•· .,. 

Method 

The chromatogram is freed from mobile phase, immersed in the reagent solution 

to 2 h. 
'." aycu wiw (, anu men neateu to HV-UUT ror up 

The chromatographic zones produced are usually blue-violet (e.g. patulin, 
moniliformine) on a pale background; they exhibit yellow to yellow-orange flu ores-
cence (penicillic acid, patulin) in long-wavelength UV light (A= 365 nm). 

~ote: The reagent can be employed. on silica gel, kieselguhr, cellulose and polyam- " .. 
oma ogram ts s ow y colored I I blue because of the formation of the blue cation (3) (see Reaction). The detection 

limits for patulin, monilifonni ne and penicillic acid are ea. 50 ng per chromatogram 
zone. Fig.l: Fluorescence scan of a chromatogram track of0.5 11g penicillic acid. 
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References 1,2-Naphthoquinone-4-sulfonic Acid 
[1] Archer, A. W.: J. Chromatogr. 1978, 152, 290-292. - Perchloric Acid -[2] Reiss, L J. Chromatogr. W13, 86, 190-191. 
[3] Johann, H., Dose, K.: Fresenius Z. Anal. Chem. 1983,314, 139-142. Formaldehyde Reagent [4] Altmayer, B., Ekhhorn, K. W., Plapp, R.: Z. Lebensm. Unters. Forsch. 1982, 175, 172-174. 
[S] S~:ott, P. M., Kennedy, B. P.C.: J. Assoc. Off Anal. Chem. 1973,56, 813-816. 

~~~ ~:.~.~h, ~;: ;h~7:~ ~~~ro~i~J. Technol. Lebensm. 1915,4, 17-19. 

[8] Gimeno, A., Martins, M. L.: J Assoc. Off AnaL Chem. 198:\66, 85-91. 
[9] Bergner-Lang, B.. Kachele, M., Stengel, E.: Dtsch. Lebensm.-Rundsch. l98l, 79, 400-404. 

[10) leuenberger, U., Gauch, R., Baumgartner, E.: 1 Chromatogr. 1978, 161, 303-309. 
-

[11) Jansen, C., Dose, K.: Fresenius Z. Anal. Chem. 1984,319, 60-62. 

I 

Reagent for: 
[12) Wilson, D. M., Tabor, W. H., Trucksess, M. W.: 1 Assoc. Off. Anal. Chem. 1!)'1~ 59, 

125-127. 
Q [13] Sawicky, E., Hauser, T. R., Stanley, T. W.: Anal. Chem. 1961 JJ 93-96. <• "'' 

[14] Kany, E., Jork, H.: ODCh-training course Nr. 302 ,MOglichkeiten der quantitativen Direkt· 
auswertun '' Universitii.t des Saarlandcs Sa r :,-;..;· ~~-;:; e.g. ergosterol ('I( I 0 

sugmasteror """''To,- H c, 
cholesterol [1] No+ H 

• Alkaloids CtoH5NaOsS HCI04 CH20 
e.g. codeine M,~ 260.20 M,~ 100.46 Mr= 30.03 

morphine 1,2-Naphtho- Perchloric Formaldehyde 
heroin nuinow·-4- acid 

i 
6-monoacetyl- sulfonic acid 

I 'l'l soaium san 
~ ~ 

Preparation of Reagent 

Dipping solution Dissolve 1 ()() mg 1 ,2-naphthoquinone-4-sulfonic acid sodium 
salt in4fl ml ethanui and add 2fl nd J>eichlmicacid (9fl'>O), 18 m! 
water and 2 m! formaldehyde solution in that order. 

Storage The reagent solution may be kept for ea. 4 weeks in the refriger-

ator. 

Substances 1,2-Naphthoquinone-4-sulfonic acid 

Ethanol 
Perchloric acid (70%) 
Formaldehyde solution (37%) 



352 1.2-Naphthoquinone-4-sulfonic Acid- Perchloric Acid- Formaldehyde Reagent 

Reaction 

The reaction mechanism has not been elucidated. It is possible that fonnaldehyde 
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 

·"J -~;. .. cv'""'" "'""sparem ana men neatea to 70aC for ea. 10 min . 

........ _ .... ., cue prouuce~ ~r~at are truttally 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. 

Procedure Tested 

Morphine Alkaloids 121 

Method 

Layer 

Mobile phase 

Ascending, one-dtmens10nal development in a trough cham­
ber without chamber saturation. 

HPTLC plates Silicagel60 (MERCK)whichhad been prewash­
ed once with chlorofonn - methanol (50+ 50) and then 
dried at 110"C for 20 min. 

Methanol chlurofonn water (12 + 8 + 2). 

Migration distance 6 cm 

Running time 20 min 

1 .2-Naphthoquinone-4-su/fOfJic Acid- Perchloric Acid- Formaldehyde Reagent 353 

Detection and result: The chromatogram was dried in a stream of wann air ~or 
5 min, immersed in the reagent solution for 4 sand heated to 70oc for ea. 10 mm. 

Morphine (hRr 25~30), codeine (hRr 30~35), 6-monoacetylmorphine (hRr 40-
45) and heroin (hR.r. 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). 

Fig. t: Reflectance scan of the aJkaloid mixture-with ~a. 50 ng su~stance per chromatogram 
. .. ,_, ._., ., . 

References 

[I] R1chter, E.: J. Chromarogr. J96Sll8, 164-161. . " 
121 Patzsch, K., Funk, w., Schiitz, H.: GJT Fachz. Lab., Supplement 3 ,Chromalographte 1988, 

32, 83-91. 
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Reagent for: 

• Amines [1] 

• Aminoglycoside antibiotics [2, 3] 

• Amino acids [5-7] 

o Pentides f61 

nf 

Ninhydrin Collidine 

u1ppmg solunon Dissolve U.J g mnhydnn . (~,2-dihydroxy-1 ,3-indanedione) in 
9~ ml 2-propanol and add 5 ml collidine (2,4,6-trimethylpyri­
dme) and 5 ml acetic acid (96%). 

Storage If the solvents are not sufficiently pure the solution may only 
be kept for a short time. 

Reaction 

1' mnyann 
2 4 h- . 

Acetic acid (96%) 
2-Propanol 

The course of the reaction has not been fully explained; one possible route is: 

~H HO,~ 
V-{'NH2 + Ho"),-V 

:vlethod 

Ninhydrin ~ Colfidi.ne Reagent 355 

r ~ c:Q::~~-H 
~~:~ 

0 

The chromatogram is freed from mobile phase, immersed for 1 s in the reagent 
smudonanome~ -,, ·. · ·· · · 
·me mainlv reddish but sometimes blue substance zones appear on a pale back-

ground. 

Note: The reagent can be employed on silica gel and cellulose layers and the 
dipping solution can also be employed as a spray solution. The addition of collidine 

A B 

Ylg. 1: Comparative recordings of the retlectanoe scans of a mixture of phenylethylamine (1 ), 
tyramine (2), serotonin (3) and histamine (4); A. ninhydrin reagent (q.v.), B. ninhydrin ~ 
oolhdine reagent. 
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buffers the layer and allows, for example, the differentiation of glycine and serine In situ quutitatioa: The direct quantitative analysis of the blue-violet derivatives 
by color [4]. In the case of biogenic amines the reagent is much more sensitive if should be made in reflectance at ..l = 580 nm ea. 15 min after color development. 
calli dine is omitted"' (Fig. 1 ). Ammonia vapors interfere with the reaction. If the The detection limits are 50 ng substance per chromatogram zone for gentamycin 
zones fade rapidly they can be stabilized by complex formation by the addition of C,. (hR, 35-40), C, + C,, (hR, 40-45), and C, (hR, 45-50) (Fig. 2). 
tin, copper [8], cobalt or cadmium salts to the reagent (cf. also copper(II) nitrate 
reagent for the stabilization of .. ninhydrin spots"). 

2 

3 

I 
Procedure Tested 

' 
Gentamycin Complex (2, 3, 101 

Method Ascending, one-dimensional development at 10-12°C in a 
twm-trougncllariffief, wiill!5~o ammoma mtllat part not 

1 
containing mobile phase. The chamber was equilibrated for 

~· 15 min before starting development. I 

Layer HPTLC plates Silica gel60 (MERCK) prewashed by develop-

ing three times -~th chloroform - methanol (50+ 50) with 
,_., 

1 
. . 'c..~'"· . . """r '~· '" . ' A ....... ""··· rh'· rofo~ •th•no' ammonia solution f25%'1 f10 ~ 
+9+10). 
The lower organic phase was employed. Fig. 2: Absorption scans (A) of a blank and (8) of a gentamycin standard (800 ng substance 

Migration distance ea. 5 cm per application). Start (1), gentamycin C~a (2), gentamycin C2 + C2a (3), gentamycin C1 (4), 
solvent front (5). 

Running time ea. 20 min 

Detection and result: The chromatogram was treated in a stream of cold air for 
36 miu in order to remove the mobile phase, it was then immersed in tire 1eagent 

References solution for 1 sand finally, after drying in the stream ofwann air it was heated 
to 95"C for 10 min. After 15 min stabilization time at room temperature blue 

!1] Kirchner, l G. in: Thin-Layer Chromatogrophie. 2nd Ed., J. Wiley & Sons, New York-Chi-
chromatogram zones are produced on a colorless background. chester- Brisbane-Toronto, 1978. 

[2] Kiefer, U.: Thesis, Fachhochschule Gielkn, Fachbereich Technisches Gesundheitswesen, 
Note: Under these conditions gentamycins C2 and C2a fonn a common zone. A 1984. 
separatian ean be aehie•ed, feor example, .. ith methaMl 9.1 nwlfl LiCI in 32% [3] Funk, w, CanstGiD, M. ·~n, cgut"ri~r, T Hejljgen•ha1 u Kiefur n Schlje.hach, S., 

aqueous ammonia solution (5 + 25) on KC18F plates (WHATMAN) [9]. Sommer, D.: Proceedings of the 3rd International Symposium on Instrumental HPTLC, 
Wi.lrzburg. Bad Diirkheim: IfC-Verlag 1985, p. 281-311. 

- ----- [4] Woidwood, A., J.: J. Gen. Microbio/. 1949, J, 312-318. 
• Jork, H.: Private communication, Universitit des Saarlandes, D-6600 Saarbriicken, 1988 [5] Niimberg, E.: Art'h. Pharm. {Weinheim) 1959, 292164, 610-620. 
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{6] Schiltz, E., Schnadrerz, K. D., Gracy, R. W.: AIUll. Biochem. 1977, 79, 33-41. 4-( 4-Nitrobenzyl)pyridine Reagent {7] Kar:sai, T.: Hung. &i. Instruments 1982, 53, IS-22, 
{8] Datta, S., Data, S. C.: J. Chromatogr. 1979, 170, 228-232. 
[9] Kunz, F. R. :Thesis, Univtmtiit des Saarlandes, Saarbriicken 1988. (NBP Reagent) 

{10] Ullmann, U.: Arzneim.-Forsch. 1971,21, 263-267. 

,~ 

Reagent for: 

I • Epoxides 
e.g. trichothecene-mycotoxins [1-6] 

I 
valepotriates {7, 17] 

I • Olefins, acetylene derivatives [8] 

I 

• 4-Hydroxycumarin, anthraquinone [8] 

• Alkylating agents [9-12] 

9 e.g. sulfur and nitrogen mustard derivatives, 

I 

bis-(halogenalkyl)sulfides, 
N,N,N-(trihalogenalkyl)amines and 

. . "'" '"' ~H, 

i diazoalkanes and aziridines [10], () 
I 

substances with labile halogens l12j N 

• Pyrethroid insecticides 

I 

e.g. S-bioallethrine [13] C12H10NzOz 

• Organophosphorus insecticides [16] 
M,~ 214.23 

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 W'llgtinn 11 Dissolve 24 m! tetraethylene ~ntamine and 60 mg butyl-
hydroxytoluene in 36 m1 dichloromethane. 

Spray solution I Dissolve 2- 5 g 4-( 4-nitrobenzyl)pyridine in 100 m1 acetone 
[7-10]. 



360 4-( 4-Nitrohenzyl)pyridine Reagent 

Spray solution 11 Dissolve 92 mg potassium hydrogen phthalate in 100 ml water 
and adjust the pH to 5.0 with sodium hydroxide solution 
(1 mol/1). Dissolve 5 g sodium perchlorate in this solution [9]. 

A sodium acetate buffer solution (0.05 mol/\; pH 4.6) may 
be employed as an alternative [10]. 

Spray solution m Piperidine [1 0] or alternatively a mixture of triethylamine and 

Storage 

Substances 

Reaction 

acetone (1 -t- 4) 01 sodium hychoxide so\uti:on {c 16 5 molft, 
pH 8.5-9) [8]. 

All solutions may be stored for several days in the refrigerator. 

4-( 4-Nitrobenzyl)pyridine 
Tetraethylene pentamine 
Ch\arefarm 
Dichloromethane 
Acetone 
Potassium hydrogen phthalate 
Sodium perchlorate monohydrate 
SOO.ium hydroxide solution (1 mol/1) 
Piperidine 
Triethylamine 
Butylhydroxytoluene 
( 2,6 di trm butyl 4 m~tbyl pheog\) 

NBP reacts with epoxides according to I to yield methine dyestuffs [14] and with 
alkylating agents (R-X, X= e.g. halogen) according to 11 to yield co\ored pigments 
[15j. 

9 9 
CH CH 

7 
RLCH-CH-OH 

~' 

9 1'' + R-X 

u 
N 

Method 

4-( 4-Nitrobenzyl )pyridine Reagent 

9 
1'' u 

N+ 
I )( 
R 

OW 

R 

361 

J. Epoxides: The chromatograms are dried in a stream of warm air, immersed in 
dipping solution I for 1 2 sand 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 

1. 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 solution (10 - 5 mol/1) [8]. 

3. Alkylating agents: I he chiomatograms are freed from mobtle phase, then 
sprayed hgmggeneously with spray solutjon I dried brjefly jn a stream of cold air 
sprayed homogeneously with spray solution Il and then heated to 105 -140"C for 
10-25 min. After cooling to room temperature they are then sprayed with spray 
solution Ill {9, 10]. 

4. Organophosphorus insecticides: The chromatograms are freed from mobile 
phase, immersed in dipping solution I for 10 s and exposed to a saturated acetic 
auhydtide atmosphete fm 15 s. After treating to tH:l"C for 36min tbc 
chromatogram is immersed for 10 s in dipping solution 11 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 

0.1% butylhydroxytoluene) for 2 sand 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: Trichothecenes and valepotriates only react when there is an epoxy group Mobile phase Chloroform dtethylether toluene n-hexane (2~U 

present in the molecule; their detection limits are in the range 25-200 ng substance + 25.7 + 20 + 25). 

per chromatogram zone [1]. The detection limits for acetylene derivatives are 100- Migration distance a. 6cm; b. 2cm 
800 ng substance per chromatogram woe, but not all give a positive reaction [8]. 

Spray solution I can also be employed as a dipping solution. Dipping solution 11 
Running time a. 20 min; b. 5 min 

can be replaced by a freshly made up 10%, methanolic solution of anhydrous Detettion and result: The chromatogram was freed from mobile phase in a stream 
IJ:iiJ:erazine. eCu1arm air for 3 min and then immersed indiP:I!ing solution I for 10 sand exQosed 

The reagent can be employed on silica gel, kieselguhr, Si 50 000, cellulose, CN and 
to a saturated acetic anhydride atmosphere for 15 s. After heating to 110"C for 
30 min the chromatogram was immersed for 10 sin dipping solution 11 and dried 

RP layers. NH 2 layers are unsuitable, since no coloration is produced, as are Nano- in a stream of cold air. By subsequent dipping the plate into liquid paraffin -
SIL clB uv 254 plates (MACHEREY-NAGEL), since the whole plate background is n-hexane (1 + 2 vfv; containing 0.1% butylhydroxytoluene) for 2 sand drying in 
colored violet a stream of cold air the intensity of the blue to violet chromatogram zones is 

• • • ..:1 · ,,.. .• • ..i fo or than 45 min. 

Procedure Tested B}' tbi!:i procedure it is QOSsible to derivatize all of the 10 investigated organo-

Organophosphorus Insecticides [16) 
phosphorus insecticides (Fig. 1 ). 

Method Ascending, one-dimensional stepwise development in a twin In situ quantitation: The direct quantitative detennination of the blue-violet deriva-

trough chamber without chamber saturation. tives should be made in reflectance at ..1. = 580 nm. 

Layer HPTLC plates Silica gel 60 (MERCK). 

' References 

[l] Taldtani, S., Asabe, Y., Kato, T.: 1 Chromatogr. 1979, 172, 335-342. 
[2] Sakamoto, T., Swanson, S. P., Yoshizawa, T.: J. Agric. Food Chem. 1986, 34, 698-701. 

1 [3) Schmidt, R., Ziegenhagen, E., Dose, K.; Z. Ubensm. Unters. Forsch. 1982, 175, 169-171. 
[4] Corley, R. A., Swanson, S. P., Buck, W. B.: 1 Agric. Food Chem. 1985.33, 1085-1089. 

4 
[5) Bata, A., Vanyi, A., Lasztity, R.: Acta Vet. 1984,32, 51-56. 
[6) Bata, A., Thren, J., Lasztity, R.: Acta Vet. 1984, 32, 147 152. 
!71 ~=-~n, R., Dittmar, W., Macnut, M., wenwana, .ovu< po g. -

123 2474 2477. 
[8) Schulte, K. E., Riicker, G.: J. Chromatogr. 1970, 49, 317-322. 
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Jb [10) Norpoth, K., Schriewer, H., Rauen, H. M.: Anneim.-Forsch. (Drug Res.) Im, 21, 1718-1721. 
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!11) Norpoth, K., Papatheodorou, T.: Naturwissenschaften 1970, 57, 356. 
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[12] Cee, A.: J. Chromatogr. 1978, 150, 290-292. 

Fig. I: Absorption scan of a chromatogra~ trac~_with ISO ng 7 
[13) Ruzo, L. 0., Gaughan, L. C., Casida, J. E.: 1 Agric. Food Chem. 198CI, 28, 246-249. 
[14] Brewer, J. H., Amsberger, R. J.: J. Pharm. Sci. 1966,55, 57-59. 

methylsulfone, 2 = dimethoate, 3a = transmevinphos, 

1} 
5 [16] F~nk~: cie~: ~~e.f.~e~. A., f.itzer, H., K~ma;,p, M.: 1: Pfannr Chromatogr. 1989,2, 

3 b = cis,mevinphos, 4 = demeton-S-methyt, 5 = triazophos, • 285-289. 
6 = azinphosmethyL 7 = azinphos-ethy!, 8 = malathion, 

V. 
~ [17] RUcker, G., Neugebauer, H., Eldin, M. S.: P1anta Med. 1981,43, 299. 

9 = parathion-methyl and to = parathionethyl. 



Perchloric Acid Reagent 

Reagent for: 

• Steroids [1-8] 

• Bile acids [9, 10] 

• Polystyrenes [11] 

• Antienilentics !12 1<1 
e.g. carbamazepine, primidone 

• Psychopharmaceuticals [12, 16] HC104 
e.g. chlorodiazepoxide, diazepam, M,~ 100.46 

nitrazepam, oxazepam 

• Phenobarbital [12] 

• Fatty acid esters [17] 

• Nucleosides, nucleotides [18] 

• Sugars [19, 20] 

• Indoles 
e.g. tryptophan, tryptamine [21] 

Preparation of Reagent 

Dipping solution Add 50 ml perchloric acid (7011/o) carefully to 50 ml water and 
after cooling dilute the mixture with 50 m! ethanol. 

Spray solution I For steroids: 20% aqueous perchloric acid. 

Spray solution 11 For bile acids: 60% aqueous perchloric acid. 

Storage The reagent solutions may be stored for an extended period of 
time. 

Substances 

Reaction 

Perchloric acid (60%) 
Perchloric acid (70%) 
Ethanol 

Perchloric Acid Reagent 365 

The reaction mechanism has not been elucidated. 

Method 

The chromatogram is freed from solvent, dipped in the reagent solution for 5-
10 sand then heated to 120-150°C for 5-10 min. (Caution: Remove perchloric 

.. 

"'' ·<h. 

under long~wavelength UV light (2 = 365 nm) and are suitable for quantitative 
analysis [9, 10]. 

Bile acids also yield fluorescence when an only 5% perchloric acid is employed as 
reagent and the chromatogram is only heated to 1 oooc until coloration commences 
[9]. Steroids can also be detected with 2% methanolic perchloric acid [4]. 

Note: Heating for too long and to too high a temperature can lead to charring of 
tue suos~ances. ror tms reason neaung, tor exampte, tO ou L. 10£ .Ju min uas a1su 
been recommended [11]. The dipping solution can also be employed as a spray 
solution. 

Danger warning: Perchloric acid sprays can condense in the exhausts of fume 
cu boards and lead to uncontrolled ex losions! Di p 
reaso 

p in pp g is to be p referred for this 

The reagent can be employed on silica gel kieselguhr and Si 50 000 layers. 

Procedure Tested 

Carbamazepine (13, 14] 

Method Ascending, one-dimensional development in a hough 
chamber. After application of the samples the TLC plate 
was equilibrated in a chamber at 42% relative humidity for 
ea. 30 min and then developed immediately. 
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Layer HPTLC plates Silica gel 60 (MERCK). Before application 
of the samples the plates were prewashed three times with 
chloroform - methanol (1 + 1) and dried at 110°C for 
30 rnin after ea<:h wash. 

Mobile phase Chloroform - acetone (16 + 3). 

Migration distance 7 cm 

Runmng time 20 mm 

Detection and result: The chromatogram was dried in a stream of cold air, immersed 
in the reagent solution for 5 s, dried in the air and then heated to 120°C for 7 min. 
It could be inspected after allowing to cool for 30 min. Carbamazepine (hRr 30-
35) fluoresced blue in long-wavelength UV light 0. = 365 nm). 

The detection limit for carbamazepine was 50 pg per chromatogram zone. 

ID situ quantitation: The direct fluorimetric analysis was carried out under long­
wavelength UV light P·uc = 365 nm; An> 430 nm, Fig. 1). 

Fig. 1: Fluorescence scan of(A) a blank and (8) a carbamazepine standard with 200 ng per 
chromatogram zone. Start (1 ), carbamazepine (2), solvent front (3). 

Perchloric Acid Reagent 

References 

[1] Metz, H.: Naturwissenschaften 1961,48, 569-570. 
[2] Shafiullah, H., Khan, E. A.: Acta Chim. Acad. Sci. Hung. 198(1., 103, 329-332. 
[3] Shafiullah., H., Ansari, J. A.: Acta Chim. Hung. 1983. /12, 373-375. 
[4] Gerner, R., Halberstadt, E.: Z. Geburtshilfe Perinotol. 1979, 183, 272-274. 
[5] Ahmad, M. S., Khan, I. A.: Acta Chimica l98l, 106, 111-113. 
[6] Khan, S. E. A.: Acta Chimica 1980, 103, 329-332. 
[7[ Abamad M Khan N Ansarj A · Acw Chimica 1284. /Jj 193-195. 
[8] Shafiullah, H., Shamsuzzaman, A.: Acta Chimica 19111, 107, 97 100. 
[9] Klaus, R.: J. Chromatogr. 1985.333, 276-287. 

[10] Hara, S., Thkeuchi, M.: J. Chromotogr. 1%3, Jl, 565-561. 
[11] Otocka, E. P.: Macromolecules 1970, 3, 691-694. 

367 

[121 Faber, D. B., Man in't Veld, W. A.: 1 Chromatogr. 1974, 93, 238-242. 
[13] Funk, W., Canstein, M. v., Couturier, T., Heili.genthal, M., Kiefer, U., Schlierbach, S., Som­

mer, D. in: Proceedings of the 3rd lnt. Symposium on Instrumental HPTLC WUrzburg. Bad 
DUrkheim: I - er ag , p. . 

14 Canstein, M. von: Thesis, Fachhochschu1e Giellen, Fachbereich Technisches Gesundheitswe-
sen, 1984. 

[15] Goenechea, S., Hecke-Seibicke, E.: Z. Klin. Chem. K/in. Biochem. 1972,10, 112-113. 
[16] Besserer, K. Henzler, S., Kohler, E., Mallach, H. J.: Anneim. Forsch. 1971,21,2003-2006. 
[17] Asif, M., Ahmad, M. S., Mannan, A., Itoh, T., Matsumoto, T.: J. A mer. Oil Chem. Soc. 

1981, 60, 581-583. 
[18] Biihlmayer, P., Graf, G., Wa1dmeier, F., Thmm, Ch.: Hefv. Chim. Acta 1980,63,2469-2487. 
[19] Nagasawa, K., Qgamo, A., Harada, H., Kumagai, K.: Anal. Chem. 1970,42, 1436-1438. 

JilJ Nakam~ra. H.:·Pisano, J. J.: J. Chromalogr. 1978, !52, 167-174. 



Peroxide Reagent 369 

reroxtaeKeagent Storage 1 ne atppmg sotubon may De usoo tor ea. 1 weeK. Later tt slowly 

(1-Naphthol - N4 -Ethyl-N4 -

turns blue causing the plate background to deteriorate. 

SuiJstan<es 1-Naphthol 

(2-methanesulfonamidoethyl)-
Color developer 3 
Potassium disnlfite 

2-methyl-1 ,4-phenylenediamine 
Iron(II) sulCate heptahydrate 
Methanol 

Reagent) 
rtceltC actu ~g,acta. ace tc aciu, 

,---

Keagent tor: J«aCfiiJn 

• Peroxides [1] Under the influence of peroxides aromatic amines (color developer 3) react with 

e.g. hydrogen peroxide, per adds, diacylperoxides, phenols to yield quinone imines [1]. 
hydroperoxides, ketoneperoxides [1] 

i 

Oddi~ing agent 

~ 
Aromatic amine + 1-Naphthol Quinone imine dyestuff. 

I 
~ /C:zHt~ · 1,5 H2S04 · Hp 

H N N 
! ~ : C:zH4-NH-S02-CH3 

CLoHsO C12Hz, N30zS · 1,5H2S04 · H,O 
M,~ 144.17 M,~436.25 

1-Naphthol Color developer 3 Method 
-. 

The chromatograms are freed from mobile phase, immersed in reagent solution 
fm 1 s 01 spnt)ed e•enl) uith it and dried in a stream efee:ld air. Blue ehre:mate: 

Pre)laration of Reagent gram zones develop in a few minutes on a pale reddish background. 

Dipping solution Dissolve 3 g 1-naphthol in 150 m! methanol and add 1350 ml Note: The detection limits for the various peroxides are from 0.5 to 2 J.Lg substance 

water. Dissolve 0.5 g potassium disulfite (potassium metabi-
per chromatogram zone [1]. The reaction works best when the reagent solution is 

sulfite) in this solution, add 20 ml glacial acetic acid and dissolve 3-5 days old; later the background absorption increases. The background calor-

0.5 g iron(II) sulfate · 7H20 followed by 2.2 g N4-ethyl-N4- ation that is produced on drying in a stream of cold air can be largely avoided by 

(2-methan!<Sulfonamidoeth¥1)-2-metb~d-1,4 pben~lenediamine 
drying the plate after dipping in the absence of oxygen, first with a moist and then 

(sesquisulfate, monohydrate) (color developer 3, MERCK). Care with a stream of dry mtrogen [1]. 

should be taken at each step that the solution has clarified The reagent can be employed on silica gel, kieselguhr, Si 50 000 and particularly 
before adding further components. sensitively [1] on cellulose layers. 
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Procedure Iested then for a further 15 min over dry nitrogen gas. The zone m~tty .was then ea. 
30% less than when a stream of cold air was employed for drymg {Ftg. 1 ). 

Dibenzoyl Peroxide in Acoe Preparatio~W [2) 
In situ quantitation: The direct analysis was carrie~ out at). = 510 nm if the zones 

Method Ascending, one--dimensional development in a trough cham· , .. ere red in col or and at ..t = 620 nm if they were VIOlet. 
ber with chamber saturation. 

Layer HPTLC plates Silica gel60 F254 (MERCK). 

Mobile phase Toluene- dichloromethane- glacial acetic acid (50 + 2 + 1 ). References 
Migration distance 5cm [I] Huber, w., Frl)hlke, E.: Chromatographia m2, 5, 25_6-257. . . .. . . t des 
Running time lOmin {2] Jork, H., Kany, E.: GDCh-training course Nr. 300 ,EmfUhrung m d1e DC , UruverSJtll 

Saarlandes, Saarbrii.cken 1987. 

Defection and result· The ~hremategram .. as freed fram meobHe phase in a stream 
of cold air, immersed in the reagent solution for 1 s and then dried in a stream of 
cold arr for 15 mm. At hrst reddish and then after 60 min violet chromatogram 
zones developed on a pink background (detection limit of dibenzoyl peroxide: 
500 ng). 

ea. 

Note: The background coloration could be avoided if the dipped chromatogram 
was stored in a chamber first over streaming moist nitrogen gas for 15 rnin and 

' 

• 

- '- ~ '-
Fig. 1: Reflectance scans of 5Jlg dibenzoyl peroxide (J. = 620 nm); after dipping 
chromatogram was dried in (A) a stream of cold air and (8) in a stream of nitrogen. 

tho 
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1,2-Phenylenediamine - Reaction 

Trichloroacetic Acid Reagent The following rea~;tions are to be expected with ascorbic acid and dehydroascorbic 
acid: 

HO 1 '"" ~ 

H J "" " 
Reagent for: 

I 10-::{ + 
l,Jl""' ~UN 

I 0 
H 

HOTH H HOCH 
I 

• a-Keto acids CH20H CH20H 

e.g. ascorbic acid, fi{NH2 
dehvdroascorbic acid r11 1. Ascorbi~; acid 

o Suga<S 121 
~NH2 

C6H11N2 CzHCI30 2 0 
M,~ 108.14 M,~ 163.39 

0 
:~0 

a.NH2 [H+] o::x;o 1,2-Phenylene- Trkhloro- 11 + ------> 
diamine acetic acid ""' 

-2H:z0 

HOCH HOTH 
I 
CH20H CH20H 

~ ''" 
Preparation of Reagent 

Dipping solution Dissolve 50 mg 1 ,2-phenylenediamine in 50 ml1 0% ethanolic 
tri~;hloroaceti~; add. 

Storage The reagent solution should always be made up freshly. 

Substances 1,2-Phenylenediamine I he ~;hiomatogram lS freed from mobile phase m a stream of cotd air, eidtei 

Trkhloroacetk acid immersed in the reagent solution for 5 s or homogeneously sprayed with it and 

Ethanol 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 (A= 365 nm). 

Note: The ~;hromatogram can be dipped into liquid paraffin - n-hexane (1 + 2) 
for 1 s to stabilize the fluorescence. 

The reagent can be employed on silica gel, and cellulose layers. 
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Procedure 'Iested 10 min. After cooling it was immersed for 1 s m liqwd parafhn n-hexane (1 + 2) 

to stabilize the fluorescence. 
Ascorbic Acid and Dehydroascorbic Acid Ill 

In long-wavelength uv light (..1. = 365 run) ascorbic acid (hRr 45- 50) and 

Method Ascending, one-dimensional development in a twin-trough 
dehydroascorbic acid (hRr 50- 55) yielded green fluorescent zones on an orange-

chamber with chamber saturation. 
colored background. The detection limits were less than 5 ng substance per 
chromatogram zone. 

Layer HPTLC plates Silica gel 60 (MERCK). Before application of 
the samples the layer was prewashed once with the mobile In sUU quandtadon. The flumhnetdc determination was cauied ottt under long 

phase and dried at 110°C for 20 min. Before it was placed wavelength UV light 0-e·~ = 365 nm, .41 = 546 nm, monochromatic filter; Fig.1). 

in the developing chamber the prepared HPTLC plate was 
preconditioned for 30 min at 0% relative humidity (over 
cone. sulfuric acid). 

References 
~. 

., [11 Scbnekenburger, G,: Thesis, Fachhochschule Giellen, Fachbereich Thchnisches Oesundheitswe-

Running time 11 min 
[2] Fengel, D., Przyklenk, M.: Sven. Popperslidn. 1975, 78, 17-21. 

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 

1 

e-NI 

~' v· 
"- ~. 

Fig. 1: Fluorescence scans of chromatogram tracks with 200 ng ascorbic acid(A) and 200 ng 
dehydroascorbiC acid (B): Start (1), ascorbic acid (2), dehydroascorbic acid (3), fJ-front (4). 
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Phosphomolybdic Acid Reagent Reaction 

.\ large number of organic substances can be oxidized with phosphomolybdic 
wd, whereby a portion of the Mo(VI) is reduced to Mo(l V), which forms blue-

Reagent for: 
grey mixed oxides with the remaining Mo(VI). 

2Mo0 3 ---------4- Mo02 ·Mo03 
ll.~du~lion 

e.g. antioxidants [1-3], ascorbic acid [4], 
isoascorbic acid [4, 5], vitamin E [1] 

• Steroids [6-9] Method 

• Bile acids, bile acid conjugates [9, 10] Dry the chromatogram in a stream of warm air and immerse for 2-3 sin the 

• Lipids [11 14], pbospholipids [11, 12] ceag'nr ·m "' 'V'"Y •ne ~y<> win• i, umi• uu> ~,ui.c> "" c•cu ycuuw 
coloration and drv in a stream of warm air (ea. 2 min). 

• Fatty acids [15] or their methyl esters [16] 
H!ue zones appear immediately or after a few minutes on a yellow background. 

• Triglycerides [14, 15] H3(P(Mo301o)4) The background can then be lightened [7] by placing the chromatogram in a twin-

• Subst. phenols [S] M,~ 1825.28 trough chamber whose second trough contains 25'% ammonia solution. 

• Indole derivatives [S] Note: Occasionally in order to achieve optimal color development a brief heating . . . 'L"l . . h ··:;:; i:•.d ~' ~. . 10 mm, or m t e case of saturat tpt s at 150 180°C). This also causes sugars 

e.g. carvone, agarofuran {18] 
to y1eld blue derivatives. Heating for too long can result in the background being 
darkened {11]. The detection sensitivity can be improved by adding 4 ml cone. 

• Morphine {5] hydrochloric acid to every 100 ml reagent solution. 

The detection limit per chromatogram zone is 50-200 ng for Jipids [11], 200-

~reparation of Reagent 
400 ng for antioxidants [3] and several ng for ascorbic acid. 

The phosphomolybdic acid reagent can be employed on silica gel, alurmmum 

Dippmg solUtion Dissolve 250 mg phosphomolyb(hc ac1d (molybdatophospho-
nxiEi!l, !OISiyamiEI~, RP 2, RP lS and sellale~e pbases ami also on silver gitntfe, 

ric acid) in SO m! ethanol. 1mpregnated silica gel [13]. 

Spray solution Dissolve 2-20 g phosphomolybdic acid in 100 ml ethanol 
[1-3, 6~11, 13, 16], in 2-propanol ~ methanol (70 + 30) [14] Procedure Tested 
or in water {S, 12]. 

Storage I he soiuhons may be stored m the dark for ea. 10 days [14]. Lecithin, SpbiDgomyelin (191 

Substances Molybdatophosphoric acid hydrate \1ethod Ascending, one-dimensional development in a linear cham-
Ethanol ber (CAMAG). 
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Layer HPTLC plates Silica gel60 (Mmtcr). [5] Reio. L.: l Chromtltogr. 19!1.1. 338:...373: IMI, 4, 458-476. 

Before applying the sample it was best to prewash the la~ [6] I arc. H., Ruttner, 0., Krocza. W.: FWst:hwirlscluift lt76, 9. 1326-1328. 
[7] Ncidlcin, R., Koch, E.: An:h. Plwm. (\\\inhcim) IM, 3/J, 498-SOS. 

with mobile phase (Fig.l) and then activate at 120.,C foi [8] Domnaa, A. J .• warner, S. A., Johnson. S. L.: Lipids ltll, 18, 17-89. 
15 min. i [9] Racdscb, R., Hofmann A. F., llemj:, K. Y.: J. Lipid Res. 19'79,. 20, 796-800. 

·' [101 Cass. 0. W., Cowen, A. E., Hofmann A. F., Coffm, S. B.: I Lipid Ri!s. 1975, 16, 159-160. 
Mobileplwe Chloroform - methanol - water (30 + 10 + 1.4). I [11] Sherma, J., Bennett, S.: J. Liq. Chromatogr. lMl, 6, ll93-1211. 

Milrationdlstance 5cm 
[121 Vinson, J. A., Hooyman, J. E.: J. C/u'omQtogr. 1977, 13.5. 226-228. 
[13] Schieberle, P., Grosch, W.: Z. Lebensm. Unten. Fonch. J9l81. 173, 192-198: 199-203. 

R-.gtime 10min [14] Studcr, A., 'liaitler, H.: J. High Reso/ut. Chrr:Hmltogr. Chromatogr. Commun. 1985,8. 19-22. 
[15] Bringi, N. V., Padley, F. B., Timms, R. E.: Clwn. lnd. (London) :tm, 20, 805-806. 
[16] Garssen, G. J., Vliegenthart, J. F. G., Boldingh, J.: Biochem. J. 1972, 110, 435-442. 

Detection aod result: The chromatogram was dried in a stream of cold ~ [17] Goswami, S. K., Kinsella. J. E.:/. Chromutogr. 1981., 109, 334-336. 
2 min and sprayed three times with the spray reagent until it began to a [18] Jork, H.: Plun.taMed. 1919,37, 137-142. 

transparent. The plate was dried in cold air after each spray step and fmally heated [19] Miller, H., Wimmer, H. in: Jork, H., Wimmer, H.: (llmntil4tive Awswertung von Dann-

to 120°C for 15 min. Lecithin (hR, 15) and sphingom)'clin ()J& 5 10) appeared schicht-Chromatogrumme11. Darmstadt: GIT, 1982. 111/3-82. 

as dark blue zones on a yellow background (Fig. 1 ). 

In situ quantitation: The photometric analysis was performed in reflectance a~ 
A.=650nm. 

1 1 

2 2 

A ' 

- _..,. ~ 
Fig. 1: Reflectance scan of chromatogram tracks (A: layer prewashed with mobile phase, B; 
with methanol) with 750 ng each substance per chromatogram zone. Sphingomyelin (1~ 
lecithin (2). 
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o-Phtbalaldehyde Reagent Reaction 

(OPT, OPA) In the presence of2-mercaptoethanol o-phthalaldehyde reacts with primary amines 
to yield fluorescent isoindole derivatives [20]: 

H 
I 

_ac~o 

~ ~ 
~T-o ~? Reagent for: H S-CH2-CH2-0H 

o-Phthalaldehyde Amine 2-Mercaptoethanol Fluorescing derivative • Primary amines [1-6] 
(XC HO e.g. aminoglycoside antibiotics HS-CH2 -CH,-OH 

CHO . , 
• p, "' M---:;;:;2

14 
\...2.£l6V3 1nemuo 

• Imidazole derivatives [1] M,~78,13 

o-Phthalal- 2-Mercapto- Immerse the dried chromatogram for 1 s in the reagent solution and then heat to • Indole derivatives dehyde ethanol 40-50 oc in the drying cupboard for 10 min. e.g. pindolol [10] 

Substance zones are produced that mainly yield blue fluorescence under long-hydroxyindolylacetic acid [11- 14] 
bufotenincll4__1" , , TTV 'oh LL 

serotonin, 5-hydroxytryptam.ine [H, 14 17] colored zones are also produced occasionally. The fluorescence is. :."abili~~b; 
• Ergot alkaloids [18, 19] 1mmersmg m Lu-;o metnanouc potyethylene glycol solution [5]. 

For the detection of the ergot alkaloids 0.2 g o-phthalaldehyde in 100 m! cone. 
suJfuric acid (!) [15] or buffer solution is employed as spray solution. Cysteine 
[11, 12, 15, 19] or sulfurous acid [17] is occasionally substituted for mercapto-
ethanol. 

Preparation of Reagent 
Note: The reagent can be employed on silica gel, alumina and silica gel plates but 
not on amino or polyatrude layers. I he d1ppmg solution can also be employed as Dipping solution Make 0.1 g o-phthalaldehyde (phthaldialdehyde, OPA) and a spray solution. 

O.J ml 2-mercaptoethanol (2-hydroxy-1-ethanethiol) up to 
If the reaction proves difficult the TLC plate should first be dipped in 1% solution 100 ml with acetone. 
of triethylamine in acetone or in a solution of 1 to 2 drops sodium hydrox.id Storage The reagent solution is stable for several days when stored in solution (c = 10 mol/1) in methanol to optimize the pH for the reaction. This effect 

the dark at room temperature. 
can also be achieved b~ emplo¥ing bor!lte buffer pH ll, instead ot: ~etene in 

Substances Phthaldialdehyde the spray reagent [10, 11]. 
2-Mercaptoethanol 

Smce the fluorescence intensity of the zones on silica gel layers is reduced after a 
Acetone 

few minutes the determination of aromatic amino acids is usually performed on 
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' cellulose layers, where the fluorescence remains stable for a longer period of time 
[SJ. Under these conditions proline can still be detected after heating the plate to 

' 110°C for 1 h, while the other zones fade. 

The detection limits for amino acids and peptides are between 50 and 200 pmol 
per chromatogram zone [9J, 400 pg for 5-bydroxyindolylacetic acid [HJ and 300 pg 
for dihydroxyergotoxin [19J. 

1 

1 
Procedure Tested 

~: Gentamvcin C Comnlex 1211 

L./ ; , ..... _ 
i g, one-u enstonal aevetopment m a twm-trough 

V chamber (CAMAG) with 5 ml ammonia solution (25%) in the 
trough free from mobile phase. Chamber saturation: ea. 
15 min; development at J0-12°C. Fig. I: Fluorescence scan of(A) a blank track an~ (B) a standard gentamycin mixture (800 ng 

Layer HPTLC plates Silica gel 60 (MERcK), prewashed by 
c complex per application). Start (1), gentamycm C1a (2), C2/Cla (3), C1 (4), solvent front 
(5). 

developing three times with chlorofoun methsmo1 (1 + 1) 
and drying at 110°C for 30 min after each development. 

Mobile pbase Chloroform - ethanol - ammonia solution (25%) (JO 
+ 9 + JO); the lower organic phase was used for chromatog-
raphy. References 

Migration distance ea. 5 cm 

Running time ea. 20 min 
[11 Aures, D., Fleming, R., Hakanson, R.,: J Chromatogr. ~ 33, 480-493. 
Ill lllmH, 9., J,'! 7iglltmaR, s I . ( Cll"'t1111/0lf~ 1961, n 315-322 
[3] Shelley, W. B., Juhtin, L.: J Chromatogr. 1966, 22, 130 138. 

~~~ Detection and RSult· The ehremategr-am MlS f1eed fiOtu mobile phase for ea. [4] Ed;imson, L, H&kansott, R., llii!Hibug, A. I:.., SutHiler, F.: a~ Glf emat9g". Im, 67, RI 

45min in a current of cold air, immersed for 1s in the reagent solution and dried [5[ Gubitz, G.: Chromatographia, 1979, 12, 779-781. 
[6[ Stahl, E., Zimmer, C., Jue\1, S.: Z. Lebensm. Unters. Forsch. 1981, 175, 88-92. in the air. 
[71 Davies, H. M., Miflin, B. J.: J. Chromatogr. 1978, !53, 284-286. 

Alongside gentamycin C 1 (hRr 45- 50} and gentamycin C t. (hRr 35-40), genta- [8] Lindeberg, E. G. G. : J Chromatogr. 1976, 117, 439-~l. 
[9] Schiltz, E., Schnackerz, K. D., Gracy, R. W.: Anal. Btochem. 1971, 79, 33-41. mycins C 2 and C2a formed a common zone (hRr 40-45; Fig.l). 

[10[ Spahn, H., Prinoth, M., Mutschler, E.: J. Chromatogr. 1985.342, 458-464. 
Quantitation cm!ld he pei=fgrmed €J.uerimetrieall) : )..,xc 313 nm, A:n) 39B nm. [11[ Zahn H.: Aa_ll. Lab. 1984,30 279-283. 

[12] Niederwieser, A., Giliberti, P.: J Chromatogr. 1971, 61, 65 99. 
The chromatogram was first immersed for 1 s in a solution of liquid paraffin - [13] Korf, J., Valkenburgh-Sikkema, T.: Clin. Chim. Acta (Amsterdam) 1969,26, 301-306. 
n-hexane (1 + 2) to stabilize the fluorescence. The detection limit was ea. 30 ng per [14] Narasimhachari, N., Plaut, J.: J Chromatogr. I97l, 57, 433-437. 
chromatogram zone for each substance. [15] Narasimhachari, N., Lin, R.-L., Plaut, J., Leiner, K.: J Chromatogr. 1973,86, 123-131. 
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[16] Garcia-Moreno, C., Rivas-Gonzalo, J., Pena-Egido, M., Marine-Font, A: J. Assoc. UJJ. 
Anal. Chem. 1913, 66, 1!5-ll1. 

[17] Geissler, H. E., Mutschler, E.: Arzneim. Fonch. 1976,26. 7S-78. 
[18] Szabo, A., Karacsony, E. M.; 1 Chromawgr. 1910, 193, 500-503. 
[19] Prosek, M., Katic, M., Korsic, J., in: Chromatography in Biochemistry, Medicine and Envi-

ronmental Research. Amsterdam: Elsevier, 1981, Vol. 1, p. 27-]6. 
[20] Skaaden, T., Greibrokk, T.: 1 Chromatogr. 1982, 247. lll-122. 
[21] Kiefer, U.: Thesis, Fachhochschule GieBen, Fachbereich lechnisches Gesundheitswesen, 

1984. 

. • .. ~ • • . .. 
c •'-• I'- L ~- ·- • ne 

Reagent 

-

Reagent for: o,N~No, 
' • L1 5-3fi-Hydroxysteroids [11 ' 

N02 

I 

• Sterols 
lf1 21 CHNO HCIO 

coprostanol [21 M,= 229.11 M,~ 100.47 
ric<ic aciu 

' - ---

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%) 

'' 

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 In situ quantitatiou: Ihe absorphon-photometric analysis was carried out at 

i = 378 run. 

After drying in a stream of cold air the chromatogram is immersed in the reagent 
2 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 oc for 3- 5 rnin [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 
I 

Cholesterol, Coprostanol 121 '-J 
Fig. 1: Absorption scan of a chromatogram tracK Wltli 250 ng cliolesterol ana 500 ng 

Method Ascending, ooe dimensional de:"·elepment in a treagh eham mpros1anol per chromatogram zone. Cholesterol (1 ), ooproslanol (2). 

be;. 

Layer HPTLC plates Silica gel 60 F 154 (MERcK). The plates were 
prewashed by developing once to the upper edge with References 
chloroform - methanol (1 + .1) and then activated at 110°C 
for 30 min. [I] Eberlein, W. R.: 1 C/in. Endocrinoll96S, 25. 288-289. . . 

Mobile phase Cyclohexane - diethyl ether (10 + 10). 
[21 SChade, M.: I fieSis, Fachhochschule Uie6en, FachbeiCidi Tcclnmchcs Gcsundhuts,.esea, 

1986. 

Migration distance 6cm 

Running time ca.15min 

Detection and result: The developed chromatogram was dried in a stream of cold 
air, immersed in the reagent solution for 1 sand heated to 80cC for 20-30 min 
(until optimal calm deve1opment occurred). fellow to brown-colored zones were 
produced on a pale yellow-colored background; these were suitable for quantita-
tive analysis. The detection limits for cholesterol (hRr 20-25) and coprostanol 
25- 30) were a few nanograms per chromatogram zone. 
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Pinacryptol YeUow Reagent Method 

fhe chromatogram is freed from mobile phase in a stream of warm air and either 
1mmersed for 2 sin the dipping solution or homogeneously sprayed with it until 
the layer begins to be transparent. In the case of detergents the chromatograms 
ure evaluated while still moist [3], in the case of sweeteners after drying for 10 rnin 

Reagent for: m the dark [10]. 

'L -·· • Anionic active and nonionogenic aetergents (1 7] 
ground under long-wavelength (A= 365 nm) and occasionally short-wavelength 

• Organic anions of 
C2H50'W- N02 

+ UV light (A~ 254 nm). 
aliphatic phosphates, 
phosphonates, : I +~ CH,CH-0 

CH3S04-
Note: Detergents fluoresce blue, yellow or orange [1, 3, 5, 6]. On cellulose layers 

sulfates, sulfonates and 7 - ahphatic organic anions with chain lengths of at least 3 C atoms yield yellow to 
'" 01 

CH 

• Sweeteners r. ""'" "< 
org~c part of the molecule ha~ a positive effect ~nd hydroxyl ~oups a negative 

e.g. cyclamate, saccharin, dulcin [10] M, ~446.48 ell'ect on the fluorescence intensity [8]. Inorganic anions, carboxylic acids and 
amino adds 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 ~g for detergents 
(:1, 5], 0.025-5 ~g for aliphatic phosphate, phosphonate, sulfate, sulfonate and 

Preparation of Reagenf slllfamate iaas (lH and 0.2 1 ~~g: fof sw~et~m:t:s (:1 OJ 

The reag0at ~·m beemplgyed gp silic·' gel, celhdose polyamide ··nd aJnmina layers 
Dipping solution Dissolve lOO mg pinacryptol yellow in 100 m! ethanol (95%) 

with gentle heating. 

Spray solution Dissolve 100 mg pinacryptol yellow in 100 ml water with boil-
ing [2, 3] or in ethanol (95%) with heating [8, 10]. Procedure Tested 

Storage Ibe reagent solution ma~' be stored fo~ se11e~·~l months in the 
dark. Sweeteners (10, 111 

Substances Pinacryptol yellow l\'tethod Ascending, one-dimensional double development in " Ethanol trough chamber with chamber saturation. 

Layer HPTLC plates Cellulose (MERCK). 

Reaction 
.\1obile phase Ethyl acetate - acetone- ammonia (25%) (6 + 6 + 1). 

1grauon rus ance .:.x o cm 

The reaction has not been elucidated. An exchange of counterions is probable in Running time 2 x 10 min with 5 min intermediate drying in a stream of 
the case of anionic compounds [8). warm air. 
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Detection 8Dd result: I he HPILC plate was freed from mobtle phase, nnmersed 
in the reagent solution for 2 s, dried for a few seconds in a stream of cold air and 
then immediately stored in the dark for 10 min. 

In long-wavelength UV light (..1. = 365 run) cyclamate (h.Rt 5-1 0) appeared as a 
light orange fluorescent zone while saccharin (hRt 15-20) and acesulfame (hRr 
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 ftont. The fluoresence colors are concentratton""<iependent. At A: 
254 nm the sweeteners were detectable as weak light fluorescent zones. 

In situ quantitation: The fluorimetric determination was carried out at ~K~ 
313 nm and An= 365 nm (monochromatic filter M 365; Fig.1). 

Fig.l: Fluorescence scan of a chromatogram track with 3 Jlg each of acesulfame and sac­
charin and 2.25 ug of cyclamate oer chromatogram zone. Cyclamate 11) saccharin Q) 

acesulfame (J). 
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Potassium Hexacyanoferrate(III) - YH2-NH CH3 YH2-NA CA3 

~OH H2N...._ 

~ Ethylenediamine Reagent 9H2 .... ,., . 
+ 

OH ...-CH2 - 2 HzO 

OH 
H,N 

Adrenaline Ethylene- Condensation 

diomlne product 

Method 
Reagent for: 

The chromatograms are dried thoroughly in a stream of warm air, immersed in 

i 
• Catecholamines [1-4] H1N-CH 2CH1-NH2 

the reagent solution for 1 s, dried in the air and heated in the drying cupboard at 
65 C for 30 min. 

• 3,4-Dihydroxyphenyl- K,(Fe(CN),) C2HsN1 "' ' ' ' j, -
M, 329.26 M,-60.10 wavelength UV light (A> 400 nm). 

• J- .. , ... , ., 'Pl rmasshmrlrex:acyano- nmy1eneatamme 
ferrate(III) _j 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]. 

Preparation of Reagent Proceilure Tesleil 

Dipping solution Mix 20 ml methanol and 5 ml ethylenediamine and then add 
Adrenaline, Noradrenaline, Dopamine, Dopa as Triacetyl Derivatives 161 

5 ml of a solution of 0.5 g potassium hexacyanoferrate(III) in 
Method Ascending, one-dimensional development in a trough cham-

100 m! water. her. After application of the sample the layer was equilibrat-
Storage The s~lution may be kept in the refrigerator for 1 week; how- ed for 30 min in a conditioning chamber at 18% relative 

ever Jt should always be freshly pre~nred fgr in situ ~;~uaatita humidity and then developed immediately. 
tion [3]. 

I ayer HPTI C plates Silica gel60 CMERCK). 

Substances Methanol 
Ethylenediamine 

Mobile phase Acetone - dichloromethane - formic acid (50+ 50+ 1). 

Potassium hexacyanoferrate(III) Migration distance 8cm 

Running time 20min 

Reaction Detection and result. 'fhe cbwmatogtam was dticd in a stteam af narm aiF, 
tmmersed in the freshly prepared reagent solution for 1 sand then heated to sooc 

On oxidation by potassium hexacyanoferrate(III) adrenaline is converted into for ea. 15 min. Blue·yellow fluorescent zones were visible under long-wavelength 
adrenochrome which then condenses with ethylenediamine: UV light (A= 365 nm). 



394 Potassium Hexacyanoferrate( Ill) - Ethylenediamine Reagent / 
In situ quantitation: The fluorimetric analysis was performed at le~c - 405 run and Potassium Hexacyanorerrate(lllJ the fluorescent light was measured at An > 460 nm. The detection limits were 
200 pg dopamine (hRr 65- 70), 400 pg adrenaline (hRr 55- 60) or noradrenaline Sodium Hydroxide Reagent 
(hRr 45- 50) and 1-2 ng dopa (hRr 80-85) per chromatogram zone (Fig. 1). 

l 
1 1 

' 
! Reagent for: 

~ 
I • Vitamin B1 and its phosphates [1-2] K,(Fe(CN),) .;: I 

]/\ • Adrenaline, noradrenaline, isoprenaline [3] M,~J29.25 

V \r L! ' 

Fig. I: Fluorescence scan of the catecholamine derivatives (each ea. 10 ng) of noradrenaline (l), 
adrenaline (2), dopamine (3), dopa (4). 

Preparation of Reagent 

References Dipping solution First dissolve 10 mg potassium hexacyanoferrate(III) and then 
1 g sO(hum bydro.ude pellets m I m1 water and then dilute the 

{I) E:llman, G. L.: !Vtllure (LOndon) 19S8; 181, /68-!69 solution l!lith 20 ml ethanol 

The dipping solution should be prepared fresh before use, since [2] Geissler, H. E., Mutschler, E.: J. Chromatogr. 1971,56, 271-279. Storage [3} Gerardy, J., Quinaux, N., Dresse, A.: Experientia 1971, 27, ll2-ll3. 
it is unstable. [4] Th.kahashi, S., Gjessing, L. R.: Clin. Chim. Acta 1912,36, 369-378. 

]5] Clotten, R., Clotten, A.: Hochspannungs-Eiektrophorese. Stu!!gart; Thieme, 1962. Substances Potassium hexacyanoferrate(III) 
[6) Wallenstein, B.: Thesis, Universitiit GieBen, lnstitut fiir Pflanzenbau und PflanzenzUchtung 

Sodium hydroxide pellets I, 1985. 
••honnl 

Reaction 

Potassium hexacyanoferrate(III) fonns, for example, fluorescent thiochrome with 

vitamin Bt: , r CH3 CH2....._ + CHJ o"-
~X'=f ~ "" ~ I 2 Cl-l H,c)!__"X~H, c,=(CH2-CH,0H 

K3[Fe(CN)s] H3C)lN ~S CH2-CH20H 
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Method 

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 B1 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 (..1. = 365 nm). 

o e: 
la ers. 

Procedure Tested 

Vitamin 8 1 [21 

Method 

Layer 

Ascending, one-dimensional development in a twin-trough 
chamber with chamber saturation. After application of the 
samples the layer was equilibrated for 15 min in the mobile 
phase-free part of the twin-trough chamber. 

HPTLC plates Silica gel 60 (MERcK) which were prewasbed 
once to the upper edge of the plate with chloroform -
methane! (1 1 1) and then dried at 119"C fen 39 min. 

Mobile phase Methanol -ammonia solution (25%) -glacial acetic acid 
(8+ 1 + 1). 

Migration distance 6 cm 

Running time ea. 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 

Potassium Hexacyanoferrate(Tll) - Sodium Hydroxide Reagent 397 

araffin - triethanolamine (6 + 1 + 1) for 1 s to enhance (by a factor of 2) and 
~tabilize the fluorescence and dried again in a stream of warm air for 30 s. 

Under long-wavelength UV light (A= 365 nm) thiamine (hRr 40 -~5) ~ppeared ~s 
<~ bluish fluorescent zone which could be employed for quantitative analysts 
(Fig. 1). The detection limit was 500 pg vitamin B1 per chromatogram zone. 

In situ quantitation: The fluorimetric quantitation took place under long-wave-

length UV light (.-iexc- 365 nm, An> 430 nm). 

B 

A 

Fig. 1 Fluorescence scan of a blank track (A) and of a chromatogram track with 5 ng thiamine 

per c roma ogr 

References 

PI Stmhel'lrer R Henning H. M.: Vitamin-Be.stimmungen. Weinheim: Ver!ag Chemie, 1963, 
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Pyrocatechol Violet Reagent 
Colored zones are lormed (tin. violet-red to blde) em a )ellew a6llfe backgro•md 

[3]. 

Note: The dipping solution can also be employed as a spray reagent. 

~ 

Organotin compounds must flrst be decomposed before using the reagent [1- 3]. 

t fn., 9" 9" 
This can be done by flrst heating the chromatogram to 11 ooc for 30 min and then 
exposing it to saturated bromine vapors for 60 min (7 9 drops bromine in a 

·~~-
cnamn< , · · ·• · "h · · f10 min) >nrl 

• Metal ions (cations) [1-4] 
the plate is treated with the dyeing reagent [1, 3]. Quantitative determinations 

e.g. tin in organometallic 
should be made at A= 580 nm, the detection limits for organotin compounds are 

compounds (stabilizers) [1- 3] 
in the 10-20 ng per chromatogram zone range [3]. 

molybdenum, tungsten [4] 
The reagent can be employed on silica gel, kieselguhr, Si 50 000 and cellulose 

Ct9Ht40,S !avers. 
M, 386.38 

Procedure Tested 

Orgaootin Compounds (3, SI 
Preparation of Reagent Method Ascending, one-dimensional development in a trough cham-

ber with chamber saturation. 
Dipping solution Bissf)l i e t 99 mg p)feeateehel oielet EP) reeaieehelslllfeflhHut 

lein) in 100 ml ethanol. Layer HPTLC plates Silica gel60 (MERCK). 

Storage The reagent should always be freshly made up. Mobile phase Methyl isobutyl ketone pyridine glacial acetic acJd 

Substances Pyrocatechol violet 
(97.5 + 1.5 + 1). 

Ethanol (96%) Migration distance Scm 

Running time 10min 

Reaction Detection and result: The chromatogram was freed from mo61le pliase {lieafOO ro 

Pyrocatechol violet forms colored complexes with a variety of metal ions the 

110 C for 30 mm) and then exposed to bremine vaper fur 1 
h in a chamber after 

blowing off excess bromine from the layer it was immersed for 1 s in the reagent 

complexes are stable in differing pH ranges. ' solution. On drying in air dibutyltin dilaurate (hRr 25- 30), dibutyltin dichloride 
(hRr 25-30), dioctyltin oxide (hRr 40), tributyltin oxide (hRf 80), tributyltin 

Method 
chloride (hRr 80) and tetrabutyltin (h.Rr 85-90) produced persistent blue zones 

on a yellow ochre background (Fig. 1 ). 

The ~hromatogram is freed from mobile phase, dipped for 1 s in the reagent 
In situ quantitation: The analysis is performed at A 580 nm. The detection lilriits 

~olutwn or sprayed evenly with it until the plate begins to be transparent and dried 
for the di- and trialkyltin compounds are 10-20 ng and for tetrabutyltin 500 ng 

m a stream of cold air. 
per chromatogram zone (Fig. 2). 
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2 3 4 5 6 

Fig. I: Chromatogram of organotin compounds. Dibutyltin dilaurate (1 ), dibutyltin dichlor­
ide (2), dioctyltin oxide (3), tributyltin oxide (4), tributyltin chloride (5), tetrabutyltin (6). 

50 ng lnO ng 200 ng 

Fig. 2: Absorption scans of chromatograms with 50. 100 and 200 ng dibutyltin dichloride 
p~r ffirematsgram zeHe. 

References 

[I) Herold, B., Droege, K. H.: Fresenius Z. Anal. Chem. 1978.289, 285-286. 
[2) Ohlsson, S. V., Hintze, W. W.: 1 High Resolut. Chromatogr. Chromatogr. Commun. 1983, 

6, 89-94. 
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Rhodamine B Reagent 

Reagent for: 

• Lipophilic substances, lipi?s ~1- 3] (C2H5hNYpOYYN(C2H5h 

e.g. triglycerides [3], ganghostdes [2] V...c~ et-
fatty acids and fatty acid methyl esters [3, 4] (rCOOH 
fatty alcohol dinitrobenzoates [5] 1 

" 

• Flavonols [8] 

• Detergents [9] 
----­'-------------------

Dipping solution 

Spray solution 

Storage 

Substances 

Reaction 

Dissolve SO mg rhodamine B in 200 ml water. 

Dissolve 10 to 500 mg rhodamine Bin 100 ml ethanol [3, 7], 
methanol [5] or water {2]. 

Both reagent solut10ns may be stored over a tong peliod. 

Rhodamine 
Ethanol 

Because it contains amino and carboxylic groups r~od~mine_ ~ tends to form 
zwitter ions which easily associate and can accumulate m hpoph.ihc chromatogram 

zones. 
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Method References 

The chromatograms are freed from mobile phase and immersed in the reagent [1] Rincker, R., Sucker, H.: Fette Seifen Anstrichm. 1972, 74, 21-24. 

solution for 1 s or evenly sprayed with it. Red-violet zones are usually formed on [2] Merat, A., Dickerson, J. W.: J. Neurochem. 1973, 20, 873-880. 

a pink background; they fluoresce a deeper red than their surroundings in long- [3] Vinson, J. A., Hooyman, J. E.: l Chromatogr. 1977,135, 226-228. 
[4] Haeffner, E. W.: Lipids 1970, 5, 430-433. . . 

wavelength UV light().= 365 nm). [5] Perisic-Janjic, N., Canic, V., Lomic, S., Baykin, D.: Fresemus Z. Anal. Chem. 1919, 195, 

263-265. 
Note. Rhedamiae B is a wti .ersal Ieagent thatean be dstd on silica gel, talc, starch [6] Lkhtclllha:let, 11., BeeiHeF, K.: J. C~~matogr 'OS1 7 4? 196-201 

l972, 12, 223. 
[5] and cellulose layers, just as on urea [1] or silver nitrate-impregnated [7] phases. [7] Thiclemann, H.: Mikrochim. Acta (Vienna) 1972, 672-673; und: Z. Chem. 

[8] Halbach, G., G()rler, K.: Planta Med. 1971, 19, 293-298. . 
Liquid paraffin-impregnated silica gel and RP layers are less suitable, since the [91 Read, H. in: Proceedings of the 3rd International Symposmm on Instrumental HPTLC, 
background to the chromatographic zones is also intensely colored. It is often Wurzburg. Bad Diirkheim: lfC-Verlag, 1985, p. 157-171. . . 
possible to increase the detection sensitivity by placing the plate in an atmosphere [10] Jork, H., Kany, E.: GDCh-training course Nr. 301 ,DUnnschicht-ChromaLogmphie fur Fort-
of ammonia after it has been sprayed or dipped, alternatively it can be oversprayed geschrittene", Universital des Saarlandes, SaarbrUcken 1986. 

Procedure Tested 

Fatty Acids [10] 

Method Ascending, one-dimensional development in a trough cham-
ber with. chamber saturatton. 

Layer TLC plates Kieselguhr (MERCK), which were impregnated 
before application of the samples by a single development 
in a 1%, solution of viscous paraffin oil in petroleum ether. 

Mobile phase Acetic acid - acetone - water (40 + 20 + 4). 

Migration distance 17 cm 

Running time 60min 

Detection and result: The chromatogram was freed from mobile phase and im-
mersed in the reagent solution for 1 s. Arachidic acid (hRr 15-20), stearic acid 
(h~ 30-35), palmitic acid (hRr 50-55), myristic acid (h~ 60-65) and lauric 
acid (hRr 70 75) appeared as pink zones on a reddish hackgrmmd 

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.). 
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Rhodamine 6G Reagent Method 

The chromatograms are freed from mobile phase and immersed in the reagent 
~olution 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().= 365 nm). 

~L ~ L 
. "" .. eagem mr: 0 

ILC layers [4, 9] or added to the mobile phase [4]. The spray reagent can also be 

• Lipophilic substances, lipids [1-11] H5C2~~ .0... 
H+ made up in water [8], acetone [4, 6} or ammonia solution (c = 2.5 moljl) [5]. The 

e.g. hydrocarbons [1] 
H,C' lj JNC,H, Yisual detection limit is most favorable when the water from the mobile phase or 

fatty acids and fatty acid esters [2, 3] CH3 er 
the detection reagent has not completely evaporated from the layer. This can be 

• 

ubiquinones [ 4] 
recognized by the fact that the background fluorescence has not turned from red 

gangliosides [5] lJl '" l""•i•J· 
H 

.>p, 

;~~~ d~~·ped or sprayed chromatogram to ammonia vapors; it can also be sprayed triterpene alcoho\s [7] C2sH31CIN20 3 
diglycerides, triglycerides [3, 8] M, ~479.02 with caustic soda or potash solution. When this is done the fluorescence intensity 
phospholipids [3] is reduced on silica gel layers and increased on RP ones. 

The reagent can be employed on silica gel, kieselguhr, cellulose and Florisillayers; 
these can also be impregnated, if desired, with silver nitrate. 

Preparation of Reagent Procedure Tested 

Fatty Acids (101 
Dipping solution Dissolve 50 mg rhodamine 6G in 100 m\ ethanol (96% ). 

Spray solution Dissolve 100 mg rhodamine 6G in 100 m\ ethanol (96%). Method Ascending, one-dimensional development in a trough cham-

Storage Both reagent solutions may be stored for an extended period. 
l.ayer HJYII c plates RP-18 without fluorescence indicator 

Substances Rhodamine 6G (C.l. 45160) (MERCK). 
Ethanol 

Mobile phase Acetone - acetonitril - 0.1 mol(! aqueous lithium chloride 
solution (10 + 10 + 1). 

Migration distance 7cm 

KUDIUUg nme ~Smlll 

Rhodamine 6G accumulat~ in _lipophilic chromatogram zones giving rise to a Detection and result: The chromatogram was freed from mobile phase and im-
stronger fluorescence than m the1r surroundings. mersed for 1 sin the reagent solution. Arachidic acid (h.Rr 35-40), stearic acid 
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(h~ 40-45), palmitic acid (hRr 45-50), myristic acid (hR.r 55-60) and lauric 
acid (hRr 60-65) appeared as pink~colored zones on a red-violet background; 
these fluoresced a deeper yellow-orange than their environment in long-wavelength 
UV light (A~ 365 nm) (Fig. 1). 

In situ quantitatioo: The tluorimetric analysis was carried out in long-wavelength 
UV light O-ne= 365 nm; An> 560 nm). The detection limit for fatty acids was ea. 

2 

l 

5 

~ a 
I 

V. 
y 

~ 

Fig. I: Fluorescence scan of a fatty acid mixture with 500 ng substance per chromatogram 
zone. Arachidic acid (I), stearic acid (2). pahnitic acid (3), myristic acid (4), lauric acid (5). 

[11 Nagy, S. Nordby, H. E.: Lipids 1972, 7, 122-727. 
[21 Ellington, J. J., Schlotzhauer, P. F., Schepartz, A. L: l A mer. Oil Chem. Soc. 1978, 55, 

572-573. 
[31 Nicolosi, R. J., Smith, S. C., Santerre, R. F.: l Chromatogr. 1971, 6o, lll-117. 
[41 Rokos, J. A. S.; J. Chromatogr. 1972, 74, 357-358. 

' ' 
[61 Garg, V. K., Nes, W. R.; Phytochemistry 1984, 23, 2925-2929. 
[71 Boskou, D., Katsikas, H.: Acta Aliment. 1919,8, 317-320. 
[8] Devor, K. A., Mudd, J. B.: J. Lipid Res. 1971, 12, 396-402. 
[9] Whistance, G. R., Dillon, J. F., Threlfall, D. R.: Biochem. J. 1969, JJJ, 461-472. 
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[I!] Abdelkader, A. B., Cherif. A .• Demandre, C., Mazliak, P.: Eur. J. Birx:hem. 1973, 32, 
155-165. 
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Silver Nitrate Metbod 

Sodium Hydroxide Reagent ·rhe 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 11 for 1 s or sprayed with it and finally heated to lOO cC for 

J-2min. 
--- Occasionally even without warming brownish-black chromatogram zones are 

produced on a pale brown background. 

Reagent for: 

• Carbohydrates 
~ote: The background can be decolorized by spraying afterwards with 5% aqueous 

e.g. mono- and oligosaccharides [1-8] 
ammonia solution and/or 5-10% sodium thiosulfate in 50% aqueous ethanol 

sugar alcohols [4, 9] 
[2, 3]. The sodium hydroxide may be replaced by potassium hydroxide in dipping 

solution 11 [4]. 
'5' ' 

M, 169.87 M, 40.0 The reagent may be employed on silica gel, cellulose and cellulose acetate layers. 

L Silver nitrate Sodium 
hydroxide 

Procedure Tested 

Preparation of Reagent Sugar Alcohols (9} 

Dipping solutian I Make 1 ml et: a satm:ated aqueous sih'ei= nitDJte solution up Method Ascending, one-dimensional development in a trough cham-

to 200 m! with acetone. Redissolve the resulting precipitate 
ber w1th chamber saturation (15min). 

by adding 5 m\ water and shaking. Layer HPTLC plates Si 50 000 (MERCK). Before application of the 

Dipping solution 11 Dissolve 2 g sodium hydroxide pellets in 2 m! water with 
sample the plates were prewasbed once by developing in 

heating and make up to 100 ml with methanoL 
chloroform - methanol (50+ 50) and then dried at 110"C 
for 30 min. 

Storage Dipping solntion I sboHld be prepared fr~bl~ e<!!;;b da)' 
dipping solution 11 may be stored for several days. 

Molide ptiase 1-Propauot water (18 T 2). 

Substances Silver nitrate 
:v11graaon ms1 ance cw 

Sodium hydroxide pellets Running time 1 h 

Acetone 
Methanol Detection and result: The chromatogram was dried in a stream of cold air, immersed 

in dipping solution I for 1 s, then dried in a stream of cold air, immersed in dipping 

lteaction 
solntign 11 for 1 sand finally heated to 100°C for 1 2min. 

The ionic silver in the reagent is reduced to metallic silver by reducing carbo-

The sugar alcohols sorbitol (hRr 15-20), mannitol (h.Rr 20-25) and xylitol (hRr 
30-35) appeared as light to dark brown chromatogram zones on a beige-colored 

hydrates. background. The detection limits were 1 ng substance per chromatogram zone. 
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In situ quaotitatioo: The photometric determination of absorption in reflectance 
was carried out at a mean wavelength of).= 530 nm (Fig. 1 ). 

I 
V 

Fig. I: Reflectance scan of a chromatogram track with 50 ng substance per chromatogram 
zone: sorbitol (1), mannitol (2), xylitol (3). 

(I] Cerny, I., Tmka, T., Cerny, M.: Collect. Czech. Chem. Commun. 1983, 48, 2386-2394. 
(2] Miyamoto, 1., Watanabe, H., Nagase, S.: Anal. Biochem. l98l, lJO, 39-42. 
(3] Spitschan, R.: J. Chromatogr. 1971,61, 169-172. 
[4] Samuels, S., Fisher, C.: J. Chromatogr. 1972, 71, 291-2% and 297-306. 
[5] Lee, E. Y. C., carter, J. H.: Arr:h. B/(x:hem. Biophys. 1973, 154, 636-641. 

' .. ' 
[7] Kanfer, J. N.: Lipids I97l, 7, 653-655 . 

. , ' ' 
[9] Netz, S., Funk, W.: l Planar Chromatogr. 1989, in press. 

Sulluric Acid Reagent 

Reagent for: 

• Steroids [1- 3] 
e.g. estrogens, androgens, anabolics [1-4] 

bile acids [2, 5, 6] 
cholesterol, cholesteryl esters [7] 

• Spironolactone, canrenone [11] 

• Cardiac glycosides [2] 

• Alkaloids [2] 

• Gibberellins rt21 

• Prosta~landins [131 

• Lipids 
e.g. fatty acids [:13], cera.mides [14] 

phospholipids [15] 

• Phenothiazines [16] 

0 1171 

e.g. aflatoxins, trichothecenes [12- 20] 

• Antibiotics [21, 22] 

• Vitamin A acid [23] 
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Preparation of Reagent lempefat\lfe Pl and oo tbe soll1etlt emplo~red (lJ Ear instance the detection of 
prostaglandins is most sensitive after heating to 80'"'C for only 3-5 min [13]. 

Dipping solution Add 10 m! sulfuric acid (95-97%) cautiously to 85 ml water The following detection limits (substance per chromatogram zone) have been 
while cooling with ice and add S m\ methanol after mixing reported: steroids (1-10 ng) [1, 2], steroid conjugates(< 50 ng) [8], prostaglandins 
thoroughly. ( < 1 ng) [13], phenothiazines (2 ~g) [:16]. 

Spray solution Add 5-tOml sulfuric acid cautiously under cooling to 85 to The reagent can be used on silica gel, kieselguhr, Si 50000 and RP layers. 
95 m\ acetic anhydride [1], ethanol [1], butanol [5] or methanol 

L"J· 

Storage The dipping solution may be kept at 4 "C for an extended 

period. 

Substances Sulfuric acid (95-97%) Procedure Tested 
Acetic anhydride 
Methanol C•s-]trans-DJetliyiSfiiDeStrol, Elliinylesffiiihol(24) 
Ethanol absolute 

Method Ascending, one-dimensional development in a twin-trough 
chamber with the spare trough containing 2 ml (25%) am-

Reaction mania solution. Before development the HPTLC plate was 
preconditioned with eluent vapors for ea. 60 min. 

The reaction mechanism has not yet been elucidated. Layer HPTLC plates Silica gel 60 (MERCK); prewashed by triple 
. wuu ' ' .v, 

then heated to 110"C for 30 min. 

Method 
Mobile phase Chloroform- methanol (19 + 1). 

Migration distance 5cm 

The chromatogram is dried in a stream of warm air for 10 min, immersed in the Rurming time ea. 10 min 
dipping solution for 1-2 s or evenly sprayed with the spray solution, dried in a 
stream of ilatm air and then heated te 9S 140oc for 1 20 mjo Detection and tesult. 'fhc chtomatogram i\as freed frem mebile flhase and am 

l::ludet leng ,,a,elength tJll light p 36S Ilm) characteristic suhstana:-spci<i[i!;: mania vaQ:ors and immersed twice for 10 sin reagent solution, with intermediate 

yellow, green, red or blue fluorescent chromatogram zones usually appear which drying in a stream of cold air, and then heated to 95"C for 12 min. The steroid 

are often recognizable in visible light [7J - sometimes even before heating [2J - derivatives were then visible under long-wavelength UV light().= 365 run) as light 

as colored zones on a colorless background and which are suitable fm blue fluorescent zones on a dark background: cis-diethylstilbestrol (hRr 15-20), 

fluorimetric analysis [1J. 
trans-diethylstilbestrol (hRr 40-45) and ethinylestradio\ (h.Rr 50- 55). 

~. ., ' ·"· . -'~. "' H lmo"t all classes of substancf In situ quantitation: The chromatogram was immersed twice for ea. 1 s with brief 

can be detected by charring at elevated temperatures (150 180'~C). The pro- intermediate drying in a mixture or chlorotorm nqu1o pararnn ana In-

duction of colored or fluorescent chromatogram zones at lower temperature! ethanolamine (60 + 10 + 10) to stabilize the fluorescence (for ea. 24 h) and in-

( < 120 ~q and their intensities are very dependent on the duration of heating, thf crease its intensity (by a factor of ea. 3). The analysis was made in UV light 



414 Sulfuric Acid Reagenl 

P-exc 313 run, An > 390 nm); the deteCbon hmlf was SUO pg per chromatogram 
zone (Fig. 1). 

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. 

Fig, 1: Fluorescence scan of a blank (A) and of a diethylstilbestrol-ethinylestradiol mixture 
(B), each with 10 ng substance per chromatogram zone. Start (1), cis-diethylstilbestrol (2), 
trans-diethylstilbestrol (3) ethonsyle:slradiol (4), front (5). 
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Tetracyanoethylene Reagent NC, ,CN 

~n 
(TCNE Reagent) ~ NC'C'CN 

/ H 
It-Complex 

" + 'c=c' 
():) NC CN 
""" / .,,..~ l- "'" 

I 

-H~ 
?" 

Reagent for: H 

cXf'cN 
• Aromatic hydrocarbons and ' 

heterocyclics [1, 2] N 
~ 

• Aromatic ammes ana pneno s 1 L., J J NC, 
' 
CN ,_,_ 

T~MO 

• mao1e oerivatives p, 'UJ ' ' NC CN 
• Carbazoles [3] CoN4 
• Phenothiazines [5] M,~ 128.09 

Method 

The chromatograms are freeil from moli1le pliase m a stream of warm atr, tmmerseil 

Preparation of Reagent 
fer 1 sin the dipping solution or spr·•yed nrenly wjth the spray solution and dried 
for a few minutes in a stream of cold air [4, 6] or at 80 "C. 

Dipping solution Dissolve 0.5 g tetracyanoethylene (TCNE) in 100 m! dichloro- Variously colored chromatogram zones are formed on a pale yellow background. 
methane. 

Spray solution Dissolve 0.5-1 g TCNE in ethyl acetate [3], dichloromethane [4] 
Note: For some of the substances the intensities of coloration are only stable for 
ea. 2 h; in the case of phenols the coloration intensifies during this time [2]. The 

or acetonitrile (5) detection hm.1ts for m3ole aenvafives lie m t:ne lower nanogram 11mge. 
Storage The reagent solutions may be kept for several days. 

I he reagent can be empioyeil on sthca gel, kieselguhr, Si 50000 and celhdose layets. 
Substances Tetracyanoethylene 

Dichloromethane 

Proeedure Tested 
Reaction 

IDdole aDd IDdoie Denvatives [61 
Tetracyanoethylene yields a colored n-complex with aromatic compounds; in 
the case of aromatic amines, phenols and indoles these then react to yield the Metbocl Ascending, one-dimensional development in a trough cham-
corresponding tricyanovinyl derivatives [3, 4]. her witb chamber saturation. 
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Layer HPTLC plates Silica gel60 (MERCK). References 

Mobile phase Toluene- ethyl acetate (50+ 15). [11 Kucharczyk, N., Fohl, J., Vymetal, J.: J. Chromatogr. 1963, 11, 55-61. 

Migration distance 7.5 cm 
[2] Janak, J.: J. Chromatogr. 1964, 15, 15-28. 
[3] Madre, G. F.: 1 Chromatogr. 1968,36, 537-519. 

Running time 17min 
[4] Heacock, R. A., Focrest, J. E., Hutzinger, 0.: J. Chromatogr. J912, 72,343-350. 
[5] Forrest, J. E., Heacock, R. A.: J. Chromatogr: 1973. 75, 156-160. 

Detectioo and result· The cbmmatogram was frf'fi'l from mobile phase in a st~am 
[6] Heiligenthal, M., Funk, W.: Private communication, Fachhochschule Gielkn, Fachbereich 

Thcbnisches C-.esundheitswesco Gitl3tn ]988· l Plafltlr Chromatog_r. 1989, in );!n:ss. 

of wann air, immersed in reagent solution for 1 s and dried in a stream of cold 
air. 

5-Nitroindole (hRr 40-45), 5--chloroindole (h~ 60-65) and indole (h~ 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. 
Tire detection limits we1e 16 ng substance per chromatogram zone. 

In situ quantitation: The photometric scanning in reflectance was carried out at a 
mean wavelength of A = 460 nm P·mn(5-BitroiBdol~) = 450 nm, ).,...,.(5-chktroindolc) = 
460 run, A....u(iBdole) = 480 nm; Fig. 1). 

l , 

I 

1...-L-

-
Fig. I: Reflectance scan of a chromatogram track with 80 ng substance per chromatogram 
zone: 5-nitroindole (1), 5-chloroindole (2) and indole (3). 
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Trichloroacetic Acid Reagent \1ainly light blue fluorescent zones appear under long-wavelength U V light 

tl. == 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 

Reagent for: 
pale blue [7]. The fluorescence can be stabilized ~a~d intensified by dipping the 
~,. ·"'"; ;"'' • 1 nf];nu;d namffin n-hexane 1 + 2). 

• Steroids. [1] 
The reagent can be employed on silica gel, kieselguhr, Si 50000 and cellulose layers. 

• Alkaloids from 
e.g. veratrum [1], CCl3-COOH Procedure Tested 

colchicum [2] C2Ha3o2 ,._ '" 
• Digitalis. glycos.ides. [3, 4] M, 163.39 

• Vitamin D3 [5] Metliiiif Asct:lluing, one- · · · 

• Benzodiazepin-2-one derivatives. [6] 
ber. The layer was conditioned for 30 min at 0°/o relative 
humidity after the samples had been applied. 

Layer HPTLC plates. Silica gel60 F 254 (MERCK), which had been 
prewashed by developing once to the upper edge of the plate 

Ptepatation of Reagent with chloroform methanol (50+ 50) and then activated 
at 110°C for 30 min. 

Dipping solution Dissolve 5 g trichloroacetic acid in 50 ml chloroform [2] or Mobile phase Cyclohexane diethy1 ether (50+ 50). 
ethanol. 

Migration distance 6cm 
Storage The dipping solution may be kept for at least 1 week at room 

temperature. Running time ea. 15 min 

Substam:es Trichloroacetic acid Dttectioo and result: The chromatogram was dried in a stream of cold air and 
Chloroform then intensively irradiated with UV light (.A 365 nm) for 2 mm ana: tlien unmerse<l 

Reaction 
in the 1eagent solution fm 1 s.lt \'JaS finally heated to 12ooc fnr 1 o 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-

The reaction mechanism has not yet been elucidated. 
length UV light (.A= 365 nm) by cholesterol (hRr 20- 25), coprostanol (hRr 25-
30), 4-cholesten-3-one (hRr 40-45), 5o:-cholestan-3-one (hR1 : 60) and eo-

prostanone (hR1 70). 

After drying in a stream of cold air the chromatograms are immersed for 1 s. in 
In situ quaotitation: The fluorimetric analysis was carried out under long-wave-
length UV light (lexc = 365 nm, ln > 430 nm; Fig. 1). The detection limit was 

the reagent solution or sprayed with it and then heated at 120°C for 10 min. several nanograms substance per chromatogram zone. 
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' 
' J 

" " I '" 
~ 

V 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), 501:-cholestan-3-one ( 4), and coprostanone (5). 
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Trinitrobenzenesulfonic Acid Reagent 
(TNBS Reagent) 

I 
Reagent for: o2N~No2 

I 

• Amino acids [1] NOz 

• Aminoglycoside antibiotics [2, 3] C6H3N309S 

L "T ··r 

Preparation of Reagent 

I>ippiog sol-ution Dissolve 1 oo mg 2 4 6-trinitrobenzenesulfonic acid in a mixture 
of20 ml acetone, 20 ml ethanol and 10 m.l water. 

Storage 

Substan<es 

Reaction 

The reagent should always be freshly made up. 

2,4,6-Trinitrobenzenesulfonic acid 
Acetone 
Ethanol 

On heating primary amines form colored MEISSENHEIMER complexes with 
trinitrobenzenesulfonic acid. 

~O HfJ.I:.T 
R-NH2 + HOJS~ z 

No2 
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Memoa In situ quaotitation: The UV absorption was recorded in reflectance at). 353 nm. 
The detection limit was 40 ng substance per chromatogram zone. 

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 3 
100°C for 5 min. 

Deep yellow·colored zones are formed on a pale yellow background; these remain 
visible for ea. 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. NH2 layers are 

~ not suitable. 

"""" Procedure Tested 
I~ ', 

Gentamycin C Complex (21 I 

• 
Method Ascending one-dimensional development at 10 l?'C in a 

Fig. I: Reflectance scan of a blank track (A) and of a gentamycin standard track (B) with twin-trough chamber with 5 ml ammonia solution (25%) in 
BOO ng gentam)'cin mhlnn: per starting wnc Stad (1) gentamycin C1 (2) ge:ntam)'Cin Cl/ 

the second trough; chamber saturation for 15 mm. C1a (3), gentamycin C1 (4) and solvent front (5). 

Layer HPTLC plates Silica gel 60 (MERCK) which had been pre-
washed by developing three times with chloroform - meth-
anol (1 + 1) and then dried at 110"C for 30 min. References 

Mobile phase Chloroform - ammonia solution (25%) - ethanol (10 
T HI T ~). the tower MRtmtc phase Was employed. [IJ Mume1, R. L., Peigne1, A:, Ihommegay, C.: ChtumUiQRtUPhlu l91G; 3, 205-210. 

[21 Kiefer, U.: Thesis., Fachhochschule Gie6en, Fachbereich lechnisches Gesundheitswesen, 1984. 
Migl&tiOD distance ea. 5 uu [31 Funk, W., Can stem, M. v., Coutuner, I h., Helhgenthil, M., K1eler, D. SChlierbach, S., Som-

Rlllllling time ea. 20 min 
mer, D.: Proceedings of the 3rd International Symposium on Irutrumental HPTLC, Wt!n:-
burg. Bad Dilrkheim: IfC-Verlag 1985, p. 281-311. 

Detection and result: The HPTLC plates were freed from mobile phase (ea. 30 min 
in a stream of cold air, the ammonia must be removed as completely as possible), 
immersed in the reagent for 1 s, dried in a stream of warm air and then heated to 
100"Cfor4-5min. 

The gentamycins C1a (h~ 35-40), C 2/C2a (hRr 40-45) and C 1 (hRr 45-50) 
yielded intense yellow-colored zones on a pale yellow background. 
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Vanadium(V) Sulfuric Acid Preparation of Reagent 

Reagent Dippiug solution Dissolve 0.6 g ammonium monovanadate (ammonium meta· 
vanadate) in 22.5 m1 water and carefully add 2.5 m1 cone. 

(Mandelin's Reagent) sulfuric acid and 25 ml acetone. 

(Ammonium Monovanadate 
Spray solution la Dissolve 1.2 g ammonium monovanadate in 95 m! water and 

- carefully add 5 m! cone. sulfuric acid [1, 2]. 

Sulfuric Acid or Vanadium Spray solution lb Dissolve 18.2 gvanadium pentoxide in 300 ml aqueous sodium 

Pentoxide Sulfuric Acid Reagent) 
carbonate solution, (cNa,co, = 1 mol/1), with heating; after 

- cooling carefully add 460 ml sulfuric acid, (cH,so. = 2.5 mol/1), 
and make up to 1 I with water. Remove excess C01 in the 
ultrasonic bath (1, 3, 4]. 

I Spray solution IT P·BlocKer.~~r.~at:uratOO: solution of anmmniom mono~anadate 
· . 'H71. 

Reagent for: 
• Carbohydrates and derivatives 

Storage The reagent solutions may be stored for an extended period. 

e.g. monosaocharides [1-4] Substances Ammonium monovanadate 

oligosaccharides (1-3] Vanadium(V) oxide 

sugar alco~ols-~exitols) [1, 3, 4] ,;'m:";~~o 
Sulfuric acid 
~;.:{;·;,.,.., carbonate decahvdrate 

uronic acids [1, 3] Ammonium monovanadate Acetone 

• Glycols (1, 4] 

• Diethylene glycol [4] VzOs 

• Reducing carboxylic acids [1] M,~ 181.88 Reaction 
e.g. ascorbic acid, glycolic acid, Vanadium pentoxide The yellow colored vanadyl(V) ion is transformed to the blue vanadyl(IV) ion by 

oxalic acid, pyruvic acid 
reaction with reducimz ae:ents. 

• Steroids [5] 

o ~uuo.U~ ... , l'J 
H' 

• Vitamins [5] 
VO{ 

~ 
vu· 

• Phenols [5, 6] HzS04 

• Aromatic amines [5] M,~98.08 Yellow Sugar Oxidized sugar Blue 

• Antihypertensives C.B·blockers) [7, 9] Sulfuricacid 

• Pyrazolidine derivatives [8] 

• Laxatives [10] 
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Method 

The chromatogram is freed from mobile phase, immersed for 2 s in the dipping 
solution or sprayed evenly with spray solution la or Ib until it starts to appear 
transparent and then heated to 100-120°C for 5min. Mter cooling the 
chromatogram can be sprayed briefly once more to decolorize the background [4]. 

Spray solution 11 is employed for the detection of ,8-blockers [7]; here the plates 
are analyzed immedtately 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 yield, sometimes even at room temperature, variously colored 
chromatogram zones [5]. P-Blockers and laxatives also acquire various colors [7 
101 Th n; . . . . " · ' 

~,. 

n me: 1 ne reagem can oe emp1oyea on stbca get, ktese_I~, 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.lt is possible to differentiate substance types on this basis [1, 3]. 

P-Block"" (9( 

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

Layer HPTLC plates Silica gel 60 (MERCK) which had been pre-
was1ted by developmg once wnh chloroform methanol 
(50± 50) and then heated to 11 0°C for 30 min 

Mobile phase Ethyl acetate - methanol - ammonia solution (25%) (40 
+5+5). 

Migration distance 6 cm 

Running time 15 min 

Detection and result: The chromatogram was freed from mobile phase (20 min in 
a stream of warm air), immersed in the dipping solution for 2 s, dried briefly in a 
stream of warm air and heated to 120°C for to min. 

Vanadium( V) - Suifuric Acid Reagent 429 

Atenolol (hRt 25-30), bunitrolol (hRr 40 45) and alprenolol (hR.r 50-55) ap­
peared as light blue to white zones on a yellow background in visible light. They 
were visible as light blue fluorescent zones on a faint blue background in long­
wavelength UV light (A= 365 nm). 

In situ quantitation: The fluorimetric determination was carried out in UV light 
P-c1c = 313 nm, An> 390 nm; Fig. 1). The detection limits were 50 ng substance 
per eluemategram zene. 

Fig 1• Fhmrescevce scan gf a chromatogram track wjtb I l'g substance ner chromatogram 
zone. Start (1) atenolol (2), bunitrolol (3), alprenolol (4) and "dipping~ front (5). 

References 
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Vanillin - Phosphoric Acid Reaction 

Reagent The reaction probably occurs according to the following scheme: 

ill' 1:.0 eacH 
'H ,. 

J..Jl j + yocH3 _____,. (3} 

Reagent for: HO 
OH 

Eth1nylestradiol 

• Steroids, sterols [1-4} (1) (2) 

e.g. estrogens, anabolics [2, 3] ,.--, H 
OH OH I 

o -nilhpene8]4,>f F (;;:>; "jG=CH (;;:>; "'jG=CH 
~ 

OH . = 
e--cucur--miaems "o=p ~l::JoXX) (bitter principles) [4, 6} CsHs03 H3P04 oc~ £(1_) OCH3 HO ""'-
• Digitalis glycosides [7, 8] M,~ 152.15 Mr=98.00 

(3) (4) 
• Prostaglandins [9] Vanillin ortho-Phos-

o Saoonins <10.111 phoric acid 

The dried chromatograms (15 min in a stream of warm air) are briefly immersed 

Preparation of Reagent in the reagent solution or homogeneously sprayed with it and then heated to 120-
160°C for 5-15 min. Colored zones are produced on a pale background; in 

Dipping solution Dissolve 1 g vanillin (4-hydroxy-3-methoxybenza.ldehyde) in the case of digitalis glycosides, cucurbitacins and sterols these fluoresce in long-

25 Iril ethanol and add 25 ml water and 35 ml orrho-phosphoric 
v. a , elength UV light ~- Jos omJ 14, 7J. 

,. 
Note: The reagent can be employed on silica gel, kieselguhr, Si 50 000 and RP 

Stor.age The solution may be kept at 4 oc for ea. 1 week. layers. Hydrochloric or sulfuric acid can be employed in place of phosphoric 

Substances Vanillin acid (q.v.). The detection limits for steroids and digitalis glycosides are several 

ortho-Phosphoric acid (85%) nanograms per chromatogram zone. 

Ethanol 
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Procedure Tested In situ quantitation: The absorption photometric analysis was made at ). - 540 run 
( ethynylestradiol) and A.= 605 nm (diethylstilbestrol). The detection limit for 

Estrogem, Anabolics [3[ ethynylestradiol was 12 ng and that for diethylstilbestrol 3 ng per chromatogram 

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 References 
befote development the plate was prewnditioned for 66 ruin 
over the mobile phase. [11 Metz, H.: Naturwissenschaflell 1961, 48, 569-570. 

Layer HPTLC plates Silica gel 60 (MERcK), which had been pre-
[2] Jarc, H., Runner, 0., Krocza, W.: Fleischwirtschajt 1916,. 9, 1326-1328. 
[3] Funk, W., Canstein, M. v., Couturier, Th., Heiligenthal, M., Kiefer, U., Schlierbach, S., 

washed three times with chloroform - methanol (SO+ SO) Sommer, D.; Proceedings of the 3rd Intemational Symposium on Instrumental HPfLC, 
and then dried at 110°C for 30 min. Wiirzburg, Bad Diirkheim: IfC-Verlag 1985, p. 281-311. 

Mobile phase Cblorofotm <ne~>anol (19 1 1). 
[4) Bauer, R., Wagner, H.: Dtsch.. Apoth. Ztg. 1983., 123, 1313-1321. 
[5] Jankov, L. K., tvanov, I. F .. PlUIIIU MW. d76; 18; 231:-241:. 
[6] Bauer, R., Berganza, L. H., Seligmann, 0., Wagner, H.; Phytochemistry 1985, 24, 

1587-159[ 

Running time ea. 10 min 
[71 Winsauer, K., Buchberger, W.: Chromatographia 1981, 14, 623-625. 
[8) Hauser, W., Kartnig, Th., Verdino, G.: Sci. Pharm. 1968,36, 237-241. 
[91 Wallach, D. P., Daniels, E. G.: Biochim. Biophys. Acta 1911,131, 445-451. 

Detection aDd result: The chromatogram was dried in the air, immersed in the [101 Kartnig, Th., Wegschaider, 0.: Planta Med. 1912, 21, 144-149. 

reagent solution for 5 sand then heated to 120"C forS min. cis-Diethylstilbestrol [11) Kartnig, Th., Ri, C. Y.: Planta Med. 1913,13, 269-271; 379-380. 

(hR, 15-20) and trans-diethylstilbestrol (hR, 40-45) turned red· while 
ethynylestradiol (hRr SO 55) appeared blue. 

l 

1 

' 
I 

5 v· 
) V ~ 

A _,)• 
Fig. 1: Absorption scan of a blank track (A) and of a mixture of estrogen anabolics with 
100 ng .of eac~ substance per chromatogram zone (B). Start (1), cis-diethylstilbestrol (2), 
trans-dtethylstllbestrol (3), 17-ll!-ethynylestradiol (4), solvent front (5). 



fam n Potassmm Hydroxide 
Reagent 

~---------------· ---

Reagent for: " l 
• Amines, amino acids 

e.g. aminoglycoside 
antibiotics f1, 2] CsH80 3 

Mr = 152.15 
KOH 

M,~ 56.11 ·v .... 

---------

Preparation of Reagent 

Dipping solution I Dissolve 1 g "omill" (4 I d 3 
IHI) IOX)- ·methoxy-benzaldehyde) in 

50 ml2-propanol. 

Dipping solution 11 ~ake 1 mll mol/! potassium hydroxide solution up to 100 ml 
With ethanol. 

Storage 

Substances 

Reaction 

The solutions may be stored for several days in the refrige­
rator. 

Van· 

2-Propanol 

assium y rox1 e solution (1 molfl) 
Ethanol 

Vanillin reacts with primary amines in weakly basic media to form fluorescent or 
c_olored SCHIFF's bases whereby colored phenolates are also produced at the same 
time. 

:\1ethod 

H 

Ha--o-b=o 
OCH3 

Vanillin 

Vanillin - Potassium Hydroxide Reagent 435 

Primary amines 

H 

----? HO~_ b=N-R 
- H20 )=I 

OCHJ 

SclllFF's bases 

l'he chromatograms are freed from mobile phase (10 ruin stream of warm air), 
immersed for 1 sin solution I, dried for 10 min at 1 10°C, then immersed in solution 
11 and finally heated once again for 10 ruin to 11 ooc. 
vanous1y c01orea zones are pr?aucea; mese can rrequenuy oe excuea ro rmores-

.,h;l, - dJVIiohdl ''" n\111 

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 fm basificadon instead of dipping solutionli. 

Chatactelistic flumesceuce often appealS under long-wavelength UY light (k 
365 nm) after drying for the first time (before the use of reagent solution Il): e.g. 
ornithine yields a strong greenish-yellow fluorescence and lysine a weak one, while 
hydroxyproline appears light blue. 
The reagent can be employed on silica gel, kieselguhr or cellulose layers. Amino 
phases and polyamide layers are unsuitable. 

Procedure Tested 

Geotamycin C Complex (1, 21 

Method Ascending, one-dimemional development at 18 12"C in a 
twin-trough chamber with 5 m! ammonia solution (25%) in 
the second part of the chamber; chamber saturation for 
15 min. 



436 Vanillin ~ Potassium Hydroxide Reagent Vanillin ~ Potassium Hydroxide Reagent 437 

Layer HPTLC plates Silica gel 60 (MERCK), which had been pre- References 
washed by developing three times with chloroform - meth-

[I) Kiefer, u.: Thesis, Fachbochschule GieBen, Fachbereich Techni~hes Gesund?eitswese;, ~984. anol (1+1) and heated to ttooc for 30m.in after each 
2 Funk, w., Canstein, M. v., Couturier, Th., Heiligenthal: M .. Kiefer, U., Schherbach, ., o~~ development. [ l 0 . p eedin.gs of the 3rd International Symposmm on Instrumental HPTLC, Wurz mer, .. roe 

Mobile phase Chloroform - ammonia solution (25%) - ethanol (10 burg. Bad ourkheim: JfC.Verlag, 1985, p. 281-311. . 
1954, 173, 314-315. 

+ 10 + 9); the lower organic phase was employed. 
[3} Curzon, G., Gi\trow. J.: Nature (London) 1953, 172, 356-357 · 

·.~ 

Running time ea. 20 min 

Detection and result: The chromatogram was freed from mobile phase (45 min, 
stream of cold air), immersed in reagent solution I for 1 s, dried at 110°C for 
10 min, immersed in solution II and heated to 110°C for a further 10 min. 
Genfamycms Cta (liRr 35 <m). c,;c,, (hR, 40 45), C, (hR, 45 50) produce 
'""' '"'' '""' 

In situ quantitation: The absorption photometric determination was carried out in 
long-wavelength UV light (2 = 392 nm). The detection limit was 40 ng gentamycin 
per chromatogram zone (Fig. 1 ). 

1 

5 

' 1 

" "-. I 
5 8 

1 1 
A 

Fig. l: Absorption scan of a blank track (A) and of a gentamycin standard track (B) with 
500 nggentamycin C1 - C1. mixture per starting zone. Start (1 ), gentamycin C~o (2), gentamycin 
C2!C2. (3), gentamycin C1 (4) and solvent front (5). 
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Zit conium(IV) Oxtde Chloride Reaction 

Reagent The reaction mechanism has not yet been elucidated [4]. 

r---
Reagent for: 

Method 
• Flavonoids [1-3] 

• Mycotoxins The chromatograms are freed from mobile phase, immersed in the dipping solution 

e.g. sterigmatocystine [2] for 1 s or sprayed evenly with it and normally heated to 100-120 oc for 10 min 

• Steroids 7~ 

[2, 5, 6], o~, sometimes to 150 -180°C for 5 to 60 min [4]. . ,, _, . . k . 

e.g. estrogens [4, 7] :" 
M,~322.25 dark background under long·wavelength UV light (A= 365 nm). 

• Punnes, pyrimidines [4] 

• Cardiac glycosides [5] 
Note: Flavonoidsreact with the reagent even at room temperature [1]; mycotoxins, 
steroids, purines, pyrimidines, cardiac glycosides and lipids only react on heating 

• Lipids [2, 4-6]. Zirconyl sulfate can be used to replace the zirconyl chloride in the 

e.g. fatty acids, phospholipids, cholesterol, reagent; this is reported to result in an increase in the sensitivity to certain groups 
cholesteryl esters [4] of substances (e.g. cholesteryl esters, triglycerides) [4]. 
cng yeenae' [4, 6] 

The chromatogram can be sprayed with liquid paraffin - n-hexane (2 + 1) to 

l ,"""" L"J mcrease the uuorescence mtensttY,lLJ. 1 ne aetecnon mnns per cnromawgram zone 

• Prostaglandins [4] are 0.5-1 ng for cardlac glycosides [5], triglycerides [6] and sterigm.atocystine [2] 

- - - - -- and 25 pg for estrogens [7]. 
- - - - - -

The reagent, which can also be employed to impregnate the layer before 

Pre)Jaration of Reagent 
chromatography, is best suited for silica gel layers [4]; it can, however, also be 
emplo)!ed on aluminium oxide: kie:se:lg!lhr Si 50000 cellulose and Qolyamide 

[)ippiug solutiOii 
layers [4]. 

Diss~lve ~ g Zlrconmm(IV) oxide chlorideoctahydrate (zirconyl 
chlonde) m 50 m1 methanol. 

Spray solution 
Dissolve 2 to 25 g zirconium(IV) oxide chloride oct.ahydrate in 

Storage 
100 ml methanol [1], ethanol - water (55+ 15) [5] or water [4]. Procedure Tested 
The reagent solutions may be stored for an extended neriorl 

Substances Zirconium( IV) oxide chloride octahydrate Estriol, &tradiol, &trone 171 
Methanol 
Ethanol Method Ascending, one-dimensional development in a trough cham~ 

her with chamber saturation. 
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Laye1 HP I LC plates S1hca gel 60 (MERcK), which had been pre. References 
washed by developing once with chloroform - methanol 

J] Poethke, w., Scbwarz, c., Gerlach, H.: Planta Med. 1970., 19, 177-188. (1 + 1) and then activated at 110°C for 30 min before sample b Gem, c., BOschemeyer, L.: Z. Le~nsm. Unters. Forsch. 1980,. 171, 335-340. application. 
[J) Thieme, H., Khogali, A.: Pharmaz1e 1975, 3Q, 736-743. 

Mobile phase Toluene- ethanol (9 + 1). [41 Segura, R., Navarro, X.: J. Chromatogr. 1981,217, 329.-340. 
: J. High Resolut. Chroma-[51 Hagiwara, T., Shigeoka, S., Uehara, S., Miyatake, N. Ak1yarna, K 

Migration distance 7cm rogr. Chromatogr. Commun. 1984, 7, 16.1-164. 
E. lehmann, P., Wahlefeld A., Gruber, [6] Nagel~ u. Hii.gele E. 0. Sauer G. W1edemann Running time 15 nrin w · J. Cfin Chem Biochem. 1984, 22, 165 174. . . 

171 N~~z, 's., F~nk. w.; Private communication, Fachhochschule GieBen, FachbereJch Techmsches 
Gesundheitswesen, 1987. 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). Jt was then im· 
mediately immersed in the reagent solution for 1 sand heated to 180°C for 15 min. 

Estriol (h~ 10 15), estradiol (hRr 30 35) and estrone hRr 40 45) appeared 
lH:u;l.er leag .. a,elength UY light (A 365 nm) as hght blue fluorescing chromato-
gram zones on a dark background. 

In situ quantitation: Fluorimetric analysis was carried out by excitation at 
2m = 313 run and detection at ..l.n > 390 nm. The detection limits were 25 pg sub. 
stance per chromatogram zone (Fig.1). 

I 

l 

~ 
-....._J ~w 

Fig. I: Fluorescence scan of a chromatogram of ea. 
and estrone (3) per chromatogram zone. 50 ng each of estriol (1), estradiol (2) 



Name Reagents 
Reagent Acronyms 

' • D. 

HESTHORN's Reagent 347-350 

BRATTON-MARSIIAT.L Reagent 223-227 

CARR-PRICE Reagent 206-209 

EMERSON REAGENT 151-153 

EMMERIE-ENGEL Reagent 216-218 

r' H ' Rea nt 252 255 

MANDELIN's Reagent 426 429 

' 'V ' -o: '"" '"' 
NEU's Flavone Reagent 277-280 

TILLMANS' Reagent 261-264 

Reagent Acronyms 

""·" 191 194 

DBA-Reagcnt 281-283 

UUUtl· 

FCPA-Rcagent 314-317 

INH-Reagent 318-321 

MBTH-Reagent 347-350 

MDPF-Reagcnt 344-346 

NBD-chJonde Reagent 238-241 

NBP-Reagent 359 363 

~~~~~r:)-Reagent 416 419 

fNBS-Reagent 423-425 



Index 

A AGFA~Copyrapid CpN paper 135 
ABP = 2-amino-5-bromophenyl(pyridin-2- AGFA-Copyrapid CpP paper 135 

yl)methanone 226, 227 Alanine 246, 267, 268, 296, '}97 
Absorbance, detennination of 31 , dipole moment 97 
Absorption, measurement of 9, 17, 31 Albumins 74 
-,molar coefficient 36,40 Alcohols 70, 77, 106 
-,quantitative relationship 35, 36 -, 3,5-dinitrobenzoates 44 
-,recording of spectra 30, 31 -, monounsaturated 89 

-bathochromic/hypsochromic shift 31 -,primary 57, 68, 70,106 
-com~~uison to spectra of solutions 31 -,saturated 89 
. . . 

57, 68, tOt! ACB - 2-amino-5-chlorobenzophenone , tertiary 

--= '""'nyo" '=" 
Acesulfarne 390 - aliphatic 76, t 57 
Acetanilide 65 - aromatic 76 
- p-chloro- 65 - phenolic 72 
- 2,5-dichloro- 65 - ll-,ft-unsaturated 106 
Acetone, dipole moment 97 Aldohexoses 158, 180,181, 185 
Acetophenone 72,87 

"' « 
~~~openloses 1:!., 

Acetylation, in_ situ 68 Aldoses 158, 176, 177, 180, 181, 185,203, 

Acetyldigoxin 303 Aldosterone 321 
Acetylene, derivatives 359, 361, 362 Aldrin 76 
Acetylsalicylic acid 308 Alizarin reagent 143 
ACFB = 2-amino-5-chloro-2'-fluorobenzo- Alkaline earths 312 

phenone 227 Alkaloids 7, 45, 60, 88, 166, 167,206,234, 

Aconitic acid 249 238,240,262,263, 273,299, 301, 303,314, 
Acridine pH-de~ndent chanru:: of fluores- 351,380,381,411,420 

~~,cecol~r 91 , Cinchona- - 8~;~14 
nU. "'' "' fluorescence color 91 -,Ergot- 380, 381 

Activation of the layer 124ff. -,Indole- 66,314 
N-Acylglycine conjugates 176 -, lpecacuanlw.- 46, 263 
ADB ~ 2-arnino-2' ,5-dichlorobenzophe- -, isoquinoline- 46, 66, 262 

none 227 -, Mitragyna- 314 
Adipic acid 175,233,249,250,308 -,morphine- 299, 301, 351' 352 
Adrenaline 392ff , oxidation 60 
Adrenochrome 392 , pyridine- 66 
Aflatox.ins 69, 103, 411 -, pyrrole- 66 
- Bh B2 103 -,quinine- 88, 314 
Agarofuran 376 -,quinoline- 66 



446 Index Index 447 

, Rmm oifiu- 31:4 4=A:miuobenzoic acid 171, 175 A:mhogens f95, 318, 4H , meth)l 3:27 
-,steroid- 206 -,reagent 154 J 4 -Androslendione-{13, 17) 32, 89 Arsen cations 144 
-,Strychnos- 314 Aminobenzophenones 223, 225 Androst-5-en-17-on-3-fJ-o! 59 Artificial sweeteners sec Sweetening agents 
-, Synclisia- 314 2-Amino-5-bromophenyl(pyridin-2- Anilide herbicides 223, 225 Artisil blue 2RP 129 
-, Tabernaemontana- 314 yl)methanone (= ABP) 226, 227 Aniline 152 Arylamines 66, 151,294 

, Veratrwn- 420 2-Amino-5-chlorobenzophenone (ACB) -,derivatives 253,261,284 N-Ary!-N' -benzenesulfony lthiocarbamides 
Alkanol amines 284 226, 227 -,reagent 176,179,185,188 248, 249 
Alkenylacylethanolamine phospllatides 62 2-Amino- 5-chloro-2' -fluorobenzophenone Aniline phthalate reagent 78, 188 N-Aryl-N' ,N'-dialkylurea herbicides 43 
Alkenylacylglyceryl acetate 70 (ACFB) 226, 227 ~-Anilinonaphth.alene-1-sulfonic acid •m- Aryl glycosides 185,186 
A lkenyldjacyle• bap olamjpc phosph·!lides 5 Aminodibenzo{a,d}cyclohept~tn!l d!lri' :~ti mopjnm salt (ANS re••gen') 44 88 191 Acyloxyhutannlamjne deriwtjyes 45 

62 "' 45, 231 Anions, organic 44, 388, 389 N-Arylthiosemicarbazides 248 
Alkylacylglyceryl acetate 70 2-Amino-2',5-dichlorobenzophenone Anisaldehyde reagent 78, 195 Ascorbic acid 216,256,257,372-374,376, 
Alkyl arnines 284 (ADB) 226, 227 m-Anisidine 67 377, 426 
Alkylating agents 359fT 4-Amino-2,3-dirnethyl-1-phenyl-3- o-Anisidine 67 -, metabolites 45 
Alkylglycosides 426 pyrazolin-5-one 158 p-Anisidine 67 Atenolol 429 
n-Alkylresorcinol, homologues 288 2-Aminodiphenyl reagent 157, 158 , reagent 199 -,ethyl 362 
Allobarbital 338 Amino glycoside antibiotics 107,270, 284, ANS reagent 44, 88, 191 Azinphos, methyl 362 
Alprenolol 299, 429 354, 380, 423, 434 Anthanthrene 39 Azmdmes 359 
Aluminium, cations 144, 311 4-Aminohi~I!uric acid reagent 160 163 AnthQ9':anidines 277 Azo dyes 66, 67, 68 
AIUIIliniUIII chloride reagent 147 2-Amino-5-nilrobenzophcnone (ANB) Anthocyanins 59 Azomethines 66 
Aluminium oxide reagent 89 226, 227 Anthracene derivatives 166, 167 Azulene 66 
AMD system 132 Amino phases 3 Anthraquinone 359 
Amiloridc 104 4-Aminophenazone reagent 151 Anthrone reagent 78, 202 
Amination of sugars 56 1-Aminopyrene 61 Antibiotics 7, 107,109,148, 166, 195,270, B 

Amines 58, 75, 76, 91, 106,223,239, 252, Aminotrimethylenephosphonic acid 172 284,354, 380,411,423,434 Barbiturates 44,45, 66,252,254,260,337-

260, 265, 284, 294, 296, 344, 354, 434 Ammonia 86,87 -, aminoglycoside- 107,270,284,354,380, 343 
. ammatic 66, 131, 231, 2!\4, 1\14, 41 (1, 42(1, , dipole moment 9/ 413, 434 , metallalites 1n ]1] 

428 -,reagent 166 -, bioautographic determination 109 -, thio- 45 
, bwgen1c 10, 88, 284, 356 Amrnomum catiOns 144 , heptaene 195 Batium cations 144, 145, 311, 312 

-,capable of coupling 288 AmmoniUIII rhodanide see Ammonium thio- -,macrolide 195 Behenic acid 73 
, primary 76, 106, 223-225. 238, 239, cyanate Antiepileptics 252, 254, 303, 304, 364 Benzidine 

252. 260. 265, 266, 269, 284, 294-296, Ammonium hydrogen carbonate "vapor" Antihistamines 260 -,treatment with 90 

344, 380, 381, 423, 434, 435 86 Antihypertensives 426 Benzocaine 63 
-, primary aliphatic 238, 239, 252, 260, 284, Ammonium monovanadate, reagent 89, Antimony cations 144 1 ,4-Ben,.odiazepines 223, 225, 265-267, 

296 426 Antimony(lll) chloride reagent 206, 207 310, 311 
priiD'IF) 'H9'1l:ltiG 22J 22?, 232, 2@ A mmanium sulfate reageat 89 A alimBay(") o;;hl9ride reagen' 210 derivatives 225 

-, secondary 225, 238, 239, 252, 260, 266, Ammonium thiocyanate reagent 170 Antioxidants 45, 75, 108, 195, 210, 216, -, 2-one derivatives 420 
294,295,341 Amphctw11iues 45, 266, 299 252,254,269,376, 377,426, Q8 hydrol~·sis products 225 

-,secondary aliphatic 238, 239. 252, 260 Ampicillin 173, 174 Antithyroid pharmaceuticals 248, 249 Benzo(b)fluoranthene 39, 85 
-,secondary aromatic 252. 260 Amygdalin 179 Application Benzo(k)fluoranthene 39, 85 

-,tertiary aromatic 252, 260 Amylene, stabilizer for solvents 120 -, bandwise 57 Benzoic acid 45, 71, 75, 175, 178,230,308 
Amino acids 45, 58, 61, 75. 76, 87, 88, 90, Amylose reagent 173 -,errors 131 -, Chloro- 72 

107, 232,234. 238, 240, 245, 246, 265,267' rt-Amyrin 44, 69 -,scheme 131, 132 -, Dichloro- 72 
294, 354, 380-382. 423, 434, 435 ,8-Amyrin 69 -,solvents 131 Benzo(ghi)perylene 39, 85 

-, 2-anilino-5-thiazolinone derivatives 75 rt-Amyrin benzoate 63 Agua regja rca~nt 270 Bcnzo(a)pyrene 39, 85, 103 
, reduction 61 Anabolics 303, 411, 430, 432 Arabinose 161, 162,200,201 p-Benzoqumone 

4-Aminoantipyrine 151 Anacardol 288 -,reagent 177 -,derivatives 72 
4-Aminoazobenzene derivatives 303, 304 ANB = 2-amino-5-nitrobenzophenone Arachidic acid 230, 402, 405 Benzoyl chloride reagent 70 
2-Aminoben7.oic acid 175 226, 227 Arbutin 179,325,327,328 3,4-Benzpyrene 60 



448 Index 

Benzn iazole 
, derivatives 281 ff 

-, 2-(2-Hydroxy-5-methylphenyl)- 282 
-, 2-(2-Hydroxy-3-(1-rnethylpropyl)-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-radiation 12 
Betulae, Extr. 279 
Betulic acid 59 
BHT: see Butylhydroxytoluene 
Bile acids 43, 195,206, 333, 334,364,365, 

376,411 
-, conju ates 376 
Binder, effect on derivatization 123 
S-Bioallethrine 359 
Bioautographic detenninations 109 
Biodetection 109 
Biological/physiological detection 109 
Biotin 269 
Biphenyl-2-ylamine reagent 157 
2.2'-Bipyndine reagent 216 
Bis-3,4-benzpyrenyl 60 
8i~2-et1Iylhexyl)phosphonc actd l/4 
Bis(halogenalkyl)amines 359 
Bts(halogenalkyl) sUihdes 359 
Bismuth cations 144,311 
Bitter principles 7, 109, 303, 430 
Blue tetrazolium reagent 219 
L-Borneol glycoside 327 
BRATTON-MARSHALL reagent 223 
Brilliant green 44 
Bn~male aaieFJs 188, 19e 
Bromide anions 190 
Bwmiuation 65, 66 
Bromine 
-,in eluent 58 
-, vapor (reagent) 64, 86 
Bromite anions 188 
Bromocresol blue reagent 45 
Bromocresol green reagent 45, 228 
Bromocresol pumle rearent 45 231 
;r:-Bromoisovalerylurea 65 
4-Bromophenacyl bromide reagent 71 
4-Bromophenacyi esters 72 
Bromophenol blue reagent 45, 228 

Bromothymol blue reagent 45 
Brucine 60, 67,315,316 
Bufotenine 380 
Bunitrolol 429 
tert-Butyl hypochlorite reagent 86, 87, 89, 

234 
Butylhydroxyanisole ( = BHA) 262 
Butylhydroxytoluene ( == BHT) 262 
-,stabilizer in solvents 120, 359, 361, 363 

c 
Cadmium cations 144, 311 
Caffeine 65, 90 
Calcium cations 144, 145, 311, 312 
Calibration of the wavelength scale 21 
Campesterol 213 
Cannabinoids 288 291 
Canrenone 411 
Capsairinojds 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 
, reducmg 188 

Carbon disulfide reagent 75 
Carbon dioxide, dipole moment 97 
Carbonyl compounds 71, 72, 76,106,157, 

158,179-181, 185,202,273,274, 347 
Carboxyhemog\obin, dipole moment 97 
Carboxylic acids 44,45, 70, 91,170-178, 

229, 231, 232, 248 256, 256 258, 3tH, 
308, 426 

' aliphadc 43, 1 n, 
-,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 
Cardo! 288 
Carotinoids 206 
CARR-Plu.CE reagent 206 
Carvacrol 1 53 
Carveol 76 

Larvone 12,316 
Caryophyllene 197, 198,214 
-,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 

Cer cations 144 
Ceramides 41 1 
Cetanol 106 
Chalcones 303, 304 
Chamber saturation 124,126 
Chamber system, choice of 124 
Chenodesox holic acid 334 
o-Chloranil 67 
p-Chlor;mil 67 
Chlorate anions 188-190 
Chloride anions 190 
Chlorination 65, 90 
Cl:tlorine 
-,gas (dipole moment) 97 
-, vapor reagent 64, 86 
Chlorite anions 188, 189 
p-Chloroacetamhde 65 
4-Chloroaniline 67 
Chlorobenzaldehyde, derivatives 72 
Chlorobenzoic acid 
-,m- 72 
-, 0- 72 
-, p- 72 
Chlorodiazepoxide 267, 364 
Chiorogenic acid 279, 280 
5-Cldotoiudolc 418 
5-Ch ioro-2-( meth yiamino )benzophenone 

(MACB) 22fl, 221 
7-Chloro-4-nitrobenzofurazan reagent 

238, 239 
7-Citloro-4-nitrobcnzo-2-oxa-1,3-diazole 

reagent 238 
Chloroplast pigments 303 
Chloropropham 108 
ChJoropropionic acid 45 
Chlorothymol 67 
o:-Cholestanol 43, 65 
5-o:-Cholestan-3--one 43, 334-336, 421, 

422 

Index 449 

4-Cholesten-3-o•oc 334 336, 421, 422 
Cholesterol 44, 65, 104, 147, 148, 191-

194, 213, 214, 248, 333-336, 351, 376, 
377,385-387,411,421,422,438 

-, dehydrated 66 
-,esters 44, 70, 147, 191, 248, 333, 411, 

438, 439 
-, gangliosides 45 
-, gluc~ronides 45 

Cbolic acid 334 
Chromatography errors 131 
Chromium cations 144,311 
Chromopbors 57 
Cbrysene 39 
Cinchona alkaloids 314 
Cineole 211,212 
Cinnamaldehyde 15 , 159 
Cinnamic acid 171 
Cinnamic alcohol 70 
Citraconic acid 61 
Citral 58, 158, 159 
Citric acid 45, 233, 308 
Citrinine 69,147, 148 
Citronellal 158,159 
Citronellol 68, 69, 70, 327 

, acetate t'l8 
-,glucoside 327 
Clean up 119 
Cobalt 
-,cations 144, 311 
-, nitrate reagenl 89 
Codeine 108,299,301,302,351,353 
-,phosphate 65, 90 
Colchicine 344-346 
G!Jiekia m alkaleids H 4 34 5 
Colchicum autumnale extract 346 
Collidinc, JCagent 3St 
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 
Copoer cations 144, 145,311 
Copper(II) nitrate reagent 245 
Copper salts, reagents for stabilization of 

ninhydrin spots 356 
Copper(II) sulfate reagent 248 
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Cofitopot pity 1 in ~IHf , With dansyl semtplperaztde 73, 53 , with aqueous dye solutions 43 Oihydt oxybenzeues 88 
Coprostanol 104, 334-336, 385-387, Data pair method 131, 132 -,with pH indicators 45 -, 1,2· ( = pyrocatechol) 89,174,273 

421,422 Daucol 59 Detergents (Tensides) 44, 86, 89,191,388, -, 1,3- ( = resorcinol) 174,273 
Coprostanone 104,334,335,421,422 DBA reagent 281 389, 401 -, 1,4- ( = hydroquinone) 44, 89, 174 
Cortexolone ( = R.EICIISTEIN-S) 221, 321 Dehydroascorbic acid 216,262,273-275, Deuterium lamp 21 Dihydroxyergotoxin 382 
Corticosteroids 219, 222, 318 372-374 1,2-Diacetylhydrazine 63 2,2-Dihydroxy-1 ,3-indandione "'' Ninhy-
-, 17-Hydroxy- 59 11-Dehydrocorticosterone 221 Diacylperoxides 368 drin 
Corticosterone 221, 321 Demeton-S-methyl 362 Diallate 323 Dihydroxyketones 147 
Cortisol dansyl hydrazone 104 Demeton-S-methylsulfone 362 cx,w-Diamines 284 3,4-Dihydroxyphenylacetic acid 392 
Coupling DeoX)ni•alcnol 89, 147, 148 Diazepam 266, 363, 3M, 364 2,4-Diiodoeshene 66 

-with Fast Black Salt K 68 Derivatization, aims 56, 57 Diazoalkanes 359 Dimethoate 362 
-with Fast Blue Salt B 288ff -,during development 57 Diazotation 66ff, 225 2,5-0imethoxyaniline 67 
-with Fast Blue Salt BB 290 -, for clean up 56 Dibenzoyl peroxides 370 Dimethoxy-4-bromoamphetamine 299 
-with Fast Blue Salt RR 29Q -,in situ 56 2,6-Dibromoquinone-4-chlorimide 2,5-Dimethoxytetrabydrofuran 265 
-with Fast Dark Blue R Salt 67 -, postchromatographic SS, 771T reagent 252 Dimethyl sulfoxide, intrinsic detector 88 
-with :x-naphthol 67 Derivatization prechromatograpbic 55, 2,6-0i-tert-buty\-4-methylphenol see Butyl- 4-Dimethylamino benzaldehyde 265 

Cucurbitacins 430, 431 56ff h~·dro:x}'l:oluene 4-Dimetb)"lamino cinnamaldehyde 269 
Cumarin -,disadvantage 57 Dibutyltin dichloride 399, 400 3,5-Dinitrobenzoates 77 

, glycosides 62 with aceric anhydride 70 DilHil) ltiR dilaunte 399 400 ],3 l)iaiu·gQenzoyl chloride reagent 7rl 
, pH-dependent cltange of fluorescence eo- -.with alkali methylate 70 Dicarboxylic acids 45,171,175,178, 188, 2,4-Dinitrofluorobenzene reagent 71,75 

!or 91 -, with benzoyl chloride 70 232, 233, 248, 249, 308, 426 Dinitrophenols 273 
Cumarins 252, 288 -, with boron trifluoridejmethanol 71 2,5-Dicbloroacetanilide 65 2,4-Dinitrophenylhydrazine reagent 273 
Cyanogen bromide vapor reagent 86 -,with bromophenacyl bromide 71 Dichlorobenzoic acids 72 2,4-Dinitrophenylbydrazones 77 
Cyano phases 3 -, with carbon disulfide 75 2' 7' -Dichlorofluorescein Dioctyl sulfosuccinate 301 
Cyclamate 3881T -, with diazomethane 71 -,'pH -dependent change of fluorescence eo- Dioctyltin oxide 399, 400 
Cyclitols 325 -, with 3,5-dinitrobenzoyl chloride 70 lm 91 Diol Qhases 3 
C)elodcxhius 262 , w1th 2,4-dmJtrolluorobenzene 71, 75 , reagent 88, 105, 325 Diols, vicinal 325, 326, 329, 330 
Cyclohexanesulfamic acid 174 , with di~hen}'lacetyl-1 3-indandion-1- 2 6-DichloroQhenolindoQhenol rea~nt Diosgenin 52 61 195 
Cycloliexanol 43 hydrazone 76 256 Diosgenone 59 
Cyclohexylamine derivative~ 45 -,with fluorescamine 76 2,6-Dichloroquioone-4-ch\orimide Dipbenyl 44 
Cyclopentenyl cations 196 -, witb heptafluorobutyric acid 75 reagent 260 Diphenylacetyl-1 ,3-iodandion -1-h ydrazone Cysteine -,with methyl iodide 70 Dieldrin 76 reagent 76 
-,adducts of unsaturated aldehyde dansyl -,with NBD-chloride 76 Diethytalkylacetamide derivatives 45 Diphenylamine reagent 179 

hydra:wnes 1(){1 -,with nitrophenyl isocyanate 77 Diethylamine vapor reagent 86 Diphenylboric acid-2-aminoethyl ester re-
-,reagent (alternative to 2-mercaptoetha- -, witb p-toluenesulfonlc acid 76 Diethylene glycol 426 

a~nt 277 no\) 381 
, "ith riuc cbiOiide 76 D~elhylslllbcsnul 86, 84, 185,413,414,432, Diphenylboric anhydnde reagent 281, 284 Cytidine 61 -,sensitivity enhancement 57 433 Dipbeoy:lcarbazone rea~nt 340 Cy•idiag riiphesflhale glucose 63 Elesoxycholic aCJd 334 DigitaliS glycosides 63, 64, 104, 20tl, .\63 2,2-Diphenyl-1-oxa 3-oxonia 2-Cytidine-5'-monophosphate 63 11-Desoxycorticosterone 221 305, 420, 421, 430, 431 boratanaphthalene reagent 284 

D 
Detection -,A-series 421 Dipping in reagent solutions 82ff 

Dansylamides 
-,biological/physiological 4, 6, 7, 9, 109 -, B-series 421 -,apparatus 84 104,106-108 -, group cbaracterizing 4, 7 -, C-series 421 -,automated/manually (comparison) 80, Dansylamino acids 73, 107, 108 -, influence of layer material 9Q Digitoxin 104 303 

Dansylation 72ff -,microchemical !·7o9 
.,IT Digly~rid~s !~~ 404 

84 
, amines (prim. and sec.) 73 , chambers 83 
, ammo ac1ds 73 -,physical 4, 6 -, bisdigitoxoslde 305 , choice of appropnate so vents 

-, phenols 73 -, selectivity 109 -, monodigitoxoside 305 -,sequences 9Q 
. prechromatographic 72ff -,sensitivity enhancement 405 Digoxin 104. 303, 305 Dipterocarpol 71 

-, witb dansyl semicadaveride 73, 53 -,substance specific 4, 7 -,methyl· 104 2,2' -Dipyridyl reagent 144,216 
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9isaeehaFi6es 1S4, Hil, Hi:J, H9, l8l, ~93, Etlmsl:lximide Z54, Z55 , in efuent 57 intlulllnce g£scaoning speed gtl p1nk size 
204,277,331 Ethoxyquin 106, 108 Fluorescein 64,65 35 

Disulfides 6! Ethylamphetamines 45 -,pH-dependent change of fluorescence eo- -,scanning curves !7 
Diterpene glycosides !95 Ethylenediamine reagent 392 lo• 9! -filter combination for recording 17 
Dithioglycolic acid 248, 249 N 4-Ethyl-N 4-(methanesulfonamidoethyl}-2- -,reagent 44 -,selectivity 38, 39 
Diuretics 248, 249, 260 methy 1-1 ,4-phenylenediamine -, sodium, reagent 88, 326 -,spectra recording 31,40 
Diurone 74 reagent 368 Fluorescence 10, 37, 98fT -optical train 39 
DNP-Amino acids 75 Eth.ynylestradiol 80, 84, 105, 413, 414, -,emission 33, 37 -, stabilization 98fT, 241, 278, 285, 286, 
Documentation of chromatograms 119fT E

1 

431-433 -,enhancement \~1ff 
296, 306,366, 373, 375, 381,382, 397,413, 

- bv autoradio2raohv 6 
~·· 111 

- ,;,h 421 
, by computer !38 Evaluation of chromatograms 133ff -with cetyltrimethylammoniumchloride Fluorophors 57 

-,by manual-graphical sketching 6,134 -, optical trains 30,39 !08 Fluphenazine !04 
-,by photographing 6, 134 -,peak area/height 31, 33,40 -with P-cyclodextrin !08 Fluram 294 
-,by photocopying 6, 134 Evipan 339, 343 -with dioctyl sulfosuccinate 108, 301 Folic acid 223, 225 
DOOB reagent 239, 284, 285 Explosion caused by reagent residues 82, -with dodecane 103 Formaldehyde reagent 299, 351 
Dopa 393-3% 253,261,315,365 -with ethanol vapor 105 -, vapor reagent 86 
Dopamine 240, 393-396 Extinction, coefficient of: see Absorption -with 2-etboxyethanol 106 Fonnazan 22<) 
Drying cupboards 93 coefhClent -wtth ethylene glycol 106 1'1uctose 135,156,158, 161, 162,164,165, 
Dulcin 10, 11,223,388-390 -with fatty acids !03 182-184, 200, 201, 203, 204, 277, 278, 

' -with Fomblin H Vac !03 331 
E Fast Blue Salts see Coupling -with Fomblin Y Vac !03 Fuchsin reagent 329 
Effonil 107 Fatty acids 44,45,61, 70, 71,214,232,234, -with glycerol !06 Fumaric acid 44, 61, 171, 175, 233, 249, 
Eldrin 76 333, 376, 401, 402, 404, 411,438 -with isooctane 103 250, 258, 259, 308 
EMERSON reagent !51 -. dansyl semicadaveride derivatives 73 -with kerosine !03 Fungicides 7 
Emetine 46, 263 -", dansyl sernipiperazide derivatives 73 -with liquid paraffin 103 ff, 241, 285,286, -. bioautographic detection !09 
~~issio~-~.nes of line radiators 23 -,esters 242, 243, 364, 404 296, 304,306, 319, 335,361, 363, 366, 421, -, Oxathizine 44 

Eosin 64,65 -, methyl esters 44, 70, 299, 300, 376, 401 -with liquid paraffin/triethanolamine -, metabolites 108 

Ephedrine 45, 107,173 -,unsaturated 58 '"'·" , "' ' -wtth monoethanolamme 107 
Epoxides 63,359-361 Fatty alcohol dinitrobenzoates 40! -with petroleum etller 103 G 
Epoxy resins, pyrolysis products 45 Fatty aldehydes 45 -with polyethylene glycols 106,278,381 D-Galactose, dipole moment 97 
Equilibration of the layer !3! FCPA-reagent 314 -with Silicone DC 200 !05 Galacturonic acid 45, 181 
Ergosterol 35! Filters, black light 38 -with sodium cholate 108 GaUates 262 
Ergot alkaloids 380, 381 -,cut off 17, 38 -with sodium dodecylsulfate 108 Gallium cations 144 
Erucic acid 73 mQnochromatic 11 38 1uilh lrietb'lPOiamioe 101 Gang!iosides 44, 202, 401, 404 
Essential oil components 87, 89, 92, 153, -,optical transmittance IS -with triethylamine 107,297 Gentamicins 105, 270 272, 286, 287' 294, 

125 121 210 211 316 Eiselin re·1gent 44 ~oi1:b ~riten X lOO lOS 356 357 382 383 404 423 425, 435, 

Esterification, prechromatographic in situ Fixing the chromatogram 133 -with water vapor 105 436 
69ff Flavognost 277 -,excitation 10, 12, 20,37 Geranic acid 58 

Estradiol 68, 89, 439, 440 Flavone glycosides 62, 323 -,indicators !2ff Geraniol 58, 59, 70, 76, 327 
Estriol 67, 68, 89,104, 107,439,440 Flavone reagent ace. to NEU 277 -interference with absorbance measure- -,glucoside 327 
Estrogens 66, 67, 68, 89, 104, 107, 195,333, Flavonoids 44, 106, 147-149, 166, 167, ment 33 Gestagens 318 

411,430,432,438,439 181, 206, 273, 277, 279, 322, 323,438, 439 -,influence of layer (binder(sorbent) 103, Gmns' reagent 76, 252 
Estrone 66, 68, 89, 439, 440 -,reagent 44 !05 Gibberellins 4!1 
, 2,4-0uOdo- 66 Flavonol reagent 44 , pH-dependence 91,301, 4US GlRARD s reagent J'1 

-, 2-lodo- 66 Flavonols 278, 288, 401 -,quantitative relationship 40 Gitogenin 195 
Etherification, prechromatographic in situ Fluoranthene 85 -,quenching 10, 33, 46, 137 Glucose 45, 63, 89, 97,164, 165, 176, 181-

69ff Fluorescamine reagent 76, 88, 287, 294 -detection limits IS 184,277,278,331 
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, denvabves 45 H -with 4-nitrophCiijllijdi w.iuc 72 8 Myl:lrex, 't'•ino'ine reagen• 144 310 

. dipole moment 97 Habituating drugs 76 -with trimethylacetyl hydrazide (GIII.ARD's Ll 5-3,8-Hydroxysteroids 385 

- syrup 182 Halate anions 45 reagent) 72 5-Hydroxytryptamine 380 

- -1-phosphate 63 Halide anions 45 Hydrocarbons 39,43-46, 191,210, 214, 5-Hydroxytryptophan 240, 241 

Glucosides, aryl- 185, 186 Halogen anions 231, 232 252, 260, 299, 404,416 Hydroxytyramine 392 

-,flavone- 323 Halogen acids 189 -,aromatic 46, 210, 252, 260, 299, 416 Hyodesoxycholic acid 334 

-, kaempferol- 323 N,N-Bis(halogenalkyl)-alkylamines 359 -, monoterpene 76 Hyperici, Extract. 279 

-,menthyl- 325, 327' 328 N ,N, N-T ri{halogenalkyl)-amines 359 -,polycyclic aromatic 39, 60, 66, 67, 85, Hypericin 148, 279, 280 

-, monoterpene- 327, 328 Bis-(halogenalkyl)sulfides 359 86, 103,108,120 Hyperoside 149,279,323 

, naphthoquinone- '"" llalogeuation 64 , pBI} cyclic ·nomatjc Ouorescence enhan- -quercetin 280 

, sesquiterpene- 327 , with bromine vapor/solution 65 cement 103,108 

-,terpene- 327 -,with chlorine gas 65 Hydrochloric acid vapor reagent 86, 303 I 

-, thio- 185, 186 -,with iodine vapor 66 Hydrocortisone 221 lmidamle derivatives 380 

Glucuronic acid 181 -,with thionyl chloride 65 Hydrogen lamp 21,22 lmperatorin 65 

Glutaconic acid 61 Halogen lamp 22 Hydrogen peroxide 368 Impregnation ofTLC layers 86 

Glutamic acid 45 Halogen oxyacids 188, 189 -,reagent 307 -with caffeine 86 

GIHtethimide n:z,;ug H<~logens !<~bile bonded 3511 361 H:tdro~n sulfide vapor reagent 86 -with silver nitrate 86 

Glycerides 44 Hecogenin 71 Hydrolysis 62il -with tungstatc 86 

6i)Ce!OI 3:25 fl-edcomrJ -puleg.ioirlB~. essential gjj sgmpg acid 62 Indeno( 1 ,2,3-cd)pyrene 39, 85 

, phosphatides 70 nents 195 -with hydrochloric acid 62 Indicators, ph- JOJ 

Glycine 246,267,268,296,297,356,435 Heptaene llntibiotics 195 -with phosphoric acid 63 -,reagents 45 

-,dipole moment 97 Heptafluorobutyric acid reagent 75 -,alkaline 63 lndium cations 144 

Glycol aldehyde !57 Heptaporphyrin 99fT -with ammonia vapor 63 Indoleacetic acid 45 

Glycol cleavage 326 Herbicides 223, 225, 210 -with potassium hydroxide 63 lndoles 46, 252, 260, 269, 314, 315, 364, 

Glycolic acid 45 426 -,anilide 223, 225 -with sodium hydroxide 63 417,418 

Gl)'colipids -M 45 202 242 243 , carbamate 44, 74, 104, 107,223,225 , enzymatic 63, 64 , alkaloids 66,314 

Glycols 426 , phenoxyacctic acid 260 -wHh tuizyme solution 64 , 'IIRines 7 6 294 2116 

Gl~ ·~oii::l~:s fi:!, fi'9, 1St, 19~,197, ::!0~, ~::!~. , residues 45,210 -with phosphate esterases 63 , derivatives 45, 76, 106, 260, 270, 294, 

326 , triazine 45 -wilfi phospholipase 64 296, 376, 38Q 38::!, 4Hi, 417 

-,alkyl- 426 -,urea 43, 74, 104, 107,223, 225 Hydroperoxides 368 -, P-substituted 270 

-,cardiac 63, 64,104,195,303-305,411, Heroin 108, 166-168,299, 301, 302, 351, 1-P-Hydroperoxylanostenyl acetate 62 INH reagent 318 

420,421,430,431,438,439 353 Hydroquinone see Dihydroxybenzene Insecticides 7, 44, 76 

-, cwnann- 62 Heterocyclics 252, 260,299,416 n-Hydroxy acids 71 -,carbamate 44 

-, digitaliv- 63, 64, 104, 303-305, 420, 421, n-Hexadecanol esters 63 Hydroxyanthraquinones 148, 288 -,organophosphorus 337, 340, 341, 359, 

430 431 
Hexaporphyrin 102 2-Hydroxybenzaldehyde 284 361-363 

, diterpene· 195 Hexitols 426 II)df6Jljb!o'rur:ali::l0h3 9e derivati• es n pyrethroid 359 

thliOile- 62 106 J66 
Hexobarbital 254, 255 4-Hydroxybenzoic acid 308 Iodate anions 188, 190 

, monoterpene- 327, 328 
Hexoses 161,202 1-IIydiOXjChio•deu u Iodide anions 190 

-, triterpene- 62 
Hexuronic acid !58 Hydroxycinnamic acid 277 Iodination 66 

-,steroid- 206 
Histamine 294,2%,355 17-Hydroxycorticosteroids 59 Iodine stan:h inclusion compounds 46 

Glycosphingolipids 44 
Homogentisic acid 166,167 4-Hydroxycumarin 359 Iodine vapor reagent 46, 64, 78 

Glycyrrhetic acid acetate 65, 70 
Horizontal chamber 127 1-H ydroxyethane-1, 1-diphosphonic acid 2-Iodoestrone 66 

Glyoxylic acid 157 
Hot plates 93ff !72 Ipecacuanha alkaloids 46, 263 

vapor rea.lltnt 86 
-, tem~ratur;~~t~~ution 95 2-Hydroxy-1-ethanethiol 380 lpecacuanhae radix extract 263 

3-Hvdroxvflavones 69 70 277 Iron cations 144,217,311 

GOD reagent (glucose oxidase) 78 Hydrazone fo~tion 7\ff 5-Hydroxyindolylacetic acid 380, 382 ~run~!~!! c~onoe reagen 

Gold cations 144 
Gramine 106, 107 

·with 2,4-dinitrophenylhydrazine 71, 72, 4-Hydroxy-3-methoxybenzaldehyde see Va- Iron(III) thiocyanate reagent 170 

274 nillin Isoascorbic acid 376 

Guaifenesin 299 -with 2,4-dinitrophenylsemicarbazide 72 Ilydroxyproline 240, 241, 246, 435 Isoleucine 246, 247 
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lsomande 318 
Isonicotinic acid hydrazide reagent 318 
Isoprenaline 395, 396 
Isoprenoid compounds 44 
lsopulegol 59 
Isoquercitrin 279, 280, 323 
lsoquinoline alkaloids 46, 66, 262 
Isorhamnetin 323 
lsothiazolones, micro biocidal 45 
Isuthiocyanatcs 95 
Isotopes, ,B~radiation-emitting 41 
-,detection limits 41 
Itaconic acid 61 

K 
Kaempferol glucoside 323 
a Keto acids 249 262 372 
3-Ketobetulic acid 59 
1-KeJochoJesrerol 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 
Ketostero1ds 59, 88, 104, 152, 220, 318, 

319, 333 
3-Ketoursolic acid 59 
Khusol 59 
KUREI.KA-MUNK function 35, 36 

L 
Labelling ofchromatograms 131fT 
Lactic acid 45, 171,230,233,250,258, 259, 

388 
Lactose 155, 156, 161, 162, 181-183, 277, 

278 
Lamps 20!T 
-,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 
Lanthanmm cations 144 

Laser, Ar+/Re-Ne 22 
Lauric acid 402, 406 
Laxatives 426, 428 
Lead(ll) 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 SOtiiCCS 28ff 
-,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 deri·r<ttintiop 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 
Lithiumcations 144 
Lithocholic acid 334 
Luminal 339, 342, 343 
Luminescence 10, 11 
Lupeol 70 
-,acetate 63 
Luteolin 323, 324 
Luteoskyrin 104 
Lysergic acid and derivatives 98, 340 
Lysiue 4l3 

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 
Maloron 108 

Maltodextrin 182 
Maltose 164, 165, 181-184 
MANDELIN's reagent 426 
Man~ra.nese cations 144 
Manganese(Il) 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 ofwavelenglh 31 
Medazepam 267 
HEISSEIIIIEDIEN ~9mpk;ws PJ 
Melezitose 158 
JI>J.\:iissae fvlittm, essential oil eo111ponents 

195 
Menthofuran 211, 212 
Menthol 44, 59, 68, 69, 70, 197, 198, 327 
- acetate 68, 197, 198, 210, 211 
- glucoside 325, 327,328 
Menlhone 72,210,211 
Mercaptans 239 
2-Mercaptoethanol reagent 380 
Mercuqr c••lions 144 311 
Mercury lamps 20, 22ff 
-, emission lines 23, 24 
-,high pressure 22ff 
-,technical data 23 
Mercury(!) nitrate reagent 337 
Mercury(II) salt reagent 340 
Mesaconic acid 61 
Mesoporphynn 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-MctlwXj-2,4 dipltenJl 3(21I) funumne re 

agent 344 
Methylarbutin 327 
3-Methyl-2-benzothiazolinone-hydrazone 

reagent 347 

Index 

Methyl desoxyglycyrrhetate 61 
Methyldigoxin 104 
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Methyl glycyrrhetate 61 
Methyl iodide reagent 70 
N-Methylpbenylalanine 89 
Methylsureinic acid 249 
Methyl sugars 188 
4-Methyl umbeUiferone, pH-dependent 

91 change of fluorescence 
Metoxu1 one 74 
Meviuphos (cis/trans) 362 
Microwave apparatus 96 IT 
Mirsol 45 
Mitragyna alkaloids 314 
Mixing the mobile phase 132 
Molybdatophosphoric acid see Phosphomo· 

lybdic acid 
Molybdenum cations 398 
Moni1ifnnnjne 347 348 
6-Monoacetylmorphine 74, 108, 166, 168, 

299,301,302, 351,353 
Monochromators with diffraction gratings 

17 
Monoglyccrides 45 
Monomethylhydrazine 270 
Monosaccharides 154, 160,163,179,181, 

185,186, 188, ~~~. 200,325, 
331,408,426 

Monoterpene glycos!des 327,328 
Monoterpene hydrocarbons 76 
Morazone 45 
Morin 
-,pH-dependent change of fluorescence ca­

lor 91 
- reagent 44 
Morphine 74 105 108 166 168 235 

299-302,352, 353,376 
, g mgnwP·•yl- 74 1 D8 

-, 6-nicotinate 74 
Mustard, 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 

, glucoslik 321 

N 
Nadolol 299 
Naphthalene-1,3-diol 326 
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Naphthol (II-, fj-) 67 Nucleotides 76, 234, 364 -W1th SOdium penodate 59 Pbenols 66, 61, ll, 88, 91, 151, 152, 195, 

-,pH-dependent change of fluorescence eo- Nux vomica extract 316 11-0xolanostenylacetale 62 210, 216,231,238,239,252,253,260, 261, 

loc 91 Nystatin 148 Oxprenolol 299 288, 376, 416,417,426,428 

-,reagent 225, 368 Oxyhemoglobin, dipole moment 97 -, -ethers 210 

Naphthoquinone glucosides 166 0 Phenolhiazines 44, 59, 299, 411, 413, 416 

1,2-Naphthoquinone-4-sulfonic acid re- Ochratoxin A 69, 147, 166, 167 p Phenoxyacetic acid herbicides 260 

agent 351fT Oleanolic acid 59,60 PAH see Hydrocarbons, polycyclic aromatic Phenoxyalkanecarboxylic acid esters 210, 

2,1,3-Naphtboselenodiazole 102, 104, 108 Oleanonic acid 59, 60, 70 Palladium cations 144 211 

Naphthy!amines 66 -,methyl ester 70 Palmitic acid 45,402,406 Phenylalanine 246, 247 

N-(1-Naphthyl)ethyleniihamine d1hydroch- Ulehns 359 Pah:nit)llactic acid tS Pbenyla\kanolaJilincs 45 

!oride reagent 223, 225 Oleic acid 73,89 Panthenol 265, 267 Phenylbutazone 65 

Narcotics 260 Oligogalacturonic acids 45, 322 Papaverine 235 N-Phenylcarbamate pesticides 63,107 

NBD-chloride reagent 76, 238, 287 Oligonucleotides 76 Papaverrubines 303 1,2-Phenylenediamine reagent 372 

NBP reagent 90, 359 Oligosaccharides 86, 179, 181, 188, 199, Paraffins 44 Pbenylethylamines 173,355 

Neatan preservation 134 325, 408, 426 Parathion 44 Phenylethylmalonamide 303 

Neomycin 287, 423 Oligouronic acids 188 - -ethyl 362 o-Phenylphenol 262 

Nefllleii'Jam 15 QP"' fllagllBl 281, 389 metaboliles 44 Pheny!thiohydantoins 75 

Nerol 76, 327 0PPENAUER reaction 59 , -methyl 362 Phenylurea pesticides 63, 74, 107 

-, glucoside 321 OP'f Jcagtnl J8e P·:!hdin 69 347 348 pbepyrymidol metaboJites 45 

Netilmicin 105, 286, 287 Optical trains, quantitation of cluomato- Peanut oil 70 Phenytoin 254,255,303,337,340 

Nickel cations 144, 145, 311 grams 30, 39 PET-Cellulose 76 pH Indicators 45, 229, 303 

Ninhydrin reagent 90, 354 Organic acids see Carboxylic acids Penicillic acid 69, 166, 167,277,278,303, Phloroglucin derivatives 288 

-,in eluent 57,88 Organoarsenic compounds 269 304,347-349 Phosphates 170-172, 388, 389 

-, stabilization of ninhydrin spots 98, Organometa!lic compounds 398 2,3-Pentanedione 157 -,esters 170, 171 

245-247, 356 Organophosphoric acids 70 2,4-Pentanedione 252, 260 Phosphatides 62,70 

ll3por reagent 86 8:Z Qrg;!D!:lJ!bQS]:!bQIIIS inseclicides 331 340 Pentaporphyrin 991T Phosphatidyl choline 64 

Nitration 66ff 341, 359, 361 363 Pentemurude 337 Phosphatidyl glycerol 89 

!'llih=azepam 261-, J64 OrganophospborliS pt§licides 254 Pentoses 161,181,200,202 Phos~homositides 43 

4 (4-Nitrobenzy!)pyridine reagent 359 Organotin compounds 399 Peppermint oil 210,211 Phospholipids 44, 45, 70, 147, 148, 191, 

Nitro compounds 61,77 Osazones 274 Pep tides 58, 76, 90, 234, 238, 240, 294, 354, 206, 242, 243, 273, 333, 376, 404, 411, 438 

-,aromatic 66, 270 Overspotting 296 380, 382 Phosphomolybdic acid reagent 89, 376 

Nitrogen compounds, organic 89 Oxalic acid 45, 171,426 -tryptamine- 76 Phosphonates 388, 389 

Nitrogen oxide vapor reagent 86 Oxathizine fungicides 44 - tryptophan- 76 Phosphonic acids 170-172, 389 

5-Nitroindo!e 418 Oxazepam 364 Peracetic acid, reagent in eluent 58 Phosphonolipids 44 

Nitrophenyl isocyanate rea~t 77 Oxidation 58 IT Per acids 368 Phosphorescence 10, 15 

1-Nitropyrene 61 , pnm. and sec. alcohols 57 f'eichlmatc (88 1~6 , indicatms see Fluoresu:nce indicatms 

N-Nitrosamines 107 -with 1,4-naQhthoguinone ~:~otassium tert- Perchloric acid reagent 314, 351, 364, 385 Phosphoric acid, esters 44,170 

Nitrous fumes reagent 225, 226 butoxide 59 Perhydrol reagent 30 I , reagent I /9, 185,242,218,430 

Nondestructive detection 42ff -with aluminium isopropoxide 59 Peroxide reagent 368 Phosphotungstic acid reagent 89 

-with fluorescent reagents 44 -with chromic acid 59,60 Perylene 39 Photo documentation, apparatus 137 
-with iodine 46 -with hydrogen peroxide 59 Pesticides 44, 252, 254 -,exposure times 137 
-with pH-indicators 45 -with iodine 60 -, carbamate 44, 223, 225, 288, 290 Photocell 25 

Noradrenaline 76, 240, 393-396 -with 4-nitroperbenzoic acid 55, 59 -,organophosphorus 254 Photodiode 24,29 

Norephedrine 76 -with osmium tetroxide 55 -, phenylcarbamate 63 Photo effect externaljintemal 24,29 

l<lmfenefime 16 -with oxygen (atmuspheiic) .. , phmyha':a 63 Photo element 24 ]9 

Norfenfluramine denvatives 45 -with phosphorus oxychloride 55 -, residues 63 Photomultiplier 25ff 

11-Nor-.1 9 -THC-9-carboxylicacid 289,292 -with potru.sium dichromate 60 Pbenazones 45 -, di~dvantage 27 
Novona! 339 -with ruthenium tetroxide 55 Phenobarbital 254, 255, 303, 364 -,head on 27 

Nudeosides 364 -with sodium hypobromite 55 Phenolcarboxylic acids 288 -, spectra!(maximum sensitivity 28 
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, side on 27 Procaine 63 Quinone imine dyestuff 369 -water compatiblbty 123 
-,window material 28 Processing the chromatogram 901T Quinones 44 Rugulosin 104 
o-Phtha!aldehyde reagent 287, 380 -,drying 91 Rutin 149, 179, 279, 323 
Phthalic acid 171,175, 178,233,249 -, lR treatment 96 R -,reagent 44 
-,reagent 163 -,microwave treatment 96 Radioisotopes, half-lives 49 
pH values of sorbents 121, 122 -, UV treatment 92,93 Raffinose 158, 181-184, 203, 204, 331 s 
Physiologicaljbiological detection 109 Progesterone 71, 321 Rare earths cations 144 Saccharin 10, 11, 174,388-390 
Picric acid 174 Proline 240, 241, 246, 3.82, 435 Ratanhia phenols 288 Salicyl alcohol 195 
-,reagent 385 Prominal 339, 342, 343 Rfluwolfta alkaloids 314 Salicylaldehyde reagent 284 
Pimelic acid 236, 249, 368 Pwpimm HIS Reaction cluomatogiaphj 56ff Sali<Jlic acid 45, 171, 175, 178, 233, 3{18 
Pinacryptol yellow reagent 44, 388 Propionic acid 75 Reagents 144fT Salicylsalicin 195, 196 
Pindolol 299, 380 Propranolol 299 -, homogeneous application 90, 405 Salithion 151 
Pipccolic acid 435 Prostaglandins 195-197, 242-244, 273, -,in eluent 88, 405 Salt solutions, constant relative humidity 
Piperazine reagent 362 274, 376, 411, 413, 430, 438 -,incorporated in the layer 88, 405 129, 130 
Piroxicam 105 Protocol forrn example 133 -,minimum concentration 78 Sandwich chamber 126, 127 
Plasma lipid~ 89 Prunasin 179,181 -, residues (explosive) 82, 365, 386 Sapogenins 43, 195, 206, 411 

El~linum cations lM Es}rllopharmaceuticals '"" Reducing substan~s 216 22(! 3:Z6 steroid 69 206 
PMD system 132 Purines 44, 266, 438, 439 Reduction 58 IT -, trifluoroacetates 69 
Pg1y••mide l••y•>rS '23 Pyrazglidine d'i'ri' ati· llS 426 mith imn(") ammonium su!fare 64 Saponins 2 109 411 430 

Po!yamines 284 Pyrethroid insecticides 359 -with palladium chloride 63 Sarcosine 435 
Po!ycarhoxylic acids 248 Pyridine alkaloids 66 -with palladium colloidal 63 Scandium cations 144 
Po!yethylene glycol 44, 86, 278, 280 4-Pyridinecarboxy!ic acid hydrazide eo- -with platinum chloride 63 Scanners, optical trains 30, 39 
Polygalaic acid 195 agent 318 -with sodium borohydride 62 S-chamber see Sandwich chamber 
Po!yglycerol 69 Pyridoxal 157, 158,253 -with zinc chloride(HCI 63 Scintillators 12 
Po[yphenols 44,401 Pyridoxamine 253 Reductonet> 256, 262 Sebacic acid 178,233,249,308 
Polypropylene glycol 44 Pyridoxine 253 Reflection 36 Selectivity 
Polysaccharides, sullur containing 43 Pyrimidines 266, 438, 439 Relative bumtd1ty 129fl , enhllncement by denvat1zatJOD 55 
Polystyrenes 364 ryrocatechol .,, 1 2-Dihydrox;tbenzene -adjustment of defined humidity 130 -by reaction sequences 90 
Polyuridylic acid 76 Pyrocatecholsulfophthalein 398 -influence on separation 129, 365, 374, -,fluorescence 38 
Porphyrins 99fT, 103 Pyrocatechol violet reagent 398 393, 421 -,of detection 4, 38, 40, 42 
-,methyl esters 103 Pyrolysis of organic compounds 92,96 Remission see Reflection -,of separation 4 
Pot~ssium bexacyanoferrate(III) reagent il,}'-Pyrone derivatives 288 -,quantitative relationship 35,36 Selenium, cations 144 

151,392,395 Pyrrole alkaloids 66 Reprostar 136 -,as 2,1,3-n~phlhoselenodiazole 102, 104, 
Potassium hydroxide reagent 434 Pyrrole derivatives 266, 269, 270 Resorcinol see 1,3-Dihydroxybenzene 108 
Pot~ssium iodate reagent 173 Pyruvic acid 426 Resorcinol homologues 290 Semen sinapis 187 
Potassium iodide reagent 111 Resm ulin, pH-dependent change of Aw1 cs- Scnnosides 166, 167 
Potassium permanganate reagent 228 Q cence calor 91 Sensitivity enhancement by derivatization 
PrOOmsolone 221 QuanUtal!on by peak ile~gh[/area 31, 33, Knamnose 161,162, 181,200,201 so 
Prednisone 221 40 Rhodamine B reagent 44,401 Serine 246, 356 
Preloading of the layers 126 -,optical trains 30, 39 Rhodamine G reagent 44 Serotonin 70, 76, 239, 240, 262, 355, 380 

Prenazone 65 Quercetin 149, 279, 323 Rhodamine 60 reagent 44, 88, 402, 404 Serum lipids 89 
Prenols 44,401 -, -3-arabinoside 279, 280 Ribopolynucleotides 76 -,proteins 74 
Prenylquinones 44,401 -,reagent 44 D-Ribose, dipole moment 97 Sesquiterpene gluoosides 327 
Prenyl vitamins 401 Quercitrin 149, 279, 280, 323 -,reagent 177 Silica gel 60 
Presenration of chmmatograms Neatan Quinaldic acid 171 Ri(amycin 1(,6 167 caffeine-impregna 1Nl 85 

134 Quinine alkaloids 88 Robinetin reagent 44 -, specific surface area 91 
Preservatives see Antioxidants Quinine, pH-dependent change of fluores- Rosaniline reagent 330 -, surface-modified 3 
Prewashing the layers 124 cence color 91 RP-phases 3 Silica Si 50000, specific surface area 91 
Primidone 254, 255, 303, 337, 340, 364 Quinoline alkaloids 66 .-iiegree of modification 123 Silicon tetrachloride vapor reagent 86 
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Silver Stearyllactic add 45 Sweeteners 44, 388 390 Ihio! compounds 252, 254 

-,cations 144 Sterigmatocystine 69, 103, 105, 147, 148, Swep 108 Thlone compounds 252, 254 
-,nitrate reagent 89, 408 438, 439 Sympathomimetics 76, 106, 151, 153,294 Tiriosemicarbazides, N-ary!- 248 

Silydianine 273, 274 Steroids 44, 60, 66, 191, 195, 196, 206,210, Syndisia alkaloids 314 Tbiourea 107, 246, 254, 269, 337 
Silymarin 106, 273, 274 219,222,234, 364,376,404,411,413,420, -,derivatives 322, 323 

Sinigrin 187 421,426,428,430,431,438,439 T Thorium cations 144 

P-Sitosterol 206, 213, 242, 243 -, alkaloids 206 Tabernaemonlana alkaloids 314 Threonine 246 
Sodium hydroxide reagent 395, 408 -, conjugates 411,413 Tannins 288, 299 Thymol 153,197, 198 
Sodium methylate reagent 70 -, glycosides 206 Tartaric acid 45, 175, 230, 233, 246, 250, -,derivatives 288 
Solamarg~ne 62 , hormones 206 258, 259, 368 'figogenin 51}, 11}5 

Solasodine 62 -, ketones 72 TCNE reagent 416 -,acetate 63 
Solasonine 62 -, sapogenins 69, 195, 206, 411 Tenside-plate 89 Tigogenone 59, 60 

Solidaginis, Extr. 279 Sterols 44, 58, 65, 70, 104, 147, 148, 195, Tensides see Detergents TILLMANS' reagent 256 
Solvents 119ff 206,213,214, 248, 249, 333, 351, 352,385, Terephthalic acid 178,249,308 Tin, cations 144,311, 398 

-,for sample preparation/preparative chro- 404,430,431,438 Terpenes 44, 59, 195,206,210,211 -,organic derivatives see Organotin corn-

matography 121 -,esters 44, 70, 147, 191, 248, 249, 333, , glucosides 327 pounds 

, tJUalit) 119, 129 411, 438 439 11.-Ternineol 59 70 76 327 tetrachloride VHpor reagent 86 

Sorbents, plain and surface-modified 3 -, hydroperoxides 60 -,glucoside 327 Tinuvin 343 283 
Sorbic acid 45, 65, 11, 75,368 Stigmasterel 213, 3!H Testosterone 32 88 104 108 303 304 319 TjpeJ"iP p 282 283 

Sorbitol 409, 410 Strontium cations 144,145,311,312 321 Titanium cations 144 

Specificity of detection 4 Strychnine 60,315,316 -, isonicotinic acid hydrazone 319-321 -,(Ill) chloride reagent 270 
Specific surface area, silica Si 50000 91 Slrychnos alkaloids 314 Tetrabutyltin 399,400 TNBS reagent 423 
Specific surface area, silica gel 60 91 Suberic acid 178,230,249,308 Tetracyanoethylene reagent 416 TNS reagent 44 
Spermidine 107 Succinic acid 45, 61' 178, 230, 233, 249, Tetracyclins 166, 195 Tocopherols 216-218,376 

Spermine 107 250, 258, 259 Tetraethylene pentamine reagent 359 p-Toluenesulfonic acid reagent 76 
Sphingom)'elin 44 82 377 378 Succinimides 337 Tetrahydrocannabinol (- THC) metaboli- 6-p-T oluidino-2-naphthaJenesulfonic acid, 

Spironolactone 411 Sucrose 181 184,203,204, 331 tes 290 292 reagent 44 
Spgt di"lmetef 18 131 Sudan d)'e:S 122 Tetrahydrocannabinol { TlTC}-11-carbo- Toxa);lhene 45 
Spray gun 81 Sugar acids 325 xylic acid 290 Tragacanth hydrolysates 163 

Spraying Sugar alcohols 45, 325, 326, 329,408, 409, Tetrahydrocortiso! 221 Trenbolone 303, 304 

-,apparatus 81, 82 426 Tetrahydrocortisone 221 Trial!ate 323 
-,automatic 82 Sugars 45, 89, 96, 154-158, 160-163, 179, T etrahydrosteroids 222 Triazine herbicides 45 

-. distance to layer 81 180,183,185,188,189,195,197,199,200, TetraJolium salts, reduction 61 Triazophos 362 
-, on chromatogram~ 791T 203,204,234,326,329,331,364,372,408, Thalidomide 45 Tribromoimperatorin 65 

-,pattern 81 428, 438 , hydrolysis products 45 Tributyltin chloride 399, 400 

, ~olvent polanty 82 , denvaUves I 10, 428 'fhialxndazole 361, 368 'fributyltin oxide 3~~. 466 

- seguences 90 Sulfamates, aliphatic 388, 389 Thiamine 235, 236, 397 Tricarboxylic acids 248, 249 

Squalene 44 Sulfates, aliphat1c 388, 389 I hlckemng agents '" I nchioroacetic aCid 45 

SRS technique 57 Sulfhydryl groups 254 Thin-layer chromatography, advantage 5 -reagent 372, 420 

Stabilization of fluorescence 991T Sulfonamides 63, 223, 225, 238, 240, 269, -, numbers of publications per year 6 T richothecenes 147, 195, 359, 361. 362, 411 

Stabilization of stained chromatogram zo- 294, 296, 340 Thiobarbiturates 45,66 Triglycerides 45, 70, 89,147,148,214,234, 

"" 90, 98, 245-247, 292, 356, 361, 363 Sulfonates, aliphatic 388, 389 Thiocarbamide derivatives 322 333, 376, 401, 404, 438, 439 

Stabilizers 398 Sulfonic acids 91 Thiocarbamides, N -aryl-N' -benzenesu!fo- T riha!ogenalkylamines 359 

- , in solvents 120 Sulfur dioxide, dipole moment 97 nyl- 248, 249 Triiodobenzoic acid 45 

Staining, stabilization of spots 98 SWfur dimd6e aper wag'<'nt 86 Tb10chnnne 395 2 4 6-Ttimetbylpyridine see Collidine 

Starch hydrolysates 179 Sulfuric acid, reagent 87, 195, 333,411,426 Thioflavine, pH-dependent change of f1uo- Trinitrobenzenesulfonic acid reagent 423 

Stationary phases, choice of 121 Sulfurous acid reagent (alternative to 2-mer- rescence color 91 2,4,6-Trinitrophenol see Picric acid 

Stea"rit-.acid -73, 214, 215, 230, 258, 259, captoethanol) 381 Thioglucosides 185, 186 Triolein 89 
402, 405. Sulfuryl chloride vapor reagent 86 Thioglycolic acid 248, 249 Tripalmitin 214,215 .. 

. ' 
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Triphenodioxazines 411 Vanadium{V) oxide reagent 426 

Triphosphate (cyclic) 172 Vanillin reagent 430,434 

Tripolyphosphate 172 VAN Un reaction 
T risaccharides 331 -, stabilimtion of .. V AN Uu: -spots., 98 

Triterpene 70, 206, 210, 211' 430 Vapor exposure of cbromatograms 86 

-, alcohols 404 Vario chambers 128 

-,derivatives 43 Vaseline 44 

-, glycoside& 62 Veratrum alkaloids 420 

IrilonX 100 108 Vitamins 7, 109, 157, 158,206 208, 216 

Trough chambers 125 218, 234 236, 252, 253, 256, 260, 26/, 

Tryptamine 76, 98, 254, 364 269, 395, 397, 420, 426,428 

Tryplophan 76, 246, 364 -,A 206 

Tungsten calions 398 -,A-acid 411 

Tungsten incandescent lamp 21, 22 -,Bt 105, 234, 235, 395, 397 
Twin-trough chamber 87,126 -,B6 157, 158,252,260 

Tyramine 355 -, C see Ascorbic acid 

u ,D, 207' 208, 420 
Ubiquinones ~ 
Umbelliferone, pH-dependent change of 

"'·~ , . I I Vomttoxm see Deoxymva eno 

fluorescence color 44 
Universal reagents 4, 46, 195, 376,402,405, w 

412, 430, 434 Water, dipole moment 97 

Uracil derivatives 44,45 Waxes 44 

Uranium cations 144 . 
Ur.;'' Xanthanonic acid 89 

, derivatives 
1

~3. 269 Xanthotoxol 70 

-,herbicides 43, 74,104-, 107,223,225 Xenon lamp 20,22 

-, thio- 107,246,254,269,337 Xylitol 409, 410 

Uric acid 261 Xylobiose 45 

Uronic acids 154,199,322,426 Xylose 45, 161, 162, t77, 200, 201 

Uroporp~~n "01~ ""~'' · 1 

-reagent 177 

UV lamps 13, 1~~16, 137 17 "' z 
69 147 148 273 

UV absorber in plastics 281 Zectran 107 
Zinc cations 144,311 

V Zinc chloride reagent 76 

Valepotriates 166,167,273,359,361,362 Zipeprol 45 

Valine 246,247,267,268,296,297 Zirconium cations 144 

Vanadium cations 44,144 Zirconiunt(IV) oxychloride reagent 89,438 
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