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1 CAMAG 

ABSTRACT 

A r e v i e w  of t h e  :'?cent adv i r i ces  i n  TLC s t a t i o n a r y  p h a s e s ,  s m p l e  
a p p l i c a t i o n ,  dev  : l o p i n g  dc:i q u a n t i f i c a t i o n  d e v i c e s  is p r e s e n t e d .  Also,  j 

: 'omp,,riscn b t t w e s n  t h e  p r o p e r t i e s  of TLC ant: HPTLC is g ive r . .  The use of 
:nod-rn i n s : r u m % t s t i o n  for  m l t i w a v e l e n g t l ~  s c a n n i n g  is d i s c u s s e d .  

INTHUUUCTION 

The l a s t  d e c a d e  have w i t n e s s e d  a phenomenal advance  i n  all a s p e c t s  of 

t h i n  l a y e r  chromatography (TLC). h i g h  q u a l i t y  h i g h  pe r fo rmance ,  mu l t imoda l  

TLC p l a t e s  ( s u p p o r t s ) ,  a c c u r a t e  a n d  p r e c i s e  s p o t t i n g  t e c h n i q u e s ,  i n s t r u m e n -  

t a l i z e d  deve lopmen t  d e v i c e s  and s o p h i s t i c a t e d  d e n s i t o m e t e r s .  These  a d v a n c e s  

make TLC a modern i n s t r u m e n t a l  t e c h n i q u e  which is a m i a b l e  t o  a u t o m a t i o n  a n d  

c o m p u t e r i z a t i o n  which seems t o  b e  a must i n  t o d a y ' s  modern a n a l y t i c a l  

1 a b o r a t  o r y  . 
1941 

Copyright @ 1988 by Marcel Dekker, Inc. 
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1942 JAENCHEN AND ISSAQ 

This article will review the most prominent TLC advances with special 

The emphasis on quantitation and instrumentation and less on application. 

objective is to introduce the reader, and to familiarize him with the ad- 

vances in TLC since the introduction of high performance TLC (HPTLC) plates, 

which have not only several advantages but also requirements over regular 

TLC plates. 

instruments for accurate and reproducible quantitative TLC (QTLC). 

These requirements lead to the development of new apparatus and 

HISTORY, ACCEPTANCE AND GENERAL ASPECTS OF TLC 

Thin-Layer Chromatography was described and routinely used by Kirchner 

and his group since 1951 ( 1 ) .  Five years later Stahl ( 2 )  introduced stan- 

dardized equipment and techniques. and the method found rapid acceptance for 

qualitative analysis. Serious efforts to extend TLC into a quantitative 

method began in the 1960's, when several TLC-dedicated densitometers ap- 

peared on the market and appreciable results were obtained. 

As high performance liquid chromatography (HPLC) became established 

during the 1970's, interest in QTLC declined. This is due to the fact that 

HPLC offered the better chromatographic resolution, in most cases the better 

precision of quantitative results, and, as an on-line process, better condi- 

tions for automation. To most analysts, HPLC appeared to be a superior 

method that could completely supersede QTLC. 

In recent years, QTLC has regained interest as the number of publica- 

More and more analysts accept the fact that both HPLC and tions show ( 3 ) .  

QTLC have their specific merits and often complement one another. Some 

typical features that can malte QTLC the method of choice for a given 

analytical problem are listed in a concise form in Table 1. 

AS mentioned earlier, to find acceptance in modern analytical 

laboratories TLC had to become an instrumental technique, which other 

chromatographic techniques like CC and HPLC have always been. 
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MODERN TLC: ADVANCES AND PERSPECTIVES 1943 

Table 1. Aspects that can make instrumental TLC the method 

of choice for a given analytical problem. 

TLC FEATURES . . .BASED ON 

Simplified sample preparation stationary phase disposable 

Large sample volumes ... sample spray-on technique 

... low detection limits 

Many samples simultaneously "off-line" principle 

In-situ derivatization "off -1 ine" principle, storage 

principle 

detection in absence of the 

mobile phase 

storage principle, plate is 

data base 

"off -line" principle 

Mobile phase immaterial fo r  

detect ion 

Quantification/identiFication 

can be repeated 

Extreme flexibility 

Before discussing the different aspects of TLC. let us review the 

requirments of QTLC, the advantages and the limitations. 

a) Chromatographic separation efficiency of HPLC is usually better than 

that of TLC, due to the limited separation distance of the latter. N 

values of 10.000-20.000 in HPLC as compared with 5.000-10.000 in HPTLC 

is state of the art (5) .  Improvements can be expected in both tech- 

niques so that the relation will be maintained more or less. 

b) In general, quantitative precision (not necessarily accuracy) in HPLC 

is somewhat better than in QTLC, although densitometry with Structure 

subtraction (61, will be discussed later, has been reported to bring 

QTLC to about the same level. 
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1944 JAENCHEN AND ISSAQ 

c )  24-hour automation is only p o s s i b l e  with HPLC, no t  QTLC. I t  should 

not  be overlooked,  however, t h a t  t h e  number of a n a l y s e s  t h a t  can be 

handled by  one QTLC s y s t e m  per  working day, exceeds t h a t  of a f u l l y  

automated HPLC system opera ted  24 hours .  

To conclude from t h e s e  c o n s i d e r a t i o n s :  Although HPLC,  f o r  good 

reasons ,  is t h e  more o f t e n  employed method, QTLC provides  i t s  own S e t  Of 

d i s t i n c t  advantages which could n o t  be e x p l o i t e d  u n t i l  t h e  r e c e n t  in t roduc-  

t i o n  of modern ins t rumenta t ion  f o r  TLC. Therefore ,  a combination of both 

techniques  provides  t h e  modern a n a l y t i c a l  l a b o r a t o r y  wi th  a maximum of 

f l e x i b i l i t y ,  economy and r e l i a b i l i t y  of results. 

Regarding automation,  one should bear  i n  mind t h a t  QTLC a n a l y s i s  is a 

t y p i c &  o f f - l i n e  o r  open process .  and many of i ts  m e r i t s  d e r i v e  from t h i s  

f a c t .  I ts  " v e r t i c a l  automation", i . e .  t h e  a t tempt  t o  inc lude  t h e  i n d i v i d u a l  

s t e p s  in  a f i x e d  s e q u e n t i a l  procedure,  a s  has been suggested from t ime t o  

t ime (71, would e l i m i n a t e  s e v e r a l  of t h e  advantages,  n o t  t o  speak of 

f l e x i b i l i t y .  Therefore ,  automation of t h e  i n d i v i d u a l  s t e p s  of t h e  TLC 

procedure appears  more a p p r o p r i a t e ,  and is a l ready  a v a i l a b l e .  

HPTLC PROPERTIES 

The development of convent ional  TLC i n t o  a modern ins t rumenta l  t ech-  

nique s t a r t e d  w i t h  t h e  i n t r o d u c t i o n  of t h e  so  c a l l e d  h igh- reso lu t ion  (HPTLC) 

m a t e r i a l s  i n  1975. The express ion  HPTLC r e f e r s  to  l a y e r s  which have a 

b e t t e r  s e p a r a t i o n  e f f i c i e n c y  over  a s h o r t e r  s e p a r a t i o n  d i s t a n c e  (50 mm 

i n s t e a d  of 100-120 mrn) due t o  s m a l l e r  p a r t i c l e  s i z e ,  5 um vs. 1 2  u m  and 

p a r t i c u l a r l y  a more uniform p a r t i c l e  s i z e .  Table  2 summarizes t h e  

p r o p e r t i e s  of both TLC and HPTLC. The speed of migra t ion  of a l i q u i d  flow- 

i n g  i n  a TLC l a y e r  by c a p i l l a r y  a c t i o n  decreases  wi th  t h e  square  of  t h e  

d is tance .  Accordingly, on HPTLC l a y e r s ,  due t o  t h e i r  s h o r t e r  optimum 

s e p a r a t i o n  d i s t a n c e ,  chromatography t a k e s  p l a c e  on HPTLC l a y e r s ,  chromatog- 
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MODERN TLC: ADVANCES AND PERSPECTIVES 1945 

P l a t e  s i z e  (cm) 

P a r t i c l e  s i z e  (pm) 

Layer t h i c k n e s s  ( m m )  

Sample volume ( ~ 1 )  

Spot  d i a m e t e r  (mm) b e f o r e  

development 

Spot d iameter  (mm) a f t e r  

developnent  

Optimum Solvent  

m i g r a t i o n  d i s t a n c e  (em) 

Developing t ime (min.) 

D e t e c t i o n  limits (ng) 

Absorpt ion 

F luorescence  

Table  2. P r o p e r t i e s  of TLC and HPTLC 

HPTLC - TLC - 
20 x 20 10 x 10 or 20 x 10 

11  t o  12 5 

0.25 0.20 

1 t o  5 0.1 t o  0.5 

3 t o  6 1 t o  1.5 

6 t o  12 2 t o  5 

10 to  16 3 t o  6 

20 t o  180 3 t o  20 

50 t o  5 ,000 5 t o  500 

1 t o  1 ,000  0.1 t o  100 

raphy t a k e s  p l a c e  i n  t h e  f a s t  c a p i l l a r y  flow range  of t h e  r e s p e c t i v e  

deve loping  s o l v e n t .  T h i s  a c c o u n t s  for p r a c t i c a l l y  a l l  advantages  of HPTLC 

over  convent iona l  TLC ( 4 ) .  These i n c l u d e :  ( a )  f a s t e r  s e p a r a t i o n ,  hence 

reduced d i f f u s i o n ,  i.e. b e t t e r  s e p a r a t i o n  e f f i c i e n c y ;  ( b )  d e t e c t i o n  

( d e t e r m i n a t i o n )  limits reduced by a f a c t o r  o f  10-15; ( c )  b e t t e r  economy: 

lower p l a t e  costs p e r  sample,  less s o l v e n t  comsumption. 

To u t i l i z e  t h e  advantages  o f  HPTLC s t a t i o n a r y  phases  i t  became neces-  

s a r y  to: ( a )  reduce  t h e  s p o t t e d  sample volumes a p p r o p r i a t e l y ,  i .e .  one 

t e n t h  of sample volumes a p p l i e d  i n  convent iona l  TLC; ( b )  use h i g h  q u a l i t y  

sample a p p l i c a t i o n ,  i . e .  t h e  s m a l l e s t  p o s s i b l e  spot size, and t o  pOSitfOn 

t h e  samples  w i t h  g r e a t  p r e c i s i o n ;  ( c f  use  deve loping  t e c h n i q u e s  t h a t  make 
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JAENCHEN AND ISSAQ 1946 

the chromatographic process reproducible; and (d) employ highly precise and 

reliable densitometric evaluation procedures. 

All these requirements called for the development and consequent 

application of appropriate TLC instrumentation. However, before discussing 

today's HPTLC equipment, a discussion of available TLC supports is in order. 

SINGLE AND MULTIMODAL TLC PLATES 

Characterized by their properties, stationary phases for HPTLC are 

known as normal (silica gel), reversed-phase (alkyl- or phenyl-substituted), 

ion-exchange, or chiral plates (for optically active isomeric mixtures). 

Cellulose, polyamide, and alumina also are used. 

Reversed-phase C,, columns are the most popular ones in HPLC, while in 

Most commercially available TLC plates 

A TLC plate coated side-byeside by C1, 

TLC, silica gel is more widely used. 

are coated with a single support. 

and silica g e l  is available. 

wds used for the separation of a mixture of an oxidation product of choles- 

terols ( 8 ) .  

A two phase plate (silanized and silica gel) 

Recently, a series of HPTLC plates has been introduced that are coated 

with supports exhibiting multimodal properties. Unlike alkyl-derivatized 

silica gel supports, i.e., C,, C,. and C,, reversed-phase plates, which are 

of hydrophobic character and are mainly used with aqueous/polar Organic 

mobile phases in a single mode, the amino- and cyano-modified silica gel 

plates are of hydrophilic character and can be used as a multimodal medium 

for the separation of hydrophilic or charged substances. This gives the 

chromatographer a wide choice of selectivity. For examples see Tables 3 and 

4 .  For detailed discussion the reader is referred to the original articles 

( 9 .  10) .  

Available also are chiral plates which are used for the separation of 

enantiomers based on ligand exchange chromatography. Gunther et a1 ( 1 1 ,  12)  

were able to resolve the D and L enantiomers of underivatized amino acids. 
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Table 3. 

silica gel plate and a mobile phase of water, and water/methanol 

Separation of an adenosine mixture using an amino-modified 

with the addition of 0.18 M NaCl 

Compound 

ATP 

ADP 

AMP 

CAMP 

Adenosine 

Rf 

Water 30% WaterIMethanol 

0.55 0.01 

- 

0.67 

0.80 

0.05 

0.21 

0.84 0.64 

0.90 0.74 

Table 4. Comparison of the separation of a steroid mixture using a 

cyano-modified silica gel plate and a mobile phase of 

(90:10) petroleum ether: acetone (A) and (60:40) acetone: water (B) 

Compound 

Cholesterol 

Androsterone 

Cortexolone 

Corticosterone 

Cortisone 

Af 

Eluent A Eluent B 

0.80 0.05 

0.40 0.40 

0.20 0.45 

0.10 0.55 

0.20 0.60 
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1948 JAENCHEN AND ISSAQ 

SAMPLE APPLIC ATION/SAM PL E DOSAGE 

It was first shown by Kaiser ( 1 3 )  that as the resolution power of the 

layer improves, so must the quality Of sample application. Apart from 

precise positioning (essential when densitometric scanning is employed 

without an automatic spot optimization routine) the quality Of sample ap- 

plication increases as the sample originating zone decreases. For HPTLC 

layers the maximum size (in the direction of chromatography) should not 

exceed 1.5 mm. This means, the maximum sample volume that can be dispensed 

from a capillary pipette or  from a syringe in one stroke onto an HPTLC layer 

without compromising application quality is 500 nanoliters. 

Sample volumes of 100 and 200 nanoliters can be dosed with the respec- 

tive nanopipettes, 500 nL with a disposable glass capillary. It is 

essential that these fixed volume pipettes are precisely guided with respect 

to the lateral and vertical position, which will simplify densitometric 

measurements and result in more accurate quantitation. This is possible 

with currently available mechanized spotting devices, Figures ( 1 , Z ) .  As an 

alternative to a capillary pipette a micrometer controlled syringe fo r  

variable volumes can be guided by the same spotting device. 

Fully automatic TLC samplers are available with a dynamic range from 

100 nl to several microliters with a volume precision better than 1 %  (or 5 

nL respectively). They provide a positional precision of 2 0.05 mm. Since 

sample dispensing speed is selectable over a wide dynamic range, con- 

siderably larger volumes than 500 nL can be applied without sacrificing 

sample application quality. 

A better alternative to sample application in the form of spots is 

application of the sample as narrow bands. This provides the highest 

resolution attainable with the relevant TLC system ( 1 4 ) .  In addition, 

certain systematic measuring errors liable to occur with densitometric 

evaluation are reduced by employing the aliquot type scanning technique, 

i.e. scanning with a slit shorter (112 or 1 / 3 1  than the band applied. 
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FiEur'e 1. Autorn;:tic TLC spotting dnvice. 

Current specialized instrumentation allows sample application in 

narrow bands by a spray-on technique, which combines application with sample 

concentration. Sample volumes between 2 y l  and more than 10 u l  can be 

applied onto HPTLC layers. This technique lowers the detection limit with 

respect to concentration of the solution. Another benefit of the spray-on 

technique is the ability to safely apply different volumes of the same 

solution instead of the same volume of different concentrations, thus 

greatly reducing the amount of effort required f o r  calibration. 
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1950 JAENCHEN AND ISSAQ 

F i g u r e  2. Automatic bandvise  sample a p p l i c a t i o n  us ing  a spray-on 
technique .  

TLC PLATE DEVELOPMENT 

A f t e r  s p o t t i n g  t h e  p l a t e  can be developed i n  t h e  ascending ,  hor izon-  

t a l ,  c i r c u l a r  and a n t i r a d i a l  modes, i n  a n  i s o c r a t i c  o r  g r a d i e n t  mobile  phase 

a t  room t e m p e r a t u r e  or i n  t h e  c o l d  w i t h  or w i t h o u t  p r e s s u r e .  The conven- 

t i o n a l  way t o  develop  a t h i n - l a y e r  chromatogram is t o  immerse t h e  lower edge 

of t h e  p l a t e  i n  t h e  deve loping  s o l v e n t  i n  a s u i t a b l e  tank .  Using a twin  

t r o u g h  chamber o f f e r s  advantages  w i t h  r e s p e c t  t o  a b e t t e r  c o n t r o l  Of 

chromatographic  c o n d i t i o n s ,  e.g. o n e  t r o u g h  is filled w i t h  t h e  deve loping  
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MODERN TLC: ADVANCES AND PERSPECTIVES 1951 

while the other with the conditioning solvent. It also requires little more 

solvent than is required for chromatography. This makes it acceptable to 

follow the recommendation to always use fresh solvent for every plate, to 

achieve reproducible results. 

Even more 'economy is provided using the HPTLC linear (horizontal) 

developing chamber. Here samples are applied parallel to both opposing 

edges of the plate which is then developed f rm both sides simultaneously. 

Figure ( 3 ) .  This way the number of samples per plate can be doubled. It is 

to be noted, however, that the sandwich configuration maintained in this 

chamber is not suitable for all developing solvents. 

The sandwich configuration is suitable for neat solvents and for 

solvent mixtures that behave like a one-component solvent. Examples for 

such solvents are: hexane - acetone (85:15), toluene - dioxane - methanol 
(8:2:1), chloroform - ethyl acetate ( l : l ) ,  and ethyl acetate - methanol 
(95:5). 

The sandwich configuration is not suitable for all solvents that 

contain volatile acids or bases, and for mixtures with a comparatively 

large concentration of a polar solvent such as methanol and/or acetonitrile. 

Unless the sandwich configuration cancels out for these criteria, it 

is recommendable to always try the HPTLC Linear Developing Chamber for a 

given separation problem as it offers unsurpassed economy. Plates can also 

be developed in the circular or anti circular (antiradial) format. The 

circular gives better resolution while the antiradial allows the spotting 

and analysis of a larger number of samples on the same size plate. 

Automated Multiple Development: A recent concept in plate development is 

automated multiple development (AMD) which is comparable to gradient elution 

in HPLC. Figure (4). This new concept has been derived by Burger (15, 16 )  

from a technique called programmed multiple developing process (PMD) 

described in 1973 by Perry et al. ( 1 7 ) .  The plate is developed repeatedly 
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Figur-2 3 .  HPTLC l i n e a r  devflopinG chamber: 1 )  chromatogram p l a t e ,  l a y e r  
f a c i n g  downward, 2) couter p l a t e ,  3 )  g l a s s  s t r i p s  formin& 
c a p i l l a r y  s l i t  when t i l t e d  i n w i r d ,  4 )  covers over solvc-fit 
t rot ichs ,  5 )  per ' spex  hood. 

Figure 4 .  Automatic m u l t i p l e  developnient system. 
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MODERN TLC: ADVANCES AND PERSPECTIVES 1953 

in the same direction over increasing migration distances. 

AMD the developing solvent for each successive run differs from the one used 

before, so that a stepwise gradient is obtained. D$twfsn developments, the 

solvent is completely removed from the developing chamber and the layer is 

dried under vacuum. The systematic approach of the AMD process provides the 

ability to separate complex, multicomponent mixtures in a single 

chromatogram, employing a reproducible elution gradient. Substanzes widely 

differing in their polarity can be separated, see Figure (5). 

Unlike PMD, in 

Unlike gradient HPLC, the AMD gradient starts with the most polar 

solvent (the solvent with the strongest elution power) for which the 

shortest developing distance is employed, and is varied towards decreasing 

polarity. The longest migration distance is used with the most non-polar 

elution solvent. "Universal gradient" is the term for an AMD gradient that 

starts with a very polar solvent and is varied via the basis solvent Of 

medium polarity to a very non-polar solvent. The central or "basis" so l -  

vent, to a certain extent also the non-polar component, determines 

selectivity. Either dichlormethane or diisopropyl ether is used as basis 

solvent in over 80% of all AMD applications to dat?. 

Reproducible gradient elution needs a fully automatic instrument. 

With all parameters properly maintained, and each developing Step longer 

than the previous one, e.g. 3 mm longer running distance, the densitogram of 

a chromatogram track can be superimposed with a matched scale diagram of the 

gradient. This permits easy identification of the region of the gradient 

that caused certain fractions to be resolved. At the same time, it can be 

determined, which part of the gradient needs to be modified. 

A remarkable feature of the AMD method is that the migration distance 

of the individual component is independent of the sample matrix. This can 

be verified by superimposing the densitograms of tracks of a chromatogram on 

which there were separated side by side: a caffeine standard, a sample of 

untreated coffee, and a sample of untreated human urine from a subject who 
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F a 

5 10 15 20 steps 

Figure 5. Densitogram curves of AMD chromatogram: a )  PTH-amino acids, 
b) analgesics, c )  steroids, d) dyes and e) barbiturates. all 
chromatographed on same silica gel  plate with gradient as 
depicted. 
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J 

195.5 

J 

J 

Figure 6. Chromatograms of caffeine standard (top) untreated coffoe 
(middle) and untreated urine from a coffee drinker (bot tom) .  

drank coffee. The caffeine fraction is at the same position on each track, 

Figure (6). 

During the AMD procedure fractions are focused into narrow bands with 

a typical peak width of about 1 mm. This feature makes AMD an attractive 

alternative to "overpressure" (forced flow) TLC (OPTLC) (18) ,  the true merit 

of which is the extension of the useful separation distance of the layer in 

order to accommodate more fractions. 

AMD developed is greater than that of OPTLC in spite of the longer separa- 

tion distance of the latter. 

The peak capacity of an HPTLC plate 
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0 80 

Figur ,  7 .  MU1tiw;velength scan  of an AHD s e p a r a t i o n  of  a p l a s t i c  
prc?polynrrr izate ,  upper cui’ve scanned :it 203 nm, lowest Qt 
300 nm. 

A rnul t iwavelength s c a n  of  a n  AMD s e p a r a t i o n  of  a p l a s t i c  

prepolyrner iza t ion  product  w i t h  a d d i t i v e s  r e v e a l s  t h a t  a peak c a p a c i t y  of 

about  80 is a c h i e v a b l e  by t h i s  technique .  F i g u r e  ( 7 ) .  

Overpressured TLC: T h i s  is a n o t h e r  approach t o  i n s t r u m e n t a l i z e d  p l a t e  

development (18 ) .  The concept  is s i m p l e ,  t h e  p l a t e  a f t e r  s p o t t i n g  and 

d r y i n g  is placed  i n  t h e  a p p a r a t u s  and covered wi th  a n  i n e r t  s e e  through 

p l a t e .  The s o l v e n t  is t h e n  f o r c e d  i n t o  t h e  p l a t e  and causes t h e  r e s o l u t i o n  

of t h e  d i f f e r e n t  components i n  t h e  mixture .  OPTLC i n  a way imrni ta tes  HPLC 

b u t  t a k e s  advantage  of t h e  l a r g e  number of samples  s p o t t e d  on t h e  p l a t e  and 

ana lyzed  s i m u l t a n e o u s l y .  

Dens i tomet r ic  Chromatogram E v a l u a t i o n :  Dens i tomet r ic  chromatogram evalua-  

t i o n  is done i n  t h e  r e f l e c t a n c e  mode wi th  a l i g h t  beam i n  t h e  form of a sl i t  
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s e l e c t a b l e  i n  l e n g t h  and wid th ,  which is moved over  t h e  sample zones  t o  be 

e v a l u a t e d .  I n  o r d e r  t o  avoid  s y s t e m a t i c  e r r o r s ,  scanning  should  always be 

i n  or  a g a i n s t  t h e  d i r e c t i o n  of chromatography, never  a t  r i g h t  a n g l e s  t o  i t .  

D i f f u s e l y  r e f l e c t e d  l i g h t  is measured by t h e  photosensor  and t h e  d i f f e r e n c e  

between t h e  o p t i c a l  s i g n a l  from t h e  sample f r e e  background and t h a t  from a 

sample zone is c o r r e l a t e d  w i t h  t h e  amount of t h e  r e s p e c t i v e  f r a c t i o n  of 

c a l i b r a t i o n  s t a n d a r d s  chromatographed on t h e  same p l a t e .  D e t e c t i o n  

( d e t e r m i n a t i o n )  limits f o r  scanning  by f l u o r e s c e n c e  are t y p i c a l l y  100 t o  

1000 times lower t h a n  f o r  scanning  by absorbance.  Therefore ,  one W i l l  

a lways choose t h e  f l u o r e s c e n c e  mode when s u b s t a n c e s  w i t h  i n h e r e n t  f l u o r e s -  

cence  are t o  be measured. I t  is worthwhile  t o  i n c l u d e  a p r e  o r  p o s t  

chromatographic  d e r i v a t i z a t i o n  s t e p  to  r e n d e r  s u b s t a n c e s  f l u o r e s c e n t ,  when 

e i t h e r  s p e c i f i c i t y  and/or  d e s i r e d  d e t e r m i n a t i o n  limits c a l l s  f o r  i t .  An 

exam?le is d e r i v a t i z a t i o n  of pr imary amines w i t h  f l u o r e s c a m i n e  or o t h e r  

f l u o r e s c i n g  a g e n t s .  

I n s t e a d  of s c a n n i n g  a chromatogram t r a c k  w i t h  a f i x e d  s l i t ,  i t  is 

p o s s i b l e  t o  move a l i g h t  s p o t  i n  meander form over  t h e  sample zones ,  w i t h  a 

swing cor responding  t o  t h e  l e n g t h  of t h e  slit .  T h i s  t y p e  scanning  should  

o f f e r  c e r t a i n  advantages  which, however, are sometimes more t h a n  p a i d  f o r  

wi th  d isadvantages .  One is t h e  s i g n i f i c a n t l y  lower s i g n a l  to n o i s e  ratio,  

t he  o t h e r  is lower s p a t i a l  r e s o l u t i o n  when t h e  o b j e c t  is an HPTLC p l a t e .  I n  

any c a s e ,  e x p l o i t i n g  t h e  advantages  of s c a n n i n g  wi th  a moving l i g h t  s p o t  

r e q u i r e s  a s u b s t a n t i a l  amount of memory i n  t h e  d a t a  p r o c e s s i n g  Unit .  

Thin- layer  chromatograms are n o t  s u i t a b l e  t o  be  scanned by t r a n s m i t t e d  

l i g h t .  Apart  from u n d e s i r a b l e  s c a t t e r i n g  e f f e c t s ,  t h e  most s e r i o u s  l imita- 

t i o n  is t h e  UV cut -of f ,  n o t  on ly  of t h e  s u p p o r t i n g  g l a s s  p l a t e ,  b u t  o f  t h e  

s i l i c a  g e l  i t s e l f .  The s p e c t r a l  range  most s u i t a b l e  f o r  QTLC i s  UV under  

300 nm, a s  many s u b s t a n c e s  absorb  s h o r t  wave UV w i t h o u t  a n e c e s s i t y  for 

d e r i v a t i z a t i o n .  
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Fizure a .  Com?uter control led TLC evaluation system which cons i s t s  of 
Camag TLC scanner I1 and Hewlett-Packard Node1 310 desktop 
computer p r in t e r .  

A densitometer fo r  QTLC should be capable of l i n e a r  scanning by absor- 

bance and fluorescence w i t h  a spec t r a l  range from 200 t o  800 nm. This range 

can be extended t o  190 nm by f lushing the monochromator with nitrogen. Raw 

data processing by a separate  per ipheral  u n i t  al lows the user t o  choose the 

degree of sophis t icat ion.  comfort and automation desired.  Such a den- 

si tometer is shown in  Figure ( 8 ) .  

A computing in t eg ra to r  has been considered standard peripheral  f o r  

some time. B u t  using a personal computer with software t a i l o r e d  for TLC 

evaluation is becoming more common. 

f ea tu res  t h a t  appear su i t ab le  t o  explain the  functions of such f u l l y  

automatic computer control led system. 

The following is a small s e l ec t ion  of 
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a) Automatic peak location and optimization (19 )  

The scanner searches first in the Y-direction (direction Of 

chromatography) until a signal maximum is detected, then, at this Y-position 

in the X-direction until that maximum is found. Only then quantification 

measurement of that fraction is performed. 

The user can choose between 4 optimization modes: ( 1 )  scanning ac- 

cording to a preselected pattern, without optimization; ( 2 )  optimizing the 

first fraction of the first track, then scanning according to a preselected 

pattern; ( 3 )  optimizing the first fraction of each track, then scanning of 

the track is rectilinear; and finally (‘I) optimizing each fraction of the 

chr omat ogram. 

b) Spectra recording (20 )  

Absorption as well as fluorescence excitation spectra can be measured. 

The stored spectral data are used postrun for various purposes selected by 

the analyst: ( 1 )  spectra of individual fractions; ( 2 )  superimposed spectra 

of all fractions in one track, e.g. for identification; ( 3 )  superimposed 

spectra of all equidistantly migrated fractions, e.g. for identity check; 

and ( 4 )  superimposed spectra of different positions within a spot, for 

checking homogeneity, etc. 

c) Multiwavelength scan ( 2 1 )  

Multiwavelength scanning is a way to find the universally useful 

scanning wavelength for all substances to be quantified. if such exists, 

Figure (9).  Multiwavelength scanning also permits optical resolution of 

fractions insufficiently separated by chromatography. Another application 

of multiwavelength scanning is identification of fractions by comparison 

with standards or against multiwavelengths correlation figures stored in the 

computer memory. For such purposes it is useful to have the option to 

measure and compare with up to 9 wavelengths, whereby absorbance and 

fluorescence may be combined. 

Presentation of multiwavelength or multitrack data can be selected, 

superimposed or three-dimensionally 
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F1gur-c ?.  Three dimensional plot of n nultiwavelerigth scans of 
barbiturates .:bsorbance from .?C3 nm ( h )  to 270 n71 ( a )  a t  13 c m  
i ntc r v i  1 5 .  

d) Structure subtraction (22) 

Another aspect of chromatograph evaluation is structure subtraction. 

For positive identification and quantification of trace amounts of sub- 

stances as well as for improving reproducibility, structure subtraction can 

be employed. The track on the prewashed plate on which the sample shall be 

chromatographed is scanned and the signal pattern stored. After chromatog- 

raphy, a new scan is taken and structure pattern is subtracted. 

Automatic baseline correction, video screen integration, Gauss ap- 

proximation, evaluation via internal or external standard, one-standard 

calibration, multilevel calibration, linear or polynominal regression are 

some other features of the TLC evaluation software. 

COUPLING OF HPLC AND TLC 

Combining different separation techniques governed by different 

mechanisms t o  multidimensional methods is suitable to increase the potential 
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of t h e  i n d i v i d u a l  techniques  (23-25). 

s e p a r a t i o n  t e c h n i q u e s  a v a i l a b l e  today f o r  n o n - v o l a t i l e  s u b s t a n c e s .  

HPLC is one of t h e  most powerful  

HPLC is most o f t e n  c a r r i e d  o u t  i n  t h e  r e v e r s e d  phase  mode. Although a 

c o n s i d e r a b l e  c h o i c e  of  r e v e r s e d  phase s e p a r a t i o n  l a y e r s  is a v a i l a b l e ,  as 

s t a t e d  e a r l i e r  and i n  r e f .  26 ,  TLC is most o f t e n  c a r r i e d  o u t  i n  t h e  normal 

phase.  It is f o r  t h e s e  a s p e c t s  t h a t  a combinat ion of HPLC and TLC a p p e a r s  

a t t r a c t i v e ,  as i t  is capable  of combining two d i f f e r e n t  s e p a r a t i o n  

mechanisms. I n  a d d i t i o n ,  t h e  combinat ion of HPLC and TLC g i v e s  a c c e s s  t o  

t h o s e  f e a t u r e s  t h a t  a r e  unique t o  each technique .  

An a p p l i c a t i o n  example from environmental  a n a l y s i s  ( 2 7 ,  2 8 )  appears  

s u i t a b l e  t o  demonst ra te  t h e  p o t e n t i a l  of  t h i s  c o u p l i n g  technique .  

P e s t i c i d e  r e s i d u e  a n a l y s e s ,  e.g.. p e s t i c i d e s  i n  water ,  r e q u i r e  iden- 

More than  t i f i c a t i o n  and q u a n t i f i c a t i o n  of a l a r g e  v a r i e t y  of s u b s t a n c e s .  

50 d i f f e r e n t  components, o f t e n  i n  t h e  presence  of complex e x t r a n e o u s  

m a t e r i a l .  Simultaneous a n a l y s i s  of a l l  t h e s e  s u b s t a n c e s  s i d e  by s i d e  would, 

of  course ,  be  p r e f e r a b l e  over  i n d i v i d u a l  a n a l y s e s  f o r  each  compound or group 

Of compounds. I t  is a p r e r e q u i s i t e  f o r  such  a n a l y s i s ,  however, t h a t  these 

more than  50 compounds be s e p a r a t e d  so t h a t  they  can  be r e l i a b l y  i d e n t i f i e d .  

This  is n o t  an easy  task by e i t h e r  HPLC or TLC. However, it may be 

p o s s i b l e  by a combinat ion of both ,  i.e. by t h e i r  d i rect  coupl ing .  T h i s  can 

be achieved  by s e p a r a t i n g  f i r s t  by R P  HPLC t h e n  s p r a y i n g  f r a c t i o n s  of  t h e  

HPLC e f f l u e n t  d i r e c t l y  o n t o  an HPTLC p l a t e  which is then  AMD 

chromatographed. 

A sample c o n t a i n i n g  56 p e s t i c i d e  compounds was s e p a r a t e d  by HPLC on a 

2.1 mm microbore column RP-18,  3 pm; g r a d i e n t  e l u t i o n  from water  - methanol  

95:5 t o  5:95,  fol lowed by i s o c r a t i c  e l u t i o n  w i t h  t h i s  s o l v e n t .  The Flow 

rate was 30 pL/min. 

The f r a c t i o n  cuts a s  shown i n  t h e  HPLC ana log  curve ,  F i g u r e  (10)  were 

sprayed  o n t o  HPTLC s i l i c a  g e l  p l a t e s ,  which were developed by t h e  AMD 

method. The mult iwavelength densi togram of  t h e  s e p a r a t i o n  of  c u t  No. 1 3  is 

shown as an example, F i g u r e  ( 1 1 ) .  
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Figure 10. Analog curve of HPLC chromatogram of 56 pesticides, RP gradient 
elution; hard-cut into 17 fractions as marked. 

Systematic scanning of the AMD tracks of all 17 cuts and identifying 

the fractions by their multiwavelength response revealed all 56 substances. 

The fact that the combined methods are based on entirely different separa- 

tion mechanisms is revealed by the fact that in most of these 17 narrow cuts 

Of the HPLC effluent, fractions spread over a wide range of the AMD 

chromatogram. 

This shows that a new dimension in chromatographic resolution can be 

achieved by coupling reversed phase gradient elution HPLC with normal phase 

gradient elution AMD-TLC. 
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Figure 1 1 .  AND chronatogram of HPLC cut lio. 1 3 ;  a fraction number printed 
in tho plot over a peak indicates that this fraction has been 
accepted by the software as identified on the basis of 
fiultiwavelength response correlation with the respective 
idemti f icstion standard. 

CONCLUSION 

The above discussion shows that HPTLC is a modern, economical, simple, 

and timesaving analytical technique. 

because of its multidimensional properties. the recent introduction of new 

stationary phases (chiral, cyano-, amino-, reversed phase and side-by-side 

two-phase), and the wealth of new instrumentation for accurate spotting. 

developing, spectral measurements and quantification. It is expected that 

the coupling of both RP HPLC and gradient normal phase TLC will lead to 

wider applications where complex mixtures need to be resolved. 

HPTLC is competitive and versatile 
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