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JOURNAL OF L I Q U I D  CHROMATOGRAPHY, 5(8 ) ,  1573-1582 (1982) 

H I G H  PERFORMANCE THIN-FILM CHROMATOGRAPHY I N  

BIOLOGICAL STUDIES 

L.V.  Andreev 

I n s t i t u t e  of Biochemis t ry  and Phys io logy  
of Microorganisms 

Academy of S c i e n c e s  
Pushchino ,  Moscow Region,  142292, U.S.S.R. 

The conven t iona l  t h i n - l a y e r  chromatography /TLC/  

method o f  Egon S t a h l  had n o t  been s i g n i f i c a n t l y  modi- 

f i e d  €or a long  t i m e .  But  l a t e l y  much a t t e n t i o n  w a s  

p a i d  t o  t h e  optimiza'tion o f  t h e  r a p i d i t y  and s e n s i t i -  

v i t y  of t h e  method. The advances i n  column, g a s  and 

l i q u i d  chromatography v e r y  much c o n t r i b u t e d  t o  i t .  I n  

TLC, l i k e  i n  column chromatography, t h e  use  o f  ve ry  

f i n e  and homogeneous s o r b e n t  f r a c t i o n s  w a s  v e r y  prom- 

i s i n g .  I t  appeared  e s p e c i a l l y  e f f i c i e n t  i n  l i q u i d  

chromatography where d i f f u s i o n  c o e f f i c i e n t s  are low. 

* Presented at the First Symposium on Advances of TLC and HPLC, 
May 14-15, 1982, Szeged, Hungary. 
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Copyright  0 1082 b y  Marcel Dckkcr. I n c .  
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1574 ANDREW 

The u s e  o f  f i n e  s o r b e n t  f r a c t i o n s  r e s u l t e d  i n  t h e  

d r a s t i c  i n c r e a s e  o f  t h e  r e s o l u t i o n  power and  decrease 

o f  t h e  a n a l y s i s  d u r a t i o n  as  w e l l  as i n  3-4 t i m e s  s h o r t -  

e n i n g  o f  t h e  l a y e r  l e n q t h .  For t h e  a n a l y t i c a l  r e s o l u -  

t i o n  t h e  l a y e r  a b o u t  100 um i n  t h i c k n e s s  / l i k e  

i n  convent iGna1 TLC/  w a s  u s e d .  T h a t  b r o u g h t  some 

r e s e a r c h e r s  t o  t h e  c o n c l u s i o n  t h a t  t h e  o p t i m a l  dia-  

meter of s o r b e n t  p a r t i c l e s  w a s  5-7 urn and  t h a t  t h e  

u s e  of f i n e r  s o r b e n t  pa r t i c l e s  s h c u l d  d e c r e a s e  t h e  

r e s o l u t i o n  e f f i c i e n c y .  W e  h a v e  shown / 1-5 / t h a t  t h e  

u s e  of s t i l l  f i n e r  s o r b e n t  f r a c t i o n s  c o u p l e d  w i t h  t h e  

a p p r o p r i a t e  r e d u c t i o n  of a l a y e r  t h i c k n e s s  a n d  t h e  

u t i l i z e d  l e n q t h  r e s u l t s  i n  t h e  c o n s t a n t  i n c r e a s e  of 

t h e  r e s o l u t i o n  e f f i c i e n c y ,  r a p i d i t y  and  s e n s i t i v i t y .  

However, t h e  s o r b e n t  l a y e r  area s h o u l d  b e  l a r g e  enough 

n o t  t o  r e q u i r e  t h e  u s e  o f  complex m i a r o a n a l y t i c a l  de- 

v ices .  B e s i d e s ,  f o r  t h e  f u l l  r e a l i z a t i o n  o f  t h e  e f f i -  

c i e n c y  o n e  n e e d s  f u r t h e r  a n d  f u r t h e r  m i n i m i z a t i o n  o f  

a s t a r t i n g  s p o t  s i z e .  

I 

I 

I t  h a s  b e e n  shown t h a t  t h e  o p t i m a l  l a y e r  t h j c k -  

n e s s  i s  from 10 t o  15  /urn, i t s  o p t i m a l  l e n g t h  is  2-3  c m ,  

and t h e  o p t i m a l  mean diameter o f  s o r b e n t  par t ic les  i s  

1 - 2  um. L a y e r s  p r e p a r e d  on m i c r o s c o p e  q l a s s e s ,  1x3 

i n c h e s ,  are  v e r y  handy.  Us ing  s u c h  a p l a t e  it i s  pos- 

s i b l e  t o  obt-ain 2 two-dimens iona l  and  2 o r  3 u n i d i -  

rnens iona l  chromatograms s i m u l t a n e o u s l y .  

I 
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HIGH PERFORMANCE THIN-FILM CHROMATOGRAPHY 1575 
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Fig.1.  Two-dimensional 
chromatogram of  ste- 
r o i d s  obtained on si- 

l i ca  g e l  l a y e r  1 . 5 ~  

1 . 5  c m  

The r e s o l u t i o n  power i s  p e r f e c t l y  i l l u s t r a t e d  

by a two-dimensional chromatogram of  s t e r o i d s  on a 

1.5x1.5 c m  s i l i c a  g e l  l a y e r  /F ig .  11. 

The major problems i n  t h e  work with u l t r a - f i n e  

s o r b e n t  f r a c t i o n s  i s  t h e  n e c e s s i t y  of keeping t h e  de- 

f i n i t e  balance 1/ between t h e  i n t e r a c t i o n  of  s o r b e n t  

p a r t i c l e s  and a g l a s s  p l a t e  and 2 /  between t h e  par-  

t i c les  themselves,  because of t h e  h i g h e r  va lue  o f  f r e e  

s u r f a c e  energy. Therefore ,  a p r e c i s e  q u a n t i t y  of so r -  

b e n t  app l i ed  p e r  a u n i t  of a l a y e r  i s  a m u s t .  For d i f -  

f e r e n t  s o r t s  of s i l i c a  g e l  and i t s  f r a c t i o n s  t h e  op- 

t i m a l  q u a n t i t y  of so rben t  v a r i e s  w i t h i n  t h e  range from 
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1576 ANDREEV 

0 . 8  

by an  o r d e r  of magnitude less than  f o r  MERK HPTLC p l a t e s  

and by 1 . 5  o r d e r  o f  magnitude less t h a n  f o r  convent io-  

n a l  TLC p l a t e s .  Due to  t h e  h i g h e r  s u r f a c e  ene rgy  o f  

u l t r a - f i n e  s o r b e n t  f r a c t i o n s  t h e  l a y e r s  may be  pre- 

pared  wi thou t  a b i n d e r  o r  adding  1 - 2 %  o f  gypsum. The 

mechanical  s o l i d i t y  o f  t h e  l a y e r  i s  p e r f e c t .  The d i s -  

r ega rd  of  t h e  op t ima l  c o n d i t i o n s  r e s u l t s  i n  s p e c i f i c  

d e f e c t s ,  e .  g. r e g u l a r l y  a l t e r n a t i n a  s o r b e n t  "waves" , 

"Liesegang r ing ' ' - l i ke  d e f e c t s  , r e n t s  , etc .  A t t e n t i o n  

should  be p a i d  t o  t h e  p o s s i b l e  9 a r t i a l  a g g r e g a t i o n  

of  p a r t i c l e s  which o c c u r s  upon t h e  long-t ime s t o r a g e  

of  f r a c t i o n s ,  e v e t  w e t .  Layers  a r e  formed mainly a round 

such a g g r e g a t i o n s  which makes t h e  p l a t e s  u n f i t  f o r  work 

/ " speck led"  p l a t e s / .  T o  avo id  t h i s ,  a s h o r t - t i m e  u l t -  

rasound t r e a t m e n t  of  f r a c t i o n s  p r i o r  t o  t h e  p repa ra -  

t i o n  of l a y e r s  i s  recommended Ill/. The p r e p a r a t i o n  o f  

l a y e r s  under  o p t i m a l  c o n d i t i o n s  i s  an  ex t remely  s imple  

and h i g h l y  e f f i c i e n t  p rocess .  Coat ing  o f  s e v e r a l  hund- 

r e d s  o f  p l a t e s  which w i l l  r e t a i n  t h e i r  r e s o l u t i o n  power 

f o r  a t  least  8 y e a r s  t a k e s  an a s s i s t a n t  a day. 

t o  1 . 2  mq p e r  c m 2  o f  s u p p o r t  m a t e r i a l  which is 

Based on t h e  above-mentioned c h a r a c t e r i s t i c s ,  

such s o r b e n t  l a y e r s  c o u l d  r a t h e r  be named " s o r b e n t  f i l m s " .  

The re fo re ,  t h e  t e r m  "h igh  performance th in - f  i l m  chroma- 

tograohy" /HPTFC/ seems j u s t i f i e d  f o r  t h e  method of  ana- 

l y s i s  on t h u s  p repa red  s o r b e n t .  
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HIGH PERFORMANCE THIN-FlLM CHROMATOGRAPHY 1577 

I t  i s  conven ien t  t o  p r e p a r e  s o r b e n t s  f o r  HPTFC by 

method of s e d i m e n t a t i o n i n  a p p r o p r i a t e  s o l v e n t s ,  e .g .  i n  

methanol  - chloroform mix tu re  f o r  a lumina  / 4 /  and i n  

w a t e r  f o r  s i l i c a  g e l  1 6 1 .  For  example K i e s e l g e l  6 0  MERK 

i s  ground i n  a m i l l  and sed imented  i n  w a t e r  i n  c y l i n d e r s ,  

25  c m  i n  h i g h t .  F r a c t i o n s  sed imented  w i t h i n  .the i n t e r v a l s  

o f  3-6, 6 - 1 2 ,  1 2 - 2 4  and 24-48 hour s  a r e  t aken .  The f i n e r  

p a r t i c l e s ,  u s u a l l y  making up 1 - 2 %  o f  t h e  i n i t i a l  amount 

of K i e s e l g e l ,  are removed. The coarser p a r t i c l e s  are 

ground aga in .  Usua l ly  4 f i n a l  f r a c t i o n s  make up 5%.  For  

example, t h e  g r i n d i n g  and f r a c t i o n a t i o n  of 9 4 0  g Kiesel- 

g e l  60 MERK f o r  p r e p a r a t i v e  TLC y i e l d e d  4 2 . 4  g f i n a l  

f r a c t i o n s .  The lSt f r a c t i o n  13-6 h /  was 

p a r i n g  335 p l a t e s  fo r  HPTFC u s i n g  microscope g l a s s  as a 

s u p p o r t  mater ia l ,  t h e  2nd f r a c t i o n ,  f o r  733 p l a t e s :  t h e  

3rd f o r  830; and t h e  a th l  f o r  487 p l a t e s .  Such a number 

of  p l a t e s  i s  adequate  for o b t a i n i n g  m o r e  t han  5000 t w o -  

d imens iona l  chromatograms. With c o n v e n t i o n a l  TLC t e c h n i q u e ,  

10000 t i m e s  more s o r b e n t  would be  s p e n t .  For  t h e  p repa ra -  

t i o n  o f  HPTFC p l a t e s  c a r e f u l l y  washed g l a s s e s  are sub- 

merged i n t o  1 ml suspens ion  c o n t a i n i n g  t h e  n e c e s s a r y  

q u a n t i t y  of t h e  s o r b e n t  and p r e v i o u s l y  t r e a t e d  w i t h  u l t r a -  

sound and then  d r i e d  f o r  a n i g h t .  

enough for pre-  

HPTFC does  n o t  r e q u i r e  s p e c i a l  equipment .  P l a t e s  

are developed  i n  g l a s s  chambers p r e v i o u s l y  d e s c r i b e d  1 2 1 .  

Zones are d e t e c t e d  by s p r a y i n g  u s i n g  a u s u a l  s p r a y .  
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1578 ANDREEV 

S t a r t i n g  s p o t s  a r e  a p p l i e d  by t h i n  g l a s s  o r  m e t a l  c a p i l l a -  

r ies.  An a n a l y s i s  on 2 cm l a y e r  i s  u s u a l l y  done f o r  t h e  

t i m e  from 2 t o  10 min. I n  some cases HPTFC method y i e l d s  

chromatographic  zones w i t h  d i a m e t e r s  of s e v e r a l  t e n t h s  

o f  a m i l l i m e t e r .  A l a y e r  t h i c k n e s s  b e i n g  10-15 ,urn, t h e  

i n c r e a s e  of  s e n s i t i v i t y  by 1-1 .5  o r d e r  o f  magni tude cop- 

pa red  w i t h  c o n v e n t i o n a l  TLC i s  p o s s i b l e .  Fo r  example,  when 

a n a l y s i n g  p y r u v i c  a c i d  i n  t h e  form o f  gu inoxa lones  w e  

ach ieved  t h e  s e n s i t i v i t y  Gf s e v e r a l  lo-'' rules. A f t e r  

t h e  r e s o l u t i o n  t h e  p l a t e s  w e r e  sp rayed  w i t h  10% w a t e r  

s o l u t i o n  o f  phosphor i c  a c i d ,  and zones  o f  qu inoxa lones  

were v i s u a l i z e d  by i n t e n s i v e  ye l low-green  luminescence .  

The t echn ique  may b e  used  s u c c e s s f u l l y  f o r  t h e  group 

a n a l y s i s  o f  - k e t o a c i d s  17-101- t h e  major  i n t e r m e d i a t e s  

of  t h e  t r i c a r b o x y l i c  a c i d  c y c l e .  

A h igh  s e n s i t i v i t y  of HPTFC a l l o w s  t h e  i d e n t i f i c a -  

t i o n  of components o f  complex m i x t u r e s  chromatographed 

on conven t iona l  TLC l a y e r s .  I n  a p r e v i o u s  work 11-11 a 

mix tu re  of  s e v e r a l  dozens of s u b s t a n c e s  - p r o d u c t s  o f  

h y d r o c o r t i s o n e  m i c r o b i a l  t r a n s f o r m a t i o n  was s e p a r a t e d  by 

a two-dimensional  t echn ique  u s i n g  " S i l u f o l "  p l a t e s .  Some 

s t e r o i d  zones w e r e  e l u a t e d  from a l a y e r  and then  iden-  

t i f i e d  by HPTFC method on alumina and s i l i ca  g e l  l a y e r s  

i n  v a r i o u s  s o l v e n t  sys tems.  

Mechanica l ly  solid f i l m  p r e p a r e d  of u l t r a - f i n e  

s o r b e n t  f r a c t i o n s  may be  s u c c e s s f u l l y  used  f o r  some 
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HIGH PERFORMANCE THIN-FILM CHROMATOGRAPHY 1579 

Fig .2 .  HPTFC of phosphol ipids  of y e a s t  mitochondria .  

I - t h e  e x t r a c t i o n  on a l a y e r ,  

11- t h e  a n a l y s i s  of p rev ious ly  e x t r a c t e d  

mitochondria .  
S i l i c a  g e l  l a y e r  2x2 c m .  

ana lyses  ha rd ly  done by convent ional  TLC method. Figure 

2 p r e s e n t s  chrematograms o f  phosphol ipids  of mitochondria 

of t h e  y e a s t s  Endomyces magnusii ,  ob ta ined  by 2 d i f f e r e n t  

ways. In  the  lSt case water  suspension of mitochondria 

was a p p l i e d  t o  a s i l i c a  g e l  l a y e r  and then t w i c e  e x t r a c t e d  

on t h e  l a y e r  by a two-fold development of t h e  p l a t e  f o r  

a l eng th  of 3-4 mm with chloroform-methanol mixture  /l:l/. 

I n  t h e  2nd case mitochondria w e r e  p rev ious ly  e x t r a c t e d  

according t o  Folch. Though both r e s u l t s  w e r e  analogous,  

t h e  lSt procedure i s  convenient  f o r  o p e r a t i n g  w i t h  micro- 

gram q u a n t i t i e s  of  b i o l o g i c a l  material .  

A high a n a l y s i s  rate of HPTFC method makes it 

e f f i c i e n t  f o r  t h e  r e g u l a t i o n  of high rate chemical pro- 
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1580 ANDREEV 

cesses. It  a l lows  t h e  c o n t r o l  o f  t h e  comple teness  o f  t h e  

r e a c t i o n  producing  t h e  d e r i v a t i v e s  f o r  gas  chromatography, 

e .g .  f a t t y  acid me thy la t ion  or  f a t t y  hydroxyac id  a c e t y l a -  

t i o n .  I n  many c a s e s  t h e  methcd, p r o p e r l y  i n s t r u m e n t a l i z e d  

f o r  t h e  q u a n t i t a t i v e  i n t e r p r e t a t i o n  o f  t h i n - f i l m  chroma- 

tograms, i s  n o t  i n f e r i o r  to  gas  chromatography i n  s e n s i -  

t i v i t y  and a n a l y s i s  r a t e .  

O f t e n  t h e  dens i tome t ry  i s  n o t  done immediately a f t e r  

o b t a i n i n g  a chromatogram and many s u b s t a n c e s  a r e  decomposed 

i n  a i r  l e a d i n g  t o  m i s r e p r e s e n t a t i o n  o f  q u a n t i t a t i v e  r e s u l t s .  

TO do away wi th  t h i s  inconveniency ,  t h e  dens i tome t ry  o f  

n e g a t i v e s  a f t e r  photographing  i n  v i s i b l e  o r  UV-light i s  

recommended. T h i s  p rocedure  w a s  s u c c e s s f u l l y  used  f o r  t h e  

a n a l y s i s  o f  n u c l e o s i d e s  and n i t r o u s  b a s e s  o f  n u c l e i c  a c i d s  

/ 1 2 - 1 3  / . 
HPTFC method i s  an  e f f i c i e n t  a n a l y t i c a l  means, espe-  

c i a l l y ,  f o r  b iochemica l  r e s e a r c h .  I t  s o l v e s  t h e  most o f  

a n a l y t i c a l  problems i n  t h e  s t u d i e s  o f  b i o l o g i c a l  and en- 

v i ronmenta l  o b j e c t s  1 5 ,  14, 151. 
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