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MODIFICATIOKS OF ADSORBENT, SAMPLE AND 

SCLVENT IN THIN LAYER CHROMATOGRAPHY 

Haleem J. I s s a q  
Chemical Carc inogenes is  Program 

N C I  F r e d e r i c k  Cancer Research Cen te r  
F r e d e r i c k ,  MD 21701 

ABSTRACT 

T h i s  rev iew  cove rs ,  f rom a p r a c t i c a l  p o i n t  o f  view, t h e  m o d i f i c a t i o n s  
o f  t h e  sample, adso rben t  and s o l v e n t ,  which a r e  a v a i l a b l e  t o  a c h i e v e  
t h e  s e p a r a t i o n  o f  complex chemical  m i x t u r e s  by t h i n  l a y e r  chromatography.  

INTRODUCTION 

S i r e  t h i n - l a y e r  chromatography (TLC) was i n t r o d u c e d  as a m ic ro -  

a n a l y t i c a l  t echn ique  many adsorbents ,  s o l v e n t s  and d e v e l o p i n g  systems 

have been developed t o  a s s i s t  i n  t h e  r e s o l u t i o n  o f  a wide range o f  

chemical m i x t u r e .  The adsorbents  d e s c r i b e d  i n c l u d e  a lumina,  c e l l u l o s e ,  

c h a r c o a l ,  polyamide, s i l i c a  g e l ,  and t a l c .  A l a y e r  o f  mixed adso rben ts  

has a l s o  been used. 

chromatograms have been pu re  s o l v e n t s  (methanol ,  hexane. e t h y l  a c e t a t e ,  

e t c . )  o r  a m i x t u r e  o f  up t o  s i x  s o l v e n t s  as needed. A few m i c r o l i t e r s  

o f  t h e  samples d i s s o l v e d  i n  an a p p r o p r i a t e  s o l v e n t  a r e  s p o t t e d  on t o  t h e  

adso rben t  l a y e r .  The p l a t e  i s  t hen  developed i n  a j a r  o r  s o e c i a l  

apparatus (sandwich tank,  U-chamber, compressed system, e t c )  . The 

p l a t e  i s  developed i n  one o r  two d imensions o r  c o n t i n u o u s l y ,  e i t h e r  a t  

room-temperature o r  i n  t h e  c o l d .  

The s o l v e n t  s y s t e m  used for d e v e l o p i n g  t h e  
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1424 ISSAQ 

A r e c e n t  t r e n d  has been t o  mod i fy  t h e  p r o p e r t i e s  o f  t h e  adsorbent ,  

t h e  s o l v e n t  and t h e  sample. T h i s  paper rev iews these m o d i f i c a t i o n s .  

comments on them, and suggests examples f o r  t h e i r  use. 

1 .  ADSORBEHT MODIFICATIONS: 

a) Chemical: The adsorbent  i s  m o d i f i e d  by a chemical  r e a c t i o n  by  

which a group o f  i n t e r e s t  i s  bonded t o  t h e  adsorbent  t o  a l t e r  i t s  p r o p e r t i e s  

S i l i c a  ge l  l a y e r s  have been m o d i f i e d  by s i l y l a t i o n  t o  f o r m  a m r e  hydro-  

phob ic  ( l i p o p h i l i c )  phase. 

group R t o  t h e  s u r f a c e  o f  s i l i c a  t o  form zSi-R o r  zSi-0-Si-R groups accord-, 

i n g  t o  t h e  f o l l o w i n g  r e a c t i o n .  

Such phases a r e  prepared by bonding an o r g a n i c  

R R  

SI 
\ /  

CI 0,’ ‘*o, on on 
I I I 

I I I 
- S i  - 0 - s i -  t R - S i - R  - -50 - 0 - ,s*- + “Cl 

CI R 0’ 
\ ,,‘ oerwaima 

5, SorDenls suppor1 Chlorordm. 
,o’ ‘R 

- 5 ,  - 0 - si-  
I I 

By changing t h e  l e n g t h  of  t h e  cha in .  o r  t h e  group (R), t h e  p r o p e r t i e s  o f  

t h e  r e s u l t i n g  d e r i v a t i z e d  sorbent  a r e  changed. 

w i t h  C2, C6, C8, C12 and C,8, i n  the  bonded group ( R ) ,  a r e  commerc ia l l y  

a v a i l a b l e .  The group i t s e l f  may a l s o  b e  changed as i s  t h e  case i n  h i g h  

performance l i q u i d  chromatography (HPLC) adsorbents .  The above 

d e r i v a t i z a t i o n  procedures a r e  c a r r i e d  o u t  be fore  a p l a t e  i s  made. 

Reversed phases bonded 

A r i n g e r  and Eneroth ( l ) ,  on t h e  o t h e r  hand, s i l y l a t e d  a c o n m e r c i a l l y  

a v a i l a b l e  p recoated  s i l i c a  g e l  p l a t e  by deve lop ing  t h e  p l a t e  i n  t h e  v e r y  

r e a c t i v e  aoent  hexamethy ld is i lazane ( H M O s ) .  

as m o d i f i e d  adsorbent  f o r  TLC ?.llows t h e  m i g r a t i o n  and s e p a r a t i o n  o f  p o l a r  

sample components which would o t h e r w i s e  b i n d  s t r o n g l y  t o  s i l i c a  g e l .  

Us ing  d e r i v a t i z e d  s i l i c a  g e l  

The 
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ADSORBENT, SAMPLE, AND SOLVENT 1425 

orde r  o f  m ig ra t i on  o f  t he  compounds on bonded s i l i c a  gel phases i s  t he  

reverse o f  t h a t  on s i l i c a  gel  phases. Such bonded phases are,  there fore ,  

r e f e r r e d  t o  as reversed phases. 

a tu re .  A few w i l l  be given here. Environmental t race  analyses were 

c a r r i e d  ou t  on CE and C18 reversed phase p l a t e s  (2 ) .  

2-, and 4-acetylaminof luorene isomers was reso lved on reversed phase C18 

p l a t e s  bu t  n o t  on s i l i c a  gel ( 3 ) .  Brinkman and DeVrfes (4 )  separated a 

m ix tu re  o f  d i a l k y l p t h a l a t e  on C8 reversed phase p la tes .  

tween the  reso lv ing  power o f  s i l i c a  ge l ,  s i l a n i z e d  s i l i c a  ge l  (HMDS) and 

C,? reversed phase s i l i c a  gel p la tes  i nd i ca ted  t h a t  the  l a t t e r  gave the  

bes t  r e s o l u t i o n  o f  the  ox ida t i on  products o f  cho les te ro l  ( 3 ) .  

Faupel (5) separated mixtures o f  s te ro ids  and pept ides on reversed phase 

s i l i c a  ge l  and alumrna p la tes  which they had prepared. 

t reatment o f  the separat ion on reversed phase and normal phases was 

pub l ished by M a r t i r e  and Poehm ( 6 ) .  

Numerous examples are  c i t e d  I n  the  l i t e r -  

A m ix tu re  o f  1-, 

A comparison be- 

Van Arx and 

A t h e o r e t i c a l  

b )  Impreonation: There are d i f f e r e n t  methods f o r  impregnat ing 

the  adsorbent depending on whether the  p la tes  are prepared i n  the  l a b  o r  

a re  precoated by the manufacturer. 

t he  reagents are added t o  the s l u r r y .  

t r o l l e d  concentrat ions o f  the reagent. 

reagent i s  in t roduced by spray ing  (no t  very un i fo rm) ,  d ipp ing ,  develop- 

i n g  the p l a t e  i n  the reagent s o l u t i o n  or by brush ing  the  reagent s o l u t i o n  

on the p l a t e .  A d iscussion of impregnation was presented by Halpaap and 

Ripphahn ( 7 ) .  The adsorbent i s  normal ly impregnated w i t h  a reagent t h a t  

forms a complex or an a d d i t i o n  compound w i t h  the component mix tu re .  I t  

i s  a s e l e c t i v e  orocess where one component reac ts  w i t h  the  reagent wh i l e  

the  o ther  does n o t  whereby separa t ion  i s  achieved. For example. b o r i c  

a c i d  i s  used fo r  the  separat ion of v i c i n a l  d ihydroxy isomers where a c y c l i c  

b o r i c  a c i d  d e r i v a t i v e  i s  formed; s i l v e r  ions  form complexes w i t h  o l e f i n i c  

double bonds and so c i s -  and t rans-  isomers can be separated; n e t a l  ions  

F o r  p la tes  t h a t  are prepared ( i n  house) 

This method gives un i fo rm and con- 

I f  precoated p l a t e s  are used, t he  
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1026 ISSAQ 

such as z i n c ,  cadmium, manganese, e t c .  fo rm complexes w i t h  n i t r o g e n o u s  

bases; p i c r i c  a c i d  and t r i n i t r o b e n z e n e  fo rm complexes w i t h  p o l y n u c l e a r  

compounds. Halpaap and Ripphahn ( 7 )  s t u d i e d  t h e  e f f e c t  o f  impregnat ion  o f  

h y d r o p h i l i c  ano l i p o p h i l i c  s t a t i o n a r y  phases on R f  va lues .  S t a b l e  hydro-  

p h i l i c  s t a t i o n a r y  phases were formed by impregnat ing  precoated  s i l i c a  g e l  

p l a t e s  w i t h  formamide, d i w t h y l  formamide. e t h y l e n e  g l y c o l ,  p o l y e t h y l e n e  

g l y c o l s ,  2-phenoxyethanol and v a r i o u s  b u f f e r s .  L i p o p h i l i c  s t a t i o n a r y  

phases ( f o r  reversed phase chromatography) were o b t a i n e d  by impregnat ing  

t h e  s i l i c a  ge l  p l a t e s  w i t h  m i n e r a l  o i l s ,  l i q u i d  p a r a f f i n ,  undecane, s i l i c o n e  

o i l s ,  te t radecane o r  e t h y l  o l e a t e .  

r e q u i r e d ,  the  h y d r o p h i l i c  component o f  t h e  s o l v e n t  must be inc reased i n  

t h e  case o f  h y d r o p h i l i c  adsorbents ,  w h i l e  t h e  l i p o p h i l i c  s o l v e n t  component 

must be i n c r e a s e d  when l i p o p h i l i c  adsorbents  a r e  used ( 7 ) .  Touchstone 

-- e t  a1 ( 8 )  separa ted  a m i x t u r e  o f  d ihydroxy  b i l e  a c i d s  on potass ium d ihydrogen 

phosphate-impregnated s i l i c a  g e l  p l a t e s .  

Impregnat ion o f  p l a t e s  w i t h  formamide ( 9 )  and b o r i c  a c i d  ( 1 0 )  f o r  the sep- 

a r a t i o n  o f  isomers o f  cardeno l ides  were a l s o  r e p o r t e d .  The s e p a r a t i o n  o f  

N-ni t roso-3-methy l  h 3 - t e t r a h y d r o p y r i d i n e  f rom N-ni t roso-5-methy l  \ ! - t e t r a -  

h y d r o p y r i d i n e  was achieved on s i l v e r  n i t r a t e  impregnated s i l i c a  ge l  p l a t e s  

They found t h a t  i f  h i g h e r  R f  va lues a r e  

I 0 I: 

0 

0 
x 

N.nllromo.5.m.lhyl. ~3.1.trmhydropyrldln. N-nitroio.3.mathyl . ~3.1alrahydropyr~d~na 

by fo rming  a complex between t h e  s i l v e r  i o n s  and the  n - e l e c t r o n s  o f  t h e  

double bond on N-ni t roso-5-methy l  - n 3 - t e t r a h y d r o p y r i d i n e  and n o t  t h e  

3-methyl- isomer ( 1 1 ) .  M e t h y l e s t e r s  o f  p o l y u n s a t u r a t e d  f a t t y  a c i d s  were 

a l s o  separated by  impregnat ing  t h e  p l a t e  w i t h  s i l v e r  ions  ( 1 2 ) .  

Other  meta l  i o n s  were used, f o r  example, Mar tz  and K r i v i s  ( 1 3 )  

sprayed s i l i c i c  sheet  p l a t e s  w i t h  cooper  s u l p h a t e  s o l u t i o n  b e f o r e  s p o t t i n g  

t o  o b t a i n  s e p a r a t i o n  o f  hexosamines and n-acety lhexosamines.  

exper ience i n d i c a t e s  t h a t  more u n i f o r m  impregnat ion  i s  ach ieved when 

Our 
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ADSORBENT, SAMPLE, AND SOLVENT 1427 

precoated  p l a t e s  a r e  d ipped o r  developed i n  t h e  reagent  s o l u t i o n  than when 

sprayed (14) .  

Yasuda used s i l i c a  ge l  p l a t e s  impregnated w i t h  cadmium s u l f a t e  ( 1 5 )  

cadmium a c e t a t e  ( 1 6 )  and manganese s a l t s  (17)  t o  separa te  m i x t u r e s  o f  

a romat ic  amines. S i l i c a  ge l  and alumina p l a t e s  impregnated w i t h  z i n c  

s a l t s  (18,19) c a l c i u m  o x i d e  (18)  and cadmium n i t r a t e  (19) were used f o r  

v a r i o u s  separa t ions  i n c l u d i n g  a m i x t u r e  o f  n i n e  t o x i c  a l k a l o i d s  which 

d i d  n o t  separa te  on s i l i c a  ge l  o r  a lumina ( 1 9 ) .  

A n t o n e l l i  & d ( 2 0 )  used l i g a n d  exchange TLC t o  separa te  a m i x t u r e  

o f  a-aminoacids, t h e i r  a-isomers and p e p t i d e s .  The c h e l a t i n g  exchangers 

used were Cu(NH3):+ on which a-amino a c i d s  were r e t a i n e d ,  and Ni(!!H3)6 

which gave b e t t e r  s e p a r a t i o n  of  t h e  above t h r e e  groups of  compounds. 

L igand Exchange Chromatography (LEC) i s  a very  p romis ing  techn ique.  I t 

has been d e f i n e d  ( 2 1 ) ,  "as a process i n  which i n t e r a c t i o n  between t h e  

s t a t i o n a r y  ohase and the  molecules t o  be separa ted  occurs d u r i n g  t h e  f o r -  

mat ion  o f  c o o r d i n a t i o n  bonds i n s i d e  t h e  c o o r d i n a t i o n  sphere o f  t h e  complex 

f o r m i n g  i o n " .  Davankor and Semechkin (21)  have p u b l i s h e d  a comprehensive 

r e v i e w  o f  LEC. 

2+ 

Grant  and M e i r i s  ( 2 2 )  mixed Bentone-34, d i m e t h y l d i o c t a d e c y l  ammonium 

b e n t o n i t e ,  w i t h  s i l i c a  ge l  f o r  t h e  s e l e c t i v e  s e p a r a t i o n  o f  some p o l y c y c l i c  

a romat ic  hydrocarbons.  They concluded t h a t  b e t t e r  separa t ions  were ach ieved 

w i t h  t h e  mixed phase p l a t e  than w i t h  s i l i c a  ge l  p l a t e s .  M i x t u r e s  o f  

nuc leos ides ,  n u c l e o t i d e s ,  and n u c l e i c  a c i d  bases were separa ted  on 

m i c r o c r y s t a l l i n e  c e l l u l o s e  l a y e r s  mixed w i t h  ch i tosan,  d e a c e t y l a t e d  c h i t i n ,  

2 : l  by we igh t  ( 2 3 ) .  

Soao TLC ( 2 4 )  c o n s i s t s  o f  m i x i n g  a d e t e r g e n t  w i t h  s i l a n i z e d  s i l i c a  

gel d u r i n g  the  s l u r r y  fo rmat ion .  The de tergents  used were sodium 

l a u r y l  e t h e r o s u l  phate,  tr i  ethanolami  ne dodecyl benzenesul fonate,  and sod i  um 

dodecy lhydrogensu l fa te .  

a l i p h a t i c  amines. The e f f e c t  o f  c o n c e n t r a t i o n  o f  de tergents  on s e p a r a t i o n  

and R f  va lues were a l s o  s t u d i e d  and compared w i t h  t h a t  on l a y e r s  o f  s t r o n g  

The p l a t e s  were used f o r  the  s e p a r a t i o n  o f  some 
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1428 ISSAQ 

and weak anion and ca t i on  exchangers ( 2 5 ) .  It was found t h a t  the sep- 

a r a t i o n  o f  the  amines i s  due t o  a p a r t i t i o n  process between the two 

phases and no t  due t o  an i o n  exchange mchanism. 

I t  i s  impor tan t  t o  note t h a t  when s i l i c a  gel l aye rs  a re  mod i f ied  w i t h  

h y d r o p h i l i c  o r  l i p o p h i l i c  reagents, the separa t ion  process i s  changed 

from adsorpt ion t o  p a r t i t i o n  chromatography. 

t h a t  impregnation o f  the adsorbent i s  a s e l e c t i v e  process and i t s  use 

depends on the p r o p e r t i e s . o f  the  sample. Impregnation i s  no t  l i m i t e d  t o  

s i l i c a  gel, o the r  adsorbents such as alumina o r  c e l l u l o s e  may be mod i f ied .  

Grad ien t - l aye rs  have been discussed by Stahl  ( 2 6 ) .  Recent ly pH 

grad ien t  layers  were used t o  separate a mix tu re  o f  f l uo rescen t  dyes ( 2 7 ) .  

These layers  a re  a l so  r e c o m n d e d  f o r  the  separa t ion  o f  mixtures o f  com- 

pounds o f  w ide ly  d i f f e r i n g  p o l a r i t i e s .  Gradient l aye rs  w i t h  i nc reas ing  

impregnation of  s i l v e r  n i t r a t e  were repor ted  ( 2 8 . 2 9 ) .  

I t  i s  a l so  worth remembering 

Complexing agents a re  added t o  the adsorbent no t  on l y  fo r  separa t ion  

purposes bu t  f o r  v i s u a l i t a t i o n  and i d e n t i f i c a t i o n .  Some chromagenic 

reagents based on the format ion o f  complexes between Fef3 i o n  and organ ic  

acids have been reported (30.31). The format ion o f  b lue  c o l o r  complexes 

between Cu+* i o n  and some po lybas ic  acids has been used f o r  the densi tometr ic 

quant i  t a t i o n  of the  r e s u l t i n g  compounds ( 3 2 ) .  

2 .  SAMPLE MODIFICATIONS: 

a )  I n  So lu t ion :  Oer i va t i za t i on  o f  the  sample mix tu re  t o  separate 

c l o s e l y  re la ted  components has long been used i n  gas l i q u i d  chromatography 

(GLC) and recen t l y  i n  HPLC. However, the  use o f  d e r i v a t i z a t i o n  i n  TLC, 

as an a i d  i n  the separat ion o f  a mix tu re ,  has no t  been f u l l y  exp lo i t ed .  

Un l i ke  GLC, where d e r i v a t i z a t i o n  i s  used mainly t o  form v o l a t i l e ,  thermal ly  

s tab le  compounds, and HPLC where d e r i v a t i z a t i o n  i s  used t o  in t roduce a 

chromaphore, i n  TLC i t  i s  used t o  accentuate s t r u c t u r a l  d i f f e r e n c e  by 

i n t roduc ing  ”bul Ky” groups i n t o  the sample mixture;  make separa t ion  

poss ib le .  Also. by s t e r i c  hindrances and p o l a r i t y  s t reng th  changes. 
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ADSORBENT, SAMPLE, AND SOLVENT 1429 

Oon Oon Y 
N 

O* 
N 
-0 

Separat ion o f  t he  two isomers o f  3-hydroxy-N-ni t r o s o p i p e r i  d ine  was 

achieved a f t e r  d e r i v a t i z a t i o n  i n  s o l u t i o n  w i t h  TSIM (11) .  Also a m ix tu re  

o f  ox ida t i on  products o f  cho les te ro l s  were separated on s i l i c a  gel  p la tes  

a f t e r  d e r i v a t i z a t i o n  w i t h  TSIM, wh i l e  separa t ion  was no t  poss ib le  w i thou t  

d e t i v a t i z a t i o n  ( 3 3 ) .  

b )  On the  P la te :  h a n g  st (34)  combined the S c h i f f ' s  base 

reac t i on  c h a r a c t e r i s t i c s  w i t h  TLC t o  determine pr imary amines. 

i s  spo t ted  on the  p l a t e  fo l lowed by an a d d i t i o n  o f  an equal volume of 

1-pyrene aldehyde i n  ethanol a f t e r  which the  p l a t e  i s  sprayed w i t h  

1-butanol a c i d i f i e d  w i t h  d ry  hydroch lo r ic  a c i d  and placed i n  an oven f o r  1 

hour a t  7OoC, then developed. 

separate and i d e n t i f y  nitrazepam and i t s  metabo l i tes .  A f t e r  separa t ion  i n  

The sample 

Schutz (35) used reac t i on  on the  p l a t e  t o  

the f i r s t  dimension o f  two-dimensional t h i n - l a y e r  chromatography, the  

substances are de r i va t i zed  by t reatment w i t h  an a c i d i f i e d  aqueous s o l u t i o n  

of TiC13. By means of corbined hyd ro l ys i s  and reduc t ion  ni t razepam and 

i t s  metabo l i tes  a re  converted on the p l a t e  t o  reproduc ib le  d e r i v a t i v e s .  

The subsequent separa t ion  I n  the second dimension permi ts  exac t  i d e n t i f i -  

c a t i o n  from the  R f  values and Brat ton-Marshal l  de tec t ion .  

I n  another study (36 )  Soyasapogenols A .  B ,  C ,  D and E were separated 

on s i l i c a  gel p la tes  a f t e r  d e r i v a t i z a t i o n  w i t h  a c e t i c  anhydr ide :pyr id ine  

( 1 : l )  t o  form ace ty l  de r i va t i ves .  Nakamura and Pisano ( 3 7 )  d e r i v a t i t e d  

the sample mix tu re  (pept ides,  amino acids o r  amines) a f t e r  spo t t i ng ,  by 

e i t h e r  d lpp ing  o r  spraying the  p l a t e  w i t h  fluorescamine. 

Note. When d ipp ing  o r  spray ing  i s  used, the  reagent i s  d isso lved i n  

a so lvent  w i t h  which the  sample i s  no t  misc ib le ;  otherwise runs o r  d i f f u s i o n  

of t he  spots may occur which w i l l  a f f e c t  r e s o l u t i o n  and q u a n t i t a t i o n .  
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Post development sample r o d i f f c a t i o n  is mainly used f o r  v i s u a l i z a t i o n  

and t d e n t t f l c a t i o n  purposes. 

dipped o r  placed i n  a gaseous atmosphere. 

For example CO(SCN)~ aqueous s o l u t l o n  was found t o  be spec i f i c  and can 

d i f f e r e n t i a t e  between a n i t r i t e ,  a n i t r a t e ,  and a ni t rosamine by g i v i n g  

d i f f e r e n t  co lo rs ;  however, the reagent gives the  same c o l o r  f o r  a l l  

n i t rosamlnes tes ted  (38) .  

The sample a f t e r  development i s  sprayed, 

Some spray reagents are spec i f i c .  

I n  c e r t a i n  cases more than one reaqent i s  needed. For example, 

nanogram amounts of  adenine, guanine. u r a c i l ,  cy tos ine  and t h e i r  a l k y l a t e d  

bases, nuc leo t ides  and nucleosides were detected on TLC p l a t e  by p l a c i n g  

the p l a t e  a f t e r  development and d ry ing  i n  c h l o r i n e  gas. 

ch lo r i ne  gas escaped the p l a t e  was sprayed w i t h  t o l i d i n e  reagent t o  g i ve  

co lo red  spots ( 3 9 ) .  

i n c l u d i n g  ox ida t ion ,  reduct ion,  halogenat ion,  hydro lys is ,  n i t r a t i o n  and 

dehydration. 

h'hen excess 

Kirchner (40) discussed reac t ions  on the p l a t e  

Plany examples can be found i n  the l i t e r a t u r e  (40-42)  and need no t  

be discussed here.  

2. SOLVENT MODIFICATIONS: 

a)  Solvent P o l a r i t y :  Solvent s e l e c t i o n  i n  TLC, as w e l l  a s  i n  HPLC 

( l i q u i d  adsorpt ion and p a r t i  t i o n  chromatograohy), i s  a func t i on  of  the 

mixture t o  be separated and the  adsorbent selected. 

solvents are used w i t h  normal phases and Do lar  so lvents  w i t h  reversed 

phases. The m r e  viscous the so lvent  system, the slower the development, tne 

less d i f f used  the spots and the b e t t e r  the r e s o l u t i o n .  Changing the s t renq th  

( p o l a r i t y )  o f  the so lvent  system a f f e c t s  n o t  on l y  the  separa t ion  bu t  a l so  the 

R f  values. For exarnole, i n  reversed phase TLC changing the percentage o f  

water i n  the system may move a spot upward o r  downward depending on whether 

the  water l e v e l  i s  decreased or increased. I n  c e r t a i n  cases, changing from 

one alcohol  t o  another a f f e c t s  the  separa t ion  and R f  values. 

changing from methanol t o  ethanol  t o  n-propanol t o  isopropanol a f fec ted  

Po la r  and nonpolar 

For example, 
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t h e  s e p a r a t i o n  and t h e  R f  va lues  o f  a l k y l a t e d  adenines and u r a c i l s  (43) .  

The use o f  mixed m o b i l e  phases, a l t h o u g h  i t  has i t s  advantages, as ment ioned 

e a r l i e r ,  a l s o  has some d isadvantages.  

t h e  R f  va lues as compared w i t h  those  i n  p u r e  s o l v e n t .  

be r e p r o d u c i b l e  due t o  t h e  e v a p o r a t i o n  o f  one o f  t h e  components. 

( 4 4 )  o f  t h e  s o l v e n t  components may t a k e  p l a c e  which w i l l  a f f e c t  t h e  

q u a l i t y  o f  t h e  s e p a r a t i o n  ( 4 5 ) .  

have been d i scussed  ( 4 5 ) .  

v i scous  s o l v e n t s  a r e  used (46) .  

It i s  n o t  a lways easy t o  p r e d i c t  

R f  va lues  may n o t  

Demix ing 

Methods f o r  t h e  e l i m i n a t i o n  of  demix ing  

A l s o .  more d i f f u s e d  spo ts  a r e  o b t a i n e d  i f  l e s s  

S o l v e n t  m o d i f i c a t i o n s  i n  TLC a r e  n o t  new, t h e y  a r e  p r o b a b l y  as o l d  

as t h e  techn ique  i t s e l f .  

i s  used, i t  means t h a t  t h e  r e s e a r c h e r  f o r  one reason o r  a n o t h e r  ( s e p a r a t i o n ,  

r e s o l u t i o n ,  sol u b i  1 i ty ,  d i  f f u s i o n ,  v i s u a l  i z a t i  on and i d e n t i f i c a t i o n  ) 

dec ided  t o  add a n o t h e r  s o l v e n t  t o  h i s  o r i g i n a l  one t o  a i d  i n  t h e  chromato- 

g r a p h i c  process.  For  example i n  t h e  s e p a r a t i o n  o f  amino a c i d s  and t h e i r  

d e r i v a t i v e s  i f  a l c o h o l s  a r e  r e p l a c e d  by l o w - p o l a r i t y  l i q u i d s  i n  t h e  s o l v e n t  

system which c o n t a i n s  water ,  a s o l u b i l i z e r  such as' methanol p y r i d i n e  o r  

Whenever more than  one component s o l v e n t  system 

a c e t i c  a c i d  i s  added t o  r e s t o r e  m i s c i b i  

added f l u o r o s c e i n  t o  t h e  s o l v e n t  t o  a i d  

on TLC p l a t e s .  A r i n g e r  and Enero th  ( 1 )  

added HMDS t o  t h e i r  s o l v e n t  systems t o  

i t y  w i t h  w a t e r  ( 4 6 ) .  Rasmussen ( 4 7 )  

i n  t h e  UV d e t e c t i o n  o f  some a c i d s  

and l a t e r  I s s a q  a ( 3 3 )  

t h i e v e  t h e  s e p a r a t i o n  o f  t h e  

o x i d a t i o n  p r o d u c t s  o f  c h o l e s t e r o l  (Tab le  1 )  

b )  A d d i t i o n  o f  Ac ids and Bases: Ac ids ( 4 6 )  o r  bases ( 4 3 )  a r e  

added t o  the  s o l v e n t  systems t o  p r e v e n t  s t r e a k i n g  and t o  produce more 

compact spots ,  when t h e  s e p a r a t i o n  o f  a c i d s  o r  bases i s  r e q u i r e d ,  r e s p e c t i v e l y .  

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

wa te r  based phases i s  common i n  i o n  exchange chromatography ( 4 1 ) .  

c )  M i c e l l a r  S o l u t i o n s :  As was ment ioned e a r l i e r ,  i n  soap TLC 

de te rgen ts  a r e  mixed w i t h  t h e  adso rben t  d u r i n g  s l u r r y  fo rma t ion .  I n  m i c e l l a r  
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so l ven t  systems su r fac tan ts  a re  added t o  the  aqueous mobi le phase (48,49). 

A review of m i c e l l e  forming su r fac tan ts  was pub l ished (50). The p r i n c i p l e  

of us ing  m i c e l l e  so lu t i ons  i s  t h a t  p a r t i t i o n i n g  does no t  occur t o  the  b u l k  

of  t he  so l ven t  b u t  r a t h e r  t o  h i g h l y  s e l e c t i v e  species d i sso l ved  i n  the  

so lvent .  A s imple m i c e l l e  o f f e r s  a v a r l e t y  o f  environments (50) from i t s  

o rgan ic  core, t o  the  m r e  viscous p o l a r  reg ion  toward the  edge o f  t he  hydro- 

phobic core t o  the  h i g h l y  p o l a r  and charged ( i n  the  case o f  m ice l l es  formed 

from i o n i c  su r fac tan ts )  s t e r n  l a y e r .  

mobi le phase is a l t e r e d  by changing the  concent ra t ion  of  sur fac tan t  i n  t h e  

so lu t i ons .  The su r fac tan ts  used were sodium dodecy lsu l fa te .  c e t y l  t r i m e t h y l -  

ammonium bromide and Ipagal  CO-710. a non ion ic  su r fac tan t .  The concent ra t ion  

o f  t he  su r fac tan t  i n  aqueous so lu t i ons  ranged from 0.1-0.02M. 

e f f e c t i v e  i n  the  separa t ion  o f  pes t i c ides ,  nucleosides and o thers  on 

palyamide, and alumina b u t  n o t  on s i l i c a  gel  p la tes .  

The apparent p o l a r i t y  o f  a m i c e l l e  

They proved 

CONCLUSION 

Mod i f i ca t i on  i n  t h i n  l a y e r  chromatography inc ludes  the  adsorbent, 

the sample and the so lvent  system. 

or manipulated t o  achieve the r e s o l u t i o n  of otherwise unseparable 

mix tu res .  

may lead  i n t o  v i s u a l i z a t i o n  and subsequent i d e n t i f i c a t i o n  o f  the  separated 

compounds. Impregnation o f  the p l a t e  w i t h  metal s a l t s  and complexes, 

detergents and o the r  mater ia ls  w i l l  depend on the  need and ingenu i t y  o f  

the researcher invo lved.  

have a grea t  p o t e n t i a l  i n  TLC separat ions.  

Each o f  the  above can be ad jus ted  

I n c l u s i o n  o f  chromophores i n  the  l a y e r  o r  the  so l ven t  system 

Soap and l i g a n d  exchange chromatography seem t o  
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