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SEPARATION AND PURIFICATION METHODS, 10(1), 73-116 (1981) 

MODERN ADVANCES I N  THIN-LAYER CHROMATOGRAPHY 

Haleem J. Issaq 
Chemical Carci  nogenesis Program 
Freder ick  Cancer Research Center 

Freder ick,  MD 21701 

INTRODUCTION 

Th in  l a y e r  chromatography (TLC) , an a n a l y t i c a l  separat ion 

technique which can be used a t  t he  mic ro  o r  macro l e v e l ,  was f i r s t  

introduced i n  1938 by Izmai lov  and Shraiber (1) as spot chromato- 

graphy. Eleven years l a t e r  (2 ) ,  surface chromatography was used 

t o  f r a c t i o n a t e  inorgan ic  s a l t s  on adsorbent-coated glass plates.  

I n  1951 K i rchner  e t  a1 ( 3 )  used glass s t r i p s  coated w i t h  adsorbents 

f o r  t h e  separat ion o f  terpenes. TLC became popular a f t e r  Shah1 i n  

1956 (4 )  introduced a spreader which cou ld  prepare un i fo rm and 

reproduc ib le  layers.  

Since then, TLC has developed i n t o  a powerful a n a l y t i c a l  t o o l  

f o r  sample separation, p u r i f i c a t i o n ,  q u a n t i t a t i v e  determi nat ions,  

and fo r  t he  i d e n t i f i c a t i o n  and conf i rmat ion  o f  a wide v a r i e t y  o f  

complex mixtures. 
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It i s  used i n  biochemistry f o r  separat ing and screening com- 

p lex  products such as amino acids, nuc le i c  a c i d  bases, peptides, 

and t o x i c  and carcinogenic compounds and t h e i r  metabol i tes;  i n  

c l i n i c a l  and t o x i c o l o g i c a l  chemistry as a d iagnos t ic  procedure f o r  

t he  ana lys i s  of u r i n e  and blood; i n  the  pharmaceutical i ndus t r y  

f o r  t he  ana lys is  o f  drugs and t h e i r  metabol i tes,  v i tamins,  a n t i b i o -  

t i c s  and o the r  products; i n  environmental s tud ies  f o r  t he  separa- 

t i o n ,  p u r i f i c a t i o n  and ana lys is  o f  water, a i r ,  and organic pa r t i cu -  

l a t e s  f o r  t he  presence o f  po lycyc l  i c  aromatic hydrocarbons and 

t h e i r  photooxidat ion products, pes t i c ides  and insec t i c ides ;  i n  

the  cosmetic i ndus t r y  f o r  t he  ana lys is  o f  dyes and perfumes; i n  

the  study o f  na tu ra l  products such as l i p i d s ,  s te ro ids  and p lan t  

ex t rac ts ;  i n  fo rens i c  l a b o r a t o r i e s  f o r  t he  i d e n t i f i c a t i o n  o f  i n  

samples p o l i c e  work and i n  synthesis t o  f o l l o w  organic and i n o r -  

ganic reac t ions  and t e s t  t he  p u r i t y  o f  the  product. 

This review focuses on recent advances i n  TLC, i n c l u d i n g  

mod i f i ca t i ons  o f  t he  adsorbent, t he  so lvent  and the  sample as a ids  

i n  separat ing complex mixtures. 

densi tometry, f l  uor imet ry  , r a d i o  scanners, TLC/fl ame i o n i z a t i o n  

de tec t i on  (FID), and the  r o l e  o f  microprocessors i n  data handl ing 

and storage. Developing chambers, i n c l u d i n g  c i r c u l a r  and a n t i -  

c i r c u l a r ,  l i n e a r  compressed, and continuous development chamber 

types, w i l l  be compared, and t h e  advantages and disadvantages o f  

each po in ted  out. A comparison of TLC, HPLC and GLC w i l l  a l so  be 

presented. 

found e l  sewhere( 5) .  

Q u a n t i f i c a t i o n  methods i nc lud ing  

TLC app l i ca t i ons  w i l l  no t  be discussed as these can be 
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THIN-LAYER CHROMATOGRAPHY 75 

AD SOR BENTS 

Izmai lov and Schraiber (1 ) ,  i n  t h e i r  f i r s t  r e p o r t  suggested 

t h a t  chalk,  t a l c ,  magnesium oxide, l ime,  aluminum ox ide  and s i m i l a r  

ma te r ia l s  could be used as adsorbents. Today p la tes  precoated w i t h  

s i l i c a  gel ,  alumina, ce l l u lose ,  polyamide, mixed phases and two- 

phases side-by-side on the  same p l a t e  a re  c o m e r i c a l l y  ava i l ab le  on 

p la tes  ranging i n  s i z e  from 1 X 3 i n .  t o  8 X 16 i n .  

range i n  th ickness from 100 vm t o  1000 urn, and may be hard o r  s o f t ,  

w i t h  o r  w i thout  a b inder  o r  f l uo rescen t  i n d i c a t o r ,  po la r  o r  non- 

po la r ,  neu t ra l ,  a c i d i c  o r  bas ic  and impregnated w i t h  a metal s a l t  

o r  o ther  s u i t a b l e  mater ia ls .  

and discarded; o thers  are permanent, and can be washed a f t e r  devel- 

opment, d r i e d  and reused. 

The coat ings  

Some of these supports are used once 

The adsorbent needed depends on by the  p roper t i es  o f  t he  sam- 

p l e  ( p o l a r  o r  non-polar, i o n i c ,  o r  n e u t r a l ) ,  and o the r  fac to rs ,  

such as the  chemical composit ion o f  t h e  surface, water content,  

surface area, and geometrical arrangements o f  atoms o r  groups. 

The adsorbents a re  a l so  d i v ided  according t o  the  type  o f  t he  chrom- 

atographic process i nvo l ved :pa r t i t i on ,  adsorpt ion,  o r  i o n  exchange. 

S i l i c a  gel  i s  t he  un iversa l  adsorbent and i t s  value has been 

proven i n  separat ions o f  a wide range o f  chemical groups (o ther  

than s t r o n g l y  po la r  and i o n i c  mix tu res) .  However, t h e  development 

of reversed phases ( w i l l  be discussed l a t e r )  has grown s ince  i t  i s  

very e f f e c t i v e  i n  separat ing po la r  compounds and o the r  chemical 

mixtures which are  poor l y  resolved on o ther  adsorbents. 
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As mentioned e a r l i e r ,  p la tes  coated w i t h  more than one ad- 

sorbent, o r  g rad ien t  phase have a l so  been introduced. 

ample, p la tes  coated w i t h  s i l a n i t e d  s i l i c a  gel  and s i l i c a  ge l  s ide- 

by-side on t h e  same p l a t e  have been used t o  separate ox ida t i on  pro- 

ducts o f  cho les te ro l  (6 ) .  Whatman Co. ( 7 )  introduced a p l a t e  i n  

which a narrow reverse phase C18 s t r i p  i s  coated side-by-side on a 

s i l i c a  gel  p late.  

d i e n t  layer .  The advantages o f  two-phase and grad ien t  l aye rs  a re  

many, bu t  t h e i r  main value i s  i n  separat ing otherwise inseparable 

mixtures.  

one phase and separat ion on t h e  other,  and f o r  t h e  separat ion o f  

complex mix tu res  o f  vary ing  p o l a r i t y .  

For ex- 

Stahl -- e t  a l .  (8)  r e c e n t l y  introduced a pH gra- 

Two phase p l a t e  may a l so  be used f o r  sample c lean up on 

Two phase TLC p la tes  are formed by spreading two d i f f e r e n t  ad- 

sorbents side-by-side, by  developing a precoated p l a t e  i n  a s i l y -  

l a t i n g  agent (9), o r  by g r a f t i n g  two precoated TLC p la tes  together  

as descr ibed by Pandey -- e t  al.  (10). 

system, (us ing  two laye rs  which may o r  may no t  be t h e  same) i n  

which p la tes  are clamped together  w i t h  the  edges o f  t h e i r  adsorbent 

l a y e r  i n  contac t  so t h a t  a band on one l a y e r  can be t r a n s f e r r e d  

t o  the  other.  The advantage o f  such a method i s  t h a t  bands on one 

p l a t e  can be t rans fer red  t o  another p l a t e  f o r  f u r t h e r  T L C  ana lys is  

w i thout  scraping, e l  u t i n g  and re1  oadi ng. 

Gra f t i ng  TLC i s  a two-plate 

Another advance i n  p l a t e  p repara t ion  i s  s in te red  TLC, i n t r o -  

duced i n  1973 by Okumura d. (11 ) . The p l a t e  i s  prepared by 

mix ing  s i l i c a  ge l  w i t h  glass powder. The s l u r r y  i s  then spread on 

a soda-lime g lass  p l a t e  and t h e  prepared p l a t e  placed i n  an oven 
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THIN-LAYER CHROMATOGRAPHY 77 

a t  h igh  temperature t o  f i x  t h e  adsorbent l a y e r  t o  the  p la te .  

r e s u l t a n t  l a y e r  i s  very  hard and can be used repeated ly  a f t e r  

cleanup w i t h  a ch romic /su l fu r i c  a c i d  so lu t i on .  

wrote an exce l l en t  rev iew d iscuss ing  d i f f e r e n t  app l i ca t i ons  and 

p l a t e  preparat ions.  

The 

Okumura (12) 

I o n  exchange laye rs  o f  s t rong c a t i o n  and anion exchange res ins  

which are spread on poly(ethy1ene te rph tha la te )  sheets a re  c m -  

m e r c i a l l y  a v a i l a b l e  (Chromatronix, Inc., Palo A l to ,  CA). They have 

been w ide ly  accepted and are used t o  separate amino acids (13) 

nuc le i c  ac id  bases (14) pept ides and o ther  i o n i c  m a t e r i a l s  (15) 

from food and body f l u i d s .  

An advance which has a l so  been w ide ly  accepted i s  h igh  per- 

formance TLC (HPTLC). 

smal ler  than i n  conventional TLC, and the  s i z e  d i s t r i b u t i o n  i s  kept 

t o  a minimum which leads t o  h igher  e f fec iency  and less  d i f f u s i o n  o f  

t h e  compounds on the  p la te .  As a r e s u l t  t h e  spots are more compact 

( w i t h  b e t t e r  o v e r a l l  r e s o l u t i o n  and de tec t i on  l i m i t s )  and separa- 

t i o n s  are  achieved i n  sho r te r  distances (16) which saves time. 

Adsorbent mod i f i ca t i on :  

sorbent p roper t i es  by (a) chemical r e a c t i o n  o r  (b) physical  methods 

( impregnat ion of t h e  adsorbent) i n  o rder  t o  achieve the  separa t ion  

of otherwise unseparable mixtures.  

I n  HPTLC, t h e  p a r t i c l e  s i z e  (3-8 urn) i s  

A recent  t rend  has been t o  modify the  ad- 

a )  Chemical methods: The adsorbent i s  mod i f ied  by a chemical 

r e a c t i o n  by which a group of 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 roper t ies .  S i l i c a  gel l aye rs  have been mod i f ied  by 
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78 IS SAQ 

s i l y l a t i o n  t o  fo rm a more hydrophobic ( l i p o p h i l i c )  phase (17-19). 

Such phases are  prepared b y  bonding an o r g a n i c  group R t o  t h e  sur -  

face o f  s i l i c a  t o  fo rm t S i - R  o r  S i - 0 - S i - R  groups. 

t h e  l e n g t h  o f  t h e  chain, 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 a n t  d e r i v a t i  zed sorbent  a r e  changed. 

w i th  C2, Cg, C8, C12 and C18, i n  t h e  bonded group ( R ) ,  a r e  

commerc ia l l y  a v a i l a b l e .  

t h e  case o f  h i g h  performance 1 i q u i d  chromatography (HPLC) adsorb- 

ents .  

p l a t e  i s  made. 

By a l t e r i n g  

Reversed phases bonded 

The group i t s e l f  may a l s o  be changed as i n  

These 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  b e f o r e  a 

A r i n g e r  and Eneroth (9), on t h e  o t h e r  hand, s i l y l a t e d  a com- 

m e r c i a l l y  a v a i l a b l e  precoated 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  very  r e a c t i v e  agent hexamethy ld is i lazane (HMDS). 

Using d e r i v a t i z e d  s i l i c a  g e l  as t h e  m o d i f i e d  adsorbent f o r  TLC 

a l l o w s  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 therw ise  b i n d  s t r o n g l y  t o  s i l i c a  gel.  

m i g r a t i o n  o f  t h e  compounds on s i l i c a  ge l  phases which have been 

bonded i s  reversed. Many examples have been c i t e d  i n  t h e  l i t e r a -  

t u r e :  a few w i l l  be mentioned here. Environmental t r a c e  analyses 

were c a r r i e d  o u t  on C8 and c18 reversed phase p l a t e s  (20). A 

m i x t u r e  of 1-, 2-, and 4-acety laminof luorene isomers was r e s o l v e d  

on reversed phase C18 p l a t e s  b u t  n o t  on s i l i c a  g e l  (21). Brinkman 

and DeVries (22) separated a m i x t u r e  o f  d i a l k y l p h t h a l a t e s  on C8 

reversed phase p la tes .  A comparison o f  t h e  r e s o l v i n g  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  g e l  (HMDS), and C18 reversed phase 

s i l i c a  g e l  p l a t e s  i n d i c a t e d  t h a t  t h e  l a t t e r  gave t h e  bes t  r e s o l u -  
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THIN-LAYER CHROMATOGRAPHY 79 

t i o n  o f  t he  ox ida t i on  products o f  cho les te ro l  (21). 

Faupel (23) separated mix tu res  o f  s te ro ids  and pept ides on reversed 

phase s i l i c a  gel  and alumina p la tes  which they  had prepared. A 

t h e o r e t i c a l  t reatment o f  separat ion on reversed phase and normal 

phases was publ ished by M a r t i r e  and Boehm (24). 

Van Arx and 

b )  Physical  methods (Impregnation): There a re  d i f f e r e n t  

methods f o r  impregnating the  adsorbent depending on whether the  

p la tes  are  prepared i n  t h e  l abo ra to ry  or are  precoated by t h e  manu- 

f a c t u r e r .  I n  t h e  f i r s t  case t h e  reagents a re  added 

This method gives un i fo rm and con t ro l  1 ed concentrat  

reagent. If precoated p la tes  are used, t h e  reagent 

by spraying (no t  very uni form),  d ipping, developing 

t o  

ons 

i s  

the  

he s l u r r y .  

o f  t h e  

n t  roduced 

p l a t e  i n  

t h e  reagent s o l u t i o n  o r  by brushing the  reagent s o l u t i o n  on the  

p la te .  

Ripphahn (25) .  

en t  t h a t  forms a complex o r  an a d d i t i o n  compound w i t h  t h e  compo- 

nent mixture.  

reac ts  w i t h  the  reagent wh i le  the  o the r  does not,  whereby separa- 

t i o n  i s  achieved. For example, b o r i c  ac id  i s  used f o r  the  separa- 

t i o n  o f  v i c i n a l  d ihydroxy isomers where a c y c l i c  b o r i c  ac id  der iva-  

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 a- and t rans -  isomers can be separated; metal ions  

such as z inc,  cadmium, manganese, etc.  form complexes w i t h  n i t r o -  

genous bases; p i c r i c  a c i d  and t r i n i t robenzene  form complexes w i t h  

polynuclear compounds. 

A d iscuss ion  o f  impregnation was presented by Halpaap and 

The adsorbent i s  normal ly impregnated w i t h  a reag- 

It is a s e l e c t i v e  process i n  which one component 
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Halpaap and Ripphahn (25) s tud ied  the  e f f e c t  o f  impregnation 

o f  hyd roph i l i c  and l i p o p h i l i c  s t a t i o n a r y  phases on R f  values. 

b l e  hydroph i l  i c  s t a t i o n a r y  phases were formed by impregnating 

precoated s i l i c a  gel  p la tes  with formamide, dimethyl  formamide, 

ethylene g l yco l ,  polyethylene g lyco ls ,  2-phenoxyethanol and var ious 

bu f fe rs .  Lipophi 1 i c  s t a t i o n a r y  phases ( f o r  reverse phase chromato- 

graphy) were obtained by impregnating t h e  s i l i c a  gel  p la tes  w i t h  

mineral  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 ,  tetradecane 

o r  e t h y l  o leate.  They found t h a t  when h igher  R f  values are r e q u i r -  

ed, t he  h y d r o p h i l i c  component o f  t he  so lvent  must be increased i n  

the  case o f  hyd roph i l i c  adsorbents, w h i l e  the  l i p o p h i l i c  so lvent  

component must be increased when l i p o p h i l i c  adsorbents are used 

Sta- 

(25) 

Touchstone e t  a1 (26) separated a m ix tu re  o f  d ihydroxy b i l e  

acids on potassium d i  hydrogen phosphate-impregnated s i l i c a  gel  

p la tes .  

(28) f o r  t h e  separat ion o f  isomers of cardenol ides was a l so  repo r t -  

ed. The separa t ion  of N-nitroso-3-methyl-A3-tetrahydropyridine 

from N-n i t ro  5-methy ~ ~ - 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  gel  p la tes  by forming a complex between 

t h e  s i l v e r  ions and the  n-e lec t rons  o f  t h e  double bond on N-n i t ro -  

so-5-methyl -A3- te t rahydropyr id ine  and no t  t he  3-methyl -isomer 

(20). Methyl-esters o f  polyunsaturated f a t t y  acids were a l s o  

separated by impregnating the  p l a t e  w i t h  s i l v e r  ions (30). 

Impregnation o f  p la tes  w i t h  formamide (27) and b o r i c  ac id  

Other metal ions  were used, f o r  example, Martz and K r i v i s  (31) 

sprayed s i l l c i c  sheet p la tes  w i t h  coper sulphate s o l u t i o n  be fore  
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THIN-LAYER CHROMATOGRAPHY 81 

s p o t t i n g  t o  ob ta in  separat ion o f  hexosamines and n-acetylhexos- 

amines. Our experience ind i ca tes  t h a t  more un i fo rm impregnation 

i s  achieved when precoated p la tes  a re  dipped o r  developed i n  the  

reagent s o l u t i o n  than when sprayed (32). 

Yasuda used s i l i c a  gel p la tes  impregnated w i t h  cadmium s u l f a t e  

(33) cadmium acetate (34) and manganese s a l t s  (35) t o  separate 

mix tu res  o f  aromatic amines. S i l i c a  gel  and alumina p la tes  i m -  

pregnated w i t h  z inc  s a l t s  (18,19) calc ium ox ide  (36) and cadmium 

n i t r a t e  (37) were used f o r  var ious separat ions i n c l u d i n g  a m ix tu re  

o f  n ine t o x i c  a l k a l o i d s  which d i d  no t  separate on s i l i c a  gel  o r  

a1 umi na (37). 

A n t o n e l l i  e t  a l .  (38) used l i g a n d  exchange TLC t o  separate a 

mix tu re  o f  a-aminoacids, t h e i r  6-isomers and peptides, 

i n g  exchangers used wfre Cu(NH3)z on which a-amino acids were re -  

t a i n e d  and Ni(NH3)6 which gave b e t t e r  separat ion o f  t he  above 

t h r e e  groups o f  compounds. Ligand Exchange Chromatography (LEC) i s  

a very promising technique. 

cess i n  which i n t e r a c t i o n  between t h e  s ta t i ona ry  phase and the  

molecules t o  be separated occurs du r ing  t h e  fo rmat ion  o f  coordina- 

t i o n  bonds i n s i d e  the  coo rd ina t i on  sphere o f  t he  complex forming 

ion" .  

review o f  LEC. 

The che la t -  

2 

It has been de f ined (39),  "as a pro- 

Davankor and Semechkin (39) have pub1 ished a comprehensive 

Grant and M e i r i s  (40) mixed Bentone-34, dimethyldioctadecyl  

ammonium bentoni te,  w i t h  s i l i c a  gel f o r  t he  s e l e c t i v e  separat ion o f  

some p o l y c y c l i c  aromatic hydrocarbons. 

separat ions were achieved w i t h  the  mixed phase p l a t e  than w i t h  

They concluded t h a t  b e t t e r  
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s i l i c a  gel p lates.  Mixtures o f  nucleosides, mucleotides, and 

nuc le i c  a c i d  bases were separated 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 aye rs  mixed w i t h  chi tosan, deacetylated c h i t i n ,  2: l  by weight 

(41 1 ' 
Soap TLC (42) cons is t s  o f  m ix ing  a detergent w i t h  s i l a n i z e d  

s i l i c a  gel  dur ing  the s l u r r y  formation. The detergents used were 

sodium lau ry le the rosu l fa te ,  t r i e t h a n o l  amine dodecyl benzenesul fon- 

ate, and sodium dodecylhydrogensulfate. The p la tes  were used f o r  

t he  separat ion o f  some a l i p h a t i c  amines. 

t i o n  o f  detergents on separat ion and R f  values was a l so  s tud ied  

and compared w i t h  t h a t  on l aye rs  o f  s t rong and weak anion and 

c a t i o n  exchangers (43). 

amines i s  due t o  a p a r t i t i o n  process between t h e  two phases and 

due t o  an i o n  exchange mechanism. 

The e f f e c t  o f  concentra- 

It was found t h a t  t h e  separat ion o f  t h e  

It i s  important t o  note t h a t  when s i l i c a  gel l aye rs  a re  modi- 

f i e d  w i t h  hyd roph i l i c  o r  l i p o p h i l i c  reagents, t he  separat ion pro- 

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

i s  a lso  worth remembering t h a t  impregnation o f  t he  adsorbent i s  a 

s e l e c t i v e  process and i t s  use depends on the  p roper t i es  o f  t h e  

sample. Impregnation, however, i s  not l i m i t e d  t o  s i l i c a  ge l ;  

o ther  adsorbents such as alumina o r  c e l l u l o s e  may be modif ied. 

It 

Gradient l aye rs  have been discussed by Stahl  (44). Recently 

pH grad ien t  l aye rs  were used t o  separate a mix tu re  o f  f luorescent  

dyes (45). These laye rs  are a l so  recommended f o r  t h e  separat ion o f  

mixtures of compounds of w ide ly  d i f f e r i n g  p o l a r i t i e s .  Gradient 
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THIN-LAYER CHROMATOGRAPHY 83 

l aye rs  w i t h  l e v e l s  o f  inc reas ing  impregnation w i t h  s i l v e r  n i t r a t e  

have been repor ted  (46,47). 

Complexing agents a re  added t o  t h e  adsorbent no t  on l y  f o r  

separa t ion  purposes bu t  f o r  v i s u a l i z 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 t h e  fo rmat ion  o f  complexes 

between Fe+3 i o n  and organic acids have been repor ted  (43,49). 

The fo rmat ion  o f  b lue  c o l o r  complexes between Cu+* i ons  and 

some polybasic acids has been used f o r  t h e  dens i tomet r ic  q u a n t i f i -  

c a t i o n  o f  t h e  r e s u l t i n g  compounds (50). 

A note o f  cau t ion  i s  appropr ia te  here. When impregnation i s  

used f o r  adsorbent mod i f i ca t i on ,  care  should be taken t h a t  t he  s o l -  

vent selected does not wash away o r  i n t e r a c t  w i t h  t h e  mod i f ie r .  

COATERS 

The produc t ion  o f  a un i fo rm coat o f  adsorbent i s  important i n  

TLC, no t  on l y  f o r  reproduc ib le  Rf values, bu t  f o r  accurate quant i -  

f i c a t i o n .  Today the re  are var ious types o f  coaters,  manual o r  au- 

tomat ic,  which can be selected t o  meet research and q u a n t i t y  

requirements. 

a l l  types o f  adsorbents, a re  s u i t a b l e  f o r  l a b o r a t o r i e s  which use 

o n l y  a small  number. Where research d i c t a t e s  the  use o f  mixed 

adsorbents on t h e  same p la te ,  a manual app l i ca to r  w i l l  s u f f i c e .  

An automatic a p p l i c a t o r  i s  r e l a t i v e l y  expensive. 

t i o n s  a re  t h e  p r i c e  o f  g lass p la tes  and the  adsorbent and t ime 

necessary t o  prepare t h e  plates.  

Precoated p la tes ,  commercial ly a v a i l a b l e  f o r  almost 

Other considera- 
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SOLVENTS 

Solvents used i n  developing TLC p la tes  may be selected from 

the  e l u t r o p i c  se r ies  depending on the  type  o f  sample t o  be analyzed 

and the  adsorbent selected. 

one component, o r  a mix tu re  o f  two o r  more. 

so lvents  are used w i t h  normal phases and po la r  solvents w i t h  re -  

versed phases. The more viscous t h e  so lvent  system, the  slower the  

development, t h e  l ess  d i f f u s e d  the  spots and t h e  b e t t e r  t h e  reso lu -  

t i o n .  Changing the  s t rength  ( p o l a r i t y )  o f  t h e  so lvent  system 

a f f e c t s  no t  on l y  the  separat ion bu t  a l s o  the  R f  values. For ex- 

ample, i n  reversed phase TLC changing the  percentage o f  water i n  

t h e  system may move a spot upward o r  downward depending on whether 

t h e  water l e v e l  i s  decreased o r  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  separat ion and Rf 

values. For example, changing from methanol t o  ethanol t o  n-pro- 

panol t o  isopropanol a f fec ted  the  separat ion and the  Rf values o f  

a l ky la ted  adenines and u r a c i l s  (51). The use o f  mixed mobi le 

phases, although i t  has i t s  advantages, as mentioned e a r l i e r ,  a l so  

has some disadvantages. 

values as compared w i t h  those i n  pure solvent.  

be reproduc ib le  due t o  t h e  evaporat ion o f  one o f  t h e  components. 

Demixing (52) of the  so lvent  components may take  place which w i l l  

a f f ec t  t h e  q u a l i t y  o f  t h e  separat ion (53). Methods f o r  t he  el im- 

i n a t i o n  of demixing have been discussed (53). 

A solvent may be po la r  o r  nonpolar, 

Polar and nonpolar 

It i s  not always easy t o  p r e d i c t  t h e  R f  

R f  values may not 

Solvent mod i f i ca t ions  i n  TLC are  no t  new; they  are probably as 

o l d  as t h e  technique i t s e l f .  Whenever more than one component so l -  
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THIN-LAYER CHROMATOGRAPHY a5 

vent system i s  used, i t  means t h a t  t h e  researcher f o r  one reason 

o r  another (separat ion,  s t reak ing ,  reso lu t i on ,  s o l u b i l i t y ,  d i f -  

fusion, v i s u a l i z a t i o n  and i d e n t i f i c a t i o n )  decided t o  add another 

so lvent  t o  a i d  i n  the  chromatographic process. For example, i n  the  

separa t ion  o f  amino acids and t h e i r  d e r i v a t i v e s  i f  a lcoho ls  are r e -  

placed by l o w - p o l a r i t y  l i q u i d s  i n  t h e  so lvent  system which contains 

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  ace t i c  ac id  i s  

added t o  r e s t o r e  m i s c i b i l i t y  w i t h  water (54). Rasmussen (55) added 

f l uo rosce in  t o  the  so lvent  t o  a i d  i n  the  UV de tec t i on  o f  some acids 

on TLC p la tes .  Ar inger  and Eneroth (9 )  and l a t e r  Issaq e t  a l .  (56), 

added HMDS t o  t h e i r  so lvent  systems t o  achieve the  separat ion o f  

t h e  ox ida t i on  products o f  cho les te ro l .  

Add i t i on  o f  Acids and Bases: Acids (54) o r  bases (51) a re  

added t o  t h e  so lvent  systems t o  prevent s t reak ing  and t o  produce 

more compact spots, when the  separat ion o f  ac ids  o r  bases i s  r e -  

and s a l t s  t o  con t ro l  

comnon i n  i o n  ex- 

quired, respec t ive ly .  The a d d i t i o n  o f  b u f f e r s  

pH and i o n i c  s t reng th  o f  water based phases i s  

change chromatography ( 5 7 ) .  

M i c e l l a r  So lu t ions :  As was mentioned ear 

detergents a re  mixed w i t h  t h e  adsorbent du r ing  

i e r ,  i n  soap TLC 

s l u r r y  formation. 

I n  mice1 1 a r  so lvent  systems su r fac tan ts  a re  added t o  the  aqueous 

mobi le phase (58,59). 

been publ ished (60). 

t h a t  p a r t i t i o n i n g  does no t  occur i n  t h e  bu lk  o f  t he  so lvent  bu 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 isso lved i n  the  solvent.  A 

simple m i c e l l e  o f f e r s  a v a r i e t y  o f  environments (60) from i t s  

A rev iew o f  m i c e l l e  forming su r fac tan ts  has 

The p r i n c i p l e  o f  using m i c e l l e  so lu t i ons  i s  
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organic core, t o  the  more viscous po la r  reg ion  toward the  edge o f  

t h e  hydrophobic core  t o  the  h i g h l y  po la r  and charged ( i n  t h e  case 

o f  m ice l l es  formed from i o n i c  su r fac tan ts )  Stern layer .  

en t  p o l a r i t y  o f  a m i c e l l e  mobi le phase i s  a l t e r e d  by changing the  

concent ra t ion  o f  su r fac tan t  i n  the  so lu t ions .  The sur fac tan ts  

used were sodium dodecylsul fate,  ace ty l  trimethylamnonium bromide 

and Ipagal CO-710, a nonionic sur fac tan t .  The concent ra t ion  o f  

t h e  su r fac tan t  i n  aqueous so lu t i ons  ranged from 0.1-0.02M. 

proved e f f e c t i v e  i n  the  separat ion o f  pes t ic ides ,  nucleosides 

and o the r  compounds on polyamide, and alumina bu t  no t  on s i l i c a  

ge l  p la tes .  

The appar- 

They 

SAMPLE PREPARATIONS 

The sample m ix tu re  t o  be separated i s  dissolved, a f t e r  pre- 

l i m i n a r y  clean-up, i n  an appropr ia te  so lvent  then app l ied  t o  the  

p l a t e  as a spot o r  band, w i t h  no chemical t reatment (ox ida t ion ,  

reduc t ion ,  e tc .  ..). However, when t h e  m ix tu re  components a re  

c l o s e l y  r e l a t e d  separat ion may be d i f f i c u l t  o r  impossible w i thout  

chemical pretreatment. This sec t i on  w i l l  d iscuss sample m o d i f i -  

ca t ions ,  t h a t  a l l ow  t h e  separat ion o f  such mixtures.  

c a r r i e d  out,  e i t h e r  (a) i n  s o l u t i o n  be fore  spot t ing ,  o r  (b )  on t he  

p l a t e  be fore  o r  dur ing  development. 

They are 

a) I n  So lu t ion :  D e r i v a t i z a t i o n  o f  t h e  sample m ix tu re  t o  sep- 

para te  c l o s e l y  r e l a t e d  components has long been used i n  gas l i q u i d  

chromatography (GLC) and r e c e n t l y  i n  HPLC. 

d e r i v a t i z a t i o n  i n  TLC, as an a i d  i n  t h e  separa t ion  o f  a mixture,  

has no t  been f u l l y  exp lo i ted .  

However, t he  use o f  

Un l ike  GLC, where d e r i v a t i z a t i o n  i s  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
2
0
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



THIN-LAYER CHROMATOGRAPHY a7 

used main ly  t o  form v o l a t i l e ,  t he rma l l y  s t a b l e  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 chromophore, 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 r o d u c i n g  "bu lky"  

groups i n t o  t h e  sample mix tu re ;  make separat ion possible.  

a l s o  made o f  s t e r i c  hindrances. 

Use i s  

Separation o f  t he  two isomers o f  3-hydroxy-N-nitrosopiperidine 

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 (29) .  

Also, a m ix tu re  o f  ox ida t i on  products o f  cho les te ro l s  were sepa- 

r a t e d  on s i l i c a  gel p l a t e s  a f t e r  d e r i v a t i z a t i o n  w i t h  TSIM, where 

separa t ion  was n o t  poss b l e  w i thout  d e r i v a t i z a t i o n  (56) .  

(b )  On t h e  Plate:  Hwang -- e t  a1 (61) combined the  S c h i f f ' s  

base r e a c t i o n  charac ter  s t i c s  w i t h  TLC t o  determine pr imary amines. 

The sample was spotted on the  p l a t e  fo l l owed  by the  a d d i t i o n  o f  an 

equal volume o f  1-pyrene aldehyde i n  ethanol ,  a f t e r  which t h e  p l a t e  

was sprayed w i t h  1-butanol a c i d i f i e d  w i t h  d r y  hyd roch lo r i c  ac id  and 

placed i n  an oven f o r  1 hour a t  70°C, be fore  being developed. 

Schutz (62) used r e a c t i o n  on t h e  p l a t e  t o  separate and i d e n t i f y  

nitrazepam and i t s  metabol i tes.  

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

stances were d e r i v a t i z e d  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  o f  TiC13. 

nitrazepam and i t s  metabo l i tes  were d e r i v a t i z e d  on t h e  p la te .  

subsequent separat ion i n  t h e  second dimension permi t ted  exact 

i d e n t i f i c a t i o n  from t h e  Rf values and Brat ton-Marshal l  de tec t ion .  

A f t e r  separa t ion  i n  t h e  f i r s t  

By means o f  combined hyd ro l ys i s  and reduc t ion  

The 

I n  another study ( 6 3 ) ,  Soyasapogenols A ,  B y  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  
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anhydr ide:pyr id ine (1 :1) t o  form acety l  der iva t ives .  

Pisano (64) de r i va t i zed  t h e  sample mix tu re  (peptides, amino acids 

o r  amines) a f t e r  spo t t ing ,  by e i t h e r  d ipp ing  o r  spraying t h e  p l a t e  

w i t h  fluorescamine. 

Nakamura and 

- Note: When d ipp ing  o r  spraying i s  used, t h e  reagent i s  d i s -  

solved i n  a solvent w i t h  which t h e  sample i s  no t  miscible;  other-  

wise runs o r  d i f f u s i o n  o f  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 quan t i f i ca t i on .  

Post development sample mod i f i ca t i on  i s  mainly used f o r  v i s -  

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

ment i s  sprayed, dipped o r  placed i n  a gaseous atmosphere. 

spray reagents are spec i f i c .  

g ives a d i f f e r e n t  c o l o r  w i t h  n i t r i t e ,  n i t r a t e ,  and nitrosamines 

however, t h e  reagent gives the  same c o l o r  w i t h  a l l  ni trosamines 

tes ted  (65). 

The sample a f t e r  develop- 

Some 

For example Co(SCN)2 aqueous s o l u t i o n  

In c e r t a i n  cases more than one reagent i s  needed. For ex- 

ample, nanogram amounts o f  adenine, guanine, u r a c i l ,  cy tos ine  and 

t h e i r  a l ky la ted  bases, nucleot ides and nucleosides were detected 

on TLC p l a t e  by p lac ing  the  p la te ,  a f t e r  development and drying, 

i n  c h l o r i n e  gas. 

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  colored spots 

(66). Kirchner (67) discussed reac t ions  on t h e  p l a t e  i nc lud ing  

oxidat ion,  reduct ion,  halogenat ion, hydro lys is ,  n i t r a t i o n  and 

dehydration. 

When t h e  excess c h l o r i n e  gas was removed, the  

Many o ther  examples can be found i n  the  l i t e r a t u r e  (67,57,68) 

and need no t  be discussed here. 
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THIN-LAYER CHROMATOGRAPHY 89 

DEVELOP I NG CHAMBERS 

The p l a t e  i s  developed a f t e r  t h e  sample has been spot ted  and 

d r i e d  i n  e i t h e r  a stream of a i r  o r  i n  an i n e r t  atmosphere, depend- 

i n g  on t h e  r e a c t i v i t y  o f  t h e  sample. 

separa t ion  o f  t h e  mix tu re  when the  l i q u i d  phase moves across the  

p l a t e  adsorbent by c a p i l l a r y  act ion.  

m ix tu re  t o  be separated, may be developed i n  a saturated o r  unsat- 

u ra ted  atmosphere. 

Development r e f e r s  t o  t h e  

The p l a t e ,  depending on the  

Any s i z e  container,  depending on the  s i z e  o f  t h e  p la te ,  may be 

The conta iner  may be a c losed j a r  o r  a used f o r  p l a t e  development. 

s p e c i a l l y  manufactured c y l i n d r i c a l  o r  rec tangu lar  tank. The tanks 

most w ide ly  used f o r  8 X 8 cm p la tes  measures 4 X 12 X 9 i n .  and 

are  made o f  glass. 

General ly, t he  tanks are  no t  f lushed w i t h  n i t rogen  be fore  t h e  

p l a t e  i s  developed. 

e ra ted  tank. Development under n i t rogen  and r e f r i g e r a t i o n  i s  

recommended f o r  samples which are  e a s i l y  ox id i zed  and heat sensi- 

t i v e .  

The p l a t e  can a l so  be developed i n  a r e f r i g -  

Many s i g n i f i c a n t  advances i n  p l  a t e  devel opment have been 

introduced i n  t h e  l a s t  few years. 

cu la r ,  compressed, g rad ien t ,  and continuous (both a t  room tempera- 

t u r e  and a t  - 77°C us ing  a cryogenic apparatus) modes. 

They i nc lude  r a d i a l ,  a n t i c i r -  

I n  r a d i a l  o r  c i r c u l a r  development, which has been used f o r  

years i n  paper chromatography, t h e  m ix tu re  t o  be separated i s  

spotted a t  t he  center  o f  a sheet and t h e  so lvent  f lows from a 

p i p e t t e  on to  the  p l a t e  and e lu tes  the  components i n  c i r c l e s .  
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Recently, an accurate and r e l a t i v e l y  simple apparatus , the  U- 

chamber (16), was introduced f o r  use w i t h  h igh  performance TLC 

(HPTLC). 

a predetermined f l o w  ra te .  

5 cm p l a t e  o r  i n j e c t e d  i n t o  t h e  stream o f  t h e  solvent.  

sample mix tu re  i s  spotted a t  t h e  center  o r  i n j e c t e d  i n t o  t h e  

stream, the  components separate as c i r c l e s .  

p les  are spotted around the  center,  t h e  sample components separate 

i n  arcs. The most accurate system i n  terms o f  experimental condi- 

t i o n s  i s  t h e  U-chamber by Camag, which uses a micro-syr inge a t tach-  

ed t o  a pump t o  feed the  so lvent  a t  constant ra te .  

t ime i s  about 4 minutes, t he  amount o f  so lvent  needed i s  l e s s  than 

1 m l ,  and the experimental cond i t ions  are reproducible.  

I n  t h i s  method the  so lvent  i s  de l i ve red  t o  the  p l a t e  a t  

The sample i s  e i t h e r  spotted on a 5 X 

If the  

However, i f  t h e  sam- 

Development 

Two o ther  u n i t s  a re  a v a i l a b l e  f o r  c i r c u l a r  development; t he  

SelectaSol by Scheicher and Schuell  and the High Performance Radial 

Chromatography Chamber by Fotodyne Inc. Whereas t h e  U-chamber uses 

a pump t o  d e l i v e r  t he  so lvent  a t  a pre-determined f l o w  ra te ,  t he  

Fotodyne u n i t  works by g r a v i t y  and t h e  SelectaSol by c a p i l l a r y  

ac t ion .  Both u n i t s  are f a s t  and a i d  i n  the  s e l e c t i o n  o f  a solvent 

system, b u t  are no t  as accurate nor as reproduc ib le  as the  U- 

chamber, bu t  they  cos t  much less.  

Hor izon ta l  c i r c u l a r  c e n t r i p e t a l  TLC was introduced by van Dyk 

I n  t h i s  method t h e  sample i s  app l ied  a t  t he  circum- i n  1969 (69). 

ference o f  a c i r c l e ,  and e l u t i o n  proceeds toward the  center.  

The advantage of t h i s  i s  t h a t  t h e  concent ra t ion  per u n i t  area i s  

increased w i t h  decreasing diameter. Also, t h e  separated components 
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THIN-LAYER CHROMATOGRAPHY 91 

can be withdrawn from the  center.  

f i e d  by Kyne & Vet te rs  (70). 

t a b l e  on which t h e  TLC p l a t e  was pos i t ioned wh i l e  t h e  so lvent  was 

in t roduced from a s t a t i o n a r y  syr inge t o  a f e l t  r i bbon  surrounding 

t h e  p la te .  

wise, i r r e g u l a r  c i r c l e s  are produced. The main problem encountered 

i n  c e n t r i p e t a l  TLC i s  t h e  t r a n s f e r  o f  t he  e l u t i n g  so lvent  t o  the  

p la te .  

a n t i c i r c u l a r  h igh  performance TLC (71). 

t h e  p l a t e  by c a p i l l a r y  ac t i on  from a narrow round channel. 

simpler, and f a r  cheaper a n t i c i r c u l a r  TLC developing device, was 

repor ted  by Kar iko  and Tomasz (72). 

p e t r i  d i s h  i n t o  which t h e  so lvent  i s  placed. Contact between the  

round p l a t e  and the  so lvent  i s  accomplished through a c y l i n d r i c a l  

f i l t e r  paper s t r i p  w i t h  feathered edges. 

reproduc ib le  o r  cons is ten t  as the  a n t i c i r c u l a r  U-chamber. 

La ter ,  t h e  apparatus was s imp l i -  

Their  apparatus cons is ted  o f  a tu rn-  

The system needs t o  be pro tec ted  from d r a f t s ;  o ther -  

I n  1978 a mod i f ied  U-chamber was in t roduced by Ka iser  f o r  

The so lvent  i s  f e d  i n t o  

A 

The dev ice  cons is t s  o f  a 

The dev ice  i s  no t  as 

Issaq, (73) combined the  advantage o f  bo th  t h e  U-chamber and 

t h e  p e t r i  d i sh  i n  developing a simple, economical and f a s t  appa- 

ra tus .  

t r i c a l l y .  

t h e  so lvent  f rom the  ou te r  d i s h  t o  t h e  adsorbent layer .  

an even f l o w  o f  solvent,  t h e  dishes are  s i t u a t e d  on a p l a t f o r m  

which has ad jus tab le  legs.  

o r  p l a t e  cond i t i on ing  by a reagent. 

The system was b u i l t  f rom two glass dishes arranged concen- 

A paper wick s i t s  between the  two dishes and t r a n s f e r s  

To ensure 

The inne r  d i s h  i s  used f o r  sa tu ra t i on  

The advantage o f  a n t i c i r c u l a r  TLC over c i r c u l a r  TLC i s  t h a t  

a l a r g e  number o f  samples can be spotted, up t o  40 samples on a 10 
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spot. 

parable t o  t h a t  o f  c i r c u l a r  TLC. 

more concentrated (molecules/uni t  area) because the  a v a i l a b l e  

area decreases q u a d r a t i c a l l y  w i t h  t h e  solvent f ron t .  

t he  Rf, t h e  more elongated the  spots, which a f f e c t s  t h e  r e s o l u t i o n  

o f  t he  mixture.  

was improved by developing t h e  p la te ,  a f t e r  d ry ing ,  a second t ime 

i n  the  same so lvent  system, which takes on ly  a few minutes (73). 

Densi tometr ic s tud ies  showed not  on l y  t h a t  b e t t e r  r e s o l u t i o n  o f  

t h e  spots had been obtained bu t  more un i fo rm and h igher  peaks 

(73), which are t h e  r e s u l t  o f  a g rea ter  concent ra t ion  o f  t h e  spots 

i .e. mol ecul  es/uni t area. 

The r e s o l u t i o n  by  a n t i c i r c u l a r  and t r i a n g u l a r  TLC was com- 

Also, t he  r e s u l t i n g  spots are 

The h igher  

However, t he  r e s o l u t i o n  a t  Rf values above 0.5 

B e t t e r  r e s o l u t i o n  o f  a sample m ix tu re  was obtained when the  

sample s o l u t i o n  was app l ied  t o  the  p l a t e  as a s t reak  r a t h e r  than a 

w i t h  t h a t  o f  c i r c u l a r  development (74). 

Soczewinski and Wawrzynowicz ( 7 5 )  developed a sandwich tank 

i n  which the  so lvent  i s  de l i ve red  t o  the  TLC p l a t e  f rom a small 

r e s e r v o i r  by a c a p i l l a r y  siphon using a device which d i s t r i b u t e s  

the  so lvent  a t  r i g h t  angles t o  the  d i r e c t i o n  o f  development. 

advantages of such a system are t h a t  o n l y  one t e n t h  as much so lvent  

i s  used compared w i t h  saturated tanks, and t h e  sample i s  a l so  

preconcentrated on the  p l a t e  (76). 

The 

A new system using a pressur ized u l t ra -m ic ro  chamber has been 

introduced (77,78). The adsorbent l a y e r  i s  covered by a membrane 

under ex terna l  pressure. The so lvent  i s  in t roduced by means o f  a 

pump. The advantages o f  such a system are sho r te r  development 
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THIN-LAYER CHROMATOGRAPHY 93 

t ime, l e s s  so lvent  i s  used, and performance i s  equal t o  t h a t  o f  

HPLC, s ince  t h e r e  i s  no vapor pressure as i n  standard TLC. 

concluded by Kalaz (79) t h a t  more compact spots a re  obtained i n  

t h e  absence o f  a vapor phase. 

It was 

Camag has in t roduce a l inear-sandwich type  HPTLC chamber which 

uses 10 X 10 cm plates.  

t h e  p l a t e  which i s  then developed i n  t h e  spec ia l  chamber. The 

advantages o f  t h i s  chamber over l i n e a r  TLC i n  a tank are  t h e  

smal le r  volume o f  so lvent  needed and t h e  a b i l i t y  t o  develop tw ice  

as many samples per p la te ,  s ince  samples are spot ted  on oppos i te  

s ides o f  t h e  p la te .  

Again, one has t o  assume t h a t  a shor t  development meets t h e  needs 

o f  t h a t  p a r t i c u l a r  analysis.  

i s  i n  t h e  two-dimensional development o f  f o u r  samples s imu l ta -  

neously, which cannot be done e a s i l y  us ing  any o the r  TLC mode. 

The samples are  spotted a t  t he  f o u r  corners o f  a 10 X 10 cm p l a t e  

and developed. Then t h e  p l a t e  i s  removed, d r ied ,  r o t a t e d  90' and 

developed again i n  a d i f f e r e n t  so lvent  system. The r e s u l t  i s  t h e  

r a p i d  two-dimensional development o f  f o u r  samples on t h e  same 

p la te .  I n  c l a s s i c a l  TLC t h i s  development would r e q u i r e  f o u r  separ- 

a t e  developments - two i n  each so lvent  system. 

Samples are spotted on bo th  s ides of  

Th is  r e s u l t s  i n  a 50% saving i n  p l a t e  use. 

Another advantage (80) o f  t h i s  system 

An apparatus f o r  continuous development (CD) TLC a t  room temp- 

e ra tu re  (75,81) and a t  -77°C (82) has been reported. The theory  

and advantages o f  CD were discussed b y  Perry (81). 

tage i s  t h e  a b i l i t y  t o  separate c l o s e l y  r e l a t e d  compounds us ing  

solvents o f  very low p o l a r i t y .  

The main advan- 

The lower  t h e  s t reng th  of t h e  
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so lvent  t h e  h igher  i t s  s e l e c t i v i t y .  

appropr ia te  here: CD us ing  b i n a r y  ( t e r t i a r y ,  etc.) so lvent  mix tu res  

o f  vary ing  p o l a r i t i e s  may lead  t o  so lvent  demixing. Two approaches 

which have been repor ted  (53) t o  minimize t h i s  e f f e c t  are, (a )  

c o n d i t i o n i n g  o f  p l a t e  i n  sa tura ted  tanks, and (b )  cons t ruc t i on  o f  

f l a t  tanks o f  t h e  sandwich t ype  which have a minimum volume. 

A po in t  o f  cau t i on  may be 

Continuous development a t  -77OC enables t h e  separa t ion  o f  con- 

fo rmat iona l  isomers which would e q u i l i b r a t e  a t  room temperature. 

A lso  more compact spots a re  obtained (82) which r e s u l t s  i n  improved 

reso l  u t  i on. 

One o f  t he  s t rengths  o f  HPLC i s  t h e  a b i l i t y  t o  use so lvent  

g rad ien t  e l u t i o n  t o  separate a mix tu re  o f  d i f f e r e n t  p o l a r i t i e s .  

HPLC, it i s  (mechanical ly)  eas ie r  t o  achieve such an e l u t i o n  than 

i n  TLC because ( a )  t h e  so lvent  i s  cont inuously discharged from t h e  

column; (b) no vapor e q u i l i b r i u m  i s  requ i red  as i n  TLC; and ( c )  t h e  

s i z e  and design o f  t h e  TLC developing tank i s  a l i m i t i n g  fac to r .  

The l a s t  po in t  m e r i t s  discussion. 

R f  values i n  TLC, vapor s a t u r a t i o n  and e q u i l i b r a t i o n  i n  t h e  

developing tank must be achieved be fo re  p l a t e  development. 

c l a s s i c a l  commercial tanks (10 X 25 X 25 cm) are t o o  l a r g e  t o  

a l l o w  vapor e q u i l i b r i u m  t o  be reached i n  a shor t  t ime, and they  

r e q u i r e  approximately 100 m l  o f  solvent.  Also, i f  grad ien t  e l u t i o n  

i s  used w i t h  t h e  c l a s s i c a l  tank t h e  design o f  t he  tank does no t  

a1 1 ow easy discharge o f  t h e  so l  vent. 

I n  

I n  order  t o  achieve reproduc ib le  

The 
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THIN-LAY ER CHROMATOGRAPHY 95 

Recently, a few attempts have been made t o  use grad ien t  e lu -  

t i o n  i n  TLC. 

which requ i res  a small volume o f  so lvent  ( l e s s  than 1 ml). 

w insk i  and Czapinska (84) used stepwise grad ien t  development i n  

con junc t ion  w i t h  sandwich tanks. 

so lvent  a t  r i g h t  angles t o  t h e  d i r e c t i o n  o f  development which 

permi t ted  t h e  composi t ion o f  t h e  so lvent  t o  be changed i n  a s imple 

manner by  s u b s t i t u t i o n  o f  containers.  Gradient e l u t i o n  on reverse  

phase p la tes  has been repo r ted  (85). 

programmer were used t o  generate the  requ i red  mobi le phase grad- 

i en t .  Three thicknesses o f  100 mesh s tee l  were used t o  d isperse  

t h e  sol  vent (even1y) in t h e  developing trough, wet t h e  adsorbent , 
and a l l ow  p l a t e  development. 

t rough i n t o  a waste so lvent  container.  A f o u r  component m ix tu re  

was separated us ing  t h e  above system, which seems t o  be t h e  bes t  

TLC - grad ien t  e l u t i o n  system repor ted  t o  date. 

Blome (83) used grad ien t  e l u t i o n  with the  U-chamber, 

Soczo- 

A c a p i l l a r y  siphon de l i ve red  t h e  

Two pumps and a so lvent  

Excess so lvent  f lowed ou t  o f  t h e  

Simultaneous P l a t e  Development. I n  c l a s s i c a l  TLC, more than 

one p l a t e  can be developed i n  t h e  same tank and solvent.  

a l s o  advantageous t o  be able t o  develop t h e  same p l a t e  i n  more 

than one so lvent  system o r  under d i f f e r e n t  cond i t i ons  simultane- 

ously. 

most s u i t a b l e  so lvent  system and development condi t ions.  

be  achieved by us ing  one o f  two u n i t s  (a) t h e  Vario-KS chamber 

(Camag) , o r  (b )  t h e  SelectaSol so lvent  s e l e c t o r  system (Sch le icher  

and Schuel l ) .  

t r a y s  (5,  10, and 25 compartments), two s t a i n l e s s  s tee l  s l i d e s ,  

I t  i s  

The advantages o f  such a system would be s e l e c t i o n  o f  t h e  

Th is  may 

The Vario-KS-Chamber has th ree  glass cond i t i on ing  
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two glass solvent troughs, and a temperature con t ro l  un i t .  

very ve rsa t i l e ,  a l l ow ing  t h e  researcher t o  study t h e  e f f e c t  o f  

r e l a t i v e  humidi ty and sa tu ra t i on  on TLC separations, se lec t  t h e  

most s u i t a b l e  solvent (up t o  f i v e  solvents can be used), develop 

10 samples (up t o  f i v e - d i f f e r e n t  solvents on one 20 X 20 cm p l a t e ) ,  

and develop cont inuously a t  a predetermined temperature, which i s  

most advantageous when reac t i on  chromatography i s  used. 

It i s  

The SelectaSol system can be used t o  se lec t  t h e  optimum so l -  

vent system i n  minutes. 

run  simultaneously on a 20 X 20 cm p la te .  

l e s s  than 6 m l  o f  solvent and i s  complete i n  3-6 minutes. 

u n i t  i s  very simple and easy t o  operate. 

which has d i f f e r e n t  s i z e  we l l s  (0.5 i n  t o  1.5 i n  i n t e r n a l  d ia -  

meter). 

( t h e  eas ie r  o f  t h e  two) covered by t h e  p l a t e  and then developed. 

The components o f  t h e  mix tu re  separate i n  concent r i c  c i r c l e s .  

Up t o  16 d i f f e r e n t  solvent systems can be 

Development requ i res  

The 

It cons is ts  o f  a base 

The sample i s  e i t h e r  spotted on t h e  p l a t e  o r  on a wick 

PLATE SHAPE 

I n  TLC, separations are genera l l y  obtained by l i n e a r  develop- 

ment on rec tangu lar  plates.  

velopment ( i nc lud ing  a n t i c i r c u l a r )  i s  ga in ing  popu la r i t y  (U-cha- 

h e r ,  Selecta Sol, pressur ized TLC and o ther  va r ia t i ons )  

advantages and disadvantages o f  l i n e a r ,  c i r c u l a r  and ant c i r c u l a r  

TLC have been discussed by Ka iser  (71 ) , who compared sep r a t i o n  

number, s e n s i t i v i t y ,  a n a l y t i c a l  separat ion power, R f  data, consump- 

t i o n  o f  p l a t e  mater ia l  and consumption o f  mobile phase per sample. 

These comparisons showed t h e  a n t i c i r c u l a r  mode t o  be super io r  t o  

Recently, t h e  c i r c u l a r  mode o f  de- 

The 
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THIN-LAYER CHROMATOGRAPHY 97 

t h e  o the r  two i n  terms o f  r e l a t i v e  s e n s i t i v i t y ,  t h e  number o f  

samples per p la te ,  speed o f  ana lys is ,  and amount o f  mobi le phase 

requ i red  per sample. The l i n e a r  mode was ranked second, and t h e  

c i r c u l a r  mode l a s t .  

separa t ion  nunber. The separat ion number can be improved i n  t h e  

a n t i c i r c u l a r  mode by developing t h e  p l a t e  tw ice  i n  the  same so lvent  

system (73). The i n i t i a l  cos t  o f  each was not compared, b u t  t he  

l i n e a r  mode i s  t h e  cheapest s ince  i t  does no t  r e q u i r e  t h e  spec ia l  

developing apparatus, t h e  U-chamber, needed f o r  t h e  c i r c u l a r  and 

a n t i c i r c u l a r  modes. I n  the  l ong  run, t h i s  i n i t i a l  cos t  w i l l  

be  o f f s e t  i f  a s u f f i c i e n t  number o f  analyses are needed. 

a n t i c i r c u l a r  mode a s imple and inexpensive apparatus has been 

developed (73) .  Another important aspect no t  mentioned i s  t h a t  i n  

c i r c u l a r  and a n t i c i r c u l a r  TLC, advantage cannot be taken o f  two 

dimensional development. The use o f  two d i f f e r e n t  mobi le phases, 

one p o l a r  and one nonpolar, may revea l  spots no t  resolved by a 

s i n g l e  development. Also, i n e f f i c i e n t  and incomplete separa t ion  

o f  a multi-component m ix tu re  may r e s u l t  i f  a 4 cm run  i s  made on 

a 10 X 10 cm p la te .  I n  c l a s s i c a l  TLC, using a 10 X 10 cm p l a t e  

and two dimensional development i t  i s  t h e o r e t i c a l l y  poss ib le  t o  

separate a m ix tu re  o f  a t  l e a s t  50 components which i s  not poss ib le  

using c i r c u l a r ,  o r  a n t i c i r c u l a r  methods. Nor i s  t h e  ana lys t  

l i m i t e d  by  the  s i z e  o f  t h e  p l a t e  which can be used; a n t i c i r c u l a r  

and c i r c u l a r  methods use on ly  5 X 5 cm o r  10 X 10 cm p la tes .  

However, t he  c i r c u l a r  mode d i d  g i ve  t h e  bes t  

For t h e  

Recently, I ssaq (86) combined t h e  advantages o f  bo th  t h e  a n t i -  

c i r c u l a r  and l i n e a r  modes by us ing  a t r i a n g u l a r  p la te .  I n  tri- 
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angular TLC t h e  samples t o  be separated are spot ted  a t  t h e  base o f  

t h e  p l a t e  and then developed i n  a regu la r  tank, which may be r e c t -  

angular o r  c y l i n d r i c a l  i n  shape. The sample a f t e r  development, i s  

more concentrated (molecules/uni t  area) than i n  the  l i n e a r  o r  

c i r c u l a r  modes. I n  t r i a n g u l a r  TLC t h e  p l a t e  i s  developed t w i c e  i n  

t h e  same so lvent  system which r e s u l t s  i n  compact spots, e s p e c i a l l y  

a t  h igh  Rf values. 

savings i n  p l a t e  use compared w i t h  convent ional  TLC, and r e s t r i c t e d  

d i f f u s i o n  o f  t h e  spots a f t e r  development. 

spo t ted  a t  t h e  base o f  t h e  p l a t e  t h e  movement o f  t h e  so lvent  f r o n t  

i s  from a wide t o  a narrow area. 

pact and concentrated, (molecules/uni t  area) which means increased 

s e n s i t i v i t y  ( lower  de tec t i on  l i m i t s ) .  

t r i a n g u l a r  p l a t e s  are p re fe r red  over square o r  c i r c u l a r  p l a t e s  

because t h e  sample i s  streaked a t  t he  base o f  t he  t r i a n g l e .  

development, t h e  s t reaks  are sho r te r  and l e s s  so lvent  i s  used f o r  

e l u t i n g  t h e  samples f rom t h e  p la te ,  and no special  developing 

apparatus i s  required. 

10 t o  20 X 20 cm, w i thou t  t h e  need f o r  spec ia l  equipment o r  a t tach-  

ments. 

a l lows two dimensional development when an e q u i l a t e r a l  t r i a n g l e  i s  

used. 

The advantages o f  t r i a n g u l a r  TLC are a 50% 

Since t h e  sample i s  

As a r e s u l t ,  t he  spots a re  com- 

Prepara t ive  separat ions on 

A f t e r  

P la tes  o f  any s i z e  can be used, f rom 5 X 

Un l i ke  c i r c u l a r  o r  a n t i c i r c u l a r  methods, t r i a n g l a r  TLC 

DETECTION OF SPOTS 

Colored and f l uo rescen t  spots on p la tes  can be e a s i l y  l oca ted  

b y  wh i te  and UV l i g h t ,  respec t ive ly .  Other spots o r  inorgan ic  

i ons  can be detected b y  " r ipen ing" ,  a process developed by  Mein- 
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THIN-LAYER CHROMATOGRAPHY 99 

hard t  and H a l l  (2). The major po in ts  o f  t h i s  process i nc lude  

app ly ing  gaseous reagents t o  t h e  p l a t e  ( a f t e r  developing, t h e  

p l a t e  i s  placed i n  a tank con ta in ing  gaseous reagents such as 

ammonia, iod ine ,  o r  bromine); spray ing  o r  d ipp ing  t h e  p l a t e  i n  a 

reagent. 

almost any group o f  compounds (57,68, 87). 

o f  f luorescent  p la tes  i s  another f a s t  technique f o r  de tec t i ng  

spots. 

above techniques may a l so  be used (66). 

Hundreds o f  reagents are a v a i l a b l e  f o r  t h e  de tec t i on  o f  

Fluorescent quenching 

I n d i r e c t  de tec t i on  methods u t i l i z i n g  combinations o f  t he  

SPOT CHARACTERIZATION AND INDENTIFICATION 

Charac ter iza t ion  o f  t h e  spot i s  an important aspect o f  TLC. 

Separated compounds may be charac ter ized  by R f  values (use fu l  w i t h  

c e r t a i n  so lvent  systems and adsorbents); nuclear p roper t i es  o f  1% 

and 3H; chemical fo rmat ion  o f  co lo red  o r  f l uo rescen t  compounds 

(spots may be sprayed i n  s i t u  w i t h  a reagent, g i v i n g  a co lo red  o r  

f luorescent  spot c h a r a c t e r i s t i c  o f  t h e  ma te r ia l  be ing  analyzed); 

b i o l o g i c a l  aspects (growth s t i m u l a t i o n  o r  i n h i b i t i o n  o f  microorgan- 

isms and mammal i a n  c e l l  1 i nes) ; UV o r  f l uo rescen t  measurements 

(spots a re  scanned i n  s i t u  t o  g i ve  c h a r a c t e r i s t i c  spectra; i n  

c e r t a i n  cases where spots are nonf luorescent,  spots a re  sprayed 

w i t h  a f luorescent  reagent and then scanned); and e l u t i o n  and 

subsequent ana lys i s  by  spec t ra l  methods such as uv-vis,  f l u o r e -  

scence, i n f ra red ,  NMR, mass spectrometry, and atomic adsorp t ion  

(89,90). 

E l u t i o n  o f  t he  spots may be achieved b y  scraping t h e  spots and 

e x t r a c t i n g  the  compound from t h e  adsorbent o r  by i n  s i t u  e l u t i o n  o f  
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100 IS SAQ 

t h e  spots. Manual scraping has i t s  disadvantages which i nc lude  t h e  

use o f  l a r g e  amount o f  so lvent  compared w i t h  t h e  compound, losses 

due t o  t h e  powdery na ture  o f  t h e  adsorbent, and p a r t i c l e s  (adsor- 

bent )  get i n t o  t h e  s o l u t i o n  and may i n t e r f e r e  i n  f u r t h e r  spectro- 

photometric analyses. 

t o x i c  o r  carcinogenic compounds, which requ i res  spec ia l  care  and 

handling. The i d e a l  method would minimize sample losses due t o  

scraping, requ i re  l ess  care, use a minimum amount o f  solvent,  and 

e l u t e  more than one sample s imultaneously and q u a n t i t a t i v e l y .  

Eluchrom Automatic E l u t i o n  System by  Camag i s  used i n  our labora- 

to ry .  Th is  u n i t  i s  capable o f  e l u t i n g  s i x  spots s imultaneously 

and q u a n t i t a t i v e l y  and requ i res  l ess  than 0.2 m l  o f  so lvent  per 

spot (91,92). 

It i s  not  recommended when working w i t h  

The 

QUANTIFICATION I N  TLC 

Q u a n t i f i c a t i o n  i n  TLC may be c a r r i e d  out i n  two d i f f e r e n t  

ways, (a) i n  s i t u  on t h e  p la te ,  o r  (b)  a f t e r  e lu t i on .  

tages and disadvantages o f  each w i l l  be discussed. 

The advan- 

(a )  i n - s i t u  q u a n t i f i c a t i o n :  Q u a n t i f i c a t i o n  o f  i n  s i t u  spots 

on TLC p la tes  i s  an es tab l i shed technique. 

v i sua l  o r  spectrometric. 

The methods used are 

The v isua l  technique i s  c a r r i e d  ou t  by s p o t t i n g  t h e  unknow 

sample e i t h e r  alongside a standard o r  between two standards and 

then comparing t h e  i n t e n s i t y  o f  t he  spots by f luorescence, f l u o r e -  

scence quenching, o r  c o l o r  i n t e n s i t y .  The e r r o r  i n  t h i s  method 

i s  *15-50%, b u t  i t  i s  f a s t  and can be used when semiquant i ta t i ve  

measurements a re  acceptable. 
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THIN-LAYER CHROMATOGRAPHY 101 

The spectrophotometric technique may be d i v ided  i n t o  th ree  d i f -  

f eren t  modes : 

( i )  Reflectance o r  Transmittance: Color less compounds are 

made v i s i b l e  by cha r r i ng  o r  by  t r e a t i n g  w i t h  a reagent t o  produce 

co lo r .  

( i i )  Fluorescence: Cer ta in  compounds, such as a f l a tox ins ,  

f luoresce under UV rad ia t i on .  

t i o n a l  t o  concent ra t ion  [caut ion:  

under UV r a d i a t i o n  (93)l. Compounds which do not possess na tura l  

f luorescence may be made t o  f luoresce by spraying w i t h  a reagent. 

For example primary ami nes are sprayed w i t h  f l  uorescamine. 

The area under the  peak i s  propor- 

some compounds d e t e r i o r a t e  

( i i i )  Fluorescence Quenching: Spots apear as dark c i r c l e s  on 

This method usua l l y  g i ve  a non l inear  r e l a -  t h e  f luorescent  p la te .  

t i o n s h i p  between in teg ra ted  area and sample concentrat ion. 

Fluorescence i s  more s e n s i t i v e  than absorption; also, t he  

measured s igna l  i s  a l i n e a r  func t i on  o f  t h e  concentrat ion. E r ro rs  

i n  spectrophotometic measurements are between 2-10%. 

o f  e r r o r  are sample app l i ca t i on ,  v a r i a t i o n  i n  spot s ize,  u n i f o r m i t y  

o f  l a y e r  thickness, and va r ia t i ons  from p l a t e  t o  p la te .  E r ro rs  

can be minimized by us ing  p la tes  w i t h  uni form layers.  

ience ind i ca tes  t h a t  commercial ly precoated p la tes  are  reproduc ib le  

t o  w i t h i n  *5% (89%). 

method used f o r  measuring t h e  area under t h e  peak which can be 

measured manually o r  automat ical ly.  Manual methods, such as tri- 

angulat ion, c u t t i n g  and weighing, o r  us ing  a planimeter, a re  re la -  

t i v e l y  slow and subject  t o  human e r ro r .  

The sources 

Our exper- 

E r ro rs  can a l so  be a t t r i b u t e d  t o  t h e  

The automatic method 
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e l im ina tes  these disadvantages by  e l e c t r o n i c a l l y  i n t e g r a t i n g  t h e  

area under the  peak. 

t h e  TLC p la te ,  combined w i t h  t h e  counting/second. 

shows t h a t  a 2.1% e r r o r  i s  introduced i f  the  scanning i s  f a s t  

(cm/min) and t h e  count ing i s  slow, whereas a 0.7% e r r o r  i s  i n t r o -  

duced i f  t h e  scan i s  slow and t h e  count ing i s  f a s t  (94). 

The source o f  e r r o r  i s  t h e  scanning speed o f  

Our experience 

I n  our labora tory ,  t h e  SD 3000 and MPF-3 densitometer w i t h  

scanning attachments are connected t o  a Hewlett-Packard Lab Data 

System Model 3354A which types the  i n teg ra ted  area, percentages o f  

each spot from t h e  t o t a l  area, and t h e  R f  values. 

(b )  Q u a n t i f i c a t i o n  a f t e r  e l  u t i  on : Q u a n t i f i c a t i o n  through 

e lu t i on ,  which invo lves  several steps, i s  o f  l i m i t e d  value i n  rou- 

t i n e  analysis. L i m i t i n g  f a c t o r s  inc lude incomplete e l u t i o n  o f  t h e  

compounds and t h e  p o s s i b i l i t y  t h a t  i n t e r f e r i n g  mater ia ls  be c a r r i e d  

over w i t h  the  eluate. Gravimetr ic determinations are  o f ten  very 

precise,  b u t  t h e  amounts requ i red  f o r  an ana lys is  are very high. 

Spectrophotometric (UV-vis, f luorescence) determinations o f  e lu ted  

f r a c t i o n s  are feas ib le  on l y  when t h e  compounds adsorb UV-vis 

r a d i  a t  i on o r  f 1 uoresce i n sol  u t  i on. 

Recent Advances i n  q u a n t i f i c a t i o n :  

TLC have been reported. Camag introduced t h e  HPTLC Scanner f o r  

photodensitometric measurements o f  l i n e a r ,  c i r c u l a r  and a n t i c i r -  

c u l a r  plates.  Th is  scanner has been o f  great he lp  w i t h  these 

popular techniques. 

Few advances i n  q u a n t i t a t i v e  

Another advance, which has gained acceptance, i s  t h e  combi- 

na t i on  o f  TLC/FID detec t ion  and quan t i f i ca t i on .  I n  t h i s  procedure 
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THIN-LAYER CHROMATOGRAPHY 103 

t h e  sample i s  spo t ted  on a rod  w i t h  a s in te red  s i l i c a  gel  o r  a lu -  

mina l a y e r  (11). 

f lame i o n i z a t i o n  de tec to r  (95). The system, Ia t roscan TH-10, i s  

manufactured by  Ia t roscan Labs, Inc. Tokyo, Japan. Th is  TLC/FID 

combination seems t o  work w e l l  and g i ve  reasonable resu l t s .  

Since the  chromarod i s  o f  t h e  s i n t e r e d  type  i t  can be reused. 

Background values, which can a f f e c t  t h e  q u a n t i t a t i v e  measurements, 

can be c o n t r o l  1 ed by prewashi ng the  chromarod. 

A f t e r  development the  rod  i s  passed through a 

Mod i f i ed  radioscanners can be used t o  measure t h e  a c t i v i t y  o f  

a 1 X 20 cm channel on t h e  p la tes .  The new scanners are connected 

t o  a s t r i p - c h a r t  recorder o r  a video screen, which gives t h e  anal-  

y s t  a quick eva lua t ion  o f  t h e  chromatogram. 

a v a i l a b l e  from Ber tho ld ,  Switzer land, and from Bioscan, Washington, 

D.C. 

p repara t ion  such as scraping o r  cu t t i ng .  Measurements a re  made ~ 

s i t u  on the  p la te .  They bo th  o f f e r  good reso lu t i on ,  s e n s i t i v i t y  

and are quick and easy t o  operate. 

Two new models a re  

Both systems a re  sens i t i ve ,  e f f i c i e n t  and r e q u i r e  no sample 

Another densitometer which uses a v ideo screen i s  t h e  Tele- 

chrom videodensitometer, (Chinion - Budapest , Hungary) developed 

by Devenye (96). It w i l l  be produced i n  t h i s  country i n  t h e  near 

fu tu re .  The u n i t  has a v id icon tube as t he  de tec to r  and scans t h e  

spots i n  th ree  dimensions. 

shape o f  t h e  spot and the  Z ax i s  correspond t o  i t s  densi ty.  

s i z e  o f  t he  spot may vary f rom 2 X 2 cm t o  2.3 X 3.6 cm. 

spots a re  o p t i c a l l y  magnif ied by t h e  instrument. 

The X and Y axes correspond t o  t h e  

The 

Small 
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Microprocessors are used i n  TLC i n  conjunct ion w i t h  f l u o r i -  

meters and densitometers f o r  q u a n t i f i c a t i o n  and f o r  data storage 

and handling. 

a c q u i s i t i o n  and reduc t ion  o f  TLC data. The system consisted o f  a 

microcomputer, a casset te  recorder f o r  storage o f  data and pro- 

grams, a t e l e v i s i o n  screen f o r  v isua l  mon i to r ing  o f  t h e  chromato- 

gram and X-Y recorder which serves as a p r i n t e r / p l o t t e r .  The 

microcomputer i n te r faced  w i t h  a Schoeffel SD 3000 Spectrodensito- 

meter. The data may be gathered i n  e i t h e r  absorbance o r  f l u o r e -  

scence modes. P la tes  may be scanned e i t h e r  p a r a l l e l  o r  perpedi- 

c u l a r  t o  t h e  d i r e c t i o n  o f  developpment f o r  bes t  resu l ts .  The 

system i s  versati1.e and gives t h e  analyst  a quick evaluat ion.  

Po l lak  (98) wrote a comprehensive review the  use o f  microprocessors 

i n  q u a n t i t a t i v e  TLC. The review discussed data acqu is i t i on ,  reduc- 

t i o n  and r e t r i e v a l  and t h e  use o f  d i f f e r e n t  spectrophotometers 

(dual and s i n g l e  wave1 ength) , and scanning modes i nc l  ud i  ng densi t o -  

metry ( re f lec tomet ry  and transmission),  and f luor imet ry .  

e f f e c t  o f  c o e f f i c i e n t s  o f  adsorpt ion and sca t te r  on q u a n t i f i c a t i o n  

were a1 so discussed. 

Foss e t  a1 (97) descr ibed an elegant system f o r  t h e  

The 

SAMPLE APPLICATION 

The sample s o l u t i o n  i s  app l ied  t o  t h e  p l a t e  as a spot o r  a 

t h i n  l i n e a r  band w i t h  a micropipette,  microsyringe, a c a p i l l a r y  

tube o r  a mechanical app l i ca to r .  These devices dispense from 

1 p 1  t o  25 I J ~  o f  sample w i t h  a p rec i s ion  o f  *l%. 

important t h a t  when reproduc ib le  q u a n t i t a t i v e  r e s u l t s  are sought, 

t h e  spots o r  bands app l ied  be reproduc ib le  i n  volume dispensed, 

It i s  
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105 THIN-LAYER CHROMATOGRAPHY 

s i ze  and shape. 

u c i b i l i t y  o f  t h e  amount spotted, t h e  s i ze  and shape o f  t h e  spot. 

A disadvantage i s  t h a t  t h e  u n i t  has t o  be cleaned a f t e r  each sam- 

ple; w i t h  disposable mic rop ipe t tes  t h i s  step i s  unnecessary. 

The advantage o f  an automatic spo t te r  i s  reprod- 

The newest sample app l i ca to rs  f o r  bo th  c l a s s i c a l  and high 

performance TLC are t h e  Linomatt 111, and t h e  W a p p l i c a t o r ,  bo th  

b y  Camag. The Linomat I 1 1  uses an interchangeable micro syringe. 

The sample i s  app l ied  t o  t h e  p l a t e  i n  narrrow bands up t o  20 cm i n  

length. 

ranging i n  volume from 10-230 n l .  

adjusted w i t h  a micrometer t o  ensure bo th  r e p r o d u c i b i l i t y  and 

accuracy. 

The sample i s  app l ied  as a band (not as a spot because o f  overload- 

i ng )  and should be ,uniform, narrow, reproducible and, when needed, 

quant i ta t i ve .  

un i fo rm i t y  and thickness o f  t h e  app l ied  bands are not prereq- 

u i s i t e s .  The device i s  selected on t h e  bas is  o f  need, s i z e  o f  

sample, accuracy, reproduc ib i  1 i t y  and ease o f  operation. Many 

devices are ava i l ab le  on t h e  market which have var ious con t ro l s  

t h a t  a i d  the  operator i n  se lec t i ng  and ad jus t i ng  cond i t i ons  t o  

s u i t  requirements such as l eng th  o f  sample app l i ca t i on  band (20-370 

mm) w id th  o f  sample (0.5-5 mn),  speed o f  sample discharge, volume 

o f  sample t o  be appl i e d  (2-5000 p1) , and i n t e r v a l  between sweeps 

(5-360 s )  depending on v o l a t i l i t y  o f  t he  solvent. Some o f  these 

streakers have an e l e c t r o s t a t i c  dispensing system t h a t  e l  iminated 

drop format ion dur ing  o r  a f t e r  sample app l ica t ion .  Others have a 

With t h e  -appl icator t h e  samples are app l ied  as spots 

The sample s i z e  t o  be spotted i s  

Prepara t ive  TLC requ i res  t h a t  a l a r g e r  sample be used. 

When p la tes  w i t h  preadsorbent l aye rs  are used, t h e  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
2
0
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



106 ISSAQ 

j e t  spray gun and no syr inges are  used, which e l im ina tes  undesir- 

ab le  drop formation. These streakers provide q u a n t i t a t i v e  sample 

app l ica t ion .  

m l .  

t i o n .  

The glass rese rvo i r s  used have a capaci ty o f  0.1-5 

Narrow wid th  streakers produce bands which g ive  b e t t e r  reso lu -  

The a p p l i c a t i o n  o f  a l a rge  sample, 1-3 m l ,  t o  a p repara t ive  

p la te ,  0.5-1 mn t h i c k ,  i s  not an easy task. App l i ca t i on  as a spot 

leads t o  a ser ies  o f  m ic roc i r cu la r  chromatograms, wh i l e  app l i ca t i on  

with an automatic app l i ca to r  as a streak produces two opposi te 

f r o n t a l  zones w i t h  a cen t ra l  zone conta in ing  t h e  most s t rong ly  

re ta ined component ( 9 9 ) .  Soczewi nski  and Maci ejewicz (100) sol  ved 

t h e  problem by us ing  a sandwich tank w i t h  a glass d i s t r i b u t o r .  

The sample i s  app l ied  t o  t h e  edge o f  t h e  p l a t e  w i t h  t h e  glass 

d i s t r i b u t o r  which forms a ho r i zon ta l  f l a t  p i p e t t e  i n  contact  w i t h  

t h e  edge o f  t he  adsorbent. P a r t i a l  separat ion takes place du r ing  

t h e  app l i ca t i on  which i s  then completely separated a f t e r  p l a t e  

development i n  an appropri a te  so l  vent. 

THEORETICAL CONSIDERATIONS 

Recently, t he re  has been much progress i n  our understanding o f  

t h e  theory  o f  separat ion i n  bo th  p a r t i t i o n  and adsorpt ion chromato- 

graphy, and t h e  e f f e c t s  o f  sol  vent-sol vent and sol vent-sol Ute i n -  

te rac t ion .  A few selected works are mentioned here. It i s  re -  

commended t h a t  t h e  reader r e f e r  t o  these f o r  a more d e t a i l e d  d i s -  

cussion. 

and the  e f f e c t  o f  using po la r  and non-polar solvents on the  solute,  

as we l l  as t h e i r  behavior on t h e  s i l i c a  gel l a y e r  and compet i t ion 

Solute-solvent i n te rac t i ons  on t h e  surface o f  s i l i c a  gel 
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THIN-LAYER CHROMATOGRAPHY 107 

f o r  t h e  a v a i l a b l e  s i t e s  have been s tud ied  (101, 102). 

found t h a t  a so lvent  b i l a y e r  formed on the  surface o f  s i l i c a  gel 

when us ing  hydrogen bonding p o l a r  solvents. 

when a low concent ra t ion  o f  a po la r  m o d i f i e r  was employed, t h e  

so lu tes  i n t e r a c t e d  w i t h  a pr imary l a y e r  o f  p o l a r  so lvents  w i thou t  

d i sp lac ing  the  solvent.  However, a t  h igher  concentrat ions,  t h e  

so lu tes  i n t e r a c t e d  w i t h  t h e  pr imary l aye r ,  d i sp lac ing  so lvents  i n  

t h e  second laye r ,  b u t  no t  r e a c t i n g  w i t h  the  s i l i c a  ge l  sur face  

i t s e l f .  

mod i fy ing  solvent,  compet i t ion  w i t h  t h e  pr imary l a y e r  can t a k e  

place, and the  so lu te  i n t e r a c t s  d i r e c t l y  w i t h  the  s i l i c a  ge l  sur-  

face (103). 

It was 

It was concluded t h a t  

For so lu tes  w i t h  a p o l a r i t y  comparable w i t h  t h a t  o f  t h e  

Per ry  (81) s tud ied  the  r e l a t i o n  between so lvent  s t rength ,  

s e l e c t i v i t y  and continuous development. 

i v i t y  ( t h e  center - to -center  separa t ion  a b i l i t y )  increased exponent- 

i a l l y  w i t h  decrease i n  so lvent  strength.  Also, a t  t h e  h igh  se lec t -  

i v i t i e s  which become a v a i l a b l e  w i t h  decreased so lvent  strengths,  

t h e  number o f  t h e o r e t i c a l  p l a t e s  requ i red  f o r  r e s o l u t i o n  became 

neg l i g ib le .  

He concluded t h a t  se lec t -  

Spots were then resolved a f t e r  very shor t  m igra t ions  

(81 1. 
Soczewinski (103) s tud ied  the  r e l a t i o n  between e luent  compo- 

Equations were presented f o r  t he  opt imiza- 

I t  was concluded tha t ,  depending on 

s i t i o n  and re ten t ion .  

t i o n  o f  TLC and HPLC system. 

t h e  system type, t he  RM ( l o g  K ' )  values are o f t e n  a l i n e a r  f u n c t i o n  

o f  t h e  mod i f i e rs '  concentrat ions.  M a r t i r e  and Boehn (24)  presented 

a molecular theory  o f  1 i q u i d  adsorp t ion  chromatography. The theory  
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addressed t h e  molecular mechanism, based on l a t t i c e  models, o f  

r e t e n t i o n  and s e l e c t i v i t y  i n  bo th  normal phase and reverse phase 

1 i q u i d  adsorp t ion  chromatography. 

so lu te  i n t e r a c t i o n s  were discussed and p r a c t i c a l  app l i ca t i ons  o f  

t h e  theory  were presented. Chen and Horvath (104) evaluated t h e  

subs t i tuent  con t r i bu t i ons  t o  chromatographic r e t e n t i o n  f o r  quant i -  

t a t i v e  s t ruc tu re - re ten t i on  re la t i onsh ip .  They present data ob- 

ta ined  w i t h  d i f f e r e n t  C18 s i l i c a  gel s t a t i o n a r y  phases a t  var ious  

temperatures which suggest t h a t  q u a n t i t a t i v e  s t ruc tu re - re ten t i on  

r e l a t i o n s h i p s  can be transformed from one reverse phase t o  another 

as long as t h e  e luent  composit ion i s  t h e  same. Guiochon e t  a1 

(105-109) wrote a se r ies  o f  f i v e  a r t i c l e s  dea l i ng  w i t h  TLC. 

t h e i r  a r t i c l e s ,  they discussed p a r t i c l e  s i z e  and i t s  e f f e c t  on 

spot shape, s ize,  band broadening and p l a t e  height;  e f f e c t  o f  

mobi le phase f l o w  v e l o c i t y  i n  which i t  was shown t h a t  adsorpt ion 

o f  so lvent  vapor from t h e  gas phase on t he  d ry  l a y e r  can a f f e c t  

t h e  so lvent  f r o n t  ve loc i t y ;  op t im iza t i on  o f  experimental con- 

d i t i o n s  such as p a r t i c l e  s ize,  f l o w  ra te ,  ana lys is  t ime, and temp- 

e ra tu re  e f fec ts ,  i n  reverse phase TLC. Guiochon and h i s  co-workers 

present t h e  TLC chromatographer w i t h  c l e a r  answers and an easy-to- 

understand discussion. 

Sol vent-sol  vent and so lvent -  

I n  

F i n a l l y ,  although Snyder's book (52) on adsorpt ion chromato- 

graphy was publ ished i n  1968 i t  i s  s t i l l  a use fu l  re fe rence work 

f o r  chromatographers us ing  TLC and HPLC. Another good work i s  

" In t roduc t i on  t o  Modern L i q u i d  Chromatography" (1 10) by  Snyder and 

K i rk land,  espec ia l l y  chapters 6, 8 and 9. 
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The optimum composi t ion o f  a b i n a r y  so lvent  m ix tu re  i n  TLC i s  

normal ly determined by successive t r i a l s .  A t h e o r e t i c a l  es t ima t ion  

o f  t h e  optimum separa t ion  may be obtained from t h e  r e l a t i o n s h i p  

between Rm values o f  substances 1 and 2 and t h e  composi t ion o f  t h e  

mobi le phase. 

us ing  an equat ion which r e l a t e s  the  above parameters. 

see Ref. (111). 

The most favorab le  Rm value can then be measured 

For d e t a i l s  

COMPARISON OF TLC WITH HPLC AND GLC 

Although GLC and HPLC are  more accurate and a f f o r d  super io r  

reso lu t i on ,  TLC o f f e r s  some advantages when compared w i t h  t h e  

above techniques. 

taneously on a 10 X 10 cm a n t i c i r c u l a r  p la te ,  whereas GLC and HPLC 

are  l i m i t e d  t o  one sample a t  a time. TLC l i k e  HPLC can handle a l l  

types o f  compounds (except gaseous), b u t  GLC i s  l i m i t e d  t o  com- 

pounds having an appreciable vapor pressure o r  t h a t  can be der iva-  

t i z e d  t o  products t h a t  have an appreciable vapor pressure w i thout  

thermal decomposition. TLC o f f e r s  t h e  ana lys t  t h e  advantages o f  

-- i n  s i t u  spectroscopy and bioautography (88-90). 

p la tes  t h e  chromatographer can analyze from 1-40 samples i n  l e s s  

than 5 minutes. 

TLC can handle up t o  40 d i f f e r e n t  samples s imul-  

Using HPTLC 

Furthermore, c l a s s i f i c a t i o n  o f  a l a rge  number o f  compounds can 

be achieved f a s t e r  and eas ie r  by  TLC than by  GLC o r  HPLC. D i f -  

f e r e n t  adsorbents and var ious so lvent  systems can be used (88). 

General ly, presample cleanup i s  no t  a must f o r  TLC, wh i l e  GLC and 

HPLC r e q u i r e  reasonably c lean samples b e f o r  us ing  i n j e c t e d  on t o  

the  column. 
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The Eluchrom makes simple, f a s t ,  and quantitative elution of 

samples from the plate and subsequent analysis by spectroscopic 

methods. 

use of the Eluchrom for  sample elution. 

rom t o  mass spectrometry has also been reported (112). 

Recently, TLC-AAS ( 9 1 ) ,  TLC/IR (89) have been achieved by 

The coupling o f  the Eluch- 

Overall, TLC i s  cheaper and f a s t e r  t h a n  the other chromato- 

graphic techniques. Also, the use o f  the Eluchrom and other 

modern instruments makes TLC a very competitive and useful analy- 

t i ca l  tool.  

CONCLUSION 

This review clearly demonstrates t h a t ,  i n  recent years, re- 

search into the basic aspects of TLC has been on the rise.  

included, (1) modifications o f  the adsorbent (reverse phase C2, 

c8, c18), the sample (derivatization) and the solvent (micellar 

and soap chromatography); ( 2 )  scaling down the s ize  of the adsor- 

b e n t  particles and controll ing the i r  size (HPTLC);  ( 3 )  decreasing 

the  s ize  of the plate (Triangular and HPTLC) and changing i t s  

shape ( ( c i r cu la r  and t r iangular ) ;  ( 4 )  the introduction of con- 

t rol led development modes (U-Chamber for  c i rcular  and  a n t  c i rcular ,  

continuous development a t  room temperature and i n  the cold, pre- 

ssurized ul t ra  micro chamber, and a new sandwich tank);  (5)  the 

used of more than one adsorbent type side-by-side on the same 

plate and the use o f  a solvent programmer for  gradient elution. 

Theoretical studies of the basic aspects of TLC have been 

published which improved our understanding o f  the underlying TLC 

processes. 

These 
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The cha l lenge  t o  TLC from HPLC has been met w i t h  new and use- 

f u l  advances, which makes TLC a s  modern a technique and a s  he lpfu l  

and valuable an ana ly t i ca l  t o o l  a s  ever. 
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