
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 24 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Liquid Chromatography & Related Technologies
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597273

Recent Developments in Thin-Layer Chromatography - II
Haleem J. Issaqa

a Chemical Carcinogenesis Program NCI Frederick Cancer Research Center, Frederick, MD

To cite this Article Issaq, Haleem J.(1981) 'Recent Developments in Thin-Layer Chromatography - II', Journal of Liquid
Chromatography & Related Technologies, 4: 6, 955 — 975
To link to this Article: DOI: 10.1080/01483918108059598
URL: http://dx.doi.org/10.1080/01483918108059598

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597273
http://dx.doi.org/10.1080/01483918108059598
http://www.informaworld.com/terms-and-conditions-of-access.pdf


JOURNAL OF L I Q U I D  CHROMATOGRAPHY, 4 ( 6 ) ,  955-975 (l?i(l) 

RECENT DEVELOPMENTS IN 

MIN-LAY ER CHROMATDGkAPHY - I I 

Haleem , I .  I ssaq  
Chemical Carc inoqenesis  Program 

NCI F reder i ck  Cancer Research Center 
F reder i ck ,  MD 21701 

ABSTRACT 

This rev iew updates t h e  one we d i d  4 years ago. Thc emphasis i s  
on technique r a t h e r  than  a p p l i c a t i o n .  Recent advances i n  adsorbents, 
p l a t e  shape, develop ing chambers, g r a d i e n t  e l u t i o n  and q u a n t i f i c a t i o n  
methods a re  reviewed and commented on. Theore t i ca l  s t u d i e s  o f  t h e  b a s i c  
aspects  o f  TLC processes are a lso  reviewed. 

I NTRODUCTIDN 

I n  t h e  4 years  s i n c e  we rev iewed developments i n  t h i n  l a y e r  chromato- 

Th is  up-dated graphy (TLC) ( 1 ) .  much has appeared i n  t h e  l i t e r a t u r e .  

d i scuss ion  w i l l  concen t ra te  on t cchn iques  and r e c e n t  advances which a i d  t h e  

a n a l y t i c a l  chemist, r a t h e r  than  a p p l i c a t i o n s  which can be found i n  pub l i shed  

work o f  t h e  l a s t  few years ( 2 ) .  

A l though i t  i s  30 years o ld ,  TLC i s  a modern technique which has under- 

gone much change. I t s  success has been due t o  i t s  low cos t ,  ease o f  operat ion,  

specd, and nondes t ruc t i ve  nature,  when spray reagents a re  no t  used. Th is  r e -  

view w i l l  i n t r o d u c e  t h e  reader  t o  t h e  most i n t e r e s t i n g  recen t  developments 

i n  t h i s  f a s c i n a t i n g  separa t i on  technique.  
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DlSCUSSlON 

ISSAQ 

~ ADSORBENTS: -_ S i l i c a  ge l  i s  s t i l l  t he  most w i d e l y  used adsorbent. However, 

t h e  development o f  reve rse  phase TLC has grown s i n c e  i t s  va lue has heen 

proven i n  h i g h  performance 1 i q u i d  chromatography (HPLC). 

o f  t h e  use o f  reverse phase i n  TLC ( 3 ) ,  and a s tudy o f  l a y e r s  w i t h  l i p o p h i l i c  

m o d i f i c a t i o n s  ( 4 )  have been publ ished.  P l a t e s  coated w i t h  more than  one 

adsorbrnt .  o r  i n  which q r a d i e n t  phases a re  u t i l i z e d ,  have a l s o  been 

in t roduced.  For  example. p l a t e s  coated w i t h  s i l a n i z e d  s i l i c a  qe l  and 

s i l i c a  gel s ide -by -s ide  on t h e  same p l a t e ,  have been uscd t o  separa te  

o x i d a t i o n  products  o f  c h o l e s t e r o l  ( 5 ) .  Idhatman Co. ( 6 )  i n t r o d u c e d  a p l a t e  

i n  which a narrow reverse-phase C1R s t r i p  i s  coated s ide -by -s ide  on a 

s i l i c a  gel p l a t e .  S tah l  ( I )  r e c e n t l y  i n t r o d u c e d  a pH g r a d i e n t  

l a y e r .  The advantages of two-phase and q rad ien t  l a y e r s  a re  many, b u t  

t h e  main va lue i s  f o r  t h e  separa t i on  of o the rw ise  unseperable m ix tu res .  

Two phase p l a t e  may a l s o  he iised t o  c l e a n  up a sample on one phase and 

f o r  separa t i on  on the  o the r ,  and f o r  t h e  separa t i on  o f  complex m i x t u r e s  

of va ry ing  p o l a r i t y .  

A recen t  rev iew  

Two phase TLC p l a t e s  a re  formed by spreading two phases s ide -by -s ide ,  by 

develop ing a precoated p l a t e  i n  a s i l y l a t i n q  aqent (a ) ,  o r  by g r a f t i n q  two pre-  

coated TLC p l a t e s  toge the r  as desc r ibed  by Pandey g 
a two p l a t e  system, ( w i t h  l a y e r s  which can he d i f f e r e n t  o r  t h e  same) i n  

which t h e  p l a t e s  are clamped t o q e t h e r  w i t h  the  edges o f  t h e i r  adsorbent l a y e r s  

i n  con tac t  SO t h a t  a hand on one l a y e r  i s  t r a n s f e r r e d  t o  t h e  o the r .  The 

advantage of such a method i s  t h a t  bands on one p l a t e  can be t r a n s f c r r e d  

t o  another  p l a t e  f o r  f u r t h e r  TLC a n a l y s i s  w i t h o u t  scrapinq,  e l u t i n q  and 

re load inq .  Care should be taken t h a t  t h e  p o i n t  a t  which t h e  two p l a t e s  

meet i s  close,  o r  the  sample w i l l  n o t  he q u a n t i t a t i v e l y  t r a n s f e r r e d .  

P repara t i on  of t he  p l a t e s  should he o f  t h e  h iqhes t  order .  

( 9 ) .  G r a f t i n g  TLC i s  

Another advance i n  p l a t e  p r e p a r a t i o n  which i s  g a i n i n g  momentum i s  s i n t e r e d  

(10 ) .  The p l a t e  i s  prepared TLC, which was in t roduced  i n  1973 by Dkumura 
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RECENT DEVELOPMENTS I N  TLC. I1 957 

by m i x i n g  s i l i c a  ge l  w i t h  g lass  powder. The s l u r r y  i s  t hen  spread on a soda- 

l i m e  g lass  p l a t e  and t h e  prepared p l a t e  p laced i n  an oven a t  h i g h  temperature 

t o  f i x  t he  adsorbent l a y e r  t o  t h e  p l a t e .  

ha rd  and can be used repea ted ly  a f t e r  c leanup w i t h  a chromic a c i d - s u l p h u r i c  

a c i d  s o l u t i o n .  Okumura wro te  an e x c e l l e n t  rev iew  (11) d i s c u s s i n g  d i f f e r e n t  

a p p l i c a t i o n s  and p l a t e  p repara t i ons .  

The r e s u l t a n t  TLC p l a t e  i s  ve ry  

I o n  exchange l a y e r s  o f  s t r o n g  c a t i o n  and an ion  exchange r e s i n s  which 

a re  spread on poly(ethy1ene t e r p h t h a l a t e )  sheets are commerc ia l ly  a v a i l a h l e  

(Chromatronix, Pa lo  A l t o ,  CA).  They a re  w i d e l y  accepted and have been used 

t o  separate amino a c i d s  (12) .  n u c l e i c  a c i d  bases (13) pep t ides  and o t h e r  

i o n i c  m ix tu res  (14) i n  food  and body f l u i d s .  

An advance which i s  w i d e l y  used i s  h i g h  performance TLC. I n  t h i s  

technique t h e  p a r t i c l e  s i z e  ( 3  t o  8 pm) i s  s m a l l e r  t han  t h a t  u s u a l l y  used 

i n  convent ional  TLC, and t h e  s i z e  d i s t r i b u t i o n  i s  kep t  t o  a minimum, which 

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

more compact, and separa t i ons  are achieved u s i n g  s h o r t e r  development d i s tances  

As a r e s u l t ,  t h e  spots  a r e  

(15) .  

PLATE DEVELOPMENT: Many s i g n i f i c a n t  advances i n  p l a t e  development have been 

in t roduced  i n  t h e  l a s t  few years.  They i n c l u d e  r a d i a l ,  a n t i c i r c u l a r ,  com- 

pressed, g rad ien t ,  and cont inuous (bo th  a t  room temperature,  and a t  - 7 7 ° C  u s i n q  

a cryogenic  apparatus) .  

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  yea rs  i n  

paper chromatography, t he  i n i x tu re  t o  be separated i s  spo t ted  a t  t h e  c e n t e r  

of a sheet and t h e  so l ven t  f lows f rom a p i p e t t e  on t o  t h e  p l a t e  and separates 

t h e  components i n t o  c o n c e n t r i c  c i r c l e s .  Recent ly ,  an accurate and r e l a t i v e l y  

s imp le  apparatus, t h e  U-chamber (15 ) ,  was i n t roduced  f o r  use w i t h  h i g h  

performance TLC (HPTLC). 

p l a t e  a t  a predetermined f l o w  r a t e  ( F i g u r e  1 ) .  

on a 5 X 5 cm p l a t e  o r  i n j e c t e d  i n t o  t h e  s t ream o f  t he  so l ven t .  

sample m i x t u r e  i s  spo t ted  a t  t h e  cen te r ,  o r  i n j e c t e d  i n t o  t h e  stream, t h e  

I n  t h i s  method t h e  s o l v e n t  i s  d e l i v e r e d  t o  t h e  

The sample i s  e i t h e r  s p o t t e d  

I f  t h e  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
3
3
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



958 ISSAQ 

F igu re  1: The IJ-chamber f o r  c i r c u l a r  development. 

components separate as c i r c l e s .  However, i f  t h e  samples a re  spo t ted  around 

t h e  center ,  t he  sample components separate i n  arcs (F igu re  2 ) .  The most 

accurate system i n  terms o f  experimental cond i t i ons  is t h e  U-chamber by 

Camag, which uses a m ic ro -sy r inge  at tached t o  a pump t o  feed t h e  so l ven t  a t  

a constant  r a t e .  

needed i s  l e s s  t h e  1 m l ,  and t h e  exper imenta l  c o n d i t i o n s  a re  rep roduc ib le .  

Development t ime  i s  about 4 minutes, t h e  amount o f  so l ven t  

Two o the r  u n i t s  a r e  a v a i l a b l e  f o r  c i r c u l a r  development; t h e  SelectaSol  

(F igu re  3 )  by Sch le i che r  and Schuell  and t h e  High Performance Rad ia l  Chromato- 

graphy Chamber by Fotodyne Inc .  Whereas t h e  U-chamber uses a pump t o  

d e l i v e r  t h e  so l ven t  a t  a predetermined f l o w  r a t e ,  t h e  Fotodyne u n i t  works 

by g r a v i t y ,  and the  SelectaSol by c a p i l l a r y  ac t i on .  Both u n i t s  a r e  f a s t  
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RECENT DEVELOPMENTS IN TLC. I1 959 

F i g u r e  2 :  C i r c u l a r  development o f  a dye m i x t u r e  u s i n g  t h e  Fotadyne u n i t .  

which a i d s  i n  t h e  s e l e c t i o n  o f  a s o l v e n t  system. Wi th t h e  Se lec taqo l  u n i t  

t h e  a n a l y s t  can s imul taneously  r u n  a sample i n  16 d i f f e r e n t  s o l v e n t  

systems on a 20 X 20 cm p la te .  

H o r i z o n t a l  c i r c u l a r  c e n t r i p e t a l  TLC was in t roduced  by van Dyk i n  1970 

(16) .  I n  t h i s  method t h e  sample i s  a p p l i e d  a t  t h e  c i rcumference o f  a c i r c l e ,  

and e l u t i o n  proceeds toward t h e  cen te r .  

c o n c e n t r a t i o n  per  u n i t  area i s  i nc reased  w i t h  decreas inq d iameter .  A lso,  t h e  

separated components can be wi thdrawn f rom t h e  cen te r .  La te r ,  t h e  apparatus 

was s i m p l i f i e d  by Kyne R V e t t e r s  (17 ) .  T h e i r  apparatus c o n s i s t e d  o f  a t u r n -  

t a b l e  on which t h e  TLC p l a t e  was p o s i t i o n e d  w h i l e  t h e  s o l v e n t  was i n t r o d u c e d  

f rom a s t a t i o n a r y  s y r i n g e  t o  a f e l t  r i b b o n  su r round ing  t h e  p l a t e ,  The system 

must be p ro tec ted  f rom d r a f t s ,  o r  t h e  c i r c l e s  produced w i l l  be i r r e g u l a r .  

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 h e  e l u t i n g  

The advantage o f  t h i s  i s  t h a t  t h e  
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Assembled SeleclaSol TLC chambei Exploded view of apparatus parts 

F igu re  3 :  The SelectaSol chamber assembly. 

so l ven t  t o  t h e  p l a t e .  

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

by c a p i l l a r y  a c t i o n  f rom a narrow round channel. 

a n t i c i r c u l a r  TLC develop ing dev ice was repo r ted  by K a r i k o  and Tomasz (19) .  

The dev ice cons is t s  o f  a p e t r i  d i s h  i n t o  which t h e  so l ven t  i s  placed. 

between t h e  round p l a t e  and t h e  s o l v e n t  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  fea the red  edges. 

rep roduc ib le  o r  c o n s i s t e n t  r e s u l t s  as the  a n t i c i r c u l a r  U-chamber. 

combined t h e  advantages o f  t h e  m o d i f i e d  U-chamber and p e t r i  d i s h  u n i t  

t o  cons t ruc t  a simple, inexpensive and r e l i a b l e  a n t i c i r c u l a r  develop ing 

apparatus. 

I n  1978 a m o d i f i e d  U-chamber was in t roduced  by K a i s e r  

The so l ven t  i s  f e d  i n t o  t h e  p l a t e  

A s implcr ,  and f a r  cheaper 

Contact 

This  dev i ce  does no t  g i v e  as 

I ssaq  (20)  

A n t i c i r c u l a r  TLC has t h e  advantage over  c i r c u l a r  TCC i n  
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t h a t  a l a r q e  number o f  samples can be spot ted.  A lso,  t h e  r e s u l t i n g  spots  

a re  more concentrated,  i.e. mo lecu les /un i t  area, because t h e  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  s o l v e n t  f r o n t .  

more e longated 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 h e  m ix tu re .  

However, t h e  r e s o l u t i o n  a t  R f  va lues above 0.5 was improved by deve lop ing  

t h e  p l a t e ,  a f t e r  d r y i n g ,  a second t i m e  i n  t h e  same so lven t  system (20). 

Th i s  took o n l y  a few minutes ( F i g u r e  4 ) .  

o n 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 obta ined,  b u t  more 

u n i f o r m  and sharper  peaks ( Z O ) ,  which a re  t h e  r e s u l t  of a g r e a t e r  concen- 

t r a t i o n  o f  t h e  spots  i.e. mo lecu les /un i t  area. 

The h i q h e r  t h e  R f ,  t h e  

Oens i tomet r i c  s t u d i e s  showed n o t  

B e t t e r  r e s o l u t i o n  o f  sample m i x t u r e s  was ob ta ined  when t h e  sample 

s o l u t i o n  was a p p l i e d  t o  t h e  p l a t e  as a s t reak  r a t h e r  than  a spot .  When t h e  

sample was a p p l i e d  as a f i n e  band, t h e  r e s o l u t i o n  o f  a n t i c i r c u l a r  and tri- 

angu la r  TLC was comparable w i t h  t h a t  o f  c i r c u l a r  development (21 ) .  

Soczewinski and Wawrzynowicz (22 )  developed a sandwich tank  i n  which t h e  

s o l v e n t  i s  d e l i v e r e d  t o  t h e  TLC p l a t e  f rom a smal l  r e s e r v o i r  by  a c a p i l l a r y  

s iphon u s i n g  a dev i ce  which d i s t r i b u t e s  t h e  s o l v e n t  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. 

t e n t h  as much s o l v e n t  i s  used compared w i t h  s a t u r a t e d  tanks,  and t h e  sample 

i s  a l s o  preconcentrated on t h e  p l a t e  ( 2 3 ) .  

The advantages o f  such a system a re  t h a t  o n l y  one 

A new system u s i n g  a p ressu r i zed  u l t r a - m i c r o  chamber has been i n t r o d u c e d  

(24,25).  

pressure. The s o l v e n t  i s  i n t r o d u c e d  by means o f  a pump. The advantages o f  

such a system are s h o r t e r  development t ime,  l e s s  so l ven t  use and performance 

equal t o  t h a t  o f  HPLC, s i n c e  t h e r e  i s  no vapor p ressu re  as i n  s tandard  TLC. 

I t was concluded by Kalaz (26)  t h a t  more compact spots  a re  ob ta ined  i n  t h e  

absence of t h e  vapor phase. 

The adsorbent l a y e r  i s  covered by a membrane under e x t e r n a l  

Camag has i n t roduced  a l i nea r -sandw ich  t y p e  HPTLC chamber ( F i g u r e  5 )  which 

uses 10 X 10 cm p l a t e s .  Samples a re  spo t ted  on oppos i te  s i d e  o f  t h e  p l a t e s  

which i s  t hen  developed i n  t h e  s p e c i a l  chamber. The amount o f  l i q u i d  phase 
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F i  gure 4 :  A n t i c u r c u l a r  development o f  a dye m ix tu re ,  u s i n g  an apparatus 
which was developed i n  t h e  a u t h o r ' s  l a b o r a t o r y .  ( a )  F i r s t  
development ( b )  second development i n  t h e  same s o l v e n t  system. 
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F i g u r e  5: HPTLC l i n e a r  development u n i t .  

needed i s  approx imate ly  1.5 m l .  

10 X 20 cm p la tes .  

a re  t h e  sma l le r  volume o f  so l ven t ,  and t h e  a b i l i t y  t o  develop t w i c e  as 

many samples p e r  p l a t e ,  s i n c e  samples a re  s p o t t e d  on oppos i te  s i d e s  o f  t h e  

p l a t e .  This  r e s u l t s  i n  a 50% savings i n  p l a t e  use. Again, one has t o  assume 

t h a t  a s h o r t  development meets t h e  needs o f  t h a t  p a r t i c u l a r  a n a l y s i s .  

advantage (27 )  o f  t h i s  system i s  i n  t h e  two-dimensional development o f  f o u r  

samples s imul taneously ,  which cannot be done e a s i l y  u s i n g  any o t h e r  TLC 

mode. The samples a re  spo t ted  a t  t h e  f o u r  co rne rs  o f  a 10 X 10 cm p l a t e  

and developed. A f t e r  which t h e  p l a t e  i s  t aken  out .  d r i e d ,  r o t a t e d  90" and 

developed aga in  i n  a d i f f e r e n t  s o l v e n t  system. The r e s u l t  i s  t h e  r a p i d  two 

d imensional  development o f  f o u r  samples on t h e  same p l a t e .  

TLC t h i s  would r e q u i r e  f o u r  separate developments - two i n  each s o l v e n t  

system. 

Another model i s  a v a i l a b l e  f o r  deve lop ing  

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

Another  

l n  c l a s s i c a l  
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An apparatus f o r  cont inuous development (CD) TLC a t  room temperature (22.28) 

and a t  -77°C (29)  has been repor ted.  

been discussed by P e r r y  (28) .  

c l o s e l y  r e l a t e d  compounds u s i n g  s o l v e n t  o f  ve ry  l ow  p o l a r i t y .  

p o l a r i t y  o f  t h e  so l ven t ,  t h e  l a r g e r  i t s  s e l e c t i v i t y .  

may be approp r ia te  here. CD u s i n g  b i n a r y ,  t e r t i a r y ,  e t c .  s o l v e n t  m i x t u r e s  

o f  v a r y i n g  p o l a r i t i e s  may lead  t o  s o l v e n t  demixing. Two approaches which 

have been repo r ted  (30) t o  min imize 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  t h e  

p l a t e  i n  sa tu ra ted  tanks,  and (b )  c o n s t r u c t i o n  o f  f l a t  t anks  o f  t h e  sandwich 

t ype  which have a minimum volume. 

The t h e o r y  and advantages o f  CD have 

The main advantage i s  t h a t  i t  can separa te  

The lower  t h e  

A p o i n t  o f  c a u t i o n  

Continuous development a t  -77°C enables t h e  s e p a r a t i o n  o f  con fo rma t iona l  

A l so  more compact spo ts  isomers which would e q u i l i b r a t e  a t  room temperature. 

a re  ob ta ined  (29)  which r e s u l t s  i n  improved r e s o l u t i o n .  

One o f  t h e  s t r e n q t h s  o f  HPLC i s  t h a t  s o l v e n t  g r a d i e n t  e l u t i o n  can be used 

t o  separate compounds o f  d i f f e r e n t  p o l a r i t i e s .  I n  HPLC, i t  i s  e a s i e r  t o  

achieve such an e l u t i o n  mechan ica l l y  t h a n  i n  TLC because ( a )  t h e  s o l v e n t  

i s  con t inuous ly  d ischarged f rom t h e  column; ( b )  no vapor e q u i l i b r i u m  i s  

r e q u i r e d  as i n  TLC; and ( c )  t h e  s i z e  and des ign o f  t h e  TLC deve lop ing  

tank i s  a l i m i t i n g  f a c t o r .  The l a s t  p o i n t  m e r i t s  d i scuss ion .  To achieve 

r e p r o d u c i b l e  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  

develop ing tank must be achieved b e f o r e  p l a t e  development. The c l a s s i c a l  

commercial tanks (10 X 25 X 25 cm) a r e  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 s h o r t  t ime, and t h e y  r e q u i r e  approx imate ly  100 ml o f  

so l ven t .  Also, i f  g r a d i e n 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  

des ign o f  t he  tank does n o t  a l l o w  easy d i scha rge  o f  t h e  so l ven t .  

Recent ly ,  a few at tempts have been made t o  use g r a d i e n t  e l u t i o n  i n  TLC. 

Blome (31) used g r a d i e n t  e l u t i o n  w i t h  t h e  U-Chamber, which has a sma l l  volume 

and r e q u i r e s  o n l y  1 m l  o f  so l ven t .  Soczowinski and Czapinska (32)  used s tep-  

wise g r a d i e n t  development i n  c o n j u n c t i o n  w i t h  sandwich tanks. A c a p i l l a r y  

s iphon d e l i v e r e d  t h e  s o l v e n t  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 
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which pe rm i t ted  t h e  composi t ion o f  t h e  so l ven t  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  con ta ine rs .  Gradient  e l u t i o n  on reve rse  phase 

p l a t e s  has been r e p o r t e d  (33) .  

used t o  generate t h e  r e q u i r e d  mob i l e  phase g rad ien t .  Three l a y e r s  o f  

100 mesh s t e e l  powder were used t o  d i spe rse  t h e  so l ven t  evenly  i n  t h e  

develop ing t rough,  w e t t i n g  t h e  adsorbent, and a l l o w i n g  p l a t e  development. 

Excess so l ven t  f lowed from t h e  t rough  i n t o  a waste so l ven t  con ta ine r .  A 

four-component m i x t u r e  was separated u s i n g  t h e  above system, which seems 

t o  be t h e  best  TLC-gradient e l u t i o n  system r e p o r t e d  t o  date. 

Two pumps and a so l ven t  p r o g r a m e r  were 

PLATE SHAPE: 

on r e c t a n g u l a r  p la tes .  

a n t i c i r c u l a r )  i s  g a i n i n g  p o p u l a r i t y  (U-chamber, SelectaSol ,  p ressu r i zed  TLC 

and o t h e r  v a r i a t i o n s ) .  

and a n t i c i r c u l a r  TLC have been d iscussd by K a i s e r  ( l a ) ,  who compared 

separa t i on  number, s e n s i t i v i t y ,  a n a l y t i c a l  separa t i on  power, R f  data, con- 

sumption o f  p l a t e  m a t e r i a l  and consumption o f  mob i l e  phase pe r  sample. 

comparisons showed t h e  a n t i c i r c u l a r  mode t o  be s u p e r i o r  t o  t h e  o t h e 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 pe r  p la te ,  speed o f  

ana lys i s ,  and amount o f  mobi le  phase r e q u i r e d  pe r  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 .  However, t h e  c i r c u l a r  mode d i d  

g i v e  t h e  best  separa t i on  number. 

a n t i c i r c u l a r  mode by develop ing t h e  p l a t e  t w i c e  i n  t h e  same s o l v e n t  system. 

The i n i t i a l  cos t  o f  each was no t  compared, b u t  t h e  l i n e a r  mode i s  t h e  cheapest 

s i n c e  i t  does no t  r e q u i r e  t h e  s p e c i a l  develop ing apparatus r e q u i r e d  by 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  t h e  l o n g  r u n  t h i s  i n i t i a l  c o s 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 a re  needed. Another impor tan t  

aspect not  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. 

mob i l e  phases, one p o l a r  and t h e  o t h e r  nonpolar, may revea l  spo ts  no t  reso lved  

In TLC, separat ions a re  genera l l y  obta ined by l i n e a r  development 

Recently, t h e  c i r c u l a r  mode o f  development ( i n c l u d i n g  

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

These 

The separa t i on  number can be improved i n  t h e  

The use o f  two d i f f e r e n t  
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by a s i n g l e  development. A lso,  i n e f f i c i e n t  and incomplete s e p a r a t i o n  o f  a 

mult i-component m i x t u r e  may r e s u l t  i f  a 3-4  cm run  i s  made on a 10 X 10 cm 

p l a t e .  I n  c l a s s i c a l  TLC u s i n g  a 10 X 10 cm p l a t e  and two d imensional  develop- 

ment, i t  i s  t h e o r e t i c a l l y  p o s s i b l e  t o  separate a m i x t u r e  of a t  l e a s t  50 com- 

ponents which i s  no t  p o s s i b l e  u s i n g  c i r c u l a r ,  o r  a n t i c i r c u l a r ,  development 

(34 ) .  

whereas a n t i c i r c u l a r  and c i r c u l a r  methods use o n l y  5 X 5 cm o r  10 X 10 cm 

p la tes .  

Nor i s  t he  a n a l y s t  l i m i t e d  by t h e  s i z e  o f  t h e  p l a t e  which can be used 

Recent ly ,  I ssaq  (34)  used a t r i a n g u l a r  p l a t e  ( F i g u r e  6 )  which combined 

t h e  advantages o f  ho th  t h e  a n t i c i r c u l a r  and l i n e a r  modes. 

t h e  samples are spo t ted  a t  t h e  base o f  t h e  p l a t e ,  which i s  t hen  developed 

i n  a r e g u l a r  tank, ( r e c t a n g u l a r  o r  c y l i n d r i c a l ) .  The sample, a f t e r  devc lop-  

ment, i s  more concentrated (mo lecu les /un i t  area) than  i n  any o f  t h e  o t h e r  

t h r e e  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 lven t  system which r e s u l t s  i n  compact spots, e s p e c i a l l y  at, h i g h  R f  va lues.  

The advantages o f  t r i a n g u l a r  TLC a re  a 50% sav ings 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  spo ts  a f t e r  develop- 

ment. S ince t h e  sample i s  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 he  so l ven t  f r o n t  i s  from a wide t o  a narrow area. A s  a r e s u l t  t h e  spots  

are compact and concentrated,  (mo lecu les /un i t  area) which means inc reased  

s e n s i t i v i t y  ( l ower  d e t e c t i o n  l i m i t s ) .  

p l a t e s  a re  p re fe r red  ove r  square o r  c i r c u l a r  p l a t e s  because t h e  sample i s  

s t reaked a t  t he  base o f  t h e  t r i a n g l e .  A f t e r  development, t h e  s t r e a k s  a re  

s h o r t e r  and l e s s  s o l v e n t  i s  used t o  e l u t e  t h e  samples f rom t h e  p l a t e ,  and no 

spec ia l  develop ing apparatus i s  requ i red .  P l a t e s  o f  any s i z e  can be used f rom 

5 X 10 t o  20 X 20 cm, w i t h o u t  t h e  need f o r  s p e c i a l  equipment o r  attachments. 

A lso,  two dimensional development i s  p o s s i b l e  w i t h  an e q u i l a t e r a l  t r i a n g u l a r  

p l a t e .  

In t r i a n q u l a r  TLC 

P r e p a r a t i v e  separa t i ons  on t r i a n g u l a r  

MODIFICATION Or ADSORBENT, SOLVENT AND SAMPLE: I n  p rev ious  s e c t i o n s  

m o d i f i c a t i o n s  o f  develop ing chambers and p l a t e s  were discussed. Another  
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RECENT DEVELOPMENTS IN TLC. I1 967 

F i g u r e  6:  T r i angu la r  TLC of a f l a t o x i n s  61, B?, G1 and G2 on s i l i c a  ge l  
p l a t e s  developed i n  c h l  oroform:acetone: ammonia (90: 10:0.25). 

aspect o f  TLC i n v o l v e s  m o d i f i c a t i o n s  o f  t h e  adsorbent ( d e r i v a t i z a t i o n ,  

s i l y l a t i o n ,  and impregnat ion) ,  t h e  so l ven t  ( a d d i t i o n  o f  s i l y l a t i n g  agents, 

use o f  m i c e l l a r  s o l u t i o n s  and soap chromatography) and t h e  sample ( d e r i -  

v a t i z a t i o n  o f  t h e  sample). 

t u n i t y  t o  e f f e c t  t h e  separa t i on  o f  e i t h e r  c l o s e l y  r e l a t e d  compounds, o r  a 

complex m ix tu re  which would be d i f f i c u l t  t o  separate by conven t iona l  methods. 

These m o d i f i c a t i o n  a r e  discussed i n  d e t a i l  i n  a recen t  rev iew  (35). 

These changes g i v e  t h e  ana lys t  a f u r t h e r  oppor- 

QUANTIFICATION I N  TLC: 

s ince  Camag in t roduced  t h e  HPTLC Scanner f o r  pho todens i tomet r i c  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  p la tes .  Such a scanner has been a 

g rea t  h e l p  w i t h  these popular  techniques. 

Few advances i n  q u a n t i t a t i v e  TLC have been r e p o r t e d  
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Another advance which has gained acceptance i s  t h e  combinat ion of TLC/FID 

d e t e c t i o n  and q u a n t i f i c a t i o n .  I n  t h i s  procedure t h e  sample i s  spo t ted  on a 

rod  w i t h  a s i n t e r e d  s i l i c a  ge l  o r  alumina l a y e r  (10). 

i s  passed through a f lame i o n i z a t i o n  d e t e c t o r  (36). 

TH-10, i s  manufactured by Ia t roscan  labs,  Inc.  Tokyo, Japan. Th is  TLC/FIO com- 

b i n a t i o n  seems t o  work w e l l  and g i v e  reasonable r e s u l t s .  

i s  of t h e  s i n t e r e d  type, i t  can be reused. 

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 l e d  hy prewashing t h e  

chromarod p r i o r  t o  use. 

A f t e r  development, t h e  r o d  

The system, I a t r o s c a n  

Since t h e  chromarod 

Background values, which can 

Modi f ied rad ioscanners 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 a re  connected t o  a s t r i p  c h a r t  r e -  

corder  o r  a video screen, which g i ves  t h e  ana lys t  a qu ick e v a l u a t i o n  o f  t h e  

chromatogram. Two new models a re  a v a i l a b l e  from Ber tho ld ,  Swi tzer land,  and 

f rom Bioscan, Washington, D.C.  Both systems a re  s e n s i t i v e ,  and e f f i c i e n t ,  and 

r e q u i r e  no sample p repara t i on  such as sc rap ing  o r  c u t t i n q .  

made i n  s i t u  on t h e  p l a t e .  

a re  qu i ck  and easy t o  operate. 

Measurements a re  

They b o t h  o f f e r  good r e s o l u t i o n  and s e n s i t i v i t y  and 

Another densi tometer  which uses a v ideo screen i s  t h e  Telechrom video- 

densitometer, (Chin ion - Budapest, Hungary) developed by Devenye (37 ) .  It 

w i l l  be produced i n  t h i s  coun t ry  i n  t h e  near f u t u r e .  

tube as t h e  de tec to r ,  and scans t h e  spots  i n  t h r e e  dimensions. The X and Y 

axes correspond t o  t h e  shape, and t h e  Z a x i s  t o  t h e  dens i t y ,  o f  t h e  spot. 

s i z e  o f  t he  spot  may vary from 2 X 2 cm t o  2.3 X 3.6 cm. Small spo ts  a re  

magn i f i ed  o p t i c a l l y  by t h e  inst rument .  

The u n i t  has a v i d i c o n  - 

The 

Microprocessors a re  used i n  TLC, i n  con junc t i on  w i t h  f l u o r i m e t e r s  and 

densitometers, f o r  q u a n t i f i c a t i o n  and f o r  data s toraqe and handl ing.  

(38)  descr ibed an e legan t  system f o r  t h e  a c q u i s i t i o n  and r e d u c t i o n  o f  TLC data. 

The system cons is ted  o f  a microcomputer, a casse t te  reco rde r  f o r  s torage o f  

data and program, a TV screen f o r  v i s u a l  m o n i t o r i n g  o f  t h e  chromatogram and 

an X-Y reco rde r  which serves as a p r i n t e r / p l o t t e r .  

Foss e t f l  

The microcomputer was 
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i n t e r f a c e d  w i t h  a Schoef fe l  SD 3000 Spectrodensitometer. E i t h e r  absorbance o r  

f luorescence data may be gathered. 

p e r p e n d i c u l a r l y  t o  t h e  d i r e c t i o n  o f  development f o r  bes t  r e s u l t s .  

i s  v e r s a t i l e  and g i ves  t h e  ana lys t  a qu i ck  e v a l u a t i o n  o f  h i s  chromatograms. 

P o l l a k  (39) i n  a comprehensive rev iew  o f  t h e  use o f  microprocessors i n  

q u a n t i t a t i v e  TLC discussed data a c q u i s i t i o n ,  r e d u c t i o n  and r e t r i e v a l .  He a l s o  

covered t h e  use o f  d i f f e r e n t  spectrophotometers (dual  and s i n g l e  wavelength), 

and scanning modes i n c l u d i n g  densi tometry  ( r e f l e c t o m e t r y  and t ransmiss ion ) ,  

and f l u o r i m e t r y .  

q u a n t i f i c a t i o n  were a l s o  discussed. 

P l a t e s  may he scanned e i t h e r  i n  p a r a l l e l  o r  

The system 

The e f f e c t  o f  c o e f f i c i e n t s  o f  abso rp t i on  and s c a t t e r  on 

SPOTTERS: 

o r  an automatic s p o t t e r .  The advantage o f  an automat ic  s p o t t e r  i s  rep ro -  

d u c i b i l i t y  o f  bo th  t h e  amount spo t ted  and t h e  s i z e  o f  t h e  spot, which a r e  

b o t h  impor tant  when q u a n t i t a t i v e  da ta  a r e  needed. 

u n i t  has t o  be cleaned a f t e r  s p o t t i n g  a sample, un less d isposable m i c r o p i p e t t e s  

a re  used. The newest sample a p p l i c a t o r s  f o r  b o t h  c l a s s i c a l  and h i g h  perform- 

ance TLC a re  t h e  L inomat t  111, and t h e  =appl icator ,  bo th  by Camag. 

S p o t t i n g  i s  s t i l l  be ing  done w i t h  a m ic ro  sy r inge ,  m i c r o p i p e t t e  

A disadvantage i s  t h a t  t h e  

The Linomat I 1 1  (F igu re  7 )  uses an in terchangeable m ic ro  sy r inge .  The 

samples are a p p l i e d  t o  t h e  p l a t e  as narrow bands o f  va ry ing  l eng ths ,  up t o  

20 cm. 

volume f rom 10-230 n l .  

micrometer t o  ensure bo th  r e p r o d u c i b i l i t y  and accuracy. 

Wi th  t h e  =appl icator  t h e  samples a re  a p p l i e d  as spots  rang ing  i n  

The sample s i z e  t o  be spo t ted  i s  ad jus ted  w i t h  a 

The a p p l i c a t i o n  o f  a l a r g e  sample, 1-3 m l ,  t o  a p r e p a r a t i v e  p l a t e ,  0.5 m - 
1 mm t h i c k ,  i s  not  an easy task.  

m i c r o c i r c u l a r  chromatograms, w h i l e  a p p l i c a t i o n  w i t h  an automat ic  a p p l i c a t o r  as 

a s t reak  produces two oppos i te  f r o n t a l  zones w i t h  a c e n t r a l  zone c o n t a i n i n g  t h e  

most s t r o n g l y  r e t a i n e d  component (40). Soczewinski and Macie jewicz (41) so l ved  

t h e  problem by u s i n g  a sandwich tank  w i t h  a g lass  d i s t r i b u t o r .  

a p p l i e d  t o  t h e  edge o f  t h e  p l a t e  w i t h  t h e  g lass  d i s t r i b u t o r  which forms a 

A p p l i c a t i o n  as a spot  leads t o  a s e r i e s  o f  

The sample i s  
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F i g u r e  I :  The Linornat. 111 nanoapp l i ca to r .  

h o r i z o n t a l  f l a t  p i p e t t e  i n  con tac t  w i t h  the  edqe o f  t he  adsorbent. 

w p a r a t i o n  t a k e s  place d i i r i n q  thP a p p l i c a t i o n  which i s  then comp le te l y  separated 

a f t e r  p l a t e  development i n  an a p p r o p r i a t e  so l ven t .  

P a r t i a l  

THEORETICAL CONSIDERATIONS: Recent ly ,  t h e r e  has been much progress i n  o u r  

understanding o f  t he  theo ry  o f  separa t i on ,  i n  b o t h  p a r t i t i o n  and a d s o r p t i o n  

chromatography, and t h e  e f f e c t s  o f  s o l v e n t - s o l v e n t  and s o l v e n t - s o l u t e  i n t e r -  

ac t i on .  A few se lec ted  works a r e  mentioned i n  t h i s  f i e l d .  I t  i s  recomrierided 
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t h a t  t h e  reader  r e f e r  t o  these works f o r  a more d e t a i l e d  d i scuss ion .  So lu te -  

so l ven t  i n t e r a c t i o n s  on t h e  surface o f  s i l i c a  ge l  and t h e  e f f e c t  o f  u s i n g  p o l a r  

and non-polar so l ven ts  on t h e  so lu te ,  as w e l l  as t h e i r  behavior  on t h e  s i l i c a  

ge l  l a y e r  and compe t i t i on  f o r  t h e  a v a i l a b l e  s i t e s  have been s t u d i e d  ( 4 2 , 4 3 ) .  

It was found t h a t  a so l ven t  b i l a y e r  formed on t h e  su r face  o f  s i l i c a  ge l  when 

u s i n g  hydrogen bonding p o l a r  so l ven ts .  

concen t ra t i on  o f  a p o l a r  m o d i f i e r  was employed, t h e  s o l u t e s  i n t e r a c t e d  w i t h  a 

p r imary  l a y e r  of p o l a r  so l ven ts  w i t h o u t  d i s p l a c i n g  t h e  so lvent .  

h ighe r  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 a y e r ,  d i s p l a c i n g  

so l ven ts  i n  t h e  second laye r ,  b u t  d i d  no t  r e a c t  w i t h  t h e  s i l i c a  ge l  su r face  

i t s e l f .  Fo r  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  m o d i f y i n g  

so l ven t ,  compe t i t i on  f o r  t h e  p r imary  l a y e r  can t a k e  p lace,  and t h e  s o l u t e  

i n t e r a c t s  d i r e c t l y  w i t h  t h e  s i l i c a  g e l  su r face  ( 4 4 ) .  

It was concluded t h a t  when a low 

However, a t  

P e r r y  (28) s tud ied  t h e  r e l a t i o n  between so l ven t  s t reng th ,  s e l e c t i v i t y  

and cont inuous development. He concluded t h a t  s e l e c t i v i t y  ( t h e  c e n t e r - t o - c e n t e r  

separa t i on  a b i l i t y )  increased e x p o n e n t i a l l y  w i t h  decrease i n  s o l v e n t  s t reng th .  

Also, a t  t h e  h igh  s e l e c t i v i t i e s  which become a v a i l a b l e  w i t h  decreased s o l v e n t  

s t reng ths ,  t h e  number o f  t h e o r e t i c a l  p l a t e s  r e q u i r e d  f o r  r e s o l u t i o n  became 

n e g l i g i b l e .  Spots were then reso lved  a f t e r  very s h o r t  m i g r a t i o n s  (28). 

Soczewinski (44 )  s tud ied  t h e  r e l a t i o n  between e luen t  composi t ion and 

Equations were presented f o r  t h e  o p t i m i z a t i o n  o f  TLC and HPLC r e t e n t i o n .  

systems. 

values a re  o f ten  a l i n e a r  f u n c t i o n  of t h e  m o d i f i e r s  concen t ra t i ons .  M a r t i r e  

and Roehn (45 )  presented a molecular  t heo ry  o f  l i q u i d  adso rp t i on  chromato- 

graphy. 

of r e t e n t i o n  and s e l e c t i v i t y  i n  both normal phase and reverse phase l i q u i d  

adso rp t i on  chromatography. 

were discussed and p r a c t i c a l  a p p l i c a t i o n  of t h e  theo ry  were presented. 

and Horvath (46 )  evaluated t h e  s u b s t i t u e n t  c o n t r i b u t i o n s  t o  chromatographic 

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

It was concluded t h a t ,  depending on t h e  system type,  t h e  Rm ( l o g  K') 

The theo ry  addressed t h e  mo lecu la r  mechanism, based on l a t t i c e  models, 

So lven t -so l ven t  and s o l v e n t - s o l u t e  i n t e r a c t i o n s  

Chen 

They present  
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data ob ta ined  w i t h  d i f f e r e n t  C18 s i l i c a  ge l  s t a t i o n a r y  phases a t  v a r i o u s  

temperatures which suggest t h a t  q u a n t i t a t i v e  s t r u c t u r e - r e t e n t i o n  r e l a t i o n s h i p  

can be t ransformed f rom one reve rse  phase t o  another ,  as l o n g  as t h e  e l u e n t  

composi t ion i s  t h e  same. Guiochon &a (47-51) wro te  a s e r i e s  o f  a r t i c l e s  

d e a l i n g  w i t h  TLC. I n  t h e i r  a r t i c l e s  they  discussed, ( a )  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 and s ize,  band broadening and p l a t e  h e i g h t ,  ( b )  t h e  e f f e c t  

o f  t h e  f l o w  v e l o c i t y  o f  t h e  mob i l e  phase i n  which i t  was shown t h a t  a d s o r p t i o n  

o f  s o l v e n t  vapor f rom t h e  gas phase on t h e  d r y  l a y e r  can a f f e c t  t h e  s o l v e n t  

f r o n t  v e l o c i t y ,  ( c )  o p t i m i z a t i o n  of exper imenta l  c o n d i t i o n s  such as p a r t i c l e  

s i ze ,  f l o w  r a t e ,  a n a l y s i s  t ime, ( d )  e f f e c t  o f  temperature, and ( e )  t h e  f l o w  r a t e  

i n  reve rse  phase TLC. Guiochon and h i s  co-workers present  the  TLC chromatographer 

w i t h  c l e a r  answers and an easy- to-understand d i scuss ion .  

F i n a l  Iy, a l though Snyder 's  book (52) on a d s o r p t i o n  chromatography was 

pub l i shed  i n  1968 i t  i s  s t i l l  a u s e f u l  re fe rence  work f o r  chromatographers 

u s i n g  TLC and HPLC. Another good work i s  " I n t r o d u c t i o n  t o  Modern L i q u i d  

Chromatography" ( 5 3 )  by Snyder and K i r k l a n d ,  e s p e c i a l l y  chapters  6. 8 and 9. 

The optimum composi t ion o f  a b i n a r y  so l ven t  m i x t u r e  i n  TLC i s  no rma l l y  

determined by t r i a l .  

be ob ld ined  f rom the  r e l a t i o n s h i p  between Rm va lues o f  substances one 

and t h e  composi t ion o f  t h e  mob i l e  phase (54 ) .  

then be measured u s i n g  an equa t ion  which r e l a t e s  t h e  above parameters. 

A t h e o r e t i c a l  e s t i m a t i o n  o f  t h e  optimum s e p a r a t i o n  may 

and two 

The most f a v o r a b l e  Rm va lue  can 

CONCLUSION 

Th is  rev iew c l e a r l y  demonstrates t h a t ,  i n  r e c e n t  years,  research  i n t o  

t h e  b a s i c  aspects o f  TLC has been on t h e  r i s e .  

o f  t h e  adsorbent ( reve rse  phase C2, Cg, c18), t h e  sample ( d e r i v a t i r a t i o n )  and 

t h e  so l ven t  ( m i c e l l a r  and soap chromatography); ( b )  s c a l i n g  down t h e  s i z e  o f  

t h e  adsorbent p a r t i c l e s  and c o n t r o l l i n g  t h e i r  s i z e  (HPTLC); ( c )  dec reas ing  

t h e  s i z e  o f  t he  p l a t e  ( t r i a n g u l a r  and HPTLC) and changing i t s  shape ( c i r c u l a r  

and t r i a n g u l a r ) ;  (d )  i n t r o d u c t i o n  o f  c o n t r o l l e d  development modes (U-Chamber 

f o r  c i r c u l a r  and a n t i c i r c u l a r ,  con t i nuous  development a t  room temperature and 

These i n c l u d e  (a )  m o d i f i c a t i o n s  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
3
3
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



RECENT DEVELOPMENTS I N  TLC. I1 97 3 

i n  t h e  co ld ,  p ressu r i zed  u l t r a m i c r o  chamber, and a new sandwich t a n k ) ;  (e)  t h e  

t h e  use o f  more than one adsorbent t ype  s ide -by -s ide  on t h e  same p l a t e ;  and 

( f )  t h e  use o f  a so l ven t  programmer f o r  g rad ien t  e l u t i o n .  

Theore t i ca l  s tud ies  o f  t h e  b a s i c  aspects o f  TLC have been pub l i shed  which 

improve ou r  understanding o f  t h e  u n d e r l y i n g  TLC processes. 

The chal lenge t o  TLC from HPLC has been met w i t h  new and u s e f u l  advances, 

which makes TLC as modern a technique,  and as h e l p f u l  and va luab le  an a n a l y t i c a l  

t o o l ,  as ever. 
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