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Tr iangu la r  Thin-Layer Chromatographyl.2 

Haleem J. I ssaq  

Chemical Carci  nogenesi s Program, Freder ick  Cancer Research Center. 

F reder ick ,  MD 21701 

ABSTRACT 

Th is  study i l l u s t r a t e s  t h e  use o f  t r i a n g u l a r  p l a t e s  i n  t h i n - l a y e r  

chromatographic separations. A conpar ison between t r i a n g u l a r ,  convent ional  

and c i r c u l a r  t h i n - l a y e r  chromatography c l e a r l y  i nd i ca tes  the  s u p e r i o r i t y  o f  

t r i a n g u l a r  p la tes  i n  terms o f  s e n s i t i v i t y .  d e t e c t i o n  l i m i t s  and savings i n  

p l a t e s  and solvent. 

INTRODUCTION 

Th in- layer  chromatographic (TLC) separat ions are  normal ly c a r r i e d  out on 

rec tangu la r  o r  square p l a t e s  o f  d i f f e r e n t  s i zes  depending on t h e  amount o f  

sample t o  be separated. The e a r l y  use o f  t h i n - l a y e r  chromatography employed 

Presented a t  t h e  1980 P i t t s b u r g h  Conference on A n a l y t i c a l  Chemistry and 
App l i ed  Spectroscopy. 
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g lass  microscope s l i d e s  with a 2 mn l a y e r  o f  alumina. 

t u r e  t o  be separated was placed i n  t h e  center, and so l ven t  was added u n t i l  

t h e  conponehts separated i n t o  r i ngs  (1). Today, t h e  p r i n c i p l e  o f  c i r c u l a r  

development i s  used i n  h igh  performance t h i n - l a y e r  chromatography (HPTLC) 

which uses a 0.1 mn t h i c k  adsorbent l a y e r  on 10x10 cm or 5x5 cm g lass  p l a t e s  

( 2 ) .  In c i r c u l a r  chromatography, t h e  sample m ix tu re  i s  spo t ted  a t ,  or around, 

t h e  center  o f  t he  p l a t e  and the  so lvent  ( w i t h  the  a i d  o f  a pump and c a p i l l a r y  

ac t i on )  f lows from t h e  cen te r  t o  t h e  c i rcumference o f  t h e  p l a t e  where t h e  

sample corrponents are separated i n t o  d i f f u s e d  arcs. 

p r i n c i p l e  in t roduced by Kaiser ( 3 ) .  t h e  sample i s  spo t ted  a t  the  circumference 

o f  the  p l a t e  and the  so lvent  moves from t h e  circumference t o  t h e  center  separ- 

a t i n g  the  conponents o f  the  mix tu re  i n t o  elongated spots. 

TLC, where the  p l a t e  i s  square o r  rectangular,  t he  spots a f t e r  development a re  

d i f f u s e d  c i r c l e s .  The longer  t h e  development, t he  mare d i f f u s e d  t h e  spots. 

which r e s u l t s  i n  less  concentrated sample pe r  u n i t  area (mo lecu les /un i t  

area). 

spots can move. 

al though the  r e s u l t i n g  spots are elongated and some loss  o f  r e s o l u t i o n  $nay 

occur. 

t h e  reso lu t ion .  

One drop o f  t h e  mix- 

I n  a n t i c i r c u l a r  TLC, a 

I n  convent ional  

One way t o  ;es t r i c t  d i f f u s i o n  i s  t o  r e s t r i c t  t he  area i n t o  which the  

A n t i c i r c u l a r  chromatography i s  based on t h i s  p r i n c i p l e .  

The h igher  the  Rf value, t he  more elongated t h e  spots and the  poorer 

A r e l a t i v e l y  expensive device i s  a l so  needed f o r  development. 

This paper presents a simple, inexpensive method by which d i f f u s i o n  i s  

r e s t r i c t e d  and the  spots. a f t e r  development. a re  more concentrated (molecules/ 

u n i t  area) than w i t h  convent ional  o r  c i r c u l a r  p la tes .  The method employs 

t r i a n g u l a r  p la tes  which can e a s i l y  be made from Baker f lex  p la tes ,  s i l i c a  gel 

irrpregnated f i b e r  (ITLC-SG) p la tes  o r  glass plates.  I t s  advantages are 

discussed and it f s  conpared w i t h  c i r c u l a r  TLC. 

EXPERIMENTAL 

Reagents and Mater ia ls.  Bakerf lex s i l i c a  gel  p l a t e s  and s i l i c a  ge l  impreg- 

nated glass f i b e r  (ITLC-SG) p la tes  (Gelman Instrument Company, Ann Arbor, 
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TRIANGULAR TLC 791 

HI) were used. 

Jackson, Muskegon, MI). 

paper cutter, o r  a sharp razor blade, t o  sizes o f  5x20 o r  5x10 a. 

developing tanks were used. 

(Darmstadt. Germany). 

AT1 solvents were previously d i s t i l l e d  i n  glass (Burdick & 

Triangular p la tes were cut from square p la tes w i t h  a 

Standard 

HPTLC s i l i c a  gel p la tes were from Merck 

Procedure. 

spotted a t  the base o f  the 5x20 cm t r i angu la r  p l a t e  and developed i n  benzene: 

e thy l  acetate (9O:lO). Af te r  development. t he  p la te  was removed, dried, and 

developed again i n  the Sam solvent system u n t i l  the solvent f r o n t  passed the 

highest spot on the plate. 

spotted 1 cm from the peak of the t r i a n g l e  and developed by dipping the peak 

i n  the solvent. With 5x10 cm t r i a n g u l a r  plates, only 1 u l  o f  sample solu- 

t i o n  was spotted. When HPTLC p la tes were used. round spots were obtained 

a f t e r  the p l a t e  was developed once. 

Five u l  o f  dye mixture (V-tech Corp., New Berl in, W I . )  were 

I n  a n t i t r i a n g u l a r  chromatography, the sample i s  

RESULTS AND DISCUSSION 

Long development i n  conventional (square o r  rectangular p la tes)  o r  c i r -  

c u l a r  TLC does not necessarily give be t te r  resolut ion o f  the spots because of 

problems w i th  dif fusion. 

Resolution i s  defined by the fo l lowing equation: 

R * X/0.5(dl+d2) 

X = distance between two spots 

d l  - diameter o f  spot 1 

d2 = dfameter o f  spot 2 

where 

D i f f us ion  i s  proport ional t o  the square root  o f  the distance t raveled by 

the spots. 

resolut ion, and the less concentrated (molecules/unit area) the spots. 

The longer the distance, the greater the d i f fus ion,  the less the 
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From these considerat ions,  i t  would appear t h a t  i n  convent ional  and c i r -  

c u l a r  TLC ( i nc lud ing  a n t i c i r c u l a r ) ,  t h e  h lghe r  the  Rf (i.e., t he  longer  the  

d is tance t r a v e l e d  by t he  spat)  t h e  more d i f f u s e  the  spots. 

R f .  t he  more concentrated the  spots. 

and c i r c u l a r  development. 

cumference t o  t h e  center  o f  the  c i r c u l a r  p la te .  a smal le r  area where r a d i a l  

d i f f us ion  i s  res t r i c ted .  

elongated, espec ia l l y  a t  h igher  Rf's, bu t  t he  s t a r t i n g  and f i n i s h i n g  widths 

a r e  t h e  same. 

The lower t h e  

Th is  i s  e s p e c i a l l y  t r u e  i n  convent iona l  

I n  a n t i c i r c u l a r  TLC, t h e  spots move from the  c i r -  

As a resu l t ,  a f t e r  development the  spots a re  

I n  h i s  d iscuss ion  o f  a n t i c i r c u l a r  TLC. Ka ise r  (3 )  concluded 

t h a t  t he  mobi le phase f r o n t  moves w i t h  constant speed and t h a t  t h e  a v a i l a b l e  

development area decreases q u a d r a t i c a l l y  w i t h  the  phase f ron t ,  g i v i n g  r i s e  t o  

a mechanical conpression from both  s ides  which Increases toward t h e  center. 

The h ighe r  t h e  R f  t h e  more pronoiinced i s  t h i s  l a t e r a l  coirpression and the  

more elongated are  the  spots. 

sample i s  spotted a t  t he  base o f  t he  t r i a n g l e .  

i n  a c y l i n d r i c a l  o r  rec tangu la r  container.  Dur ing development, t h e  spots move 

from a l a rge  t o  a small area. where t h e  mechanical e f f e c t s  are s i m i l a r  t o  

those present i n  a n t i c i r c u l a r  TLC. As a r e s u l t ,  t he  spots a t  h igh  R f  values 

a re  elongated but very narrow. 

mately 3 minutes f o r  a 5x10 cm p l a t e )  f n  which the  so lvent  f r o n t  passes the  

h ighes t  spot, transforms the  spots a t  h ighe r  Rf ' s  i n t o  c i r c u l a r  spots,  and 

t h e  spots a t  lower R f ' s  i n t o  more corrpact and concentrated spots (F igu re  1). 

Tr iangu lar  TLC i s  very easy t o  perform and requ i res  no spec ia l  equipment; thus 

i t  i s  cheaper than c i r c u l a r  and a n t i c i r c u l a r  TLC. 

t w O  t r i a n g u l a r  p la tes  a re  ob ta ined from one rec tangu la r  p la te ,  and l ess  so l -  

Vent i s  needed f o r  development (F igure  2). 

I n  t r i a n g u l a r  t h i n  l a y e r  chromatography !lie 

The p l a t e  i s  then developed 

A second development (which takes approx i -  

I t  i s  a lso  cheaper s ince  

An added advantage o f  t r i a n g u l a r  p l a t e s  i s  t h a t  they can be used i n  

p repara t i ve  separations o f  small q u a n t i t i e s  o f  ma te r ia l s  such as metabo l i tes  

and drugs i n  body f l u ids .  

Depending on t h e i r  p o s i t i o n s  on the  p la te .  t he  developed streaks a re  narrower 

The sample is streaked a t  the  base o f  t h e  p la te .  
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Figure 1. Thin-layer chromatography using 5x20 cm t r i a n g u l a r  plates. The 

p l a t e  t o  t h e  l e f t  was developed once while t h a t  t o  the  r i g h t  was 

developed twice i n  t h e  same solvent system. 

20 x 20 cm plate 

~ o o A o o o o o  1 0 0 0 0 0 1 0 0 0 0 0 1  0 0  

Figure 2. D iv is ion o f  a 20x20 cm p l a t e  i n t o  seven 5x20 t r i a n g u l a r  plates. 
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than  the  o r i g i n a l  streak a t  t h e  base o f  t he  p l a t e  (F igu re  3 ) .  

t ha t :  

spread on a convent ional  or c l r c u l a r  p la te ;  and (b) t h e  s t reaks  r e q u i r e  l e s s  

so l ven t  t o  e l u t e  from t h e  t r i a n g u l a r  p l a t e  than from t h e  convent ional  and 

c l r c u l a r  p la te ,  r e s u l t i n g  i n  a more concentrated s o l u t i o n  s u i t a b l e  f o r  f u r t h e r  

ana lys i s  by a n c i l l a r y  techniques such as NMR, MS. IR, and UV-VIS. 

i s o n  o f  TLC separat ions us ing  convent ional  ( rec tangu lar )  e c i r c u l a r  and t r i a n -  

g u l a r  p l a t e s  i s  shown i n  F igure  4. 

t r i a n g u l a r  p la tes  as can be seen c lea r l y .  

Th is  means 

(a) t h e  s t reaks  a re  nure concentrated, up t o  100%. than i f  they  were 

A compar- 

The compactness o f  t he  spots u s i n g  

F igure  3. Comparison o f  t he  separa t ion  o f  streaks o f  dye on t r i a n g u l a r  and 

rec tangu lar  5x20 cm plates. 
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TRIANGULAR TLC 795 

F igu re  4. Comparison o f  TLC separa t ions  u s i n g  t r i a n g u l a r .  c i r c u l a r  and 

rec tangu la r  plates.  

CONCLUSION 

The use o f  t r i a n g u l a r  p l a t e s  f o r  TLC separat ions o f f e r s  many advantages. 

(1) A 50% savings i n  p l a t e  use i s  achieved. A 20x20 cm p l a t e  g i ves  

seven 5x20 cm p l a t e s  and adequate separa t ion  o f  mic ro  samples (1 ~1 spot ted)  

i s  poss ib le  on 5x10 cm plates.  

( 2 )  R e s t r i c t e d  d i f f us ion .  Since the  sample is spot ted  a t  t h e  base o f  t h e  

p la te ,  t h e  movefnent o f  t he  so l ven t  f r o n t  is f rom a wide t o  a narrow area which 

r e s t r i c t s  the  d i f f u s i o n  o f  t h e  spots. As a r e s u l t ,  t h e  spots a re  compact and 

more concentrated, (mol'ecules/uni t area). 

( 3 )  Increased s e n s i t i v i t y .  Since t h e  spots ( s t reaks )  a re  more concen- 

t r a t e d  a f t e r  development conpared w i t h  o the r  TLC modes, l ess  sample i s  needed 

f o r  t h e  separation, which means t h a t  de tec t i on  l i m i t s  a re  lower. 

(4)  Prepara t ive  separations. T r iangu la r  p l a t e s  are  use fu l  i n  prepara- 

t i v e  separat ions f o r  s t r u c t u r a l  c h a r a c t e r i z a t i o n  by a n c i l l a r y  techniques such 

as NMR, I R ,  MS, o r  W-VIS. The sanple is s t reaked a t  t h e  base o f  t h e  t r i a n -  

gle. When t h e  sample i s  developed, it i s  concentrated i n  a sma l le r  area and 

requ i res  l e s s  so l ven t  t o  e lu te .  The h ighe r  t h e  Rf t h e  more concen t ra ted  t h e  

zone, and l e s s  so lvent  i s  needed f o r  e lu t ion .  This i s  e s p e c i a l l y  impor tan t  i n  
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t h e  separa t ion  and i d e n t i f i c a t i o n  o f  metabo l i tes  a t  t h e  microgram o r  submicro- 

gram leve l .  

( 5 )  No spec ia l  developing u n i t s  a re  needed. Un l ike  HPTLC and a n t i c i r c u -  

l a r  chromatography, which requ i re  a spec ia l  developing apparatus, t r i a n g u l a r  

TLC uses regu la r  developing tanks o r  any glass j a r  o f  convenient size. 

A n t i t r i a n g u l a r  TLC gave r e s u l t s  which a re  s i m i l a r  t o  those ob ta ined by 

c i r c u l a r  chromatography. 
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