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THIN LAYER CHROMATOGRAPHIC 
SEPARATIONS BY CONVENTIONAL GLASS 
BACKED PLATES AND EMPORE SHEETS: 

A COMPARATIVE STUDY 

HALEEM J. ISSAQ*, KENDRA E. SEBURN~, 
AND JEFFREY R. HIGH TOWER^ 

Program Resources, 1nc.lDynCorp 
NCI-Frederick Cancer Research and Development Center 

P.O. Box B 
Frederick, Maryland 21 702-1201 

ABSTRACT 

A comparison o f  separa t i ons  u s i n g  conven t iona l  TLC p l a t e s  and Empore 
sheets  i s  presented.  The r e s u l t s  show t h a t  i n  c e r t a i n  cases t h e  Empore sheets  
f a i l e d  t o  reproduce t h e  separa t i ons  ob ta ined  u s i n g  s i l i c a  g e l  l a t e s ,  however, 
t h e  r e t e n t i o n  t imes  were comparable. 
were found t o :  (a)  r e q u i r e  much l o n g e r  development t imes  than  C-18 TLC p l a t e s ;  
(b)  smal l  i nc reases  i n  wa te r  con ten t  i n  t h e  mob i l e  phase (2%) c o n t r i b u t e d  t o  
cons ide rab le  i nc rease  i n  develo ment t ime ;  and (c )  t h e  maximum recommended 
pe rcen t  wa te r  (v /v)  i n  t h e  mobiye phase f o r  meaningfu l  and accep tab le  
exper imenta l  t i m e  should n o t  exceed 20%. 
sheets were e a s i e r  t o  spot  t han  t h e  TLC p l a t e s  b u t  ha rde r  t o  w r i t e  on. 
t o -day  and ex e r imen t  t o  experiment R, r e p r o d u c i b i l i t y  o f  Empore sheets  was 
b e t t e r  t han  &. 

The reve rsed  phase C-18 Empore sheets  

It was observed t h a t  t h e  Empore 
Day- 

Th in  l a y e r  chromatography 

used a t  t h e  m i c r o  o r  macro l e v e l  

INTRODUCTION 

TLC), a separa t i on  techn ique  which can be 

was f i r s t  i n t roduced  i n  1938 by I z m a i l o v  and 

- 
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ISSAQ, SEBURN.  AND HIGHTOWER 1512 

S h r a i b e r  (1)  a s  s p o t  chromatography. Eleven y e a r s  l a t e r  ( Z ) ,  s u r f a c e  

chromatography was used t o  f r a c t i o n a t e  i n o r g a n i c  s a l t s  on adsorbent -coa ted  

g l a s s  p l a t e s .  In 1951 Kirchner  a ( 3 )  used g l a s s  s t r i p s  c o a t e d  w i t h  

a d s o r b e n t s  f o r  t h e  s e p a r a t i o n  of t e r p e n e s .  

1956 ( 4 )  in t roduced  a s p r e a d e r  which could prepare  uniform and r e p r o d u c i b l e  

l a y e r s  of  a d s o r b e n t s .  The adsorbent ’s  s l u r r y  was spread  on uniform s h e e t s  o f  

g l a s s ,  p l a s t i c  o r  aluminum. This procedure of  prepar ing  TLC p l a t e s  i s  t h e  

dominant one today .  In 1964 Gelman Instrument  Company (Ann Arbor ,  M I ) :  

in t roduced  i n s t a n t  T L C .  The ITLC s h e e t  of  g l a s s  micro f i b e r  i s  impregnated 

wi th  t h e  adsorbent  which s a t u r a t e s  and sur rounds  t h e  g l a s s  m i c r o f i b e r  c l o t h .  

Mobile phase and r e a g e n t s  p e n e t r a t e  from both s i d e s .  

s h e e t s  a r e  prepared  by d ipping  u l t r a p u r e  micro f i b e r s  of  g l a s s  i n t o  a f r e s h l y  

prepared s u p e r s a t u r a t e d  s o l u t i o n  o f  potassium s i l i c a t e  i n  ammonium c h l o r i d e .  

The f i n e l y  p r e c i p i t a t e d  s i l i c i c  a c i d  forms l u s t r o u s  g r a n u l e s ,  i . e . ,  c o n t a i n s  

water  i n  an amorphous form of  hydrated s i l i c a .  The s o l u t i o n  g e l s  r a p i d l y  and 

t h e  ammonia i s  removed by d i s t i l l e d  water  chromatography and extended h e a t i n g  

o f  over  300°C. The r e s u l t a n t  medium i s  s l i g h t l y  a c i d i c  ( p H  5 ) ,  p o s s e s s e s  weak 

s t a t i o n a r y  phase and has  a porous mat r ix  which makes i t  ex t remely  s e n s i t i v e  

( 5 ) .  Recent ly ,  3M Company ( S t .  Paul ,  MK) in t roduced  t h e  Empore T L C  s h e e t s  

whereby t h e  s i l i c a  gel  o r  s i l i c a  gel  bonded phases  a r e  en t rapped  i n t o  a 

poly(tetrafluoroethy1ene) micro f i b r i l s .  No chemical b inder  o r  a s u p p o r t  

s h e e t  i s  r e q u i r e d  ( 6 ) .  Both Empore and ITLC sheets a r e  easy  t o  handle  and can 

be c u t  by s c i s s o r s  t o  any s i z e  o r  shape.  Poole and Poole  ( 7 )  and Poole 31 

(8)  e v a l u a t e d  the Empore s h e e t s .  

d i f f e r e n t  a s p e c t s  than  t h o s e  done e a r l i e r  (7 -8) .  

s e p a r a t i o n  c h a r a c t e r i s t i c s  and r e p r o d u c i b i l i t y  of  Empore s h e e t s  ( s i l i c a  gel  

and bonded s i l i c a  g e l )  wi th  t h o s e  obta ined  using convent iona l  TLC p l a t e s .  

Also,  d i f f u s i o n  of  t h e  s p o t s  ( r a t i o  of  d iameters  o f  developed s p o t  t o  s p o t t e d )  

w i l l  be e v a l u a t e d  along with t h e  s e p a r a t i o n  f a c t o r  (a), t ime of  development 

and volume o f  water  c o n t e n t  of  t h e  mobile  phase ( f o r  r e v e r s e d - p h a t e  s h e e t s )  

t h a t  w i l l  a l low the complet ion of  an experiment  i n  a r e a s o n a b l e  t i m e .  Other  

parameters  w i l l  a l s o  be s t u d i e d  and commented on. 

TLC became popular  a f t e r  Shah1 i n  

The IlLC s i l i c a  gel  

In t h i s  e v a l u a t i o n  we wish t o  compare 

This  s tudy  compares t h e  
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GLASS BACKED PLATES A N D  EMPORE SHEETS 

Formu la t i on  

P a r t i c l e  S i ze  

Pore S ize  

P a r t i c l e  Shape 

Sheet Thickness 

1513 

90% t 2% adsorbent p a r t i c l e  
10% t 2% PTFE 

8 mic ron  s i l i c a  based 

60 Angstron 

I r r e g u l a r  

500 m ic ron  

EXPERIMENTAL 

S i l i c a  g e l  p l a t e s  were purchased f rom EM Science (Gibbstown, NJ) w h i l e  

bonded C-18 s i l i c a  g e l  p l a t e s  (KC-18F) were purchased f rom Whatman ( H i l l s b o r o ,  

O R ) .  

Analy t ichem I n t e r n a t i o n a l  (Harbor City, CA). Tes t  dye m i x t u r e  was ob ta ined  

f rom Camag ( W r i g h t s v i l l e ,  NC) w h i l e  t h e  a f l a t o x i n s  B,, B,, GI, and G, were 

purchased f rom A l d r i c h  Chemical Co. (Milwaukee, W I ) .  P l a t e s  were s p o t t e d  

u s i n g  a m i c r o s y r i n g e  and developed i n  a r e c t a n g u l a r  g l a s s  deve lop ing  tank. 

They were viewed, a f t e r  development, when needed, i n  a v iew ing  box equipped 

w i t h  s h o r t  and l o n g  wave UV lamps. P l a t e s  and sheets  were developed t o  t h e  

same d i s t a n c e  (6-7 cm) i n  a s a t u r a t e d  t a n k  (normal phase) a t  room temperature 

and under t h e  same exper imenta l  c o n d i t i o n s .  A l l  exper iments were r u n  i n  

t r i p l i c a t e s .  

Empore s i l i c a  g e l  and C-18 reversed-phase sheets were purchased f rom 

RESULTS AND DISCUSSION 

Table 1 l i s t s  t h e  p h y s i c a l  p r o p e r t i e s  o f  t h e  Empore TLC sheets 

Soot D i f f u s i o n  R a t i o :  

Spot d i f f u s i o n  r a t i o  i s  a parameter which would i n d i c a t e  t h e  d i f f u s i o n  

a f t e r  development, o f  t h e  spo ts  on t h e  s t a t i o n a r y  phase. 

which i s  t h e  r a t i o  o f  t h e  d iameter  o f  t h e  spo t  a f t e r  development d i v i d e d  by 

t h e  d iameter  o f  t h e  a p p l i e d  spot ,  would i n d i c a t e :  (a )  how w e l l  t h e  adsorbent  

l a y e r  ( p a r t i c l e  s i z e  and d i s t r i b u t i o n ,  d e n s i t y  and compactness) i s  made; and 

T h i s  parameter, 
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1514 ISSAQ, SEBURN, AND HIGHTOWER 

Table 2 

Diffusion r a t i o s ,  R, and a values f o r  a dye mixture 
using s i l i c a  gel TLC p la t e s  and Empore sheets 

( b )  degree of reso lu t ion .  The l a rge r  the  r a t i o  the  worse the  l aye r  and vice 

versa .  Table 2 shows the  d i f fus ion  r a t i o s ,  R, and a values of a dye mixture 

( 5  p l )  spot ted  on s i l i c a  gel TLC p l a t e s  and Empore shee ts ,  and developed f o r  

7 cm in to1uene:hexane:ethyl ace t a t e  (50:35:15). These r e s u l t s  a r e  the  mean 

and standard devia t ion  o f  th ree  d i f f e r e n t  developments (Tables 2 ,  3 and 5 ) .  

The r e s u l t s  show t h a t  t he  Empore shee ts  f a i l e d  t o  reso lve  the  l i g h t  purple and 

d a r k  grey spots ,  while the  conventional s i l i c a  gel p l a t e  resolved a l l  the  

components in the  mixture. The R, and a values o f  resolved spots  on both 

systems a r e  comparable, and reproducible.  In most cases ,  the  spot d i f fus ion  

r a t i o  i s  b e t t e r  on the  TLC p l a t e s  than on the  Empore shee ts .  

standard deviation i s  l a rge r  using the  Empore shee t s .  Similar r e s u l t s  were 

obtained when 1 p1 and 10 pl of the  dye mixture so lu t ion  were spot ted .  Run 

time was 12  minutes f o r  both TLC and Empore shee ts .  

Also, the  

The dye mixture was a l so  used t o  t e s t  the  r e s u l t s  obtained on reversed 

phase C-18 TLC p l a t e s  and Empore shee ts  when developed i n  a mobile phase o f  
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GLASS BACKED PLATES AND EMPORE SHEETS 1515  

Tab le  3 

D i f f u s i o n  r a t i o s ,  R, and ct va lues  f o r  a dye m i x t u r e  u s i n g  
reve rsed  phase C-18 TLC p l a t e s  and Empore sheets  

methano1:acetonitrile:water (63:28:9). Note t h a t  t h e  normal phase ( s i l i c a  

g e l )  system r e s u l t e d  i n  11 spots  w h i l e  t h e  RP system gave o n l y  9 spo ts  f o r  t h e  

same m ix tu re .  No e f f o r t  was made t o  o p t i m i z e  t h e  mob i l e  phase because we were 

i n t e r e s t e d  i n  comparing t h e  TLC p l a t e s  w i t h  t h e  Empore sheets  and n o t  bo th  

systems (normal and reve rsed  phase). Table 3 l i s t s  t h e  r e s u l t s  ob ta ined  i n  

t h i s  mob i l e  phase. 

The t a b l e  shows t h a t  o v e r a l l  t h e  separa t i on  i s  b e t t e r  u s i n g  t h e  Empore sheets  

j u d g i n g  f rom t h e  [I values f o r  b o t h  systems. 

a re  comparable, t hey  s l i g h t l y  f a v o r  t h e  TLC p l a t e s .  

p l a t e s  a r e  h i g h e r  than  those u s i n g  t h e  Empore sheets, a l t hough  t h e  development 

t ime  was s h o r t e r  f o r  conven t iona l  p l a t e s  (10.5 minutes)  than  f o r  Empore sheets  

(47 minutes)  a l t hough  t h e  mob i l e  phase con ta ined  o n l y  9% wa te r .  Table 4 shows 

t h e  e f f e c t  o f  water  con ten t  i n  t h e  mob i l e  phase on t i m e  o f  development. 

t a b l e  shows t h a t  a smal l  i nc rease  i n  t h e  water  con ten t  r e s u l t s  i n  a b i g  

i nc rease  i n  t h e  development t ime .  

u n p r a c t i c a l  t o  use i n  mob i l e  phases t h a t  con ta ined  more than  20% water  by 

v o l  ume. 

Whi le  t h e  spot  d i f f u s i o n  r a t i o s  

The R, va lues u s i n g  TLC 

The 

The RP-Empore sheets, i n  ou r  o p i n i o n  a re  
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1516 ISSAQ, SEBURN, AND HIGHTOWER 

Table 4 

Effect of water content in the mobile phase on development time 
of reversed phase Empore sheets 

0.35 

*Organic phase is made of 3:2 Acetonitri1e:methanol. 

Table 5 

Separation of aflatoxins B,,. B,, GI, and G on silica gel TLC 
plates and Em ore sheets using a mobile piase of chloroform: 

tetrahydrofuran (9: 1) i n  a saturated tank. Development 
distance 65 cm 

Separation of Aflatoxins B,, B,, GI, and G,: 

Aflatoxins B,, B,, G , ,  and G, are an important class of compounds. 

separations by TLC is a classic one (9). 
these aflatoxins on silica gel conventional plates and Empore sheets is given 

in Table 5 (normal phase-silica gel). 

sheets resolved the four aflatoxins. 

distance of 6.5 cm was the same (12 minutes) using both systems. Also, spot 

diffusion ratios were comparable. 

Their 

A comparison of the separation of 

The results show that both plates and 

The time required for a development 

CONCLUSION 

The results of the study show that the silica gel Empore sheets 

performed almost as well as the glass backed conventional TLC plates. The 
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GLASS BACKED PLATES AND EMPORE SHEETS 1517 

diference in performance was most prominent when the RP-18 Empore sheets were 

used with mobile phases that contained more than 20% water, where the 

development time became excessively long and experimentally unpractical. 

advantages of the Empore sheets is in its higher capacity, and spot elution 

after development. 

bracket, for development, should be used, otherwise the sheet might stick to 

the sides of the tank, which is not a problem using conventional glass backed 

TLC plates. 

plates, but harder to write on. 

earlier (7,8). 

from experiment to experiment and from day to day was better than 5%. 

The 

Since the Empore sheets are very flexible, the recommended 

The Empore sheets were easier to spot than the conventional 

These results agree with those observed 

Also, the reproducibility of R, values using the Empore sheets 
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