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A SIMPLE DEVICE FOR GRADIENT ELUTION 
IN EQUILIBRIUM SANDWICH CHAMBERS FOR 

CHROMATOGRAPHY 
CONTINUOUS THIN-LAYER 

Edward Soczewihski and Grazyna Matsik 
Department o f  Inorganic and Analytical Chemistry 

Medical Academy 
Staszica 6 St.  

20-081 Lublin, Poland 

ABSTRAC r 
The separa t i on  e f f i c i e n c y  o f  v a r i o u s  t h i n - l a y e r  

chromatographic techniques was i n v e s t i g a t e d  u s i n g  a 
h o r i z o n t a l  sandwich tank f o r  cont inuous e l u t i o n  w i t h  
a g l a s s  d i s t r i b u t e r .  Complex e x t r a c t  o f  camomile 
f l owers  (Azulane) was used as t h e  t e s t  m i x t u r e  and t h e  
number o f  separated s p o t s  as t h e  measure o f  e f f i c i e n c y ,  
Best r e s u l t s  were ob ta ined  when g r a d i e n t  e l u t i o n  w i t h  
c h l o r o f o r m - e t h y l  a c e t a t e  m i x t u r e s  was a p p l i e d .  A s imp le  
m i n i a t u r i z e d  dev ice w i t h o u t  mechanical  mixer  was 
employed, the spontaneous m ix ing  be ing  enhanced by 
g r a v i t a t i o n a l  f l ow  o f  t h e  components and t h e i r  
a s s o c i a t i o n  on t he  molecular  l e v e l .  

INTRODUCTION 

M o d i f i c a t i o n s  o f  t h i n - l a y e r  chromatography have 

been f r e q u e n t l y  used t o  enhance t h e  e f f i c i e n c y  o f  

separa t i on  and t o  sho r ten  the  d u r a t i o n  o f  a n e l y s i s .  

Thus, m u l t i p l e  development, programmed m u l t i p l e  
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1226 SOCZEWINSKI AND MATSIK 

development (PMD) and 8hor t  bed - cont inuous 

development (SBCD) (1-7) were repor ted  t o  g i v e  much 

b e t t e r  r e s u l t s  than convent iona l  TLC. Complex samples 

which c o n t a i n  compounds o f  wide d i f f e r e n c e s  i n  

p o l a r i t y  cannot be separated by i s o c r a t i c  development 

end requ i ro  the use o f  so lvent  - programmed e l u t i o n .  

Numerous devices f o r  the  generat ion o f  g r a d i e n t s  i n  

T L C  hove been proposed (4 .5 ) ;  most o f  them r e q u i r e  

the a p p l i c e t i o n  o f  mechanical s t i r r e r s .  A s imple 

device f o r  sandwich TLC has been repor ted  by S i o u f i i  

e t  a 1 . ( 9 ) ;  etepwise grad ien ts  can a l s o  be generated 

w i thout  e mix ing device by s imple change o f  ao lvent  

con ta iner ,  when e q u i l i b r i u m  sandwich chambers w i t h  a 

glaee d i a t  r i b u t e r  a re  used (10.11). 

Since conttnuous g r a d i e n t s  p rov ide  b e t t e r  

separat ion o f  oomplex samples and t h e i r  a p p l i c a t i o n  i a  

r e l a t i v e l y  scarce owing t o  r a t h e r  complex devices 

requ i red  for  the genarat ion o f  r e p r o d u c i b l e  gradientm, 

at tempts h rve  been made t o  s i m p l i f y  the equipment; 

e s p e c i r l l y  t o  e l i m i n a t e  the  mixer  and t o  m i n i a t u r i z e  

the e luent  conta iners  To enhence spontaneous m i x i n g ,  

two r e s t r i c t i o n s  were assumed f o r  the  component 

so lvents  A and B ( B  - so lvent  o f  h i g h e r  e luent  

s t  rengt h) : 

1 The d e n s i t i e s  o f  eo lvente A and 8 a r e  

d i f f e r e n t .  I f  de< dA, so lvent  B (e t ronger )  is i n t roduced 
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SIMPLE DEVICE FOR GRADIENT ELUTION 1227 

a t  the bottom o f  con ta iner  A and tend6 t o  m i g r a t e  

upwards. 

2 Solvents  A and B i n t e r a c t ,  e .g . ,  have oppos i te  

e l e c t r o n  donor-acceptor p r o p e r t i e s , .  

The d e l i v e r y  o f  the e luent  t o  the  t h i n  l a y e r  i s  

r e l a t i v e l y  s low, t h e r e f o r e ,  i t  was assumed t h a t  

convect ion ( e s p e c i a l l y  f o r  mix tu res  hav ing p o s i t i v e  

heat o f  m i x i n g )  and i n t e r a c t i o n  o f  m o l e c u l m  would be 

s u f f i c i e n t  t o  cause spontaneous mix ing  o f  the  two 

so lvents ,  

EX P ER I M E N TA L 

r i o d i f i c a t i o n  o f  h o r i z o n t a l  sandwich tank o f  t h e  

Brenner-Niederwieser chamber was used ( F i g  1). the  

e luent  be ing d e l i v e r e d  by an i n v e r t e d  U- tub ing  ( S ,  

0 . 8  mm I D )  and spread across the p l a t e  by a g l a s s  

d i s t r i b u t e r  D g lued t o  t h e  lower sur face  o f  t h e  

smal le r  cover p l a t e  C (10,12,13). Two g l a s s  c o n t a i n e r s  

A and B were used, connected w i t h  a s h o r t  PTFE t u b i n g .  

The connect ion cou ld  be severed w i t h  a s p r i n g  c l i p  L .  

A patent  r e g i s t r a t i o n  has been claimed f o r  the  

dev ice  end i ts  m o d i f i c a t i o n 8  as w e l l  as the  

p r i n c i p l e s  o f  i t 8  a p p l i c a t i o n s .  

The procedure o f  g rad ien t  e l u t i o n  was as f o l l o w s .  

The two conta iners  were f i l l e d  w i t h  s o l v e n t s  A and €3 

( w i t h  the connect ion severed by the  c l i p  L )  t o  l e v e l s  

corresponding t o  h y d r o s t a t i c  e q u i l i b r i u m  ( i 2 e , ,  hAdA= 
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L. 

FIGURE 1 Double conta iner  f o r  generat ion of  
gradients  w i t h  spontaneous mixing o f  component 
so lvents  A weak end 8 st rong . C,C*- cover p l a t e s ;  
CH-trey: D - d i s t r i b u t o r ;  H-hypodermic needle;  L-spr ing 
c l i p :  S-siphon connection 

hBdB) . B y  a s l i g h t  overpressure ( w i t h  a hypodermic 

syr inge.  through the needle H )  the r iphon connection 

between the conta iner  A and the s l i t  under the 

d i s t r i b u t e r  D is  produced The cover p l a t e  C i s  moved 

forward t o  contact the d i s t r i b u t e r  w i t h  the edge o f  

the layer ,  A d d i t i o n a l  pressure is  app l ied  when 

necessary ( i f  the conaumption o f  e luent from the 

d i s t r i b u t e r  is too rap id  i n  the f i r s t  s tage) .  The f low 

o f  solvent becomes soon regu la r  end then the connection 

between the conta iners is opened and solvent B begins 

t o  f low i n t o  the conta iner  A ,  In pre l im inary  

experiments d i l u t e  so lu t i ons  o f  dye8 i n  solvent B were 

used which enabled t o  conf i rm tha t  under condi t ion6 
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SIMPLE DEVICE FOR GRADIENT ELUTION 1229 

s t a t s d  a b o v e ( e  g , A = ch lo ro fo rm and B = e t h y l  

a c e t a t e )  spontaneous m i x i n g  takes p l a c e  when t h e  

d e l i v e r y  o f  mixed e luen t  is slow as i n  t h e  u s u a l  

development process. 

A 8  t h e  complex t e s t  m i x t u r e ,  o o n t a i n i n g  numerous 

components o f  d i f f e r e n t i a t e d  p o l a r i t y ,  Azulane waa 

used. A tu lane  ( produced b y  Herbapol ,  Warsaw, Poland) 

i o  t h e  e x t r a c t  o f  t he  f l o w e r s  o f  camomile ( M a t r i c a r i a  

chamomil la), 10 m l  o f  the e x t r a c t  was evaporated and 

the  res idua  d i s s o l v e d  i n  2 m l  o f  e t h y l  a c e t a t e ,  

d i s c a r d i n g  the  i n s o l u b l e  f r a c t i o n .  The c r i t e r i o n  o f  

e f f i c i e n c y  o f  t h e  technique was the  number o f  separated 

components v i s i b l e  under UV l i g h t  o r  a f t e r  e x p o s i t i o n  

t o  i o d i n e  vapours 

Glass p l a t e s ,  200 x 50 x 1 3 mm,  covered w i t h  

S i l i c a  S i  60 ( E .Merck, Oarmstadt , FRG ) o r  precoated 

aluminium sheets were used E q u i l i b r i u m  sandwich 

chambers f o r  200 x 5 mm p la tes,produced by P o l i s h  

Reagents L u b l i n  (14 ) ,  were employed, 

RESULTS AND DISCUSSION 

I n  F ig .2  the  chromatogrems ob ta ined  by i s o c r s t i c  

e l u t i o n  w i t h  hep tene-e thy l  a c e t a t e  m i x t u r e s  a r e  shown, 

The components v i s i b l e  under UV lamp a r e  numbered 1-8 

and cou ld  be d i s t i n g u i s h e d  owing t o  c h a r a c t e r i s t i c  

f luorescence;  o t h e r  components c o u l d  be de tec ted  by 

exposure t o  i o d i n e  vapours 
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1230 SOCZEWINSKI AND MATSIK 

d 

b 

0 02 
0 0 0 3  

FIGURE 2 .  Separat ion o f  Azulene e x t r a c t  on t h i n  l a y e r s  
o f  s i l i c a .  Concentrat ion o f  e t h y l  a c e t a t e  i n  the  
e l u e n t :  s-10%; b-20%; c,d-30%; e-50%. D i l u e n t  - n- 
heptane. Development d istance:  7 cm ( a - c )  o r  16 cm(d,e). I 
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SIMPLE DEVICE FOR GRADIENT ELUTION 1231 

i 

The b i n a r y  heptane-ethy l  a c e t a t e  separated w e l l  

t he  components 1-3 w h i l e  t h e  RF values o f  compounds 

4-8 ware too  low even a t  5OnA content  o f  e t h y l  a c e t a t e .  

The e l o n g a t i o n  o f  t he  e l u t i o n  d i r t a n c e  t o  19 cm o n l y  

p a r t l y  improved the  separa t i on  ( F i g  , Z ) .  

There fo re ,  i n  t h e  nex t  s e r i e s  o f  exper iments 

heptane wee s u b s t i t u t e d  by ch lo ro fo rm.  The i n c r e a s e  o f  

the s o l v e n t  a t r e n g t h  r e s u l t s  i n  much b e t t e r  s e p a r a t i o n  

o f  t h e  more p o l a r  components a t  t h e  coet o f  i n f e r i o r  

separa t i on  o f  t he  l e s s  p o l a r  components 1 and 2 ( F i g  3) 

Since i t  was expected t h a t  some components remain 

on the  mta r t  l i n e  w i t h  compound NO 8 ,  t h e  cont inuous 

development o f  t he  chromatograms wee a p p l i e d  i n  t h e  

0 0 0  

o o 0 6  
n n -7 

C 

11 

o o 0 6  - m "7 
n n p  

FIGURE 3 E f f e c t  o f  c o n c e n t r a t i o n  o f  e t h y l  a c e t a t e  on 
t h e  separa t i on  o f  Azulene e x t r a c t  : a-5%; b- lQ6: c-15%. 
D i l u e n t - c h l o r o f o r m  D is tance  o f  development: 7 cm. 
Spots No 1-8 correspond t o  components o f  c h a r a c t e r i s t i c  
f luorescence i n  UV l i g h t ,  o t h e r  s p o t s  a r e  v i s i b l e  a f t e r  
e x p o s i t i o n  t o  i o d i n e  vapours 
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1232 SOCZEWINSKI AND MATSIK 

i 

0 0 0 4  
n n n!j 
0 0 0 6  

-7 

I 
0 0 0 7  
0 o o o l  0 0 7  

1 o o 07dl 

FIGURE 4 Short-bed - cont inuous development o f  
Azulane e x t r a c t :  a - e t h y l  ace ta te  - heptane, 30:70; 
b - e t h y l  ace ta te  - chloroform,  5:95;  c - e t h y l  a c e t a t e  - 
ch lo ro fo rm,  10:90, Distance o f  development - 4 x 7 cm 
(determined from the  m i g r a t i o n  o f  marker spots ) .  

next  s e r i e s  o f  exper iments.  A s  demonstrated by Perry(3), 

prolonged e l u t i o n  on a Shorter  d i s t a n c e  w i t h  a l u e n t s  

o f  low s t r e n g t h  r e s u l t s  i n  improvement o f  separa t ion  

and s e n s i t i v i t y  o f  d e t e c t i o n  (3 ,6 ,7 ) .  E l u t i o n  wdth 

f o u r  i n t e r s t i t i a l  ( v o i d )  volumes was a p p l i e d  and the  

r e s u l t s  a r e  shown i n  F i g  4 For heptane-ethy l  a c e t a t e  

(70:30) the  chromatogram (Fig.4a ) was s i m i l a r  t o  t h a t  

obta ined f o r  s i n g l e  development w i t h  15% e t h y l  a c e t a t e  

i n  ch loroform ( F i g  3c).  SG-CD w i t h  f o u r  v o i d  volumes 

o f  5% o r  1% e t h y l  ace ta te  in ch lo ro fo rm r e s u l t e d  i n  

f l a t t e n i n g  o f  the  l e e s  p o l a r  compounds on t h e ' e n d  l i n e  

and p a r t i a l  o r  complete separa t ion  o f  a number o f  

p o l a r  compounds ( F i g . 4  b ,c )  which remained on the  s t a r t  

l i n e  i n  t h e  former experiments. 
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SIMPLE DEVICE FOR GRADIENT ELUTION 

FIGURE 5 .  I n i t i a l  s tage o f  development on 3 cm 
d is tance:  a - i s o c r a t i c  e l u t i o n ,  e t h y l  a c e t a t e  - 
chloroform 3:7, b-gradient  e l u t i o n ,  A-53: e t h y l  
a c e t a t e ,  B-3m e t h y l  a c e t a t e  i n  chloroform.  

1233 
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1234 SOCZEWINSKI AND MATSIK 

Thus, i s o c r a t i c  e l u t i o n ,  i n c l u d i n g  the  SB-CD 

technique, permi t ted  the reao lu t i on  o f  about 8-10 

components. I n d i v i d u a l  rune w i t h  e luents  o f  

d i f f e r e n t  s t rengths ere  requ i red  t o  separate the 

components i n  the var ious  p o l a r i t y  ranges 

Therefore,  i n  the next se r ies  o f  experiments the 

gradient e l u t i o n  technique w i t h  the simple device 

described e a r l i e r  was appl ied.  The gradual  increase o f  

the eluent s t rength  seeme t o  be very favourable f o r  the 

displacement o f  the consecutive components from the 

s t a r t i n g  zone and the separat ion is much b e t t e r  a l ready  

i n  the f i r s t  stage o f  the process ae shown i n  F ig .  5b 

f o r  development on the d is tance o f  3 cm. 

The chromatograms obta ined f o r  development on the 

distance o f  7 cm are  shown i n  F i g . 6 .  The number o f  

epota v i s i b l e  i n  UV l i g h t  o r  i n  i od ine  vapoure is 

markedly greater  eepec ia l l y  when the two conta iners 

were f i l l e d  w i t h  1% and 10% e t h y l  acetate.  I t  we8 

found tha t  i n  s p i t e  o f  the s i m p l i c i t y  o f  the device,  

the etanderd izat ion o f  the method r e s u l t r d  i n  

s a t i s f a c t o r y  r e p r o d u c i b i l i t y  o f  the gradient  p r o f i l e  

end RF values. The f i r s t  r e s u l t s  repor ted hare a re  

thur  very promising. 

The fo l l ow ing  observet ione have been made dur ing 

t h e  experiments. 

Owing t o  marked d i f f a rence r  i n  the adsorpt ion 

a f f i n i t i e s  of  so lvents  A and 8 used i n  gradient  
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SIMPLE DEVICE FOR GRADIENT ELUTION 1235 

i 

0 0 6  
0 7  

z b 

0 .  O 0 6  
'0 0 0 

C 
I 

I t  

0 0 0  

FIGUHt 6 ,  Gradient e l u t i o n  o f  Azulane e x t r a c t ,  9 t h  1 
aceta te  - ch loroform mix tu res :  a-5% ( A )  and 3% (BY; 
b- iq ;  ( A )  and 100% ( 8 )  ; c-50% (A) and 10WA (B). 

e l u t i o n ,  the  generated g r a d i e n t  p r o f i l e  tends t o  become 

much steeper i n  the l a y e r  due t o  so lvent  demixing 

e f f e c t s  ( p r e f e r e n t i a l  adsorp t ion  o f  so lvent  8). 

Formation o f  a sharp demixing f r o n t  r e s u l t s  i n  

unfavourable accumulat ion o f  f l a t t e n e d  spots  a t  t h e  

f r o n t .  The RF va lue  o f  t h e  so lvent  demixing f r o n t  i s  

low e s p e c i a l l y  a t  the beginning o f  t h e  g r a d i e n t  program 

when the Concentrat ion o f  so lvent  B i s  low (15) , 

t h e r e f o r e ,  t o  e l i m i n a t e  t h i s  phenomenon i t  i s  much 

b e t t e r  t o  s t a r t  not  from zero c o n c e n t r a t i o n  o f  B but  

from, e g . ,  107; B ( i n  Conta iner  A )  and t o  spot t h e  

sample on the  wet p l a t e  2-3 cm behind the  s o l v e n t  f r o n t ,  

u s i n g  pure aolvent  B i n  t h e  l a r g e r  conta iner .  For t h i s  

purpose the smal le r  cover p l a t e  C is s h i f t e d  back by 

ca 2 mm t o  severe the contact  o f  t h e  l a y e r  w i t h  t h e  
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1236 SOCZEWINSKI AND MATSIK 

d i s t r i b u t e r  and the samples are  spot ted  through the 

gap between the cover p l a t e s  C and C :  

An a l t e r n a t i v e  s i m p l i f i e d  procedure -an s lao  be 

used. The s l i t  under t h e  d i s t r i b u t e r  is f i l l e d  through 

the o r i f i c e  using 0 microp ipe t te  ( 100 ~1 For 5 x 50 mm 

d i s t r i b u t e r  o r  200 p l  f o r  5 x 100 mm d i s t r  ' b u t e r )  w i t h  

10% s o l u t i o n  o f  solvent "0"  i n  solvent "A and the 

s ing le  d i s t r i b u t e r  volume o f  e luent  i s  in..-oduced i n t o  

the l aye r .  The smal ler  cover p l a t e  is a h i f t e d  back end 

the samples spot ted onto the l a y e r  through the gap 

between the cover p la tes  C and C ' .  The siphon 

connection between the conta iner  A and the d i s t r i b u t e r  

i s  produced, the p l a t e  C '  s h i f t e d  forward t o  in t roduce 

the eluent i n t o  the l aye r  and the e l u t i o n  process i s  

thereby s t a r t e d  ; the connection between conts iners A 

and B is then opened 

When the range o f  e l u t i o n  s t rengths o f  the 

mixtures i s  too h igh  ( t o o  h igh  RF values o f  most 

components of  t h e  sample), l ess  po la r  so lvents  A and 6 

should be used ( e . g . ,  A = t r i ch lo roe thy lene ,  B = d i -  

i sopropy l  e ther ) .  

The generated gradient  p r o f i l e  depends on the 

r a t i o  o f  diameters o f  the two conta iners,  volumes o f  

the two so lvents  i n  the conta iners and the volume o f  

eluent absorbed by the l a y e r  ( i . e , ,  i t s  dimensions) . 
To secure the r e p r o d u c i b i l i t y  o f  the e luent  composition 

program, these parameters must by stander ized. Steeper 
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SIMPLE DEVICE FOR GRADIENT ELUTION 1237 

p r o f i l e s  a re  obtained when the diameter (volume) o f  

conta iner  A i s  amal ler  r e l a t i v e  t o  B .  Less eteep 

gradients  can be obtained ueing mixtures o f  A end B 

(e g . ,  1 : l ) i n  the second veasel  ins tead o f  pure 

solvent B. 

The s i m p l i f i e d  gradient  TLC technique requ i res  

f u r t h e r  v e r i f i c a t i o n  f o r  var ious multicomponent samples 

and e luent  - sorbent systems aa w e l l  as i n v e s t i g a t i o n  

o f  the generated gradient p r o f i l e s  and parameters 

which determine t h e i r  shape. The invea t ige t i ons  w i l l  

be repor ted i n  the fu tu re  communications. 
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