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ESTIMATION OF ADSORPTION LAYER CAPACITY BY 
SANDWICH THIN-LAYER CHROMATOGRAPHY 
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D e p a r t m e n t  of I n o r g a n i c  a n d  A n a l y t i c a l  C h e m i s t r y  
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20-081 L u b l i n ,  P o l a n d  

ABSTRACT 

T h e  u s e  o f  s a n d w i c h  tanks  w i t h  a c a p i l l a r y  s o l v e n t  d e l i v e r y  s y s t e m  p e r m i t s  
the d e t e r m i n a t i o n  o f  the v o l u m e  of the d e v e l o p i n g  solvent i n  the a d s o r b e n t  l a y -  
er a s  w e l l  a s  the p o s i t i o n  o f  the solvent d e m i x i n g  f r o n t .  T h e r e f o r e ,  the a d s o r p -  
t i on  i s o t h e r m s  o f  p o l a r  solvents f r o m  s o l u t i o n s  i n  n o n p o l a r  d i l u e n t s  a n d  the a d -  
sorption l a y e r  c a p a c i t i e s  c m  be d e t e r m i n e d  i n  a s i m p l e  m a n n e r ,  a n a l o g o u s  t o  
the c o l u m n  t e c h n i q u e :  I n s t e a d  of d e t e r m i n a t i o n  o f  b r e a k t h r o u g h  v o l u m e ,  the sol- 
vent d e m i x i n g  f r o n t  on t h e  t h i n  l a y e r  i s  l o c a l i z e d  b y  m e a n s  of a series o f  t e s t  
d y e s  w h o s e  spots f l a t t e n  and  m e r g e  on the s t e e p  solvent c o m p o s i t i o n  g r a d i e n t .  
T h e  m e t h o d  is i l l u s t r a t e d  f o r  nine a l i p h a t i c  ketones a d s o r b e d  f r o m  h e p t a n e  a n d  
benzene s o l u t i o n s .  T h e  e x p e r i m e n t a l  r e s u l t s  i n d i c a t e  d i f f e r e n t  m o d e s  o f  a d s o r p -  
t i on  f r o m  s o l u t i o n s  i n  the t w o  d i l u e n t s ;  the  s u r f a c e  areas c o r r e s p o n d i n g  t o  one 
s o l u t e  m o l e c u l e  a r e  a l s o  d i f f e r e n t  for s y m m e t r i c a l  d i a l k y l  ketones a n d  i s o m e r i c  
m e t h y l - a l k y l  ketones.  

INTRODUCTION 

In  s p i t e  o f  i t s  g r e a t  p o p u l a r i t y ,  t h i n - l a y e r  c h r o m a t o g r a p h y  i s  o n l y  r a r e l y  

u s e d  as t e c h n i q u e  o f  p h y s i c o c h e m i c a l  i n v e s t i g a t i o n s .  This l i m i t a t i o n  i s  d u e  t o  

s e v e r a l  d c c o m p a n y i n g  e f f e c t s  e s p e c i a l l y  e v i d e n t  i n  s a t u r a t e d  t a n k s  ( f o r m a t i o n  

of c o m p o s i t i o n  g r a d i e n t  a l o n g  the l a y e r ,  e v a p o r a t i o n  a n d  c o n d e n s a t i o n  o f  solvent 

v a p o r s  a h e a d  o f  the  solvent f r o n t )  ( 1 - 3 ) .  T h e  d i f f i c u l t i e s  i n  i n t e r p r e t a t i o n  

o f  TLC d a t a  c a n  be e l i m i n a t e d  b y  p r e c o n d i t i o n i n g  o f  the p l a t e s  i n  s a t u r a t e d  

t a n k s  or b y  the u s e  o f  f l a t  t a n k s  o f  the s a n d w i c h  t y p e  ( 4 , 5 ) .  A s p e c i a l  t y p e  

of t a n k  was p r o p o s e d  b y  one o f  the a u t h o r s  ( 6 ) :  T h e  a d s o r b e n t  i s  s a t u r a t e d  

w i t h  the m i x e d  d e v e l o p i n g  solvent a n d  the s a m p l e ,  s p o t t e d  a t  a s u i t a b l e  d i s t a n c e  

b e h i n d  the solvent f r o n t ,  m i g r a t e s  u n d e r  c o n d i t i o n s  of e q u i l i b r i u m  b e t w e e n  the 

m o b i l e  a n d  s t a t i o n a r y  p h a s e .  R e c e n t l y  W a w r z y n o w i c a  a n d  S o c z e w i n s k i  (71 r e p o r t -  

e d  c o n d i t i o n s  u n d e r  w h i c h  solvent d e m i x i n g ,  a p r o c e s s  a n a l o g o u s  t o  f r o n t a l  

a n a l y s i s ,  c a n  be e l i m i n a t e d ;  also S n y d e r  ( R e f .  1 ,  p g .  2 1 5 )  d e r i v e d  e q u a t i o n s  
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for the v a r i a t i o n  of t h c  . s o l v e n t  c o m p o s j t i o n  d l o n ~ i  t l l c  latler 2 n d  thc p o j t i o n  

of s o l v e n t  d c m i x i n g  f r o n t ,  d p p e n r l i n y  on the a c t i v i t y  a n d  s p e c i f i c  s u r f a c e  d rea  

of a d s o r b e n t ,  e l u t i o n  s t r e n g t h  of the solvent a n d  i t s  m o l e c u l a r  a r c a .  Solvent 

d e m i x i n q  c a n  be c l j m i n a t e d  by w e t t i n y  the I 1 d s v r b ~ n t  w i t h  a s u i t a b l e  v o l u m e  o f  

t h c  p o l d r  . ~ r ~ ? v e r i t .  

On t h e  c > t h u r  liaiid, the f o r m a t i o n  o f  <? s h d r p  d n d  easi ly  d e t c c t a b l c  d e m i x i n y  

f ron t  ( 7 )  may be u t i l i z e d  d s  d hiisis o f  f u r t h e r  i n v e s t i g a t i o n s  o f  s o l v e n t  d e -  

i n i x i n q ,  i .c., d c t c r m i n a t i o n  of d d s o r p L . i o n  i s o t h e r m s  a n d  m o l e c u l a r  d d s o r p t i o ~ i  

a r e a s .  T h e  a p p i  i c a t i o r i  of tlie s d n t l w i c h  t a n k  f o r  those i n v e s t i y d t  ions i s  f a c i l -  

i t a t e d  b i j  tho delivery o f  d e v e l o p . i n y  solvent f r o m  a s m a l l  c o n t d i n e r  w i t h  d 

1 : a p i l l d z ~ y  s i p h o n .  T h e  v o i u m c  o f  t h e  solvent i n  tlic l a y e r  can t h u s  be found b y  

w c i y l i i n q  the c o n t a i n e r  before dnd a f t e r  the c h r o m a t o g r a p h j c  r u n .  A l t e r n a t i v e l y ,  

t h e  s o l v e n t  c a n  bc d e l i v e r e d  f r o m  a s m d l l  h o r i z o n t a l  b u r e t t e .  T h e  loss vf 

s u l v e n L  d u e  t o  e v a p o r a t i o n  is n e g l i g i h l e ;  f o r  i n s t a n c e ,  f o r  5 x 20 cm pldtes  

t h e  volume of the q a s  p h a s e  is a b o u t  70 c m 3  a n d  i t s  s a t u r a t i o n  w i t h  t h e  sol-  

v e n t  vapours r q u i r w  l e s s  t h a n  1 %  of- the iiniount n c c d e d  f o r  d c v f ~ l f > ~ ~ r i r i l e n t .  

t'oi- ;i m o n o m o l e c u l a r  a d s o r p t  ion m e c h d n i s o i  the a r e a s  c o r r e s p o n d i n g  to s i n y l e  

a d s o r b a t e  m o l e c u l e  ( t he  s o - c a l l e d  m o l e c u l a r  a r e a  w)  c a n  be c a l c u l d t e d .  T h i s  

p a r a m e t e r  is i m p o r t a n t  in t h e  d e s c r i p t i o n  of a d s o r p t i o n  p r o c e s s e s .  Several 

dut .hors  h a v e  r c p o r t c d  values c a l c u l a t e d  b y  i n d i r e c t  m c t h o d s  ( e  

1.hr s i m p l e s t  c o n s i s t s  in c a l c u l a t i o n  f r o m  thc m o l a r  v o l u m e s  o f  p u r e  1 i q u i d  

d s s u n i i n y  s p h e r i c a l  s h a p e  of the  m o l e c u l e s  ( 1 2 ) .  T h e  p r o j e c t i o n  a r e a s  can also 

be c a l c i i l a t e d  from b o n d  lcnqths a n d  V a n  d e r  W d a l s  r a d i i  of the a t o m s ;  h o w e v e r ,  

:<nydrs reported t h a t  these c a l c u l a t i o n s  yi ve too low r e s u l t s  bemuse ~ d n  d e r  

W a a l s  r d d i i  arc  d e r i v e d  f o r  the c r y s t a l  s t d t e  w h e r e  t l l c  p a c k i n g  of m o l P c u l e s  

i s  m o r e  d e n s e  t h a n  for. a d s o r p t i o n .  

t o  V a n  der W a a l s  radii r r s u l t s  in muc11 bcttcr a g r e e m e n t  w i t h  e x p e r i m c n t a l  

valucs o b t a i n e c i  w i t h  the UE'I '  i i iet l iod.  McClc1.lan a n d  l i d r r ~ ~ b e r q  ( 8 )  r e p o r t e d  t h e  

f o l l o w i n g  e m p i r i c a l  e q u a t i o n  f o r  tho m o l e c u l a r  a d s o r p t i o n  ,~rei i  (w ads.) f r o m  

t h e  p r o j e c t i o n  a r e a  (w l i q . )  c a l c u l a t e d  from the s p e c i f i c  g r a v i t y :  

For i n s t a n c e ,  n r b i t r a r y  a d d i t i o n  of 0 . 5  2 

I n  the p r e s e n t  p a p e r  we w i l l  r e p o r t  a s i m p l e  m e t h o d  of e s t i m a t i o n  o f  the 

n d s o r p t i o n  ldyer c a p a c i t y  u s i n g  a TT.C t e c h n i g u c  w h i c h  was foilnil  to q i V C  good 

c:ori.eliitions w i t h  c o l u m n  p a r a m e t e r s  ( 9 ) .  

THEORETJCAL CONSIDERATIONS 

T h e  ddsoibent 7 a y c r  1s developed w i t h  d b i n a r t ]  solvent N 4 B wl iere  B I S  

a p o l a r  5 o l v e n L  and N - a n o n p o l a r  d i l l l e n t .  D u r i n g  d e v e l o p m e n t  s o l v e n t  B 1 s  
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SANDWICH THIN-LAYER CHROMATOGRAPHY 1263 

select ively  adsorbed so that the frontal zone o f  mobile phase i s  gradually 

depleted o f  component B unti l  a zone o f  pure diluent N i s  formed. A t  the same 

t i m e  the adsorbent layer near the s ta r t  l i n e  i s  saturated with solvent B so 

t h a t  t he  mobile phase i s  i n  equilibrium with the adsorbent. The formation of 

the composition gradient along the layer i s  called solvent demixing and i s  

equivalent t o  the frontal analysis o f  the developing solvent.  The process is 

i l l u s t ra t ed  schematically i n  F i g .  1 i n  which two zones are represented. In 

the f i r s t  (a-zone) the mobile phase contains only pure diluent N ,  i n  the second 

(4-zone) the composition o f  the mobile phase corresponds t o  the i n i t i a l  compo- 

s i t i o n .  I f  solvent B i s  strongly adsorbed, then the solvent demixing gradient 

i s  steep and i t s  posit ion can be defined as R F d ,  the ra t io  o f  distances o f  6- 
and a- f ron t s  from the origin o f  the system ( 7 ) .  Assuming a uniform layer 

thickness,  (constant cross-sectional areas o f  the phases) the fract ion o f  volume 

o f  the mobile phase i n  the a-zone i s  equal t o  V m ( l - R F d )  and the  R-zone vm.  R F d .  

The amount o f  the polar solvent B original ly  present i n  a-zone (which can be 

calculated from the i n i t i a l  concentration) i s  now adsorbed i n  the 8-zone. In  

our considerations the adsorption of the  diluent i s  neglected, i . e . ,  i t  i s  as- 

sumed that the diluent molecules are completely displaced from the adsorbent 

surface.  

The second s impli f icat ion concerns the number o f  moles of the  adsorbate 

layer.  S t r i c t l y ,  the  total  amount o f  the "i" component i n  the adsorption 

phase i s  given by the equation: 

S 

1 1  
a ( V ) +  v c .  (21 a i  n .  = n .  

However, f o r  not too high concentrations o f  the adsorbate, the second r .h . s .  

term can be neglected. 

'a R F ~  l-RFd -' 0 1 

Figure 1 .  Schematic representation o f  solvent demixing i n  th in  layer o f  

adsorbent. 
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T h e  d e t e r m i n a t i o n  o f  the a m o u n t  of a d s o r b a t e  i n  the D-zone p e r m i t s  u s  t o  

c a i c u l a t e  the a d s o r p t i o n  l a y e r  c a p a c i t y  (and  for mmmm~Ipcular  a d s o r p t i o n ,  a l -  

so t h e  m o l e c u l a r  s u r f a c e  a r e a  oo) from the w e i g h t  of a d s o r b e n t  i n  t h e  6 - z o n e  

a n d  i t s  s p e c i f i c  s u r f a c e  a r e a  ( a g ,  m ? / g ) .  

F o r  a p l a t e  t h a t  is u n i f o r m l y  c o v e r e d  w i t h  m qr i ims  v f  a d s o r b e n t ,  the 
a d s .  

s u r f a c e  a r e a ,  A ,  of a d s o r b e n t  i n  the 6 - z o n e  ( i n  r im?)  i s :  

A = m  a d s : R F d .  . 1 0 I R  ( 3 )  

w h i l e  the n u m b e r  o f  m o l c c u l e s  o f  a d s o r b a t e  R d d s o r b e d  o n  t h i s  a r e a  I s  e q u a l  t o :  

-3 
n = C ' 1 0  ' Vm ( l - R t , d ) '  N 14)  

T h e r e f o r e ,  the a p p a r p n t  m o l p c u l d i  s u r f a c e  a r e a :  

T o  c a l c u l a t e  the w v a l u e  i t  i S  t h u s  s u f f i c i e n t  t o  d e t e r m i n e :  

1 .  T h e  w c i q h t  of a d s o r b e n t  l a y e r  on the d e v e l o p m e n t  d i s t a n c e ,  mads .  

(or i n  the (3-zone ,  i.e., mads.' K p , d ) .  

2 .  T h e  v o l u m e  of the d e v e l o p i n g  solvent i n  thc l a y e r  V ( d i f f e r e n c e  

of w e i g h t s  of the c o n t a i n e r  before a n d  a f t e r  d e v e l o p m e n t  d i v i d e d  

b y  the s p e c i f i c  g r a v i t y ) .  

T h e  Rpd (If the  st~?vf?ii t  derrrixii iy f r o n t  3 .  

F o r  m u i t i l a y e r  a d s o r p t i o n ,  nq. 3 s h o u l d  be w r i t t e n  a s :  

w h e r e  f d e n o t e s  t he  ( a v e r a g e )  n u m b e r  of l a y e r s  of thc  a d s o r b e d  solvent .  

The  a b o v e  c o n s i d e r a t i o n s  i n d i c a t e  t h d t  s a n d w i c h  TLC c a n  be u s e d  a s  a v e r y  

s i m p l e  a n d  i n e x p e n s i v e  m e t h o d  of d e t e r m i n a t i o n  o f  m o l e c u l a r  a d s o r p t i o n  d r e a s  

a n d  l a y e r  c a p a c i t i e s .  T h e  i n v e s t i g a t i o n s  may p r o v i d e  a d d i t i o n a l  i n f o r m a t i o n  

a b o u t  the m o l e c u l a r  m e c h a n i s m  of a d s o r p t i o n  f r o m  s o l u t i o n s  w h i c h  r e c e n t l y  be- 

C d m e  the  o b j e c t  o f  c o n t r o v e r s y  ( 1 3 ) .  

EXPERIMENTAL 

E x p e r i m e n t s  w e r e  c a r r i e d  o u t  u s i n g  a m o d i f i e d  B r e n n e r - N i e d e r w i e s c r  s a n d w i c h  

t a n k  ( 6 )  i n  w h i c h  a g l a s s  d i s t r i b u t o r  d e l i v e r s  the solvent from a q l a s s  c a p i l -  

l o r y  s i p h o n  a n d  a s m a l l  c o n t a i n e r  ( C J  5 c m 3 )  a c r o s s  the w h o l c  w i d t h  o f  the l a y e r .  

5 x 20  cm p l a s t i c  f o i l s ,  p r e e o a t e d  w i t h  0 . 2  nun Si 6 0  s i l i c a ,  w e r e  u s e d  ( E .  Merck, 
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D a r m s t a d t ,  F . R . G . ) .  T o  l o c a l i z e  the solvent d e m i x i n g  f r o n t ,  IIP-TLC test  

( E .  Merck) w a s  u s e d .  A l l  solvents w e r e  d r i e d  over m o l e c u l a r  sieve 4 A .  T h e  d e -  

v e l o p m e n t  w a s  c a r r i e d  o u t  i n  s a n d w i c h  t a n k s  a d a p t e d  t o  p l a s t i c  f o i l s  i n  a m a n n e r  

s i m i l a r  t o  t h a t  d e s c r i b e d  i n  R e f s .  6 , 7 .  T h e  a c t i v a t e d  f o i l  w a s  p l a c e d  i n  the 

t a n k  a n d  the tes t  s o l u t i o n  w a s  s p o t t e d  b e t w e e n  the cover p l a t e s  a t  a d i s t a n c e  

o f  3 c m  f r o m  the e d g e  o f  the l a y e r .  A m a r g i n  1 . 5  c m  w i d e  w a s  c l e a r e d  o f  a d s o r -  

bent;  the d e v e l o p m e n t  d i s t a n c e  w a s  1 4  cm.  T h e  c o m p o n e n t s  o f  the tes t  m i x t u r e  

w e r e  s t r o n g l y  a d s o r b e d  f r o m  the n o n p o l a r  d i l u e n t  b u t  d i s p l a c e d  b y  the  p o l a r  

s o l v e n t  so t h a t  the s p o t s  o f  m o s t  d y e s  w e r e  f l a t t e n e d  on the solvent d e m i x i n y  

f r o n t  w h o s e  RF v a l u e  w a s  then C a l c u l d t e d  f r o m  i t s  d i s t a n c e  f r o m  the e d g e  o f  

the l a y e r  a n d  the d i s t a n c e  o f  d e v e l o p m e n t .  T h e n  the a d s o r b e n t  w a s  s c r a p e d  

o f f  f r o m  the 8 - z o n e ,  d r i e d  a n d  w e i g h e d  a n d  t h e  t o t a l  v o l u m e  o f  the  s o l v e n t  

i n  the l a y e r  was  d e t e r m i n e d  b y  w e i g h i n g  the c o n t a i n e r .  T o  e s t i m a t e  the p r e -  

c i s i o n  o f  the m e t h o d ,  t e n  d e t e r m i n a t i o n s  w e r e  c a r r i e d  o u t  f o r  a 1M s o l u t i o n  

o f  m e t h y l  e t h y l  k e t o n e  i n  h e p t a n e .  T h e  s t a n d a r d  d e v i a t i o n  w a s  f o u n d  t o  be 

0' 

w h i c h  c o r r e s p o n d s  t o  a r e l a t i v e  error o f  6 % .  T h e  e x p e r i m e n t a l  r e s u l t s  

( a v e r a g e s  f r o m  3 r u n s )  a r e  p r e s e n t e d  i n  T a b l e s  1 , 2 .  

= 0.0157;  the s u r f a c e  a r e a  ( f o r  3oW l i m i t s )  w a s  w .  = 0 . 2 7 4 1  -C 0 . 0 4 7 1  nm2 

RESULTS A N D  D I S C U S S I O N  

T h e  nine ketones i n v e s t i g a t e d  b e l o n g e d  t o  t w o  series; s y m m e t r i c a l  d i a l k y l  

ketones (R-CO-R) a n d  m e t h y l a l k y l  ketones (Me-CO-R). T o  s e c u r e  c o m p a r a b l e  con- 

d i t i o n s ,  1M s o l u t i o n s  o f  the ketones w e r e  u s e d  a s  d e v e l o p i n g  solvent .  A s  

d i l u e n t s  n - h c p t a n e  a n d  benzene w e r e  chosen w h i c h  s e e m e d  i n t e r e s t i n g  o w i n g  t o  re- 

cent i n v e s t i g a t i o n s  b y  O s c i k  a n d  Goworek  (10)  who r e p o r t e d  m o n o l a y e r  a d s o r p t i o n  

o f  ketones f r o m  b e n z e n e  a n d  b i l a y e r  a d s o r p t i o n  f r o m  h e p t a n e  s o l u t i o n s .  T h e  ex- 

p e r i m e n t a l  r e s u l t s  a n d  a d s o r p t i o n  a r e a s  c o r r e s p o n d i n g  t o  s i n g l e  m o l e c u l e s  c a l -  

c u l a t e d  f r o m  eq. ( 5 )  a r e  g i v e n  i n  T a b l e  l ( h e p t a n e  s o l u t i o n s )  a n d  T a b l e  2 

( b e n z e n e  s o l u t i o n s )  . 
T h e  i n c r e a s e  o f  m o l e c u l a r  a d s o r p t i o n  a r e a s  w i t h  the m o l a r  v o l u m e  i s  d i f -  

f e r e n t  f o r  the  t w o  series o f  k e t o n e s :  I t  i s  m a r k e d l y  l a r g e r  f o r  the s y m m e t r i -  

c a l  ketones. 

2 )  i s  l i n e a r  ( w i t h  the e x c e p t i o n  o f  a c e t o n e ) .  F o r  m e t h y l - a l k y l  ketones the re- 

l a t i o n s h i p  i s  less  r e g u l a r .  S i m i l a r  p l o t s  w e r e  o b t a i n e d  f o r  b e n z e n e  s o l u t i o n s ,  

the l o g  w .  v a l u e s  b e i n g  i n  m o s t  cases h i g h e r  b y  a b o u t  0.3 u n i t s .  Some i r r e g u -  

l a r i t i e s  i n  the p l o t s  a r e  p r e s u m a b l y  d u e  t o  d i f f e r e n c e s  i n  the mode  o f  a d s o r p -  

t i on ;  a l s o ,  the a v e r a g e  d i s t a n c e  b e t w e e n  the p l o t s  o b t a i n e d  f o r  h e p t a n e  a n d  

b e n z e n e  s o l u t i o n  s u g g e s t s  p r e d o m i n a n t  m o n o m o l e c u l a r  a d s o r p t i o n  f o r  b e n z e n e  so- 

l u t i o n s  a n d  b i m o l e c u l a r  f o r  h e p t a n e  s o l u t i o n s  ( e x c e p t  f o r  a c e t o n e ,  w h o s e  ex- 

c e p t i o n a l l y  l o w  v a l u e  of w .  i n d i c a t e s  m u l t i l a y e r  a d s o r p t i o n ) .  

F o r  h e p t a n e  s o l u t i o n s  the l o g  w .  vs. l o g  Vo r e l a t i o n s h i p s  ( F i g .  
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1266 MARKOWSKI, SOCZEWINSKI, AND CZAF'INSKA 

TABLE 1 .  

A p p d I c i I t  m o l e c u l a r  a d w r p t i o n  a r e a s  vf k e t o n e s  a d s o r b e d  from n - h e p t a n e  s o l u -  
t i o n s  (cB = I nro1/dm3) 

:;yminrtr 1 cdl k e  toncs 

A c e t o n e  0.21 1 1 . 1  ? I  1 .16 0 . 1 2  
DI Pthyi ketone 0 . 5 0  0 .  331 1 . 2 7  0 . 4 J  
D i p r o p y 1  k e t o n e  0 . 5 9  0 . 4 2 6  1 .12  0.77  
Dl b u t  y 1 ke t o n e  0 .66  0 . 5 4 1  1 . 1 3  1 . 1 7  

Asyrnmetr iLdl  k e t o n e s  

M P t h y l - c t h l J l  k c t o n e  0 . 4 3  0 .276  7 .18 0.77  
Methyl-propyl ketone 0.46  0 .  ?03 1 . 2 5  0 . 3 7  

M ~ t h y l - p ~ ~ i i t t ~ l  k e t o n e  0 .  56 0 . 3 7 8  1 .22  0 . 5 5  
Methy l - -hex!? /  h r t u n e  0 . 6 2  0 .531  1 . 2 2  0 . 9 5  

M e t h y l - h u t y l  k e t o n e  0 . 5 2  0 . 3 1 1  1 . 2 4  0 . 4 3  

P'ABLI; 2 .  

A p p i l r e n t  m o l e c u l a r  a d s o r p t i o n  a r e a s  of ketones a d s o r b e d  from 1 M  s o l u t i o n s  i n  
benzene and a v e r a g e  number  ot l a y e r s  for d d s o r p t i o n  from h e p t a n e  s o l u t i o n s  

('hcpt = w1 (ben;./"'l ( h e p t )  ' 

a )  S y m m e t r i c a l  k e t o n e s  

A c e t o n e  0 . 5 3  n .  7 4 5  1 . 4 0  0 . 4 3  3 . 5 8  

D i p r o p y l  k e t o n e  0 . 7 6  0 . 4 9 3  1 . 0 9  1.57 7.114 
D i e t h y l  k e t o n e  0 . 6 5  0 . 4 1 9  1 . 1 2  0 . 8 9  1.117 

111 h u t  41 kc tone 0 . 8 0  0 . 6 5 8  1.06  2.57 2 . 2 0  

b )  A s y m n e t r i c a l  ketones 

M r t l i y l - c  t h y 1  kelone 0 . 6 2  0 . 4  ,h I .  32 0 . 7 0  2 . 5 9  
M e t h y l - p r o p y l  k e t o n e  O . h 3  0 . 4 2 0  1 . 2 2  0 . 7 7  2 . 0 8  
Methy  1 - b u t  y l  k r t v n e  0 . 6 5  0 . 4 0 8  1 . 0 9  0 . 8 3  2 . 0 7  
M e t h y l  - p e n t y l  ketone 0 . 7 2  U .  425 1 . 2 5  1 . 0 0  1 . 7 2  
M e t h y l - h e x y l  ke tone  0 . 7 2  0 .557  1 . 1 4  1 . 4 5  1 . 5 3  

T h e  d i f f u r e r i t i d t c d  low o vs .  l o g  V0 p l o t s  of m e t h y l - a l k y l  k c t o n e s  and 

d i d l k y l  k c t o r i t s  (Fig. 2 )  p r o v i d e  some e x p l d n d t i o n  of the i n d i v i d u a l  propprties 

of thr t w o  series of solvents u s e d  for  the c h r o m a t o g r a p h y  of b i t u n c t i o n d l  

q u i n o l i n e  b a s e s  ( 1 1 ) .  

T h e  t r u e  m o l e c u l a r  a d s o r p t i o n  area  oo c a n  be c a l c u l a t e d  f r o m  the a d s o r p -  

t i on  d a t a  o n l y  foi rnonomoleruldr d d s o r p t i o n  layer of the a d s o r b a t e ;  in th i s  
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F i g u r e  2 .  L o g  w. vs. l o g  V o  p l o t s  o f  s y m m e t r i c a l  ketones (0) a n d  
1 c h r o m .  

a s y m m e t r i c a l  ketones ( 0 )  f o r  a d s o r p t i o n  f r o m  s o l u t i o n s  i n  

h e p t a n e  a n d  benzene. 

c a s e ,  wo = w .  = A / n  ( E q .  7 ) .  F o r  bi- a n d  m u l t i l a y e r  a d s o r p t i o n  the  ( a v e r a g e )  

n u m b e r  o f  the l a y e r s  (?) s h o u l d  be t a k e n  i n t o  a c c o u n t  ( E q .  6 ) .  A s s u m i n g  t h a t  

f o r  benzene s o l u t i o n s  the t r u e  wo v a l u e s  w e r e  o b t a i n e d  ( l o ) ,  the € v a l u e s  c a l -  

c u l a t e d  a s  the r a t i o  w. (benzene)/wi (heptanel a r e  y i v e n  i n  the l a s t  c o l u m n  o f  

T a b l e  2 .  T h e  v a l u e s  of E i n d i c a t e  t h a t  a c e t o n e  i s  a d s o r b e d  f r o m  the h e p t a n e  

s o l u t i o n s  i n  m u l t i l a y e r  a n d  the h i g h e r  s y m m e t r i c a l  ketones i n  d o u b l e  l a y e r s .  

A l s o  m e t h y l - e t h y l  ketone f o r m s  m u l t i p l e  l a y e r s  (i5 = 2 . 5 )  w h i l e  h i g h e r  m e t h y l -  

a l k y l  ketones f o r m  d o u b l e  l a y e r s  w i t h  i n c r e a s i n g  t e n d e n c y  t o  l o w e r  c o v e r a g e s  

f o r  hi  qher homo1 o g s  . 
T h e  m o l e c u l a r  a d s o r p t i o n  a r e a s  d e t e r m i n e d  b y  the f r o n t a l  m e t h o d  dre h i g h -  

er than those c a l c u l a t e d  f r o m  other d a t a .  One  o f  the r e a s o n s  i s  t h a t  the a d -  

sorbent s u r f a c e  i s  a s s u m e d  t o  be c o v e r e d  o n l y  b y  a d e n s e  l a y e r  o f  a d s o r b a t e  

m o l e c u l e s  a n d  a n y  c o n t r i b u t i o n  o f  the d i l u e n t  m o l e c u l e s  i s  n e g l e c t e d  w h i c h  es- 

p e c i a l l y  i n  the c a s e  o f  b e n z e n e  may  i n t r o d u c e  s o m e  s y s t e m a t i c  error. F u r t h e r -  

m o r e ,  the  s u r f a c e  c o r r e s p o n d i n g  t o  a s i n g l e  s i l a n o l  g r o u p  i s  a b o u t  0 . 2  nm2 so 

t h a t  f o r  l a r g e r  a d s o r b a t e  m o l e c u l e s  o n l y  p a r t  of the OH g r o u p s  f o r m s  H-bonds 

w i t h  c a r b o n y l  g r o u p s .  T h e  steric f a c t o r s  c a u s e  t h a t  the d i s c r e p a n c i e s  b e t w e e n  

the e x p e r i m e n t a l l y  d e t e r m i n e d  w. v a l u e s  a n d  those c a l c u l a t e d  f r o m  M c C l e l l a n ' s  

e q u a t i o n  i n c r e a s e  w i t h  the m o l e c u l a r  s i z e  o f  the a d s o r b a t e  ( F i g .  3). 
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o’6E 0.4 W j$om 

0 2 0.6 1.0 0.2 0.6 1.0 
a b 

michrorn. 0.4 

0.6 1.0 1.L 0.6 1.2 1.6 
C d 

calculated f rom T i y u ~ . e  3 .  C o r r o l a t i o n  b e t w e e n  r n o l e c u l a r  a r e a s  w ,  
1 a d s .  

M c C l e L l a n ’ s  e q u a t i o n  a n d  d e t e r m i n e d  e x p e r i n r e n t a l l y .  

a - sy ir ln ic t r ica l  k e t o n e s  t h r p t d n e  

0 - a s y i m e t r i c a l  k e t o n e s  + h e p t a n e  

c - s y m m e t r i c a l  k e t o n e s  t b e n z e n e  

d - a s y m m e t r i c a l  k e t o n e s  t henzsne 

?’he p r e l i m i n a r y  j n v e s t i g d t i o n s  r e p o r t c d  here i n d i c a t e  t h d t  the n i o d i f i c n -  

t ion  of t h e  s a n d w i c h  T I C  t e c l i n i q u e  ( a n a l o g o u s  t o  c o l u m n  f r o r i t a l  a n a l y s i s )  may 

p r o v i d e  i n f o r m a t i o n  a b o u t  d d s o r p t i o n  p h e i ~ o m c n a  a n d  e s p e c i a l  7y a b o u t  Fhe molecu- 

l a r  a d s o r p t i o n  a r e a s .  T h e  a y r e e m e n t  of thesc c o n c l u s i o n s  w i t h  those of e x a c t  

s t a t i c  e x p e r i m e n t s  ( 1 0 )  is p r o m i s i n q  a n d  i n d i c a t e s  t h a t  it cd i i  be u s e d  a t  l c a s t  

f o r  p r e l i m i n a r y  e x p e r i m e n t s .  I t s  a d v a n t a g e s  dre the e x t r e m e  s i m p l i c i t l ]  and  

m i n i m a l  e x p e n d i t u r e  of a d s o r b e n t  a n d  solvents.  

m o d i f i c a t i o n ,  f u r t h e r  e x p e r i m e n t s  are r e q u i r e d  t o  s e c u r e  c o n d i t i o n s  of g r e a t e r  

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