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CHROMATOGRAPHIC SEPARATION ON SILICA OF POLAR AROMATIC COMPOUNDS 

I )  STUDY OF SOWE FACTORS INFLUENCED BY DIFFERENT 
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ABSTRACT 

Our goal i n  t h i s  work, was t o  seek t h e  b e s t  exper imen ta l  

c o n d i t i o n s  which a l l o w  the  m i g r a t i o n  and p a r t i t i o n  i n  t h i n  l a y e r  
chromatography o f  numerous a romat i c  compounds , e s s e n t i a l  1y those 

o f  p o l a r  cha rac te r ,  acco rd ing  t o  a p redomina t ing  a d s o r p t i o n  
orocess. We then  s t u d i e d  t h e  m o d i f i c a t i o n  o f  d i f f e r e n t  c o e f f i c i e n t s  
i n t e r v e n i n g  i n  these chromatographies acco rd ing  t o  accepted 

exper imenta l  c o n d i t i o n s .  The r e s u l t s  w i th  d i f f e r e n t  modes o f  
adsorbent  d e a c t i v a t i o n  show t h a t  t h e  a d s o r p t i o n  process i s  pos- 
s i b l e  and must be i n t e r p r e t e d  by t h e  SNYDER Model. 

1103 
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1104 GUINCHARD ET AL. 

I) INTRODUCTION 

P o l a r  aromat i  c compounds, o f  whi ch benzoi c a c i d  
d e r i v a t i v e s  a re  examples , cannot  be chromatographied on p o l a r  
adsorbents such as s i l i c a ,  s i n c e  t h e i r  degree o f  a d s o r p t i o n  i s  

t o o  g r e a t .  

o f  t h e  adsorbent t h u s  p e r m i t t i n g  t h e  d e s i r e d  m i g r a t i o n s  and 

separa t i ons .  We envisaged c o n t r o l l i n g  t h e  s i l i c a  d e a c t i v a t i o n  
with t h e  h e l p  o f  wa te r  molecules, f o l l o w e d  by a c i d  o r  b a s i c  p o l a r  

molecules such as f o r m i c  a c i d  o r  d ie thy lam ine .  
We s t u d i e d  t h e  d i f f e r e n t  s i l i c a  m o d i f i c a t i o n s  i n  r e l a t i o n  

t o  c h a r a c t e r i s t i c  parameters o f  adsorbent  and s o l u t e .  The 
mechanism and t h e  most i m p o r t a n t  f a c t o r s  i n  t h e  o b t a i n e d  chroma- 
t o g r a p h i c  separa t i ons  a r e  d iscussed i n  t h i s  paper. 

e 

I t  appeared i n t e r e s t i n g  t o  us t o  m o d i f y  t h e  a c t i v i t y  

11) EXPERIMENTAL STUDY 
The p r i n c i p a l  s o l u t e s  s t u d i e d  a re  i n d i c a t e d  i n  t a b l e  1. 
Chromatographic separa t i ons  were c a r r i e d  o u t  w i t h  weak 

s o l v e n t  s t r e n g t h  benzene as t h e  mob i l e  phase i n  a V A R I O  KS 
(Camag) (Ref 1-2) tank ,  which a l l owed  t h e  use o f  Merck HPTLC 
s i l i c a  p l a t e s  w i t h  f l u o r e s c e n t  i n d i c a t o r  as t h e  s t a t i o n n a r y  phase 

w i t h  w e l l  determined p re load ing .  The separated compounds were 
v i s u a l i z e d  under U.V. r a d i a t i o n s  a t  254 nm. We determined e a s i l y  

t h e i r  R f .  

i n t e r m e d i a t e  a r e  employed d u r i n g  a predetermined p e r i o d  w i t h  
t h e  s o l u t i o n  "c"  c o n t a i n i n g  t h e  f a c t o r  o f  d e a c t i v a t i o n  i n  va r ious  
concen t ra t i ons .  I n  o u r  exper iments we used a wa te r  l i k e  d e a c t i v a n t  
( d i l u t e d  concentred s u l f u r i c  a c i d )  ; f o r m i c  a c i d  and d i e t h y l -  
amine. For  t h e  two l a t t e r ,  we d i l u t e d  w i t h  wa te r  o r  d i e t h y l e n e  
g l y c o l  monoethyl e t h e r  (DEGMEE). 

D e a c t i v a t i o n  by w a t e r  i s  i n s u f f i c i e n t  i n  a s s u r i n g  t h e  
m i g r a t i o n  o f  benzoic  ac ids .  P ru load ing  w i t h  f o r m i c  a c i d  g i ves  
b e t t e r  r e s u l t s .  A d e t a i l e d  s t u d y  o f  t h i s  d e a c t i v a n t  f o l l o w s .  

Var ious s i l i c a  p r e l o a d l n g s  u s i n g  t h e  vapor phase as an 
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1108 GUINCHARD ET AL. 

111) STUDY OF PARTITION MECANISM 

I n  t h e  case o f  a p a r t i t i o n  mechanism between t h e  benzenic 

mob i l e  phase and t h e  s t a t i o n n a r y  phase, impregnated w i t h  t h e  
d e a c t i v a n t  which i s  ob ta ined  by  t h e  vapor phase produced by  
d i f f e r e n t  p r e l o a d i n g  s o l u t i o n s ,  we determined t h e  s o l u t e  ( X )  
p a r t i t i o n  c o e f f i c i e n t  ( K ' )  between these l a s t  " c "  and o r g a n i c  

phase "o rg "  which i n  t h i s  case i s  benzene. 

For  t h e  r e s u l t s  g i v e n  i n  t a b l e  (3), f o r m i c  a c i d  i s  used 

as t h e  deac t i van t .  These r e s u l t s  a r e  compared t o  R f  o b t a i n e d  
( t a b l e  2 )  w i t h  p r e l o a d i n g  which correspond t o  s i l i c a  p l a t e s .  
Me can see t h a t  t h e  R f  va ry  i n v e r s e l y  t o  K '  va lues.  T h i s  r e s u l t  
a1 lows us t o  e l i m i n a t e  t h e  p a r t i t i o n  mechanism i n  t h e  chromatogra- 
p h i c  process, mentioned i n  t h i s  work and leads  us t o  t h e  a d s o r p t i o n  
mechanism hypothes is .  A lso,  v a r i o u s  models o f  a d s o r p t i o n  a r e  c i t e d  
i n  t h e  l i t e r a t u r e  (Ref 8,9,lO). We choose t h e  SNYDER ( 3 )  represen-  
t a t i o n  t o  i n t e r p r e t  t he  d i f f e r e n t  separa t i ons .  

I V )  ADSORPTION MECHANISM 
Accord ing t o  SNYDER (Ref  3 )  when a s o l u t e  i s  f i x e d  on 

an adsorbent  sur face,  t h e  r e l a t i o n  can be expressed i n  t h i s  form : 

R I M  = l o g  + x f ( X , S )  ( 2 )  wi th  R I M  = l o g  (1 - 1) 
"0 2 Rf  

3 i s  t h e  c o r r e c t i n g  c o e f f i c i e n t  which takes i n t o  account 
t h e  p r e l o a d i n g  adsorbent  w i t h  s o l v e n t  vapors. It i s e q u a l  t o  u n i t y  
under these exper imenta l  condi t i o n s  
V a  = volume o f  s o l v e n t  p e r  monolayer f i x e d  p e r  gramme o f  adsorbent. 
W = adsorbent w e i g h t  i n  grams o f  t he  s i l i c a  l a y e r  used 
Vo = f r e e  volume o f  t he  a c c e s i b l e  l a y e r  a t  t h e  mobi l  phase i n  

o( = adsorbent  a c t i v i t y  

f ( X , S )  = r e l a t i o n  which depends on t h e  d i f f e r e n c e  between t h e  

m i  1 li 1 i t e r s  

a d s o r p t i o n  energy of t h e  s o l u t e  ( X )  and t h e  s o l v e n t  S. 
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SEPARATION OF POLAR AROMATIC COMPOUNDS. I 1109 

The terms V a ,  W ,  Vo and 4 depend on the adsorbent, the active 
solvent used as the mobile phase, and the additional modifications 
by preloading (They can be determined experimentally). Finally, 
we used hexane as the solvent in different  preloading aases 
s t u d i e d  w i t h  three reference compounds : naphtalene, phenanthrene 
and benzo-3,4 pyrene, for  which SNYDER gave the values of f(X,S). 
Rf was measured and R I M  deduced, which allowed us, using formula 2 ,  
t o  obtain the different  values o f <  and the term log V W for t h e  

d i f ferent  preloadings ( table  4 ) .  

of fixed deactivant formic acid and others deactivants of W and 
Vo.  In th i s  manner, we calculate Va from the preceding term : 

-t 
I n  addition, we determined gravimetrically the quantity 

l o g  - VaW 
V 

We kn8w from recent studies of s i l i ca  the number of accesible 
"2 hydroxyl active groups for  100 A and also specific area : 

500 m2g-lis known and we deduqed form th is  t h a t  the existence 
of 25.102' active hydroxyl groups per m2.  I f  we assume t h a t  
during preloading the deactivant i s  fixed (as i s  formic akid 
which i s  frequently used in th i s  work) occupies one active 
hydroxyl s i t e ,  we can then calculate the hydroxyl number ( n o H )  
which remains f ree  for  solute adsorption ( table  5 and 6 ) .  

Considering the problem qual i ta t ively,  we noticed that  
there was a correlation between the variation of Va and tha t  of 
the free hydroxyl number (noH)  depending on the concentration of 
the deactivant used (table 5 and  6 , f ig  1).  We havel-1 a fixation 
for  the deactivant. These resul ts  agree with the definit ion 
of  Va given by SNYDER.  

blocking of a l l  active s i t e s ,  V a  i s  s t i l l  active. This indicates,  
tha t  for  a def ini te  quantity of formic acid,  we are not defini-  
te ly  in the presence of the formation monolayer of th i s  acid. 
Nevertheless we can assume t h a t  the s i l i c a  surface i s  par t ia l ly  
deactivated and possess hydroxyl s i t e s  for  an adsorption mechanism. 

However, for  free n ( O H )  = 0 which corresponds to  a 
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1114 GUINCHARD ET AL. 

I f  we now have V a ,  W,Vo values and u( we can further 
study the function f (X,S)  which affects  different  solutes which 
leads t o  a better interpretation of the i r  retention. 

V )  STUDY OF THE FUNCTION f ( X , ' 5 )  ACCORDINGTO THE SNYDER P1ODEL 
Using SNYDER'S theory, we can represent f ( X , S ) =  So- EoAx 

( 3 )  where So i s  a dimension bound t o  solute ( X )  adsorption 
strength with the considered adsorbent, E,, t o  that  of solvent 
(S)  ("solvent strength") and Ax  i s  the surface covered by 
adsorption o f  solute ( X )  

Taking into account the molecule ( X ) ,  groups o f  atoms, can react 
on the adsorbent surface and intereact.  This relation can be 
developed in the following manner (Ref, 3,5,6,7) 

( 4 )  where the solute can be represented by i-0-k ( 0  = C6H4 or C H ) 

Q i  = i s  a dimension linked to  adsorption of f ree  energy of group i 
only i f  the group k i s  localised (absorption strength i s  higher 
t h a n  for others groups) f(Q",) i s  the localization function, t h a t  
i t s  value i s  larger than  Qi i s  important. The t e rmt ; f (Qi ) i s  Q o i  
links localization effect  of group k on the active s i t e s .  These 
values were supplied by SNYDER. 
The coefficient takes into consideration a certain mobility of 
s i l i c a  active s i t e s .  The term f' I( f f i  takes into account intramo- 
lecular electronic effects  o f  group i on adsorption strength of 
group k .  
Ti i s  Hammett's constant bound t o  donner or a t t rac te r  electron 
pover of  g roup  i .  

p 
used. 
5 
f a i  points o u t  the contribution of the non localized groups 
or the recovery by a solute. 

0 6 5  

i s  a coefficient which depends upon group k and the solvent 

i s  a correcting term for solute and solvent interact ions.  
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SEPARATION OF POLAR AROMATIC COMPOUNDS. I 

PRELOADING 
SOLUTIONS 

4 

SENZOIC A C I D  

1115 

WATER 

0,56 0,62 0,63 0,66 

0,58 0,53 0,30 0,28 

TABLE 7 

FUNCTION F ( X ,  S) , EXPERIMENTAL VALUES OF 4, @ and 2 FOR DIFFERENT 
PRELDADING I N  FORMIC A C I D  

~ _ _ ~  
-0,83 -0,86 -0,91 -0,91 

1,25 0,62 0,15 0,lO 

IACETOPHENONESI -0,005 I -0,114 I -0,43 1 -0,48 

AN1 L I N E S  -U,47 -4,84 -6,55 -7,22 

PRELOADING 
SOLUTIONS 

--- 
o( 

BENZOIC A C I D  

ACETOPHENONES 

BENZALDEHYDES 

PHENOLS 

AN I L INES 

'80% 
HCOOH 

20% 

DEGMEE 

0,73 0,70 0,61 0,70 0,80 

0,48 0,45 0,50 -0,22 -0,35 

-0,30 -0,40 -0,73 -0,75 -0,66 

-0,54 -0,67 -0,97 -0,83 -0,58 

-0,05 0,12 0,06 0,21 0,70 

-0,51 -0,65 1,86 -2,09 -1,85 

0,83 

-0,32 

-0,48 

-0,77 

0,05 

-3,2 
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1116 

/PRELOADING 
SOLUTIONS 

_- - 

o( 

BENZOIC ACIDS 

ACETOPHENONES 

TABLE 7 ( Continued) 

I 
WATER HCOO 

0,58 j 0,62 0,63 0,66 0,83 
I 

1,73 i 1,73  1,79 1,49 1,52 
I 

1,4 ~ 1,66 1,65 1,60 1,62 

GUINCHARD ET AL. 

BENZALDEHYDES j i , 7 6  1 i , 7 8  1,73 1,60 1,44 

PHENOLS 1,54 1,72 1,57 1,54 1 ,51  

AN I L I N E S  1-@,18 0,26 0,02 0,09 I 1,39 
I 

1 

ACETOPHENONES 

BENZALDEHYES 

1,65 1,51 1,51 1,28 1,18 

1,80 1,34 1,24 1,32 1,38 
- 
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t------ 

ENZOIC ACIDS 

CETOPHENONES 

TABLE 7 (Continued) 

-0,35 

2,lO 0,90 

1 

VALUES OF 0' 
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1118 GUINCHARD ET AL. 

$hak takes in to  account the higher contribution on s i l i ca4ak  f o r  a 
group k w h i c h  i s  localized and modulated by the coef f ic ien t ldes-  
cribing deactivation s t a t e  ; f i n a l l y  we have : 

Sb studying a so lu t e  s e r i e s ,  one so lu te  couple i-g-k and 0 - k  f o r  
which we measure the R I M ,  according t o  d i f f e r e n t  preloadings and 
using the  expression : 

( R ' M  (i-O-k) - R'M(9)-k))- 1 - ( 3 ;  - &, a i )  =s -bf (Q"k)  Qoi ' f k o i i  
ac 

we can ca lcu la te  the  coe f f i c i en t s  values by multiple l i n e a r  regres- 
s ionpk B a n d s  ( t a b l e  7 ) which r e f e r  t o  so lu te  behaviour with 
the adsorbent. In r e a l i t y M  can be evaluated before and the Q o i .  
a i ,  Eo and f ( Q D k )  values were given by SNYDER. Ref ( 3 ) .  

IV) DISCUSSION 

Va and f r e e  ca lcu la ted  n O H y  we can now assume an adsorption 
poss ib i l i t y  of d i f f e r e n t  so lu tes  on ac t ive  f r e e  s i l a n o l .  We 
discuss the o ther  coe f f i c i en t so l ,p  k ,  
we have access. 

-- 
Accordinqly a good cor re la t ion  i s  found between obtained 

,$ , var ia t ions  t o  which 

xP( 
Given the  value of o( = 1,12 proposed by SNYDER (Ref 3) 

f o r  a non deactivated s i l i c a  w i t h  average pores like these  of 
HPTLC,  the value obtained in our experiments were smal le r ,  which 
ind ica tes  an adsorbent a c t i v i t y  decrease by formic ac id  f ixa t ion .  
Active s i t e s  of the adsorbent then, a re  n o t  ava i lab le  t o  f i x  a 
so lu te .  However the obtained values increase s l i g h t l y  i n  percen- 
tage as a function of the volume of deactived compound of prelo- 
ading so lu t ion .  This leads us t o  t h i n k  t h a t  the  formic acid (or 
diethy1amin)fixation on the s i l i c a  blocks pa r t i a l ly  t h e  ac t iva ted  
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SEPARATION OF POLAR AROMATIC COMPOUNDS. I 1119 

s i t e s  b u t  l eaves  o t h e r s  which a re  a v a i l a b l e  f o r  t h e  f i x a t i o n  
on s o l u t e .  

The o b t a i n e d  va lues a r e  p o s i t i v e  f o r  t h e  benzo ic  a c i d s  
* ? k  

and phenols. The graup k i n c l u d e s  here c a r b o x y l i c  a c i d s  and 
phenols  h y d r o x y l s  groups which accep t  e l e c t r o n s  e a s i e r  t h a n  

t h e  adsorbent .  Th i s  c o e f f i c i e n t  i s  l e s s  than  ze ro  f o r  a n i l i n e s ,  
benzaldehydes and acetophenones which behave then  l i k e  e l e c t r o n s  

donors o r  Lewis bases compared t o  t h e  adsorbent.fk i s  i m p o r t a n t  
when t h e  donor o r  accep to r  e f f e c t  i s  more c h a r a c t e r i s t i c  

Fo r  phenols , t h e  
o f  o r e l o a d i n g  s o l u t i o n s  which i n v o l v e  , a hydrogen bonding decrease. 
F o r  smal l  f o r m i c  a c i d  percentages, molecules l i k e  i - 0 - O H  may b i n d  
t o  s i l i c a  by t h e  two e x t r e m i t i e s  where t h e  d i s t a n c e  between t h e  two 

r e a c t i v e  groups a r e  c l o s e  t o  s i l i c a  f r e e  s i t e s .  
I f  aga in  i t  i s  a m a t t e r  o f  adso rp t i on ,  f o r  benzoic  a c i d  ( f r o m  80%, 

f o r  f o r m i c  a c i d  as p r e l o a d i n g  s o l u t i o n ) ,  we n o t i c e  a s i g n  change 

o f P k  and t h e  a c i d s  become e l e c t r o n s  donors. Th is  we can e x p l a i n  
c o n s i d e r i n g  t h e i r  a c i d i t y  cons tan ts .  Indeed, t h e  benzo ic  ac ids  

excep t  f o r  two m and p. n i t r o b e n z o i c  a c i d s  isomers, a r e  weaker 
a c i d s  than  f o r m i c  ac id .  I n  t h i s  l a s t  case, benzoic  a c i d  must f i x  
t o  t h e  s i l i c a  by  t h e  f o r m i c  a c i d  molecule i n t e r m e d i a t e .  

va lues decrease w i t h  t h e  f o r m i c  a c i d  percentage 

* P  
Except  f o r  p r e l o a d i n g  u s i n g  o n l y  water ,  t h e  ob ta ined  

va lues f o r k  a r e  p e r c e p t i b l y  cons tan t  f o r  a g i v e n  p r e l o a d i n g  which 
con f i rms  t h a t  i t  depends l i t t l e  on s u b s t i t u e n t  k .  I f  we compare 
t h e  ob ta ined  va lues  t o  those found by SNYDER (Ref  3 )  on alumina, 

i t  seems t h a t  which t h e  p r e l o a d i n g  used i n  o u r  exper ience  t h e  
s i l a n o l  a c t i v e  groups a r e  b locked  t o  a g r e a t e r  degree and more 
s t r o n g l y  than  a c t i v e  groups o f  alumina. 

T h i s  c o e f f i c i e n t  e x p l a i n s  secondapy e f f e c t s  o f  s o l v e n t .  
It has a s i g n i f i c a n t  va lue  when s o l u t e  and s o l v e n t  a r e  p o l a r .  
We see g r e a t e r  va lues , a1 though few a r e  homogeneous f o r  benzoic  
a c i d s  and phenols cases. 
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1120 GUINCHARD ET AL. 

CONCLUSION 
-1 

The SNYDER theory adopted by HAMMERS and Coll (Ref 5,6,7) 

gives a good representation of observed phenomenon. The d i f f e r e n t  
chromatographic f ac to r s  ca lcu la t ion  makes c l e a r  modifications i n  
the d i f f e ren t  experimental conditions used. 

explains adsorbent a c t i v i t y  and allows the use of a preloading 
compound which a c t s  as a greffon, t o  block the  very ac t ive  s i l ano l  
groups of a s i l i c a .  I t  gives a l so  a quan t i t a t ive  idea of the number 
of f r e e  groups remains f o r  so lu t e  adsorption. 

compounds migration since the l a t t e r  give strong in t e rac t ion  with 
adsorbents l i k e  s i l i c a .  In the few remaining compounds migration 
i s  l e s s  influenced by the  preloading type considering a s  i n  
the case of benzaldehyde and acetophenons. However i f  the concen- 
t r a t i o n  i n  the preloading compound f ixed  on the adsorbent i s  very 
h i g h ,  i t  i s  not possible to  consider a simple adsorption. Thus 
i f  only t h i s  intervened, a l l  s i l i c a  hydroxyl ac t ive  groups would 
be blocked, and a l l  so lu te  must migrate w i t h  the  so lvent  f r o n t ,  
t h i s  was not observed. The ac t ing  mechanism must be a p a r t i t i o n  
mechanism and the so lu te  divides between solvent and the  preloading 
so lu t ion  fixed on a s i l i c a .  I t  must a l so  have hydrogen bonding 
formation between so lu te  and preloading compound fixed on the 
s i l i c a  by monolayer formation. In the  case where the preloading 
compound i s  formic a c i d ,  i t  has many f r e e  s i t e s  t o  
make u p  hydrogen bondings ; I t  must then f i x  both t o  s i l i c a  and t o  
the so lu te .  

cations f o  t h i s  method show the  p o s s i b i l i t y  of using one system 
of solvent f o r  analysing a mixture of complex compounds. 
The study t h a t  we undertook, allowed us t o  consider the chromato- 
graphic separation of polar compounds by an adsorption 
mec h an i sm . 

The coe f f i c i en t  which plays a g rea t  pa r t  i s 4  which 

The suggested chromatographic type favors t h e n ,  polar 

The numerous experimental conditions f o r  p r a t i  cal appl i - 
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