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AB ST 4ACT 

Ahighperformance t h i n  l aye r  chromatographic method 
f o r  aromatic compounds separation with absorbant deac t iva t ion  has 
been given in  the  precedent work. Our aim was t o  transpose the 
r e s u l t s  obtain from HPTLC t o  H P L C .  The two types of r e s u l t s  were 
then r e l a t ed  by a t ranspos i t ion  coe f f i c i en t ,  KtR which in t e rp re t s  
the geometrical var ia t ions  of the two chromatographic methods. The 
values obtained f o r  KtR represent f a i r l y  well the l i n e a r  r e l a t i o n  
between the re ten t ions  in  th in  layer  chromatography and those i n  
column chromatography. We have thus desmontrated the poss ib i l i t y  
o f  modifying adsorbent a c t i v i t y  i n  the  same manner i n  t h i n  l aye r  
as in column chromatography by the f ixa t ion  of chemical compounds, 
thus a1 lowing the  separation o f  re1 a t i  vely polar compounds. 
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G U I N C W  ET AL. 1124 

1) INTRODUCTION - 
We showed t h a t  i t  i s  possible to  make polar charac te r  sub- 

stances migrate and to  resolve them by t h i n  l ayer  chromatography 
on s i l i c a  (Ref 1 , 2 ) .  This i s  produced by adsorbent a c t i v i t y  
modification, by preloading e i t h e r  w i t h  d i f f e r e n t  r e l a t i v e  mois- 
t u re  o r  w i t h  po lar  character e n t i t i e s  (formid ac id ,  diethylamine).  
In a1 1 chromatographic separations e f fec tua ted  on th in  layer ,  we 
used benzene as the migration solvent w i t h  r e l a t i v e l y  weak solvent 
s t rength .  The obtained results on conventional p l a t e s  (Ref 1,2) 
a re  confirmed in HPTLC with formic acid as the preloading compound. 
They led us t o  transpose the method i n  column H P L C  , t h i s  techni)que 
is  f a s t e r  and more e a s i l y  usable from a quan t i t a t ive  point o f  view. 
Moreover, this method helps t o  f a c i l i t a t e  routine ana lys i s .  
Ea r l i e r  works (Ref 3,4)  showed t h a t  s a t i s f a c t o r y  r e s u l t s  of t rans-  
posit ion a re  obtained f o r  a system of given phases providing t h a t  
the separation mechanism i s  the  same i n  t h i n  l ayer  and i n  column ; 
i n  t h i s  case the d i f f e ren t  re ten t ions  between the two techniques 
a re  due to  the r a t i o  of s ta t ionnary  and mobil phases quan t i t i e s .  
These differences a re  expressed by the t ranspos i t ion  coe f f i c i en t  
KtR i n  the following re la t ionship  : 

(1- - 1) (1) 

Rf H PTL c 
K'HPLC = K t R  

where (1 - corresponds t o  k l H p L C  

R f ~ ~ ~ ~ ~  

11) TRANSPOSITION CONDITIONS DETERMINATION 

11-1 : --. Pre l iminay  Experiments l i i th The HPTLC Method 
We chromatographied phenols and benzoic acids variou- 

s l y  subs t i tu ted  on HPTLC s i l i c a  p l a t e  "Ikrck" a f t e r  modification 
of the a c t i v i t y ,  by formic ac id  according t o  the  previously des- 
cribed method (Ref 2 )  
The obtained re ten t ions  a re  re fer red  t o  as examples i n  f igure  1-2 
fo r  benzoic acid f o r  d i f f e ren t  deactivation r a t e s .  They show 
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SEPARATION OF POLAR AROMATIC COMPOUNDS. I1 1125 

20 40 60 6 0  l oo  

Cl-fl-COOH . ortho - - - - - N 0 2 - 0 - ~ O O ~  
A meca 

-)--- 0-COOH p a r a  

-.-. NH2-@-CCOH 0 = C6H5 o r  C H 
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6 4  
-4 *- OH-0-COOH 

FIGURE I 
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ac id  

ortho C 1 -fl-COOH - -. - - - N02-0-C004  
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-. - NH2-0-COOli 

meta 

para 

0 = C6H5 o r  c H 6 4  - i 8 - OH-a)-COOH 

FIGURE 2 
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SEPARATION OF POLAR AROMATIC COMPOUNDS. I1 1127 

t h a t  the introduction of formic acid a s  deactivant i n  the  vapor 
phase favours the  migration of these compounds as a function o f  
t h e i r  po la r i ty ,  whether we use water o r  diethyleneglycolmonoethyl- 
e t h e r  (DEGMEE)  t o  prepare the  formic ac id  so lu t ions  f o r  preloading 
A t  the  same time, we know t h a t  t o  make a co r rec t  t ranspos i t ion  we 
must choose in  HPTLC an average Rf zone (Ref 3 ) .  Indeed f o r  low 
Rf values, the compounds a re  r e l a t i v e l y  too t i g h t l y  bound i n  
these  column, an on the o ther  hand f o r  too h i g h  Rf, they a re  
e lu ted  too quickly t o  be well resolved. In the case of deactiva- 
t i on  with formic acid i n  DEGMEE so lu t ion ,  this happens f o r  r a t e s  
c lose  t o  53-60% of HCOOH by volume. For these percentages we 
s h o w e d  t h a t  the  separations follow an adsorption mechanism 
(Ref 8 ) .  So i n  t h i s  deactivation f i e l d  we have used a ce r t a in  
percentage of deactivant on the s i l i c a  i n  HPTLC t h a t  we must 
recover from the  s i l i c a  t h a t  was used i n  the column. 

FIGURE 3 
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SEPARATION OF POLAR AROMATIC COMPOUNDS. I1 1129 

11-2 : Iso the rm De te rm ina t ion  of D e a c t i v a n t  F i x a t i o n  on S t a t i o n -  
na ry  Phase 

From precedent  r e s u l t s ,  we a r e  l e d  t o  determine t h e  
d e a c t i v a n t  amount p r e v i o u s l y  f i x e d  on t h i n  l a y e r  s i l i c a  by  t h e  
vapor phase above p r e l o a d i n g  s o l u t i o n  so as t o  recove r  t h e  
same c o n d i t i o n  o f  d e a c t i v a t i o n  i n  column by  pass ing  th rough  t h e  

mob i l e  phase c o n t a i n i n g  t h e  d e a c t i v a n t  compound. 

a t  l e a s t  a p a r t  of t h e  d e a c t i v a n t  f i x a t i o n  i s o t h e r m  i n  HPTLC7and 
i n  HPLC c o n d i t i o n s .  
Fo r  HPTLC, we ob ta ined  by we igh ing  t h e  i s o t h e r m  rep resen ted  on 
t h e  f i g u r e  3. T h i s  shows t h a t  f o r  p r e l o a d i n g  s o l u t i o n s  w i t h  50 o r  
60% v o l / v o l  HCOOH i n  DEGMEE we have a l e v e l  o f  d e a c t i v a n t  f i x a t i o n  
on t h i n  l a y e r  r e s p e c t i v e l y  equal t o  13,9 and 29,3X by we igh t .  

F o r  HPLC we used L i c h r o s o r b  5 )  which o f fe red  t h e  same 
c h a r a c t e r i s t i c  as HPTLC s i l i c a .  

A f t e r  a g i t a t i n g  t e n  minutes,  p a r t i c l e s  o f  L i c h r o -  
s o r b  mixed w i t h  d i f f e r e n t  f o r m i c  a c i d  s o l u t i o n s  i n  benzene, we 
separated t h e  two phases. Then we dosed t h e  f o r m i c  a c i d  rema in ing  

i n  benzenic phase by non aqueous p ro tomet ry .  I n  t h i s  way we deduced 

t h e  f o r m i c  a c i d  a d s o r p t i o n  i so the rm,  rep resen ted  i n  f i g u r e  4. 

2% i n  volume o f  f o r m i c  a c i d  i s  s u f f i c i e n t  t o  o b t a i n  a f o r m i c  a c i d  

f i x a t i o n  equal t o  23% i n  we igh t .  Thus WE can compare HPTLC and 
H P I C  (23% i s  an i n t e r m e d i a t e  va lue  between t h e  observed l i m i t  o f  

Thus , two s e r i e s  o f  measurements were necessary : t r a c i n g  

Accord ing t o  i s o t h e r m  4 ,  we see t h a t  a s o l u t i o n  w i th  

s a t i s f a c t o r y  percentages i n  HPTLC 13,9 and 29,3%. 

111) TRANSPOSITION 
111-1 : Exper imenta l  Cond i t i ons  

"H iba r  Merck" column 25 cm x B 4 mm f u l l  o f  L i c h r o s o r b  S i  6 0 , 5 p .  
The f l o w  r a t e  was 0,85 m l  m i n - l .  The p ressu re  l o s s  was 90 ba rs .  
E l u t i o n  p a t t e r n s  were mon i to red  a t  254 nm. F i r s t  we e q u i l i b r a t e d  

We used a HPLC apparatus which we b u i l t  u s i n g  a 
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1130 GUINCHARD ET AL. 

t h e  column by pass ing  f o r m i c  a c i d  (2% s o l u t i o n  i n  benzene), t h u s  

we ob ta ined  the  r e q u i r e d  d e a c t i v a t i o n  r a t e .  Then we determined 
t h e  r e t e n t i o n  t i m e  f o r  
Then v,e determined t h e  
ac ids  and phenols (t,) 

2% i n  volume as mob i l e  

( K ' ~ ~ ~ ~  = tR - to 
t 
0 

a non r e t a i n e d  naphta lene compound. 
r e t e n t i o n  t imes of  a c e r t a i n  number o f  benzo ic  

wi th  t h e  benzene c o n t a i n i n g  f o r m i c  a c i d  ; 
phase, hence we deduced t h e  KIHpLC va lues 

111-2 : Resu l t s  -- 
x T r a n s p o s i t i o n  v a l i d i t y  

From these  va lues O F  t h e  p a i r  o f  kIHpLC and RfHpTLC 

we c a l c u l a t e d  t h e  t r a n s p o s i t i o n  c o e f f i c i e n t s  ktR w i t h  equa t ion  1. 
We gathered t h e  ob ta ined  r e s u l t s  i n  t h e  f i g u r e s  5 and 6. They 
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SEPARATION O F  POLAR AROMATIC COMPOUNDS. I1 1131 

t K ' H P L C  i 

F I G U R E  6 

confirm the validity o f  the transposition relationship mentioned 
for the studied system. We note t h a t  the same compound possesses 
a retention time constant over time. This l a t t e r  resu l t  proves 
the s tab i l i ty  o f  equilibrium between adsorbent formic acid and 
solvent. 

x Improvement i n  detection : Research o f  another 
system 

The benzene used as in i t ia l  solvent in HPTLC, then 
transposed in column does not allow the detection of the peaks 
with a good sensibi l i ty  so we pursued th i s  work using dichlo- 
romethan which has a greater solvent strength t h a n  t h a t  of 
benzene and which presents the advantage of absorbing l i t t l e  
in UV a t  254 nm unlike benzene (Ref 7 ) .  Then we easi ly  adjusted 
the new chromatographic system in HPTLC, then in HPLC using the 
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1132 GUINCHARD ET AL. 

previous method which had reveated i t s e l f  as being s a t i s f a c t o r y .  
We give the Rf and tR f o r  d i f f e r e n t  deactivation r a t e s  of s i l i c a  
( f igu res  2 , l O  and t a b l e  11) 

We see t h a t  dichloromethan w h i c h  had a so lvent  s t rength  
s l i g h t l y  higher than benzene leads t o  s l i g h t l y  super ior  Rf i n  the  
same preloading conditions. 
Furthermore i t  i s  easy to  draw i n  H P L C ,  formic acid f ixa t ion  
isotherm CH,C12 so lu t ions  a t  d i f f e r e n t  concentrations of deactivant 
as we did with the benzene. The r e s u l t s  a r e  given in  f igu re  7.  

These data allow t o  e t ab l i sh  the  concentration of formic 
acid i n  mobil phase ; CH2C12 which corresponds t o  a same deactiva- 
t ion  in  HPLC and in HPTLC. For example a 5% HCOOH so lu t ion  in 

L 

% HCOOH in CH2C12 
I I t 1 I I I ' f b 
1 2 3  4 5 6 7 a 9  10 

FIGURE 7 
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SEPARATION OF POLAR AROMATIC COMPOUNDS. I1 1133 

formic a c i d  

I * I 1 I b 
2 0  4 0  6 0  8 0  

o r t h o  

A meta 

para  

0 = C6H5 o r  C 6 ~ 4  

- Cl-&COOH 

- - c - -  N02-d-COOH 

- - - Q)-COOH 

---. NH2-Q)-COOH - 4 + - OH-0-COOH 

FIGURE 8 
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1134 GUINCHARD ET AL. 

FIGURE 9 

Cti ,C12 gives a f ixation level o f  18% in weight on the s i l i c a  
column. In HPTLC this  i s  obtained with the preloading by a 53% 
solution by volume of formic acid in DEGMEE (f igure 3 ) .  

different solutes studied. Under such conditions we see that  
separation was satisfactory.  

and k I H p L C  we again verified in these conditions the transposition 
re1 a t i  on 

i 

We reproduce ( f i g  11) a chromatogramm o f  the 

Having different  experimental values o f  RfHpTLC 
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SEPARATION OF POLAR AROMATIC COMPOUNDS. I1 1135 

We give in  t ab le  2 the d i f f e r e n t  values obtained 
fo r  KtR. The f igu res  9 and 10 i l l u s t r a t e  we'll enough the  l i n e a r  
r e l a t ion  between kIHpLC and ( 1 - expressed by the  

equation 1. 
R f ~ ~ ~ ~ ~  

Moreover our preceding work i n  t h i s  domain (Ref 1 ,2 )  had allowed 
us t o  conclude t h a t  the principal mechanism o f  the  chromatography 
w i t h  such preloading was adsorption ( e s s e n t i a l l y  f o r  lower concen- 
t r a t i o n s ,  l e s s  than 30% by weight of f ixed  formic acid on adsorbent 
then in our case. A l i m i t  equal t o  approximatively 30% correspounds 
t o  a monolayer which sa tu ra t e s  s i l i c a .  

FIGURE 10 
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nitro-=-phenol 

chloro-2-phenol 
m5thyl-Z-phenol 
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chloro-3-phenol 
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FIGURE 11 
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IV) CONCLUSION 
In t h i s  work we show t h a t  i t  i s  

quan t i t a t ive ly  and in a controlled manner the 
possible t o  modify 
adsorbent a c t i v i t y  

by a chemical compound f ixa t ion  both i n  H P L C  and i n  t h i n  l ayer  
chromatography. T h u s  we can b r i n g  about d i f f e r e n t  separa t ions  of 
r e l a t i v e l y  polar  compounds of t o  d i f f e r e n t  chemical s e r i e s  i n  one 
r u n .  
Indeed, depending on the so lu t e  
oossible t o  f i x  on the adsorbents e i t h e r  ac id i c  or bas ic  substances 

and  t o  choose a f t e r  previous study i n  t h i n  l ayer  chromatography, 
the best  concentration i n  the  preloading compound f o r  an e f -  
f i c i e n t  and s e l e c t i v e  t ranspos i t ion  i n  order t o  e f f ec tua te  routinf? 
ana lys i s  i n  column HPLC. 

so lu t e  used, the r ea l i za t ion  of deac t iva t ion  i n  HPTLC and HPLC 
conditions appears t o  be r e l a t i v e l y  easy when working a f i e l d  
where the mechanism o f  separation seems t o  correspond t o  
adsorption phenomenon. 

k'HPLC = K t R (  

which one wants t o  analysc i t  i s  

In our pa r t i cu la r  case w i t h  the  chosen system and 

I f  the ve r i f i ca t ion  of the t ranspos i t ion  r e l a t i o n  
1 1) i s  q u i t e  good i n  our conditions,  

R f ~ ~ ~ ~  c 
i t  i s  necessary t o  be cautious,  the knowledge of conditions f o r  
obtaining i s o a c t i v i t y  between th in  layer  and column chromatography 
i s  most important t o  determine the conditions of a separa t ion .  

Thus in t h i s  study we were ab le  to  make polar  compounds 
migrate i n  adsorption chromatography, po lar  compounds which a r e  
Cenerally analysed in pa r t i  t i on  chromatography on low polar 
absorbents b u t  r a r e ly  used s i l i c a  ( r e f  6 ) .  The method t h a t  we 
adapted, a f t e r  our study, w i t h  benzene allowed u s  t o  pass e a s i l y  
t o  dichloromethan. 
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Chromatographic separa t ion  on s i l i c a  of p o l a r  

aromat ic  compounds 

1 )  Study o f  some f a c t o r s  i n f l u e n c e d  by d i f f e r e n t  

cond i t ions  of p r e l o a d i n g  s i l i c a  (deposed a r t i c l e )  
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