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Abst rac t  - A b r i e f  overview of t h e  works by A.V.Kiselev on 
t h e  r e l a t i o n s h i p  between t h e  r e t e n t i o n  parameters and mo- 
l e c u l e  s t r u c t u r e  in gas  and l i q u i d  chromatography is given. 
New d a t a  on t h e  r e t e n t i o n  r e g u l a r i t i e s  of a lkylbenzenes in  
l i q u i d  chromatography a r e  presented.  It is shown tha t  t h e  
e l e c t r o n  dens i ty  d i s t r i b u t i o n  i n  complex molecules may be 
p red ic t ed  by t h e  r e t e n t i o n  parameters i n  normal phase chro- 
matography. It is also s$own that t h e  sepa ra t ion  s e l e o t i -  
v i t y  for isomers i n  r e v h s e  phase chromatography may 
improved wi th  t h e  use of p o i a r  adsorbents  i n s t e a d  of com- 
monly used nonpolar  adsorbents .  

be 

INTRODUCTION 

The r e t e n t i o n  of subs tances  i n  chromatography a t  cons tan t  temperature  is 
determined by t h e  na tu re  of so rben t ,  mobile phase and by the  molecule s t r u c -  
t u r e .  The no t ion  "molecule s t r u c t u r e "  impl ies  bo th  t h e  composition and t h e  
geometry of t h e  molecule. It is common knowledge that  t h e  s c i e n t i f i o  school  
of Professor  A.V.Kiselev d l d  very  much t o  i n v e s t i g a t e  t h e  e f f e c t s  of adsor- 
bent chemical na tu re  and geometr ica l  s t r u c t u r e  on t h e  r e t e n t i o n .  The 
e f f e c t s  of molecule s t r u c t u r e  on r e t e n t i o n  in gas  and l i q u i d  chromatography 
were a l s o  thoroughly inves t iga t ed .  These problems were i n t e n s i v e l y  explored 
abroad (Ref.1) i n  t h e  last  few years .  Many pub l i ca t ions  a r e  aimed t o  extab- 
l i s h i n g  q u a n t i t a t i v e  r e l a t i o n s h i p  between the molecule s t r u c t u r e  and chro- 
matographic parameters. The o b j e c t s  of t hese  s t u d i e s  a re :  
- t o  exp la in  t h e  r e t e n t i o n  mechanism and t o  p r e d i c t ,  on i t s  b a s i s ,  t h e  
r e t e n t i o n  parameters and sepa ra t ion  s e l e c t i v i t y  
- t o  c o r r e l a t e  t h e  revea led  r e t e n t i o n  r e g u l a r i t i e s  w i th  t h e  r e a c t i v i t y  o r  
b i o l o g i c a l  a c t i v i t y  of substances.  
This paper p re sen t s  an overview of prev ious  works by A.V.Kiselev and CO- 

workers as w e l l  as some new d a t a  concerwing t h e  problem. 

GAS CHROMATOGRAPHY 

The inf luence  of c a r r i e r  gas  on r e t e n t i o n  is i n  most ca ses  n e g l i g i b l e  i n  
g a s  chromatography, t he re f  ore t h e  r e t e n t i o n  f o r  an adsorbent  a t  cons tan t  
temperature  i s  determined j u s t  by t h e  molecule s t r u c t u r e .  The in f luence  of 
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molecular  s t r u c t u r e  on r e t e n t i o n  is h igh ly  pronounced f o r  g r a p h i t i z e d  car-  
bon black.  The r e t e n t i o n  r e g u l a r i t i e s  f o r  d i f f e r e n t  c l a s s e s  of compounds 
as w e l l  a s  f o r  d i f f e r e n t  isomers ( i n  p a r t i c u l a r  cis-, tris-, p o s i t i o n a l  
isomers, e c t )  were i n v e s t i g a t e d  on g r a p h i t i z e d  carbon black i n  t h e  s e r i e s  
of s t u d i e s  (Ref.2-& 6). The in f luence  of molecule geometry on r e t e n t i o n  
was s y s t e m a t i c a l l y  s t u d i e d  f o r  organometal l ic  (Ref. 7 ) ,  p e r f l u o r i n a t e d  
and f l u o r i n a t e d  (Ref.8 & 12) and deu te ra t ed  (Ref.13 & 14)  compounds. It 
was shown t h a t  t h e  r e t e n t i o n  on g r a p h i t i z e d  carbon b lack  i s  p ropor t iona l  
t o  e l e c t r o n i c  p o l a r i z a b i l i t y  of molecules (Ref .15), tha t  t h e  r e t e n t i o n  on 
s i l i c a  g e l s  g i v e s  t h e  idea  on e l e c t r o n i c  e f f e c t s  i n  complex molecules 
(Ref .I 6) ,  t ha t  t h e  r e t e n t i o n  parameters  provide t h e  informat ion  on t h e  
p r o p e r t i e s  of l i q u i d  c r y s t a l s  (Ref .I7 & 19). These problems a r e  gene ra l i -  
zed i n  t h e  monographs (Ref .20 & 21). 

LIQUID CHROMATOGRAPHY 

The r e t e n t i o n  mechanism i n  l i q u i d  chromatography is  more complex, s i n c e  
t h e  r e t e n t i o n  i s  always inf luenced  by the  mobile phase used. In a genera- 
l i z e d  case f o r  normal phase chromatography t h e  r e t e n t i o n  is  mainly due t o  
s p e c i f i c  adsorbent-eluent  i n t e r a c t i o n ,  namely f o r  benzene d e r i v a t i v e s  on 
s i l i c a  g e l .  In  r eve r se  phase chromatography t h e  r e t e n t i o n  is propor t iona l  
t o  t h e  degree of molecule hydrophoby, i n  p a r t i c u l a r  t h e  r e t e n t i o n  is pro- 
p o r t i o n a l  t o  van de r  Waals molecule volumes (Ref.21). The i n t e r a c t i o n  of 
p o l a r  molecules w i t h  nonpolar e l u e n t  i s  very s t r o n g  on hydroxylated s i l i c a  
g e l .  In  some cases  t h e  r e t e n t i o n  may be due hydrogen bonding and donor- 
accep to r  i n t e r a c t i o n s .  The r e t e n t i o n  w i l l  be caused t o  a oons iderable  ex- 
t e n t  by t h e  d i s t r i b u t i o n  of e l e c t r o n i c  d e n s i t y  i n  molecules (Ref.22 & 24). 
Fig.1 i l l u s t r a t e s  t h e  dependence of polymethylbenzene f r e e  adso rp t ion  
energy change on summarized Gammet cons t an t s  i n d i c a t i n g  t h a t  t h e  r e t e n t i o n  
is mainly due t o  e l e c t r o n i c  e f f e c t s .  The f i g u r e  a l s o  p r e s e n t s  t h e  data 
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Fig.  1.  Dependence of A (AG ) on summarized Gammet con- 
s t a n t s  f o r  benzene a l k y l d e r i v a t i v e s .  Column: 1 5  x 0,4 om, 
hydroxylated s i l i c a  g e l ;  e luen t  - hexane, 3 cm /min, 25OC. 3 

Fig.2. Dependence of a ( A  G )  on s t e r i c  cons t an t s  f o r  ben- 
zene a lky lde r iva t ives .  Analysis  cond i t ions  as i n  f ig .1 .  
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f o r  a lkylbenzenes.  Thei r  r e t e n t i o n  changes a r e  i n s i g n i f i c a n t  s i n c e  t h e  
e l e c t r o n  d e n s i t y  of benzene ring f o r  t h e s e  compounds undergoes s l i g h t  
changes. A smal l  d i f f e rence  i n  alkylbenzene r e t e n t i o n  is mainly caused by 
t h e  l eng th  of t h e  a l k y l  chain,  which a l t e r s  t h e  adsorp t ion  s p a t i a l  hind- 
rance on t h e  sur face .  This is  confirmed by f i g .  2 showing a good co r re l a -  
t i o n  between t h e  change of f r e e  adsorp t ion  energy and s t e r i c  cons t an t s .  
The method of e l e c t r o n  adsorp t ion  spectroscopy of change t r a n s f e r  comp- 
l exes  provides  t h e  e s t ima t ion  of J< - e l ec t ron  s h e l l  cond i t ion  f o r  t h e  
aromatic  r ing .  The c o r r e l a t i o n  between f r e e  adsorp t ion  energy changes and 
charge t r a n s f e r  band maximum f requenc ie s  i n  charge t r a n s f e r  complex of 
polymethylbenzenes with t e t r acyane thy lene  i n  methylenechlor ide i n d i c a t e s  
donor-acceptor i n t e r a c t i o n  (f ig.3). 
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Pig.3. Rela t ionship  between A ( A  G )  and f r equenc ie s  of 
charge t r a n s f e r  band maximum in charge t r a n s f e r  complex 
of a lkylbenzenes polymethylbenzenes wi th  t e t r acyane thy le -  
ne i n  methylene ch lo r ide .  

Fig.4. Dependence of A ( A  G) f o r  benzene s u b s t i t u e n t s  on 
d ipole  moments of adsorbate .  Column: 1'0 x 0 , 4  cm hydro- 
xy la t ed  s i l i c a  g e l ,  5 p m ;  e luen t  - hexane, 1 cm I /min,23'C. 

Fig.4 shows tha t  t h e  r e t e n t i o n  is  s t r o n g l y  inf luenced  by hydrogen bon- 
ding. It i l l u s t r a t e s  t h e  v a r i a t i o n  of f r e e  adsorp t ion  energy A ( A G )  
wi th  t h e  d ipole  moments of adsorbed substances.  A no tab le  d e v i a t i o n  of 
A ( a G )  from t h i s  p l o t  f o r  p o l a r  subs tances  is  due t o  cons iderable  con- 

t r i b u t i o n  of hydrogen bonding t o  t h e  r e t e n t i o n .  The hydrogen bonding con- 
t r i b u t i o n  may be es t imated  us ing  t h e  d i f f e r e n c e  between A ( A G )  va lues  
of experimental  p o i n t s  above t h e  l i n e  and t h e  p o i n t s  on t h e  l i n e  where 
they  should have been loca ted  i n  t h e  absence of s t rong  hydrogen bond ocn- 
t r i b u t i o n .  The r e t e n t i o n  sha rp ly  decreases  on dehydroxylated s i l i c a  g e l  
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Fig.5. Rela t ionship  between X, and t h e  na tu re  of benzene 
d e r i v a t i v e  f u n c t i o n a l  groups: 
a) Column: 10 x 0,6 cm, dehydroxylated s i l i c a  g e l  (800 O C ,  

5 h)  ; e luent :  isopropanol-water (1 : 5) . 
b) Column: 10 x 0,6 om, s i l a n i z e d  s i l i c a  g e l ;  e luen t :  i so-  
propanol-water (1 : 5). 

(ca lc ined  a t  800 OC f o r  s e v e r a l  hours) and t h e  e l u t i o n  o rde r  changes f o r  
some p o l a r  substances.  Varying t h e  degree of dehydroxylat ion one may 
change t h e  r e t e n t i o n  over a wide range. Dehydroxylated s i l i c a  g e l s  may 
f i n d  t h e i r  use i n  r eve r se  phase chromatography. Fig.5 p re sen t s  t h e  compa- 
r i s o n  of r e t e n t i o n  sequence f o r  d i f f e r e n t  benzene d e r i v a t i v e s  on hydro- 
xy la t ed  and s i l a n i z e d  ( t r e a t e d  wi th  t r ime thy lch lo ros i l ane )  s i l i c a  g e l s .  
Both t h e  va lues  of capac i ty  f a c t o r s  (Kc) and t h e  e l u t i o n  order  of p o l a r  
aromatic  d e r i v a t i v e s  vary condiderably f o r  t h e s e  two columns. The r e t en -  
t i o n  i n  r eve r se  phase chromatography is  due t o  nonspec i f i c  substance - 
adsorbent  i n t e r a c t i o n  and s p e c i f i c  substance-eluent  i n t e r a c t i o n .  The re -  
t e n t i o n  and s e l e c t i v i t y  may be a l t e r e d  i n  r eve r se  phase chromatography 
us ing  p o l a r  adsorbents  i. e. inc luding  a l s o  spec i f  i o  substance-adsorbent 

TABLE' 1 .  Rela t ive  r e t e n t i o n  t imes  of benzene d e r i v a t i v e s  
(versus  benzene) on column w i t h  s i l i c a  g e l ,  5 m,  modi- 
f i e d  by d i f f e r e n t  f u n c t i o n a l  groups. Column: / 0 x 0,4 cm, 
e luen t :  water-isopropanol (3:1), 50 O C ,  1 om 3 /min. 

Compound KCK + CN KCK + CI2s KCK + C O N H 3  

Phenol 
Anil ine 
Benz o n i t  r i l e  
Nitrobenzene 
Anis o le  
Benizene 
Toluene 
Chlorobenzene 
Ehyl benzene 

0.22 
0.1 6 
0.42 
0.76 
0.72 
1 
1.47 
2.26 

2.3 

0.2 
0.21 
0.31 
0.48 
0 *77 
1 

2.06 

3.56 
3 -87 

0.29 
0 e42 
0.44 
0.77 

1 
1 .6 
2.6 
2.74 

- 
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TABLE 2.  Capaci ty  f a c t o r s  f o r  ha logen-subs t i tu ted  benze- 
nes  on s i l i c a  g e l  doped w i t h  a l k y l s i l a n e  (c16) and a lky l -  
t h i o s i l a n e  ( C I 2 ) .  Column: 10  x 0,4 cm; e luen t :  water-iso- 
propanol  (3:1), 50 O C ,  1 cm3/ min. 

Ke 
KCK+CN KCK+C1 2S XCK+C OWH3 

C omp ound Subs t it uent  

Fluorobenz ene 
Chlorobenzene 
B r  om obenz e ne 
Iodobenzene 

1 . I 8  1 .72 1.46 
1.91 2.60 1.36 
1.97 3.7 1 :88 
2.53 4.5 1.78 

i n t e r a c t i o n .  Table 1 p r e s e n t s  r e l a t i v e  r e t e n t i o n  t imes  of benzene der iva-  
t i v e s  (versus  benzene) on a column wi th  s i l i c a  g e l ,  modified by d i f f e r e n t  
f u n c t i o n a l  groups. The t a b l e  shows, t h a t  both  t h e  capac i ty  f a c t o r  va lues  
and t h e  e l u t i o n  o rde r  of t h e  same d e r i v a t i v e s  can be a l t e r e d  us ing  d i f -  
f e r e n t  so rben t s .  This  i s  a l s o  confirmed by t h e  r e t e n t i o n  data f o r  halogen- 
s u b s t i t u t e d  benzenes on t h e  s i l i c a  g e l s ,  mentioned above ( t a b l e  2) .  Ion- 
p a i r  chromatography is based on t h e  same p r i n c i p l e .  The su r face  p o l a r i t y  
is changed by the  a d d i t i o n  of d i s s o c i a t i v e  subs tances  t o  t h e  e l u e n t .  Se- 
p a r a t i o n  s e l e c t i v i t y  for isomers of some s t rong ly  p o l a r  subs tances ,  aroma- 
t i c  a c i d  d e r i v a t i v e s  i n  p a r t i c u l a r ,  may be g r e a t l y  enbanced ( f ig .6) .  In 

Fig.6. Chromatogram of benzoic a c i d  de r iva t ives .  Co- 
lumn: 1 0  x 0,6  om, s i l a s o r b  C,*; e luen t :  isopropanol- 
water  w i th  0,001 I te t rabutylammonia ch lo r ide :  a) 20 qb of 
isopropanol ,  b)  1 0  % of isopropanol .  

t h i s  case  p o s i t i o n a l  isomers of benzoic a c i d  d e r i v a t i v e s  a r e  adequate ly  
separa ted .  Separa t ion  s e l e c t i v i t y  and r e t e n t i o n  may be ad jus t ed  i n  t h i s  
method both  w i t h  t h e  concen t r a t ion  of modi f ie r  (tetrabutylammonia chlo- 
r i d e )  and w i t h  t h e  concen t r a t ion  of isopropanol .  In t h i s  case t h e  change 
i n  f r e e  adso rp t ion  energy i s  p ropa r t iona l  t o  d i s s o c i a t i o n  cons t an t s  of 
ac ids .  
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