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RETENTION OF PHENOLS ON AN 

COPOLYMER GEL 
OCTADECYL-BONDED VINYLALCOHOL 

Y. Arai, M. Hirukawa, and T. Hanai 
Gasukuro Kogyo Inc. 
237-2 Sayamagahara 

Iruma 358 Japan 

ABSTRACT 

The c h r o m a t o g r a p h i c  b e h a v i o r  o f  p h e n o l s  was s t u d i e d  on  a n  
o c t a d e c y l - b o n d e d  v i n y l a l c o h o l  copolymer  g e l  i n  a c i d i c  
a c e t o n i t r i l e l w a t e r  m i x t u r e s .  The e n e r g y  e f f e c t  o f  p h e n o l s  
w a s  measured  on  o c t a d e c y l - b o n d e d  s i l i c a  g e l s  where t h e  v a l u e s  
o f  a l k y l b e n z e n e s  were u s e d  as t h e  s t a n d a r d  i n s t e a d  of  
p o l y a r o m a t i c  h y d r o c a r b o n s .  The s e l e c t i v i t y  w i t h i n  t h e i r  
isomers was larger on  t h e  oc t adecy l -bonded  v i n y l a l c o h o l  
copo.lymer g e l  t h a n  t h a t  measured  on  oc tadecy l -bonded  s i l i c a  
g e l s .  The c o r r e l a t i o n  c o e f f i c i e n t  be tween t h e  e n e r g y  e f f e c t s  
of p h e n o l s  measured  on t h e  oc t adecy l -bonded  v i n y l a l c o h o l  
copolymer  gel and  t h o s e  measured  on a n  oc tadecy l -bonded  
s i l i c a  g e l  was 0 .685  ( n = 1 3 )  f o r  a l k y l p h e n o l s  and  0.392 
( n = 2 0 )  f o r  h a l o g e n a t e d  p h e n o l s  due  t o  t h e  s e l e c t i v i t y  o f  t h e  
v i n y . l a l c o h o 1  copolymer  g e l .  Ha logena ted  p h e n o l s  were r e t a i n e d  
more on  t h e  o r g a n i c  polymer  g e l ,  and  t h e  a v e r a g e  v a l u e  of  
t h e  e n e r g y  e f f e c t s  was 50% less t h a n  t h e  v a l u e s  o b t a i n e d  
on  t h e  i n o r g a n i c  g e l .  

INTRODUCTION 

Porous  o r g a n i c  polymer g e l s  have  been  used  i n  a v a r i e t y  of 

r e s e a r c h  a p p l i c a t i o n s .  These  p a c k i n g  m a t e r i a l s  a r e  

c h e m i c a l l y  v e r y  s t a b l e  b u t  p h y s i c a l l y  weaker t h a n  s i l i c a  g e l -  

635 
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based packings. The recent development of rigid porous 

organic polymer gels permits high-speed separation of many 

biologically important compounds. A rigid vinylalcohol 

copolymer gel, which is very polar and a powerful packing for 

the analysis of biological substances [ I - 4 1 ,  was surface- 

modified with octadecyl groups, and the selectivity of the 

new packing was then examined in reversed-phase mode liquid 

chromatography. Selectivity of retention for polyaromatic 

hydrocarbons was very weak compared with that of polystyrene 

gels, but was stronger than that of octadecyl-bonded silica 

gels [ 5 ] .  The retention of polyaromatic hydrocarbons and 

alkylbenzenes can be predicted from their Van der Waals 

volumes and pi-energy effects, and that of alkylalcohols from 

their Van der Waals volumes and hydrogen-bonding 

effects. Similarly,the retention of phenols (ph-OH) was given 

by the following equation: 

log k'(ph-OH) = log k'(VWV) - log k'(pi) - log k'(HB) 

in acidic acetonitrile/water mixtures on an octadecyl-bonded 

silica gel. Log k'(VWV) is given as the maximum capacity 

ratio of a solute, from the Van der Waals volume of the 

solute, on a calibration curve for alkanes. Log k'(pi) is 

the pi-energy effect of the phenyl group of phenol, and log k' 

(HB) is the hydrogen-bonding effect of the hydroxy group of 

phenol. The chromatographic behavior of 36 phenols was, 

furthermore, examined on an octadecyl-bonded vinylalcohol 

copolymer gel. The energy effects obtained on this 

octadecyl-bonded vinylalcohol copolymer gel are compared with 

those obtained on an octadecyl-bonded silica gel, and the 

selectivity of vinylalcohol copolymer gel is discussed. 
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EXPERIMENTAL 

The chromatograph was assembled from several instruments. The 

degasser used was an ERC Model 3510 from ERMA Optical Works, 

Tokyo, Japan; the pump was a CCPD from Toyo Soda Inc., Tokyo, 

Japan; the injector was a Rheodyne Model 7125; the detectors 

were a Shodex Model SE-11 refractometer from Showa 

Denko, Inc., Tokyo, Japan, and an ERC Model 8710 ultraviolet 

detector; the recorder was a Shimadzu Model CR3A from 

Shimadzu Corp., Kyoto, Japan. An IBM PC5510 computer was used 

for the calculation. Deionized water was further purified by 

a Model Pureline from Yamato Sci. Co. Ltd., Tokyo, Japan. 

Acetonitrile was HPLC grade from Kishida Kagaku Co. Ltd., 

Tokyo, Japan. Reagents were mainly supplied by Tokyo Chem. 

Ind. Co. Ltd., and are listed in Table I with their physical 

parameters. 

An octadecyl-modified vinylalcohol copolymer gel, BHST602C18, 

was obtained from Asahi Chem. Inc., Kawasaki, Japan. Its 

particle size was 9 pm, and the column was thermostated in a 

water bath at 3OoC. The eluent consisted of acetonitrile/ 

water mixtures containing 0.05M phosphoric acid. The Van 

der Waals volumes were calculated by Bondi's method [ 6 ] .  

RESULTS AND DISCUSSION 

The capacity ratios of standard compounds were measured on an 

octadecyl-modified vinylalcohol copolymer gel (OD-VAG) in 

acetonitrile/water mixtures. The values are listed in Table I 

with their energy effects, together with the results obtained 

on an octadecyl-bonded silica gel (OD-SG). The energy 

effect of alkylbenzenes obtained on an OD-SG [l], was used 
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2.0 

1.0 
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50 100 
vwv 

Figure 1 : Relation between Van der W a d s  volumes and log k' 
of phenols measured on BHST602C18 

column: BHST602C18 packed in 1 0  cm long,6.0 mm 1.D.s~ tube, 
eluent: 50% aqueous acetonitrile containing 0.0SM phosphoric 
acid, column temperature: 3OoC, Numbers beside symbols are 
identical to those in Table I, O:alkanes, .:alkylbenzenes, 
@:alkylphenols, &halogenated phenols, 

as the standard value, and the energy effect of phenols on 

an OD-VAG was calculated from their capacity ratios. The 

log k' values of methylphenols, ethylphenols, chlorophenols 

and bromophenols were almost linearly related to their Van 

der Waals volumes as shown in Fig. 1. Chlorophenols and 

bromophenols were retained more than methylphenols and 

ethylphenols on the OD-VAG compared with the result on the 

OD-SG. The difference of retention times among isomers of 
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RETENTION OF PHENOLS ON COPOLYMER GEL 641 

, 

. 

< &  

5 10 
E( k c a U m o 1 )  

on ODs-silica 

Figur(e 2 : Comparison of energy effect of phenols measured on 
an ODS silica gel and BHST602C18 

@:alkylphenols, &halogenated phenols, 

phenols on OD-VAG is larger than that on OD-SG, i.e. the 

selectivity for isomers on OD-VAG is stronger than that on OD 

-SG. This behavior is the same as that obtained for aromatic 

acids [8]. Ortho-substituted compounds were retained less. 

The correlation coefficient of log k' values of alkylphenols 

measured on OD-VAG and those measured on OD-SG was 0.941, and 

that of halogenated phenols was 0.940. In addition,the co- 

rrelation coefficients of log k' values of ortho-substituted 

alkylphenols and halogenated phenols between OD-VAG and 

OD-SG were 0.975 and 0.999, respectively. However,it was 

not possible to calculate energy effects in 80% acetonitrile/ 
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642 ARAI, HIRUKAWA, AND HANAI 

water m i x t u r e  u s i n g  t h e  d i f f e r e n c e  i n  r e t e n t i o n  b e h a v i o r  

o f  p h e n o l s  o n  OD-VAG compared t o  OD-SG. The a v e r a g e  e n e r g y  

e f f e c t  of a l k y l p h e n o l s  o n  OD-VAG, e x c e p t  i n  80% a c e t o n i t r i l e /  

water m i x t u r e ,  was t h e  same a s  t h a t  on OD-SG, 1.e. a b o u t  9.0 

k c a l f m o l .  The a v e r a g e  e n e r g y  e f f e c t  o f  h a l o g e n a t e d  p h e n o l s  

on  OD-VAG w a s  a b o u t  50% less t h a n  t h a t  on  OD-SG, i .e .  a b o u t  

3 .5  k c a l / m o l  a s  shown i n  F i g .  2. The p r e d i c t i o n  o f  r e t e n t i o n  

t i m e  of p h e n o l s  on  OD-VAG is  however  d i f f e r e n t  d u e  t o  t h e  

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

i n  e s t i m a t i n g  t h e  e n e r g y  e f f e c t  i s  t h e  e f f e c t  o f  s u b s t -  

i t u e n t s .  The s e l e c t i v i t y  of OD-VAG may b e  u s e f u l  i n  t h e  

a n a l y s i s  o f  b i o  o g i c a l  s a m p l e s  by s e p a r a t i o n  i n  co lumns  o f  

u n m o d i f i e d  v i n y l a l c o h o l  ge l s  [2-31 .  

1. 

2. 

3. 

4.  

5. 

6. 

7. 

8.  
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