Journal of Chromatography, 468 (1989) 191-199
Elsevier Science Publishers B.V., Amsterdam — Printed in The Netherlands

CHROMSYMP. 1565
SELECTIVITY OF AN OCTADECYL-MODIFIED VINYL ALCOHOL CO-
POLYMER GEL FOR THE RETENTION OF POLAR COMPOUNDS

MITSUKO HIRUKAWA and TOSHIHIKO HANAT*
Gasukuro Kogyo Inc., 237-2 Sayamagahara, Iruma 358 (Japan)

SUMMARY

The enthalpies of phenols and aromatic acids were measured in order to
characterize their behaviour on an octadecyl-bonded vinyl alcohol copolymer gel in
reversed-phase liquid chromatography. These values were compared with the
enthalpies measured on an octadecyl-bonded silica gel. The enthalpies of non-polar
compounds, measured on an octadecyl-bonded silica gel, were higher than those
obtained on the bonded vinyl alcohol copolymer gel. However, the enthalpies of
phenols and aromatic acids were higher than those obtained on an octadecyl-bonded
silica gel. This means that hydrogen bonding may be involved in the retention of
phenols and aromatic acids on this vinyl alcohol copolymer gel.

INTRODUCTION

The retention of hydrophobic compounds on an octadecyl-bonded vinyl alcohol
copolymer gel was investigated in relation to their Van der Waals volumes and
a selectivity index representing the energy effect related to delocalization energy as
used previously in reversed-phase liquid chromatography!-2. The selectivity index, R*
related to various intermolecular interactions is given by the equation

R =R, + R*

where R is the retention time of the analyte and R, is the molecular size index, defined
as the retention of a hypothetical n-alkane having the same Van der Waals volume as
analyte.The retention time of highly hydrophobic compounds was longer than

their predicted retention times on both an octadecyl-bonded silica gel* and an
octadecyl-bonded vinyl alcohol copolymer gel*. The difference between the experi-
mental and predicted capacity ratio could be related to their enthalpies®*. The value of
the enthalpy effect of alkylbenzenes in which the alkyl chain was longer than six carbon
atoms increased dramatically with increasing chain length, but the value of the
selectivity index became fairly constant®#. Direct adsorption of solutes on the surface
of these packings could therefore be the predominant force in the retention of the
larger sized alkylbenzenes on an octadecyl-bonded vinyl alcohol copolymer geland on
an octadecyl-bonded silica gel. Further, the enthalpy effect of polyaromatic hydro-
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carbons was larger than that of alkylbenzenes on this vinyl alcohol copolymer gel
compared with their retention on an octadecyl-bonded silica gel, which means that
polyaromatic hydrocarbons are selectively retained on this organic packing®.

The effect of temperature on the retention of phenols and aromatic acids was
therefore measured, and their enthalpies were obtained in order to study the retention
mechanism of polar compounds on this modified vinyl alcohol copolymer gel.

EXPERIMENTAL

The details of the chromatograph were described previously*. The 9-um vinyl
alcohol copolymer gel was BHST 602 C,g from Asahi Chemical (Kawasaki, Japan).
The 10cm x 6.0 mm I.D. packed column was thermostated at 15-50°C in a circulating
water-bath (Ikedarika, Tokyo, Japan). The chemicals and their physical parameters
are given in Table 1.

RESULTS AND DISCUSSION

The capacity ratios of phenols, measured on an octadecyl-bonded vinyl alcohol
copolymer gel at different temperatures, are given in Table I, together with their Van
der Waals volumes, and the values for aromatic acids are given in Table II. The
selectivity index was obtained from refs. 5 and 6. The enthalpy effect, measured on an
octadecyl-bonded silica gel, was obtained from ref. 7. The correlation coefficient of the
log &’ values of phenols between this octadecyl-bonded vinyl alcohol copolymer gel
and silica gel® was 0.889 (z = 34). The chromatographic behaviour of phenols on this
organic polymer gel appeared to be similar to that on an octadecyl-bonded silica gel.

The correlation coefficient of the log &’ values of aromatic acids between the
octadecyl-bonded vinyl alcohol copolymer gel and the octadecyl-bonded silica gel®
was 0.908 (n = 35), a value similar to that obtained for phenols.

The partition coefficient between octanol and water (log P) is a useful parameter
for the optimization of reversed-phase liquid chromatography on polystyrene gel®,
and the correlation coefficient between the log P and log k' values, measured at 30°C,
of phenols and aromatic acids was therefore calculated. The value was 0.915 (n = 36)
and 0.858 (n = 36) for phenols and aromatic acids, respectively. These values are poor
compared with those obtained on octadecyl-bonded silica gels'®!!, which indicates
the existence of selectivity of this octadecyl-bonded vinyl alcohol copolymer gel in
contrast to octadecyl-bonded silica gels. A further study was carried out of the
difference in the enthalpy effects of phenols and aromatic acids.

The relationship between log &’ for phenols and the reciprocal of the absolute
temperature was linear. Although this linear relationship changed slightly at about
33°C, as found in the retention of alkyl compounds*, no negative enthalpy effect was
observed in the retention of phenols. The calculated values of the enthalpy effect for
phenols are given in Table I. The enthalpy effect of alkylphenols was about 2.0
kcal/mol and the energy effect was about 9.0 units®. The enthalpy effect of halogenated
phenols was about 2.9 kcal/mol. However, the energy effect decreased from 9.2 units
for phenol to 2.5 units for pentachorophenol. Permethylphenols have lower enthalpy
and perchlorophenols higher enthalpy than phenol, as shown in Figs. 1 and 2.

The enthalpy effect of alkylphenols was almost constant on octadecyl-bonded
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Fig. 1. Comparison of octadecyl-bonded vinyl alcohol copolymer and silica gels as a function of enthalpy for
the retention of alkylphenols. For experimental conditions see Table I. Numbers next to symbols correspond
to those in Table I. Ph = Phenol.

Fig. 2. Comparison of octadecyl-bonded vinyl alcohol copolymer and silica gels as a function of enthalpy for
the retention of halogenated phenols. For experimental conditions, see Table I. Numbers next to symbols
correspond to those in Table 1.

silica gel, but on the organic polymer gel it varied from about 1.6 to 2.6 kcal/mol, as
shown in Fig. 1. There was, therefore, no good correlation between the enthalpy of
alkylphenols measured on the organic polymer gel and that measured on the silica gel
(r = 0.226, n = 16). The enthalpy of halogenated phenols varied from about 1.9 to 2.5
kcal/mol on the octadecyl-bonded silica gel but from about 2.2 to 3.4 kcal/mol on the
organic polymer gel. The correlation coefficient between the enthalpy measured on the
organic polymer gel and that measured on the silica gel for halogenated phenols was
0.656 (n = 21). However, it was improved to 0.872 (n = 17) by excluding the
ortho-substituted halogenated phenols. The correlation coefficient for phenols was
0.765 (n = 36). This poor correlation and the variation of the enthalpies of polar
compounds indicate the existence of steric selectivity of this organic polymer gel. Their
capacity ratios measured on the organic polymer gel were smaller than those measured
on the octadecyl-bonded silica gel, whereas the enthalpy effect measured on the
octadecyl-bonded viny! alcohol copolymer gel was greater than that on the octadecyl-
bonded silica gel. However, the enthalpies of hydrophobic compounds measured on
the octadecyl-bonded silica gel were higher than those obtained on the organic
polymer gel. This result indicates that phenols could further be adsorbed by hydrogen
bonding on the organic polymer gel, even though the enthalpy effect was weaker than
the selectivity index, and such adsorption was not the predominant retention force.
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Fig 3. Comparison of octadecyl-bonded vinyl alcohol copolymer and silica gels as a function of enthalpy for
the retention of alkylbenzoic acids. For experimental conditions, see Table II. Numbers next to symbols
correspond to those in Table I1. BA = Benzoic acid.

Fig. 4. Comparison of octadecyl-bonded vinyl alcohol copolymer and silica gels as a function of enthalpy for
the retention of halogenated benzoic acids. For experimental conditions, see Table II. Numbers next to
symbols correspond to those in Table II.

A similar result was obtained for the chromatographic behaviour of aromatic
acids, their capacity ratios being small and their enthalpy effect large on the organic
polymer gel. The enthalpy effect varied from about 3.2 to 5.1 kcal/mol on the
octadecyl-bonded vinyl alcohol copolymer gel and from about 2.3 to 3.3 kcal/mol on
the octadecyl-bonded silica gel'2, as shown in Figs. 3 and 4.

The correlation coefficient between the enthalpy of aromatic acids (n = 36)
measured on the organic polymer gel and that on the silica gel was 0.899; the value was
0.942 (n = 22) only for benzoic acids. The enthalpy effect of aromatic acids was
stronger than that of phenols on the octadecyl-bonded vinyl alcohol copolymer gel.
Further, ortho-disubstituted aromatic acids were less retained on the organic polymer
gel, as with substituted phenols. These results indicate that the carboxyl group of
benzoic acids is involved in their retention on the octadecyl-bonded vinyl alcohol
copolymer gel, even though their enthalpy effect was weaker than their selectivity
index.

This selective retention of polar compounds on the organic polymer gel,
compared with their chromatographic behaviour on octadecyl-bonded silica gel, may
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be the reason why the vinyl alcohol copolymer gel was a powerful packing for the direct

analysis of target compounds in urine and serum?3.
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