
Journal of Chromatography, 332 (1985) 189-194 
Elsevier Science Publishers B.V., Amsterdam - Printed in The Netherlands 

CHROMSYMP. 624 

ENERGY EFFECTS IN THE RETENTION OF AROMATIC ACIDS IN 
LIQUID CHROMATOGRAPHY 

T. HANAI 

Gasukuro Kogyo Inc., 237-2 Sayamagahara, Iruma 358 (Japan) 

(First received March 25th, 1985; revised manuscript received May 13th, 1985) 

SUMMARY 

The reversed-phase liquid chromatographic behaviour of phenols and aro- 
matic acids was studied using an octadecyl-bonded silica gel as the stationary phase 
and acidic acetonitrile-water mixtures as the mobile phase. The retentions of these 
compounds can be predicted from their Van der Waals volumes and energy effects, 
The energy effects are classified according to n and hydrogen-bonding energies. The 
inclusion of dissociation constants, derived from Hammett’s equation, in the above 
approach makes it possible to predict the retention times of ionized aromatic acids, 

INTRODUCTION 

Several approaches have been used to develop systems for the prediction of 
retention times in reversed-phase liquid chromatography. These have included alkyl 
chain length, connectivity index, number of double bonds, localization and delocal- 
ization energies, Hansch’s 7t constants and Rekker’s hydrophobic fragmental con- 
stants. Of these parameters, Rekker’s hydrophobic fragmental constants (log P val- 
ues)l were useful for predicting the retention times of several groups of compounds 
in systems with octadecyl-bonded silica gels as the stationary phase and pH-con- 
trolled acetonitrile-water mixtures as the mobile phaseze5. 

However, each group of compounds required individual standard compounds 
in order to obtain the constants of the equations that were used for the calculation 
of the retention time, the resolution and the concentration of acetonitrile as an or- 
ganic modifier. This meant that if a compound had two or more different types of 
substituents, the retention time predicted from one set of equations was often far 
from the observed value. The system based on the partition coefficient between oc- 
tanol and water was, therefore, not adequate for producing an optimized system for 
mixtures of different types of compounds. Further investigations have used basic 
physico-chemical parameters such as Van der Waals volumes, n-energies, hydrogen- 
bonding energies and dissociation constants. In systems with octadecyl-bonded silica 
gels and pH-controlled acetonitrile-water mixtures, the retention times of non-ion- 
izable compounds, such as n-alkanes, polyaromatic hydrocarbons, alkylbenzenes and 
halogenated benzenes, have been well predicted from the Van der Waals volume and 
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n-energy effects6v7. The retention of phenols has been calculated from the following 
equation: 

log k’ (Ar-OH) = log k’(VWV) - log k’ (7~) - log k’(HB) 

where log k’(Ar-OH) is the capacity ratio of a substituted phenol, log k’(VWV) is 
obtained from the Van der Waals volume, log k’(n) is the n-energy effect of a phenyl 
group and log k’(HB) is the hydrogen bonding effect of the hydroxy group of phenols. 
This approach has now been applied to produce an optimization system for aromatic 
acids in liquid chromatography. 

EXPERIMENTAL 

The details of the instrument used were described previously5 and the chemi- 
cals used are listed in Table 1. The octadecyl-bonded silica gel column was an 
ERC-1000, kindly donated by ERMA Optical Works (Tokyo, Japan). The column 
temperature was 40°C. The Van der Waals volumes were calculated by Bondi’s 
method9 and the values of the energy effect of phenols were obtained from a previous 
papeP. 

RESULTS AND DISCUSSION 

The log k’ values measured are listed in Table I together with the values of the 
energy effect. The relationship between log k’ and Van der Waals volumes was linear. 
However, the slopes for the different groups of compounds were not exactly the same, 
e.g., hydrophobic groups had higher slopes. The difference in slopes could be ex- 
plained by enthalpy effectslO. The energy effect of each compound could easily be 
calculated if a linear relationship between Van der Waals volumes and log k’ values 
for n-alkanes could be obtained. However, the retention times of n-alkanes were very 
long with eluents containing low concentrations of an organic modifier. Thus, such 
plots could not be obtained easily for aromatic acids, the retention times of which 
were relatively short. Therefore, a linear relationship for alkylphenols between their 
log k’ values and their Van der Waals volumes was first obtained. The capacity ratios 
of n-alkanes were then calculated from their Van der Waals volumes and from the 
values of the energy effect of phenols. 

The slope of the linear relationship for n-alkanes was further adjdsted by the 
addition of the enthalpy effect lo. The difference between the observed energy effect 
of phenols and the reference values was less than 5%. The energy effect of aromatic 
acids was obtained from the last equation and their log k’ values. The values are 
given in Table I. 

The hydrogen-bonding energy effect of a carboxyl group of benzoic acid is 
about 2 kcal/mole higher than that of a phenolic hydroxy group. The difference 
between the energy effects of benzoic acid and phenylacetic acid is about 2 kcal/mole, 
and that between phenylacetic acid and 3-phenylpropionic acid or 4-phenylbutyric 
acid is small. A similar result was obtained for indole acids. In addition, the retention 
times of ionized aromatic acids were predicted from their log P values and their 
dissociation constants11v12. This equation was modified to 

k’ = (k’,,, + k’,i, W[H+lMl + K I W+I) 
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where the maximum capacity ratios (I?,,,) were calculated from their Van der Waals 
volumes and their energy effects instead of their log P values. The pK, values were 
calculated from a modified Hammett equation . l2 The minimum capacity ratios 
(k’mi,), i.e., the capacity ratios of totally ionized acids, were close to zero and could 
not be predicted, so the values were obtained experimentally in the eluent of pH 
7.000. The result is shown in Fig. 1. 

15 

0 5 10 15 

PREDICTED CAPACITY RATIO 

Fig. I. Predicted and observed capacity ratios of aromatic acids at pH 4.500. Experimental conditions: 
column, ERC-1000 (ODS), 15 cm x 6.0 mm I.D.; eluent, 0.05 Msodium phosphate (pH 4.500) containing 
25% of acetonitrile; column temperature, 40°C. The numbers adjacent to the symbols arc the same as in 
Table I. The two lines on either side of the central line indicate a 10% error (n = 21). 

The difference between the predicted and observed capacity ratios was 10%. 
The error for 3,4- and 3,Sdimethylbenzoic acids (Nos. 25 and 26 in Fig. 1) was more 
than lo%, but the error for 3,4_dimethylbenzoic acid should depend on the value of 
the n-energy effect but not the dissociation constant. 

The following equation was obtained between the predicted and observed ca- 
pacity ratios: . 

k’ obs = alk’pre + b 

where kfobs and krpre are the observed and predicted capacity ratios, respectively, and 
constants a and b are 1.132 and - 0.2038, respectively. The correlation coefficient (n 
= 21) was 0.990 and the average error was 4.78%. Only 3,Sdichlorobenzoic acid 
(No. 36 in Fig. 1) had an error of more than 10%. However, the error for this acid 
at pH 1.900 was very small, and therefore should be due to the dissociation constant. 
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CONCLUSION 

The retention times of aromatic acids with an eluent of given pH can be ob- 
tained from their Van der Waals volumes, energy effects and dissociation constants. 
The remaining difficulty is the substituent effect in estimating the energy effect. Ham- 
mett’s D and Taft’s C* constants did not bear a linear relationship to their log k 
values. Hammett’s (r constant was useful only for calculating the dissociation con- 
stant, even though the estimated dissociation constants for multi-substituted com- 
pounds were uncertain because not many data have been reported. 
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