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DEPENDENCE OF THE RETENTION OF PHENOLS UPON VAN DER 
WAALS VOLUME, n-ENERGY AND HYDROGEN-BONDING EFFECTS 

T. HdNAI* and J. HUBERT 

Universite de MontrPal. Dkpartmenr de Chimie, CP 6210, Succ. A, Montrhal, Quebec, H3CVI (Canada) 

SUMMARY 

The retention of polyaromatic hydrocarbons (PAHs) and alkylbenzenes (Ph- 
R) can be predicted from their Van der Waals volume and n-energy effect, and that 
of alkyl alcohols (R-OH) from their Van der Waals volume and hydrogen-bonding 
effect. The maximum retention is related to the Van der Waals volume, log k’ (VWV). 
Retention is reduced by the x-energy effect, log k’ (rr), or the hydrogen-bonding 
effect, log k’ (HB). Therefore, the retention time is given by 

log k’ (PAH and Ph-R) = log k’ (VWV) - log k’ (rr) 
or 

log k’ (R4H) = log k’ (VWV) - log k’ (HB) 

Furthermore, the retention of phenols (Ph-OH) is given by 

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

in acidic acetonitrile-water mixtures on octadecyl-bonded silica gels. 

INTRODUCTION 

Among several parameters used for the prediction of retention time in liquid 
chromatography, solubility parameters are promising because with these there is the 
possibility of characterizing the nature of the molecules. The maximum retention 
time of a molecule can be predicted from its Van der Waals volume in simple re- 
versed-phase liquid chromatography when octadecyl-bonded silica gels are used as 
the packing and acetonitrile-water mixtures as the eluent. 

The retention of polyaromatic hydrocarbons, alkylbenzenes and halogenated 
benzenes is reduced by their n-energy effectiJ, and that of alkyl alcohols by their 
hydrogen-bonding effect3. 

The retention of phenols can be predicted from their log P values (partition 
coefficient between octanol and water) in acidic acetonitrile-water mixtures on oc- 
tadecyl-bonded silica gels4. However, the equation used cannot be applied to other 

l Present address: Gasukuro Kogyo Co., Ltd., 237-2 Sayamagahara, Iruma, Saitama, 358, Japan. 
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compounds, due to the lack of solvent effects in the calculation of log P values. 
Therefore, the basic parameters, Van der Waals volume, n-energy and hydrogen- 
bonding effects, have been examined experimentally from the difference in log k 
values of phenols. 

EXPERIMENTAL 

The instrumental details have been described previously4 and the chemicals 
used are listed in Table I. The octadecyl-bonded silica gel column ERC-1000 (ODS) 
was obtained from ERMA Optical Works (Tokyo, Japan); the column temperature 
was 30°C. 

The Van der Waals volumes were calculated by Bondi’s method’, and the 
hydrogen-bonding and n-energy effects were determined experimentally. 

RESULTS AND DISCUSSION 

The log k’ values measured are listed in Table I together with the n-energies. 
The hydrogen-bonding energy of alcohols is 8.10 kcal/mol in this acidic eluent, and 
it is 8.13 kcal/mol in acetonitrile-water mixtures 3. The energy effect on the retention 
of phenols is 7.88 kcal/mol, which value is close to the hydrogen-bonding energy of 
an alcohol with a Van der Waals volume similar to that of phenol. If the value of 
the delocalization energy of phenol is 2.20 kcal/moP, the hydrogen-bonding effect of 
phenol must be 5.68 kcal/mol. Furthermore, the delocalization energy of monoch- 
lorobenzene is 2.24 kcal/mol and that of mononitrophenols and monohydroxyphen- 
01s is 2.59 and 2.39 kcal/mol, respectively6. This means that the hydrogen-bonding 
energy of a hydroxy group, conjugated to a benzene ring, is about 5.7 kcal/mol. This 
value is very different from the ref. 7 value, 20 kcal/mol. The difference in energy 
levels among isomers of phenols may be due to the inductive effect of substituentes 
to 7~- and hydrogen-bonding energy effects. 

The inductive effect of the n-energy can be obtained from the results for the 
benzene derivatives, except phenols. The difference between the n-energy effect of 
alkylbenzenes and that of benzene is 2.3-3.7 kcal/mol, and the solvent effect is less 
than 0.2 kcal/mol. The total energy effect of alkylphenols is 8.3-10.1 kcal/mol, and 
the solvent effect is less than 0.4 kcal/mol. This means that the energy effect of the 
alkyl group can be considered as being constant and the small difference as due to 
the size of the alkyl group. 

The inductive effect of halogen is not negligible. The n-energy effect is 0.7-2.3 
kcal/mol for benzene derivatives, and the values are changed by up to 0.7 kcal/mol 
by the solvent effect. The effect of the total energy change for halogenated phenols 
is 7.2-8.2 kcal/mol and the maximum solvent effect is 1.5 kcal/mol in the above 
system. The inductive effect is not linearly related with Hammett’s 0 constant or 
Taft’s 6* constant. The prediction of retention time for di-, tri- and tetrasubstituted 
compounds is, therefore, very difficult at present. 
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