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EFFECT OF ENTHALPY ON RETENTION IN REVERSED-PHASE LIQUID 
CHROMATOGRAPHY 

Y. ARAI, M. HIRUKAWA and T. HANAI* 

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

SUMMARY 

Retention in reversed-phase liquid chromatography has been found to be re- 
lated to the Van der Waals volume, pi-energy and hydrogen-bonding energy effects. 
However, higher-molecular-weight compounds were retained more strongly than ex- 
pected. In order to investigate this effect more fully, the retention times of phenols 
were measured on an octadecyl-bonded silica gel in acidic acetonitrile-water mixtures 
at different temperatures. The enthalpies of phenols were then calculated from their 
log k’ values. The magnitude of the enthalpy effect increases with increasing molec- 
ular size, but the polarity of the molecule is the predominant factor in the enthalpy 
effect. 

INTRODUCTION 

Octadecyl-bonded silica gels are a most popular packing material in liquid 
chromatography. In particular, these packings are used in aqueous-phase liquid chro- 
matography for separating a variety of polar and non-polar compounds, but the 
retention mechanism involved is not well understood. Retention times in reversed- 
phase liquid chromatography have been discussed in conjunction with physico-chem- 
ical parameters, namely the Van der Waals volume, pi-energy and hydrogen-bonding 
energy effectslp3. However, the predicted retention times of higher-molecular-weight 
compounds were less than the observed retention times. An increase in the number 
of methylene units in alkylbenzenes did not significantly affect the pi-energy effect on 
their retention, but the enthalpy effect increased dramatically4. This means that an 
hydrophobic compound can be adsorbed directly onto an octadecyl-bonded silica 
gel. The value of the enthalpy effect of a methylene unit in alkylbenzenes was cal- 
culated to be 500 cal/mo14. Enthalpy effects were also measured for the retention of 
phenols on an octadecyl-bonded silica gel in acidic acetonitrile-water mixtures. 

EXPERIMENTAL 

The liquid chromatograph used consisted of an ERC Model 3510 degasser 
(ERMA Optical Works, Tokyo, Japan), a CCPD pump (Toyo Soda, Tokyo, Japan), 
a Model 7161 injector (Rheodyne, Cotati, CA, U.S.A.), a Model SE1 1 refractometer 
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(Shodex, Tokyo, Japan), an ERC Model 8710 ultraviolet detector (ERMA Optical 
Works) and a Model CR3A integrator (Shimadzu, Kyoto, Japan). An IBM PC-5510 
computer was used for the calculations. Deionized water was purified further in a 
Model Pureline still (Yamato Sci. Co., Tokyo, Japan). 

Acetonitrile was of high-performance liquid chromatography (HPLC) grade 
(Kishida Kagaku Co., Tokyo, Japan). The other reagents were mainly supplied by 
Tokyo Chem. Ind. Co. (Tokyo, Japan), and are listed in Table I with their physical 
parameters. The octadecyl-bonded silica gel column was an ERC 1000 (10 cm x 6 
mm I.D.) from ERMA Optical Works, packed with Hypersil ODS, and it was ther- 
mostatted in a water-bath. The eluent was acetonitrile-O.05 M aqueous phosphoric 
acid (pH 2.016). 

RESULTS AND DISCUSSION 

The capacity factors measured in 70% aqueous acetonitrile with 0.05 A4 phos- 
phoric acid at different temperatures are listed in Table I. The isomer effect on the 
retention of alkylphenols is weak, but it is not negligible in the case of chlorophenols. 
Halogenated phenols were retained more strongly than alkylphenols, and halogen- 
ated benzenes more than alkylbenzenes. The relationship between the log k’ values, 
measured at 30°C and the Van der Waals volumes is shown in Fig. 1. 

3’\ * A33 

0.5 

-0 -I 

271, A 32 

G 
“0 

30-a 

25., % 
?3 

IQ m-11 
lu 

0” 

L I I 

50 100 
VWV 

Fig. 1. Relationship between the Van der Waals volumes and log k’ for phenols in reversed-phase liquid 
chromatography. Column: ERC 1000, packed in a 10 cm x 6.0 mm I.D. stainless-steel tube. Eluent: 70% 
aqueous acetonitrile, containing 0.05 M phosphoric acid. Column temperature: 30°C. Numbers beside 
symbols are the same as in Table I. 0, Methylphenols; & chlorophenols. 

The enthalpy of a solute can be calculated from the following equations and 
the capacity factors measured at different temperatures: 

AG = AH - TAS 
AG = -RTlnK 

k’ = OK 
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Therefore, In k’ = - AHjRT + AS/R + In cp, where G is the free energy, His the 
enthalpy, T is the absolute temperature, S is the entropy, R is the gas constant, K is 
the partition coefficient and k’ is the capacity factor. The phase ratio, In cp, is ap- 
proximately zero in this system, therefore, this equation can be rewritten as: 

In k’ = -AH/RT + AS/R 

The slope of a plot log k’ vs. l/T of gives the calculated enthalpy for each compound, 
which is listed in Table I. The correlation coefficient is 0.996 (n = 37) the enthalpy 
effect of methylphenols being about 1.910 kcal/mol. No large difference in the mag- 
nitude of the effect was found among the isomers of this group, as shown in Fig. 2. 

I I 

0 0.5 
log k’ (30°C) 

Fig. 2. Relationship between the enthalpy, -AH, and log k’ v$ues for methylphenols on an ERC 1000 
column, eluted with acetonitrile4.05 M aqueous phosphoric acid. Numbers beside symbols are the same 
as in Table I. 

The difference in the enthalpy effect between toluene and monomethyl-substi- 
tuted phenols is about 200 cal/mol, and that between ethylbenzenes and monoethyl- 
substituted phenols is about 100 cal/mol. The energy effect for the retention of al- 
kylphenols, however, varies from 7.883 kcal/mol for phenol to 10.126 kcal/mol for 
2,3,_5,6-tetramethylphenol. This means that the retention of alkylphenols is mainly 
due to pi- and hydrogen-bonding energy effects and not to the enthalpy effect. 

I I I 

0 
log k’ (~0’:;~ 

Fig. 3. Relationship between the enthalpy, -AH, and log k’ values for chlorophenols. Details as in Fig. 
? 
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The difference in the enthalpy effect between chlorobenzene and monochlo- 
rophenols is the same as in the case of alkylphenols, but the effect increases slightly 
for polychloro-substituted phenols. Differences among isomers were observed, as 
shown in Fig. 3. 

The energy effect of o&o-substituted halogenated phenols is less than that of 
the corresponding meta and para compounds, but it is still greater than their enthalpy 
effect. This result indicates that the predominant factors in the retention of phenols 
in this system are the pi- and hydrogen-bonding energy effects, not the enthalpy 
effect. Thus, polar compounds may not be directly adsorbed onto the surface of an 
octadecyl-bonded silica gel under the above experimental conditions, and the reten- 
tion of phenols can be described by the following equation 

log k’ = log k’ (VWV) - log k’ (pi) - log k’ (OH) 

where VWV is the Van der Waals volume of the solute, pi is the pi-energy effect of 
the phenyl group in phenols and OH is the hydrogen-bonding energy effect of the 
hydroxy group in phenol@. 
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