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ABSTRACT 

The truncated solvation equation 

1ogSP = c + rR, + IlogLi6 

has been applied to numerous sets of gas-liquid chromatographic (GLC) data for alkylaromatic hydrocarbons on non-polar stationary 
phases. Here SP can be Vo or can be the relative retention time, and the retention index Ican in this context be used in place of log SP. 
R, is the solute excess molar refraction, easily obtained from refractive index. A set of solutes of known log L” is used to set up the 
equation and then values of log L16 can be back-calculated for other solutes; L I6 is originally defined as the solute gas-liquid partition 
coefficient on hexadecane at 25°C. Through the above equation log L16 values were calculated for 190 solutes. Once log L16 is known, 
the reduced equation 

log SP = c + sn; + 1 log Li6 

can be applied to GLC data on polar stationary phases, and the dipolarity/polarizability parameter Z; obtained by back-calculation in 
a similar way. Values of rrt for 120 solutes are listed. It is shown that n-alkyl substituents affect the trt value only slightly, but ortho 
substituents considerably increase try, e.g., benzene (0.52), toluene (0.52), o-xylene (0.56), 1,2,3_trimethylbenzene (0.61) 1,2,3,4-tetra- 
methylbenzene (0.65), pentamethylbenzene (0.66), hexamethylbenzene (0.72). 

INTRODUCTION 

Previously, we have shown that the general solva- 
tion equation 

log SP = c + rR2 + sxfj + aa: + bp’: + Hog Lt6 

(1) 

can be used to characterize all types of gas-liquid 
chromatographic (GLC) stationary phases, ranging 
from non-polar hydrocarbons to liquid salts [l-3], 
and also polymers [4] and not too volatile, non- 
polymeric liquids [5]. In eqn. 1, log SP is a retention 
property for a series of solutes on a given stationary 

phase, such as the retention volume as log Vo or the 
gas-liquid partition coefficient as log L, but not the 
retention index I. The explanatory variables are 
solute properties as follows: Rz is the solute excess 
molar refraction [6], 717 is the solute dipolarity/po- 
larizability [l], CX’: and /?y are the solute hydrogen- 
bond acidity and basicity [l] and Li6 is the solute 
gas-liquid partition coeffkient on hexadecane at 
25°C [7]. Note that in eqn. 1, ny, $ and fl! are 
“effective” or “summation” values, appropriate to 
the situation in which a monomeric solute molecule 
is surrounded by a large excess of solvent molecules. 

The constants in eqn. 1 are found by the method 
of multiple linear regression analysis, and serve to 
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solvation parameter is $j. We have listed already [l] 
a number of /?F values for alkyl aromatics, either 
obtained by the back-calculation method [34] or 
deduced from the 1: I complexation constants for 
hydrogen bonding in carbon tetrachloride as set out 
in detail before [35]. We can extend and update this 
list, as shown in Table V, where we have enough b’: 
values to predict a number of outstanding values 
with some confidence. In Table V the solutes are 
ordered by the increasing number of alkyl substitu- 
ents, to show the reguljr increase in 0:. Using values 
in Table V that have been determined, we can deduce 
that any n-dialkylbenzene will have a p’;’ of 0.18 and 
any n-trialkylbenzene a value of 0.19 units: the only 
possible exceptions are compounds with di-tert.- 
butyl groups, for which we have no data. The results 
in Table V now complete the entire set of solvation 
parameters for about 120 alkyl aromatic solutes, 
and so greatly extend the scope of application of the 
general solvation eqn. 1. 

Finally, we discuss briefly the effects of structure 
on the solvation parameters. As found before [l], 
branching in an alkyl chain always results in a 
decrease in log L16. Oddly enough, polysubstituted 
isomers always have a larger log L16 value than does 
the monosubstituted isomer, e.g., the trimethyl- 
benzenes all have larger log L”j values than y1- 
propylbenzene. However, there is little that is excep- 
tional with the values of log L16 in Table I. The @‘: 
values (or more correctly the Cj?j values) in Table V 
are also unexceptional; increasing alkyl substitution 
in the benzene ring slightly increases the hydrogen- 
bond basicity, as expected from the small negative 
Hammett D constants for alkyl groups. However, 
structural effects on the polarizability parameter $ 
are not easily interpreted, especially the marked 
increase in n? with ortho-alkyl groups. It is well 
known that ortho-methyl groups in the benzene ring 
suffer restricted rotation, as shown by thermo- 
dynamic [36] and spectroscopic evidence [37], in- 
cluding 13C NMR studies [38], but why this should 
lead to an increase in polarizability is not clear. 
Baudour and Sanquer [39] have suggested that in 
1,2,4,5tetramethylbenzene the two sets of ortho- 
methyl groups are “wagging” above and below the 
plate of the benzene ring. This could possibly give 
rise to a local or instantaneous dipole moment that 
could lead to increased polarizability. What our 
results do show, however, is that it is very difficult to 
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predict values of n! for new systems, and that for the 
time being they must be based on experimental 
results. 
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