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Gas chromatographic studies have shown that the weak interaction between an alkane sample and the phenyl
group in a stationary liquid varies in strength with the geometrical shape of the alkyl group and is more
attractive for a cyclic alkyl group than for the corresponding straight-chain alkyl group.

There is now substantial evidence for the existence of weak
attractive interactions associated with phenyl (Ph) and alkyl
groups. These include a dipole-induced dipole interaction
between the 1,3-dioxane and Ph rings,! an alkyl-phenyl
interaction,? and an alkyl-alkyl interaction® between two
t-butyl groups. In gas-liquid partition chromatography
(g.l.p.c.), weak interactions between sample molecules and
the stationary phase play an important role in the separation

of samples.* Little is known, however, on the geometrical
shape-specificity of such weak interactions, which is significant
for a better understanding of the high specificity of biological
recognition. Here we report that the weak interaction between
an alkane molecule (sample) and a Ph group in a stationary
liquid in g.l.p.c. depends upon the three-dimensional shape
of the alkyl group in the sample.

As stationary liquids we used four kinds of silicone oils
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[(1) and (2a—c¢)]t with different numbers of Me and Ph
groups. The retention time} was measured for eight pairs of
branched or cvclic alkanes (3) and straight-chain alkanes (4),
each pair consisting of two alkanes with the same number of
carbon atoms: 2-methylpentane (3a)-n-hexane (4a); 2,3-
dimethylbutane (3b)-(4a); 2,2,4-trimethylpentane (3c¢)-n-
octane (4b); 2,2,3,3-tetramethylbutane (3d)-(4b); cyclohexane
(3e)-(4a); methylcyclohexane (3f)-n-heptane (4¢); cis-1,2-
dimethylcyclohexane (3g)-(4b); and rrans-1,2-dimethylcyclo-
hexane (3h)—(4b). The relative retention («)f was defined as
the ratio of the retention time for sample (3) to that for sample

@.

T Silicone oils were used as the stationary liquids: (1), Silicone
OV-101 (1009, Me); (2a), Silicone OV-7 (209, Ph and 809%, Me);
(2b), Silicone OV-17 (50% Ph and 509 Me); (2¢), Silicone
OV-25 (75% Ph and 259% Me). These were coated on acid-
treated Celite 545 in a weight ratio of I to 5, and the stationary
phases were packed in stainless-steel tubes (3 mm i.d. x 2 m).
The carrier gas was nitrogen with a flow rate of 20 mi min—.

I Retention time was measured from the methane peak to
correct for the free space in the system. The relative retention («)
is the mean value of four or more measurements, and was
reproducible to <39, average deviation from the mean.
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Figure 1. Dependence of the «,/x, on the content (%) of Ph
groups in the stationary liquid. Gas chromatographic conditions
employed were as follows: stationary liquid, silicone oils (1) and
(2) [209% (w/w) on acid-treated Celite 545]; temperature, 70 °C
(unless otherwise noted). The x,./%; values for the pairs (3a)—
(4a) and (3¢c)—(4b) are 0.96 and 0.92, respectively, at 70 °C.
A, (3b—4a); A, (3d)—(4b) at 150°C; O, (3e)—(42); @,
(3f)—(4c); [, (3g)—(4b); W, (3h)—(4b).

In order to evaluate sample-stationary liquid interactions,
we calculated the ratio of &, to «;, where the subscripts 2 and
1 represent the stationary liquids employed. As can be seen
from Figure 1, a,/2, is linearly related to the content (%) of
Ph groups in the liquid (2).§ The sample pairs cyclohexanes—
straight-chain alkanes have o,/o; values considerably larger
than unity, indicating that the cyclic nature of the cyclo-
hexanes leads to an increase in their solubility in (2) rather
than in (1).9 It is interesting to note that, among pairs of
branched alkanes (3a—d) and straight-chain alkanes (4),
only the pair (3d)—(4b) gives x,/¢, values larger than unity
(e.g., dse/%, = 1.06).

The 2,0 and =z, values were further measured at various
temperatures. Plots of Inx against 7! showed a straight line
for each sample pair examined. Since the relationship Ina =
—AAH/RT + constant holds, where AAH is the difference
in molar heat of solution between samples (3) and (4)(AAH =
AH,— AH,)’ the slope of the plots yields —AAH/R. Table 1
summarises AAH values in the liquids (2¢) and (1) together
with their differences. The AAH values for the pairs (3e—h)-
(4) have proved to be smaller in (2¢) than in (1) by about
—0.3 to —0.5 kcal mol=. For the pair (3b)—(4a), the AAH
value tends to be smaller in (2¢) than in (1).

The AAH,. and AAH, values themselves reflect the differ-
ences in boiling points between samples (3) and (4). However,

§ As was expected, on decreasing the amount of liquids (1) and
(2¢) from 20% to 295 (w/w), the 2,,/%, value for the pair (3e)-
(4a) at 70 °C was reduced from 1.55 to 1.16.

€ Since AAG = — RTlInz, the changes in AAG for transfer of
samples (3e—h) and (4) from liquid (1) to liquid (2) give negative
values [e.g., AAG,, —AAG, = —0.35 kcal mol~* for the pair

(3e)—(4a) at 70 °C].
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Table 1. Thermodynamic parameters (in kcal mol )2 for solution
of samples [branched (3a—d), cyclic (3e—h), and the cor-
responding straight-chain alkanes (4)] in the stationary liquids
(2¢) and (1).

Sample pair AAH,, AAH, AAH,, — AAH,
(3a)—(4a) —0.01 4- 0.04 0.05 + 0.03 —0.06 4 0.05
(3b)—(4a) 0.38 + 0.05 049 + 0.04 —0.11 + 0.06
(3c)—(4b) 1.26 4 0.05 1.28 + 001 —0.02 = 0.05
(3d)—(4b) 1.64 + 0.05 1.28 4+ 0.02 0.36 - 0.06
(3e)—(4a) —1.03 £ 0.03 —0.54 4 0.03 —0.49 + 0.04
(3f)—(4c) —0.26 & 0.04 0.08 4- 0.03 —0.34 4 0.05
(3g)—(4b) —0.09 34- 0.03 0.32 4+ 0.0l —0.41 + 0.03
(3h)—(4b) 0.29 4 0.02 0.57 +£ 0.02 —0.28 & 0.03

® AAH = AH,— AH,; 1cal = 4.184]J. Temperature ranges:
70—130 °C for the C; and C; samples; 70—150 °C for the Cg
samples [90—150 °C for the pair (3d)—(4b)]. Other gas chromato-
graphic conditions are as in Figure 1.7

the differences between these two parameters (AAH,.—AAH,)
have no correlation with the differences in the boiling points.
Thus, the enthalpy change (AAH,. — AAH,) can be regarded
as a measure, though not strict, of the difference in the weak
interaction of the Ph group in (2¢) between a branched or
cyclic alkyl group and the corresponding straight-chain alkyl
group.

On the basis of the experimental results presented here, we
propose that the alkyl-phenyl interaction is specific for the
three-dimensional shape of the alkyl group. The interaction
of a Ph group is more attractive with a cyclohexyl group, and
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probably with a branched alkyl group, than with the cor-
responding straight-chain alkyl group. This type of specificity
of weak interactions would contribute to high selectivity in
chemical as well as biochemical reactions.
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