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SUMMARY

It has been found that some molecular structure parameters of hydrocarbons
can be determined on the basis of their retention volumes on graphitized thermal
carbon black as measured by gas chromatography and calculated by semiempirical
molecular statistical methods. The potential barriers to internal rotation of the
ethyl group with respect to the benzene ring in ethylbenzene and of the benzene
rings with respect to each oiher in biphenyl, the equilibrium torsionzl angle and
the potential barriers to internal rotation of the benzene rings around the central
C-C bond in 2,6-dimethylbiphenyl, and the angle of alternate displacement of
methyl carbons from the benzene ring plane in hexamethylbenzene were determined.

INTRODUCTION

In gas adsorption chromatography, the retention volumes of hydrocarbons on
graphitized thermal carbon black (GTCB) are strongly dependent on the geometric
structure of the adsorbate molecules™2. A semiempirical molecular statistical method
for the calculation of retention volumes of hydrocarbons for zero sample size, ¥, ;, on
GTCB has been developed!-3. The values of ¥, , calculated by this method are in
good agreement with the corresponding experimental values. Moreover, the calcula-
tions skowed that ¥V, , is strongly dependent on the equilibrium angles and potential
barriers to internal rotation of the molecules. Thus it is possible to determine some
molecular structure parameters, in particular, the equilibrium angles and potential
barriers to internal roiation, on the basis of experimental V), , values for hydro-
carbons obtained on GTCB and from molecular statistical calculations of ¥V, ;.

In this paper the potential barriers to internal rotation of the ethyl group
with respect to the benzene ring in ethylbenzene and of the benzene rings with
respect to each other in biphenyl, as well as the equilibrium torsional angle and
potential barriers to internal rotation of the benzene rings around the central C-C
bond in 2,6-dimethylbiphenyl and the angle of alternate displacement of methyl
carbons from the benzene ring p!ane in hexamethylbenzene, are determined by this
method.
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THEORETICAL

The equilibrinm torsional angles and the potential barriers to internal
rotation of the molecules are determined from the experimental ¥V, ; values at
various temperatures by the following procedure. First, the dependence of ¥, , on
the torsional angle a is calculated from

Vaa(@) = (1/42) [ [ QkT/ @2 exp (— BofkT) sin 6 dbde m

where @, and &,” are the potential energies of the molecule—adsorbent interaction
and its second derivative with respect to the distance z between the centre of masses
of the molecule and the surface at fixed e and the Euler angles @ and o 2t the
corresponding equilibrium distance z,.

The potential function @ is calculated using the atom-atom spproximation
and the following semiempirical atom-atom potential functions obtained previously¥#:

Pt - - -Crerapniey = —0.498-1073r~5 — 0.950-10~°r~% - 3.60-10°exp (—35.7r)
)

@PClalkane) - - -Clgraphite) — —1.386-10"3,—°¢ — 2.148- 10—5r—8 -+
1.89-105 exp (— 35.77)  (3)

FOaromatic) - - -C(graphite) — — 1.48-10"3r-% — 2.30-10"5r"2 -+
203-105 exp (— 35.7r) (@)

where the distance r between the atoms is expressed in nm, and ¢ in k¥ mol™'.
Further, the statistical average values of ¥V, ; are calculated from

{ exp [— W(Q)/KT] V. 1(e) da
Var= " (5)
j exp [— W(a)/kT] da

where W(a) is th= potential function of hindered internal rotation of an isolated
molecule.

For the potential function I of hindered internal rotation of the ethyl group
with respect to the benzene ring in ethylbenzene, the following form is assumed

W = (Wu/2) (1 — cos2a) ©

where W, is the potential barrier for a plapar conformation of the molecule, e is the
angle of internal rotation of the ethyl group with respect to the benzene ring, assumed
to be zero when the ethyl group lies on a plane perpendicular to the benzene ring.
For the potential function ¥(a) in the isolated biphenyl and 2,6-dimethylbiphenyl
molecules the following form is assumed for 0° < a < @yia.

W = (Wo/2) [1 + cos (180a/an1a.)] (7a)
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and. fera,,,, <a <9
—(Wozlz) {1 —-GOS[ 180 (@ — &1 )/(90 — amln.)]} ()

where Wy, and W,, are the potential barriers for the planar (¢ = 0) and the
perpendicular arrangements of the benzene rings in the molecules, and a,,_is the
equilibriuin angle between the planes of bemzene rings, ie., the angle of internal
rotation at the potential minimum of the isolated molecule.

Calculations of V,, are carried out at various possible values of the
potential barriers Wy, Wy, Wy, and of the equilibrium angle e, and at several
temperatures. The results may be approximated by:

mVy,=A+BT+ChT ®@

The parameters of this equation are determined from the calculated V, ; values by

the least-squares metheod.

Then the r.m.s. deviations § of the experimental In ¥V, , values at various
temperatures from those calculated at different values of the molecular structure
parameters are calcniated from

8= unZ o v — I ViR ©

where VX3~ (T3) and Vs (T}) are the experimental and the calculated Fai
values at temperature T;, respectively, and r is the number of experimental values
Of Vo ;-

Finally, the values of the molecular structure parameters are found at which
the calculated ¥V, , values best fit the experimental ones, i.e., at which 8 is minimum.

RESULTS

Fig. 1 shows the results of the calculations for ethylbenzene. In calculating 8,
the experimental V), , values for ethylbenzene on GTCB obtained by Vidal-Madjar
et al* are used. It follows from the figure that the best agreement between the
calculated and experimental ¥, ; values for ethylbenzene is obtained when W, ~ 2kJ
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Fig. 1. The dependence of 4 on W, for ethylbenzene.
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mol~*. The assumed form for the potential function W (e) and the experimentsl
data uased in calculating d have a slight effect on the value of ¥, determined Dy this
method (Table I). The value of W, for ethylbenzene obtained

TABLE1I

EFFECT OF THE FORM OF THE FUNCTION HF(e) AND OF THE EXPERIMENTAL VA-
LUES OF V., ON THE DETERMINED VALUES OF W, FOR ETHYLBENZENE

Function W(a) Wa (kJ mol=*)
Experimesntcl V, , values fromref. £  Expevimental V, ; values fromref. S
Cosinuscidal 1.7 20
“Saw-tooth™ shape 21 25
Rectangular 1.4 1.6

from V¥, is about half of that obtained recently from calorimetric data’.

Fig. 2 shows the results of analogous calculations for biphenyl. On the
ordinaie axis in Fig. 22 are given the minimum values of the r.m.s. deviations,
d.1,., Of the experimental InV, , values for biphenyl® from those calculated at
various equilibrium angles e.;, and at the corresponding potential barriers for a
planar benzene ring arrangement, Wy, (shown in Fig. 2b), and for a perpendicular
one, Wy, (shown in Fig. 2c). Fig. 2a shows that the equilibrium angle o, in
biphenyl cannot be determined unambiguously from ¥, ; on GTCB. Nevertheless,
we can conciude that a_,,.. = 20° and W,; > 6 kJ mol~!. If, however, one uses the
value a,. = 42° obtained by the electronographic method? then both values of
the potential barriers can be determined from the experimental V), , values. It
follows from Fig. 2 that at a_;,. = 42°, W,,; =~ 7 kJ mol~! and W,; is close to zero.

Cin= 42"
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Fig. 2. Values of 8,;,. for bipheayl obtained at varfous fixed values of @nia. (@) and at the cor-
responding values of W (b) and W, (0).
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As in the case of ethylbenzene, the form of W (e) for biphenyl as well as the
slight changes in the form of dependence of ¥, , on e have littie effect on the
potential barriers W, and W, determined from V), ;. However, the errors in the
experimental V., values can have a significant effect on those values. The W,
value obtained by us is close to that determined with the use of spectral data® and
lies in the middle of the range of values calculzted by various theoretical methods.
W, determined from chromatographic data is apparently less accurate than W,.

Fig. 3 shows the results of analogous calculations for 2,6-dimethylbiphenyl. In
this case, both the equilibrium angle a.;,. and the potential barriers W, and
Wy, can be determined from V,,. It follows from Fig. 3 that ea.;,. ~ 68°,
W;: > 200 and Wy, =~ 5 kJ mol.~%. The obtained a_,,. value is close to that obtained
by tbke electronographic method for 4-fluoro-2,4,6-trimethylbiphenyl® which has also
two methyl groups in ortho positions. To our knowledge, there are no literature
data on the potential barriers to internal rotation in 2,6-dimethylbiphenyl.
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Fig. 3. Values of 8nyq. for 2,6-dimethylbiphenyl obtained at various fixed values of a4, (@) and at
the corresponding values of Wy, (b) and W5; (©).

Fig. 4 shows the calculated dependence of InV, ; for hexamethylbenzene at
500 K on the angle 8 of the deviation of C-CHj, bonds to different sides of the plane of
the benzene ring. The horizontal dashed line shows the experimental ¥V, , value for
hexamethylbenzene at this temperature® and the vertical dashed line shows the
corresponding B value, equal to ca. 10°. The latter value is close to that determined
by the electronographic method?0.

Thus the retention volumes of hydrocarbons on GTCB can be used to
determine some important structural parameters, in particular the equilibrium angles
and the potential barriers to internal rotation of molecules, which for many molecules
are not yet known,
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Fig. 4. The dependence of In ¥V, , ca 8 for hexamethylbenzene calculated at 500° K (solid curve)
and the corresponding experimental In V, ; value (horizontal dashed line).
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