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Intermolecular contributions to the chemical shielding in crystalline benzene are
investigated through a comparison of solid-state and liquid-crystal measurements of
the shiclding anisotropy of benzene. A semiclassical ring current calculation applied
1o the benzene erysial lattice predicts a neighbor contribution to the anisotropy that
brings the solid-state and liquid-crystal measurements into accord, Possible intermo-
lecular effects in liquid-crysial methods are also experimentally tested.

INTRODUCTION

Atiempts 1o develop a reliable method of calculating chemical shifts in NMR
ave been handicapped by lack of reliable experimental data on chemical shift
tensors and anisotropies, especially for protons. Since the calculated results apply
> the isolated molecule it is important to examine the experimental results, mea-
“tured in the liquid or solid state, for intermolecular perturbations.
In this regard, the anisotropic nature of the proton chemical shielding in the
7 benzene molecule is of considerable importance. This is because of its direct bearing
},;011 the problem of ring current effects in chemical shifts (7). Because the shielding
anisotropy is the difference between the shielding produced when the external field
i perpendicular to the benzene plane and the average of the shielding when the
external field is in the benzene plane, its measurement should strongly refiect the
effects of ring currents.

Measurements of the chemical shiclding anisotropy of benzene in liquid crystals
(?. 3) and in the solid siate (4, 5) have beerf made and the solid-state values are
- Ngnificantly larger than those obtained by the smectic liquid-crystal technique (3).
2 The smectic technique is more reliable for '"H work than other liquid-crystal meth-
.. 0ds (6) which introduce possible errors by changing the temperature or phase of
* the sample. . .

It has been suggested that this discrepancy is attributable to the general unre-
_ liability of data obtained from liquid-crystal experiments (4). Another possible
_« planation is that the difference between the results of the two methods arises
fmm intermolecular contributions that increase the measured anisotropy in the
o Systalline solid. In the liquid-crystal studies, intermolecular effects might be ex-
Pected 1o be small because of the larger molecular motions. This paper describes
2 calculation of the intermolecular contributions to the shielding anisotropy of
benzene and shows that these contributions do increase the anisotropy significantly.
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