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We have already reported on the antimony-halogen
bond character and the molecular shape of antimony
trihalide in its 2:1 molecular complex with an aromatic
compound, as determined by means of the nuclear
quadrupole resonance (NQR).1-®» As for the 1:1
molecular complex, NQR studies have been performed
by several authors.® All of them, however, used
polycrystalline samples, and their crystal structures are
still unknown except for SbCl,;-CgH;NH,,» in which
the NOR has not yet been observed.

In the present experiment, we observed the Zeeman
effect of NQR in SbCl,-CGH;C,H; in order to obtain
information on the Sb-Cl bond character and the
molecular structure of antimony trichloride in its molec-
ular complex.

The molecular complex was prepared by the method
of Shinomiya and Asahina,® and the single crystal was
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obtained by the Bridgman-Stockbarger method. A
Weber-Todd type”? super-regenerative oscillator was
used for the detection of the resonance line. The
magnetic field used for the Zeeman study was provided
by a Helmholtz coil® with a field strength of about
200 gauss.
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Fig. 1. Temperature dependence of 3°Cl and !23Sb NQR
frequencies in SbCls- CgH,C,H;.
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NucLEAR QUADRUPOLE RESONANCE FREQUENCIES, V, ASYMMETRY PARAMETERS, 7, AND

QUADRUPOLE COUPLING CONSTANTS, ¢Qq,,, IN ANTIMONY
 TRICHLORIDE AND ITS COMPLEX WITH ETHYLBENZENE AT ROOM TEMPERATURE (20°C)

Compound Resonance line v, MHz 7 % ¢Qgq,,, MHz
12 19.010 5.54+1.4 38.001
SbCl, - 3=”Cl{v2 19.388 13.54+1.7 38.426
CeH,C,H; Vv, 19.641 9.041.5 39.126
128Sh vy (1/2—3/2) 35.478 13.340.3 467.698
v 19.180 15.3 38.211

35 1

SbCl, cl { vy 20.422 5.7 40.822
123Sb v/ (1/2—3/2) 37.431 15.9 481.560

The NQR frequencies of 3Cl and 1238b were observed
between the temperature of liquid nitrogen and room
temperature, as is shown in Fig. 1. The present
molecular complex gave three 3°Cl resonance lines
(designated as v;, vy, and »;) and one 23Sb (1/2<3/2)
resonance line (designated as »(1/2—3/2)), as Table 1
shows.
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Fig. 2. Zero-splitting patterns of 35Cl and **Sb Zeeman

lines in SbCly-CgH;C,H;. 6 and @ are polar and azimuthal
angles, respectively, in the coordinate fixed to the sample.

The patterns of the zero-splitting were obtained by
measuring the Zeeman effect on the resonance line as
is shown in Fig. 2. Two patterns were obtained for
each resonance line, indicating that the molecular
complex is monoclinic. The angles between any two
Sb-Cl bonds can be calculated by assuming that the
z axis of the field gradient of chlorine is parallel to the
Sb-Cl bond. The bond angles, £Cl-Sb-Cl, thus
obtained are 90°26’, 93°8’, and 96°1’. These angles
are almost the same as those of pure antimony tri-
chloride® and 2SbCl,-C,;Hg,'? indicating that the
molecular shape of antimony trichloride hardly changes
upon complex-formation with ethylbenzene. On the
other hand, it is considerably different from that of
SbCl,- CgH;NH,, though both crystals are 1: 1 molec-
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ular complexes. This discrepancy may be attributed
to the difference in the strength of the intermolecular
bond, which may deform the molecular shape to
various degrees.

The values of the asymmetry parameter were deter-
mined from the distortion of the zero-splitting loci.
Once the asymmetry parameter was obtained, the
quadrupole coupling constant could be calculated from
the observed resonance frequency. The results are
listed in Table 1, along with those for pure antimony
trichloride. In pure antimony trichloride, the quad-
rupole coupling constant and the temperature gradient
of the lower 3°Cl resonance line (»’;) is considerably
smaller than those of the higher (v',), so the former
is assigned to the chlorine atom, which forms the
stronger Sb---Cl intermolecular bond.%? In the pre-
sent complex, since the quadrupole coupling constants
and the temperature gradients of », and v, are smaller
than those of v; and all comparable to those of »; in
pure antimony trichloride, », and », may be assigned
to the chlorine atoms (Cl; and Cl,) in the stronger
Sb---Cl intermolecular bonds, and »;, to that (Cl;) in
the weaker bonds. However, the asymmetry parameter
of », is too small to be attributed to that in the stronger
Sb---Cl intermolecular bond. This suggests the pre-
sence of another effect such as the trans effect, which
is considered to exist in 2SbCl;-C; Hg.'® That is, if
the configuration of the antimony atom in the present
complex is a distorted sp3d or sp3d? environment and if
the Cl; atom occupies the position opposite to the
intermolecular bond between ethylbenzene and anti-
mony trichloride, a part of the charge from ethyl-
benzene may transfer to the Cl; atom through the
antimony atom. Such an effect will cause the quad-
rupole coupling constant to decrease without any
increase in the asymmetry parameter because the
electron populations of the p. orbital increase. As the
temperature increases, the degree of the charge transfer
to the Cl; atom decreases since the intermolecular bond
becomes weaker, resulting in the smaller change of »;
in comparison with that of »,.
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