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Summary

An X-ray structure analysis of tri-p-tolylantimony has been made. Crystals
are rhombohedral, a 9.988 &, « 79.77°, Z = 2, space group R3. Final value of R
is 0.024 after full-matrix least squares refinement. The valence angle C—Sb—C,
97.8°, is in good accordance with values for triaryl derivatives of other Group
V elements :

Introduction

The physicochemical properties (e.g. spectral) of the triaryl derivatives of
Group V elements are, to a great extent, dictated by the value of the valence
angle at the heteroatom. The C—Sb—C angle for triaryl derivatives of antimony,
from published analyses, has very discrepant values from 113° {1] to 94° [2].
Until now the X-ray investigations of triarylantimony derivatives had not been
undertaken. In order to obtain more complete and detailed data on such
structures we have performed the X-ray structure analysis of tri-p-tolylanti-
mony, C,;H,,Sb.

Results

X-ray data collection

A rhombohedral crystal with dimensions 0.16 X 0.16 X 0.13 mm was chosen
for data collection. Crystals are trigonal, space group R3, a 12.806(3) &, ¢
20.129(6) &, V=2852 83 D_1.38 gem™3, Z = 6 (for rhombohedral setting the
lattice parameters are: a 9.988 &, « 79.77°, V 953 A3, Z = 2), F(000) = 1188.
Solution and refinement were based on 817 unique reflections (I = 30(/)) mea-
sured with a Syntex P1 automatic four-circle diffractometer using graphite’
‘crystal monochromated Mo—K,, radiation, 6/28 scan technique to Sp, 0.59 A™%.
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The data were corrected for Lorerntz and polarization effects (using the program
FOCAL written by us in FORTRAN IV for the EC-1022 computer) but not for
absorption and extinction, as this was considered unnecessary (u/p = 11.3).

Structure determination and refinement

The lattice parameters obtained were very similar to those found for the pre-
viously soived structure of tri-p-tolylarsine [3]. Using these circumstances we
brought the coordinates of Sb to conformity with a chosen H-setting on axis 3. -
All calculations were performed using the crystallographic programs complex
“X-RAY-72” [4] adapted by us in the limits of DOS/EC, a system for use on a
EC-1022 computer at the Karpov Institute. The coordinates of the carbon
atoms were found by experimental Fourier synthesis, the coordinates of the
hydrogen atoms were found partly geometrically (phenyl rings), partly by dif-
ference syntheses (methyl groups) after two steps of refinement. The succes-
sive refinement of the structure was performed by anisotropic full-matrix least
squares method using anomalous scattering [5] of the Sb atom through the
whole data set. The final R-value was 0.024. The scattering factors for Sb and C
were taken from the literature [6], as were the values used for H [7]. Final po-
sitional and thermal parameters of atoms with their e.s.d.’s are given in Table 1.

Discussion

The molecule is situated on the axis 3, it has pyramidal shape (Fig. 1) and as
a whole it loses its own pseudosymmetry Cs,. The bond distances and valence
angles determined are given in Table 2. The value of Sb—C, 2.141 A, falls within
the limits 2.032—2.216 A found in organoantimony structures [e.g. 8—11].

Fig. 1. ORTEP diagram of C5H>;Sb
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TABLE 2
INTERATOMIC DISTANCES (d) AND VALENCE ANGLES (w)

Bond d (A). Angle w (®)
Sb—C(1) 2.141(3) C(1)SbC(1") 97.3(1)
C(1)—C(2) 1.383(5) C(6)C(1)C(2) 116.9(3)
C(2)—C(3) 1.374(6) C(1)C(2)C(3) 121.6(3)
C(3)—C(1) 1.384(5) C(2)C(3)C(4) 121.3(3)
C(4)—C(3) 1.362(5) C(3)C(1)C(5) 117.1¢3)
C(5)—C(6) 1.375(6) C(4)C(5)C(6) 122.3(3)
C(6)—C(1) 1.384(5) C(5)C(6)C(1) 120.1(3)
C(4)—C(T) 1.508(6) SbC(1)C(2) 123.9(2)
C{2)—H(2) 0.87(4) SbC(1)C(6) 119.2(3)
C(3)—H(3) 0.91(4) C(3)C(1)C(T) 122.6(3)
C(5)—H(5) 0.88¢1) C(5)C(4)C(7) 120.3(3)
C(6)—H(6) 0.96(4)

C(T)—H(T1) 0.95(6)

C(7)—H(T2) 0.81(6)

C(7)—H(73) 0.88(7)

The structural parameters of the phenyl ring correspond to the normal ones.
The methyl atom C(7) practically lies in the plane of the phenyl ring whereas
the Sb atom is significantly out of it (Table 3). The angle between the planes of
phenyl rings is 90.08°, each of these planes forms an angle of 54.8° with the
C(1)—C(1')—C(1") plane. Intermolecular distances correspond to normal Van
der Waals interactions.

The value of valence angle C—Sb—C found in this investigation is in good
accordance with the values determined for other triphenyl derivatives of Group
V elements. Together with the increase in the covalent radius of the hetero-
atom: N(0.70), P(1.10), As(1.21), Sb(1.41), Bi(1.47) & [12], the value of this
angle decreases in the same sequence: 116, 109, 102, 97, 94° [3,13—16].
Simultaneously, the long wavelength band in the UV spectra of the compounds

" XPh, [where X = N(297 nm), P(261 nm)., As(248 nm), Sb(256 nm), Bi(248—
250 nm)] is shifted to a shorter wavelength. We suggest that this is connected
with the less favourable conditions for w-overlapping and a decrease in valence

TABLE 3
ATOMIC DEVIATIONS FROM LEAST-SQUARES PLANE THROUGH BENZENE RING (C(1)—C(6))

Plane equation: —0.6761X + 0.4558Y + 0.5765Z = 2.0950

Atom Deviation ()
Sb —0.090

C(1) 0.001 ¢

C(2) 0.001 ¢

C(3) 0.000¢

C(1) 0.000 ¢

C(5) 0.000 “

C(6) 0.001 <

() —0.003

¢ Atoms used for plane calculation.
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angle and an increase in s-character in the undivided electron pair orbital of the
heteroatom.
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