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Abstract. 28bCI3.CI2H1203, triclinic, PL Z = 2, 
a = 8.933 (4), b = 14.045 (4), c = 8.663 (5) A, st = 
103.70 (5),fl = 104.69 (5), 7 =  95.24 (6)°, Dm= 2.06, 
D c = 2.07 g c m  -3. Both Sb atoms have approximately 
octahedral configurations. Sb(1) is coordinated to three 
O atoms at 2.694, 3.023 and 3.040 A. Sb(2) is coordi- 
nated to one O at 2.851 and two CI atoms at 3-320 and 
3.323 A. The Sb(1) octahedra share an edge to form a 
bridged dimer with a nonbonded S b . . .  Sb distance of 
3.777 A. 

Introduction. In a previous paper (Baker & Williams, 
1978) the crystal structures of 1 : 1 adducts of antimony 
trichloride with terephthaldehyde and p-diacetyl- 
benzene were described. The coordination about Sb in 
the terephthaldehyde adduct was found to be distorted 
pentagonal bipyramidal, described as AX6E by valence- 
shell electron-pair repulsion (VSEPR)theory (Gillespie, 
1967), with the lone pair axial. In the p-diacetylbenzene 
adduct the coordination about Sb was found to be 
distorted octahedral, described as A X  6 by VSEPR 
theory, with the lone pair not located. We have now 
examined the 2:1 complex with 1,3,5-triacetylbenzene 
in order to obtain more information about the nature of 
the coordination in antimony trichloride adducts with 
organic carbonyl compounds. 

The 2:1 SbC13-triacetylbenzene adduct (2SbC13. 
C12H1203) was prepared (Park, 1969) by addition of 
2.5 g of 1,3,5-triacetylbenzene (Eastman Chemical Co., 
m.p. 162-164°C) to 100 ml of a solution of CHC13 
containing 7-5 g of SbCl 3 (Baker Chemical Co., 
further purified by vacuum sublimation). The mixture 
was boiled and filtered. Light-yellow crystals were 
obtained on cooling and they were recrystallized from 
CHCI 3 (m.p. 122-124°C). Elemental analysis for C, H, 
and CI agreed with the above empirical formula. 

X-ray intensity data were taken from a single crystal 
of approximate dimensions 0.2 x 0.2 x 0.3 mm sealed 
in a glass capillary tube. Lattice constants were ob- 
tained by a least-squares fit (Williams, 1964) using the 
Nelson & Riley (1945) extrapolation function to 27 
high-angle reflections observed with Cr K~ (2 = 
2.28962 A) radiation. The conventional orientation for 
the reduced cell was obtained as described by Azaroff 
& Buerger (1958). 

X-ray diffraction intensities for 2235 reflections were 
observed using Zr-filtered Mo Kt~ radiation (2 = 0.7107 
A). A manually controlled 0/20 scan method was used 
with graphically estimated backgrounds. A scintillation 
counter detector was used. No significant decom- 
position of the crystal occurred during data collection, 
as indicated by the measurement of reference intensities 
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from the crystal. The data were corrected for the 
Lorentz and polarization factors in the usual manner to 
obtain observed structure factor amplitudes. The errors 
in the intensity measurements were estimated from 
o2(1)  = C r + C B + (0.05Cr) z + (0.05CB) 2, where C r 
and C 8 are the total and background counts respec- 
tively. The errors in the structure factors were calculated 
by a finite-difference method (Williams & Rundle, 
1964). 

Both Sb positions and one C1 position were obtained 
from a sharpened Patterson function map. A difference 
Fourier map was used to locate the remaining five CI 
positions; a subsequent difference Fourier map based 
on all Sb and CI positions revealed the remaining non- 
hydrogen atoms. The final weighted least-squares struc- 
ture factor refinement (Busing, Martin & Levy, 1962) 
used calculated H positions and anisotropic temperature 
factors for all atoms. The ring H atoms were placed 
1.04 A from C on a line passing through the 1,4 C 
atoms. The methyl-group H atoms were assigned 
staggered tetrahedral positions. The scattering factor 
for H was that of Stewart, Davidson & Simpson (1965) 

and the H temperature factors were set equal to those 
of the C atoms to which they were bonded. For other 
atoms the scattering factors of Hanson, Herman, Lea, 
& Skillman (1964) were used. 

208 parameters were adjusted by least squares. In 
the final cycle all shifts in the adjustable parameters 
were less than 0.1 tr. The final weighted agreement factor 
R ~  = 1~. a -2(Fo) (Fo  - IF~l)2/~ a-2(Fo)] ~/2 was 0.039. 
The final atomic coordinates are given in Table 1. 
Table 2 lists coordination distances and angles about 
the Sb atoms, and Table 3 shows deviations from the 
benzene least-squares plane and from the Sb2C1602 
dimer plane.* The atomic numbering system and the 
thermal ellipsoids (Johnson, 1965) are shown in Fig. 1. 

D i s c u s s i o n .  The observed density indicated two formula 
units in the unit cell. Thus, in space group P i  the asym- 
metric unit consists of two SbCI 3 molecules and one 
1,3,5-triacetylbenzene molecule. The two Sb atoms 
have a different coordination environment. 

Table 1. A t o m i c  c o o r d i n a t e s  (x 104) a n d  the ir  s t a n d a r d  

devia t ions  

x y z 

Sb(1) -413.7 (8) 4020.0 (5) 2964.6 (8) 
CI(1) 433 (4) 3913 (3) 615 (4) 
C1(2) -1900 (3) 2406 (2) 2108 (4) 
C1(3) 1864 (3) 3512 (2) 4351 (3) 
Sb(2) 1735.3 (8) 1250.6 (5) 1981.6 (9) 
C1(4) 1777 (3) -402 (2) 723 (4) 
C1(5) 4386 (4) 1556 (2) 3338 (4) 
C1(6) 917 (5) 744 (3) 4110 (5) 
C(1) 3390 (13) 6739 (7) 2819 (11) 
C(2) 4113 (12) 7529 (8) 2373 (11) 
C(3) 5428 (11) 7446 (7) 1811 (11) 
C(4) 6005 (11) 6576 (8) 1709 (11) 
C(5) 5258 (11) 5776 (7) 2146 (11) 
C(6) 3954 (11) 5855 (7) 2703 (11) 
C(7) 1983 (12) 6790 (8) 3490 (13) 
C(8) 1210 (16) 7658 (10) 3485 (17) 
C(9) 6286 (14) 8310 (8) 1345 (14) 
C(10) 6071 (13) 9331 (10) 1946 (18) 
C(11) 5959 (13) 4865 (7) 2077 (11) 
C(12) 5179 (13) 4017 (8) 2592 (15) 
O(1) 1470 (9) 6082 (6) 3999 (9) 
0(2) 7159 (11) 8148 (6) 507 (11) 
0(3) 7128 (9) 4827 (5) 1611 (9) 
H(2) 3678 8196 2459 
H(4) 6994 6514 1289 
H(6) 3416 5274 3029 
H(8) 253 7569 3944 
H(8') 851 7761 2305 
H(8") 1989 8299 4201 
H(10) 6731 9822 1550 
H(10') 4895 9394 1527 
H(10") 6385 9517 3234 
H(12) 5783 3417 2490 
H(12') 4024 3778 1864 
H(12") 5148 4235 3816 

* Lists of structure factors and anisotropic thermal parameters, 
and Tables 2 and 3 have been deposited with the British Library 
Lending Division as Supplementary Publication No. SUP 33799 
(25 pp.). Copies may be obtained through The Executive Secretary, 
International Union of Crystallography, 5 Abbey Square, Chester 
CH 1 2HU, England. 
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Fig. 1. (a) The atomic numbering system and the bond distances 
(A). The standard deviations are: for Sb-Cl, 0.003 A; all others, 
0.012-0.018 N. (b) The bond angles (o). The standard 
deviations are: for C1-Sb-C1, 0.11-0.16°; for others 1 o. 
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An overall view of the crystal structure is given in 
Fig. 2, viewed roughly perpendicular to the bc unit-cell 
face. Sb(1) is located near an inversion center at 

1 1 (0,~,~), and Sb(2) is located near an inversion center 
at (0,0,0). 

The 1,3,5-triacetylbenzene molecule is centered near 
(1 ~ ~x in a general position. The benzene ring is planar 
within experimental error; the deviations of the acetyl 
groups from the benzene ring plane are shown in Table 
3 (a). Acetyl group C (9) -C (10 ) -0 (2 )  shows the largest 
deviations from the benzene plane; 0(2)  and symmetry- 
related O ( f )  are moved closer to Sb as a result of a 
20 ° twist of this group. Acetyl group C ( 7 ) - C ( 8 ) - O ( 1 )  
is twisted by 6°;  the O of this group, as O(a) and 
O(c), is involved in the bridged dimer moiety. Acetyl 
group C(11) -C(12) -O(3)  is nearly planar, with a twist 
angle of only 2 o; 0(3)  as O(b) has the shortest distance 
to Sb at 2.694 A. Fig. 1 shows the distances and angles 
in the 1,3,5-triacetylbenzene molecule; all are close to 
normally expected values. 

The Sb-CI  distances in the two SbC13 molecules 
range from 2.310 to 2.377 A. Since the estimated 
standard deviation is 0.003 A, this difference is outside 
the experimental error. The CI -Sb-C1  angles range 
from 89.3 to 97.1 o; again this difference is outside the 
experimental error. Apparently SbC13 can adjust its 
geometry within these ranges. 

Sb(2) is coordinated to two CI atoms at nearly equal 
distances of 3.323 and 3.320 A (Table 2) and to an 
O atom at 2.851 A. The configuration is approximately 
octahedral, with the largest deviation from regular 
octahedral symmetry being the CI(3)-Sb(2)-CI(e)  
angle of 111 °. There does not appear to be much 
surface area available for the Sb lone-pair electrons, as 
required by VSEPR theory (Gillespie, 1967). C1(2) is 
3.775 A from Sb(2); since the sum of the van der 

A . 

Cl 

Fig. 2. The crystal structure viewed approximately perpendicular 
to the bc unit-cell face. 

Waals radii of Sb and Cl is 4.0 ./k (Pauling, 1960), the 
interaction (if any) is weak. The nearest neighboring Sb 
is 4.543 A away, across the inversion center at (0,0,0). 

Sb(1) is coordinated to three O atoms at distances 
of 3.040, 2.694, and 3.023 A. The two longer distances 
are to O atoms which bridge to another Sb atom across 
the inversion center at 11 (0,~,~). The bridged Sb-Sb  
distance is 3.777 A, remarkably shorter than the van 
der Waals diameter for Sb of 4.4 A (Pauling, 1960). 
Although the bridging of Sb atoms by bonded O atoms, 
as in Sb20 3 (Svensson, 1975), is well known, this 
appears to be the first observation of bridging through 
nonbonded O atoms. A view of the bridged dimer is 
given in Fig. 2. The deviations of the atoms from the 
dimer plane are given in Table 3 (b). 

The local configuration about Sb(1) is approximately 
octahedral, with an edge shared to form the dimer. The 
largest deviations from regular octahedral symmetry 
are angles O(a ) -Sb(1) -O(c)  and Cl (2) -Sb(1) -O(a)  
at I03 and 78 ° respectively. The S b - O - S b  bridging 
angle is 77 °. The 1,3,5-triacetylbenzene plane is tilted 
55 o from the dimer plane. Thus, the coordination about 
O is not consistent with an interaction of pure sp 2 

orbitals on O. As was the case with Sb(2), there does 
not appear to be much surface area on Sb(1) available 
for the Sb lone-pair electrons. Thus the coordination 
type for both Sb atoms is A X  6 with the lone pair not 
located. 
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