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The structure of the complex 2SbBr; pyrene has been
determined from three-dimensional X-ray data collec-
ted by counter methods. The unit cell is monoclinic,
space group P2,/c; a = 10.669(4), b = 13.001(4)
and ¢ = 7.634(3) A, B = 90.00(12)°, 2 molecules per
unit cell. The structure was refined by full-matrix
least-squares methods to a conventional R = 0.079.
The structure consists of SbBr; molecules stacked in
the bc plane and alternating with layers of pyrene
molecules in the plane x = 5. Two SbBr; molecu-
les are centrosymmetrically bonded to the pyrene
molecule through the Sb atom. The antimony atom
has distances of: 3.30 A from the pyrene plane, 2.50
A from two bromine atoms occupying equatorial po-
sitions in a plane almost parallel to the plane of pyrene
(7°, 47'y 249 A from the bromine atom accupyng
the axial position opposite to the antimony-pyrene
bond, 3.49 and 3.65 A from two other bromine atoms
of other complex units. The three intramolecular
bonds and the three intermolecular contacts correspond
to a distorted octahedral coordination.

Introduction

Molecular complexes between aromatic hydrocar-
bons and antimony trihalides have been isolated since
the earliest work of Smith et al. '? and Menshut-
kin *. Other works deal with the interpretation of
these complexes, but only a few with a comparison
of the complexing power of the different antimony
halides. From the order of «melting point elevation»,
observed by thermal analysis of the binary systems,
Shinomya * affirmed that SbCl; is more strongly
additive than SbBr;. A spectrophotometric study on
the 1:1 complexes of pyrene witeh SbCl; and SbBr;
in dichloromethane solution * showed that the sta-
bility constant is greater for the SbBri— than for the
SbCl;— complex. This different behaviour may be
due either to a greater solvation of SbCl;, which has
a higher dipole moment than SbBrs, or to greater ac-
ceptor properties of the bromine atom in SbBr;.

Recently some crystal structure determinations have
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been carried out on the SbCls~complexes: 2:1 and
4:1 with dibenzyl ¢; 4:1 with stilbene °; 1:1 with
aniline 7; 2:1 with naphthalene ®; 2:1 with phe-
nanthrene °. It may be of interest to investigate
the structure SbBri—-arene complex and to com-
parc the behaviour of the two halides in the solid
compounds. As the complexes of pyrene have been
extensively studied in solution °, the 2SbBr;. Pyrene
complex was chosen for this study.

Experimental Section

The complex 2SbBr;.Pyrene was prepared using the
method previously described ©' and slowly recrystal-
lized. Because of its hygroscopicity a small crystal
(0.085x0.051X0.187 mm) was mounted under dry
nitrogen in a Lindemann glass capillary.

Crystal Data. Bis antimony tribromide pyrene;
SbeBrsCisHp; Monoclinic P2i/c (C%y); a = 10.669(4)
A; b = 13.001(4) A; c = 7.634(3) A; B = 90.00(12)";
D. = 290 g. cm™® for, Z = 2 molecules per cell,
p = 145,58 cm™! for Moka radiation A = 0.7107 A.

Space group data were determined from prelimina-
ry precession and Weissenberg photographs. The u-
nit cell dimensions were measured on a Siemens four-
circle automatic diffractometer using nickel filtered
Cuke radiation (A 1.54178 A). Twenty medium to
high angle reflections were accurately centered and
used for least squares refinement of the lattice para-
meters using a program which is a part of the pro-
gram package for the computer controlled diffracto-
meter Siemens AED.

The intensities of the 3050 independent reflections
in the Mo sphere with < 30° were obtained using the
«five-values» measuring technique and the w: 20 scan.

The reflections which passed the test: net count
greater than 2¢; werc 1233, all the others treated as
unobserved were given zero weight in the subsequent
refinement.

The intensity of a reference reflection —4 5 1 recor-
ded after each group of twenty reflections as a check
of the stability of the instrument and of the crystal
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Table L

Positional and thermal parameters (and
by T=-exp[—(Bih*+ Bzk?+ Bul’ + B hk+ B:hl+ kD ].

their e.s.d's).

For non-hydrogen atoms

thermal parameters

are defined

X (X10% y (x10% z (X10% B(AY)

Sb 1644(1) 1233(1) 93(2)
Br; 3218(3) 1935(2) 2209(4)
Br; 687(3) 35(2) 2288(4)
Br; 153(3) 2686(2) 507(4)
C 5421(25) 69(21) 691(36)
C, 5377(27) —505(22) 2208(36)
Cs 6269(31) —285(25) 3551(36)
Cs 7133(37) 399(33) 3415(45)
Cs 7229(24) 963(26) 1861(49)
Cs 6360(27) 859(22) 487(42)
C; 6464(33) 1395(29) —1156(49)
Cs 5602(33) 1226(26) —2374(48)
H, 6215 —712 4732 4.3
H. 7763 534 4464 5.6
H; 7982 1488 1713 4.6
H, 7213 1914 —1387 5.3
H; 5653 1661 —3547 5.3

ﬂn(x 109 Ba( X 10%) Bs:(x 109 B12(104) 3ix(10%) B3::(10%)
Sb 105(2) 39(1) 141(3) —3(1) 6(2) 12(1)
Br, 97(3) 54(2) 195(6) —7(2) —16(3) —15(3)
Br: 111(3) 40(1) 179(6) —12(2) —9(3) 11(2)
Br; 133(3) 43(1) 174(6) 20(2) —3(4) 6(2)
Cy 74(26) 48(16) 189(55) 22(18) 7(27) —15(25)
C. 96(31) 61(19) 199(59) 49(21) 69(35) 21(26)
C; 119(35) 6421 123(55) 42(24) —061(35) 1(27)
Cs 127(42) 95(50; 236(70) 59(31) —101(43) —46(38)
Cs 34(27) 84(23) 335(89) —3(19) 4(35) —55(38)
Cs 79(28) 46(16) 248(69) 23(18) 6(34) 21(27)
C; 110(37) 85(28) 261(78) —1(26) 20(44) 42(38)
Cs 126(37) 69(21) 285(81) 30(25) 125(48) 36(35)

specimen showed no evidence of any deterioration of
the sample. The intensities were corrected for Lo-
rentz and polarization effects but not for extinction
or absorption.

All calculation were carried out on an IBM 360/44
computer using for Fourier calculations programs writ-
ten by Immirzi'®, for full-matrix least squares a local
version of the ORFLS"Y, for Wilson plot, bond lengths
and angles and least-squares planes Ahmed’s pro-
grams',

Form factors for neutral Sb, Br, C, H were taken
from F.H.Moore®.

The effects of anomalous dispersion for Sb and Br
were accounted for by adding. Af" = —0.6 and —0.3
electrons to the scattering curve of antimony and of
bromine. The effets of Af” = 2.0, 2.6 clectrons re-
spectively were neglected for this centric structure.

The approximate positional parameters of the anti-
mony and the three bromine atoms were obtained
from a three-dimensional Patterson synthesis. A struc-
ture factor calculation followed by a difference Fou-
rier synthesis phased by the Sb and Br atoms revealed
the position of all the carbon atoms. Four cycles of
full matrix least-squares refinement with individual
isotropic temperature factors and unit weights resul-
ted in a residual R=ZX||F,|—|F.||/Z|F,| of
0.136. Hydrogen atom positions were calculated and
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included with isotropic temperature factors equal to
those of the carbon atom to which they were atta-
ched. At this point the Mills and Rollet weighting
scheme in the form.

W=[1+(‘£L_—b)z] yas used with a = 40, b = 60.

A final five cycles of anisotropic refinement of all
the non hydrogen atoms (hydrogen parameters were
not refined) yielded a residual R of 0.079 and R
weighted of 0.097 for all the observed reflections.

The changes in all refined parameters were < 0.15.
A three-dimensional difference Fourier calculated at
the end of refinement was relatively featurless except
for same positive peaks of about 1 e¢ /A® around the
Sb and the Br positions.

Results and Discussion

The final positional and thermal parameters, with
their e.s.d’s, are given in Table I; the F, and F. values
in Table II. Interatomic distances and angles, with
their e.s.d’s, are given in Table III. Views of the 2SbBr;
pyrene complex perpendicular to ring and along the
Sb-Br(3) bond are given respectively in fig. 1 and fig.
2. The packing of the molecules as viewed down the
¢ axis is given in fig. 3.

The distances of the Sb, Br and C atoms from the
mean least-squares plane of the pyrene molecule are
given in Table V.
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The pyrene molecule is centrosymmetric in the 1200 rene and one molecule of SbBr;.
position and symmetrically bonded to two SbBr; mo- The antimony atom, the atoms Br(1) and Br(2) of
lecules in general position. The structure consists of an SbBr; molecule lie in a plane almost parallel to
single layers of pyrene molecules inclined at about 45° the plane of the pyrene molecule (angle of 7°,47).
on the plane x = 1% and double layers of antimony The atom Br(3) points away from the pyrene mole-
tibromide molecules parallel to the plane x = 0. The cule and the bond Sb-Br(3) is almost normal to the
asymmetric unit corresponds to half a molecule of py- plane Sb-Br(1). A second SbBr; molecule, related to

Table . Observed and calculated structure factors.
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Table ll. (continued)
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the first lecule, is linked in the same way on the opposite side
of the pyrene molecule.
The structure is similar to that of 2SbCl;.Naphtha-

lene® and different from the structure of 2SbCls.Phe-

Br(2)

Figure 1. View of the complex perpendicular to the pyrene
molecule. Figure 2. View of the complex along the Sb-Br(3) Bond.
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Table L. Interatomic distances and angels (and their e.s.d's.).
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Sb-Br(1) 2.502(3)A C(1)-C(19) 1.40(HA
Sb-Br(2) 2.505(3) C(1)-C(2) 1.38(4)
Sb-Br(3) 2.490(3) C(2)-C(3) 1.43(4)
Sb-C(1%) 3.61(3) C(3)-C4d 1.29(4)
S5b-C(29) 3.75(3) C(4)-C(5) 1.40(4)
Sb-C(3) 3.77(3) C(5)-C(6) 1.41(4)
Sb-C(4) 3.66(3) C(6)-C(7) 1.44(4)
Sb-C(5") 3.44(3) C(N-C(8) 1.33(4)
Sb-C(6") 3.48(3) C(8)-C(2) 1.41(4)
Br(1)-Sb-Br(2) 93.9(1)° C(2)-C(3)-C(4) 124(2)°
Br(1)-Sb-Br(3) 94.0(1) C(3)-C(4)-C(5) 119(2)
Br(2)-Sb-Br(3) 97.3(1) C(4)-C(5)-C(06) 122(2)
C(11)-C(1)-C(2) 123(2) C(5)-C(6)-C(T) 123(2)
C(11)-C(1)-C(6) 117(2) C(5)-C(6)-C(1) 117(2)
C(2)-C(1)-C(6) - 120(2) C(7)-C(6)-C(1) 120(2)
C(1)-C(2)-C(3) 118(2) C(6)-C(7)-C(8) 118(2)
C(1)-C(2)-C(8") 117(2) C(7)-C(8)-C(2) 124(2)
C(3)-C(2)-C(8") 124(2)
Bromine contacts.
Sb-Br(2) 3494(3)A Br(27)-Sb-Br(1) 170.3(1)°
Sb-Br(1") 3.652(3) Br(2°)-Sb-Br(2) 76.4(1)
Br(3)-Br(2"*") 3.600(4) Br(2°)-Sb-Br(3) 88.2(1)
Br(2)-Br(2'") 3.790(4) Sb-Br(2)-Sb*” 103.6(1)
Br(3)-Br(3""*") 3.848(4) Br(1")-Sb-Br(1) 81.0(1)
Br(2)-Br(3""'") 3.891(4) Br(1°)-Sb-Br(2) 174.9(1)
Br(1)-C(8*") 3.51(3) Br(17)-Sb-Br(3) 82.8(1)
Br(1")-Sb-Br(2) 108.7(1)
Sb-Br(1)-Sh 108.6(1)

Asymmetric units: ( )=xy,2; (V=1-xy2Z; ()=X3§Z; (“)=XVa—yz—Ve; (")=—xY2 4y, Va~z; (") =xVo—y, 2 42

Table IV. Distances from thc mean least-squares plane of
the pyrene molecule: 0.6049x—0.6907y—0.3963z—3.2266==0.

Sb —3.301 Br(2) —3.507
Br(1) —3.356 Br(3) —5.693
C(1) —0.001 C(5) —0.011
C(2) -—0.029. C(6) 0.040
C(3) —0.001 c( —0.042
C4) 0.015 C(8) —0.006

nanthrene®’. In this last structure two crystallographi-
cally non-equivalent SbCl; molecules are bonded from
the same side to the phenonthrene molecule. The
following distances in the three complexes may be
compared:

Sb— distance (&)

in the plane
X-5b-X

2.348(2)
2.347(2)

2.350(4)
2.349(4)
2.338(3)
2.359(3)

2.500(3)
2.505(3)

2SbCl; - Naphthalene *

2SbCl, - Phenanthrene ®

2SbBr; - Pyrene (this work)

In both the SbCl; complexes the Sb-Cl bonds, nor-
mal to the CISbCl plane, are a little but significantly
longer than the Sb-Cl bonds lying in the plane. In
the 2SbBr:.Pyrene complex the three bonds have al-
most equal values, very close to the mean Sb-Br di-

(14) D. W. Cushen and R. Hulme, J. Chem. Soc., 1962, 2218.

stance (2.49 A) found in the solid SbBrs*, the Sb-Br-
(3)bond normal to the BrSbBr plane being a little shor-
ter than the other two. In the phenanthrene complex
the shorter Sbh-arene contact is opposite to the longer
Sb-Cl distance normal to the CISbCl plane.® This
seems to suggest some dependency of this last bond
from the strength of the Sb-arene bond.

In the 2SbBr;.Pyrene complex the shortest Sb-C di-
stances, Sb-C(5") = 3.44(3) and Sb-C(6’) = 3.48(3)A
(Table I1I), concern carbon atoms which are not in-
volved in the shortest C-C distances, C(3)")-C(4") =
1.29(4) and C(7")~C(8") = 1.33(4)A, observed in the
coordinated pyrene molecule.

These C-C bonds are also the shortest in the free
pyrene molecule (15): C(3)—C(4) = 1.344 and C(7)

Distances (A)

1 to the plane of the Sb atom from

X-Sb-X the arene mean plane
2.367(2) 3.223
2.359(3) 3.27

2.398(3) 2.94

2.490(3) 3.301

—~C(8) = 1.315 A. On the contrary in the 2SbCls.
Naphthalene complex (8) the most significant change
in the naphthalene bonds regards two adjacent C-C
bonds which are the closest to the antimony atom and
are the shortest in the complex molecule. This seems

(15) A. Camerman and }. Trotter, Acta Cryst.,, 18, 636 (1965).
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to indicate a weaker Sb-arene bond in the 2SbBri.Py-
rene complex.

Br@3)
armE

Bri?)

Figure 3. Packing of the molecules as viewed down the ¢
axis and environment of the Sb atom showing a distorted
octahedral coordination.
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On the other side the shortest Br-C contact, Br(1)-
—C(8”"”") = 3.51(3)A, regards a carbon atom involved
in one of the two shortest C-C bonds, C(8)-C(7) =
1.33(4)A, observed in the coordinated pyrene mole-
cule. This could suggest a weak interaction of the
bromine atom with the aromatic ring®.

Unlike 2SbCls.Phenanthrene there are Sb...Cl con-
tacts (3.26, 3.49, 3.41, 3.55 A) which were conside-
red sufficiently shorter than the sum of the Van der
Waals radii to complete the distorted octahedral coor-
dination around antimony’. Si milarly in the crystal
structure of 2SbBr;.Pyrene the two shortest Sb...Br
contacts, Sb-Br(2”)= 3.494(3) and Sb-Br(1”’) =
3.652(3)A (Table I11), make angles witeh the other
Sb-Br bonds (Table 111) which correspond to a de-
formed octahedral coordination of five bromine atoms
and the arene molecule around the antimony atom
(Figure 1).
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