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although the X-ray work did not locate the H atoms
directly.

Geometries about the S atoms are unexceptional, the
Os—S ©bond lengths of S(1)-Os(1) 2-406 (9),
S(1)-0s(3) 2.403(8), S(2)-0s(4) 2:419(9),
S(2)—0s(6) 2-403 (10) A being entirely similar to those
in compounds reviewed briefly in the preceding paper
(Holden et al., 1983b). S(1) lies 1-88 (2) A below the
plane of Os(1)Os(2)0s(3), and S(2) 1-90 (2) A from
that described by Os(4)Os(5)Os(6). The dihedral angle
between these two planes of Os atoms is 78-9 (10)°(see
Table 3). The —(C;Hg)— link showed no evidence for
conformational disorder in the crystal.

The structure determination shows the compound is
(I) rather than (II), which had been strongly suggested
on the basis of mass-spectral evidence. Adams &
Selegue (1980) have reported the structural in-
vestigations of (III) and (IV) which have the bidentate
dithioformato ligands chelating to give monomers. In
(III), the (#-H) Os—Os distance is 2-973 (1) A
(average) whilst the corresponding (u-S,CH) Os—Os
in (IV)is 2-854 (1) A.
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Table 3. Least-squares planes and atom distances from
plane (A x 10?%)

Plane (1): Os(1), Os(2), Os(3)
—5.453x + 7-961 y + 13.3582 -1-692 =0

S(1) —188(2) C(@3) ~394 (4)
S(2) —550(2) 0s(4) —504 (1)
Cc() —228 (4) Os(5) =781 (1)
C@2) —340(4) Os(6) —~598 (1)
Plane (2): Os(4), Os(5), Os(6)
11.084 x + 9.067 y + 2.046 z + 10-662 = 0
S(2) —190 (2) C(3) —2274)
S(1) —515(2) Os(1) -592(1)
C(1) -379 (4) 0s(2) —717(1)
C2) —324 (4) Os(3) —439 (1)

The dihedral angle between the planes is 78-9 (10)°.

Other examples of dimerization have been noted. (V)
is formed by reaction of H,0s;(CO),, with CS,
(Adams & Golembseki, 1979; Adams, Golembeski &
Selegue, 1981), and our work has shown that 3,4-
toluenedithiol reacts with Os;(CO),,(MeCN), to give
the analogous dimer (VI) (Holden & Uden, 1982,
unpublished results). This compound crystallizes in
the orthorhombic space group Pbca; all non-H atoms
have been located, but the refinement converged at the
high R value of ca 0-100, presumably because of
problems with absorption corrections.
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The Structure of (1,4-Dioxane)thallium(I) Tetrabromothallate(III), TI(C,H,0,)*.TIBr;

By S. E. JEFFS, R. W. H. SMALL AND 1. J. WORRALL

Department of Chemistry, The University, Lancaster, England

(Received 23 March 1983; accepted 1 June 1983)

Abstract. M, = 816-4, orthorhombic, Cmc2,, a=
10-31 (1), b=28-560(5), c=15-55(2) A V=
1372.3 A%, Z=4, D,=3-95Mgm~, MoKu, A=
0-7107 A, x=33-98mm~!, F(000)= 1400, T=

0108-2701/83/091205-03301.50

293 K, R =0-057 for 604 reflections. The structure
consists of tetrahedral TIBr; ions and chains of T1* ions
bridged by 1,4-dioxane molecules; the geometry around
eight-coordinate T1* is a distorted dodecahedron.
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Introduction. We have recently shown that many of the
addition complexes formed by the ionic ‘dihalides’ of
gallium and indium (Ga,X,, In,X,) are neutral and
contain metal-metal bonds; e.g. Ga,Cl,.2dioxane
(Beamish, Small & Worrall, 1979) and In,Cl,.-
2dioxane (Sinclair & Worrall, 1982). There are no
reports of analogous thallium compounds in the
literature, and the present work was carried out as part
of a study of the coordination chemistry of the
mixed-oxidation-state thallium halides TI*.TLX7. We
here describe the crystal structure of Tl,Br,.dioxane.

Experimental. Prepared by refluxing a solution of
thallium(III) bromide in dry dioxane for 12 h, needle
crystals obtained upon cooling, satisfactory crystals
transferred to Lindemann tubes in a nitrogen-filled dry
box. Analysis: found Tl 50-05%; calculated, for
T1,Br,.dioxane, Tl 50-06%. Crystal data from Weis-
senberg, de Jong—Bouman and Buerger precession
photographs,CuKo. radiation (1= 1-542A); systematic
absences indicated Cmc2, or Cmcm, former proved
more satisfactory; Stoe STADI-2 two-circle automatic
diffractometer, graphite-monochromatized Mo Ka, A
0-13, k& 09, I 0-20, 26 < 55°, crystal 0-078 x
0-434 x 0-043 mm, absorption corrections (max.
0-0919, min. 0-0080) and scaling of data carried out
with SHELX76 (Sheldrick, 1976), standards measured
by each k layer, checked every 10 reflections, variation
1%, 866 reflections measured, 604 unique observed
reflections [/ > 30(I)]l; SHELX76 used for all other
calculations; thallium atom positions, obtained from
Patterson maps, used to phase (F, — F,) maps to give
positions of remaining non-hydrogen atoms; unit
weights, full-matrix least-squares refinement on F of all
atomic positions, anisotropic U;; for Tl and Br,
isotropic U for remaining non-H atoms, R = 0-057. As
the space group is without a centre of symmetry, the
enantiomorphous structure was also refined but no
significant changes were observed in either R or
structural parameters; max. shift/e.s.d. =0.03 for
heavy atoms, 1-511 for O(1) (see Discussion), max.
and min. height in final difference synthesis 3-6 and
—1.8e A-% atomic scattering factors, including
anomalous scattering, from Cromer & Mann (1968)
and Cromer & Liberman (1970).*

Discussion. Final coordinates and equivalent isotropic
(Ueq) values for Tl and Br and isotropic thermal
parameters for C and O are given in Table 1. The
structure is composed of tetrahedral TIBr; ions and
Tl(dioxane)* ions and is the first reported complex of

* Lists of structure factors, anisotropic thermal parameters, bond
distances and angles involving C and O have been deposited with
the British Library Lending Division as Supplementary Publication
No. SUP 38631 (7 pp.). Copies may be obtained through The
Executive Secretary, International Union of Crystallography, 5
Abbey Square, Chester CH1 2HU, England.

TI(C,H,0,)*.TIBr;

Table 1. Fractional atomic coordinates (x10* for Tl,
Br, x10% for O, C) and isotropic thermal parameters
(A? x 104 for T1, x 10° for Br, O, C)

Uea =4$2,2,;U;atata . a;.

ij%i ¥j 4.
X y z Ueq/U
TI(1) 5000* 3243 (3) 1858* 409 (12)
TI(2) 5000* 8258 (3) 1859 (8) 504 (13)
Br(1) 5000* 4919 (22) 3234 (10) 70 (9)
Br(2) 5000* 4876 (23) 527(11) 53 (8)
Br(3) 2990 (4) 1484 (6) 1940 (15) 66 (4)
o(1) 500* 1002 (27) 373 (13) 169 (95)
c() 635 (8) 973(11) 407 (5) 85 (27)
C(2) 614 (5) 79 (6) 465 (3) 36 (10)
0(2) 500* 924 (8) 20 (4) 51 (14)

* Constrained.

Table 2. Bond distances (A) and angles (°)

TI(1)—Br(1) 2.576 (17) TI(1)—Br(2) 2-498 (18)
TI(1)—Br(3) 2.564 (5) TI1(2)—Br(3") 3-439 (5)
T1(2)—Br(1) 3-570 (18) T1(2)-Br(2) 3-559 (20)
T1(2)—Br(3") 3-454 (6) TI(2)—0O(2) 2.71 (6)
TI(2)-0(1) 3.28(22)
Br(1)=TI(1)~Br(2) 112:1(2) Br(1)-TI(1)—Br(3) 1066 (5)
Br(2)-TI1(1)-Br(3) 111.7(5) Br(3)-TI(1)—Br(3") 107-8 (2)
Br(2)-TI(2)-Br(1) 72-4 (1) Br(3")—TI(2)-Br(2) 70-3 (2)
Br(3")—TI(2)—Br(1) 67-9 (3) Br(3"—TI(2)—Br(3") 127-4 (2)
Br(3™)—TI(2)—Br(3") 73.7(2) O(1)-TI(2)~Br(1) 80 (4)
O(1)-TI(2)-Br(2) 153 (4) O(1)~T1(2)—Br(3') 100 (2)
0O(2)-T1(2)-Br(1) 145 (2) 0O(2)-TI(2)-Br(2) 72 (1)
0(2)-Ti(2)-Br(3") 100 (1) O(1)-Ti(2)—Br(3"™) 66 (4)
O(2)-T1(2)-Br(3") 78 (1) O(1)-T1(2-0(2) 135(3)
Symmetry code

@) 1-x,p 2 (i) 3+x, §+y, 2z (i) 3—x, §+y, 2z
(iv)x, 1+y, 2z V) 1=x, 14y, z (Vi) x, 2—p, $+2.

Br(3')

o0 Se
2
Ti2)

Fig. 2. T1,Br,.dioxane.
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T1,Br,. It is quite different from the dioxane complexes
formed by the analogous gallium (Beamish, Small &
Worrall, 1979) and indium dihalides (Sinclair &
Worrall, 1982). Bond distances and angles are given in
Table 2; tetrahedral distances [TI(1)—Br] are similar to
those observed in the parent halide [mean distance
2-51 (3) A, Hazell, 1963]. The Ti* ion [TI(2)] is at the
centre of a distorted dodecahedron (Fig. 1) and is
surrounded by six Br atoms (from four different
tetrahedra) and two O atoms; the TI(2)—Br distances
are similar to other ionic eight-coordinate TI*—Br
distances, e.g. 3-46 A in T1,Br, where TI* is at the
centre of a distorted dodecahedron (Hazell, 1963), and
3-44 A in TIBr which has a CsCl structure (Lee, 1971).
The TI* ions are bridged by weakly attached dioxane
molecules in the chair conformation to form chains
parallel to the ¢ axis (Fig. 2). The TI(2)—O distances,
which have high e.s.d.’s, are similar to those observed in
other ionic TI' complexes, e.g. TLFCO,, TI-O
2.89 (6) A (Alcock, 1973); TI.C;H,N,0,, TI-0 2.83—
3.22(2) A (Herbstein, Kapon & Wielinski, 1977). We
attribute these high e.s.d.’s to the mobility of the ligand
due to its weak attachment; it is well known that TI* is
a very weak acceptor for ‘hard’ ligands such as oxygen
(Lee, 1971); complexes of TI' which have been reported
and which give more precise Tl—O distances are in the
main those which contain negatively charged ions, e.g.
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acetate (Brown & Faggiani, 1980), salicylate (Hughes
& Truter, 1972) and picrate (Herbstein, Kapon &
Wielinski, 1977). The interaction between the charged
ions will be stronger than the ion-dipole of a neutral
ligand such as dioxane.

The fairly regular coordination around TI' suggests
that the 6s* lone pair of electrons is stereochemically
inactive. This effect has been recently discussed (Brown
& Faggiani, 1980).
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catena-Di-u-thiocyanato-N,S-bis(1H-1,2,4-triazole-N *)cadmium, [Cd(C,H;N,),(NCS),];
a Third Structure Type of Composition M(NCS),(1,2,4-triazole),

By J. G. HAASNOOT,* G. C. M. bE KEYZER AND G. C. VERSCHOOR

Department of Chemistry, Gorlaeus Laboratories, State University Leiden, PO Box 9502, 2300 RA Leiden, The
Netherlands
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Abstract. M, = 366-70, triclinic, P1, a=>5-717 (2),
b=17573(2), c¢=17-683(2)A, 0=79-54(2), f=
68-70 (2), y=89-36 (2)°, ¥ =304.2A% Z=1,D,=
1.99 (1), D,=2-00 Mg m~%, Mo Ka, A=0-71073 A,
4=2-11mm™", F(000)= 174-94, room temperature,
R=0-019 for 1722 independent reflections. The
compound was crystallized from an aqueous solution of
cadmium thiocyanate and 1,2,4-triazole. Cd?* is octa-
hedrally coordinated by two monodentate N(4)-bonded
1,2,4-triazole ligands (trans oriented) with Cd—N =
2.:317(1) A, two (trans) thiocyanate N atoms, Cd—
N =2-330 (2) A, and two thiocyanate S atoms, Cd—

* Author for correspondence.

0108-2701/83/091207-03$01.50

S=12.754 (1) A. The thiocyanate ions constitute
double bridges, thereby building infinite linear chains of
thiocyanate-linked Cd?* ions running parallel in one
direction in the crystal. The structure differs from
previous compounds of composition M(NCS),(1,2,4-
triazole), that contain bidentate 1,2,4-triazole ligands
and N-bonded thiocyanate anions.

Introduction. Thiocyanates of divalent first-row transi-
tion metals are known to form either linear trinuclear,
or two-dimensional layered compounds with 1,2,4-
triazole (trz) as ligands. The overall composition is
M(NCS),(trz), (Haasnoot & Groeneveld, 1977). These
types of compounds are easily distinguished by their

© 1983 International Union of Crystallography



