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07—Ca2—07 126.6 (2) 05'—Ca2—N3 156.1 (2)
05—Ca2—N3 66.8(2) 07'—Ca2—N3 124.1(2)
O7—Ca2—N3 88.1(1) N3—Ca2—N3' 108.3(2)
05'—Ca2—N4 87.2(2) 05'—Ca2—N4' 124.9(1)
07—Ca2—N4' 157.7 (1) 07—Ca2—N4 66.7 (1)
N3—Ca2—N4 69.6(2) N3'—Ca2—N4 70.1(2)
N4'—Ca2—N4 107.9(2) 09—Ca3—08" 88.2(2)
09—Ca3—0l1 153.5(2) 08"—Ca3—0l1 96.6 (2)
09—Ca3—010 100.2 (2) 08"—Ca3—0I10 158.4 (2)
011—Ca3—O010 84.8(2) 09-—Ca3—02 125.7(2)
08"—Ca3—02 83.4(2) 011—Ca3—02 80.8 (2)
010—Ca3—02 75.5(2) 09—Ca3—08 80.3(2)
08"—Ca3—08 68.8(2) O11—Ca3—08 77.3(2)
010—Ca3—08 132.1(2) 02—Ca3—08 142.0(2)
09—Ca3—O0! 74.4 (1) 08"—Ca3—O0lI 88.2(1)
O11—Ca3—0I 131.6(2) 010—Ca3—O0l 75.1 (1)
02—Ca3—01 51.9(1) 08—Ca3—0!1 146.2 (1)
09—Ca3—Q7 73.7(1) 08"—Ca3—07 118.8(2)
O11—-Ca3—07 81.2(2) 010—Ca3—07 82.7(1)
02—Ca3—07 152.8 (1) 08—Ca3—07 51.0(1)
01—Ca3—07 136.8 (1)
Symmetry codes: (i) —x, ¥, { —zi (i) L —x, 3 —y, 1 —z

Table 3. Contact distances (A)
09--.05' 2.77(1) 010---03' 281 (1)
oll-..013" 2.82(1) Oll---019 292(1)
012---020' 3.07(2) 013--.04' 2.74 (1)
013-.-06 2.771) 013.-.017 2.59(1)
0l4-..04' 2.81(1) 014--.015" 2.78 (1)
0Ol14...019"™ 2.58(1) 0o15---02" 2.79(1)
0l15-..017" 2.80(1) 016---06" 2.75(1)
016--.019" 2.72¢1) 017...018" 2.58(1)
0Ol17---020" 2.69(1) 0O18---019’ 2.75(1)
Symmetry codes: (i) —x,y, { —z: (i) { +x, 3 —y, L+ 2 (iti) x — 13—
ni— L) =l -y —ninl=yi+nvi)i—xy—1, i -z

Unfortunately, the crystal was lost due to icing with approx-
imately 500 reflections to collect; consequently no azimuthal
data were collected. C-bound H atoms were placed in ideal-
ized positions [C—H = 0.96 A, U(H) = 0.08 A%(fixed)] and
all O-bound H atoms, except for those of Q12 and 020, were
located in a difference Fourier map. H atom parameters were
not refined. The H atoms bound to O12 and 020 were not
included in the list of atomic coordinates.

Data collection: P3 (Siemens, 1982a). Data reduction:
XTAPE (Siemens, 1982b). Program(s) used to solve structure:
SHELXS86 (Sheldrick, 1986). Program(s) used to refine struc-
ture: SHELXL93 (Sheldrick, 1993). Molecular graphics: XP
(Siemens, 1990).

The Siemens R3m/E X-ray diffractometer and crys-
tallographic computing system at Colorado State Uni-
versity were purchased with funds provided by the US
National Science Foundation.

Lists of structure factors, anisotropic displacement parameters, H-
atom coordinates and complete geometry have been deposited with
the IUCr (Reference: FG1080). Copies may be obtained through The
Managing Editor. International Union of Crystallography, 5 Abbey
Square, Chester CHI 2HU, England.
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The Polymeric Cluster Complex
{[(CH3CH,);NH][WAgS,].(DMF)},
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Abstract

The structure of the anion in catena-poly[triethyl-
ammonium  [tungsten-di-p-sulfido-silver-di-g-sulfido]
N,N'-dimethylformamide solvate], {(CeH16sN)[WAZS,].-
(C3H;NO)},, can be viewed as a polymeric chain com-
posed of extended fragments of AgS,W, which are al-
ternately almost perpendicular to each other. Each metal
atom displays approximate tetrahedral coordination with
four p-S atoms. Hydrogen-bond interactions exist be-
tween the DMF molecule and the [(CH;CH;);NH]*
cation.

Comment

Early in 1983, Miiller and co-workers proposed the
polymeric structure of [(C¢Hs)sP][AgMoS4] from the
strong absorption in the Mo—S absorption bands in
its resonance Raman spectrum (Miiller, Jaegermann &
Hellmann, 1983; Miiller & Hellmann, 1985). The crystal
structure of this kind of complex, however, was not
reported until 1993 (Lang, Li, Bao & Xin, 1993). The
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structure of the title compound, (I), is described as an
addition to this family.

A portion of the anion chain and of the hydrogen-
bonding structure and the packing diagram of the unit
cell are shown in Figs. 1 and 2. The anion chain,
which is propagated by cell translation along the crys-
tallographic a axis and runs parallel to the a axis, is
composed of extended rhombic networks of AgS,W;
neighbouring rhombi in the chain are alternately almost
perpendicular to each other [dihedral angle 91.0(2)°].
Metal atoms are approximately tetrahedrally coordi-
nated by four p-S atoms with the coordination an-
gles varying from 91.5(4) to 123.0 (4)°. The average
W—S, Ag—S and W—Ag distances are 2.202(9),
2.546(11) and 2.983(6) A, respectively, which are
comparable with the corresponding values found in
(PPh3)3[Ag,WS,].0.8CH,Cl, [2.207 (6), 2.528(6) and
2.971(2) A, respectively (Miiller, Bogger & Koniger-
Ahlborn, 1979)]. As shown in Fig. 1(b), hydrogen-bond
interactions exist between the O atom of the DMF mol-
ecule and the N atom of the [(CH3CH,;);NH]* cgtion;
the O- - -H1-—N2 distance and angle are 2.78 (3) A and
178 (3)°, respectively.

Fig. 1. (a) Structure of a portion of the anion chain showing 50%
probability displacement ellipsoids. (b) Diagram of the hydrogen-
bonding structure. H atoms are unlabelled except for HI.

(C4H,(N)[WAgS,].C;H,NO

2
3R

]

;
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@é
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Fig. 2. Packing diagram viewed down the b axis. H atoms are omitted
for clarity.

Experimental

The complex was synthesized by the reaction of ammonium
tetrathiotungstate, silver nitrate and triethylamine (1:2:1) in
DMF and CH;CN, and crystallized by allowing the filtrate to
stand in the air for several days. The orange crystals are stable

in air.

Crystal data

(CeH s N)[WAgS,].C;H,NO
M, = 595.27

Monoclinic

Cc .
a=5964(3) A
b=27.04(02) Ae
c=11.376(6) A
B =94.42(5)°
V=1829(3) A’
Z=4

D. =216 Mgm™*

Data collection

Rigaku AFC-5R diffractom-
eter

w/20 scans

Absorption correction:
refined from AF
(DIFABS; Walker &
Stuart, 1983)
Trin = 0.839, Thax =
1.000

1656 measured reflections

1656 independent reflections

Mo Ko radiation

A =0.71069 A

Cell parameters from 20
reflections

0 =3-13.8°
p=791 mm™'
T=293K
Rectangle

0.50 x 0.20 x 0.10 mm
Orange

1044 observed reflections
(1 > 3o0(D)]

Omax = 25.0°

h=0—7

k=0— 32

I=-13 - 13

3 standard reflections
monitored every 250

reflections

intensity decay: 0.6%
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Refinement

Refinement on F (A/o)max = 0.014

R = 0.0448 Apmax = 1.19¢ A~ (ghost
wR = 0.0498 of Ag atom)
S=1.11 Apmin = —046 ¢ A3

1044 reflections
101 parameters
H-atom parameters not

Extinction correction: none
Atomic scattering factors
from International Tables

refined Sor X-ray Crystallography
w = 1/[o?(F) + (0.02F) (1974, Vol. IV)
+1—F]

Table 1. Fractional atomic coordinates and equivalent
isotropic displacement parameters (A?)
Ueq = (I/3)Z,~EjU,jai‘a].'ai.aj.
¥ H Ue,

X Z

w 0.7486 —0.13864 (4) 0.2506 O.()34g 2)
Ag 0.2464 (7) —0.13737 (9) 0.2446 (4) 0.0570 (5)
N 0.554 (1) —-0.0772(3) 0.3179(9) 0.062 (3)
S2 0.984 (1) —0.1635 (3) 0.3986 (7) 0.050(2)
S3 0.536 (1) —0.2018 (3) 0.1944 (8) 0.056 (2)
S4 0.922 (1) —0.1133 (4) 0.0965 (7) 0.058 (2)
[¢) 0.325(3) —0.0746 (9) 0.829 (2) 0.067 (6)
N1 0.253 (4) —0.0170 (9) 0.964 (2) 0.048 (6)
N2 0.552 (4) —0.157 (1) 0.751(2) 0.052(7)
Ci 0.313(7) 0.008 (2) 1.075 (4) 0.10(1)
C2 0.051(7) 0.000 (2) 0.904 (4) 0.09 (1)
C3 0.368 (5) —0.053 (1) 0923 (3) 0.049 (8)
Cll1 0.796 (5) —0.141 (1) 0.734 (3) 0.068 (9)
Ci2 0.801 (6) —0.092 (2) 0.658 (3) 0.08 (1)
C21 0.547 (6) —0.194 (1) 0.851(3) 0.07 (1)
C22 0.322.(7) —0.198 (2) 0.889 (4) 0.10(1)
C31 0.419 (5) —0.170 (1) 0.643 (3) 0.057 (9)
C32 0.519(6) =0.215 (1) 0.581(3) 0.07 (1)

Table 2. Selected geometric parameters (A, °)

W—_Ag 2,991 (6) WS4 2211(9)
W—Ag' 2,975 (6) Ag—SI 2.545(11)
W—S| 2.196 (9) Ag—S2" 2.539(11)
W—S2 2211 (8) Ag—S3 2550 (10)
w—S3 2,192 (9) Ag—S4" 2.552(11)
Ag—W—Ag' 177.1(2) S1—Ag—S3 91.5(4)
SI—W—S82 106.6 (4) S1—Ag—s4" 123.0 (4)
S1—W—S3 1125 (3) S2"—Ag—S3 115.4 (4)
SI—W—54 109.5 (4) S2"—Ag—S4" 92.8(3)
S2—W—S3 107.7 (4) S3—Ag—S4" 121.3 (4)
S2—W—S4 113.0(3) W—SI—Ag 77.8(3)
S3—W-—S4 107.7 (4) W—S2—Ag' 77.2(3)
W—Ag—W" 177.1 (2) W—_S3—Ag 77.8(3)
S1—Ag—S2" 114.9 (4) W—S4—Ag' 77.0(3)

Symmetry codes: (i) | +x,y,z; (ii))x — 1,y,z.

The structure and its enantiomorph were refined by full-matrix
least-square methods; the absolute configuration was assigned
to the enantiomorph that gave the better of the two sets of
agreement factors (R, wR and S). H atoms were all located
theoretically and not refined. Structure solution and refinement
were carried out on a Compaq PROLINEA 4/50 computer.

Data collection: CONTROL (Molecular Structure Corpo-
ration, 1988). Cell refinement: CONTROL. Data reduction:
MolEN (Fair, 1990). Program(s) used to solve structure:
MolEN. Program(s) used to refine structure: MolEN LSFM.
Molecular graphics: ORTEPII (Johnson, 1976). Software used
to prepare material for publication: GCIF (local program).

This research was supported by grants from the
State Key Laboratory of Structural Chemistry, Fujian
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Institute of Research on the Structure of Matter, Chinese
Academy of Sciences, and the Science Foundation of
Nation and Fujian Province.

Lists of structure factors, anisotropic displacement parameters, H-
atom coordinates and complete geometry have been deposited with
the IUCr (Reference: DE1020). Copies may be obtained through The
Managing Editor, International Union of Crystallography, 5 Abbey
Square, Chester CH1 2HU, England.
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Abstract

Crystals of trans-tetracarbonylbis(trimethyl phosphite)-
molybdenum(0) contain discrete [Mo(C3HgO3P),(CO)4]
molecules whose metal atoms occupy crystallographic
inversion centres. Valency angles at the Mo atom deviate
from ideal octahedral values by no more than 3.3 (1)°.
Mo-ligand bond lengths are normal, with an Mo—P
distance of 2.4256 (8) and Mo—<C distances of 2.041 (3)
and 2.037 (4) A.

Comment

The title complex, trans-tetracarbonylbis(trimethyl
phosphite)molybdenum(0), (I), has been prepared pre-
viously in a mixture of [Mo(CO)s_,{P(OMe);},] (n =
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