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1302 measured reflections
1212 independent reflections

Refinement

Refinement on F?

RIF? > 20(F%)] = 0.023
wR(F?) = 0.059
S=1114

1212 reflections

79 parameters

H atoms constrained

[Cd(SCN)2(C3HsN2):]

2 standard reflections
every 200 reflections
intensity decay: none

(A/0)max < 0.001

Apmax = 0.289 ¢ A7

Aprin = —0392 e A™*

Extinction correction: none

Scattering factors from
International Tables for
Crystallography (Vol. C)

w = U[cX(F?) + (0.0317P)
+ 0.3616P]
where P = (F2 + 2F2)/3

Table 1. Selected geometric parameters and hydrogen-
bonding geometry (A, °)

Cd1—NI1 2.274 (2) N1—ClI 1.320 (4)
Cd1—N3' 2.322(2) N1—C3 1.375 (4)
Cd1—S1 2.8510(13) N2—Cl1 1.329 (4)
S1—C4 1.653(3) N2—C2 1.347 (5)
C4—N3 1.149(3) C2—C3 1.344 (5)
N1—Cd1—N3' 88.93(9) C1—N1—-Cdl 125.6 (2)
N1—Cd1—SI1 90.04 (7) C3—NI1—-CdI 128.9 (2)
N3'—Cd1—S1 87.67(7) Cl1—N2—C2 108.7 (3)
C4—S1—Cdl 94.39 (10) NI—C1—N2 110.3(3)
N3—C4—SI 178.6 (3) C3—C2—N2 106.0 (3)
C4—N3—Cd1" 149.9 (2) C2—C3—N1 109.5(3)
C1—N1—C3 105.4 (3)
D—H---A D-H H-A DA D—H.A

N2—H2A. - -S1" 0.90 2.60 3.470(3) 162

Symmetry codes: (i) x,y — 1,z; (i) x, | + v, z; (iii)) | — x, —y, —2.

Data collection: SHELXTL-Plus (Sheldrick, 1990a). Cell re-
finement: SHELXTL-Plus. Data reduction: SHELXTL-Plus.
Program(s) used to solve structure: SHELXS90 (Sheldrick,
1990b). Program(s) used to refine structure: SHELXL97
(Sheldrick, 1997). Molecular graphics: ORTEPII (Johnson,
1976) in SHELXTL-Plus. Software used to prepare material
for publication: SHELXL97.

This work was supported by the NSFC. We are
also indebted to the Chemistry Department of the
Chinese University of Hong Kong for donation of the
diffractometer.

Supplementary data for this paper are available from the IUCr
electronic archives (Reference: OB1018). Services for accessing these
data are described at the back of the journal.

References

Andrew, H. D., Michael, P. M. & David, J. W. (1994a). Transition
Met. Chem. 19, 653-656.

Andrew, H. D., Michael, P. M. & David, J. W. (1994b). J. Chem.
Soc. Chem. Commun. pp. 503-504.

Chow, M.-Y., Chen, X.-M. & Mak, T. C. W. (1993). J. Chem. Soc.
Dalton Trans. pp. 3413-3420.

Chowdhry, M. M., Mingos, D. M. P., White, A. J. P. & Williams,
D. J. (1996). J. Chem. Soc. Chem. Commun. pp. 899-900.

Johnson, C. K. (1976). ORTEPII. Report ORNL-5138. Oak Ridge
National Laboratory, Tennessee, USA.

Kopfman, G. & Huber, R. (1968). Acta Cryst. A24, 348-351.

© 1999 International Union of Crystallography
Printed in Great Britain — all rights reserved

Ram. G. G., William, P. H.. Marc, J. O. & Andre. L. B. (1981). Inorg.
Chem. 20, 3924-3928.

Sheldrick, G. M. (1990a). SHELXTL-Plus User’s Manual. Siemens
Analytical X-ray Instruments Inc., Madison, Wisconsin, USA.

Sheldrick. G. M. (1990b). Acta Cryst. Ad6, 467-473.

Sheldrick, G. M. (1997). SHELXL97. Program for the Refinement of
Crvstal Structures. University of Gottingen. Germany.

Taniguchi, M. & Ouchi. A. (1987). Bull. Chem. Soc. Jpn. 60, 4172~
4174.

Taniguchi, M., Sugita, Y. & Ouchi, A. (1987). Bull. Chem. Soc. Jpn,
60, 1321-1326.

Acta Cryst. (1999). C55, 2014-2016

Copper(I) cyanide-thiomorpholine (3/1)
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Abstract

In the polymeric 3/1 complex of copper(I) cyanide and
thiomorpholine, 3CuCN-C4HgNS or [Cu3(CN)3(C4Ho-
NS)].., the CuCN forms two-dimensional sheets, which
are held together by the thiomorpholine. Each thio-
morpholine molecule bonds to three different sheets.

Comment

In the course of studies of complexes of copper(l)
cyanide with thioureas (Stocker er al., 1996), diamines
(Stocker, Staeva et al., 1999) and imidazoles (Stocker
& Britton, 1999), the title compound, (I), was prepared.

N
3CuCN: [ j

N

H

(M

The anisotropic displacement ellipsoids and the label-
ing are shown in Fig. 1. The atoms in the CN groups
were treated as a mixture of C and N atoms at each
position, constrained to have the same coordinates and
anisotropic displacement parameters, with rationally re-
lated occupancies. When the refinement of the occu-
pancies showed that C1—N2 was completely ordered
and that C3—N4 was completely disordered within ex-
perimental error, the occupancies were fixed at 1.00
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and 0.50, respectively. Bond distances (Table 1) are all
within the usual ranges for their types. The bonding at
Cul and Cu3 is tetrahedral, while that at Cu2 is trigo-
nal, very close to planar [Cu2 is 0.032 (6) A out of the
N---N-- S plane].

Fig. 1. View of the title compound with displacement ellipsoids shown
at the 50% probability level. H atoms are shown with arbitrary size.
The view is about 45° away from that in the top view in Fig. 2.

Fig. 2. Top: view along a, showing the (CuCN); layer at y ~ %‘ The
thiomorpholine has been omitted entirely. Bottom: view along b,
perpendicular to the mirror plane. Only two of the C atoms in each
ring can be seen. The H atoms attached to C have been omitted for
clarity.

2015

The packing is shown in Fig. 2. All the CuCN
moieties occur in layers such as that shown in the
upper half of Fig. 2. This particular arrangement for a
two-dimensional CuCN polymer has not been found in
any of the previously studied CuCN-ligand complexes,
but the structural elements in the polymer are familiar.
The C3—N4 nitrile forms a disordered ambidentate
bridge between Cu3 and Cul at (x, y, 1+2); this
type of interaction occurs in the majority of CuCN-
ligand complexes. Two C1—N2 nitriles form C-atom
bridges between Cul and Cu3; this is less common
but several examples are known and are discussed by
Stocker, Staeva et al. (1999). It shoulg be noted that
the Cul- - -Cu3 distance of 2.400§ (13) A is shorter than
the Cu- - -Cu distance of 2.556 A in copper metal; the
Cu2C group appears to be held together by a three-
center bond. The CuCN layers are then held together
by the thiomorpholine as shown in the lower half of
Fig. 2. Each thiomorpholine has an S atom bonded to
Cu atoms in two adjacent layers, while the N atom is
bonded to a Cu in a third layer.

Experimental

The title compound was prepared in a similar fashion to that
described by Stocker, Staeva et al. (1999). Thiomorpholine
(1 mmol) was added to CuCN (3 mmol) dissolved in a solution
of sodium thiosulfate (10 mmol) in water (30 ml). The mixture
was heated and filtered; crystals of the product appeared on
cooling. Data: IR (cm™'): 3450 (br, w), 3255 (m), 2920 (s),
2850 (m, sh), 2127 (m), 2085 (s), 1640 (w, br), 1465 (w),
1440 (m), 1420 (w), 1375 (w), 1340 (w), 1275 (w), 1210 (m),
1135 (m), 1080 (m), 1015 (m), 975 (d, w), 925 (s), 825 (s),
670 (w), 600 (w), 472 (w), 440 (w). Analysis calculated for
C7HyCu3N,S: C 22.61, H 2.44, Cu 51.26, N 15.07, S 8.62%;
found: C 22.13, H 2.39, Cu 52.76, N 14.67, S 8.85%.

Crystal data

[Cu3(CN)3(C4HoNS)] Mo Ko radiation

M, = 371.86 A=071073 A
Orthorhombic Cell parameters from 35
Prma reflections

a = 16.161 (6) A
b=9262(2) A
7.133(3) A

C
V=1068(1) A’
Z

1
4
D,=2313Mgm *
D,, not measured

Data collection
Enraf-Nonius CAD-4
diffractometer
w scans
Absorption correction:
4 scans (North et al.,
1968)
Tmin = 0.38, Thax = 0.74

6=11-20°

g = 6.08 mm™'
T=2972)K
Prism

0.20 x 0.15 x 0.05 mm
Light brown

1104 reflections with

I > 20(l)
Rine = 0.047
Omax = 30.02°
h=0— 22
k=-13 - 13
I=-10 - 10
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6333 measured reflections
1640 independent reflections

Refinement

Refinement on F2

RIF? > 20(F?)] = 0.051

WR(F?) = 0.111

S=1.08

1640 reflections

81 parameters

H atoms treated by a
mixture of independent
and constrained refinement

[Cu3(CN)3(CsHoNS)]

3 standard reflections
frequency: 80 min
intensity decay: <1%

w = U[o2(F}) + (0.0590P)*)
where P = (F& + 2F2)/3

(A/0)max = 0.001

Apmax =13le A_

Apmin = —1.61 ¢ A3

Extinction correction: none

Scattering factors from
International Tables for
Crystallography (Vol. C)

Table 1. Selected bond lengths (A )

Cul—N¢4' 1.933 (1) Cu3—C3 1.916 (7)
Cul—C1 2.017(5) Cu3—N14" 2.114 (6)
Cul- - -Cu3 24008 (13)  Cu3—CI 2.176 (5)
Cul—S11 2.474 (2) CI—N2 1.140(7)
Cu2—N2 1.881 (5) C3—N4 LIST(O)
Cu2—S11" 2.377(2)

Symmetry codes: (i) x,y, z— 11 (ii) § —x, I —y, L+ (i) x—4,v, 3 -2
The six highest peaks and the four deepest holes in the final
difference density map all had magnitudes greater than 1. All
of these peaks and holes were between 0.7 and 1.0 A from
one or another of the Cu atoms. The H atoms were placed
in idealized positions, except for the amine hydrogen (H14),
for which the positional parameters were refined [N—H =
0.89 (8) A]

Data collection: CAD-4 Operations Manual (Enraf-Nonius,
1977). Cell refinement: CAD-4 Operations Manual. Data
reduction: TEXSAN (Molecular Structure Corporation, 1985).
Program(s) used to solve structure: TEXSAN. Program(s) used
to refine structure: SHELXTL/PC (Sheldrick, 1994). Molecular
graphics: SHELXTL/PC and TEXSAN.

We thank Dr Victor G. Young Jr of the X-ray Crys-
tallographic Laboratory at the University of Minnesota
for help with the SHELXTL system.

Supplementary data for this paper are available from the IUCr
electronic archives (Reference: BK1494). Services for accessing these
data are described at the back of the journal.
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Abstract

In the title complex, poly[[[bis(nitrato-O)cadmium(II)]-
bis(u-4,4’-bipyridyl-N:N')] bis(2-nitroaniline)], [Cd-
(NO3)2(C9HgN2)2]1-2C¢HeN2O, octahedrally coordi-
nated Cd** ions are connected by linear rigid 4,4'-bi-
pyridine ligands to form infinite two-dimensional square
grids with the nitrate anions occupying the axial posi-
tions. The 2-nitroaniline guest molecules fill the space
between the grids through w—m stacking interactions.
The average Cd—N and Cd—O bond distances are
2.347 (3) and 2.352 (3) A, respectively.

Comment

Self-assembled metal coordination polymers have
emerged as an important class of materials which
show potential applications in the fields of host—guest
molecular recognition, heterogeneous catalysis and gas
adsorption. As part of our continuing studies of or-
ganizing non-linear optical chromophores inside metal
coordination polymer hosts, we synthesized a novel two-
dimensional lattice inclusion compound with a repeat
unit of [Cd(4,4'-bipy)>(NO3)»(2-nitroaniline),], (I) (4,4’
bipy is 4,4’-bipyridyl).

9
Ly NO,
0,NQ @ @
o —a+
\ONO2
(D

The lattice formed by (I) is shown schematically
over and the molecular structure is shown in Fig. 1.
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