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Table 1. Atomic coordinates (% 10*) and equivalent Table 2. Bond lengths (A) and angles (°)
isotropic displacement coefficients (A? x 10%) C—c) 1861 @) C—C(2) 1889 @)
U., is defined as one third of the trace of the orthogonalized g:ccgg ;g% 8 g:ccgg ;ggg 8
Uy tensor. Cr—Centl 2:201 Cr—C(10) 2283 (2)
x y 2 Us Cr—C(11) 2290 (2) Cr—Cent2 2181
Cr 20362 () 59071 (2) 72220 (2) 170 (1) géy—o(g e 8 gﬁ;:gg; s 8;
c() 2352 (2) 7771 (2) 7048 (2) 239 (5) C(5)—C)_O(( o 1538 ) c—Co 1363
o(l) 2503 (2) 8925 (1) 6901 (1) 370 (4) oo 1547 &) P 13%.0)
o e @ paosd (? gggé @ 2l ® C(7—C(@®) 1-546 (3) C(8)—C0) 1544 (3)
28 2909 8 5701 8 Se8d 8 238 8 C(8)—C(10) 1536 (3) c1o—Ca1 1375 0)
0(3) 3418 (2) 5817 (1) 4758 (1) 368 (4)
C(1)y—Cr—C(Q2) 849 (1) C(1)—Cr—C(3) 838 (1)
g((j)) _;é‘l‘ 8) 233(2) g; g;gg g; g(l)g 8; CoO—Cr—c() 166'5 (1) C(1)—Cr—C(4) 950 (1)
) 201 () 5040 (2) 7756 (2) 242 (5) C—Cr—Ch 85 CO—Cr—C@ 882(1)
C(6) 3890 (2) 3548 (2) 7417 (2) 245 (5) C(1)—Cr—C(5) 1039 (1) C2)y—Cr—C(5) 117 (1)
CE—Cr—C(5) 782 (1) C(4y—Cr—C(5) 1553 (1)
c() 3814 2) 2909 (2) 8700 (2) 294 (5) CO—Cr—Co) 1033 (1) CQ—Cr—C(9) 773 (1)
gg; g‘;‘i 8; gggg 8 g;g‘; 8 = gg C(3)—Cr—CO) 112:6 (1) C(4)—Cr—C(9) 1535 (1)
c(10)  1630(Q) 3854 (2) 8130 (2) 233 (5) CE—Cr—CO) s OG0 199(D)
i) 2327 (2) 3594 (2) 073 () 234 (5) C(—Cr—C(10) 77:6 (1) CE—-Cr—C(10)  1147(Q)
C(4—Cr—C(10) 936 (1) C(5)—Cr—C(10) 740 (1)
C(9)—Cr—C(10) 633 (1) c)—Cr—C11) 1606 (1)
cR—Cr—C(11) 11261 CE—Cr—C(11) 79-7 (1)
C(dy—Cr—C(11) 94+6 (1) C(5)—Cr—C(11) 629 (1)
CO—Cr—C(11) 74:2 (1) C10—Cr—C(11)  350(1)
Cr—C(1)—0(1) 1770 (1) Cr—C(2—0(2) 1769 (2)
Cr—C(3—0(3) 1752 2) Cr—C(4—0(4) 1775 (1)
Cr—C(5)—C(6) 966 (1) Cr—C(5)—C09) 72:3 (1)

C(6)—C(5)—C(9) 1068 (1) C(5—C(6)—C(7) 100-1 (1)
C(5—CE—C(11)  102:6 (1) CT—C)—C(11)  100:0 (1)
C(6)—C(7—C(8) 933 (1) C(N—C(8)—C(9) 100-1 (1)
C(7—CE—C(10) 999 (1) CO—CE)—C(10)  102:6 (1)
Cr—C9)—C(5) 731 (1) Cr—C(9)—C(8) 96-4 (1)
C(5)—C(9)—C(8) 106:4 (2) Cr—C(10—C(@8) 97-3 (1)
Cr—C(10y—C(11) 72:8 (1) C@—C(10—C(11) 1066 (1)
Cr—C(11)—C(6) 97:5 (1) Cr—C(11)—C(10) 722 (1)
C(6)—CI1)—C(10) 1064 (1)
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Fig. 1. The molecule of the title compound in the crystal, showing Nicolet R3m/V crystallographic system. Nicolet Instrument
the atom-numbering scheme. Radii are arbitrary. Corporation, Madison, Wisconsin, USA.
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Structure of Poly[nickel(IT)-u-(cyano-C:N)-{(ethylenediamine-/V,N)zinc}-
tri-u-cyano(NV,C)]
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Abstract. [NiZn(C¢HgNg), M, =288-26, ortho- =196Mgm~>  A(Mo Ka)=0-71069A, pu=
thombic, Pbcn, a=8878(3), b=9911(3), c= 437mm™', F000)= 576, T=295K, R=0-045 for
11-106 (5) A, ¥ =977-3 (6) A®, Z=4, D,,= 197, D, 812 reflections [F, = 4o (F,)]. The structure is built

0108-2701/91/051088-03303.00 © 1991 International Union of Crystallography
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Table 1. Fractional coordinates ( % 10*) and equivalent
isotropic thermal parameters U, (A*x10%) with
e.s.d.’s in parentheses

Ueq = (Uyy + Upp + Us3)/3.

X y z Ueq

Ni 0 0 0 272 (3)
Zn 5000 -732 (1) 2500 251 ()
) -331(5) 1660 (5) 773 (5) 29(2)
cQ) 1708 (6) -287 (5) 952 (5) 29 (2)
c) 5736 (7) 2132 (6) 2162 (5) 36 (2)
N(I) ~522 (5) 2665 (5) 1250 (4) 37(2)
NQ) 2765 (5) - 509 (5) 1526 (4) 37Q2)
N(@3) 5815 (6) 891 (5) 1406 (4) 36 (2)
H(1) 5702 (66) 2870 (57) 1603 (47) 50
H(2) 6535 (66) 2128 (57) 2795 (45) 50
H(3) 6840 (68) 699 (55) 1106 (52) 50
H(4) 5157 (67) 878 (57) 822 (50) 50

Table 2. Bond distances (A) and angles (°)
Zn—N(1y 2160 (5) N(@3)—C(3) 1491 (8)
Zn—N(2) 2271 (5) CR—CEY" 1507 (9)
Zn—NQ3) 2:142(5)
Ni—C(1) 1879 (5) NG)—H@) 099 (6)
Ni—C(2) 1870 (5) NG)—H(4) 087 (6)
N(1)—C(1) 1141 (7) CR—H(1) 096 (6)
N(Q2)—C(2) 11156 (7) C(3)—HQ) 100 (5)
Ni—C(1)—N(1) 1794 (3) Zn—N(1y—C(1) 1553 (4)
Ni—C(2)—N() 1777 (5) Zn—NQ2)—C(2) 1723 (4)
C()—Ni—C(2) 901 (2) Zn—N(3)—C(3) 1065 (3)
N(1y—Zn—N(1)" 853 (2) N(@2)—Zn—N(2)' 168-8 (2)
N(1)—Zn—N(2) 101-0 (2) NQ)—Zn—N@)' 844 (2)
N(1)"—Zn—N(2) 873 (2) N(@2)—Zn—N(3) 872 (2)
N(1)*—Zn—N(3) 966 (2) N(3)—Zn—N(3)" 826 (2)
N(1)—Zn—N(3) 1717 2) NG)—C(3y—C@3Y 1087 (5)

Symmetry codes: (i) 0-5+ x, y —0-5,0-5 -z, (ii) | = x, y,0:5 -z
(i) 05—x,y—05, z.

up of an infinite three-dimensional network of Zn
and Ni atoms linked together by bridging cyano
groups. The Ni atom is square-planar coordinated by
four bridging cyano groups. The Zn atom is coordi-
nated in the form of an extended tetragonal bipyra-
mid. The equatorial plane is occupied by two N
atoms from a chelate bonded ethylenediamine mol-
ecule [Zn—N 2:142 (5) A] and two N atoms from
bridging cyano groups [Zn—N 2:160 (5) A]. In the
axial positions two bridging N-bonded cyano groups
are placed at longer distances [Zn—N 2-271 (5) Al

Experimental. Light-yellow crystals of
Zn(en)Ni(CN), (en = ethylenediamine) crystallized
from water solution containing a mixture of ZnSOy,
en and K,[Ni(CN)],. Details of preparation and
identification will be described elsewhere (Cernak,
Pototiidk & Chomié, 1991). Preliminary Weissenberg
photographs revealed space group Pbcn and
indicated  isostructurality ~with  Cd(en)Ni(CN),
(Jameson, Bachmann, Oswald & Dubler, 1981). D,
by flotation in a mixture of bromoform and chloro-
form. Crystal of bipyramidal shape, 0-4 x 0-5 X
0-65 mm. Data collection: Syntex P2, diffractometer,
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graphite-monochromatized Mo K& radiation, unit-
cell parameters from 15 reflections with 411 < 8 <
10-59°. #-26 scan technique, scan angle from
[26(Mo Ka))—1]° to [28(Mo Ka,)+1]°, variable
scan speed (4-88-29-29° min~"), 1435 unique reflec-
tions(0=h=<12,0<k=<13,0=</<15 with1-8< 4
< 30° of these, 812 had F,=40(F,). Two check
reflections 133 and 224, measured after every 100
reflections, decreased by approximately 10% during
data collection; the measured intensities were
corrected for this decay along with Lp corrections
using XP21 (Pavelcik, 1986). Heavy-atom positions
were determined from a Patterson map, other non-H
atoms were found from a difference Fourier map.
The absorption corrections were applied following
Walker & Stuart (1983) after isotropic refinement
using ABSORB (Ugozzoli, 1987). The absorption
coefficients A4, calculated in the polar angles of the
incident and diffracted beam range from 1174 to
0-851 while the spherical absorption coefficients A4,
range from 1-07 to 0-80. All non-H atoms refined
anisotropically; H-atom positions refined, with U=
0-05 A%, Sw(AF)* minimized, weighting scheme w =
[0*(F)]™", changed in the last cycles to w = [0*(F,) +
0-0001(F,))?]"" for which the analysis of variance
(Sheldrick, 1976) showed no systematic dependence
on the value of (F,/Fna.)"?. Final R=0-045, wR =
0-039, (4/0)mex =0-002, —0-61 <Ap=<0-62e A2
Final atomic parameters are given in Table 1,* bond
distances and angles appear in Table 2. Scattering
factors were taken from [International Tables for
X-ray Crystallography (1974, Vol. IV) (Ni and Zn
atoms) and SHELX76 (Sheldrick, 1976) (C, H and N

* Lists of structure factors, anisotropic thermal parameters and
bond angles involving H atoms have been deposited with the
British Library Document Supply Centre as Supplementary
Publication No. SUP 53741 (8 pp.). Copies may be obtained
through The Technical Editor, International Union of Crystal-
lography, 5 Abbey Square, Chester CH1 2HU, England.

N[

ct

Ni3)

N

Fig. 1. The coordination of Zn and Ni atoms showing the
atom-numbering scheme.
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atoms) which was used for all calculations. Geo-
metrical analysis performed using the program
PARST (Nardelli, 1983).

Related literature. The formation of Zn(en)Ni(CN),
as an intermediate in the course of the thermal
decomposition  of  Zn(en);Ni(CN),.H,O via
Zn(en);Ni(CN), and Zn(en),Ni(CN), was not
observed (Cernik, Potoéfiak & Chomi¢, 1991). On
the other hand, in the course of the thermal
decomposition of Cd(en);Ni(CN),, the complexes
Cd(en),Ni(CN), and Cd(en)Ni(CN), are successively
formed. The structure of Cd(en)Ni(CN), consists of
a three-dimensional network with CN ligands
bridging Cd and Ni atoms (Jameson, Bachmann,
Oswald & Dubler, 1981). Similarly, Ni(en)Ni(CN), is
formed in the course of the thermal decomposition
of Ni(en);Ni(CN),.H,0 (Cerndk, Chomi¥ &
Potocnak, 1989). The crystal structures of the ionic
complexes Zn(en);Ni(CN),.H,O and Zn(en);Ni(CN),

Acta Cryst. (1991). C47, 1090-1093

[NiZn(CsH3Ng)]

were described by Cernak, Chomi&, Dunaj-Juréo &
Kappenstein (1984), while the chain structure of
Zn(en),Ni(CN), was described by Cernak, Potoénak,
Chomi¢ & Dunaj-Jurco (1990).
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Structure of (1]5-C5H5)2W1.2M00.8Fe(p3-Te)2(C0)7 Containing a Te-Te Bonding
Interaction

By BIXIAN ZHENG, JINSHUN HUANG,* QIANER ZHANG AND Jiaxi Lu

Fuzhou Laboratory of Structural Chemistry, Fujian Institute of Research on the Structure of Matter,
Chinese Academy of Sciences, Fuzhou, Fujian 350002, People’s Republic of China
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Abstracts. [FeMgo.gTe2W1.2(C5H5)2(C0)—,], M,- =
934-68, triclinic, P1, a=13-195(2), b= 15-892 (2), ¢
=21:632(2) A, a=100-28 (1), B =104-76 (1), y=
94-07 (1)°, V=42836(9NA} Z=8, D.,=
2:899 g cm 3, A(Mo Ka) = 0-71073 A, =
107-41 cm™", F(000) = 3363-2, T=295K, R =0-051
for 8302 observed reflections. The four molecules per
asymmetric unit are quite similar. The title com-
pound features Te-Te distances of 3-140-3-154 A,
which indicate strong Te---Te bonding interactions.

Experimental. The reaction of (7°-CsHs),Mo,(CO)s
and (n°-CsHs)W,(CO)s with Fe;Te,(CO), in toluene
yielded dark-brown crystals of the title compound.
Qualitative elemental analysis showed Mo, W and Fe
were present. The crystal chosen for X-ray study had
approximate dimensions 0-20 x 0-20 x 0-11 mm. The
intensity data were collected on an Enraf-Nonius
CAD-4 diffractometer with graphite-monochroma-

* To whom all correspondence should be addressed.
0108-2701/91/051090-04%03.00

tized Mo Ka radiation. The lattice parameters were
refined from the angle values of 25 reflections with 28
=20 < 30°. 15 481 reflections with 2 < 28 < 50° were
collected using the w-scan mode with a variable rate
of 1 to 7°min~' and a scan range of (0-40+
0-35tan26)°. The index range was —15<h=<15,
—18 =<k =18, 0 =</<25. Three standard reflections
measured at exposure intervals of 2 h exhibited no
significant variation. Data were corrected for
Lorentz-polarization effects and empirically for
absorption using the program DIFABS (Walker &
Stuart, 1983). Max. and min. transmission factors
were 1-152 and 0-820, respectively. 8302 reflections
with 7> 30 (I) were used in subsequent calculations.

The structure was solved using direct methods,
which located the positions of all Te, W/Mo and Fe
atoms in the four independent molecules. The
remaining non-H atoms were located from difference
Fourier syntheses. All non-H atoms except the C
atoms were refined with anisotropic temperature fac-
tors. All H atoms were located according to their
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