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Fig. 3. ORTEP diagram and atom-labeling scheme of Bi2Ph4, 
tetragonal torm, showing 50% probability ellipsoids. 
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Fig. 4. Packing diagram of Bi2Ph4, tetragonal form. 

were included in calculated positions but not refined. 
The data were corrected for Lorentz-polarization 
effects and absorption (DIFABS, transmission range 
0.901-1.238). Refinement of 115 variables 
(Molecular Structure Corporation, 1988) was carried 
out on F with final R = 0.038, wR = 0.039, S = 1.21 
and a maximum A/or of 0.0001. The final difference 
map showed peaks Apmin ---- -- 0.84, Apmax = 
0.93 e ]k-3. Scattering factors were taken from Inter- 
national Tables for X-ray Crystallography. Atomic 
coordinates are given in Table 3 and selected bond 
metricals in Table 4. An ORTEP diagram is pre- 
sented in Fig. 3 and a packing diagram in Fig. 4. 

Related literature. Bond metricals are similar to those 
reported for Bi2Ph4 in a triclinic cell (Calderazzo, 
Morvillo, Pelizzi & Poll, 1983; Calderazzo, Poll & 
Pelizzi, 1984). 
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Abstract. C3HaC1Nf.[CuC13(H20)]-, Mr = 291.5, Dx = 2.13 g cm -3, a(Mo Ka) = 0.7107/~, 
monoclinic, P21/c, a = 9.023 (1), b = 13.881 (2), c = 
7.341 (1) A, /3 = 97.8 (2) °, V=  910.9 (5) A 3, Z =  4, 
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33.72 cm -1, F(000)= 572, room temperature, R = 
0.053 for 1106 reflections with F > 7o-(F). The struc- 
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ture consists of  rows of  [CuC13(H20)]- anions and 
rows of  CsH4C1NJ- cations parallel to the c axis. The 
nearly p lanar  [CuC13(H20)]- groups are linked by 
Cu...C1 bonds giving each Cu u ion a 4 +  1 + 1 
coordinat ion.  

Experimental.  A 1:2 mixture of  CuC12 and 2-chloro- 
imidazole (Takeuchi,  Kirk & Cohen, 1979) in con- 
centrated hydrochloric  acid was evaporated to 
dryness; part ial  dissolution of  the residue in acetone 
followed by diffusion in dichloromethane produced 
yellow crystals of  C3H4C1N~-.[CuC13(H20)]- (I). 
Crystal  dimensions approximately  0.1 x 0.2 x 
0.8 mm. Cell dimensions and intensity data  were 
measured on a Philips PW 1100 diffractometer; 0 -20  
scan; lattice parameters  f rom 25 reflections with 7 < 
0 < 13 °. 2210 unique reflections (Rint = 0.046), 5 < 20 
< 5 6  ° (h - 1 1 - > 1 1 ;  k 0->18;  10->9) ,  1106 had F >  
7tr(F); three s tandard  reflections moni tored  every 
180 reflections, 10% variat ion (no corrections 
applied); Lorentz and polarizat ion corrections 
applied, no absorpt ion correction. The Cu a tom was 
first located f rom a Pat terson map through 
SHELXS86 (Sheldrick, 1986); then, a difference 
Fourier  map revealed the other non-H atoms 
(SHELX76; Sheldrick, 1976); one water H a tom 
located from a difference map,  other H atoms placed 
at calculated positions; anisotropic refinement (on F)  
for all non-H atoms, H atoms not  refined; the 
refinement converged to final R -- 0.053, wR -- 0.059, 
for 100 parameters ,  w = 1/[o-2(F)+ 0.003969F~]; S = 
1.073, zl/tr values < 1 except for Ull of  N(1) (1.58) 
and N(3 )  (1.20); Apmax = 0.891, Apm~n = 
- 0 . 8 8  e A  -3; atomic scattering factors for C, H, N, 
O, C1 from SHELX76 and for Cu from International 
Tables for X-ray Crystallography (1974, Vol. IV). 

• C(5) L _ 

il~(1 W) ~1(2) 

CI(1)-- Cu~tJ ~C1(3) 

t~C1(4) 
Fig. 1. The asymmetric unit. 

Table 1. Fractional coordinates of  non-H atoms with 
equivalent isotropic thermal parameters (/~2) 

U~q is defmed as one third of the trace of the orthogonalized Ug 
tensor. 

x y z u~ 
Cu 0.4149 (1) 0.23894 (8) 0.1850 (2) 0.0280 (4) 
Cl(1) 0.6021 (2) 0.2589 (2) 0.4193 (3) 0.0341 (7) 
c1(2) -0.1374 (3) 0.3899 (2) 0.1520 (5) 0.055 (1) 
c1(3) 0.2055 (3) 0.2415 (2) -0.0262 (3) 0.0335 (7) 
c1(4) 0.4024 (2) 0.0752 (2) 0.2253 (4) 0.0344 (7) 
0(1 I4/) 0.4095 (7) 0.3852 (5) 0.1554 (9) 0.034 (2) 
N(1) -0.0488 (9) 0.5618 (6) 0.285 (1) 0.037 (3) 
N(3) 0.1333 (9) 0.4658 (7) 0.257 (1) 0.045 (3) 
C(2) -0.014 (1) 0.4755 (7) 0.232 (1) 0.030 (3) 
C(4) 0.193 (1) 0.5531 (8) 0.326 (2) 0.043 (4) 
C(5) 0.079 (1) 0.6118 (7) 0.344 (2) 0.041 (4) 

Table 2. Bond lengths (A), angles (°) and interatomic 
contacts (t~) 

Cu---Cl(1) 2.258 (5) Cu--Cl(3) 2.276 (5) 
Cu--Cl(4) 2.296 (3) Cu--4)(l IV) 2.041 (6) 
Cu.-.CI(P) 2.748 (5) Cu--.CI(3 ~) 3.037 (5) 
C(2)---C1(2) 1.68 (1) N(1)---C(2) 1.31 (1) 
N(1)---C(5) 1.36 (1) N(3)---C(2) 1.32 (1) 
N(3)---C(4) 1.39 (1) C(4)---C(5) 1.33 (2) 

Cl(4)--Cu--O(1 W) 175.4 (2) CI(3)--Cu--O(1 W) 84.6 (2) 
CI(3)--Cu---CI(4) 93.0 (1) C1(I)--Cu--49(1 IT') 87.9 (2) 
CI(1)--Cu--CI(4) 93.9 (1) CI(1)---C~---CI(3) 169.4 (I) 
C(2)---N(1)--C(5) 109.4 (9) C(2)---N(3)--C(4) 107.0 (9) 
N(1}--C(E)--N(3) 109.2 (9) C1(2)--C(2)---N(3) 125.6 (8) 
CI(2)--C(2)--N(1) 125.1 (8) N(3)--C(4)---C(5) 108 (1) 
N(1)---C(5)---C(4) 106.7 (9) 

O(l W)...CI(4 i) 3.197 (7) N(1)-..CI(4 i~) 3.187 (9) 
O(1W)...CI(4 ia) 3.194 (7) N(I)-.-CI(3 i~) 3.468 (10) 
N(3)...O(1 IT') 2.920 ( 1 1 )  N(3)-..CI(3 ii) 3.309 (10) 

Symmetry code: (i) x, - y + ½ ,  z - ~ ;  (ii) x] - y + ½ ,  z+½; 
(iii) - x + 1, y + ~, - z + ½; (iv) - x, y + ~, - z + ~. 

The asymmetr ic  unit  is shown in Fig. 1 with the 
atomic numbering.  Posit ional parameters  for non-H 
atoms are given in Table 1, bond  lengths and angles 
in Table 2.* 

The structure consists of  rows of  [CuC13(I--IEO)]- 
anions and rows of  C3HaC1N~- cations parallel to the 
c axis. The configuration about  the Cu a tom is 
square-planar  with slight pyramidal  distortion. The 
[ C u C 1 3 ( n 2 0 ) ] -  groups are linked by semicoordinate 
Cu...C1 bonds giving each Cu u ion a 4 +  1 + 1 
coordinat ion.  The repeat  distance between Cu atoms 
is 3.683 (2) A. 

Related literature. The 2-chloroimidazole complex 
[CuC12(C3H3C1N2)2] (II) has been reported 
previously (Valle, S~inchez Gonzhlez & Ettorre,  

*Lists of structure factors, anisotropic thermal parameters, 
least-squares planes, possible interatomic contacts, possible 
hydrogen-bond geometries and H-atom parameters have been 
deposited with the British Library Document Supply Centre as 
Supplementary Publication No. SUP 54721 (17 pp.). Copies may 
be obtained through The Technical Editor, International Union of 
Crystallography, 5 Abbey Square, Chester CH1 2HU, England. 
[CIF reference: GE0278] 
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1991). The compounds [Cuz{3,6-bis(3,5-dimethyl- 
1-pyrazolyl)pyridazine} (OH)C12][CuC13(H20)].H20 
(III) (Thompson, Woon, Murphy, Gabe, Lee & 
Le Page, 1985), [N,N'-dimethylpiperazinium][CuC13- 
(H20)] (IV) and [2-aminopyrimidinium][CuC13(H20)] 
(V) (Manfredini et al., 1990) have been described. 
The configuration of the anion in (III) is inter- 
mediate between tetrahedral and square-planar. 
Compounds (IV) and (V) contain planar [CUE13- 
(H20)]-  groups linked by Cu...CI bonds. The con- 
tact between [CuCI3(H20)]- groups is closer for (I) 
than for (IV) [Cu...CI = 3.106 (2), 3.110 (2) A] or (V) 
[Cu...C1 = 2.996 (1), 3.169 (1) A]. 
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Abstract. [FeGe(C36H44N4)(CO)4], [(oep)GeFe(CO)4], 
Mr=773.25 ,  triclinic, P1, a =  12.123 (2), b =  
13.851 (3), c =  15.028 (3) A, a = 59.99 (2), /3 = 
61.53 (2), y = 69.15 (2) °, V = 1897.9 (7) A 3, Z = 2, 
Dx = 1.357 g cm -3, a (Mo Ka) = 0.71073 A, /z = 
12.05cm - l ,  F(000)= 804, R (F )=0 .0410  for 5098 
reflections. [(oep)GeFe(CO)4] has two coordinated 
metal units, which are linked by a double bond; the 
Gc Fe bond distance is 2.370 (2)A. The average 
G e - - N  distance is 2.082 (6)___ 0.01 A and the Ge 
atom lies 0.684 (1 )A above the four-N-atom plane 
towards the Fe atom, the Fe atom is in an axial 
position with Ge Fc C(53) = 178.9 (1) °, the aver- 
age Fe - -CO distance is 1.77 (1) -4-_ 0.005/k. 

Experimental. Crystals were prepared according to 
Barbe, Guilard, Lecomte & Gerardin (1984). A black 
crystal, 0.25 x 0.18 × 0.12 ram, of [(oep)GeFe(CO)4] 
recrystallized from toluene/heptane was mounted on 
an Enraf-Nonius CAD-4F diffractometer. Unit-cell 

* Author to whom correspondence should be addressed. 
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dimensions at room temperature were obtained from 
accurate angle values of 25 reflections with 10 < O < 
24 ° using monochromated Mo Kce radiation. 9054 
reflections were measured up to (sin0)/a = 0.66 A-1 
at room temperature ( -  14 < h < 14, - 16 < k < 16, 
0 < l < 17); standard reflections 200, 215, 314 moni- 
tored every 3 h; w--20 scan; scan width d o ) =  0 .9°+ 
0.35°tan0; scan speed 0.6 to 1.55 ° min- l .  No decay 
was observed and no absorption correction was 
applied. 5098 reflections [I___ 3~r(/)], corrected for 
Lorentz and polarization effects, structure solved by 
interpretation of the Patterson map; all non-H atoms 
were refined anisotropically (SHELX76; Sheldrick, 
1976); H atoms were found in difference Fourier 
maps and refined isotropically. At convergence, 
A/~rmax = -0 .31  for Uil of C(53), a residual Fourier 
map gave a maximum peak of 0.52 e A-3.  Weighting 
scheme w-1 = ~r2(F) + 0.0003F 2. Atomic scattering 
factors were taken from SHELX76 and from Inter- 
national Tables for X-ray Crystallography (1974, Vol. 
IV). Final residuals are R(F)=0.0410,  wR(F)= 
0.0372, GOF = 1.421. Fractional coordinates and 
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