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zinc diethyl dithiophosphate (It© et al., 1969), but in the 
latter, one ligand is bridging and the other is chelating. 
On the other hand, zinc and cadmium diisopropyl dithio- 
phosphates are both dimeric (Lawton & Kokotailo, 
1969). The Cd atom lies on a twofold axis and has 
distorted tetrahedral coordination of four S atoms. The 
Cd---S1 and Cd---S2 bond lengths are 2.565 (2) and 
2.571 (2),~,, respectively. The S--Cd---S angles range 
from 102.34 (4) to 124.23 (7) ° . 
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Abstract 
The two ligands in the title compound, catena- 
poly [ cadmium- # - bis ( O, O' - dimethyldithiophosphato - 
S:S')], [Cd{S2P(OCH3)2}2], bridge two adjacent Cd 
atoms forming a linear chain along the c axis. The chain 
has a twofold symmetry axis through the Cd atoms. The 
Cd atom is coordinated by four S atoms in a distorted 
tetrahedral arrangement. The CdmS bond lengths are 
2.565 (2) and 2.571 (2)A. 

Comment 
Metal dialkyl dithiophosphates, [M{ S2P(OCH3)2 }n ], are 
an interesting group of complexes which show various 
kinds of coordination around metals and various modes 
of molecular aggregation (Lawton & Kokotailo, 1969; 
It©, Igarashi & Hagihara, 1969; It©, 1972). We report 
here the crystal structure of [Cd{S2P(OCH3)2}2], (I), 
which displays a distorted tetrahedral coordination and 
a linear-chain structure. 
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.~co\/oc.; 

:Cd ~'----.. s S j 
\ /  
/ \  

H3CO OCH 3 n 

An ORTEPII drawing (Johnson, 1976) of the structure 
of (I) with the atomic numbering scheme is shown in 
Fig. 1. The linear-chain structure is similar to that in 
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b u~,-% 
Fig. 1. The crystal structure viewed down the a axis (ORTEPII; 

Johnson, 1976). The displacement ellipsoids are at the 50% 
probability level. Symmetry codes: (i), (ii), (iii) as in Table 1; 

1 1 (iv) x, ~ - y , z +  ~. 

Experimental 
Powdered P2S5 (0.05 mol) was added to 70 ml of  CH3OH and 
heated to 323-333 K. After  ,~, 1 h, when the generation of  H2S 
vapour ceased, powdered CdSO4 (0.05 mol) was added to the 
solution to give a white precipitate of  [Cd{S2P(OCH3)2}2]. 
Colourless crystals were obtained by recrystallization of  the 
precipitate from an acetone solution. 

Crystal data 

[Cd(C2H602PS2)2] M© Ko~ radiation 
Mr = 426.72 A = 0.71069 ,g, 
Orthorhombic Cell parameters  from 25 
Pccn reflections 
a = 9.282 (4) A. 0 = 24 -25  ° 
b = 17.837 (5)oA /1 = 2.336 m m  -1 
c = 8.488 (4) A T = 295 K 
V = 1405.2 (9) ,~3 Needle  
Z = 4 0.80 x 0.20 x 0.20 mm 
D~ = 2.017 Mg m -3 Colourless 
Om not measured 
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Data collection 

Rigaku AFC-5S diffractom- 
eter 

w/20 scans 
Absorption correction: 

~b scans (TEXSAN; 
Molecular Structure 
Corporation, 1985) 
Tm~n = 0.34, Tmax = 0.63 

3590 measured reflections 
3515 independent reflections 

Refinement 

Refinement on F 
R = 0.0365 
wR = 0.0545 
S = 2.375 
1338 reflections 
70 parameters 
H-atom parameters not 

refined 
Weighting scheme based 

on measured e.s.d.'s 

1338 observed reflections 
[I > 3tr(/)] 

Rint = 0.044 
0ma~ = 27.5 ° 
h = 0 ---~ 12 
k = 0 ---~ 23 
l = -11  ~ 11 
3 standard reflections 

monitored every 150 
reflections 

intensity decay: 0.5% 

(z~/O')max = 0.011 
Apmax = 0.98 e A, -3 
Apmin = - 0 . 6 9  e ~ - 3  

Extinction correction: none 
Atomic scattering factors 

from International Tables 
for X-ray Crystallography 
(1974, Vol. IV, Tables 
2.2A and 2.3.1) 

Lists of structure factors, anisotropic displacement parameters, H- 
atom coordinates and complete geometry have been deposited with 
the IUCr (Reference: OA 1003). Copies may be obtained through The 
Managing Editor, International Union of Crystallography, 5 Abbey 
Square, Chester CH1 2HU, England. 
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Table  1. Fractional atomic coordinates and equivalent 

isotropic displacement parameters  (,~2 ) 
Beq = (8~r2/3)~i~jUija7 a~ ai.aj. 

x y z Beq 
Cd 1/4 I/4 0.0893 (5) 2.42 (2) 
S I 0.0100 ( 1 ) 0.2402 (7) 0.2377 (2) 2.96 (5) 
$2 0.2256 ( 1 ) 0.1232 (8) 0.4477 (2) 2.95 (5) 
P 0.0377(I) 0 . 1 4 1 8 ( 7 )  0.3426(I) 2.19(5) 
Ol -0.0814 (3) 0.1297 (2) 0.4739 (4) 3.2 (2) 
02 0.0083 (4) 0.0797 (2) 0.2123 (4) 3.0 ( 1 ) 
CI -0.2317 (6) 0.1401 (6) 0.4434 (9) 5.7 (4) 
C2 0.0t 83 (8) 0.0009 (3) 0.2476 (8) 5.5 (3) 

Table  2. Selected geometric parameters  (,4, o) 

Cd--SI 2.565 (2) S2--P 1.988 (2) 
Cd--SI' 2.565 (2) P--OI 1.584 (3) 
Cd--S2 ~ 2.571 (2) P---4)2 1.588 (3) 
C d - - S 2  iii 2.571 (2) OI--CI 1.433 (7) 
S 1 --P 1.986 (2) O2---C2 1.438 (6) 
S I------Cd--S I i 121.17 (7) S I i------Cd--S2 'i 102.34 (4) 
S I - " " C d - - S 2  ii 104.22 (4) S I i - - - -Cd--S2 iii 104.22 (4) 
S l - - - C d - - S 2  m 102.34 (4) S2ii----Cd--S2 i'i 124.23 (7) 

Symmetry codes: (i) ½ -x ,  ½ -y ,  z; (ii) ½ -x ,  y, z -  ½; (iii) x, ½ -y ,  z -  ½. 

The Cd atom was located by an automatic Patterson map 
interpretation using DIRDIF (Beurskens, 1984) and the 
remaining non-H atoms were located by Fourier syntheses. H 
atoms were placed in geometrically calculated positions and 
were not included in the refinement. The structure was refined 
by full-matrix least-squares methods with anisotropic displace- 
ment parameters for all atoms. Calculations were performed on 
a VAX3200 computer using the TEXSAN (Molecular Structure 
Corporation, 1985) program package. 

Data collection: CONTROL (Molecular Structure Corpo- 
ration, 1988). Cell refinement: CONTROL. Data reduction: 
TEXSAN. Program(s) used to solve structure: DIRDIF. Pro- 
gram(s) used to refine structure: TEXSAN. Molecular graphics: 
ORTEPII (Johnson, 1976). 
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Abstract 
T h e  title c o m p o u n d ,  [SnCI(C7H70)3] ,  c rys ta l l izes  in the 
t r igonal  space  g roup  R3, wi th  c o m p l e t e l y  s y m m e t r i c  
mo lecu l e s ,  the S n - - C 1  bond  ly ing  a long  the th ree fo ld  
axis. In cont ras t  to the m e t h y l  ana logue ,  the  meta -CH30  
groups  are distal,  i.e. they  are towards  the Sn---C1 bond ,  
and  cop l ana r  wi th  the pheny l  r ings,  wi th  the m e t h y l  
g roup  i tself  ly ing  ove r  the ortho-C a tom o f  the ring. 

Comment 

T h e  effec t  o f  pheny l - r i ng  subst i tuents  on te t raaryl t in  
(Ar4Sn) s t ructures  has been  t ho rough ly  inves t iga ted ,  
wi th  meta subst i tuents  c rea t ing  the grea tes t  dev ia t ions  
f rom ' idea l '  t e t ragonal  crysta l  and  m o l e c u l a r  s t ructures ,  
c o m p a r e d  wi th  the effect  o f  the s ame  g roup  in a para 
or  ortho posi t ion  ( W h a r f  & S imard ,  1995). In contras t ,  
the oppos i te  is the case  for  t r iaryl t in  ha l ides  (AraSnX).  
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