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Dimethyltin diisothiocyanate forms orthorhombic crystals in the space group Pmmn with a = 9.82 i 0.02 A, b = 7.87 & 
0.01 8, and c = 5.57 i. 0.01 A The structure was determined from 147 photographically collected intensities and was re- 
fined by the least-squares method to an R factor of 4.6%. The structure is polymeric and consists of infinite chains of 
weakly linked Sn(CHZ)Z(NCS)% molecules. The individual molecule may be considered as a strongly distorted tetrahedron 
with CHa-Sn-CH3 and N-Sn-N angles to be 145.9 i: 1.4 and 84.1 i 1.6', respectively. It has mm2 symmetry with the 
distances Sn-C(CH8) = 2.14 f 0.03 8, Sn-X = 2.10 i 0.02 A, X-C = 1.16 & 0.05 b, and C-S = 1.60 i 0.04 b. The 
N-C-S angle is 179.3 f 2.8' indicating the linearity of the NCS group. The distance between the two sulfur atoms in one 
molecule and the tin atom in the adjacent molecule, 3.21 i 0.01 A, is smaller than the sum of van der Waals radii. This 
suggests the presence of intermolecular donor-acceptor bonding leading to the formation of infinite chains. 

Introduction 
The crystal structure reported here was a part of a 

general investigation of intermolecular interactions of 
pseudohalogens and heavy atoms in the solid states. 
Recent review articleslT3 have discussed intermolecular 
donor-acceptor bonding from the lone pairs of pseudo- 
halogens to the unfilled orbitals of heavy atoms. The 
investigation of dimethyltin diisothiocyanate was mo- 
tivated by the recent determination of the crystal 
structure of trimethyltin is~thiocyanate.~ The struc- 
ture of trimethyltin isothiocyanate is polymeric, con- 
sisting of infinite zigzag chains. The discrete molecules 
are linked by donor-acceptor bonding between sulfur 
and the tin atom of the adjacent molecule, thus leading 
to a coordination number for tin of 5. Since in di- 
methyltin diisothiocyanate there are two isothiocyanate 
groups, the question occurs of whether the two sulfur 
atoms both will form intermolecular donor-acceptor 
bonds with tin atoms of adjacent molecules leading to a 
hexacoordinated tin or whether only one sulfur atom 
will bond to a neighboring tin atom, leading to penta- 
coordinated tin as in trimethyltin isothiocyanate. 

Experimental Section 
Dimethyltin diisothiocyanate was prepared by mixing di- 

methyltin dichloride and potassium thiocyanate in ethanol. Re- 
crystallization from benzene containing a small amount of 
methanol gave needlelike crystals. The melting point of the 
crystals was 184-188', which was lower than the reported6 value 
of 194-196". The infrared spectrum in a halocarbon mull showed 
two strong K-C stretching bands at 2088 and 2062 cm-', in 
agreement with the reported data.@ 

Space Group and Unit Cell 
Oscillation, Weissenberg, and precession photographs 

were taken with Mo K a  radiation (X 0.7107 A) of a 
crystal mounted for rotation about the needle axis 

(1) U. Britton, Pevspec. Slvuct. Chem., 1, 109 (1967). 
(2) J. S. Thayer and R. West, Aduan.  Ovganometal. Chem., 16, 169 (1967). 
(3) M. F. Lappert and H. Pyszora, Aduan. Inorg. Chem. Radiochem., 9, 

(4) J. B. Hall, Inovg. Chem., in press. 
( 5 )  M. Wada, M. Xishino, and R. Okawara, J .  Ovganomeial. Chem. (Am- 

(0) R. Okawara, i b i d . ,  8, 261 (1967). 

133 (1966). 

sterdam), 3, 70 (1965). 

(c axis), The crystal is orthorhombic with a = 9.82 f 
0.02 A, b = 7.87 f 0.01 A, and c = 5.57 It 0.01 8; the 
errors are estimated to be 1 part in 600, characteristic 
accuracy with the precession camera. The molecular 
volume is 215 A3 and the calculated density is 2.05 g/cma 
for two molecules per unit cell. Systematic extinctions 
h + k odd in hX.0 indicated P2lmn or Pmmn to be the 
space group. The latter would require a molecular 
structure similar to dimethyltin dicyanide7 with mm2 
symmetry. The spoon test for pyroelectricity described 
by Bunn gave negative results so that the space group 
could not be identified on this basis. 

A crystal elongated along c with a length of 0.5 mm, 
and with approximate widths 0.06 mm for (010)) 0.03 
mm for (100) faces, was mounted in a glass capillary 
for intensity measurements.8 Precession intensity data 
were collected for layers Okl to 2kZ, h0l to h22, kkl to 
(k + 3 ) k l  using unfiltered Mo K a  radiation. All the 
relative intensities were estimated by visual comparison 
to an intensity strip. There were 147 independent 
reflections of observable intensity. Lorentz and polar- 
ization corrections were made. The linear absorption 
coefficient for the M o  K a  radiation was 33.7 cm-'. 
The maximum effect on the intensities that the neglect 
of absorption causes is about 107'. No absorption 
correction was made. 

Determination of the Structure 

The approximate tin and sulfur positions were re- 
vealed from a three-dimensional Patterson map. A 
three-dimensional Fourier map obtained in the Pmmn 
space group with tin and sulfur determining the phases 
showed the positions of the light atoms with peak 
heights proportional to their atomic numbers. Re- 
sulting structure factor calculations, using isotropic 
temperature factors of 2.0, gave R ( z ~ ( F ,  I -  j ~ ~ / j /  
Z1r;bI) = 0.23. Fourier maps with P2lmn as the space 

(7 )  J. Konnert and D. Britton, unpublished work. 
(8) The  crystal discolored on a few weeks standing in the air. I t  was 

felt this decomposition might be accelerated in the heat of the X-ray beam, 
so i t  was sealed in a glass capillary. It is possible that  this precaution is 
unnecessary. 
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group were also calculated, but the maps confirmed 
that Pmmn was the space gr0up.O 

A full-matrix least-squares refinement was carried 
out with the position parameters and isotropic tem- 
perature parameters of all atoms, minimizing the func- 
tion Zw(/Folz - ~Fc~2)2/Zw~Fo~4. The weighting scheme 
was w = 1.0 for Fo < 32.6 and w = (32.6/F0)4 for 
Fo > 32.6. After five cycles of refinement the values of 
r [Zw(lFoj2 - /F, /2)2/ZwlFo14] and R were 0.0403 
and 0.079, respectively. A difference Fourier map 
showed anisotropic vibration of tin and sulfur atoms. 
The refinement with anisotropic thermal parameters 
was then continued. The successive r and R values 
were the following: all atoms isotropic, 0.0403 and 
0.079; only Sn ansiotropic, 0.0156 and 0.047; only Sn 
and S anisotropic, 0.0136 and 0.046; all atoms aniso- 
tropic, 0.0129 and 0.045. A comparison of these r 
values according to the method of Hamiltonlo indi- 
cated the refinement should have been terminated with 
only tin and sulfur anisotropic. The parameters from 
this cycle are therefore chosen as the final set, and are 
given in Table I. The corresponding principal axes of 

TABLE I 
POSITIONAL PARAMETERS AND THERMAL PARAMETERS 

Positional Parameters 
x (104~) Y (104~) z (104~) 

Sn 1/4 1/4 0.0438 (5) 
S 0.6325 (10) 114 0.3341 (14) 
N 0.3930 (29) 1 / 4  0.7638 (45) 
C(NCS) 0.4521 (32) '/c 0.5848 (58) 
C(CH8) '/4 0.5102 (40) 0.1567 (47) 

Thermal Parameters 
@ (u) 811 (10%) pzz (10%) Bas (lO4u) @IS (10%) 

Sn 0.0121 (5) 0,0121 (5) 0.0172 (10) 
S 0.0135 (15) 0.0236 6 2 )  0.0269 hej 0.0046 (17) 
N 4.88(0 .57)  
C(NCS) 4 .41  (0.70) 
C(CHs) 4 .75  (0.70) 

the ellipsoids of vibration of tin and sulfur are given in 
Table 11. The observed and calculated structure fac- 
tors are given in Table 111. The estimated standard 
deviations quoted from the parameters should be used 
with caution. The low R value may be in part for- 
tuitous, owning to the smaller number of reflections. 
In addition, the neglect of the absorption corrections 
must surely affect the anisotropic thermal parameters 
significantly. 

Discussion 
The 

individual molecule may be considered as a distorted 
tetrahedron similar to that in dimethyltin dicyanide.7 
The Sn-C(CH3) distance of 2.14 d= 0.03 is normal as 
compared with those in other methyl tin compounds ' 
(Table IV). The Sn-N distance, 2.10 f 0.02 A, is 

The crystal stucture is shown in Figure 1. 

(9) An all-trans structure (around roughly octahedral tin) in space group 
PBlmn fit the Patterson map as well. This structure gave a more regular 
octahedral environment around tin, and gave as reasonable packing as the 
present reported structure. However, a three-dimensional Fourier map with 
the phases determined by all of the atoms in the P%mn arrangement was 
unambiguously inferior to that determined similarly for the Pmmn arrange- 
ment. 
(10) W. C .  Hamilton, Acta Cyystallogr., 18, 502 (1965). 

TABLE I1 
PARAMBTERS FOR THE ELLIPSOIDS OF VIBRATION 

Root-mean square Angle with Angle with Angle with 
amplitude, A (10%) a axis (a) b axis (a) c axis (e) 

Sn 0.164 (5) 90 .0  90 .0  0 . 0  
0.195 (4) 90 .0  180.0 90.0 
0.244 (5) 0 . 0  90 .0  90 .0  

0.272 (12) 90 .0  0 .0  90 .0  

S 0.191(16) 113 .6 (7 .8 )  90.0 2 3 . 7 ( 7 . 8 )  
0.267(12) 156.3 (7 .8 )  90.0 113 .7 (7 .8 )  

TABLE I11 
OBSERVED AND CALCULATED STRUCTURE FACTORS ( X 10) 

K i -0 PC x L FO F C  I( L F O  F C  < L FO FC r L F O  PC K L PO F C  

n n a45 -3"" 

, I 17d 3 7 0  

-b - 0  

Figure 1.-The crystal structure of (CHa)kh(NCS)2 : top 
view, along c axis; bottom left view, along a axis; bottom right 
view, along b axis. 

equal to the sum of the single bond covalent radii. 
The CHa-Sn-CHs angle and the N-Sn-N angle are 
similar to the corresponding angles in dimethyltin 
dicyanide. The N-C-S angle is 179.3 d= 2.8", indi- 
cating linearity of the NCS group. If we compare the 
distances N-C, C-S and the angIe Sn-N-C with those in 
other isothiocyanatesll-la nothing unusual is found in 
our (CH8)2Sn(NCS)2 results. Bonding in organometal- 
lic isothiocyanates generally is not well understood. 

(11) A. Ferrari and A. Braibanti, {bid., 18, 367 (1965). 
(12) A. C. Hazell, J .  Chem. SOC., 5745 (1963). 
(13) J. R. Knox and K. Eriks, Inorg. Chem., 7, 84 (1968). 



796 YEH MEI CHOW Inorganic Chemistry 

Dist 
Sn-C (CHa) 

Sn-N 

9-C 

c-s 

Sn.  .S 

Angle 
Hac-Sn-CHa 

NC-Sn-CN 
N-Sn-N 
Sn-N-C 

M-N-C 

K-c-s 

Sn-S-C 

Ag-S-C 

Cd-S-C 
Pt-S-C 
Ni-S-C 
cu-s -c  

I-s-s 
I-s-c 

TABLE IV 
INTERATOMIC DISTANCES A K D  AXLES FOR 

Resonance among the following valence borid structures 
has been discussed2 

(CHa)2Sn(NCS)2 AND RELATED COMPOUNDS 
Compd 

(CHa)zSn(CX z 
(C1la)sSnNCS 

(CHs)zSn(NCS) z 
(CHa) aSnNCS 
(CH3)zSn(XCS) z 
Some other isothiocyanates and 

(CH3)sSnNCS 
(CHdzSn (NCS)? 
Some other isothiocyanates and 

(CHa)aSnNCS 
(CHs)nSn(XCS) z 
(CHs)sSnNCS 
(CHI) zSn (NCS) z 
Sum of van der Waals radiia 

bridged thiocyanates 

bridged thiocyanates 

Compd 
(CHa)rSn(CN)z 
(CHs) rSn (NCS) z 
(CH3) zSn(CNl2 
(CHa)zSn(NCS)z 
(CHa)aSnNCS 
(CHd zSn (N CS) z 
Some other isothiocyanates and 

(CHdaSnNCS 
(CHa)zSn(NCS) z 
(CHd sSnN CS 
(CHs)zSn(XCS) z 
AgSCX 
AgSCNP(n-CaH7)a 
Cd(etu) z(SCN)z 
a-Ptz(SCN) zCh(P(n-C3Hi)a)2 
Ni(en)nNCSI 
Cuz(PiCS)s(NHa)a 

CHIa'3Sa 
SbIs' 3sa 

bridged thiocyanates 

Value, A 
2.11 f 0.05 
2.16 f 0.05 
2 .12  I 0.04  
2 . 1 4  i 0.03 
2.13 f 0.04 
2.10 1 0 . 0 2  
1.07-1.34 

Ref 
7 
4 
4 
This work 
4 
This work 
11-13 

1.22 1 0 . 0 7  4 
1 .15  f 0.05 This work 
1.55-1,80 11-13 

1 . 5 6 i  0.05  4 
1 . 6 0  i 0,04  This work 
3.17 I 0.01  4 
3 . 2 1  i- 0 ,Ol  This work 
4 .05  14 

Value, deg 
148.7 ?= 3 . 5  
145.9 4Z 1 . 4  
85.3 I 3 . 7  
84 .1  i 1 . 6  

176.3 I 4 . 1  
168.2 i 2 . 6  
111-180 

Ref 
7 
This work 
7 
This work 
4 
This work 
11-13 

177 .84Z4 .8  4 
179 ,3  i 2 , s  This work 
9 4 . 6 +  1.8 4 
90.7 I 1.1 This work 

103.8 b 
98, 103 c 

109.1 i 4 . 4  d 
100.7 i 9 . 7  e 
100 f 

8 2 . 6 , 8 8 . 7 ,  g 

104.4 h 
98,79 4Z 0 .17  i 

96.3  

\z + \  + - 
:-CsS: C-P PJ=C=S - --N=C-S: - 

* -  

M 
\\ c - +  

NT-CZS: c-.-t M=N=C=S 

Acomparison of our datamith Pa~l ing ' sva lues~~ (S-C = 
1.81 A, S=C = 1.61 k, N=C = 1.29 k,  andN=C = 
1.15 k) gives no strong suggestion of the dominant 
resonance form in this structure. 

The 3.21 f 0.01 A Sn - . * S distance, similar to that 
in trimethyltin isothiocyanate, is considerably shorter 
than the sum of van der Waals radii and suggests the 
presence of intermolecular donor-acceptor bonding. 
These interactions lead to the formation of infinite 
chains along the c axis. With consideration of the 
weak donor-acceptor bonding the tin is hexacoordi- 
nated. No distance between the atoms of nearest 
chains is shorter than the sum of the van der Wads  
radii. The Sn-S-C angle is 90.7 f 1.1" ; this seems to 
be smaller than similar angles in some other bridged 
compounds and addition compounds but it is not the 
only case and it is also not unusual for other sulfur 
compounds. In  (CH3)3SnNCS and (CH3)2Sn(NCS)2 
the Sn-N-C angles are nearer to 180" than 120". The 
Si-N-C angle in gaseous (CH8)3SiNCS, 154 =t 2 O ,  shows 
a substantial deviation from linearity.15 It will be 
interesting to know whether the Ge-N-C angles in 
(CHn)BGeNCS and (CH,),Ge(NCS), are similar to , -, \ ","- \ ~ ~ , "  

104 i 2 j those in the corresponding tin compounds or the gaseous 
silicon compound. 
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