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The crystal structure of the addition compound SnC14. 2 SeOC12 has been determined and refined 
from three-dimensional X-ray data. The unit-cell dimensions are 

a----9.24+_0"03, b=9.24+_0.03, c=16.26_0"03 A; f l=95 ° 34 '+10 ' .  

There are four molecules per unit cell and the space group is C2/c. The crystal consists of discrete 
SnC14. 2 SeOC12 molecules. The tin atom is situated on a twofold axis, surrounded by a distorted 
octahedron of two oxygen atoms in cis position and four chlorine atoms. The oxygen atoms form 
bridges between the tin and the selenium atoms. The SeOC12-parts of the molecule are pyramid- 
shaped. The angle Sn-O-Se is 121.5 °. A tendency to secondary accepter-donor interaction within 
and between the adduct molecules can be recognized from the interatomic distances. A distorted 
octahedral coordination around the selenium atom is obtained, if all nearest neighbours are con- 
sidered. In this compound selenium oxychloride acts as a donor as well as an accepter molecule, 
although the donor action is predominant. 

1. Introduction 

I t  is well known t h a t  m a n y  oxychlorides give stable 
complexes. Several invest igations have  been made  to 
establish the  s t ruc ture  of such complexes in solution 
and the nature of the accept0r.d0n0r reactions. 

To give a more detailed s tudy  of the  behaviour  in 
solution a knowledge of the  s t ructure  of the  solvate is 
necessary.  Groeneveld (1956) has suggested t h a t  the 
addi t ion of an  oxychloride to a Lewis acid gives a 
stable compound owing to the  polar  bond to oxygen. 
This has been confirmed by  the  X - r a y  s tudy  of 
SbCI~.POC13 (Lindqvist  & Briind6n, 1959). Fur ther -  
more Lindqvis t  (1958) has pointed out t h a t  the forma- 
t ion of an adduct  molecule leads to an increase in 
coordination of the  accepter  molecule, while the  donor 
molecule is essentially unchanged.  This proposal  

should be valid for a compound like SnC14.2 SeOC12, 
and if the oxygens act  as donor atoms,  it  is of interest  
to know whether  they  are in cis- or trans-positions. 

2. Preparation of crystals 

The compound SnC14.2 Se0C12 was first  isolated by  
Weber  (1865), bu t  the complete system SnC14-Se0C12 
has been described by  Agerman  et al. (1958). The 
phase d iagram shows a congruent  melt ing point  of 
52-54 °C. a t  the  composition SnC14.2 Se0C12. Single 
crystals  of the  very  hygroscopic compound were 
prepared in sealed capil lary tubes by  a method  of zone 
melting. A capil lary tube  with an outer  d iameter  of 
0.11 mm. was used for the  X - r a y  work. The crysta l  
was stable during the t ime of exposure, judging from 
X - r a y  photographs.  
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3. X - r a y  m e a s u r e m e n t s  

The lat t ice constants  of the monoclinic cell were 
de te rmined  by  a method  first described by  Weisz, 
Cochran & Cole (1948). Systemat ic  errors were elimi- 
na ted  by  an extrapola t ion method  (LSfgren, 1960; 
see also Hermodsson & Strandberg,  1957). The results 
are • 

a=9.24_+0.03,  b = 9 . 2 4 ± 0 . 0 3 ,  c = 1 6 - 2 6 ± 0 . 0 3  _~; 
fl = 95 ° 34' ± 10'. 

Systemat ic  ext inct ions were found for hkl reflexions 
with h + k odd and  for hO1 reflexions wi th  1 odd. The 
space group is thus C2/c or Cc. The choice of the 
cent rosymmetr ica l  space group was confirmed by  the  
structure determinat ion.  Wi th  four molecules per uni t  
cell the densi ty  was calculated to be 2.85 g.cm.-8; 
the exper imenta l  value is 2-80 g.cm. -3. 

Weissenberg photographs were taken  about  the 
[ l l0] -axis  with Cu K radiat ion.  Five  layer  lines (0-4) 
were recorded. Connection between the zones was 
obtained by  comparing symmetry- re la ted  reflexions in 
different  layers. The in tens i ty  of the reflexions were 
v isua l ly  es t imated by  means  of a cal ibrated scale. 
Use was made of the mult iple-f i lm technique.  

Lorentz and polarization factors were taken into 
account using a modif ied Lu-procedure (LSfgren, 1960) 
and  an approximate  correction for absorpt ion was 
made,  for which the crystal  was assumed to be a 
cyl indrical  rod (/zr ~ 0-9). In  this way the structure 
factors of 1095 independent  reflexions were obtained.  

4. D e t e r m i n a t i o n  of  the  s t r u c t u r e  

Since the general positions are eightfold and the 
special positions fourfold in the space group C2/c, 
the four tin atoms were placed in 

4 ( e ) = ± ( O , y , ~ ;  ½, ½+y,  ¼) 

and  the other atoms in 

8 ( f ) =  _+ (x, y, z; ~, y, ½ - z ;  
½+x,  ½+y,z;  ½ - x ,  l + y ,  ½ - z ) .  

From the Harker  l ine P(0, y, ½), the Harker  section 
P(x, 0, z) and  the section P(x, ¼, z), the t in  and the 
selenium parameters  were determined.  F rom a three- 
d imensional  Pat terson synthesis,  together with elec- 
t ron-densi ty  projections along the a and b axis, the 
chlorine positions were obtained.  The complete set of 
vectors between the tin, selenium and chlorine atoms 
were ident i f ied in the Pat terson function. All these 
calculations were made  on the H~gg-Lauren t  (1946) 
machine.  

F rom the parameters  obtained,  a three-dimensional  
electron-density funct ion was calculated,  from which 
the oxygen positions could be determined.  The result- 
ing parameters  led to an improvement  in the re l iabi l i ty  
index R=ZI[Fol-]Fc[]/Z[Fo I for all  observed re- 
flexions from 0.25 to 0.17. All s tructure factors and  

three-dimensional  electron-densi ty functions were cal- 
culated on the electronic computer  B E S K  in Stock- 
holm. (The author  is indebted  to Mr S. W e s t m a n  and 
Mr S. J[sbrink for the  use of their  programmes.  The 
atomic scat tering factors were evaluated by  a two-term 
expansion of Gaussian functions, with constants  given 
by  Vand et al. (1957). 

5. R e f i n e m e n t  and  a c c u r a c y  of d e t e r m i n a t i o n  

A three-dimensional  electron-densi ty calculation with 
all signs de termined gave new coordinates, which were 
refined by  successive three-dimensional  back-shif t  
corrections (Booth, 1946). The tempera ture  factors 
used were assumed to be isotropic and equal  for all  
atoms. After  each calculat ion of the structure factors 
the scale factor and the temperature factor were 
determined by comparison of the calculated and ob- 
served structure factors. Before the first back-shift 
correction, In Fo/Fc was plotted against the calculated 
intensity giving a straight line. The linear variation 
of In Fo/Fc was assumed to depend mainly on secon- 
dary extinction (Vand, 1955), and the correction was 
applied to the calculated B-values. After the second 
cycle the shifts were smaller than the standard devia- 
tion and further refinements were not made. The 
standard deviation in the final coordinates due to 
experimental errors in the structure factors were 
calculated by the method proposed by Cruickshank 
(1949). 

Table  1. Final atomic parameters and their 
standard deviations 

Atom x y z a(x) (A) a(y) (A) a(z) (A) 

Sn 0.0000 0.7988 0.2500 - -  0.0014 - -  
Se 0.1566 0.0638 0.3695 0.0024 0-0022 0.0026 
C11 0.4372 0.7408 0.0703 0.0064 0.0056 0.0066 
C12 0.2633 0.4468 0.0218 0.0065 0.0057 0-0063 
C1 a 0.2591 0.8346 0.2571 0.0061 0.0054 0.0059 
C14 0.0092 0-3652 0.8616 0.0057 0.0057 0.0065 
O 0 .5013  0.4722 0-1646 0.0134 0.0138 0.0180 

The final parameters and their standard deviations 
are listed in Table 1. Using a temperature factor of 
2.21 ~2, the reliability index for all observed reflexions 
is 0-14 after the last cycle. (A copy of the observed 
and calculated B-values after the final back-shift 
correction can be obtained upon request.) 

6. D e s c r i p t i o n  and  d i s c u s s i o n  of  the  s t r u c t u r e  

A drawing of the f inal  s tructure is shown in Fig. 1. 
Table 2 contains bond lengths, bond angles and thei r  
s tandard  deviat ions calculated according to Cruick- 
shank & Robertson (1953). The uni t  cell seen along the 
monoclinic axis is given in Fig. 2 and  all  in termolecular  
distances smaller  t han  4-0 A are collected in Table 3. 

In this structure, the acceptor atom, tin, has changed 
its coordination from a tetrahedron to a distorted 
octahedron by accepting two oxygen atoms, situated 

44* 
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THE CRYSTAL S T R U C T U R E  OF SnC14.2SeOC12 
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Fig. 1. The molecule of the addition compound SnC14 . 2 SeOC12. 
All distances given in A. 

in cis position. The two selenium oxychlorides are 
related to each other by the twofold axis on which 
the tin atom is placed. Thus in this compound as in 
SbC15.POC13 (Lindqvist & Briinddn, 1959) oxygen 
functions as a donor atom. 

By the rearrangement around tin the Sn-C1 dis- 
tances have changed from 2.31 /~ in the free molecule 
(Livingstone & Rao, 1959) to 2.36 A and 2.41 A in 
the addition compound, distances corresponding to 
those found in tin hexachloro complexes, e.g. 2.41 /~ 
in (NH4)~SnC16 and 2.39 J~ in T19SnC16 (Engel, 1935). 
The observed bond length Sn-O, 2.12 /~, agrees with 
the calculated sum of the covalent radii, 2-11 A, when 
using the octahedral covalent radius for tin. (All 
covalent radii used in this paper are taken from 
Pauling, 1948). This shows that  the donor-acceptor 
interaction is rather strong. 

Table 2. Bond lengths and bond angles in SnC14.2 SeOC12 
and their standard deviations 

1) 
Angle a 

C14-Sn-CI~ 100.1 o 0.2 ° 
C14-Sn-C1 a 95" 1 0.2 
C14-Sn-CI ~ 95.0 0.2 
C14-Sn-O 89.1 0.5 
C14-Sn-O' 170.6 0"5 
Cla-Sn-C1 ~ 164.2 0.2 
Cla-Sn-O 86.2 0.4 
Cla-Sn-O' 81"9 0.4 
O'-Sn-O 81.9 0.6 
Se-O-Sn 121.5 0.9 
CI~-Se-C11 97.6 0.3 
O-Se-C11 98.9 0.6 
O-Se-CL 103.3 0.6 

(cf. Fig. 
Distance 

Sn-C14 2.360 /k 0.007 A 
Sn-C13 2-409 0.006 
Sn-O 2.121 0.016 
Se-O 1.731 0.017 
Se-C11 2.132 0.008 
Se-Cl~ 2.141 0.009 

The oxygen and the two chlorine atoms around the 
selenium atom form a distorted pyramid. If it is 
assumed that  no drastic change of the arrangement of 
the donor molecule takes place at the adduct forma- 
tion, the present study shows that  selenium oxy- 
chloride has a pyramidal structure. Some evidence for 
this structure has been given by Gerding (1941). 

The two Se--C1 bond distances (2.13 and 2-14 J~) 
are equal within experimental error and there is no 
significant difference from a normal single covalent 
bond (2.16 A). These Se-C1 bond lengths are much 
smaller than the shortest found in SeOC12.2CsHsN, 
2.38 A (Lindqvist & Nahringbauer, 1959), in which 
compound selenium has a tetragonal-pyramidal con- 
figuration. The difference in bond lengths may be 
ascribed to the higher coordination of selenium (cf. 
the Se-C1 distances in selenium hexachloro complexes, 
2.38 A, in (NHa)~SeC16 (Engel, 1935)). 

The Se--O distancc of 1.73 -& lies between that  for 
a single covalent bond length, 1.83 /~, and that  for a 
double-bond length, 1.62 A. From infrared spectra 
Sheldon & Tyree (1959) deduced a weakening in the 
Se-O bond due to the adduct formation. This effect 
might explain the difference between the Se-O dis- 
tance in SeOCh.2 CsHsN, 1.59 _&, and the present 
compound. But compared with the small change of 
the P-O bond length in the formation of SbC15. POC13, 
this difference seems too large. The knowledge of the 
Se-O distance in solid selenium oxychloride seems 
therefore desirable before any detailed discussion can 
be made. For comparison, the Se-O distance found in 
crystals of Se02:1.76 J~ (McCullough, 1937), H2SeOs: 
1.74 J~ (Wells & Bailey, 1949) and of C6HsSeO2H: 
1.71 and 1.77 A (Bryden & McCullough, 1954) can be 
mentioned. The difference in the Se-O bond lengths 
in the last compound is significant and is caused by 
one of the oxygen atoms forming a hydrogen bond. 
In all these compounds selenium has a pyramidal 
configuration. 

c1.__o .ksn~,,.,ucl~ __ , l .  J ~ "  

0 1 2 3 4 5A 

Fig. 2. The structure of SNC14.2 SeOCI~ viewed down the 
rnonoclinic axis. All distances given in/L 

The shortness of the distance Se-Clm 3.01 J~, (see 
Fig. 2) suggests that  SeOC12 also has a tendency to 
function as an acceptor molecule. The Sn-C18 dis- 
tance should therefore be elongated, and this is ac- 
tually confirmed. Thus in this compound selenium 
oxychloride acts both as a donor and as an acceptor 
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molecule, a l though the donor act ion is predominant .  
I n  SeOC12.2 C6HsN, on the other hand,  selenium 
oxychloride functions p redominan t ly  as an  acceptor 
molecule with very  weak donor properties (chloride 
ion donation). 

Table 3. Intermolecular distances smaller than 4.0 A 
(cf. Fig. 2) 

Se-C1 Se(B')-CI3(C' ) = 3.38 A 
Se(B')-C14(C' ) ---- 3.34 

C1 : C1 Cll(B)-CI~(A' ) = 3.67 /~ 
Clx(B)-C1s(A ) = 3.70 
Cll(B)-Cla(B ) = 3.82 
Cll(B)-CI3(C ) = 3.87 
CI~(B)-C12(C ) = 3.71 
Cll(B)-C12(B' ) = 3.70 
Cll(B)-Cla(B' ) = 3.70 
C12(B')-C12(C ) ----- 3.71 
C12(B')-C14(C ) = 3-42 
C12(B')-C14(C' ) ---- 3.72 
CI3(C)-C14(B ) = 3.89 

C1 : O CI2(B')-O(B ) ~- 3-97 /~ 

The angle Sn-O-Se  of 121.5 ° can be compared with 
the S b - O - P  angle in SbC15. POC1s of 143.7 °. The change 
might  pa r t ly  be correlated with the  difference in  
electronegat ivi ty  between selenium and phosphorus;  
t in  and  an t imony  are comparable  (cf. Gillespie & 
Nyholm,  1957). I t  should be noted, however, t ha t  the  
interact ion Se-C1s mus t  also have the  effect of dimin- 
ishing the Sn-O-Se  angle. 

F rom Table 3, giving packing distances, two rela- 
t ive ly  short distances (3.38 and  3.34/~) between atoms 
in adjacent  molecules are found, name ly  tha t  of 
Se(B')-CIs(C') and  Se(B')-C14(C'), (see Fig. 2). The 
sum of the van  der Waals  radi i  is 3.80 J~. These two 
chlorine atoms together with the chlorine atom (C1s) 
from the  SnCl4-part of the molecule give rise to 
hexacoordinat ion around the selenium atom. Such a 
completion to a distorted octahedron by  the nex t  
nearest  neighbours is also found in SeO2, H2SeOs and 
SeOC12.2 C6HsN (see Fig. 3). 

C[ Cl O 

[,; I /  I/° 
o - - ~  . . . .  ~,  o - - ~ o  . . . .  ~ o - - ~  . . . .  o 

. 

ci el  o 

SnC 14. 2 SeOCI 2 SeOCI 2. 2C6HsN SeO 2 and H2SeO 3 

Fig. 3. A schematic drawing of the completion to a distorted 
oetahedron around a selenium atom by the next nearest 
neighbours, denoted by broken lines. 

The other packing distances have reasonable values. 
One C1-C1 distance is ra ther  short, 3.42 A (see Fig. 2), 

bu t  the same van  der Waals  distance between chlorine 
atoms has been found in SbC15. POCIa and  a shorter 
one in solid Ch (Collin, 1952). 
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