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a-[Pt2(SCN)~C12(P(C3HT)a)2] crystallises in the monoclinic system, space-group P21/n , with the unit- 
cell dimensions 

a=7.54±0-02,  b=13.62±0.03,  c=15"09i0"03 ]~; fl=95.0 °. 

The density is 1-937 g.cm. -a, and there are two molecules in the unit  cell (calculated density 1.930 
g.cm.-a); the molecule must therefore have a centre of symmetry.  

The structure was derived from a study of the [010] and [100] projections. The two plat inum 
atoms were shown to be linked by the two -SCN-  groups, each plat inum atom being bound to the 
sulphur atom of one -SCN-  group and the nitrogen atom of the other. All the atoms in the molecule, 
except for those of the six propyl groups, are coplanar, within experimental error. The P t -P  bond 
length (2.16 .~) is very much shorter, and Pt~-S (2.44/~) is longer, than expected. This can be ac- 
counted for by strong double-bonding between plat inum and phosphorus, together with a 'cis in- 
fluence' of the phosphorus atom operating through the d(xy)-type orbitals. 

1. Introduction 

Two compounds with the composition 

[Pt2 (S CN)~Cl2 (P (C8I-I7)3)2] 

have been isolated (Chatt  & Hart ,  1952). The a- 
isomer (yellow, m.p. 144-152 °) is slowly converted to 
the more stable fl-isomer (pale yellow, m.p. 173-174"5 °) 
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Fig. 1. Possible structures of the two isomers; (a) and (b)are 

structural isomers, (c) and (d) are geometrical isomers. 

in boiling benzene. They  were at first thought  to be 
the s t ructural  isomers, Figs. l(a) and  (b), bu t  later  
infra-red studies (Chatt  & Duncanson,  1956) led to 
the conclusion tha t  the th iocyanate  groups mus t  lie 
in the bridge between the  two meta l  atoms in both 
isomers. I t  was therefore suggested tha t  t hey  might  
be the geometrical  isomers, Figs. l(c) and (d). X- ray  
studies of other th iocyanate  complexes (Zhdanov & 
Zvonkova,  1953; Lindqvis t ,  1957) have shown tha t  
it is also possible for a th iocyanate  group to be bonded 
to two meta l  atoms by  the sulphur  and nitrogen atoms. 
The X- ray  s tudy  of the  structures of these two 
isomers was therefore under taken,  and in this paper  
tha t  of the a-isomer is described. The principal  struc- 
tura l  results have  been referred to in a pre l iminary  
communicat ion  (Chart, Duncanson,  Ha r t  & Owston, 
1958). 

2. Exper imenta l  

The substance was crystall ised from acetone, and small  
crystals wi th  dimensions less t han  0.02 mm.  were 
selected. Rota t ion  and  Weissenberg photographs about  
the [010] and  [100] axes were taken  using Cu K a  radia- 
t ion (mean ; t= 1.542 J~), and the crystals found to be 
monoclinic with the following crystal  data" 

a = 7.54 + 0.02, b = 13.62 + 0.03, c = 15.09 + 0.03 A; 
f l=95 .0  °. 

2 molecules per uni t  cell. 
Densi ty  observed 1.937 g.cm.-8, calculated 1.930 

g.cm.-3. 
Systemat ic  absences" 0/c0 with k odd. 

hO1 with (h + l) odd. 

17" 
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Space  group"  P21/n. 
Molecular  s y m m e t r y :  cent re  (i).  

The  cen t re  of s y m m e t r y  requ i red  in the  molecule  
i m m e d i a t e l y  exc ludes  t he  s t ruc tu re  sugges ted  in Fig.  
l(c). The  in f ra - red  s p e c t r u m  (Char t  & D u n c a n s o n ,  
1956) also ind ica tes  t h a t  t he  molecule  is centre-  
s y m m e t r i c .  

The  in tens i t i e s  of t he  146 hO1 a n d  180 Okl ref lect ions 
were  e s t i m a t e d  v isua l ly ,  a n d  the  usua l  Loren tz  and  
po l a r i za t i on  correct ions  appl ied.  No correct ion was 
m a d e  for absorp t ion ,  since the  l inear  abso rp t ion  co- 
eff ic ient  is 214 cm. -1, a n d  abso rp t ion  in  the  v e r y  
smal l  c rys ta l s  used was  therefore  negligible.  
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Fig. 2. Electron-density projections where the observed struc- 
ture factors have the signs of their platinum atom contribu- 
tion. The carbon atoms of the propyl chains are represented 
by full circles, and part of one molecule, which overlaps in 
the [010] projection, has been outlined. Contours are at 
every 25 e.A -~ round platinum, 5 e.A -2 elsewhere: 5 e.A -2 
contour broken. (a) [010] projection. (b) [100] projection. 

3. M e t h o d  of a n a l y s i s  a n d  r e s u l t s  

The pos i t ion  of the  p l a t i n u m  a t o m  was  found  f rom 
P a t t e r s o n  syn theses ,  and  the  pos i t ions  of t he  o the r  
a toms  b y  the  s y s t e m a t i c  use of difference syn theses  
(Alderman,  Ows ton  & Rowe,  1960; Owston,  P a r t r i d g e  
& Rowe,  1960). The  carbon a toms  in t he  p ropy l  g roups  
were found  b y  t r ia l  and  error,  w i th  the  he lp  of models .  
The  r e f i nemen t  was con t inued  un t i l  t he  va lue  of 
R = Z I I F o J - I F c l I / Z I F o l  fell to 0.11 for t he  [010] a n d  
0.10 for the  [100] projec t ion ,  a n d  the  r .m.s,  e lec t ron 
densi t ies  in the  f inal  difference maps  were 1-42 e.A -~ 
for the  [010] a n d  1.65 e.]k-2 for t he  [100] projec t ions .  

_ 

CI d ~ N  C - - - - - - -  S 

Fig. 3. Molecular configuration with principal bond lengths 
(in A) and angles. 

The  a p p r o x i m a t e  s t e r eochemis t ry  of t he  molecule  is 
i m m e d i a t e l y  a p p a r e n t  f rom the  Four ie r  maps  (Figs. 
2(a) and  (b)), a n d  the  f inal  resul t s  a f te r  r e f i nemen t  are  
g iven  in  Tables  1-4 a n d  Fig.  3. The  s t a n d a r d  devia-  
t ions  in  Tables  1 and  3 were ca lcula ted  f rom the  
d iagona l  t e rms  on ly  of the  leas t - squares  ma t r ix ,  a n d  
m a y  no t  be t rue  measures  of accuracy .  No e s t ima te  of 
accu racy  has  been m a d e  for the  carbon  a toms  in t h e  
p ropy l  groups,  since the i r  p a r a m e t e r s  were no t  ex- 
h a u s t i v e l y  re f ined;  t he  s t a n d a r d  dev ia t ions  of t he i r  
coordina tes  will  be s imi lar  to those  for the  C a n d  :N 
a toms  of the  t h i o c y a n a t e  group.  

4. Discussion 
This  t y p e  of b r idg ing  of two m e t a l  a toms  b y  two  
- S C N -  groups,  fo rming  an  8 -membered  r ing,  appears  
to h a v e  been found  p rev ious ly  on ly  in  two  complexes  

Table  1. Final  atomic co-ordinates (decimal) and 
standard deviations 

C 1 0.717 0.196 0.073 
C 2 0.637 0.128 0.138 
C 3 0.510 0.209 0.170 
C 4 - 0.060 0.299 0.300 
C 5 0.073 0.247 0.258 
C 6 0-210 0.198 0-315 
C 7 0.720 0.053 0.453 
C s 0.587 0.125 0-400 
C 9 0-497 0.057 0-327 

Best molecular plane : -- 0.6825X + 0.7230 Y + 0.1075Z = 0 
where X = ax sin ~; Y = by; Z = cz + ax cos fl. 

aa(x) ba(y) ca(z) 
x y z {A) (A) (A) 

Pt  0.1553 0.0540 0.1688 0.0047 0.0066 0.0038 
C1 0.048 -- 0.010 0.300 0.024 0.041 0-023 
S 0-250 0.134 0.036 0.027 0.042 0.024 
P 0.352 0.138 0.249 0.027 0.043 0.027 
N - 0'023 0'453 0"113 0'148 0'201 0"123 
C -0.125 0.425 0.043 0.148 0.190 0-113 
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Table 2. Temperature factors 

Projection 
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Atom 

Pt 
C1, S and P 
N, C, CH 2 and  CH 3 

[100] [010] 

exp -- [0.0039k 2 + 0.0032/~ -- 0.0002k/] exp -- [0.0249h 2 + 0.0043/2- 0.0027h/] 
exp --[4"0 (sin 2 0)/~. 2] 
exp --[6"0 (sin 2 0)/~ ~] 

B o n d  

Pt~P 
P~-S 
Pt-CI 
Pt-N 
S-C 
C-N 

P-C 3 
P - C  6 
P - C  9 

Mean P-C 

Table 3. Bond lengths and angles, with standard deviations 

Calculated l eng th  
" .. Sum of 
d a (d) atomic radii Angle 0 

2.16 J 0.06 A 2.44 A N-Pt--S 101.0 ° 
2-44 0.06 2.36 S-Pt-P 96.0 
2.37 0.05 2.30 P-Pt-CI 89.7 
2.05 0.28 2.06 C1-Pt-N 80.7 
1-66 0.28 1.81" Pt-S-C 100.7 
1.31 0.39 1.51" S-C-N 167.8 

Pt--N-C 147-7 
2.01 
1.73 Pt--P-C S 109.2 
1.89 Pt-P-C e 98-3 
1.88 1.87 Pt--P-C 9 111.8 

C3-C 2 
C~+-C:t 
Ce-C+ 
C 5 - C  4 
C9-C 8 
Cs-C 7 
Mean C-C 

1-57 P - C 3 - C  2 104.7 
1"51 P - C e - C  5 108.7 
1.45 P - C g - C  s 106-7 
1.42 
1.55 C3-C~-C 1 93"3 
1.57 Ce-Cs-C 4 117.3 
1"51 1.54 C9-Cs-C 7 102.2 

* Single-bond dis tances .  

a(0) 

8.1 ° 
2.1 
2.0 
8.0 
9.7 

24.6 
22.9 

of cadmium (Zhdanov & Zvonkova,  1953; Calvalca, 
Nardell i  & Fava ,  1959), where the  meta l  a toms are 
l inked to form infinite chains. The bonding appears  
to be much stronger  in this p la t inum complex, where 
reasonably  stable discrete molecules exist both in the 
solid and in solution. Unlike the (Cd2 (SCN)2) ring, the  
(Pt2(SCN)2) ring is planar ,  and  interact ion between 
the  d-electrons of p la t inum and  the z-electrons of the 
- S C N -  groups can therefore confer a kind of ' a romat ic  
character '  on the 8-membered ring, resulting in ad- 
dit ional stabil i ty.  The distances of the a toms from the 
best molecular plane are all within exper imental  error 
with the possible exception of chlorine: 

P t  0.002, C1 0.139, S 0.075 _~ , 

P 0.066, N 0.164, C 0.038 A . 

The P t - P  bond is ve ry  much shorter  t han  expected 
from the sum of the  atomic radii (Table 3), p resumably  
due to strong double-bonding. As would be expected, 
this is much more marked  than  in trans-[Pt(PEt3)2HBr] 
where two phosphorus a toms must  share the same 
d-orbitals to form double bonds, and the P t - P  bond 
length is 2-26 _~ (Owston et al., 1960). The P t - N  bond, 
which is trans to the  P t - P  bond, is of normal  length, 
bu t  the  P t - S  bond length is greater  t h a n  the  sum of 
the atomic radii and  considerably greater  t han  the 
lengths of 2"30 and  2.27 A reported in cis- and trans- 

[Pt(NH3)2(SCN)~] (Bleidelis, 1957; Bleidelis & Bokii, 
1957). The P ~ C 1  bond, which is also cis to the  P t - P  
bond, is a little longer t h a n  usual, though the  difference 
is not  highly significant. These results can be explained 
if the p la t inum d(xy)-orbital takes  pa r t  in the  s trong 
double-bonding between p la t inum and phosphorus,  
and interacts  so strongly with the  phosphorus d- 
orbitals t ha t  it  is less readily available t han  usual for 
forming double bonds with the a toms cis to phos- 
phorus. This 'cis-influence' of the phosphorus a tom 
will act  most  s t rongly on bonds which normal ly  have 
most  double-bond character ,  and in this example  
therefore the P t - S  bond is more affected t h a n  the 
Pt-C1 bond. 

The bond angle P t - S - C  is similar to those found in 
eis- and  trans-[Pt(NH3)2(SCN)2], where the  average 
value is 106 ° . The s t anda rd  deviations of the  positions 
of the  light a toms are so large t h a t  little chemical 
significance can be a t t ached  to the values obtained 
for the S - C - N  and P t - N - C  bond angles. Since our 
main  purpose was to establish the approx imate  
s tereochemistry of the  molecule no fur ther  s tudy  of 
these more detailed points is proposed. 

The authors  are indebted to Dr  J .  Chat t  for sug- 
gesting the  problem and for helpful discussion, to Dr  
F. A. H a r t  for providing the mater ia l ,  to Miss F. R. 
Ha rpe r  for exper imental  assistance, and to Miss G. G. 



2 5 6  T H E  C R Y S T A L  S T R U C T U R E  O F  c ~ - [ P t a ( S C N ) 2 C 1 2 ( P ( C a H ~ ) a ) , ]  

h k I iFol Fc 
0 0 0 - -  856 

2 217  - -  243  
4 63 - -  66 
6 207  209  
8 131 - -  135 

10 73 - - 7 0  
12 90 101 
14 85 - - 7 8  
16 18 - -  8 
18 15 22 

w 

1 0 19 18 22 
17 < 12 0 
15 66 - - 7 0  
13 112 107 
11 40 - -  31 

6 71 - - 7 5  
226  226  
144 - -  128 

182 - -  183 
T 334  338 
1 178 - -  175 
3 37 38 
5 107 111 

7 88 - -  80 
9 106 - -  104 

11 117 112 
13 58 - -  65 
15 36 - -  27 
17 40  46 
19 6 - - 1 4  

2 0 18 < 10 0 
16 28 - - 2 8  
14 87 76 
12 33 - -  24 
10 41 - -  45 

14¢ 157 
g 90 - 5 8  

T a b l e  4 .  Observed and  calculated structure factors  

[010]  p r o j e c t i o n  

h k l IFo[ Fc 
182 - -  186 

99 98 
0 89 --  76 
2 202  --  244  
4 186 185 
6 48 - - 5 0  
8 110 --  102 

10 154 167 
12 39 - -  33 
14 26 - - 2 4  
16 62 53 
18 13 - - 2 2  

3 0 17 < 9 --  13 
_ _  

15 44 38 
13 < 14 - -  5 
11 57 - -  84 

81 91 
54 --38 

135 - -  131 
132 116 

47 - - 4 5  
1 133 --  143 
3 240  233 
5 95 --  108 
7 54 --  44 
9 124 134 

l l  44  - - 2 6  
13 24  - - 2 6  
15 40 49 
17 21 - -  25 

4 0 16 12 14 
14 13 - -  2 
12 53 - - 7 0  

_ _  

10 77 78 
42 - 38 
62 - 5 6  

134 127 

0 75 - - 7 4  

h k l IFol Fc 
2 196 197 
4 65 - -  46 
6 41 - -  48 
8 55 47 

10 24  - - 1 9  
12 48 - -  52 
14 47 42 
16 20 - -  19 

5 0 17 7 16 
15 < 12 5 
13 41 - -  46 
11 60 64 

< 14 - -  5 
24 - 2 1  
80 87 

< 12 2 
i 79 - - 9 1  
1 92 99 
3 44  --  32 
5 58 --  69 
7 58 53 
9 < 14 --  13 

11 52 --  65 

13 55 54 
15 15 - -  16 

6 0 1 6  < 5  6 
14 < 12 - -  14 
12 42 37 

_ _  

10 < 14 --  6 
26 - - 2 8  

63 45 
< 14 7 

74 - - 1 0 2  
0 74 62 
2 30 --  23 

4 60 - 7 5  

h k l ]Fol Fc 
6 74 71 
8 < 14 - -  5 

l 0  37 - 37 
12 45 54 

7 0 13 < 9 10 
11 < 12 6 

25 - 4 0  
30 17 

< 13 7 
52 - - 6 3  

T 62 57 
1 < 12 - -  9 
3 39 - -  37 
5 47 57 
7 < 13 - -  7 
9 36 - - 1 8  

11 33 33 

8 0 12 < 1 13 
_ _  

10 < 11 - -  23 
26 29 

< 12 0 
34 - - 2 1  

40 40 
0 < 13 8 

2 30 - -  18 
4 36 28 
6 < 12 2 
8 < 9 --  23 

9 0 7 < 1 5  1 
< 9  - -  1 

< 1 1  9 
1 < l l  12 
1 15 - 2 2  
3 26 16 

5 < 7  - - 2  

h k 1 ]Fol F c  

0 0 0 - -  856 
2 248  - 2 4 6  
4 66 - 69 
6 224  218 
8 129 - 145 

10 85 - 76 
12 130 110 
14 128 --  90 
16 44  - - 1 5  

0 1 1 207 161 

2 83 - -  87 

3 2O6 - -  193 
4 36 28 
5 76 76 
6 30 - -  2 
7 116 123 
8 64 - -  87 
9 178 - - 1 6 3  

10 41 41 
11 44  46 

12 52 0 
13 56 45 
14 54 - - 2 7  
15 106 - -  88 
16 50 22 

[100]  p r o j e c t i o n  

h k 1 IFol Fc 
0 2 0 254  221 

1 261 --  317 
2 83 --  81 
3 21 --  14 
4 95 - -  103 
5 76 77 
6 193 191 
7 121 - -  130 
8 102 --  103 
9 34 --  23 

10 40 --  23 
11 72 79 

12 55 67 
13 88 - -  82 
14 57 --  42 
15 53 22 
16 52 - -  17 

0 3 1 30 - - 1 8  
2 148 --  157 
3 88 - -  106 
4 179 219 
5 27 - -  2 
6 29 --  33 
7 68 70 
8 130 --  121 

h k 1 IFol F~ 
9 60 - -  65 

10 106 92 
11 54 58 
12 53 --  16 
13 57 34 
14 54 - - 5 5  
15 55 - -  45 
16 49 52 

0 4 0 46 34 
1 193 - 172 
2 88 - 98 

3 25 23 
4 58 - 2 5  
5 190 183 
6 53 72 
7 168 - 200 
8 52 - 69 
9 36 20 

10 52 35 
11 109 89 
12 56 16 
13 81 - 82 
14 56 8 
15 51 10 

h k l IFo[ ~'c 
0 5 1 40 - 2 1  

2 173 - 141 
3 29 31 
4 203  213 
5 51 - 56 
6 33 14 
7 35 - 6 
8 94 - 86 
9 41 15 

10 117 37 
11 55 2 
12 54 - 20 

13 57 13 
14 53 - 59 
15 53 4 

0 6 0 69 - - 5 3  
1 130 - -  111 
2 31 20 
3 3O --  5 
4 57 51 
5 169 172.  
6 100 - -  71 
7 128 - - 1 5 1  
8 50 22 
9 41 39 
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h k g IFol F¢ 
10 55 36 
11 75 96 
12 57 -- 49 
13 54 -- 66 
14 55 21 

0 7 1 79 - 5 4  
2 82 - 92 
3 141 160 
4 119 103 
5 68 - 67 
6 36 - 6 
7 41 - 16 
8 66 - 47 
9 77 67 

10 75 73 
11 57 - 60 
12 54 - 8 
13 55 - 2 0  
14 50 - 36 

0 8 0 103 - 105 
1 74 - 69 

T a b l e  4 (cont.) 

h k Z IFol Fc 
2 55 52 
3 < 34 4 
4 83 94 
5 < 38 18 
6 106 -- 138 
7 < 50 -- 42 
8 55 83 
9 <54 --18 

10 57 25 
11 < 54 32 
12 74 --74 
13 < 51 -- 32 

0 9 1 63 --59 
2 <38 --26 
3 142 142 
4 < 48 21 
5 72 -- 68 
6 <51 --34 
7 55 5 
8 <54 --21 
9 81 73 

R e y n o l d s  w h o  u n d e r t o o k  m o s t  of  t h e  c o m p u t i n g  w o r k ,  
i n c l u d i n g  t h e  t e d i o u s  t a s k  of f i n d i n g  t h e  b e s t  pos i t i ons  
fo r  t h e  l i gh t  a t o m s .  
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T h e  S t r u c t u r e  o f  t h e  I n t e r m e t a l l i c  P h a s e  0 ( C r - A 1 )  

B Y  M .  J .  COOPER 

Crystallographic Laboratory, Cavendish Laboratory, Cambridge, England 

(Received 31 July 1959) 

T h e  monoc l in ic  0-phase in t h e  c h r o m i u m - a l u m i n i u m  s y s t e m  has  been  shown  to  be  i somorphous  wi th  
a ' (V-A1).  The  s t r u c t u r e  has  been  re f ined  a n d  the  i n t e r a t o m i c  d i s tances  are  d iscussed a n d  c o m p a r e d  
w i t h  those  in a ' (V-A1) a n d  w i t h  those  in two  t e r n a r y  al loy phases  con ta in ing  c h r o m i u m  a n d  alu- 
m i n i u m .  

1. I n t r o d u c t i o n  

T h e  c h r o m i u m - a l u m i n i u m  s y s t e m  h a s  b e e n  i nves t i -  
g a t e d  b y  m a n y  w o r k e r s  a n d  t h e  c o m p o s i t i o n  of t h e  
0 -phase ,  w h i c h  is in  e q u i l i b r i u m  w i t h  t h e  p r i m a r y  
sol id  so lu t i on ,  h a s  b e e n  s h o w n  to  be  r e p r e s e n t e d  b y  
t h e  f o r m u l a  CrA17 ( R a y n o r  & L i t t l e ,  1945). T h e  p h a s e  
f o r m s  m o n o c l i n i c  c r y s t a l s  a n d  t h e  u n i t  cell  g i v e n  b y  

H o f m a n n  & W i e h r  (1941) is:  

a = 2 0 . 4 3 ,  b = 7 . 6 2 ,  c = 2 5 . 3 1  ~ ;  f l = 1 5 5  ° 10'. 

Th i s  u n i t  cell  c o r r e s p o n d s  t o  t h e  m o r p h o l o g y  of t h e  
c r y s t a l s .  

T h e  s i m i l a r i t y  of r o t a t i o n  p h o t o g r a p h s  f r o m  0(Cr-A1) 
a n d  a ' ( V - A 1 )  h a s  b e e n  r e p o r t e d  b y  B r o w n  (1957). T h e  
p r e s e n t  a n a l y s i s  of  0(Cr-A1) w a s  u n d e r t a k e n  t o  in-  
v e s t i g a t e  t h e  r e l a t i o n s h i p  b e t w e e n  t h e  t w o  p h a s e s  a n d  

in  p a r t i c u l a r  t h e  n a t u r e  of t h e  c h r o m i u m - a l u m i n i u m  


