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[Pt((C2HG)3P)2HBr ] is orthorhombic, space group Pn21a; the unit  cell has the dimensions 

a -- 14.76 _ 0.04, b = 8.92 _ 0.03, c = 13.87 ___ 0.04A, 

and contains four molecules (density observed 1.88 g.cm. -3, calculated 1.86 g.cm.-a). The [010] and 
[100] projections were studied, making systematic use of difference syntheses. 

The molecule has a trans square-planar configuration and is therefore a complex hydride of Pt(II). 
The P t -P  bonds (2.26 A) are shorter than expected, probably because they have partial double-bond 
character. The tmusuM length of the Pt--Br bond (2.56/~) is in accord with the high chemical lability 
of the coordinated bromide ion. I t  may be attributed to an electrostatic trans-influence of the hydride 
ion, or to a cis-influence of the phosphorus atoms operating though the dxy-type orbitals of the 
metal, or to a combination of these two effects. 

The positions of the carbon atoms were not fotmd accurately, but  they appeared in partial differ- 
ence maps sufficiently clearly to show that  the principal plane of the molecule containing the plati- 
num, bromine and phosphorus atoms is not a plane of symmetry. 

1. Introduction 

When  the existence of stable volatile p la t inum hydr ide  
complexes was first reported from these laboratories 
(Chatt, Duncanson & Shaw, 1957) their  stereochemis- 
t ry  was ent i re ly  unknown, and both the nature  of the 
bond between the p la t inum and hydrogen atoms and 
the oxidation state of the p la t inum atom were un- 
certain. I t  was decided to determine the structure of 
one of these compounds by X-ray  methods,  since 
al though the position of the impor tan t  hydrogen atom 
could not be found experimental ly ,  i t  was expected 
tha t  it could be inferred once the positions of the 
heavier  atoms were known. 

Later  work (Chatt, Duncanson & Shaw, 1958) on 
the dipole moments  of a series of these hydrides sug- 
gested tha t  the coordination round the p la t inum atom 
might  be of the square p lanar  type, in which case the 
p la t inum atom would presumably  be formal ly  divalent  
with the hydrogen present as a coordinated negative 
ion. This evidence, however, was not  conclusive, and  
it  seemed possible tha t  these might  be compounds 
of zero-valent p la t inum with tr igonal pyramida l  co- 
ordination round the p la t inum atom, with the hydro- 
gen present in this case as a coordinated positive ion. 

2. Experimental  
Crystal specimens 

The most  suitable compound avai lable  was bis- 
t r ie thylphosphine  hydrobromopla t inum,  

[Pt ( ( C2H5 )aP )2HBr],  

which crystallized from petroleum ether in large pris- 

* Present address: Chemistry Division, A.E.R.E., Harwell. 

mat ie  colourless crystals. A crystal  with dimensions 
of about  0.01 ram. was used for recording the da ta  for 
the [100] projection; the l inear  absorption coefficient 
for Cu radiat ion being 193 cm. -1, absorption effects 
could be ignored. 

No small  equidimensional  crystal  could be found to 
give the da ta  for the [010] projection, and a larger 
crystal  was therefore used. I t  was carefully measured 
and found to be nearly cylindrical, length 0,3 ram. 
parallel  to the b-axis, and diameter  0-115 ram. The 
absorption corrections of Bradley (1935) were applied 
to the intensities, assuming the crystal  to be exact ly  
cylindrical.  

The compound is sensitive to X-rays,  and this larger 
crystal  showed signs of decomposition after the ex- 
posure needed to record the reflections with sin 0 < 0.95 
(40 hr., using a Phil ips sealed tube at 40 K V P  and  
20 m.a.). The smaller  crystal was completely blackened 
after an  exposure of 128 hr., when reflections with 
sin 0 _< 0.8 only had  been recorded and there was 
considerable background. In  view of these practical  
difficulties the structure was determined from the 
[100] and [010] projections only. 

Crystal data 
The crystals are orthorhombic,  with the following 

unit-cell  parameters :  

a = 14.76 _+ 0.04, b = 8.92 +_ 0.03, c-- 13.87 _+ 0-04 A .  

Unit-cell  volume = 1826 •3. 
Densi ty  observed= 1-88 g.cm. -3. 
Dens i ty  c a l c u l a t e d = l . 8 6  g.cm. -3, assuming 4 

molecules per uni t  cell. 

The unit-cell  dimensions were obtained from rotat ion 
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and  Weissenberg photographs  using Cu K s  radia t ion 
(mean 2 =  1.542 A), and the  densi ty  by  f lotat ion in 
cadmium borotungs ta te  solution. 

The intensities of the reflections were es t imated 
from Weissenberg photographs  by  visual comparison 
using the  multiple-film method,  and af ter  correction 
for absorpt ion as described above, were modified by  
the  usual  Lorentz and polarizat ion factors. The scale 
factor  needed to place the  s t ructure  factors on the  
absolute scale, together  with an average t empera tu re  
factor  for all atoms, was es t imated  by  Wilson's method  
(1942). 

The systemat ical ly  absent  reflections were:  0kl with 
(k + l) odd, and  h/c0 with h odd. The two possible space 
groups are the  centrosymmetr ic  Pnma and  the noncen- 
t rosymmetr ic  Pn21a. I f  the s t ructure  is centrosymmetr i -  
cal, each molecule must  lie on one of the mirror  planes a t  
y = ¼ and }. I f  there is no centre of s y m m e t r y  and the  
space group is Pn21a, no molecular s y m m e t r y  is re- 
quired. The results of tests for piezo-electric properties 
were inconclusive and  consequently did not  assist in 
deciding between the two space groups. 

An a t t e m p t  was made  to distinguish the  centre- 
symmetr ica l  space group Pnma from the non-centre- 
symmetr ica l  Pn21a by  the  stat ist ical  test  of Howells, 
Phillips & Rogers (1950). This gave no conclusive 
result,  no doubt  because the  presence of the  heavy  
a toms invalidates the  stat ist ical  basis of this method.  
The s t ructure  analysis subsequent ly  showed t h a t  the  
space group is Pn2~a. 

3. D e t e r m i n a t i o n  of  t h e  s t r u c t u r e  

The method used in finding the  s t ructure  was de- 
scribed in general  te rms in an earlier paper  (Alderman, 
Owston & Rowe, 1960). I t  makes  use of difference 
syntheses to remove the  effects of the  dominat ing 
heavy  atoms and to find the  positions of the  light 
a toms with as few assumptions as possible. The 
atomic scattering factors were t aken  from the Inter- 
nationale TaSellen (1935); as a convenient approxima-  
t ion the values for oxygen and fluorine were used for 
the  - C H 2 -  and -CH~ groups respectively. 

For  both possible space groups the s y m m e t r y  of the  
[010] projection is the same, logg. The position of the  
p la t inum a tom was found from the Pa t te r son  synthesis 
P(U, W), computed using the 252 observed hOl re- 
flections, and an  electron-density synthesis was cal- 
culated, the s t ructure  factors being given the  same 
phases as the  contr ibut ion of the p la t inum a tom 
(Fig. 1 (a)). A s tudy  of this map  suggested a provisional 
s t ructure  with the  pla t inum, bromine and phosphorus 
a toms in the  positions shown in Fig. l(a),  and with 
the  light a toms symmetr ica l ly  ar ranged about  a plane 
of s y m m e t r y  perpendicular  to the [010] axis, as re- 
quired by  the  space group Pnma. This s t ructure  was 
used only for refining the  scale factor  between ob- 
served and calculated s t ructure  factors.  

The paramete rs  of the  p la t inum and bromine a toms 
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Fig. 1. Electron-density distribution projected down [010], 
with the final non-centrosymmetrical structure. [The small 
peak near to the expected hydrogen atom position, trans 
to the bromine atom, is attributed to the C 1 atom of the 
neighbouring molecule with the platinum atom at y=  ~]. 
(a) @o synthesis, where the observed structure factors were 
given the same signs as the platinum atom contributions. 
Contours at every 20 e.A -2 round platinum, 5 e./~ -2 else- 
where; 5 e.A -~ contour broken. (b) (@o--@~) synthesis, 
where the structure factors were given the same signs as 
the contributions of the platinum, bromine and phosphorus 
atoms, and @~ represents the calculated electron-density 
distribution of these atoms. Contours at every 4 e./k-% 
zero contour broken. 

were first refined, followed by  those of the phosphorus 
atoms. The par t ia l  difference map  obtained by sub- 
t rac t ing the heavy  a toms is shown in Fig. l(b). Several 
a t t empt s  were made  to place carbon atoms on the  
composite peaks in positions which gave reasonable 
bond lengths and angles. This could be done for the  
- C H g -  groups, and a fur ther  par t ia l  difference map  was 
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obtained,  subtract ing the heavy  atoms and the  six 
-CI-L- groups. I t  was not  possible, however, to find 
suitable positions for all six methy l  groups, assuming 
the space group Pnma, since the resulting difference 
maps always showed negative areas round the  assumed 
positions of a t  least some of the atoms. 

I t  was therefore necessary to reconsider the sym- 
metry.  The p la t inum,  bromine and phosphorus atoms 
in a given molecule must  lie in or near  a plane parallel  
to the  (010) plane, since the P t - B r  and P t - P  distances 
in the project ion are close to the expected bond 
lengths as given by the  sums of the atomic radii. 
I f  the molecule is not  exact ly  symmetr ica l  about  a 
plane parallel  to the  (010) plane, as is suggested by the  
diff iculty in f inding the  positions of the l ight atoms, 
the symmet ry  Pnma is only a pseudo-symmetry,  and 
the  t rue space group is Pn2~a. I t  was found necessary 
to s tudy the two projections s imultaneously to decide 
whether  or not  this is so. 

The Pa t te rson  project ion P(V,  W), computed using 
the 59 observed Okl reflections, showed a concentra t ion 
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Fig. 2. Electron-density distribution projected down [100] 
with the heavy atom positions marked. The mirror planes 
at y=¼, ~ arise from the phases which were assumed; 
they are not required by the space group .Pn21a. (a) ~o 
synthesis, where the observed structure factors were given 
the same phases as the platinum atom contributions. 
Contours at every 25 e./~ -~ round platinum, 10 e.A -s else- 
where; 5 e.A -~ contour broken. (b) (~o-~c) synthesis, 
where the observed structure factors were given the same 
phases as the contributions of the platinum, bromine and 
phosphorus atoms, and ~c represents the calculated electron 
density of these atoms. Contours at every 4 e./~ -2, zero 
contour broken. 

of vectors along V = 0 ,  ½, implying t h a t  the  s t ructure  
consists of p lanar  molecules separated by a distance 
of b/2. A possible p l a t i num-p la t i num vector  was con- 
f irmed by the z-coordinate a l ready found for the  
p la t inum a tom from the [010] projection. The y- 
coordinate of the p la t inum atom was assumed to be 1 4 ,  

since this is required by the space group Pnma and is 
permi t ted  by  Pn21a, in which the y-coordinate of any  
one a tom can be chosen arbi trar i ly.  The electron-den- 
s i ty map (Fig. 2(a)) was calculated and a provisional  
s t ructure was deduced compatible with t h a t  for the  
[010] project ion and having the plane-group symme t ry  
cram as required by the space group Pnma. The para- 
meters of the four heavy  atoms were refined, and i t  
was confirmed t ha t  they  are coplanar. 

The par t ia l  difference map after  subtract ing these 
heavy  atoms (Fig. 2(b)) represents the electron den- 
s i ty of the six e thyl  groups, with the  mirror plane of 
symmet ry  imposed by the special positions of the  
heavy  atoms. As in the [010] projection, positions 
could be found on this map for some of t h e - C H 2 -  
groups but  not  for the te rminal  methy l  groups, 
s t rengthening the probabi l i ty  t h a t  the space group is 
Pn21a. The in te rpre ta t ion  of the maps in Figs. l(b) 
and 2(b) was therefore a t tempted ,  assuming this space 
group, and with the aid of models reasonable positions 

s - - - s  ~ ~ ' - - " ~  . - '  / " ,  ~ I 
i . . o  t , ~ ~ , ,  el \ 

,,, i ,,.. ,, , . . . . /  , ,%,...* ,k .s  

, , - - ~ ,  : o 

".-.~ . i--~ ;; , '._...-._) ,." 

::\ ......... , , ' - " c s "  ::: ,'~ :" i ~ "~ .-I 
,." . . . . .  ',, ,,' . . . .  c~-~'.c,,~ ~.. c,-" C: "",, ~ . : "  

- - -  ;, ~ . . -~3  :, ~. ~ . . . . . .  , , -  

. . . .  - . f l  
0 c • C4 (a) 1 

,, 

~- ",U'C-" ,,I:B~]-:.[P~]@~ [~@ ( " = \  

b ""  k .... " ~ C .  
0 c C~ O--~IA 1 

Fig. 3. Electron-density distribution projected down [I00]. 
The phases were calculated from the final non-centre- 
symmetrical structure shown. The space group is Pn21a: 
the planes at y--¼, ~ are no longer symmetry planes. 
(a) ~o synthesis. Contours at every 25 e.A -2 round platinum, 
10 e.A -2 elsewhere; 5 e./~ -2 contour broken. (b) (~o--~} 
synthesis, where o~ represents the calculated electron den- 
sity of the platinum, bromine and phosphorus atoms. 
Contours at every 4 e.A -2, zero contour broken. 
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T a b l e  1. Final  atomic coordinates (decimal) and standard deviations (in J~) 

P t  

Br 

P1 
P s  

C1 
Cs 
Ca 
C4 

Cs 
Ca 
C~ 
Cs 
C9 
C10 
Cn 
Cls 
Mean C 

[010] project ion 
x y z a (ax) ~ (cz) 

0" 1420 0.2500 0"0602 0"0046 0-0047 

0.2255 0.2500 0"2221 0"0155 0"0145 

0"003 0.250 0"128 0.034 0-030 
0.271 0"250 -- 0.027 0"034 0-037 

- -  0.094 0.233 0.040 0.121 0.103 
- -  0" 162 0.333 0"083 0" 120 0" 112 

0.017 0.133 0.242 0.133 0"099 
0"008 -- 0.017 0.225 0.127 0.094 

-- 0.033 0-450 0.167 0.113 0"110 
0.025 0"516 0"258 0-116 0.100 
0.269 0-350 -- 0" 154 0-119 0" 106 
0.200 0-250 -- 0-217 0" 125 0" 103 
0"355 0"383 0.020 0"108 0.118 
0-355 0"533 0"020 0-109 0.123 
0-325 0"067 -- 0"058 0"126 0-100 
0"393 0.017 0.025 0.120 0.116 

- -  - -  - -  0.120 0.107 

[100] project ion 
(cz) 

0.0292 

0.056 
0.052 

0-223 
0-339 
0-643 
0-209 
0.257 
0.140 
0.337 
0.223 
0.307 
0.251 
0.444 
0.225 
0-300 

Atom 

P t  
Br 
P 

- C K  s- 
-C t t a  

T a b l e  2. Temperature factors 

[100] 

exp -- [0.0183k s + 0.0046/2] 
exp -- [0.0361k s + 0.0088/2] 
exp --[3"54 (sin s 0)/;t 2] 

Project ion 

[010] 

exp - [0.0055h s + 0.0066/s + 0.0003hi] 
exp -- [0.0062h s + 0.0067/2- 0.0054h/] 
exp --[5.00 (sin s 0)/;t e] 

exp --[9.00 (sin s 0)/;L s] 
exp -- [11.00 (sin s 0) / t  s] 

Bond  

P t - B r  

Pt-P I 
P~-Pg. 

PI-CI 
P1-Ca 
PI-C5 
P2-C~ 
Ps-C9 
P s - C n  
Mean P - C  

CI-C s 
Ca-C 4 
C5-C 6 
C~-C s 
C9-Clo 
Cll-Cls 
Mean C-C 

T a b l e  3. Bond lengths and angles, with standard deviations 

d a (d) Angle 0 a (0) 

2.56 /~ 0.04 A Br-Pt~-P 1 94.1 ° 2.0 ° 
Br -P t , -P  s 93-7 2-0 

2.26 0.07 
2.26 0.07 P t - P 1 - C  1 112.5 9.0 

Pt,-P1-C 3 104.1 20.2 
1.89 0.28 P t - P 1 - C  5 111.4 9.4 
1-91 0.67 Pt , -Ps-C ~ 117.6 11.3 
1.94 0.31 Pt , -Ps-C s 135-8 11.4 
1.97 0-38 P t - P s - C  n 119.9 14-9 
1.84 0"35 Mean P t - P - C  116.9 12.7 
1.87 0.48 
1.90 0.41 P1-C1-Cs 101.9 21.0 

P~-Ca-C a 112-5 41-6 
1.47 0.47 P1-Cs-C6 113.8 18.0 
1-37 0.71 Ps-C~-Cs 103.6 21.5 
1.63 0.37 Ps -  C9-Clo 130-1 26-7 
1-61 0"46 P s - C n - C n  110.6 27.9 
1-34 0.46 Mean P - C - C  112.1 26.1 
1.59 0.55 
1.50 O.50 

w e r e  f o u n d  fo r  s o m e  of  t h e  - C H 2 -  g r o u p s .  D i f f e r e n c e  
m a p s  w i t h  t h e s e  a t o m s  s u b t r a c t e d  w e r e  t h e n  cal-  
c u l a t e d  fo r  b o t h  p r o j e c t i o n s ,  a n y  n e c e s s a r y  c h a n g e s  
in  t h e i r  p o s i t i o n s  m a d e ,  a n d  t h e  p o s i t i o n s  of  f u r t h e r  
a t o m s  d e d u c e d .  R e p e a t e d  a p p l i c a t i o n  of  t h i s  t r i a l - a n d -  
e r r o r  p r o c e s s ,  c h e c k e d  a t  e v e r y  s t a g e  b y  d i f f e r e n c e  
m a p s ,  l e d  t o  t h e  s t r u c t u r e  s h o w n  in  F ig s .  l (b)  a n d  3(b), 

i n  w h i c h  t h e  h e a v y  a t o m s  r e m a i n  i n  t h e  p l a n e  y =  ¼ 
b u t  t h e  e t h y l  g r o u p s  a r e  n o t  s y m m e t r i c a l l y  d i s p o s e d  
a b o u t  t h e  p l a n e .  

A s  a f u r t h e r  t e s t  of  t h i s  s t r u c t u r e ,  a n  e l e c t r o n -  
d e n s i t y  m a p  w a s  c a l c u l a t e d  fo r  t h e  [100] p r o j e c t i o n  
(Fig .  3(a)) ,  t h e  p h a s e s  g i v e n  t o  t h e  c o e f f i c i e n t s  b e i n g  
t h o s e  c a l c u l a t e d  f r o m  t h e  s t r u c t u r e  of  F i g .  3(b). 
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4.  R e s u l t s  

The values found for the atomic parameters are listed 
in Tables 1 and 2, and the bond lengths and bond 
angles in Table 3 and Fig. 4. The standard deviations 
for the [010] projection were calculated from the 
diagonal elements only of the least-squares matrix, 
using the same system of weighting as in the previous 
paper (Alderman et al., 1960). The standard deviations 
of the z-coordinates in the [100] projection were 
calculated in the same way, the values being ap- 
proximately twice those found for the [010] projection 
because of the smaller number of reflections involved. 
The estimation of the standard deviations of the 
y-coordinates is less straightforward. For the atoms 
with a y-coordinate of ¼ the first derivative (~A/@) 
is zero for all Okl reflections, and the first-order ap- 
proximations used in the least-squares method are 
inadequate. I t  has been assumed therefore, as the best 
available approximation, tha t  for the [100] projection 

C10 I 
\ \ 2.26  p2 

C3 Cla 

r 
C, 

Fig. 4. Molecular  conf igura t ion ,  wi th  b o n d  lengths  
(in A) and  anglos. 

the standard deviations of the y-coordinates are the 
same as for the z-coordinates (expressed in ~ngstrSm 
units). The values obtained by the least-squares 
method agree well with those estimated from Cruick- 
shank's formulae (1949, 1954). 

The final discrepancy factor R=IIAFJ/ZJFo[  was 
0.126 for the hO1 and 0.112 for the Okl reflections. The 
root-mean-square electron density in the final dif- 
ference maps was 1.60 e.-~ -2 for the [010] and 1.75 
e.A -2 for the [100] projection. 

5. D i s c u s s i o n  

The bromine and phosphorus atoms are, within ex- 
perimental error, coplanar with the platinum atom, 
with P-Pt--Br angles of 94 °. This excludes any type 
of trigonal pyramidal coordination round the platinum 
atom, and when considered together with the bond 
lengths and angles leaves little doubt tha t  the four 
atoms, one bromine, two phosphorus and one hydro- 
gen, are bound to platinum in a trans square-planar 
configuration (Fig. 4). I t  is then reasonable to conclude 
tha t  the platinum atom is in the divalent state, with 
the hydrogen and bromine atoms present as coor- 
dinated hydride and bromide ions. 

The P t - P  bonds are short (2-26 •) compared with 
the sum of the atomic radii (2.42 /~), presumably 
because they have some double-bond character. The 
P t - B r  bond, on the other hand, is longer than ex- 
pected (2.56/~, compared with the radius sum, 2-43/~), 
suggesting tha t  the bond is more ionic than usual: 
this would agree with the high chemical lability of 
the bromine atom. There are two possible causes of 
the unusual length of the P t -Br  bond, and their 
relative importance cannot at present be decided. 

h ~ ~ IFol IFcl s ° 

0 0 0 -- 492 0 
2 164 148 0 
4 203 197 0 
6 171 159 180 
8 123 121 180 

10 102 120 180 
12 50 45 180 
14 54 42 0 

0 1 1 245 253 182 
3 166 203 193 
5 225 247 183 
7 < 20 30 204 
9 51 38 4 

11 94 92 1 
13 84 106 359 

0 2 0 416 397 183 
2 143 126 184 
4 55 48 139 
6 146 146 350 
8 116 128 2 

10 84 94 357 

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

(a) [100] p ro jec t ion  

h k I IFol IFcl ~° 
12 47 47 357 
14 47 39 182 

0 3 1 187 168 350 
3 160 170 8 
5 174 179 3 
7 < 23 26 0 
9 43 35 195 

11 79 80 175 
13 76 93 180 

0 4 0 333 339 4 
2 113 103 15 
4 56 68 1 
6 113 95 185 
8 83 88 181 

10 89 73 180 
12 35 36 180 

0 5 1 99 90 182 
3 104 110 171 
5 90 73 176 
7 27 26 159 

h k l  
9 

11 
13 

0 6 O  
2 
4 
6 
8 

10 
12 

0 7 1  
3 
5 
7 
9 

0 8 O  
2 
4 

0 9 1  

[Fol 
29 
50 
50 

146 
72 
26 
57 
66 
49 
31 

56 
57 
49 
35 
34 

82 
45 
38 

34 

IFct 
23 
57 
64 

169 
86 
17 
51 
57 
48 
24 

53 
61 
54 

7 
11 

97 
44 
11 

23 

0~ ° 

4 
3 
0 

176 
165 
159 

4 
0 
0 

357 

7 
359 
359 

8 
176 

359 
2 

19 

177 
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h k l  

0 0 0  
2 
4 
6 
8 

10 
12 
14 
16 
18 

1 0 1  
2 
3 
4 
5 
6 
7 
8 
9 

10 
l l  
12 
13 
14 
15 
16 
17 
18 

O O 2  
1 
2 
3 
4 
5 
6 
7 
8 
9 

l 0  
11 
12 
13 
14 
15 
16 
17 
18 

1 0 3  
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

[Fol 

122 
59 

121 
190 
106 

37 
88 
2O 
11 

164 
l l 7  
103 

92 
7O 
22 

184 
< 1 2  

24 
88 
81 
69 
42 
27 
38 

< 1 2  
28 

< 8 

121 
126 

53 
73 

274  
152 

98 
< 1 1  

74 
105 

95 
37 

< 1 4  
44 
4O 
34 

< 1 1  
16 
19 

43 
155 

77 
83 

112 
159 

85 
139 

64 
29 
14 
63 

< 1 4  
13 
22 
37 
21 

7 

492 
- -  148 

- - 6 2  
146 
184 

- - 9 3  
- - 1 6  

80 
- - 1 3  
- - 1 3  

192 
- - 1 1 8  
- - 1 1 8  

75 
- - 3 2  
- - 2 5  

185 
2 

- - 2 0  
- - 7 8  
- - 6 3  

55 
37 

- - 2 0  
4O 

- -  9 

- - 2 6  
- -  1 

147 
- -  108 

- - 5 8  
- - 7 9  

- -  359 
145 

90 
23 
65 

- - 9 7  
- - 8 9  

21 
- -  8 

43 
- - 3 5  
- - 2 8  

0 
11 

- - 2 0  

- - 5 1  
- -  159 

- - 5 8  
88 

- -  106 
165 

68 
- -  120 

- - 5 4  
- - 1 7  
- - 1 9  

56 
- - 1 0  

14 
18 

- - 3 6  
- - 1 8  

8 

T a b l e  4 (cont.)  

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

h k 1 IFol Fc 
0 0 4 179 192 
1 125 --  114 
2 115 --  89 
3 164 --  167 
4 27 20 
5 207 220  
6 45 --  39 
7 36 - - 1 4  
8 12 21 
9 114 --  121 

10 16 - - 1 6  
11 41 31 
12 24 - -  18 
13 62 51 
14 13 5 
15 30 - - 2 5  
16 16 --  12 
17 20 --  20 
18 < 7 1 

1 0 5 6 0  - 62 
2 177 - 188 
3 55 60 
4 112 92 
5 38 45 
6 70 53 
7 90 - 97 
8 70 - 76 
9 34 20 

10 81 - 76 
11 < 14 9 
12 87 80 
13 < 14 --  13 
14 < 13 - -  7 
15 24 - -  14 
16 24 --  24 
17 < 8 6 
18 < 6 5 

0 0 6 147 - 152 
1 150 - 153 
2 41 29 
3 11 - 39 
4 85 70 
5 103 106 
6 58 - 71 
7 30 23 
8 51 - 43 
9 90 - 88 

10 50 45 
11 33 21 
12 21 11 
13 44  42 
14 36 - 30 
15 25 - 2 3  
16 < 10 5 
17 < 8 - 7 

1 0 7 101 - 107 
2 74 - 47 
3 170 192 
4 46 56 
5 < 12 4 
6 55 48 
7 53 - 56 
8 34 - 25 
9 < 14 - 12 

h ~ l ]Fo] Fc 
10 14 --  13 
11 90 86 
12 34 33 
13 38 --  36 
14 < 12 2 
15 < l 0  - -  9 
16 < 9 --  10 
17 16 16 

0 0 8 l l l  --  104 
1 67 47 
2 60 54 
3 83 --  72 
4 152 155 
5 80 78 
6 49 --  53 
7 33 - -  24 
8 40 - -  34 
9 < 14 - -  1 

10 83 70 
11 < 14 3 
12 < 13 20 
13 < 12 1 
14 27 --  29 
15 < 10 4 
16 < 8 6 

1 0 9 6 7  - - 6 1  

2 35 35 
3 90 91 
4 < 13 - -  4 
5 75 70 
6 41 --  44 
7 102 --  101 
8 36 22 
9 40 38 

10 < 14 --  5 
11 35 39 
12 < 12 - -  7 
13 < 11 - -  8 
14 < 10 - -  5 
15 19 - -  20 
] 6  < 6 7 

0 0 10 97 - - 9 8  
1 24 23 
2 < 14 4 
3 49 32 
4 63 61 
5 73 - -  55 
6 45 - - 4 1  
7 < 1 4  --  1 
8 36 - - 3 8  
9 32 28 

10 31 34 
11 19 - -  15 
12 < 12 8 
13 18 - - 1 4  
14 19 - -  22 

1 0 11 48 - - 4 6  
2 69 75 
3 44 34 
4 31 - - 2 1  
5 14 - - l O  
6 54 - -  60 
7 28 - - 2 8  

h k l  
8 
9 

l 0  
l l  
12 
13 

0 0 1 2  
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

1 0 1 3  
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

0 0 1 4  
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

1 0 1 5  
2 
3 
4 
5 
6 
7 
8 

0 0 1 6  
1 
2 
3 
4 
5 
6 

1 0 1 7  
2 
3 

IFo] 

43 
24 

< 1 2  
21 
22 
17 

49 
73 

< 1 4  
< 1 4  
< 1 4  

41 
< 1 4  
< 1 3  

18 
34 
11 

< 1 0  
< 9 

18 

< 1 4  
52 
24  
25 

< 1 3  
29 

< 1 2  
26 
11 
2O 
12 
18 

35 
23 
13 
19 

< 1 2  
29 

< 1 2  
< I 1  

14 
19 

8 

22 
18 
22 

< l l  
< 1 0  

20 
23 
16 

2O 
< 1 0  

l 0  
< 9 

23 
< 8 

19 

14 
< 7 

14 

Fc 
47 

- - 1 5  
8 

21 
- - 2 0  
- 1 5  

- - 3 6  
74 

8 
7 

- -  7 

- - 3 7  
- -  3 

- - 1 1  
- - 1 6  

43 
- -  1 

- - 1 1  
0 

- - 2 1  

7 
6O 

- - 2 1  
- - 2 4  

6 
- - 3 5  
- -  3 

28 
4 

16 
- - 1 3  
- - 2 1  

31 
27 

- - I 0  
18 

- - 1 6  
- - 3 1  

13 
- -  1 

11 
24 

- - 1 1  

23 
19 

- - 2 2  
- -  3 

- -  2 

- - 2 0  
25 
17 

22 
8 
8 

- -  1 

- - 2 7  
- -  3 

22 

16 
- -  2 

- - 1 9  

A C 13 - -  17 
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The first  is the trans-inf luence of the hydrogen atom, 
which must  be electrostatic in na ture  and operate by 
electrically polarizing the molecule (Grinberg, 1955). 
The second is the cis-inf luence of the phosphorus 
atoms.  If  the  d-orbitals of the  p la t inum a tom are 
pa r t ly  involved in double bonds between pla t inum 
and  phosphorus,  as our results suggest, they  will be 
less readi ly  available for double-bond format ion be- 
tween p la t inum and bromine. The P t - B r  bond would 
thus  have  less double-bond character  t han  usual and 
so would be longer. This is similar to the explanat ion 
of the  lengthening of the  t r a n s - P t - B r  bond in 
[Pt(C2H4)Br3]-  by the trans-ef fect  of the ethylene 
molecule (Alderman et al., 1960). 

There appear  to be no published determinat ions of 
the P t - P  bond length in other  compounds, whilst the  
published values of the  P t - B r  bond length are of 
doubtful  reliability. In  some cases no errors are s tated,  
and in others different bond lengths in the same 
molecule differ inexplicably, or the bonds are not  
typical  as a result  of some unusual  interact ion within 
or between the  molecules (Brosset, 1948; Hall  & 
Williams, 1958; Bokii & Kukina ,  1957; Harris ,  Living- 
stone & Stephenson, 1958). This discussion of the  
relationship between bond length and bond order can 
therefore a t  present  be only tenta t ive .  

The positions of the carbon atoms were found only 

°l 
C~.~ C6~ ~ 3"83 

.~P~. I ~,~ 

~'~ I -- ~--11 

-4~Q I 
j , C7  

(28 
Fig. 5. [010] projection showing distances between atoms 

which are not bonded to each other, assuming the Pt~-H 
bond length to be 1.62 A. All other intra- and inter-molecular 
distances (apart from those within each phosphine group) 
are greater than 3.9 A. 

approx imate ly  using t r ia l -and-error  methods  with 
little ref inement,  and no discussion of the  bond 
lengths or bond angles which involve the carbon a toms 
is therefore possible. The positions quoted appear  to 
be approx imate ly  correct, since when different posi- 
tions were assumed deep negat ive areas appeared  on 
the  difference maps.  This effect was so marked  t h a t  
it could confidently be used to make  the choice between 
the two possible space groups. 

The distances between non-bonded atoms in the  
same molecule (Fig. 5) or different molecules all in- 
dicate only normal  van  der Waals  interactions.  The 
increase of the two P - P t - B r  bond-angles from the 
ideal value of 90 ° to 94 ° , these four  heavier  a toms 
remaining coplanar,  is probably  caused by  slight 
'molecular overcrowding'  between the  bromine a tom 
and the ethyl  groups. 

The authors  are indebted to Dr  J .  Chat t  for helpful 
discussion, to Dr  B. L. Shaw for providing the  spec- 
imens, and to Miss G. G. Reynolds and Miss J .  South- 
wor th  for computing assistance. 
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