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Disorder in the Structure of Dibromodiammineplatinum (II) 
Tetrabromodiammineplatinum (IV) 
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T h e  c h a i n  s t r u c t u r e  p r e v i o u s l y  r e p o r t e d  is c o n f i r m e d ,  b u t  d i s o r d e r  in  t h e  s t a c k i n g  of  t h e  c h a i n s  
ha s  b e e n  o b s e r v e d .  

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

The compound previously described as Pt(NH3)2Br a 
has been shown by Brosset (1948) to have a chain 
structure along which square planar Pt(NHa)2Br 2 and 
octahedral Pt(NH~)~Br 4 groups alternate, thus 

NH 3 Br NH 3 Br 
\ / \ / 

.............. Pt  ............................ B r - - P t - - B r -  
/ \ / \  

_ Br NH 3 Br NH 3 _ n .  

From the chemistry and other properties (Cohen & 
Davidson, 1951) it is rational to suppose that  the two 
groups contain Pt(II)  and Pt(IV) respectively, and 
that  it is an addition compound correctly formulated 
as Pt(NHs)~Br~.Pt(NHa)~Br 4. During a recent in- 
vestigation of the pseudo-trivalent state in platinum 
we re-examined this compound, and observed a dis- 
order effect not previously reported. 

P r e v i o u s  w o r k  

Brosset's examination showed the crystals to be ortho- 
rhombic with cell dimensions 

[a] = 16.36, [b]-- 15-42, [c] = 11.06 A ,  

space group Fddd, and sixteen molecules of 
Pt(NH3)~Br 3 per unit cell. On rotation photographs 
taken about each of the major axes the odd layer 
lines were very faint;  reflexions were observed on the 
even layer lines only when h+k+l = 4n. The structure 
is thus approximated by a body-centred subcell 
containing two molecules, which fact enabled the 
platinum a~om ~ites ~o be deduced. Intensities were 
estimated (but not measured), and Fourier syntheses 
based on the signs of the platinum contributions gave 
the positions of the bromine and nitrogen atoms. The 
structure is shown diagrammatically in Fig. 1. 

E x p e r i m e n t a l  

The crystals for this examination were prepared by 
the same method used by Brosset, and were the same 

* Presen t  address :  Dominion  Labora to ry ,  Well ington,  
N e w  Zealand.  

bronze-coloured needles. Rotation photographs ob- 
tained were similar to those previously described, the 
spacing of the strong layer lines corresponding to 
subcell dimensions identical within the accuracy of 
measurement (i0"01 •). However, the odd layer lines 
from a crystal mounted about [c] consisted not of 
discrete spots but of even, continuous streaks. On a 
stationary-crystal photograph the streaks were still 
continuous, but were somewhat uneven, giving a 
blotchy effect; Weissenberg photographs did not 
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Fig. 1. Diagram of the  s t ruc ture  as de te rmined  b y  Brosse t .  
The chains A and  B are a t  di f ferent  heights  a long [b]. 
Two ammonia  molecules  are co-ordinated  to eve ry  p l a t i num 
atom,  these coinciding wi th  the  p l a t inum in this  pro jec t ion .  
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resolve the  s t reaks  in to  row lines. Doubl ing  of t he  [a] 
and  [b] subcell-axes was no t  observed,  even  on ve ry  
long exposures.  

W i t h  a ve ry  smal l  crystal  and  Cu K ~  rad ia t ion ,  
zero-level  Weissenberg  pho tog raphs  were t a k e n  abou t  
[b] and  [c], using the  mul t ip le - f i lm m e t h o d .  In tens i t i e s  
were m e a s u r e d  visually,  and  the  Loren tz  and  polariza- 
t ion  corrections,  and  an a p p r o x i m a t e  absorp t ion  cor- 
rec t ion  (Sutor, Calver t  & Llewel lyn,  1954), were 
appl ied.  

D i s c u s s i o n  

The  occurrence of n o r m a l  even  layer  l ines t oge the r  
w i th  weak  con t inuous  odd  layer  lines shows t h a t  t he  
s t ruc tu re  is p r e d o m i n a n t l y  ordered,  bu t  t h a t  t h a t  com- 
p o n e n t  which  causes t he  doub l ing  of [c] is o rdered  in 
th is  d i rec t ion  only. This suggests  t he  exis tence  in t he  
s t ruc tu re  of chains paral lel  to  [c], t he  disorder  arising 
in the i r  s tacking,  and  i t  m a y  be seen f rom Fig. 1 
t h a t  such chains do exist  in t he  s t ruc tu re  p roposed  by  
Brosset .  The  pr inc ipa l  in te rac t ions  be tween  the  chains 
occur t h r o u g h  t he  a toms  of the  co-ord ina t ion  square  
no rma l  to  [c], and  as th is  is t he  same for all p l a t i n u m  
a toms  a s tack ing  faul t  which  arises f rom the  t ransla-  
t ion  of any  chain by  ½c will be only  s l ight ly  less 
f avourab le  energe t ica l ly  t h a n  t he  ideal  s t ruc ture .  I t  is 
t h e n  reasonable  to suppose  t h a t  such faul ts  will occur 
f r equen t ly ,  and  t h u s  lead to  t he  above  s t a te  of dis- 
order.  

Var ious  ideal  s t ruc tures  are possible,  cor responding  
to  t he  a m b i g u i t y  in space group  aris ing f rom the  
p resen t  inab i l i ty  to  index  t he  weak  ref lexions;  t he re  
is no reason f rom the  resul ts  of th is  work  alone to  
assume t h a t  t he  [a] a n d  [b] axes are doubled ,  as in 
Fig. 1. The  ca lcula t ion of t he  (001) Four ie r  p ro jec t ion  
is no t  af fec ted  by  th is  ambigu i ty ,  i.e. t he  o rde red  and  
d i sordered  s t ruc tures  are iden t ica l  in th is  pro jec t ion ,  
and  i t  is only  necessary  to  assume c e n t r o s y m m e t r y  
to  deduce ,  fol lowing Brosset ,  t h a t  all ampl i tudes  
p robab ly  h a v e  pos i t ive  sign. For  t he  (010) p ro jec t ion  
a difference does arise. If  t he  space group is Fddd t h e n  
hO1 is absen t  for h odd,  1 odd,  i.e. t he  planes  hO1 are 
no t  af fec ted  by  the  disorder,  and  t he  resu l t ing  projec- 
t ion  is of t he  o rde red  s t ruc ture .  If, however ,  such 
chains  as A and  C in Fig. 1 are iden t ica l  t he  space 
group is Pmmn,  t he  [a] and  [b] d imens ions  now being 
half  those  prev ious ly  refer red  to. The  a p p a r e n t  ab- 
sence of hO1 for 1 odd  is no t  a space-group r e q u i r e m e n t  
bu t  t he  resul t  of t he  disorder ,  and  hence  any  p ro jec t ion  
based  only  on the  s t rong  ref lexions is of t he  d i sordered  
s t ructure .  Us ing  t he  p resen t  da ta ,  e l ec t ron-dens i ty  
maps  were ob t a ined  which  were ve ry  s imilar  to  those  
pub l i shed  by  Brosset ,*  excep t  in the  d i sordered  projec-  
t ion,  and  the  chain s t ruc tu re  is thus  conf i rmed.  In  t he  
d i sordered  p ro jec t ion  t he  b romine  a t o m  (Brl) which  
l inks the  p l a t i n u m  a toms  appea red  no t  local ized 

* The differences are so small that it is not thought neces- 
sary to reproduce the new diagrams. 

Table  1. Observed and calculated amplitudes 

Planes are indexed with respect to the unit cell described 
by Brosset 

Planes hkO 
h k Fo Fc h k Fo Fc 
0 4 91 146 10 2 31 30 
0 8 94 126 10 6 49 27 
0 12 66 84 10 10 35 22 
0 16 56 66 10 14 49 17 
2 2 49 83 12 0 68 80 
2 6 70 69 12 4 63 66 
2 10 49 53 12 8 63 64 
2 14 42 39 12 12 52 47 
2 18 31 28 12 16 28 39 
4 0 72 63 14 2 70 70 
4 4 38 36 14 6 63 63 
4 8 45 45 14 10 59 54 
4 12 31 26 14 14 38 43 
4 16 35 24 16 0 23 27 
6 2 146 130 16 4 21 18 
6 6 87 110 16 8 28 21 
6 10 70 86 16 12 17 14 
6 14 49 65 18 2 24 36 
6 18 56 47 18 6 24 33 
8 0 96 94 18 10 14 28 
8 4 108 76 20 0 43 55 
8 8 70 73 20 4 38 45 
8 12 49 49 
8 16 59 42 

Planes hO1 
h l  Fo Fc h l  Fo Fc 
0 4 92 141 10 2 0 --2 
0 8 64 78 10 6 0 4 
0 12 34 39 10 10 0 7 
2 2 34 35 12 0 58 64 
2 6 34 31 12 4 61 53 
2 10 34 26 12 8 44 33 
2 14 34 18 14 2 54 44 
4 0 66 60 14 6 44 39 
4 4 44 44 14 10 30 28 
4 8 27 21 16 0 20 25 
4 12 14 7 16 4 20 19 
6 2 81 81 16 8 17 16 
6 6 58 63 18 2 14 7 
6 10 44 45 18 6 17 9 
8 0 87 103 20 0 37 39 
8 4 78 79 20 4 27 34 
8 8 47 47 
8 12 44 23 

closer to  one t h a n  t he  other ,  bu t  as an  e longa ted  peak,  
s y m m e t r i c a l l y  placed,  its he igh t  only  half  t h a t  of t he  
b romine  of t he  coord ina t ion  square  (Br2). The  back- 
shif t  p rocedure  (Booth,  1946) was appl ied  to correct  
for se r i e s - t e rmina t ion  errors. The  coord ina tes  of t he  
a toms  d is t inguishable  in pro jec t ion ,  wi th  reference to  
t he  un i t  cell descr ibed  by  Brosset ,  are as follows: 

Atom x y z 
Pt 0 0 0 
Br 1 0 0 0-226 
Br 2 0" 150 0 0 
N 0 0.125 0 

A m p l i t u d e s  were ca lcula ted  using the  a tomic  scat- 
t e r ing  factors  l is ted in the  Internationale Tabellen 
(1935), m e a n  isotropic  t e m p e r a t u r e  factors  of 1-7 and  
2.2 A ~ being appl ied  to  t he  (001) and  (010) p ro jec t ions  

43* 
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respectively. The observed and calculated ampli tudes 
are listed in Table 1. Omit t ing the values for 220, 040 
and 004, which were assumed to be affected by  ex- 
tinction, the reliability factors as normal ly  defined are 
0-18 for hk0 and 0.16 for hO1. 

The bond lengths within the coordination square 
are P t - B r l  2.45 A, P t - N  approximate ly  1.9/~. Within  
the chain the Pt-Br~. bonds are of length 2.50 and 
3.03 A, i.e. the bromine a tom is a t t ached  to the closer 
p la t inum by a normal  bond, but  is also involved in 
a weak interact ion with the  more dis tant  p la t inum 
atom. I t  should be noted t h a t  on neither projection 
d i d  the  peak corresponding to Br~. show any elongation 
in the direction of the P t - B r  bond as would be ex- 
pected if the bonds in the  square and octahedral  
complexes were marked ly  different in length. No 
diffuse s treaking was detected on the even layer lines 
and, a l though this would have  been more difficult to 
see t han  on the  odd lines because of the heavier  back- 
ground,  it m a y  be concluded tha t  the disorder is 
effectively restr icted to the  a tom Br v The non- 
equivalent  coordinates listed in Brosset 's  paper,  which 
lead to differing bond lengths in the groups, appear  to 
have  been chosen arbitrari ly.  

Numerous  a t t empt s  were made  to obtain more 
ordered crystals  by  modifying the  crystall ization 
procedure, but  these were not  successful. Similar dis- 
order effects have been observed in other  compounds 
of the same chemical and s t ructura l  type,  namely  
Pd(NHa)2C1 ~ (E. W. Hughes,  pr ivate  communication) 
and Wolffram's  red salt, Pt(C2HsNH2)4C132H,0 (B. M. 
Craven & D. Hall,  to be published). 

The authors  wish to t h a n k  Dr  F. J .  Llewellyn for 
valuable discussions, and to acknowledge financial 
assistance from the Research Grants  Committee of the 
Univers i ty  of New Zealand. 

R e f e r e n c e s  

BOOT•, A. D. (1946). Proc. Roy. Soc. A, 188, 77. 
BROSSET, C. (1948). Ark. Kemi, Min.  Geol. 25 A, 19. 
COHEN, A. J .  & DAVIDSON, 17. (1951). J.  Amer. Chem. 

Soc. 73, 1955. 
Internationale Tabellen zur Bestimmung von Kristall- 

structuren (1935). Berlin: Borntraeger. 
SUTOR, D. ,]-., CALVERT, L. D. & LLEWELLYN, F. J .  (1954). 

Acta Cryst. 7, 767. 

Acta Cryst. (1958). 11, 626 

Crystal  Structure of the Low-Temperature  Form of 
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The structure of 1. t.-C2I-IsNHaBr has been determined by the heavy-atom method. The unit-cell 
dimensions are: a = 8.361, b = 6.261, c = 4.630 /~, fl = 93.0 °. The space group is P21/m and the 
two molecules in the unit cell lie in the mirror planes. The x and z parameters and the temperature 
factors of Br, 17 and C are refined by a modification of the difference-synthesis method. After 
application of a semi-empirical correction for secondary extinction, maxima in the electron density 
are found about the expected H positions. The final reliability index for (hO1) reflexions is 2"3970. 
An empirical scattering curve for Br is determined and found to be in good agreement with recent 
theoretical values by Thomas & Umeda. 

1. Introduction 
The complete crystal  s t ructures  of the lower mono-n- 
a lky lammonium halides are known, except for the 
monoe thy lammonium halides. C2H~NH3Br and 
C2HsNH3I exist in a low-temperature  and a high- 
t empera tu re  modification; the t ransi t ion tempera tures  
are 92 ° C. and 55 ° C. respectively. For  C,HsNH3C1 no 
t ransi t ion was found below the melting point  (96 °C.). 

* Present address: Anorganisch- en Fysisch-Chemisch La- 
boratorium der Rijksuniversiteit, Bloernsingel 10, Groningen, 
the Netherlands. 

Gr0tk (1906) gives crystallographic data for 
1. t . -C2HsNH~Br (monoclinic; probably  sphenoidic; 
a:b:c -- 1.3329:1:0-7413; fl -- 93 ° 1 ' ;  Dm -- 1.741 
g.cm. -3) and the isomorphous 1. t . -C2HsNHaI  (a: b : c = 
1.3096:1:0-7255; fl = 92 ° 6' ;  D m =  2-100 g.cm.-~). 
Hendricks (1928), who invest igated these compounds 
by X - r a y  diffraction, found the following unit-cell 
dimensions (after a rea r rangement  of axes to conform 
to the usual conventions):  

C2HsNH3Br: a=8 .32 ,  b=6.24,  c=4.63 kX. ;  f l=93 ° 1'. 

C2HsNHaI: a=8 .68 ,  b=6.63,  c=4.81 kX. ;  f l=92 ° 6'. 


