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Brief Communications 

X-ray diffraction investigations of Ag2ReCI 6 and AgzOsCI 6 
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Complex salts Ag~ReCI 6 and AgzOsC16 were synthesized and characterized by X-ray 
powder diffraction analysis, elemental analysis, and IR spectroscopy. The resulting com- 
pounds were demonstrated to be isostructural. It w~  found that the principal structural motif 
of the compounds under study is similar to that of K2ReCI 6. 
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Reduct ive thermolysis of  complex  salts conta ining 
two or more  atoms of  different metals is widely used for 
the preparation o f  composite metal powders. This method 
is particularly attractive in the preparat ion o f  homoge-  
neous powders o f  solid solutions o f  h igh-mel t ing  metals 
because temperatures  at which thermolysis  is performed 
(200--400 ~ are substantially lower than the melt ing 
points of  pure metals. When studying the reduction 
mechanism and interpreting the exper imenta l  data, it is 
desirable to have data on the crystal structures of  .salts, 
their  characteris t ic  features, and me ta l - -me ta l  distances. 
Theretbre,  X-ray powder diffraction studies o f  precursor 
complex salts is an important  step toward the elucida-  
tion o f  relat ionships between the characteris t ics  of  the 
starting compounds ,  the course o f  reductive thermoly-  
sis, and the phase state of  the resulting metal  powders. 
This work was carried out as part o f  these investiga- 
tions, t,z 

Experimental 

Syntheses were performed with the use of  commercial 
reagents of at least chemical-purity grade. Complex salts 
K2ReCI~ and K2OsCI 6 were synthesized according to standard 
procedure. 3,4 

Preparation of Ag2ReCl 6 and AgzOsCI ~ (general procedure). 
A saturated solution of K2ReC16 (KzOsCI~), which was acidi- 
fied with HCIO 4, was added to a solution containing a small 
excess of AgNO 3 with respect to the stoichiometric amount. 
Then the reaction mixture was stirred for 5--6 rain. The orange 
polycry, stalline precipitate that formed (polycrystals ofAg2OsC[ 6 
are gray-green in color ,vere filtered through a finely porous 
filter. The precipitate was wushed with alcohol and dried in air. 
The yield was 99.5%. The resulting compounds were character- 
ized by elemental analysis and I R spectroscopy. The total metal 
contents in the resulting salts are given in Table I. 

The IR spectra of the complexes were recorded on a 
Specord 75 IR instrument in KBr pellets and on a Specord 
MS0 instrument in Nujol mulls. The M--CI vibration bands for 
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Table 1. Data of elemental analysis 

Compound  Found (%) 
Calculated 

AgeReCI 6 65.3• 
65,37 

Ag2OsCl~, 65.7+_0. I 
65.60 

Table 2. Crystallographic data for Ag2ReC16 
and Ag2OsCI 6 

Para mete r Ag 2 ReCI 6 Ag2OsCI 6 

a/A 13.159~5) 13.122(4) 

eTA 16.742(6) 16.58915) 

WA x 2510,6 2473.7 

Z 12 12 

Molect, tar 614.661 618.654 
weight 

d/g cm -3 4.878 4.083 
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Fig. I. X-ray powder diffraction patterns for Ag2ReCI 6 (I) and 
Ag2OsCI6 ( ~0- 

Ag2ReCI 6 and Ag2OsCl 6 are observed at 312 and 305 cm -~. 
respectively, and virtually coincide with those for the corre- 
sponding potassium salts. 

The density of Ag2ReCI 6 was estimated. The powder was 
pressed into a pellet. The pressing pressure was 109 Pa. The 
density of the Ag2ReCI~, pellet was 4.8_+0.1 g c m  -3. 

X-ray powder diffraction studies of polyc~stals of Ag,ReCI 6 
and Ag2OsClr were carried out on DRON-3M and DRON- 
UMI diffractometers (Cu-Kct radiation, Ni filter). Samples 
were prepared as thin layers on polished sides of standard 
quartz cells, Initially. the X-ray diffr'action pattern tbr Ag2ReCI 6 
was indexed and the hexagonal unit cell parameters were 
refined using the single reflections (440] and (408) (the 20 
angles are 55.85 ~ and 54.35 ~ respectively). Based on a com- 
parison of the X-ray diffraction patterns of the compounds 
under study (Fig. I), it was concluded that these compounds 
are isostructural, and the X-ray diffraction pattern for Ag2OsCI 6 
was indexed by analogy. The unit cell parameters of the latter 
compound were refined using 16 single reflections in the 20 
angle range of 38--64 ~ . The crystallographic data are given in 
Table 2. 

Results and Discussion 

An analysis o f  the X-ray  diffract ion pa t te rns  revealed 
the following systemat ic  absence  condi t ions :  for  hki l .  
k - h + l = 3n; tbr  hhOl. 2h + I = 3n; tbr  000l .  [ = 3n.  
which indicated the space groups R3. R;,. R32.  R3m. o r  
Rfm. 

Based on  the exper imen ta l  densi ty for Ag2ReCI6, the  
formula uni ts  (23 per  uni t  cell can be d e t e r m i n e d :  
Z = I 2 .  

The  molecu la r  weight  o f  one of  the s t ruc tura l  frag- 
ments ,  viz., the  complex  an ion  [MCI6] 2- (M = Re or  
Os), is not iceably  larger, which made  it possible to s tudy 
the mutual  a r r a n g e m e n t  o f  these f ragments  or  the  s t ruc -  
tural mo t i f  by the m e t h o d  of  ca t ionic  sublat t ices ,  s Re-  
call that  three  ref lect ions were chosen  from the X-ray  
diffraction pa t te rn  so tha t  thei r  indices  h k l  form a 
matrix whose d e t e r m i n a n t  (D)  is equal  to the  n u m b e r  o f  
heavy f ragments  per  uni t  cell. For bo th  c o m p o u n d s ,  the  
triads of  in tense  ref lect ions ( taking into a c c o u n t  the  
repeti t ion,  Lorentz ,  and  polar iza t ion factors)  with  the  
(0 2 1), i2 0 1), and (0 0 3) indices gave the  s o u g h t - f o r  
value D = 12. It shou ld  be noted  that  the first two 
reflections were c h o s e n  out  of  six o the r  re f lec t ions  
related to (2 0 1) by symmetry, opera t ions  merely  be-  
cause these re f lec t ions  lead to the most  i some t r i c  
sublattice.  The  vectors  of  the  sought - for  subla t t ice  are as 
follows: a k = a /6  + b /6  + c/'3; bt, = - b / 2 :  e t = a /2 .  The  
metrics  of  the ca t ion ic  sublat t ices ( the Re or  Os a toms  
should app roach  the i r  vertices) were ca lcu la ted  us ing 
the known program6: the l inear  parameters  shou ld  be 
taken as the appra is ing  R e - - R e  or  O s - - O s  d is tances .  
For AgReCI6: a~ = 6.75 a,, b k = 6.58 A, c k = 6.58 A, 
a t  = 60-0 ~ 13k = 60.8% 7k = 60.8~ For  Ag2OsClo: a/~ = 
6.70 A, b k = 6.56 A, c k = 6.56 A, a k = 60.0 ~ b~. = 60.7 ~ 
vk = 60.7~ Therefore ,  the cat ionic  subla t t ices  in bo th  
structures can be described as weakly distorted r h o m b o -  
hedral lattices with the  following parameters:  a k --- 6.64 A 
and ct k ~ 60.5 ~ for Ag2ReCI6 and a~ = 6.61 A and  % = 
60.5 ~ for Ag2OsCI 0. The  fact that  the % angles  are close 
to 60 ~ made  it possible to go to the f ace -cen te red  cubic  
unit  cell. Clearly.  the  vo lume of  the lat ter  un i t  cell is 

t w i c e  as large as tha t  o f  the r h o m b o h e d r a l  cell and  tha t  
there are two complex  an ions  per unit  cell. For  Ag2ReCI 6 
and Ag2OsCI 0, a k = 9.39 A and  aj, = 9_35 A., respectively.  

A compar i son  of  the metrics  of  the cat ionic  sublat t ices  
with the uni t  cell pa rame te r s  7 of  K2ReCI 6 (a  = 9.795 A, 
space group Fm3m)  revealed the i r  similari ty.  Actual ly ,  
the uni t  cell pa ramete r s  o f  K2ReCI 6 in the  hexagonal  
system (a = 13.852 A, c = 16.965 A) are close to those  
of the complexes  u n d e r  study (see Table 2). Therefore ,  
we can say that  the  r ep lacemen t  of  potass ium a toms  by 
silver a toms  in the s t ruc ture  of  K2ReCI 6 results  in a 
hexagonal  d is tor t ion  o f  the cubic unit  cell. the  ma jo r  
mot i f  of  the  mutua l  a r r a n g e m e n t  of  the complex  a n i o n s  
[MCI612- (M = Re or  Os) being retained,  it should  be 
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noted that the class o f  c o m p o u n d s  o f  the general for- 
mula A2BX ~ is ra ther  representat ive,  and most of  these 
compounds  be long  to the K2PtCI 6 structural  type. We 
found no c o m p o u n d s  belonging Io that structural type, 
which was es tabl ished in the present  study, in the 
available l i terature.  
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