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The Crystal Structure of RhSe2 

BY S. G~T.T,V,R AND B. B. C~TL~ 

Bell Telephone Laboratnries, Inc., Murray Hill, N.J . ,  U,S.A.  

(Received 23 September 1954 and in revised form 26 October 1954) 

The crystal structure of RhSe 2 has been determined from X-ray powder diffraction data. RhSe2 
has the pyrite-type structure (C2 of the Strukturbericht). Four rhodium atoms are in positions 4(a) : 
(0, 0, 0; 0, ½, ½; O )  and eight selenium atoms in positions 8(c): + (x, x, x; ½ +x, 1--x2 , ~; f-~)of space 
group Teh-Pa3, with x = 0-380±0.002. 

A homogeneity range exists for the structure between about 60 and 71.4 atomic% selenium 
with a decrease in lattice constant with increasing selenilun content. 

Introduct ion 

In  the s tudy of superconductivity of intermetallic 
systems in these Laboratories, many  binary rhodium 
compounds have been investigated (Matthias, 1953, 
1954; Geller & Wood, 1954; Geller, 1955). The 
rhodium-selenium system is one of those in which 
superconductivity exists. 

Original work on the rhodium-selenium system by 
WShler, Ewald & Krall  (1933) led them to the con- 
clusion tha t  only a phase of composition Rh2Se5 
existed in the system. These authors prepared their 
compound by  first heating the chloride with an 
excess of selenium in a stream of C02 at  600 ° C. to 
bring about reaction, following which additional sele- 
nium was added; the mixture was then sealed in an 
evacuated tube and again heated to 600 ° C. 

Later  work by  Biltz (1937) corroborated tha t  of 
WShler et al. Biltz prepared Rh2Se 5 in a manner similar 
to tha t  described by  WShler. Moreover, Biltz took 
X-ray powder photographs of the RhgSe 5 and con- 
cluded tha t  i t  had a pseudo-pyrite structure. He stated 
tha t  he observed definite line-splitting around line 
positions of a pyri te- type (Strukturbericht, 1931) struc- 
ture. 

The rhodium-selenium l~reparations to be discussed 
were obtained from B. T. Matthias. The samples were 
prepared by  mixing rhodium and selenium in definite 
proportions, sealing the mixture in a fused silica tube 
and heating to 900 ° C. for 1-3 days. The range 40-71.4 
~tomiv°~ selenium wa~ investigated. X-ray powder 
photographs indicated the existence of two rhodinm- 
selenium phases in this range, at  least one of which 
has an Se :Rh  ratio greater than  1. Because the photo- 
graph of the 40 atomic% preparations showed the 
presence of excess rhodium, it is probable tha t  no new 
Rh-Se phase (other than  tha t  seen in the 40 atomic % 
photograph) appears in the 0-40 a tomic% range. No 
composition in the range 54.6 < a tomic% Se < 60 
was made. The more rhodium-rich phase was still 
fairly strong in the photograph of the 60 atomic % Se 
composition. Traces of this phase were also seen in the 

photograph of the 63.6% composition. Our main 
interest is in the selenium-rich phase, which, i t  will be 
shown, has the pyri te- type structure (C2). I t  will also 
be shown how the work done by  Whhler and by  Biltz 
could have led to incorrect results. 

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

Powder diffraction photographs were taken of prepara- 
tions containing 40, 50, 54.6, 60, 63-6, 66.7, 68-6 and 
71.4 atomic% Se. The Se-rieh phase first appeared in 
the preparation conta.ining 60 a tomic% Se; i t  was 
very strong in the 63-6 atomic% Se photograph. 

The photographs of the 66.7, 68.6 and 71-4 a tomic% 
Se showed a pure phase. The lines of these powder 
photographs were indexed on a cubic cell with lattice 
constants a = 6.002, 5.991, and 5.985 A (all +0.002 A) 
respectively. Reflections of the type  (Ok/), k odd, are 
absent, leading to T~-Pa3 uniquely as the space 
group. Assuming 4 RhSe 2 in the unit  cell, the X-ray 
density of RhSe 2 is 8.012 g.cm. -3, in excellent agree- 
ment  with the value determined pycnometrically 
(8.03 g.cm.-3). 

The structure was determined from X-ray  data  ob- 
tained with the Norelco diffractometer. The new 
specimen spinner which rotates a circular disc sample 
in the plane of the circle was used. The radiation used 
was Cu K~ (Ni filtered). The data  were recorded on 
chart~, ~nd relative integrated intensities were ob- 
tained with a Keuffel and Esser compensating polar 
planimeter. The single Se parameter  which gives 
extremely good agreement (see Fig. 1) between cal- 
culated and observed intensities for all but  the three 
strongest reflections is 0.380. This value is probably 
good to within ±0.002 on the basis of changes occurring 
in intensities for different parameter  values, and gives 
the same Se-Se distance in RhSe 2 as exists in CoSe  2 

(Lewis & Elliot, 1940), namely 2.50 A. This is appre- 
ciably greater than  the elementary Se-Se distance, 
2.32 A (see Lewis & Elliot, 1940). 
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Fig. 1. Comparison of ca lcula ted  with observed intensities. 
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Fig. 2. H o m o g e n e i t y  range in RhSe  2. 
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Homogeneity range in RhSe2 

The whole phase diagram of the rhodium-se len ium 
system was by  no means invest igated but  enough has 
been done to enable us to draw some interest ing con- 
clusions. I t  is first of all obvious tha t  RhSe 2 will dis- 
solve either rhodium or selenium. This m a y  be seen 
vividly in Fig. 2. The four powder photographs are 
those of the 63-6, 66.7, 68.6 and  71.4 a tomic% Se 
preparations. The latt ice constants  of the RhSe2 
phase in each were 6.015, 6.002, 5.991, 5.985 A 
(all ±0.002 A) respectively. The last  three were pure 
phases; the first contained a very small  amount  of a 
more rhodium-rich phase. Thus, with addi t ional  rho- 
dium the cell gets larger and with addi t ion of selenium 
the cell gets smaller. 

Because the more rhodium-rich solution indicated 
the presence of a small  quan t i ty  of another  phase, no 
densi ty  measurements  were made  on it. The following 
discussion will therefore be concerned only with solu- 
tions of selenium in RhSe 2. 

One can make three simple hypotheses concerning 
these solutions : 

1. The Se atoms replace Rh  atoms. This would 
decrease the densi ty  and  probably  the latt ice 
constant.  

2. The Se atoms create Rh  vacancies. This would 
decrease the densi ty  and probably  also the lattice 
constant.  

3. The Se atoms go into the crystal interst i t ial ly.  
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This would increase the  densi ty  and probably  the  suffice then  to repor t  briefly the  coordinat ion and inter- 
lat t ice constant ,  a tomic distances in RhS%. These are sho~m in Table 2. 

There could, of course, be combinat ions  of these 
which cannot  be set t led by  densi ty  measurements  
alone. X- ray  in tens i ty  measurements ,  o ther  t h a n  
perhaps the  most  careful absolute ones, will no t  
dist inguish between the  first  two. And perhaps diffuse 
scat ter ing measurements  might  yield some informat ion  
regarding the  third.  

Listed in Table 1 are the  values calculated for the  

Table 1. Densities of RhSe~ solutions of Se under 
three hypotheses 

Atomic % Rh Rh Inter- Mea- 
So* vacancies replacement stitial suredJf 

66.7 8.01 g.cm. -a 8.01 g.cm. -a 8-01 g.cm. -a 8"03 g.cm. -a 
68-6 7-77 7.99 8-13 7.80 
71-4 7-44 7.93 8.34 7.93 

* These are the amounts used in the reaction mixture. 
t Density measurements on samples from each of these 

preparations are reproducible to ~ 1%. 

various hypotheses  and  also the  pycnometr ica l ly  
determined values. 

The best case for comparison is t h a t  with 71.4 
atomic % Se. The results indicate  t h a t  a pure vacancy  
s i tuat ion is impossible in this  case, so t h a t  ei ther a 
replacement  of the  Rh  a toms occurs or some com- 
b inat ion  of the  three possibilities. (The pure inter- 
s t i t ial  s i tuat ion is ruled out  main ly  by  space con- 
siderations.)* 

Table 2. Interatomic distances in RhSe 2 

Number of 
equivalent Neighboring 

Atom neighbors atom Distance 
Rh 6 Se 2.50 
Rh 6 Se 3-85 
Rh 2 Se 3-95 
Rh 12 Rh 4-24 
Se 1 Se 2-50 
Se 3 Rh 2-50 
So 3 Se 3.38 
So 3 Se 3-68 
Se 3 Rh 3-86 
So 1 Rh 3-95 

(h) 

I t  was ment ioned earlier t h a t  previous invest igators  
repor ted the  existence of the  compound Rh2Se 5. The 
method  of prepara t ion  used by  these invest igators  m a y  
no t  have  )fielded pure phases. I f  failure to a t t a in  
equil ibrium resulted in the  format ion  of a mixture  of 
solid solutions of Rh  or Se (or both) in RhSe~, a pow- 
der pho tograph  with apparen t  line spli t t ing would be 
obtained.  This m a y  be seen from an examina t ion  of 
Fig. 2. Also the  densi ty  of RhSe2.45 reported by  :Biltz 
(6"96 g.cm. -3) is quite low, which m a y  be an indica t ion  
of incomplete react ion and the  presence of some free 
selenium. 

The authors  wish to t h a n k  Dr B. T. Mat th ias  for 
his interest  in this  problem and .Mr E. Corenz~Jt, who 
took the  powder photographs.  

D i s c u s s i o n  

The pyr i te  or C2-type s t ructure  has been very  ade- 
quate ly  described in the  Strulcturbericht (1931). I t  will 

* All important errors in pycnometrie density measurements 
of solids cause reduced values. Undissolved selenium or silica 
fragments from the reaction vessel, if present, would also 
cause low values. Thus one may not assert that possibilities 
for which the theoretical is higher than the measured density 
should be ruled out. The 68.6 atomic % Se case is not favor- 
able for interpretation because of the small differences, but 
is included to indicate trend. 
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