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The Ge-Sm (Germanium-Samarium) System 
By A.B. Gokhale and G.J. Abbaschian 
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Equilibrium Diagram 

The assessed Sm-Ge equilibrium diagram is given in 
Fig. 1, and the monovariant and invariant equilibria 
are summarized in Table 1. Figure 1 is based solely on 
the work of [77Ere], who investigated the system over 
the entire composition range by microscopy, differen- 
tial thermal analysis, and X-ray phase analysis. The 
purities of their starting materials were reported to be 
99.99 at.% for Ge and 99.67 at.% for Sm. In an earlier 
work [74Ere], these authors reported the intermediate 
phases present in the system, their melting charac- 
teristics, and crystal types. 

According to these investigators, the system is charac- 
terized by: 

�9 Hexagonal Sm5Ge3, the richest in Sm in the system, 
melts congruently at 1700 ~ 

�9 Orthorholnbic Sm5Ge4 forms peritectically at 1500 
~ 

�9 Orthorhombic StaGe forms peritectically at  1400 ~ 

�9 Sm2Ge3 forms peritectically at 1355 ~ and under- 
goes allotropic transfornmtions at 1085 and 745 ~ 
The room-temperature modification is hexagonal, 
and the higher-temperature modifications remain 
undetermined. 

�9 Tetragonal SmGel.63 forms peritectically at 760 ~ 

�9 Two eutectic reactions occur--between (Sin) and 
Sln5Ge3 at 890 ~ and 11 at.% Ge, and between (Gel 
and SmGel.63 at 820 ~ and 85 at.% Ge. 

[77Ere] indicated all the intermediate phases to be 
nearly stoichiometric which is supported by the crys- 
tallographic data from other investigations. They indi- 

cated the presence of Sml.04Gel.56, which cor- 
responds exactly with the stoichiometry of Sm2Ge3, 
the designation preferred in this evaluation. 

The terminal solid solubilities of Sm in (Gel and Ge in 
(Sm) have not been determined, but  may be estimated 
as being less than 1 at.%, based on the assumed 
similarity with other RE-Ge systems. 

The liquidus was determined with reasonable ac- 
curacy by [77Ere]. As discussed below, the process of 
mixing in the liquid is exothermic. 

The studies of [69Rud] indicated that  Sm5Ge3, SinGe, 
and "SmGe2" (SmGel.63) are semiconducting type, 
based on the measurement  of electrical resistivity as a 
function of temperature in the range 600 to 1250 K. 
[69Rud] claimed that in earlier works, [68Rud] and 
[68Sam] detected an inversion in the resistivity of 
these phases from metallic to semiconducting type. 
However, the present evaluators could not confirm 
this claim on the basis of data  given in these referen- 
ces. 

Crystal Structures and Lattice Parameters 

Sm-Ge crystal structure and lattice parameter  data 
are summarized in Tables 2 and 3. The data  are taken 
from references listed under "primary reference," 
chosen on the basis of thoroughness of investigation, 
listing of diffraction data, and reported error limits. 
Other pertinent references are listed under "sup- 
plementary references." 

The reported crystal s t ructure  and lattice parameter  
data show remarkable agreement.  No crystal struc- 
ture and lattice parameter  data  were available for the 
two high-temperature modifications of Sm2Ge3. H o w -  
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ever,  on t h e  bas i s  o f  d a t a  f r o m  o t h e r  R E - G e  s y s t e m s ,  i t  
m a y  be  s p e c u l a t e d  t h a t  t h e  f i r s t  m o d i f i c a t i o n  c o u l d  be  
o r t h o r h o m b i c ,  a G d S i 2  type .  

Thermodynamics  

T h e  p r e s e n t  e v a l u a t o r s  a r e  u n a w a r e  o f  a n y  t h e r n m -  
d y n a m i c  d a t a  for  e i t h e r  t h e  i n t e r m e d i a t e  p h a s e s  o r  t h e  
l iqu id  so lu t ion .  T h e  c h a r a c t e r i s t i c s  o f  t h e  l i qu id  so lu-  
t i on  w e r e  a s s e s s e d  in  t h i s  e v a l u a t i o n  u s i n g  t h e  ex-  
p e r i m e n t a l  so lub i l i t y  d a t a  o f  [77Ere ]  ( t r a n s c r i b e d  

g r a p h i c a l l y  f r o m  t h e i r  r e p o r t e d  p h a s e  d i a g r a m )  a n d  
t h e  G i b b s  e n e r g i e s  o f  fus ion  for  t h e  p u r e  c o m p o n e n t s .  
T h e  r e s u l t s  i n d i c a t e  t h a t  t h e  m i x i n g  p r o c e s s  in t h e  l iq-  
u id  is e x o t h e r m i c ,  w i t h  a n e g a t i v e  d e v i a t i o n  f r o m  
R a o u l t i a n  behav io r .  T h e  e n t h a l p y  o f  m i x i n g  cou ld  be  
r e p r e s e n t e d  by:  

A m i x H  = XGe(1  - X G e )  ( - 2 9 . 3 5  - 37 .92XGe)  kJ / l no l  

w h e r e  XGe is t h e  a t o m i c  f r a c t i o n  o f  Ge.  T h e  f u n c t i o n  
i n d i c a t e s  a n m x i m u m  h e a t  e v o l u t i o n  o f  12.51 k J / m o l  
a t  XGe = 0 .58.  T h e s e  r e s u l t s  s h o u l d  b e  u s e d  w i th  c a u -  

Table I Special Points of the Assessed Ge-Sm Phase Diagram 
Compos i t ions  of  t h e  

respec t ive  p h a s e s ,  T e m p e r a t u r e ,  R e a c t i o n  
Reac t ion  at.% Ge ~ t y p e  R e f e r e n c e  

L *-~ ~/Sm .................................... 0 
TSm ~ ~Sm .............................. 0 
ctSm ,~  ~Sm .............................. 0 
L --~ (c~Sm) + SmsGe3 ............... 11 ~ 0 37.5 
L ,-* SmsGe3 .............................. 37.5 
L + SmsGe3 ,-* SmsGe4 ............ 56.85 37.5 44.5 
L + SmsGe4 ,-* SmGe ............... 64.6 44.5 50 
L + SmGe ~-  -fSmzGe.~ ............. 67.26 50 60 
[JSm2Ge.3 ~-* "ySm2Ge:l ............... 60 
etSm2Ge;I ~ ~Sm2Ge3 ............... 60 
(Ge) + ~Sm2Ge3 *-~ SmGel.6.3... ~ 100 60 62 
L ~ ~Sm2Ge3 + (Ge) ................ 85 60 --  100 
L ~-~ Ge ....................................... 100 
(a} Occurs at  727 ~ on cooling. 

1074 Melt ing point  186Gsc] 
922 Allotropic 186Gscl 
734 (a) Allotropic 186Gscl 
890 Eutec t ic  177Erel 

1700 Congruent  177Erel 
1500 Peri tect ic  177Erel 
1400 Peri tect ic  177Erel 
1355 Peri tect ic  [77Ere] 
1085 Allotropic 177Erel 
745 Allotropic 177Erel 
760 Peri tectoid 177Erel 
820 Eutect ic  177Ere I 
938.3 Melt ing point  IMelt] 

Fig. 1 Assessed Sm-Ge Phase Diagram 
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t ion ,  b e c a u s e  t h e y  a r e  b a s e d  so le ly  on  t h e  e x p e r i m e n t a l  
so lub i l i t y  d a t a .  

T h e  Gibbs  e n e r g i e s  o f  fus ion  w e r e  c a l c u l a t e d  b y  t h e  
p r e s e n t  e v a l u a t o r s  in  t h e  fo l lowing  form:  

AfusG(Ge)  = 32 938 .8  + 23 .43  T + 3 .677 x 10 - 3  T 2 

- 7.761 T l n  T J / m o l  

a n d  

h f u s G ( S m )  = 4220 .84  + 20 .42  T -  3.27 T I n  T J / m o l  

w h e r e  T is in K. T h e  h e a t s  o f  fus ion  a n d  h e a t  c a p a c i t i e s  
for  t h e  p u r e  c o m p o n e n t s  a r e  t a k e n  f rom [77Bar ] .  
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hexagonal cell. (e) Repor ted  phase as StaGe2. 
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