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Abstract  

The s t anda rd  mola r  en tha lpy  of  fo rmat ion  of  Hf3Ge2 has  b e e n  d e t e r m i n e d  by s o l u t e - s o l v e n t  
d rop  ca lor imetry  and  those  of  IrGe, P tGe  and  Pt2Ge by the  d i rec t  comb ina t i on  me thod .  
The  da ta  have  been  ob ta ined  us ing  a h igh  t e m p e r a t u r e  ca lo r imete r  at  1473_+ 2 K. The  
fol lowing va lues  are  repor ted :  zl/-/f°(Hf3Ge2) = - (373 .2  + 39.5)  kJ too l -  ' ,  
A / - / f O ( I r G e ) = - ( 6 6 . 2 _ l l . 8 )  kJ m o l - ' ,  A H ~ ( P t G e ) = - ( 9 0 . 8 + _ 2 . 4 )  kJ t o o l - ' ,  
~/-/f°(Pt2Ge ) = - (111 .3  _+ 4.7)  kJ m o l -  1. C o m p a r i s o n s  are  m a d e  wi th  our  ear l ier  va lues  
for 3d and  4d t rans i t ion  meta l  ge rmanides ,  with  s o m e  avai lable  va lues  for  sil icides,  and  
with p red ic ted  values.  

1. Introduct ion 

During recent years we have pursued a systematic study of the ther- 
mochemistry of transition metal borides, silicides, and intermetallic compounds 
using high temperature calorimetry. In three recent papers [1-3] we extended 
our study to the germanides of 3d and 4d transition metals and to MesGe3 
compounds formed by group III metals. 

For 5d transition metal germanides, experimental enthalpies of formation 
are very scarce in the literature. In the present investigation, we determined 
the standard molar enthalpy of formation of Hf3Ge2 by solute-solvent drop 
calorimetry and those of IrGe, PtGe and PtzGe by the direct combination 
method. The results are compared with our values for other germanides 
reported in the earlier papers, with some data for the silicides, and with 
predicted values. 

2. Exper imenta l  detai l s  

The experiments were carried out in a modified Setaram-type high 
temperature calorimeter. Details of this apparatus and of the calorimeter 
liner assembly have already been given in our earlier reports [1, 4]. Boron 
nitride (BN) and beryllium oxide (BeO) crucibles were used as containers. 

Table 1 gives the metallic purity and description of the starting materials 
used in the calorimetric experiments. Hafnium in the form of a 17 mm rod 
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TABLE 1 

Metallic purity and description of the materials used in the calorimetric measurements 

Metal Metallic purity 
(%) 

Hf (2% Zr) 17 mm rod, 
-100  mesh shavings 

Ir 99.95 -160  mesh powder 
Pt 99.9 -325 mesh powder 
Ge 99.999 2-4 ram pieces 

-200  mesh powder 
Pd 99.99 0.025 mm foil 
Cu 99.999 0.025 mm foil 

with abou t  2 wt.% Zr was  ob ta ined  f rom Alfa Products ,  i r idimn p o w d e r  f rom 
J o h n s o n - M a t t h e y  AESAR g roup  (lot  19389)  and  p la t inum p o w d e r  f rom Baker  
& Co. Inc. ( lot  145). The  g e r m a n i u m  s am p le  was  high puri ty,  s e m i c o n d u c t o r  
grade.  Pa l lad ium and c o p p e r  foils 0 .025  m m  thick were  ob ta ined  f rom 
Enge lha rd  and  J o h n s o n - M a t t h e y  AESAR g r o u p  (lot 101882)  respect ively .  
The  pa l lad ium foil was  annea led  in a rgon  at  a b o u t  1100  K for  severa l  hours;  
the  sur face  of  the  c o p p e r  foil was  pol ished with s a n d p a p e r  and  the  foil was  
annea led  at abou t  900 K for  a few hours  in a s t r e a m  o f  hyd rogen  gas.  The  
foils were  used  for  m ak i ng  small  capsu les  of  abou t  4 m m  d i ame te r  for  the 
s o l u t e - s o l v e n t  d rop  expe r imen t s .  Small  p i eces  of  g e r m a n i u m  were  put  into 
the  pa l l ad ium or  c o p p e r  capsu le  in the des i red  ratio. In the  ca lor imeter ,  
these  mate r ia l s  f o rm liquid P d + G e  or  C u + G e  so lvents  which  dissolve 
(meta l  + g e r m a n i u m )  or  the  ge rman ide  c o m p o u n d .  

The Hf3Ge2 c o m p o u n d  was  synthes ized  by  arc  mel t ing  on a wa te r - coo led  
c o p p e r  hear th  in an a t m o s p h e r e  of  argon.  The arc  mel t ing  was  r epea t ed  
severa l  t imes,  the  alloy bu t ton  being r eve r sed  to obta in  a h o m o g e n e o u s  
phase .  The a rc -mel ted  bu t ton  was  examined  by  scann ing  e lec t ron  m i c r o s c o p y  
(SEM) and by  energy-d i spe r s ive  X-ray (EDX) analysis .  The  analys is  indicated 
tha t  the  Hf3Ge2 bu t ton  was  h o m o g e n e o u s  and  of  a s to ich iomet r ic  compos i t ion .  
The  HfaGee al loy was  c rushed  into small  p ieces ,  g round  in a m o r t a r  and  
sif ted t h rough  a 100 m e s h  sieve.  

Cal ibrat ion of  the  ca lo r ime te r  was  ach ieved  by  d ropp ing  small  p i eces  
of  2 m m  d iame te r  high pur i ty  c o p p e r  wire into the  ca lor imeter .  The  en tha lpy  
o f  p u r e  c o p p e r  was  t aken  f rom Hul tgren  et  al.  [5]: 46 465 J mo1-1 at  1473 
K. The  ca l ibra t ions  were  r ep roduc ib l e  within + 1.5% in a s ingle ser ies  o f  
m e a s u r e m e n t s .  

3.  R e s u l t s  a n d  d i s c u s s i o n  

With the  excep t ion  o f  the  P t - G e  s y s t e m  the p h a s e  d i ag rams  [6 -11  ] o f  
the  al loys cons ide red  in the  p r e s en t  work  have  not  been  inves t iga ted  much .  
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The hafnium germanides are very refractory with melting temperatures  near 
2500 K. For these compounds we applied solute-solvent  drop calorimetry. 
On the contrary, the P t -Ge  alloys studied are liquid at our experimental 
temperature of 1473 K. In analogy to the RhGe compound studied in our 
previous communication [3], a strong chemical interaction was expected 
between iridium and germanium. Hence, we adopted the direct combination 
method for IrGe, PtGe and Pt2Ge. 

In our synthesis of hafnium germanide by arc melting, we first tried to 
prepare HfsGea on the basis of the available phase information [6-10[.  
However, we could not obtain a single phase at this composition. On the 
contrary, a single phase was obtained at the Hf3Ge2 composition. This is 
analogous to hafnium silicide covered in a recent report  [12] by Topor  and 
one of the present  authors. 

Liquid C u + G e  and P d + G e  alloys were used as solvents in the sol- 
u te-solvent  drop experiments. The standard enthalpy of formation was 
obtained from the enthalpy effects associated with the formation of a liquid 
alloy of the same composition from the elements and from the compound. 
The reactions generating the liquid alloy Cuo 6oGeo.35sHfo.o45 in the calorimeter 
were 

0.60Cu(s, 298 K)+ 0.355Ge(s, 298 K)+ 0.045Hf(s, 298 K) , 

Cu0.60Geo.a55Hfo.045(1, 1473 K) (1) 

and 

0.60Cu(s, 298 K)+0.325Ge(s ,  298 K) +0.015Hf3Gee(s, 298 K) , 

Cuo.60Geo.3a~Hfo.o4s(1, 1473 K) (2) 

where s and 1 denote solid and liquid respectively. From reactions (1) and 
(2) we have 

0.045Hf(s, 298 K)+0.03Ge(s ,  298 K) ) 0.015HfaGee(s, 298 K) (3) 

Hence, the standard enthalpy of formation can be obtained from 

AH~°(HfaGe2) = AHm(1) - AH~(2) (4) 

where AHm(1) and AHm(2 ) designate the molar enthalpy change for reactions 
(1) and (2) with respect  to Hf3Ge2. Similar equations can be written for the 
liquid alloy Pdo.3e~Geo.63Hf0.o45. After the experiments,  the solidified alloys 
were examined by SEM and EDX analysis; these examinations confirmed the 
complete dissolution of the elements and the compounds in the melts. 

The experimental  results for Hf3Gee obtained by this approach are 
summarized in Tables 2 and 3. In these tables, the average values of AH~ 
for each reaction are given with their standard deviations ~1 and 6e. The 
uncertainties in AHf ° were calculated from ~ = ((~2 + t)22)1/2. Since the standard 
enthalpies of formation obtained in the two different series of measurements  
have different uncertainties, we calculated the weighted average of the two 
results using the relation 
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TABLE 2 

Standard enthalpy of  format ion 

Cu0.~oGe0.355Hf0.04 ~ at 1473 ± 2 K 

of  HfaGe 2 obtained by generat ing the liquid a~oy 

Exper imen t  n(Cu) n(Ge) n ( H 0  n(Hf3Ge2) ~Ut/o b,~ ~ / m (  1 ) ~J-Im (2) 
(retool) (retool) (retool) (retool) (J) (kJ m o l -  J) (kJ tool-  ~) 

1-1 2.2222 1.2037 - 0.0556 168.4 - 3029.4 
1-2 2.1717 1.1763 - 0.0543 170.7 - 3143.0 
1-3 2.0203 1.0943 - 0.0505 151.6 - 3001.9 
1-4 2.3728 1.2852 - 0.0593 183.1 - 3088.4 
1-5 2.3278 1.2608 - 0.0582 181.8 - 3124.4 

2-1 2.5989 1.5377 0.1949 - 172.6 2654.6 - 
2-2 2 .3666 1.4003 0.1775 - 161.3 2723.8 - 
2-3 2.2061 1.3053 0.1655 - 149.0 2699.0  - 
2-4 2 .2206 1.3139 0.1665 - 145.8 2627.0 - 
2-5 2.1661 1.2816 0.1625 - 142.0 2619.7 - 

Mean 2664.8 ± 45.4 3077.4 ± 60.5 
values  

AH~ (kJ tool -  1) = 2664.8 ± 45.4 - (3077.4 ± 60.5) = - (412.6 ± 75.6) 

TABLE 3 

Standard enthalpy of  format ion of HfaGe2 obtained by generat ing the liquid alloy Pd0.325Ge0.63Hfo.o45 
at 1 4 7 3 ± 2  K 

Exper imen t  n(Pd)  n(Ge) n(Hf) n(Hf3Ge2) AHobs AH~,(1) AHm(2) 
(mmol)  (mmol )  (mmol )  (mmol)  (J) (kJ tool -1) (kJ tool -1) 

1-1 1.4712 2.7161 - 0.0679 118.8 - 1749.1 
1-2 1.7043 3.1464 - 0 .0787 136.1 - 1729.5 
1-3 1.4852 2.7418 - 0.0685 114.5 - 1670.9 
1-4 1.4363 2.6517 - 0.0663 116.9 - 1763.8 

2-1 1.4001 2.7141 0.1939 - 90.4 1399.1 - 
2-2 1.3766 2.6685 0.1906 - 85.5 1346.0 - 
2-3 1.3450 2.6071 0.1862 - 84.8 1366.0 - 
2-4 1.6388 3.1767 0.2269 - 103.4 1368.3 - 

Mean 1369.8 :t: 21.9 1728.3 ± 40.8 
values  

AHt ° (kJ t o o l - J ) =  1 3 6 9 . 8 ± 2 1 . 9 - ( 1 7 2 8 . 3 ± 4 0 . 8 ) =  - ( 3 5 8 . 5 ± 4 6 . 3 )  

A H ~ ( m e a n )  = ~(AHf°l~i2)/~ (1/ t t~ 2) ( 5 )  

T h e  s t a n d a r d  d e v i a t i o n  $m o f  t h e  m e a n  w a s  o b t a i n e d  f r o m  

~m = {1 /~: (1 /~  2)},~ (6) 

I n  t h i s  w a y ,  t h e  m e a n  v a l u e  o f  t h e  s t a n d a r d  m o l a r  e n t h a l p y  o f  f o r m a t i o n  o f  

H f a G e 2  w a s  f o u n d  t o  b e  g i v e n  b y  
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AHr°(Hf~Ge2) = - (373.2  + 39.5)  kJ tool-  

We tr ied a similar t r ea tmen t  for  TauGe2, and obta ined  a single phase  by arc 
melt ing.  However ,  we have not  as yet  found a suitable solvent  for  Ta3Ge2. 

In the  di rect  combina t ion  exper iments  iridium or  plat inum powder  and 
ge rman ium p o w d e r  were  weighed carefully in the desired rat ios and mixed 
thoroughly .  These  mix tures  were  compressed  into 4 mm diamete r  pellets. 
The pel le ts  were  d ropped  f rom room t empera tu re  into the ca lor imeter  at 
1473-t-2 K and the en tha lpy  effects  were  measured .  After the measurement s ,  
the alloy p roduc t s  were  r emoved  f rom the crucible,  b roken  into pieces  of 
suitable size, and then  used for the heat  con ten t  measurements .  These  
p r o c e d u r e s  can be expressed  by the following equat ions,  he re  shown for 
PtGe as an example .  

Pt(s, 298  K) + G e ( s ,  298 K) ) PtGe(1,  1473 K) (7) 

and 

PtGe(s ,  298 K) ) PtGe(1,  1473 K) (8) 

F rom reac t ions  (7) and (8),  we obtain 

Pt(s, 298 K ) +  Ge(s,  298 K) ) PtGe(s,  298 K) (9) 

Thus,  the s tandard  enthalpy of format ion  is obta ined f rom 

AH~(PtGe)  = L~k/-/m(7 ) - -  L~L/m(8) (10) 

After the expe r imen t s  the reac t ion  p roduc t s  were  examined  by SEM and 
EDX and by p o w d e r  X-ray diffraction. The examinat ions  indicated only one  
phase  in the  PtGe sample,  and a minor  p re sence  of  Pt3Ge in the Pt2Ge 
sample.  This does  not  influence the heat  con ten t  of  Pt2Ge significantly. For  
the  IrGe sample,  23% of  the Ir4Ge~ phase  was found in the  analysis. For  
this r ea son  we made  ano the r  ser ies  of  measu remen t s  on IrGe using sol- 
u t e - s o l v e n t  d rop  calor imetry .  

The exper imen ta l  resul ts  are summar ized  in Tables  4 and 5 for  IrGe, 
and in Tables  6 and 7 for  P tGe and Pt2Ge respect ively.  Finally, the s tandard  
mola r  enthalpies  of  format ion  of  IrGe, PtGe, and PteGe were  found to be 
as follows: 

AH~°(IrGe) = - (66.2 _+ 11.8) kJ tool -  ' 

AH~(PtGe)  = - (90.8  _ 2.4) kJ tool-  ' 

AH~(PteGe) = - (111 .3  +__ 4.7) kJ mo l -  ' 

The  value for  IrGe is the average  of  the two resul ts  obta ined  by the direct  
combina t ion  m e t h o d  and by  so lu t e - so lven t  drop calor imetry.  

F igure  1 shows the s tandard  enthalpies  of  fo rmat ion  of  some  5d t ransi t ion 
metal  germanides .  Because  the  compos i t ions  of  the c o m p o u n d s  are different,  
AHf ° is given in kflojoules per  gram-atom.  Tungs ten  and rhen ium do not  
fo rm c o m p o u n d s  with germanium at the cons idered  composi t ions .  We 
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TABLE 4 

Standard enthalpy of  format ion of  IrGe by the direct combinat ion  method at 1 4 7 3 ± 2  K 

Exper iment  n(Ir)  n(Ge) n(I rGe)  AHob ~ AHm(7) AHr,(8) 
(retool) (mmol)  (retool) (J) (kJ mol - 3) (kJ mol - 3) 

I-1 1.0169 1.0169 - - 3 . 5  - 3 . 4  - 
1-2 2 .0338 2 .0338 - - -8 .9  - 4 . 4  - 
1-3 1.9918 1.9918 - - 4 . 4  - 2 . 2  - 
1-4 2 .0693 2 .0693 - - 6.9 - 3.3 - 
1-5 2.0757 2.0757 - - 7.8 - 3.8 - 

2-1 - - 1.1313 75.4 - 66.1 
2-2 - - 1.9110 123.3 - 64.5 
2-3 - - 1.8174 113.2 - 62.3 
2-4 - - 2 .0674 131.6 - 63.7 
2-5 - - 2 .0315 128.2 - ,  63.1 

Mean - 3.4 ± 0.8 64.0 ± 1.7 
values 

AH~ ° (kJ mol-~)  = - 3 . 4 ± 0 . 8 - ( 6 4 . 0 ±  1 . 7 ) =  - ( 6 7 . 4 ±  1.8) 

TABLE 5 

Standard enthalpy of format ion  of  
at 1 4 7 3 ± 2  K 

IrGe obta ined by genera t ing  the liquid alloy Ni0.5oGe0.451r0.05 

Exper iment  n(Ni) n(Ge) n(Ir)  n(IrGe)  AHo~ AH,,(1) AHr,(2) 
(retool) (retool) (retool) (retool) (J) (kJ tool -  l) (kJ tool -  ~) 

1-1 3 .3185 2.6548 - 0 .3318 166.3 - 501.2 
1-2 3 .1457 2.5165 - 0 .3146 156.1 - 496.2 
1-3 3 .0884 2.4707 - 0 .3088 151.8 - 491.5 
1-4 2 .7802 2.2242 - 0 .2780 136.3 - 490.2 
1-5 2 .7930 2.2344 - 0 .2793 141.0 - 504.9 

2-1 3.0544 2.7489 0.3054 - 128.9 422.0 - 
2-2 3 .0276 2.7248 0.3028 - 129.4 427.3 - 
2-3 2 .9792 2.6813 0.2979 - 132.8 445.8 - 
2-4 2 .8403 2.5563 0 .2840 - 124.4 438.1 - 
2-5 2.9151 2.6237 0.2915 - 124.1 425.6 - 

Mean 4 3 1 . 8 ± 9 . 9  496.8__+6.3 
values 

AHf ° (kJ tool-  1) = 431.8 _+_ 9.9 - (496.8 ± 6.3) = - (65.0 ± 11.7) 

a t t e m p t e d  t o  s t u d y  O s G e  b y  t h e  d i r e c t  c o m b i n a t i o n  m e t h o d ,  b u t  t h i s  d i d  n o t  

w o r k  w e l l .  T h e  v a l u e  f o r  H f 3 G e 2  r e p o r t e d  b y  G o l u t v i n  et  al.  [ 1 3 ] ( - 1 5 2  k J  

g - a t o m - 1 )  i s  v e r y  d i f f e r e n t  f r o m  o u r s ,  a p p r o x i m a t e l y  d o u b l e  i n  m a g n i t u d e .  

O u r  r e s u l t  f o r  P t G e  a g r e e s  v e r y  w e l l  w i t h  t h a t  o f  C a s t a n e t  [ 1 4 ] ,  - 4 6 . 3  k J  

g - a t o m - i .  N o  e x p e r i m e n t a l  v a l u e s  f o r  I r G e  a n d  P t z G e  c o u l d  b e  f o u n d  i n  t h e  

l i t e r a t u r e .  H o w e v e r ,  t h e  f i g u r e  s h o w s  t h e  p r e d i c t e d  v a l u e s  o f  d e  B o e r  et  al .  
[ 1 5 ] .  O n  t h e  w h o l e  t h e y  a g r e e  r e a s o n a b l y  w e l l  w i t h  o u r  e x p e r i m e n t a l  v a l u e s .  
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TABLE 6 

S tandard  e n t h a l p y  of f o r m a t i o n  of PtGe by the  d i rec t  c o m b i n a t i o n  m e t h o d  at  1473_+2 K 

E x p e r i m e n t  n(Pt)  n(Ge)  n (P tGe)  AHo~ zSJ-/m(7) AHm(8) 
(retool)  ( re tool)  ( re tool)  (J) (kJ t oo l -  ' (kJ  too l -  J 

1-1 2 .2876  2 . 2 8 7 6  - 62.4 27.3 - 

1-2 2 .9025  2 . 9 0 2 5  - 76.2 26.3 - 
1-3 2 .8514  2 .8514  - 68.1 23.9 - 

1-4 2 .7643  2 . 7 6 4 3  - 70.2 25.4 - 

1-5 2 .8368  2 . 8 3 6 8  - 73.6 26 .0  - 

2-1 - - 1 .1228  133.6 - 119.0 

2-2 - - 1 .1171 127.7 - 114.3 

2-3 - - 1 .1149  127.4 - 114.2 

2-4 - - 1 .1295  132.5 - 117.3 

2-5 - - 1 .1731 136.6  - 116.5 

2-6 - - 1 .1558  137.1 - 118.6 

Mean 25.8_+1.2 116.6_+2.1 
va lues  

AHf ° (kJ m o 1 - ~ ) = 2 5 . 8 +  1 . 2 - ( 1 1 6 . 6 - + 2 . 1 ) =  - ( 9 0 . 8 + 2 . 4 )  

TABLE 7 

S tandard  e n t h a l p y  of  fo rma t ion  of Pt2Ge by the  d i r ec t  c o m b i n a t i o n  m e t h o d  at  1473-+2  K 

E x p e r i m e n t  n(Pt )  n(Ge)  (PtzGe) AHob.~ AH~,(7) fiJ/m(8) 
(mmol )  ( re tool)  ( m m o l )  (J) (kJ  t oo l -  ' )  (kJ t oo l -  1) 

1-1 0 .9624  0 .4812  - 14.1 29 .3  - 

1-2 2 .7880  1 .3940  - 45 .8  32 .8  - 

1-3 2 .5434  1 .2717 - 40 .0  31.4 - 

1-4 2 .4556  1 .2278  - 38 .7  31 .5  - 

2-1 - - 0 . 6 1 3 7  90.3  - 147.1 

2-2 - - 0 . 4 9 0 3  66.9  - 136.5 

2-3 - - 0 . 9 6 8 9  139.5 - 144.0 

2-4 - - 1 .0599  151.3 - 142.8 

Mean 31.3+_1.5 1 4 2 . 6 + 4 . 4  
va lues  

AHf ° (kJ  m o 1 - ~ ) = 3 1 . 3 _  1 . 5 - ( 1 4 2 . 6 _ + 4 . 4 ) =  - ( 1 1 1 . 3 _ + 4 . 7 )  

A l s o ,  t h e  g e n e r a l  t r e n d  i n  AH~ ° f o r  M e 3 G e 2  o r  M e s G e 3  f o r  5 d  t r a n s i t i o n  m e t a l s  

i n  t h e  l e f t - h a n d  p a r t  o f  t h e  f i g u r e  i s  q u i t e  s i m i l a r  t o  t h e  t r e n d s  f o r  3 d  a n d  

4 d  t r a n s i t i o n  m e t a l  g e r m a n i d e s  a n d  s i l i c i d e s  a s  s h o w n  i n  F i g .  2 o f  o u r  r e c e n t  

p u b l i c a t i o n  [3  ]. 
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Boer et al. (estimated) [ 15]. 

S c i e n c e  a t  t h e  U n i v e r s i t y  o f  C h i c a g o  p r o v i d e d  by  N S F - M R L .  W e  a r e  i n d e b t e d  

to  Dr. A. M. D a v i s  w h o  c a r r i e d  o u t  t h e  S E M  a n d  E D X  a n a l y s e s .  

References  

1 0 .  J. Kleppa and W,-G. Jung, High Temp. Sci., 29 (1990) 109. 
2 W.-G. Jung and O. J. Kleppa, J. Less-Common Met., 15P (1991) 85. 
3 W.-G. Jung and O. J. Kleppa, J. Less-Common Met., 16P (1991) 91. 
4 0 .  J. Kleppa and L. Topor, Th~-mochim. Acta, 13P (1989) 291. 
5 R. Hultgren, P. D. Desai, D. T. Hawkins, M. Gleiser, K. K. Kelley and D. D. Wagman, 

Selected Values of the Thermodynamic Properties of the Elements, American Society 
for  Metals, Metals Park, OH, 1973. 

6 A. B. Gokhale and R. Abbaschian, Bull. Alloy Phase Diagr., l I  (1990) 253. 
7 T. B. Massalski, H. Okanloto, P. R. Subramanian and L. Kacprzak (eds.), Binary Alloy 

Phase Diagrams, American Society for Metals, Metals Park, OH, 2nd edn., 1990. 
8 M. Hansen, Constitution of Binary Alloys, McGraw-Hill, New York, 1958. 
9 R. P. Elliott, Constitution of Binary Alloys, First Supplement, McGraw-Hill, New York, 

1965. 
10 F.A. Shunk, Constitution of Binary Alloys, Second Supplement, McGraw-Hill, New York, 

1969. 
11 W. G. Moffatt, The Handbook of Binary Phase Diagrams, Genium, Schenectady, NY, 

1984. 
12 L. Topor and O. J. Kleppa, J. Less-Common Met., 167 (1990) 91. 
13 Y. M. Golutvin, L. G. Titov and E. Maslennikova, Nauchr~ Tr. Mosk. Inst. Stall Splay., 

117 (1979) 108. 
14 R. Castanet, J. Chem. Thermodyn., 14 (1982) 639. 
15 F. R. de Boer, R. Boom, W. C. M. Matter, s, A. R. Miedema and A. K. Niessen, Cohesion 

in Metals, Transition Metal Alloys, North-Holland, Amsterdam, 1988. 


