
C-La 
Au-Mo 

bon Systems," Propri~t~s Thermodynamiques Physiques et 
Structurales des D~riv~s Semi-Metalliqaes, Centre National 
Recherche Scientifique, Paris, 489 (1967). 

68Bow: A.L. Bowman, N.H. Krikorian, G.P. Arnold, T.C. Wal- 
lace, and N.G. Nereson, "The Crystal Structures of LaC2," 
Acta Crystallogr. B, 24,459 (1968). 

68Fai: R.L. Faircloth,  R.H. Flowers, and F.C.W. Pummery, 
"Vaporization of Some Rare-Earth Dicarbides," J. Inorg. Nucl. 
Phys., 30,499 (1968). 

70Gio: A.L. Giorgi, E.G. Szklarz, NH.  Krikorian,  and M.C. 
Krupka, "Preparation and Superconducttvity of the Sesquicar- 
bide Phase in the Lanthanum-Thorium-Carbon System," J. 
Less-Common Met., 22, 131 (1970). 

72Aff: C. Affortit, "Contribution to a Study of the Specific Heats 
of Actinide Compounds," CEA-R-4266, Centre d'Etudes Nu- 
claires de Fonteney-Aux-Roses, Paris (1972). 

72Mec: I.J. McColm, I. Colquhoun, and N.J. Clark, "The Cubic- 
Tetragonal Transformation in Metal Dicarbides--I.  The Ura- 
nium-Lanthanum and Uranium-Cerium Dicarbide Systems," 
J. Inorg. Nucl. Chem., 34, 3809 (1972). 

76Ada: G.-Y. Adachi, Y. Shibata, K. Ueno, and J. Shiokawa, 
"Heats of the Tetragonal-Cubic Transformation in Rare-Earth 
Dicarbides and Mixed Rare-Earth Dicarbide Solid Solutions," 
J. Inorg. Nucl. Chem., 38, 1023 (1976). 

76Loe: LR. Loe, I.J. McColm, and T.A. Quigley, "Cubic to Te- 
tragonal Transformations in Dicarbides--III. Enthalpies and 
Strain Energies of HoC~-NdC2 and GdC2-LaC2 Solid Solu- 
tions," J. Less-Common Met., 46,217 (1976). 

77Mah G. Male, "New Method for Preparing Rare Earth Metals. 

Contribution of a Study of the Carbo-Thermic Reduction of 
their Oxides--I .  Carbothermal Reduction of the Rare-Earth 
Sesquioxides. Preparation of the Dicarbides," Rev. Int. Hautes 
Temp. R~fract., 14,179 (1977). 

78Ada: G.-Y. Adachi, F. Tonomura, Y. Shibata, and J. Shio- 
kawa, "Phase Transformations of Rare-Earth Dicarbide Solid 
Solutions," J. Inorg. Nucl. Chem., 40,489 (1978). 

80Nov: V.I. Novokshonov, E.P. Khlybov, and V.V. Evdokimova, 
"Superconductivity of Lanthanum Sesquicarbide La2C3 and Its 
Solid Solutions (Pu~C3 Type) of La-Sc-C, La-Y-C, and La-U-C 
After Heat Treatment in Vacuo," Izv. Akad. Nauk SSSR,  
Met., (3), t98 (1980) in Russian; TR: Russ. MetaU., (3), 167 
(1980). 

818akl :  T. Sakai, G.-Y. Adachi, T. Yoshida, and J. Shiokawa, 
"Magnetic and Electrical Properties of Rare-Earth Dicarbides 
and Their Solid Solutions," J. Less-Common Met., 81, 91 
(1981). 

8 leak2:  T. Sakai, G.-Y. Adachi, T. Yoshida, and J. Shiokawa, 
"Magnetic and Electrical Propert ies of LaC2, CeC2, PrC2, 
NdC2, and SmC2," J. Chem. Phys., 75, 3027 (1981). 

84Cor: B. Cort, G.R. Stewart, and A.L. Giorgi, "Specific Heat 
Studies of Lanthanum and Yttrium Sesquicarbides," J. Low 
Temp. Phys., 54,149 (1984). 

86Gse: K.A. Gschneidner, Jr. and F.W. Calderwood, ~'Intra Rare 
Earth Binary Alloys: Phase Relationships, Lattice Parameters 
and Systematics," in Handbook on the Physics and Chemistry 
of Rare Earths, Vol. 8, K.A. Gschneidner, Jr. and L. Eyring, 
Ed., North-Holland Physics Publishing, Amsterdam, 1-161 
(1986). 

C-La evaluation contributed by K.A. Gsehneidner, Jr., Director, and F.W. Calderwood, Rare-Earth Information Center, Ames Laboratory, Iowa State 
University, Ames, IA 50011. This program was supported by the Department of Energy through the Joint Program on Critical Compilation of Physical and 
Chemical Data coordinated through the Office of Standard Reference Data, National Bureau of Standards. Additional support was contributed by: Moly- 
corp, Inc., Union Oil Co. of California, Los Angeles, CA; Reactive Metals & Alloys Corp., West Pittsburg, PA; Ronson Metals Corp., Newark, NJ; and San- 
toku Metal Industry Co., Ltd., Kobe, Japan. Literature searched through 1984. Professor Gschneidner is the ASM/NBS Data Program Category Editor for 
binary rare-earth alloys. 

The Au-Mo (Gold-Molybdenum) System 
96.9665 95.94 

Equilibrium Diagram 
The equi l ibr ium phases  in the  assessed Au-Mo phase  dia- 
g r am (Fig. 1) a re  (1) the  l iquid,  L; (2) the  fcc t e r m i n a l  
solid solut ion (Au), wi th  a m a x i m u m  solid so lub i l i ty  of 
about  1.25 at.% Mo at  the  eutectic t empe ra tu r e  of 1055 -+ 
3 ~ and (3) the  bcc t e r m i n a l  solid solution, (Mo), wi th  a 
m a x i m u m  s o l i d  s o l u b i l i t y  of  a b o u t  0 .4  a t . %  A u  a t  
- 2 1 6 0  ~ 

The Au-Mo sys tem has  a simple eutectic d i a g r a m  with  no 
i n t e r m e d i a t e  p h a s e s ,  a s  i n d i c a t e d  p r e v i o u s l y  by  
[Hansen], based on the work  of [24Dre] and [53Gea]. The 

By T.B. Massalski and H. Okamoto* 
Carnegie-Mellon University 

and 

L. Brewer 
University of California 

eutectic t empera tu re ,  as de te rmined  by the rmal  analys is ,  
was repor ted to be 1054 ~ [53Gea], or  1058 ~ [60Rau]. 

*Present address: Lawrence Berkeley Laboratory, B77G, BerkeIey, CA 
94720. 

The (Au)/[(Au) + (Mo)] solvus was de te rmined  by [53Gea] 
from la t t ice  p a r a m e t e r  va lues  measured  at  h igh tempera-  
tures  and also in quenched al loys (Table 1). The repor ted  
solubil i t ies  a t  lower t e m p e r a t u r e s  should be much smal le r  
because the  da ta  give too nega t ive  pa r t i a l  molar  entropies  
of Mo [80Bre]. As a compromise,  [80Bre] predicted o ther  
phase boundar ies  in t e rms  of s imple ana ly t ica l  forms by 
a r egu la r  solut ion calculat ion.  The expressions given in  
Table 2 are  s l igh t ly  d i f ferent  from the or ig ina l  because  
the mel t ing  points  of Au and Mo are  accepted here  from 
the ]PTS-68 va lues  [Melt] to be 1064.43 and 2623 ~ re- 
spec t ive ly ,  i n s t e a d  of 1063 and  2617 ~ as  r epo r t ed  in 
[80Bre]. The eutectic composit ion was predicted to be 2.1 
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Fig. 1 Assessed Au-Mo Phase Diagram 
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Table 1 (Au)/[(Au) + (Mo)] Solvus Boundary, at.% Mo 
[ Experimental  [53Gea] ] 

High- Values based 
temperature Quenched on presently 

camera  specimen re-estimated data 
Temperature,  

~ 
Calculated 

[80Bre] 

1 0 5 5  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  �9 � 9  

I000 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  �9 .. 
800 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.1 
600 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.9 
400 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.9 
200 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.7 

20 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.7 

. . . . . .  1.11 
1.2 ..- 1.07 
1.05 2.5 -+ 2.5 0.90 
0.95 1.2 x 0.4 0.70 
�9 .. 1.2 -+ 0.4 0.47 
... 1.0 -+ 0.2 0.22 
�9 .. 0.8 -+ 0.3 0.05 

Table 2 Phase Boundaries 
Boundary Express ion 

L/[L + (Au)] . . . . . . .  X.~to = 2.289 x 10-3(1337.58 - T) 
-+ 0.0002 

L/[L + (Mo)] . . . . . . .  T = [5150 + 2450(1 - XMo)2]/ 
[1.778 -- lnXMo] 

[L + (Au)]/(Au) . . . .  XMo = 1.34 x 10 3(1337.58 - T) 
-+ 1 x 10 _4 

[L + (Mo)]/(Mo) . . . . . .  lnXAu = ln(2897 - T) - 9460/T 
- 9.686 + 9.86 x 10-4T - 9.27 
x 10-ST 2 = 0.5 

(Au)/[(Au) + (Mo)] ...lnXMo = -3 .6  - 1190/T -+ 0.2 
Estimated by [80Bre], T in K and X in atomic fraction. 

a t .% Mo a t  t h e  eu t ec t i c  t e m p e r a t u r e  t a k e n  a t  1055 +- 3 ~ 
(1054  -+ 3 ~ i n  [80Bre] ) .  T h e  c o m p o s i t i o n s  of  t h e  (Au)  
a n d  (Mo), p h a s e s  a t  t h i s  t e m p e r a t u r e  a r e  1.25 a t .%  Mo 
a n d  99 .975  a t .% Mo, r e s p e c t i v e l y  [80Bre] .  T he  c a l c u l a t e d  
(Mo) so l idus  is r e t r o g r a d e ,  w i t h  a m a x i m u m  s o l u b i l i t y  of 
0.38 a t .% A u  a t  2156  ~ 

Metastable Phases 

T h i n  f i lms  of s i n g l e - p h a s e  a l loys  h a v i n g  a m o r p h o u s ,  fcc, 
or  bcc s t r u c t u r e s  c a n  be  p r e p a r e d  b y  v a p o r  q u e n c h i n g  
[74Pil l ;  t h e  o b s e r v e d  s t r u c t u r e s  a p p e a r  to d e p e n d  on  t h e  
q u a l i t y  of v a c u u m  a n d  t h e  s u b s t r a t e  t e m p e r a t u r e .  

Crystal Structures 

The  c ry s t a l  s t r u c t u r e s  o c c u r r i n g  in  t h i s  s y s t e m  a r e  l i s t ed  
in  T a b l e  3. 

L a t t i c e  p a r a m e t e r s  of  t h e  (Au) a l loys  w e r e  m e a s u r e d  by  
[53Gea] ,  as  s h o w n  i n  Fig .  2 (a m i s p r i n t  in  t h e  o r i g i n a l  
t a b l e  is cor rec ted) .  To d e t e r m i n e  t h e  (Au) / [ (Au)  + (Mo)] 
p h a s e  b o u n d a r y ,  [ 5 3 G e a ]  d e r i v e d  l a t t i c e  p a r a m e t e r s  a t  
t e m p e r a t u r e s  o f  20 ,  2 0 0 ,  400 ,  6 0 0 ,  a n d  8 0 0  ~ f r o m  
n e a r b y  d a t a  p o i n t s  a n d  p l o t t e d  a g a i n s t  c o m p o s i t i o n .  
T a b l e  4 g ives  t h e  p r e s e n t l y  r e - e s t i m a t e d  l a t t i c e  p a r a m e -  
t e r s  a t  t h e s e  t e m p e r a t u r e s .  T h e  t h e r m a l  e x p a n s i o n  coeffi- 
c i e n t  was  a s s u m e d  h e r e  to be  c o m p o s i t i o n - i n d e p e n d e n t  
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Fig. 2 Lattice Parameter  as a Function of Temperature  for (Au) Al loys [53Gea] 
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Table 3 Au-Mo Crystal Structure and Latt ice Parameter  Data 
8tructur-  

Homogene i ty ,  P e a r s o n  Space  b e r i c h t  Pro to-  La t t i c e  
P h a s e  at.% Mo s y m b o l  g r o u p  d e s i g n a t i o n  t y p e  parameter ,  n m  

(Au) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 to 1.25 cF4 F m 3 m  A1 Cu 0.40784(a) 
(Mo) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  99.6 to 100 cI2 I m 3 m  A2 W 0.31470 

From [Kingl]. (a) Composition and temperature dependence in Table 4 and Fig. 2. 

Table 4 Lattice Parameter  Data of [53Gea]  Reduced to 20, 200, 400, 600, and 800 ~ 

Compos i t i on ,  r T e m p e r a t u r e ,  ~ 1 
at.% Mo 20 200 400 600 800 

0.2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.40781 0.40889 0.41016 0.41145 0.41271 
0.4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.40779 0.40888 0.41010 0.41141 0.41281 
0.6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.40774 0.40886 0.41012 0.41141 0.41274 
0.8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.40776 0.40884 0.41003 0.41137 0.41275 
1.2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.40773 ... 0.41001 0.41137 0.41279 
1.6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.40774 0.40883 ... 0.41133 0.41277 
3.1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.40774 0.40883 0.41004 0.41136 0.41279 
5.0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.40774 0.40883 0.41004 0.41135 0.41281 

Note: A factor 0.100202 was used to convert the uni t  from kX to nm. Assumed the rmal  expansion coefficient is d L / d T  = 1.19334 x 10-9T + 5.89064 
X 10 -6 nm/~ 

and was der ived from quadra t i c  regress ion  of the data  
shown in Fig. 2 ( d L / d T  = 1.19334 x 10-9T + 5.89064 x 
10 -6 nm/~ where  L is the  la t t ice  p a r a m e t e r  and T is 
in ~ The recalculated lat t ice parameters  (Table 4) seem 
to indicate tha t  the solvus compositions cannot be deter- 
mined (Table 1) as accura te ly  as they  appeared  on the 
original lattice parameter-composi t ion d iagram given by 
[53Gea]. 

Thermodynamics 
No exper imenta l  t he rm odynam ic  data  are ava i lab le  on 
the Au-Mo system. [80Bre] es t imated  the thermodynamic  
properties (Table 5) from the l imited exper imenta l  phase 
d i a g r a m  da t a .  The  a n a l y t i c a l  e x p r e s s i o n s  of  p h a s e  
boundaries given in Table 2, however,  are not the direct 
r e su l t  of  c a l c u l a t i o n s  based  on t he se  t h e r m o d y n a m i c  
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Table 5 Thermodynamic Properties of the Au-Mo 
Alloys 

G~ fcc) - G~ bcc) = (1190 + 3.6T)R 
-(G~ bcc) - AH~ = 1.933 - 3.30 x 10 5T + 

3.15 x 10-ST 2 -  1.068 
x IO-ltT3(AH/R - 4298 K 
at the melting point, AH/R = 
5 326 K at 627 ~ 

G~*~ = 11 O00RX~o (infinitely dilute solute standard state of 
Mo in fcc Au) 

G.~i'o = 2450RXAu (infinitely dilute solute standard state of 
Au in liquid Mo) 

From [80Bre]. 
Note: R is the gas constant 8.314 J/mol - K. 

paramete rs ,  bu t  are reported as s implif ied or approxi- 
mated by [80Bre]. These boundaries  are accepted in Fig. 1 
as a good r e p r e s e n t a t i o n  of the  e q u i l i b r i u m  d iagram.  
Fur ther  exper imental  studies on both thermodynamic pro- 
perties and phase boundaries  are needed for confirmation. 
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The Au-Sr (Gold-Strontium) System 
196.9665 87.62 

Equilibrium Diagram 
The assessed phase diagram for the Au-Sr system (Fig. 1) 
is essent ial ly the same as tha t  of [Elliott], which is based 
on the work of Fel ler-Kniepmeier  and Heumann  [60Fell. 
The equi l ibr ium phases are: (1) the liquid, L; (2) the ter- 
mina l  fcc solid solution, (Au), with very small solubility 
of Sr; (3) the t e rmina l  bcc solid solution,  ( f lSr) - -des ig-  
nated (~/Sr) in [ P e a r s o n 2 ] - - w i t h  u n k n o w n  solubil i ty of 
Au; (4) the t e rmina l  fcc solid solution, (aSr), with very 
sma l l  s o l u b i l i t y  of Au and  s t a b l e  below 547 ~ a nd  
(5) several  in te rmeta l l ic  phases - -  AusSr, Au2Sr, AuSr3, 
AuSr9, (AuSr)  - -  and  phases  deno ted  by [60Fel l  as fl 
and ~. 

Alloys were prepared by [60Fell in corundum crucibles in 
an argon a tmosphere  (up to 20 a tm for high-Sr alloys) 

By C.B. Alcock and V.P. Itkin 
University of Toronto 

and 

H. Okamoto* and T.B. Massalski 
Carnegie-Mellon University 

from 99.99% Au and Sr tha t  was redisti l led several times 
(Sr ini t ia l ly contained 1.2% Ca). The compositions of the 
alloys were determined by chemical analysis.  The phase 
boundar ies  were s tud ied  m a i n l y  by t h e r m a l  ana lys is .  
Other methods were also u s e d - - d e n s i t y  measuremen t s  
(for six alleys), specific resistance (<31 at.% Sr), micro- 
hardness (15 to 19.5 at.% Sr), microstructure observation, 
and X-ray analysis.  

Special points in the assessed phase d iagram are summa- 
rized in Table 1. Addi t ional  informat ion  on each phase 
follows. 

*Present address: Lawrence Berkeley Laboratory, B77G, Berkeley, CA 
94720. 

(Au) Terminal Solid Solution. The melting point of pure 
Au is 1064.43 ~ IMelt]. The liquidus from the position of 
the mel t ing  point  of Au in the d iagram of [60Fell goes 
down to the eutectic point  (890 ~ and 7 at.% Sr) almost 
as a straight l ine with a slope of about - 2 5  ~ As- 
suming  immisc ib i l i ty  of Sr in (Au) and us ing  13 000 J/ 
tool for the heat  of fusion of Au 183Cha], the ini t ia l  slope 
of the l iquidus is - 11 .7  ~ 
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