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The enth~ipies of formation of solid Co--Te alloys were 
determined at room temperature with an isoperibol solution 
calorimeter of the submarine type. Co--Te alloys and 
mechanical mixtures of the pure components were dissolved 
in separate experiments in a saturated hydrochloric acid 
(8.000n)--bromine mixture and the enthalpies of formation 
obtained by difference. For the NiAs-type ~-phase A l-ly~ = 

= (4.079-15.017 NTe ) kcal-g-atom -1 and for the marcasite- 
type y-phase A H/~ = (3.787-14.400 NTe) kcal �9 g-atom -I. 
Combining these results with data from the literature integral 
thermodynamic properties of solid Co--Te alloys were cal- 
culated at room temperature and at 600 ~ 

In  a previous investigation of the thermodynamic properties of 
cobal t-- tel lur ium alloys 1 it was suggested tha t  the entha, lpies of for- 
mation published in the literature 2 do not agree with the other data and 
should therefore be redetermined. 

The cobal t-- tel lur ium system is characterized by two compounds, 
hexagonal Col-zTe with NiAs-structure and orthorhombic CoTe2 of the 
marcasite type. COl-xTe has a maximum range of homogeneity from 
55 at~o Te at, 980 ~ to 65 a t %  Te at 970 ~ with a congruent melting 
point of 1,015 ~ at 56.2 a t %  Te, and CoTe2 is stable between 66.7 and 
69.7 a t %  Te and decomposes peritectieally at 764 ~ into Col-xTe and 
a Te-rich melt ~. 

Since the investigation mentioned above 1 some additional thermo- 
dynamic information has become available. Geiderilch, Gerassimov, and 
Matlasevich 4 have determined the heat of formation of CoTe2 by er~/ 
measurements. The same authors obtained by similar measurements on 
Col-xTe partial molar 5 and molar ~ quantities. Mills 7 measured heat 
capacities of solid alloys in the Col-xTe and CoTe2 phase fields. 

In  the present investigation the enthalpies of formation of solid 
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coba l t - - t e l l u r i um alloys were measured  by solut ion calor imetry.  I n  

separate  exper iments  al loy specimens and mixtures  of the pure compo- 

nents  were dissolved in bromine-hydrochlor ic  acid and the enthalpies 

of fo rmat ion  de te rmined  by difference. 

Experimental 
Materials 

The materials used in this study were tellurium (in lumps) with a pur i ty  
oi 99.99% (ASARCO, USA) and 0.1 mm thin cobalt foil with a puri ty of 
99.99% (Sherritt Gordon Mines, Ltd., Canada). The tellurium was further 
purified by melting in vacuo s. The two components, weighed to within 
~: 0.05mg on a semi-microbalance (total weight ~ 10g), were placed 
into a quartz capsule which was evacuated to 10 -a torr, three times back- 
filled with Ti-gettered Ar and evacuated, and finally sealed under a vacuum 
of l0 -4 torr. The ampoules were heated 24 h at 600 ~ the temperature 
was then raised to 950 ~ over a period of 2 days, then quickly to 1,100 ~ 
and kept for a day. The alloys in the Col-zTe phase field were cooled within 
12 h to 850 ~ and then quenched in ice water. The samples were powdered, 
passed through a sieve, again sealed in a quartz capsule under vacuum, 
heat  treated for 14 days at  750 ~ quenched and immediately put  into 
the calorimeter. The CoTe2+z samples were slowly cooled from 1,100 ~ 
to 700 ~ (30 ~ per day), then cooled to 500 ~ within 24 h, and quenched 
in ice water. The samples were powdered and put through a sieve, the 
specimen with 67 a t% Te heat  treated at 700 ~ for 14 days, the one with 
68 a t %  Te at 600 ~ for 21 days, and the one with 69 a t% Te at 500 ~ for 
48 days. After quenching the samples were again sealed and the heat 
t reatment  was repeated to insure equilibration of the alloys. The phase 
composition of all equilibrated samples was checked by X-ray analysis. 
Powder patterns were obtained with a Nristalloflex IV (Siemens, Karlsruhe) 
in Debye-Scherrer cameras (57 mm diameter) using the asymmetric film 
method and CoKe radiation with a Fe filter. All samples were one-phase 
with the exception of the specimen with 65.5 a t %  Te (CoTe1.90) which 
was deliberately placed in the two-phase region. 

C a l o r i m e t e r  

The isoperibol solution calorimeter used in this investigation was of 
the submarine type and corresponds to the slightly modified version 9 of 
the model used by Gross et al. 1% A drawing is shown in Fig. 1 * 

The inner calorimeter vessel (a), constructed from thin copper sheet 
(15 em I.D., 24 em high) and of about 3,200ml capacity, is centered within 
the stronger brass calorimeter jacket (18.4 em I.D., 25.5 em high) (b) by 
small insulating spacers (i). The vessel (a) is closed by a thin copper lid (d) 
with a skirt of copper sheet (e) brazed to it which dips about 2 em below 
the surface of the water to ensure that  there is no significant temperature 
difference between the lid and the water in vessel (a). Also brazed into 
the lid are small tubes (f) through which pass the inner stirrers (g). These 

�9 The authors are greatly indebted to the late Prof. Ph.  Gross for his 
invaluable help and advice in constructing the calorimeter. 
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tubes  also dip below the  w a t e r  level a n d  help to  reduce  wa te r  evapora t ion .  
Two brass  adap te r s  b razed  to  the  inside of t he  inner  vessel p rov ide  a t t ach -  
m e n t  for the  the rmis to r  (t), and  an inner  b a t h  hea t e r  (1), when  used. 

Fig.  1, Schemat ic  d rawing  of the  isoperibol  solut ion ca lor imeter  of the  
submar ine  type ,  a = inner  ca lor imeter  vessel;  b = ca lor imeter  j acke t ;  
c = outer  t h e r m o s t a t  vessel ;  d = copper  l id;  e = skir t  of sheet  copper ;  
/ = tubes  for inner  s t i r rers ;  g = inner  s t i r rers ;  h = copper  s h e a t h e d  
t he rmi s to r ;  i = insula t ing  spacers ;  j = brass p la t e ;  k - -  "TufnoF '  insula- 
tors ;  1 = m a n g a n i n e  hea te r  for ca l ib ra t ion ;  m = low-vol tage hea te r ;  
n = threaded copper tubes; o = outer stirrers; r = reaction vessel; t = 
thermistor for measuring the calorimeter temperature; w :  2.5kW- 
hea te r ;  x = g round  glass s t i r rer ;  z ~ hollow shaf t  for g round  glass s t i r rer  

The vessel (b) is closed by  a s t rong  brass  p la te  (j) which  is secured 
to the  f lange by  eight  bolts .  A neoprene  " O "  r ing b e t w een  the  p la te  and  
the  f lange provides  a w a t e r - t i g h t  seal. Screwed into  the  top  p la te  and  
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sealed to i t  by  " O "  rings are five hol low tubes.  Two of these, of s t ronger  
cons t ruc t ion  t h a n  the  others,  serve as bearings for the  stirrer shafts, while 
the  o ther  three  accommoda te  the  var ious  electrical  leads and  the  s t i rrer  
shaft  for the  react ion vessel. To reduce hea t  eonduet ion along the  stirrer 
shafts, the  shafts are split  along their  length  by  " T u f n o l "  insulators  (k). 

The  vessel (b) is suppor ted  in the  outer  brass t he rmos t a t  vessel (37.5 cm 
I .D. ,  45.3 em high) (c) by  three feet  which locate  in tubes in the  base of 
the  outer  vessel. This vessel also carries three low-wat tage  heaters  (m) - -ap -  
p rox ima te ly  20 V var iable  supply  r e q u i r e d - - a n d  a copper  shea thed  ther-  
mis to r  (h) as sensing e lement  for the  electronic control  unit .  A t  the  base 
of the  vessel is a 2.5 k W  hea te r  for rapid  hea t ing  of the outer  bath.  Dur ing  
an exper iment  the  calor imeter  vessel (a) was filled wi th  water ,  the  space 
be tween  calor imeter  (a) and jacke t  (b) was filled wi th  air and the  t he rmos t a t  
(e) filled wi th  wate r  so t h a t  the  jacke t  was covered  a t  least  8 em high  wi th  
water .  The t empe ra tu r e  of the  wate r  in the  t he rmos t a t  was control led to 
wi th in  -~ 0.0006 ~ by  using sui tably  ar ranged heaters  and  an eleetronie 
controller .  The  t empera tu re  of the  wate r  inside the  calor imeter  vessel 
was measured  by  a thermis tor .  The  constants  in the  equa t ion  of the  resist- 
anee of the  thermis tor ,  R = A exp (B/T), were obta ined  by  cal ibrat ion 
at  the  t r iple  poin t  of Na2SO4.  10 I t20  (32.38 ~ and a t  the  mel t ing  poin t  
of d iphenyl  e ther  (26.86 ~ to A = 5.236.  10 -s  ~ and B = 30SS.31 K 
(R a t  298.15 = 1650.11 f~). The  energy equ iva len t  z was de te rmined  by 
electr ical  ca l ibra t ion wi th  a specially cons t ruc ted  hea te r  before and after  
the  reaction.  

The  energy inpu t  (6102 A DC Power  Supply,  Hewle t t -Packa rd )  was 
eva lua ted  in the  usual  way  by  measur ing  the  hea te r  resistance, the  vol tage  
drop across it, and the  t ime  of current  flow Ecalth = U "z" t / l ? "  4.184. 
The  hea te r  consisted of a mangan ine  wire ( ~  67 f2) sealed in a glass bulb 
under  H e  atmosphere .  I t s  resistance was de te rmined  by  compar ing  the  
vol tage drop across i t  wi th  t h a t  of a 1 ~ - s t anda rd  resistor (Cambridge 
Ins t r .  Comp.,  Ltd.)  connected  in series. :For the  de te rmina t ion  of the  vo l tage  
across the  hea te r  a vo l tage  divider ,  consist ing of two precision resistors 
(Cambridge Inst r .  Co., Ltd.)  wi th  resistances of 100 kf2 and 1 kf~, resp., 
were used. The po ten t iome te r  (Precision Vernier  Po ten t iomete r ,  Type  
5590 A, I t .  Tinsley & Co., Ltd.)  was opera ted  wi th  a ga lvanomete r  (Type 
5656, I-I. Tins ley & Co., Ltd.)  and the  t ime  of current  flow was de te rmined  
by  a precision chronomete r  al lowing exac t  readings of 0.01 rain. The  
the rmis to r  which was used to measure  the  t empera tu re  response of t he  
ca lor imeter  was a b ranch  in a Whea t s tone  bridge eonsist ing of two m a t c h e d  
2,000 ~ resistors (Cambridge Inst r .  Co., Ltd.)  and a resistance box (Type 
2541-5-LF.I . ,  H.  Tinsley & Co., Ltd.) .  The the rmis to r  resistance could 
be de te rmined  to wi th in  • 0.01 f2 using a null  v o l t m e t e r  (Type 419 A DC, 
t t ewle t t -Paekard ) .  The  energy equ iva len t  ~ was expressed in te rms  of the  
rat io A R/Rm which is propor t iona l  to A T in the range of exper imenta l  
values ;  A R is the  resistance difference of the  thermis tor ,  corrected for the  
hea t  exchange,  and Rm the  va lue  of R averaged  over  the  main  period. 
The  correct ion for the  hea t  exchange  was per formed numer ica l ly  according 
to the  m e t h o d  of Regnault and  P]aundler by  using the values  for R instead 
those for the  t empera tu re .  The  errors caused by  this subs t i tu t ion  are 
negligible according to the  model  calculat ions of Gunn ~. F o r  the  cooling 
cons tan t  values  be tween  2.9 • 10 -a and 3.0 • 10 -a were f o u n d .  The results 
were recalcula ted  a t  the  s t andard  t empe ra tu r e  (298.15K) employing  
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the  ~'s de te rmined  before and after  the  react ion 12 wi th  A ~ a measure  of 
A Cp of the  reaction.  Since the  exper imenta l  condit ions were chosen so 
t h a t  the final t empera tu res  were close to 298.15 K,  the  correct ions were 
ve ry  small  and the re la t ive ly  large unce r t a in ty  in A C~ had hard ly  any 
influence on the  to ta l  error  of the  final results. 

E x p e r i m e n t a l  P r o c e d u r e  

I n  a series of p re l iminary  tests the  mos t  sui table  solvent  for C o - - T e  
alloys and  for the  pure  components  was found to be 8.0n-HC1 sa tu ra ted  
wi th  bromine,  wi th  excess bromine  as the  second l iquid phase. The  excess 
b romine  assured a fast  react ion and a cons tan t  concent ra t ion  of the  resul t ing 
final solution. W h e n  prepar ing  the  solvent  i t  was observed t h a t  sa tura t ion  
in the  Brs t I C 1 - - H 2 0  sys tem at  room tempera tu re  is a ve ry  slow process 
which takes  at  least  24 h. Accordingly  t tCI  and Br2 (both p . a .  Merck, 
Darms tad t )  were equi l ibra ted  at  25 ~ by  shaking for several  hours in a 
closed container ,  and the  solut ion left  s tanding  for 24 h before use. I n  
all exper iments  the  solvent  was two-phase  at  the  s ta r t  bu t  comple te ly  
clear and  one-phase a t  the  end. I n  separa te  exper iments  it  was established 
t h a t  TeBr4, p robab ly  formed in the  reaction,  s t rongly increases the sol- 
ubi l i ty  of Brs in the  hydrochlor ic  solution. 

The  powdered  sample  was pu t  in a th in-wal led  (0.5 mm) cylindrical  
glass conta iner  w i th  two male  ground glass joints.  The  lower ground jo int  
(34/35) f i t t ed  into the  pear-shaped react ion vessel (120 ml) and the  upper  
ground jo int  (29/32) was connected  wi th  a glass st irrer  (Fig. 1). The ground 
joints  were sealed wi th  Apiezon wax  and the pa r t  of the  stirrer which was 
cyl indr ical ly  g round  was lubr ica ted  wi th  an  iner t  grease (Halocarbon 
Stopcock  Grease, Ha loca rbon  Produc t s  Corp., N .J . ,  USA).  100.0 ml  8.000n- 
HC1 (p. a. Merck) were filled into the  react ion vessel th rough  a thin glass 
tube  a t t ached  on one side and then  12.00 ml Br2  (p .a .  Merck) added  under  
cooling wi th  a d ry  i c e - - ace tone  mixture .  The glass tube  was sealed and 
the so lvent  equi l ibra ted  as out l ined above.  The react ion was ini t ia ted 
by  breaking  the  b o t t o m  of the  th/n-wMled sample conta iner  wi th  a sharp 
t ap  of the  tho rn  a t t a ched  to the  b o t t o m  of the  stirrer. 

The  calor imeter  was tes ted in accordance wi th  Gunn  mad C u n n i n g h a m  13 
by  de te rmin ing  the  hea t  of solut ion of Mg (0.2118 g) in 1.000m-HC] (100 ml). 
A fine hole was dril led into the  shaft  of the  stirrer, to allow It2 formed in 
the  react ion to escape. The  hea t  of solut ion at  298.15 K was found to be 
- - 1 1 1 . 2 0  k e a l .  mote - 1 . ,  in v e r y  good agreement  wi th  the  results of o ther  
authors :  - -  111.30 la, - -  111.27 ~4, and 111.322 ~5 keal  �9 mole -1. The  error 
in the  de te rmina t ion  of the  energy equ iva len t  was es t ima ted  to be 0.t3~o. 

E x p e r i m e n t a l  g e s u l t s  a n d  D i s c u s s i o n  

T h e  r e a c t i o n  in  t h e  c a l o r i m e t e r  on d i s so lv ing  t h e  p u r e  c o m p o n e n t s ,  

r e f e r r ed  to  one  g r a m - a t o m  of Co, can  be f o r m M l y  exp re s sed  by  t h e  

fo l lowing  e q u a t i o n  : 

C o ( s ) + ( l + y )  T e ( s ) + [ b B r ;  h H C 1 ;  w H 2 0 ]  (1; 2 - p h a s e ) =  
[CoBr2; ( 1 - /  y) TeBr4  ; ( b - - 6 - - 4 y ) B r ;  h H C I :  w I I 2 0 ]  (l; t -phase )  

* Throughou t  this paper  1 eal th  - -  1 cal ~ 4.184 J .  

(1) 
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W r i t i n g  a s imi la r  e q u a t i o n  for  t h e  a l loy  a n d  s u b t r a c t i n g  i t  f r o m  t h e  

one  a b o v e  we  ge t  

Co(s) -b (1 ~- y) Te(s) = CoTe(i+y)(S); A Hm (CoTe(i+y);  s) (2) 

D i v i d i n g  t h e  e q u a t i o n  b y  2 -b y we o b t a i n  A H~ ~ (NTe; s), t h e  r e su l t  

r e f e r r e d  t o  one  g r a m - a t o m  of a l loy.  I t  is i m p o r t a n t  t h a t  t h e  r e s u l t i n g  

Table  1. Experimental Data for the Determination o/the Enthalpy o/Forma- 
tion o/ a C o - - T e  Alloy by Solution Calorimetry 

M (CoTei.30) = 224.8132 g �9 mole - i  CoTei+y : y = 0.30; N(Te)  = 0.5652 
M (Co0.4a4sTe0.5652) ~ 97.7448 g �9 g-at.  ~i mix tu re  of the  components  alloy 

m (Te)/g 1.7736 
m (Co)/g 0.6300 
m (CoTel.s0)/g 2.4034 
n (Co)/mole 0.01069 0.01069 
m (8.000n-I-ICl)/g 112.675 112.675 
m (Br2, 1)/g 37.428 37.428 
s~/calth - -  103,620 - -  100,388 
~ f / c a l t h  - -  103,781 - -  100,641 
RB/[I 1,650.00 1,650.00 
Rc/f t  1,624.80 1,630.60 
A R(corr.)/~ - -  19.3450 - -  18.2074 
102 (A R(corr.)/Rm) - -  1.1793 - -  1.1090 
q (Tc)/calth 1,221.99 1,113.31 
q (TB)/Calth 1,223.89 1,116.11 
q (298.15)/cMth 1,223.93 1,116.14 
A Hm (298.15)/kcM �9 mole  -1 - -  114.493 - -  104.410 
A Hiv (298.15)/kcal �9 g-at.  -1 - -  49.78 - -  45.40 

The mean ing  of the  symbols  no t  expla ined  in the  t e x t  is as follows: 
R -  resistance of the rmis to r ;  B and C ~ points  on the  ini t ial  and  final 
periods, resp.;  A R(corr.) = the  corrected t empe ra tu r e  rise expressed as 
change of the  the rmis to r  res is tance;  q ( T ) =  t~he exper imenta l  hea t  a t  
t empera tu re  T ;  subscripts  m and N ( =  -NTe) refer to the formulas  CoTei+y 
and COl-NTeN, resp. 

f ina l  so lu t ions  are  one -phase  so t h a t  t h e  s low e q u i l i b r a t i o n  b e t w e e n  

b r o m i n e  a n d  t h e  h y d r o c h l o r i c  so lu t ion  is e l i m i n a t e d  as a source  of error .  

T h e  resu l t s  of a t y p i c a l  c a lo r ime t r i c  r u n  are  l i s t ed  in  T a b l e  1 *. T h e  

en tha lp i e s  of f o r m a t i o n ,  o b t a i n e d  b y  t h e  r e a c t i o n  s equence  m e n t i o n e d  

a b o v e ,  a re  g i v e n  in T a b l e  2, w i t h  t h e  va lues  l i s t ed  b o t h  r e fe r r ed  to  one  

g r a m  f o r m u l a  w e i g h t  CoTe l+y  a n d  to  one  g r a m - a t o m  of a l loy.  A t  leas t  

t w o  m e a s u r e m e n t s  were  p e r f o r m e d  w i t h  each  sample .  F o r  t h e  c o m p o n e n t  

* Similar  tables for all the  o ther  composi t ions can be obta ined  by  
reques t  f rom the  authors.  
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mixtures exactly 0.6300 g Co and the appropriate amount of Te (1.9941 
to 3.0009 g) were used, the number of moles in reaction (1) being n = 
= 0.01069 g-atom - i  (based on the atomic weights of C o -  58.9332 
and Te = 127.60). The enthalpies of solution of the component mixtures, 
A Hso] [Co; (1 ~ - y ) T e ;  s], when plotted as a function of y, gave a 
straight line. I ts  equation, calculated by linear regression analysis and 
referred to the atom fraction of Te, is 

A H (NTe) __ 54.646 -F 8.600 NTe (3) 
kcal �9 g-atom -1 

with the standard deviation, ee = :~ 0.35 kcal �9 g-atom -i. The en- 
thalpies of solution, treated by linear regression analysis, follow for 
the E-phase the equation 

A H (NTe) 
= - -  58.725 @ 23.617 NTe (4) 

kcal. g-atom - i  

with Ge = :~ 0.12 kcal �9 g-atom -i  and for the y-phase the equation 

h H (NTe) 
= - -  58.433 -k 23.000 NTe (5) 

kcal.  g-atom - i  

with Ge = =~ 0.05 keal �9 g-atom -i. The limit of error of the cnthalpies 
of solution is between :k 0.1 and ~ 0.4%. The enthalpies of formation 
of the E-phase are obtained by subtracting Eq. (4) from Eq. (3) 

A H~ ~ (N~)  
= 4.079 - -  15.017 N:re (6) 

kcal.  g-atom -1 

with ~e = • 0.37 kcal" g-atom -i  and those of the y-phase by sub- 
tracting Eq. (5) from Eq. (3) 

A H~ (NTe) 
: 3.787 - -  14.400 NTe (7) 

kcal- g-atom -1 

with ae : =L 0.35kcal" g-atom-i.  The error of the enthalpies of 
formation is assumed to be • 0.75 kcal �9 g-atom -1 which is twice the 
standard deviation of the data from the above linear expression. Within 
twice the limit of error the concentration dependence of A Hf ~ in the 
E-phase can graphically be also expressed by a nonlinear function, i.e. 
a slight deviation from linearity cannot be ruled out. The enthalpies 
of formation at 298.15 K are plotted in Fig. 2 and the curves represented 
by Eq. (6) and Eq. (7) are shown as solid lines. As can be seen both 
in the ~- and in the y-phase A H f  ~ tends to become more negative with 
increasing Te-concentration with an extrapolated maximum value of 
about - -6 .25  kcal �9 g-atom - i  at 69.7 a t% Te. For comparison the 
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A H~ ~ data of Matlasevich, Geideri#h, and Gerassimov ~ and of Ariya 
et al. ~ are also shown in Fig. 2. Matlasevich et al. computed partial 
molar enthalpies of Co from era/ measurements and obtained A Hf  ~ 
at  700 K by Gibbs-Duhem-integration. Their data  were corrected for 
298.t5 K with the Up-data of Mills 7. The agreement with our results 
can be considered as satisfactory. The calorimetric data  of Ariya et al. 2, 
determined by solution calorimetry in hydrochloric acid saturated 
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Fig. 2. Enthalpies of formation of solid Co--Te alloys. + = Ariya et al. ~; 
• = Matlasevich et al. 6 ; @ = present investigation 

with bromine, disagree with both sets of results and are significantly 
more negative. The reason for this dicrepancy is entirely unclear 4. 
The extreme value at 57 a t %  Te which was interpreted as being due 
to CosTe4-compound formation ~ is completely absent in our curve. 
The partial  molar enthalpy of tellurium in the p-phase can be obtained 
from Eq. (6) making use of the well-known relationship 

A H f  ~ _ _ _  1 0 . 9 3 8  (8)  AHTe = AH/~  + (1 - -NTe)  3NTe 
kcal .  g-atom -1 

For  a comparison with previous results 1 the enthalpy of formation 
given by Eq. (6) was corrected for a temperature  of 873 K using extra- 
polated heat capacities for the ~- and y-phase T and critically compiled 
enthalpy values for pure cobalt and tellurium 16. From the result, 
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82 K . L .  K o r a a r e k  e t  al. : 

A H f  ~ (873 K )  = 3 . 8 2 9 - -  19.517 N ~e  ( in kca l  �9 g - a t o m - i ) ,  t h e  p a r t i a l  

m o l a r  e n t h a l p y  A HTe = - - 1 5 . 7  ~: 1.5 k c a l .  g - a t o m  - i  w a s  d e r i v e d  as  

o u t l i n e d  i n  E q .  (8). T h i s  v a l u e  a g r e e s  w i t h i n  t h e  l i m i t s  of e r r o r  w i t h  

A HTe = - -  12.3 :k 2.0 k c a l  �9 g - a t o m  - i ,  o b t a i n e d  f r o m  i sop ies t i c  m e a s -  

u r e m e n t s L  I n t e g r a l  t h e r m o d y n a m i c  p r o p e r t i e s  fo r  C o - - T e  a l loys  a t  

600 ~ w i t h  l i q u i d  Te  as  t h e  s t a n d a r d  s t a t e  w e r e  r e c a l c u l a t e d  f r o m  t h e  

Tab le  3. Integral Thermodynamic Quantities o] Co--Te-AUoys 

T ~ 873 I{ Std.  s t a t e :  Co(s); Te(1) T = 2 7 3 . i 5 K  S t d . s t a t e  :Co(s);Te(s) Comp.  
(&t~O Phases _ _ A G M  _ _ A H  M _ _ A S M  _ _ A G M  _ _ A H M  _ _ A S M  

Te) k c a l .  g -a t  - i  k c a l .  g -a t  -1 e . u .  k c a l . g - a t  - i  k c a l . g - a t  -1 e . u .  

10 ~ - -  Co -~ } 0.76 1.26 0.57 0.79 0.76 - -  0.12 
20 ~ - -  Co + ~ 1.52 2.51 1.14 1.59 1.52 - -  0.23 
30 ~ - -  Co -~ ~ 2.28 3.77 1.70 2.38 2.28 - -  0.34 
40 ~ - -  Co -~ ~ 3.04 5.02 2.27 3.18 3.04 - -  0.46 
50 a - -  Co Jr ~ 3.80 6.28 2.84 3.97 3.80 - -  0.57 
55 ~ 4.18 6.90 3.12 4.37 4.18 - -  0.63 
57 ~ 4.37 7.29 3.35 4.63 4.48 - -  0.50 
59 } 4.47 7.68 3.68 4.87 4.78 - -  0.29 
61 ~ 4.47 8.07 4.13 5.01 5.08 ~- 0.03 
63 ~ 4.42 8.46 4.63 5.26 5.38 ~- 0.41 
65 ~ -~ y 4.40 8.85 5.10 5.41 5.62 -~ 0.70 
67 y 4.26 9.23 5.70 5.58 5.86 ~- 0.98 
69 T 4.11 9.61 6.44 5.67 6.15 ~ 1.60 
70 7 q- Te (1) 3.99 9.30 6.08 - -  - -  - -  

y ~ Te  (s) - -  - -  - -  5.49 5.95 + 1.55 
80 y -~ Te (1) 2.67 6.20 4.04 - -  - -  - -  

y 4- Te (s) - -  - -  - -  3.66 3.97 ~- 1.03 
90 T ~- Te  (1) 1.36 3.10 1.99 - -  - -  - -  

y -~ Te (s) - -  - -  - -  1.83 1.98 -~ 0.52 

p r e s e n t  e n t h a l p i e s  of f o r m a t i o n ,  c o m p i l e d  e n t h M p y  a n d  e n t r o p y  d a t a  7, 16 
a n d  p r e v i o u s  f ree  ene rg i e s  of f o r m a t i o n  1. T h e  r e su l t s ,  p r e s e n t e d  i n  

T a b l e  3, r e p l a c e  s i m i l a r  d a t a  i, b a s e d  o n  t h e  A H M - v a l u e s  of Ariya e t  al.  3. 

T a b l e  3 a lso l i s t s  t h e  i n t e g r a l  t h e r m o d y n a m i c  p r o p e r t i e s  a t  25 ~ w i t h  

so l id  T e  as  t h e  s t a n d a r d  s t a t e .  F r o m  t h e  e n t r o p y  of f o r m a t i o n  a n d  t h e  

s t a n d a r d  e n t r o p i e s  of Co a n d  T e  l~ t h e  s t a n d a r d  e n t r o p i e s  of t h e  ~- a n d  

y - p h a s e  a r e  $29 s (NTe ---- 0 .59)  = 10.21 e . u .  a n d  S~9 s (NTe = 0.67) ---- 
= 9 .32 e .u. ,  r esp .  T h e s e  v a l u e s  c a n  b e  c o m p a r e d  w i t h  t h e  e s t i m a t e d  

v a l u e s  of Mills i7, S~9 s = 9.09 =j= 1.0 e.u.  fo r  t h e  ~ - p h a s e  a n d  S.~9 s ---- 

= 8 .83 =[= 1.0 e . u .  fo r  t h e  T -phase .  A s s u m i n g  a s t a t i s t i c a l  d i s t r i b u t i o n  

of t r a n s i t i o n  m e t a l  a t o m s  a n d  t r a n s i t i o n  m e t a l  v a c a n c i e s  in  t h e  ( 0 0 ~ )  

l a y e r s  of t h e  h e x a g o n a l  2q iAs- la t t i ce  of t h e  } - p h a s e  a n d  a l l o w i n g  fo r  
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a certain interaction between the vacancies, equations for various 
thermodynamic properties were derived 1, is. For the enthalpy of 
mixing of formation ~s we get 

A H M ~- 8Ei  (mTe 0"5)2 @ (coast. @ Ev)NTe - -  E v (9) 
~u 

where E~ is the interaction energy between cobalt vacancies and Ev the 
energy of formation of a cobalt vacancy. With E~ = 1090 cal �9 g-atom -11 
and with two A H/~ ( :  A H M) values at 56.0 and 64.0 at~o Te obtained 
from Eq. (6) the Eq. (9) was solved. The enthalpies of formation thus 
calculated are expressed by the equation 

(NTe - -  0.5) 2 A Hf~ = 8.720 17.650Nre ~ 5.500 (10) 
kcal .  g .a tom -1 /~Te 

The line calculated from Eq. (10) deviates so little from the straight 
line tha t  it is not shown in Fig. 2. A considerably higher interaction 
energy E~ would be required to make the curve fit the apparent  ex- 
perimental curvature. Since the deviations from linearity predicted 
by the statistical model for the NiAs-phase in the Co--Te  system are 
within the experimental limits of error, the proof of the validity of the 
model will continue to rest primarily with the activity measurements 1. 
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