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Abstrac t  

Using a high temperature calorimeter, the enthalpy of formation of the liquid ternary 
Cd-Ga-Sn system has been determined at 740 K. The enthalpy of formation is positive 
over the entire concentration range and can be represented by the following modified 
Muggianu's relation: 

4XB XC 
A mixHm = [/2imix Hm(BC) ] xB(BC) --xn +xA/2 

(2xB + xc)(2Xc + xA) 

4XAXc 
+ [ A mixHm(AC) ] x A ( A C )  = xA + xB/2 

(2XA + XB)(2Xc +XB) 

4XAXB 
+ [ AmixH, n(~)]xA(AB) =.*A +zC/2 + X^XBXc(aXA + bXB + CXc) 

(2x^ + xc)(2xB + xc) 

where XA and X^(~) are the molar fractions of A in the ternary A-B-C and binary A-B 
alloys respectively, XA=Xcd, XB=XG~,, XC =Xsn, a= -4 .50 (8 )  kJ mol-1, b=  + 11.67(9) kJ 
tool-1, c = -  4.59(3) kJ mol-1 and using the binary data already published. 

1. I n t r o d u c t i o n  

In the  co u r s e  of  a sys t ema t i c  t h e r m o d y n a m i c  inves t igat ion of  al loys 
exhibi t ing a l iquid miscibi l i ty  gap,  t h e r m o d y n a m i c  m e a s u r e m e n t s  have  b e e n  
p e r f o r m e d  on the  C d - G a - S n  sys tem.  In the  s a m e  way  as  for  the  A I - B i - G a  
sys tem,  the  a im of  this work  is (i) to d e t e r m i n e  the  local izat ion of  the  
miscibi l i ty  gap  us ing  severa l  t echn iques  (ca lor imet ry ,  differential  t he rma l  
analysis ,  Cp = f ( T )  m e a s u r e m e n t s  etc.)  and  (ii) to m a k e  a c o m p a r i s o n  be tween  
e x p e r i m e n t a l  and  ca lcu la ted  equi l ibr ium t e m p e r a t u r e s  [1]. Moreove r  the  
inf luence of  the  addi t ion  of  the  third meta l  (here  t in) on the miscibi l i ty  gap  
will be  s tudied.  

Accord ing  to avai lable  compi la t ions  [2, 3 ], the  equi l ibr ium phase  d iagram,  
en tha lpy  and  f ree  ene rgy  of  f o r m a t i o n  of  the  C d - G a - S n  s y s t e m  are  unknown.  
In the  p r e s e n t  p a p e r  the  hea t  o f  mix ing  da ta  will be  r e p o r t e d  and  a re la t ion 
will be  p r o p o s e d  for  the  en tha lpy  of  f o r m a t i o n  of  the  C d - G a - S n  liquid alloy 
ove r  the  ent i re  concen t r a t i on  range.  
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2. Bibliographic survey 

For the limiting binary systems, the main information concerning the 
phase diagram and the enthalpy of formation are reported in the following 
section. These data are essential to choose the best experimental  procedure 
and to predict ternary enthalpy data. 

2.1. Cd-Ga sys tem 
2.1.1. Phase d i a g r a m  
A small miscibility gap has been found. According to Heumann et al. 

[4] and Atamanova et al. [5], the coordinates  of  monotect ic  and critical 
points are T r , =555  K with XGa=0.227 and Tc=568  K with XGa=-0.506 
respectively. The conjugate point of the monotect ic  is at XG~=0.725. The 
eutectic temperature  is very close to the melting point of  pure gallium 
(Te = 302.53 K at XG~= 0.99). The solid solubility of cadmium in gallium is 
negligible; that of gallium in cadmium is less than 1 at.%. All these data 
were obtained by Moser and co-workers [6]. 

2.1.2. En tha lpy  o f  m i x i n g  
The enthalpy of formation of liquid Cd-Ga alloys, using direct calorimetry, 

was determined by Kleppa [7] at 623 K for the molar fraction range 
0 . 0 2 < x ~ < 0 . 8 9  and by Moser et al. [8] between 602 and 696 K for the 
molar fraction range 0.014 <Xcd < 0.97. A temperature  dependence has been 
noticed; the mean value of  hCp between 609 and 695 K is about 5.7 J K -1 
mo1-1. In 1981, Vecher et al. [9] published new results on the enthalpies 
of formation of Cd-Ga and Cd-Ga- In  liquid alloys at 630 K. Their values 
of binary enthalpies, which were very similar to Kleppa's results (a difference 
of about 60 J mol-1 at Xcd = 0.5) have been used for this study: 

A~,ixHm (Cd + Ga)(l) = X G a ( 1  - XG~)(15.0(39) -- 17.4(91)XG~ 

= 16.4(05)XGa 2 -- 0.022 XGa 3) kJ mol -  i (1) 

and the values of  the limiting molar partial enthalpies are respectively 

~kHm® Ga(i) in Cd(1) = "~ 13.9(3) kJ mo1- 

Z~k/L/m ® Cd(l) inGa(1) ~- " ] - 1 5 . 0 ( 4 )  kJ mo1-1 

2.2. Cd-Sn sys tem 
2.2.1. Phase d i a g r a m  
The liquidus temperatures  obtained by several workers are in good 

agreement.  The Cd-Sn phase diagram shows a eutectic point (Xsn= 0.6655 
at T= 449 K) and an intermediate solid phase (~) of  simple hexagonal A3 
structure. The coordinates of the peritectic and eutectic points found by 
various researchers differ significantly and are close to T= 496 K with Xsn = 0.99 
and T = 4 0 6  K with Xs~=0.947. The maximum solubility of tin in cadmium 
is Xsn=0.0024 at 449 K. Dutkiewicz et al. [10] have used XCd=0.0063 at 
496 K for the solubility of  cadmium in tin. 
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2.2.2. Enthalpy of mixing 
The following equat ion  was ob ta ined  f rom the resul ts  compi led  by Hul tgren 

et al. [11] and obta ined  by  Kleppa [12] using d i rec t  ca lor imet ry  be tween  
623 and 723 K and by  Elliott  [13] at  773 K using po ten t iomet r i c  m easu rem en t s  
( these  two sets  of  da ta  are in good  agreement ;  ca lor imetr ic  data  previously  
publ i shed  by Kawakami [14] are lower  than  those  of  Kleppa):  

AmlxHm (Cd+ Sn)(1) = XSn(1 -- XS~)(9.8(62) -- 7.5(27)Xsn 

+ 4.4(35)Xsn2 + 0.02(4)XSn3) kJ mol I (2) 

with the  following limiting molar  partial  enthalpies:  

~kHm~ Cd(1) in Sn(l) = + 6.7(9)  kJ mo1- 

l ~ / r n  ~ Sn(1) in Cd(1) = + 9.8(6) k J  m o l -  

By means  of  isoperibolic  solut ion calor imetry,  B o o m  [ 151 found 
AHr,~ Cd0) in S.(~) = + 7.28 + 0.11 kJ m o l -  1. 

2.3. Ga-Sn system 
2.3.1. Phase diagram 
The liquidus exhibits  a eutec t ic  point  near  pure  gallium (TE = 293.6  K 

at x ~ a = 0 . 9 1 5 )  [16]. At the eutec t ic  t empera ture ,  the solid solubilit ies are 
as follows: in gallium, XSn=0.017 [17] and, in tin, XGa=0.071 [16]. 

2.3.2. Enthalpy of mixing 
Between  400 and 700 K, the heat  of  fo rmat ion  of  liquid G a - S n  alloys 

was m e a s u r e d  by di rect  ca lor imet ry  by Predel  [18] and Bros  et al. [19]. 
The en tha lpy  of  mixing, which is posi t ive and not  t e m p e r a t u r e  dependent ,  
can  be  r ep resen ted  by 

AmixHm (Ga+ Sn)(1) = XSn(1 - XSn)(3.80(5) 

-- 0-82(4)XSn + 0.29(8)X~Sn -- 0.009X~sn kJ tool -  1 (3) 

and the va lues  of  the limiting part ial  enthalpies  are 

AHm~ Ga0)i, Sn(~) = + 3 .2(8)  kJ m o l -  

/ ~ m  ® Sn(l) in Ga(l) = + 3 . 8 ( 1 )  kJ mo1-1 

B o o m ' s  [15] value is AHm-ca0)~sn(~) = + 2 . 8 2  kJ mo1-1 at 600  K. 
Figure  1 shows the three  limiting phase  d iagrams and the  six sect ions 

a long which the  calor imetr ic  expe r imen t s  were  pe r fo rmed .  

3. E x p e r i m e n t a l  procedure  

High purity (99 .999  at.%) metals were employed in this study. Cadmium 
and tin were rinsed with acetone p.a., dried and cut in small pieces. The 
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Fig. 1. The limiting binary systems and the six sect ions along which the calorimetric experiments  
were performed at 740 K. 

gallium was melted in a warm (35 °C) dilute solution of hydrochloric acid 
(5%) in water, separated in small droplets and dried after rinsing with cold 
water. 

A Calvet high temperature calorimeter, equipped with an automatized 
sample charger was employed. The experiments were carried out in high 
purity argon. Argon U (Air Liquid Company) was further purified by passing 
over a titanium sponge (1100 K) to getter the remaining oxygen. Calibration 
was accomplished by dropping small pieces of a-A120 a (samples from National 
Institute of Standards and Technology) from room temperature into the 
experimental crucible at the end of each measurements series. 

The alloys were formed by multiple successive additions of cadmium 
(or tin) to the liquid Ga-Sn (or Ga-Cd) liquid bath contained in a graphite 
crucible of about 50 mm height and 8 mm inside diameter. This graphite 
crucible is located in the gas-tight silica cell. A complete description of this 
device has been published previously [20]. 

The standard deviation of the enthalpies were found to be about 20 or 
40 J tool-~ for two independent series at the same binary molar fraction. 
Errors were estimated to be of the same order of magnitude (2-3%) as the 
difference found for the calibration drops. However, if we take into account 
the uncertainty in the enthalpy of formation of the limiting alloys, the final 
accuracy of the enthalpy of formation Of Cd-Ga-Sn is about ± 4%. The 
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experimental temperature (740 +__ 1 K) was determined with a Pt-(Pt-10wt.°/o 
Rh) thermocouple. 

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

To obtain the enthalpy of formation of the Cd-Ga-Sn liquid alloys (at 
Te), two types of experiment were performed either by additions (at To (room 
temperature)) of solid cadmium or of solid tin corresponding to 

Gax,Snl _x,(1, Te)+ Cd(s, To) ) CdxGavSnz(l , T~) 

Ga~,Cdl _x,(1, T~)+ Sn(s, To) ) CdxGavSnz(l , T~) 

T~ = 740 K and x '  and x, y, z are the binary and ternary molar fractions 
respectively. 

XGa/Xsn = 1/3 with 0 <Xco < 0.51 

XGJXSn = 1/1 with 0 < Xcd < 0.60 

XGa/Xsn = 3/1 with 0 <Xco < 0.60 

and 

Xcd/XG~ = 1/3 with 0 <Xsn < 0.62 

Xcd/Xc~ = 1/1 with 0 <Xsn < 0.58 

Xcd/Xaa = 3/1 with 0 <XSn < 0.58 

Along each quasi-binary section, at least two experiments have been performed. 
The resulting integral enthalpies are collected in Tables 1 and 2. The 

values of the molar heat capacity and enthalpy of the melting of tin and 
cadmium published by Hultgren et al. [21] were used to transform our 
results to the liquid state. 

Table 3 in which the enthalpies of formation at the intersection points 
A, . . . ,  I are given allow us to criticize the reproducibility of these experiments. 
As we can see, for the same ternary alloy the discrepancy between the 
enthalpy obtained by dropping cadmium or tin is less than 4%. 

Moreover, from the calorimetric results, the limiting molar partial en- 
thalpies of dissolution of cadmium and tin have been deduced (Table 4). 
Obviously, these data obtained by interpolation of our experimental results 
are less precise than integral molar enthalpies (about 10%). Nevertheless 
we can note that the enthalpies of dissolution of tin (or cadmium) in Ga-liquid 
alloys with increasing molar fraction of cadmium (or tin) change very regularly 
(Table 4). 

To predict the enthalpy of formation, we have used the geometric 
considerations proposed by Kohler [22] and Muggianu et al. [23] and a 
model developed by Hoch and Arpshofen [24] and Hoch [25]. 

The relations proposed by Kohler and Muggianu et al. are: 
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TABLE 1 

Experimental  values of the  enthalpy of formation of the C d - G a - S n  liquid alloys (at 740 IO 
obtained by additions of cadmium to liquid binary Ga-Sn  alloys (xca/Xsn= 1/3, 1/1 and 3/1)  
and referred to the liquid state 

Xca/Xsn = 1/3 XGa/Xsn = 1/1 X~a/Xsn = 3/1 

XCd Am~Hm Xcd AmixHm XCd AmixHm 
(J mo1-1) (J m o l - ' )  (J tool -1) 

0 .0000 629 0.0000 867 0.0000 678 
0 .0330 796 0.0427 1198 0.0520 1100 
0.0344 813 0.0711 1332 0.0561 1233 
0.0867 1098 0.0904 1450 0.1074 1561 
0.0916 1125 0.0934 1557 0.1168 1678 
0.1372 1347 0.1419 1701 0.1368 1746 
0.1966 1621 0.1512 1746 0.1977 2040 
0.2435 1774 0.2012 1874 0.2060 2184 
0.2484 1742 0.2058 2081 0.2230 2174 
0.2938 1864 0.2104 2008 0.2645 2337 
0.3074 1963 0.2517 2151 0.2764 2395 
0.3280 1938 0.2593 2198 0.3200 2560 
0.3570 1999 0.2872 2283 0.3369 2595 
0.3680 2094 0.2964 2428 0.3455 2597 
0.3842 2062 0.3091 2315 0.3704 2730 
0.4115 2128 0.3095 2421 0.3895 2705 
0.4196 2101 0.3480 2530  0.4147 2743 
0.4625 2176 0.3809 2485 0.4244 2775 
0.5043 2182 0.3845 2537 0.4397 2805 
1.0000 0 0.3882 2584 0.4817 2802 

0.4447 2546 0.5263 2778 
0.4457 2618 0.5642 2739 
0.4984 2559 0.5979 2700 
0.5032 2642 1.0000 0 
0.5438 2655 
0.5975 2576 
1.0000 0 

i m i x U  m ~-- (X A -~ XB)2 [ Amix Hm(AB)]XA/XB 

+ (x^ +xc)2[Am~xH~(~c)] x^ + (xB +xc)2[Am~xH~c~c)]X~/Xc 
Xc 

Amix Hm --- 
4XBXc 

(2xB + XA)(2Xc +X~) [ Amix Hm(BC) ]xB(BC) = xB + xA/2 

÷ 
4XAXc 

(2XA + X B ) ( 2 X c  + XB) 

4XAXB 

(2xA + xc)(2xB + Xc) 

[ imixHr . (Ac)  ]xA(AC) = x^ + xB/2 

"{- [ ami xH~(AB) ]~^(AB) = x^ + xC 
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TABLE 2 

Experimental values of the enthalpy of formation of the Cd-Ga-Sn  liquid alloys (at 740 K) 
obtained by additions of tin to liquid binary Cd-Ga alloys ( X c J X c a =  1/3, 1/1 and 3/1) and 
referred to the liquid state 

x c J x G a  = 1 / 3  XcJXGa = 1 /1  xcd  /xca = 3/1 

XSn Amixgm XSn •mixHm Xs~ AmixHm 
(J mo1-1) (J tool -1) (J tool - l )  

0.0000 2089 0.0000 2598 0.0000 2192 
0.0598 2159 0.0529 2604 0.0570 2366 
0.0624 2185 0.0649 2598 0.0574 2429 
0.0732 2212 0.0824 2619 0.0789 2397 
0.1060 2270 0.0997 2626 0.0859 2438 
0.1187 2169 0.1066 2576 0.1043 2457 
0.1287 2130 0.1175 2531 0.1266 2464 
0.1481 2201 0.1608 2526 0.1758 2443 
0.1916 2138 0.1678 2494 0.2038 2421 
0.2047 2115 0.1722 2543 0.2282 2390 
0.2082 2232 0.1765 2561 0.2619 2382 
0.2124 2162 0.2101 2472 0.2734 2377 
0.2344 2121 0.2305 2441 0.2820 2355 
0.2591 2097 0.2343 2435 0.3272 2294 
0.2709 2035 0.2542 2397 0.3390 2309 
0.2858 2064 0.2724 2415 0.3419 2231 
0.2915 2095 0.2962 2295 0.3541 2257 
0.3061 2026 0.3017 2309 0.3809 2181 
0.3392 1969 0.3102 2296 0.3965 2231 
0.3640 1950 0.3299 2291 0.3987 2192 
0.3655 1908 0.3385 2211 0.4293 2113 
0.3711 1974 0.3460 2227 0.4347 2067 
0.3995 1845 0.3759 2209 0.4527 2056 
0.4043 1929 0.3812 2138 0.4578 2109 
0.4256 1844 0.3906 2152 0.4699 2007 
0.4374 1791 0.4126 2117 0.4907 1956 
0.4461 1862 0.4304 2035 0.5069 1950 
0.4504 1794 0.4656 1968 0.5199 1896 
0.4782 1672 0.5121 1876 0.5412 1852 
0.4823 1706 0.5432 1756 0.5530 1823 
0.4968 1726 0.5758 1644 0.5620 1793 
0.5002 1691 0.5825 1732 
0.5135 1573 
0.5248 1637 
0.5276 1626 
0.5278 1626 
0.5343 1569 
0.5592 1587 
0.5678 1507 
0.5881 1449 
0.5901 1432 
0.6199 1340 
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TABLE 3 

Exper imenta l  values of the enthalpy of  mixing at the intersect ion points  (A, . . . ,  I) 

Points  Sect ions Coordinates  AmixH m A 

(J tool -1) (%) 

A Xcd/Xo ,  = 1/3 Xca= 0 .0769 1117 0.01 
Xaa/Xsn = 1/3 X~,=  0 .2308 1115 

XS, = 0.6923 

B Xcd/XG~ = 1/1 XCd=0.20 1570 0.8 
X6a/Xsn = 1 / 3  XG, = 0.20 1596 

XSn = 0.60 

C Xcd/Xa~ = 3/1 XCd = 0 .4286 2132 0.07 
X~a/Xs,  = 1/3 XGa= 0.1428 2135 

Xsn = 0 .4286 

D Xcd/XGa = 1/3 XCd = 0.1428 1839 0.03 
X~a/Xsn = 1/1 XGa = 0 .4286 1718 

XS, = 0.4286 

E XcJXGa = 1 /1  Xcd = 0.33 2270  3.4 
XGa/Xs~ = 1/1 xca = 0.33 2432 

Xs, = 0.33 

F Xcd/Xca = 1/1 Xcd = 0.60 2428 2.0 
xaa /Xs ,  = 1 /1  xQa = 0.20 2528 

Xsn = 0.20 

G Xcd/Xca = 1/3 XCd= 0.20 2153 0.12 
X c J X s ,  = 3/1 XCa = 0.60 2148 

Xsn = 0.20 

H Xcd/Xca = 1 /1  XCO = 0.4286 2544 4.3 
x c , / X s ,  = 3/1 xca = 0 .4286 2775 

XS .=0 .1428  

I Xcd/XG~ = 3/1 XCd = 0.6923 2356 3.0 
XGJXsn = 3/1 XC~ = 0.2308 2428 

XS~ = 0.0769 

TABLE 4 

Limiting molar  partial  enthalpies  of  cadmium and tin in binary and te rnary  alloys 

~r/m ® sn Alloy 5J'/m ® ca Alloy 
(J mo1-1) (J mol  - l )  

3200" Ga 66005 
5100 C d - G a  (Xc~/XG.= 1/3)  7900 
5600 Cd--Ga (XcJXGa = 1/1) 9700 
7200 Cd--Ga (Xcd/xG,, = 3 /1 )  10800 
9400 b Cd 129005 

8 n  

G a - S n  (xG~/Xs~ = 1/3) 
G a - S n  ( x 6 J x s , =  1/1)  
G a - S n  ( x c . / X s n  = 3/1)  
Ga 

aFrom ref. 19. 
bFrom ref. 11. 
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TABLE 5 

Parameters  obtained from the enthalpy data of the limiting binary systems and used in the 
Hoch-Arpshofen  calculation 

System n(x) W W + 
(kK) (J mol) (kK) 

Ga-Sn  2(Ga) 0.2097 1743.6 0.0024 
Ga-Cd 2(Ga) 0.6693 5564.0 0.0000 
Sn-Cd 3(Cd) 0.2031 1688.4 0.0027 

The H o c h - A r p s h o f e n  model  was der ived originally by  looking at  associa tes  
in the solut ion and at the s t rength  of  the bond  be tween  a toms  A and B 
which depends  on  the p resence  of  the o ther  a toms  in the associate.  This 
model  was appl ied to binary, t e rnary  and larger  metal l ic  sys tems [26, 
27]. 

For  a binary sys tem AB, the en tha lpy  of  mixing is r ep re sen t ed  by the 
following relation: 

AmixHm = W n x ( 1  - x  n - l )  

where  W is the in teract ion parameter ,  n is an in teger  (2, 3, 4, . . . )  and x 
is the molar  f ract ion of  the c o m p o n e n t  so that  the e x t r e m u m  of  kr, ixHm is 
at x >  0.5. The value of  n is chosen  such tha t  W, de te rmined  f rom ther- 
modynamic  data, is independen t  of  composi t ion .  F ro m  each exper imenta l  
point ,  one  value is obtained;  all these  can be  averaged  and a s tandard  
deviat ion obtained.  

For  a mu l t i componen t  system, the  en tha lpy  of  mixing is calculated f rom 
the en tha lpy  of  binary sys tems using the general  re la t ion with x = x~ ,  y = x  j ,  

in the mu l t i componen t  sys tem 

AmixHm = Z W i j n i j x [  1 - (1 - y ) ' ~ -  i] 
i j  

In Table  5 are col lec ted  the  values  of  W and of  n der ived f rom exper imenta l  
binary en tha lpy  data  given by eqns. (1 ) - (3 ) .  For  example  the nota t ion 2 
(Ga) ( G a - C d  system) indicates  that,  in this sys tem,  n = 2  and x is the 
molar  f rac t ion of  gallium to which the average  value of  W is equal  to  
0 .6693  kK; the co r respond ing  s tandard  deviat ion is indicated in the co lumn 
headed  _ .  

In Figs. 2 and 3 the exper imenta l  and calcula ted values  are repor ted .  
The d iscrepancies  be tween  the calculated enthalpies  are small and of  the 
same o rde r  of  magni tude  as the  exper imen ta l  error .  Never the less  the rela- 
t ion of  Muggianu e t  a l .  has been  re ta ined and a co r rec t ion  t e rm X A X B X c  

(axh -b  b x  B -b CXc) has been  in t roduced.  The values  of  the  coefficients a,  b 
and c are  respec t ive ly  - 4 .50(8)  kJ m o l -  1, + 11 .67(9)  kJ  m o l -  ' and - 4 .59(3)  
kJ m o l -  ' with xA = Xcd, X B  = XGa, XC ~ X S n .  
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Fig. 2. En tha lp ies  o f  f o r m a t i o n  o f  Cd-Ga- -Sn  l i qu id  a l loys  ob ta i ned  by  add i t i ons  o f  so l id  
cadmium to liquid Ga-Sn alloys at 740 K with XGa/Xsn= 1/3, 1/1 and 3/1: ©,  experimental 
results; , from the relation of Kohler; &, from the relation of Muggianu et al.; +, from 
the Hoch-Arpshofen model. 

5.  C o n c l u s i o n  

T h e  e n t h a l p y  o f  f o r m a t i o n  o f  t h e  C d - G a - S n  l i qu id  a l l o y  h a s  b e e n  m e a s u r e d  
b y  d i r e c t  h i g h  t e m p e r a t u r e  c a l o r i m e t r y  a n d  c a l c u l a t e d  f r o m  t h e  c o r r e s p o n d i n g  
e n t h a l p y  o f  f o r m a t i o n  o f  C d - G a ,  C d - S n  a n d  G a - S n  s y s t e m s  a l r e a d y  p u b l i s h e d  
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Fig. 3. Enthalpies of formation of Cd-Ga-Sn liquid alloys obtained by additions of solid tin 
to liquid Ga-Cd alloys at 740 K with xcd/xc,= 1/3, 1/1 and 3/1: ©, experimental results; , 
from the relation of Kohler; A, from the relation of Muggianu et al.; +, from the Hoch-Arpsliofen 
model. 

u s i n g  the  H o c h - A r p s h o f e n  m o d e l  a n d  two  p o l y n o m i a l  r e l a t i o n s  ( d u e  to Koh le r  
a n d  M u g g i a n u  e t  a l . ) .  The  d i s c r e p a n c y  b e t w e e n  the  c a l c u l a t e d  a n d  e x p e r i m e n t a l  
v a l u e s  is of  the  s a m e  o r d e r  of  m a g n i t u d e  as  the  e x p e r i m e n t a l  er ror .  So, to 
r e p r e s e n t  the  m i x i n g  e n t h a l p y  of  C d - G a - S n  l iqu id  al loy,  ove r  t he  en t i r e  



226 

m o l a r  f r a c t i o n  r a n g e ,  t h e  r e l a t i o n  o f  M u g g i a n u  e t  a l .  w i t h  a t e r n a r y  i n t e r a c t i o n  

t e r m  h a s  b e e n  r e t a i n e d .  
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