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Abstract 
The concentration dependent thermodynamic behaviour of Mg-In-Cd melts 
at 850 K has been analysed in terms of the excess free energy of mixing, free 
energy of mixing, activity coefficient and activity of first element i.e. Mg on 
applying MIVM known as molecular interaction volume model. The compu-
tations of the mentioned thermodynamic functions require the input param-
eters, which are ascertained from the parameters needed for the concerned 
binary system at 850 K. The theoretical values for the excess free energy of 
mixing, free energy of mixing and activity for In-Mg at 923 K, In-Cd at 800 K 
and Cd-Mg at 923 K are in well agreement with the corresponding experi-
mental results. The concentration dependence of the excess free energy of 
mixing, free energy of mixing, activity coefficient and activity of first element 
i.e. Mg for Mg-In-Cd system at 850 K for three cross-sections namely :Cd Inx x  
= 3:2, 2:3 and 1:4 indicate that Mg-In-Cd melts at 850 K is more stable for 
cross-section 3:2 followed by 2:3 and 1:4 respectively. 
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1. Introduction 

Mg-In-Cd liquid alloys are composed of Mg, In and Cd. The presence of In and 
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Cd significantly decreases the melting point of Mg. The interactions between 
Mg, In, and Cd in the liquid state become crucial for explaining the behavior of 
Mg-In-Cd melts. The specific properties of Mg-In-Cd melts depend upon the 
characteristics of each constituent elements. Mg-In-Cd melts have wide range 
of applications in soldering due to the specific thermal characteristics having 
low melting point. It is clear that Mg-In-Cd consist of three binaries, namely In-
Mg, Cd-Mg and In-Cd, in which In-Mg and Cd-Mg are ordered alloys while In-
Cd is a segregating alloy [1]. Further, Cd-Mg at 923 K and Cd-In at 800 K are 
complex forming alloy [1] which influence the thermodynamic behavior of Mg-
In-cd alloys. It is interesting to mention that Cd-In melt at 800 K is an excep-
tional alloy having both the complex formation tendency as well as segregating 
character. The researchers have employed theoretical model such as CALPHAD 
technique [2] as well as experimental studies [3] to assess the phase diagram as 
well as thermodynamic properties of Mg-In-Cd melts. The Mg-In-Cd melts are 
a matter of ongoing research to promote the understanding of their character-
istics and potential applications. It is factual that Mg-In-Cd melt is not directly 
applicable to local industries but critical for material scientists interested in 
growing new materials.  

In-Mg melt at 923 K is an ordered alloy [1] in which there is the existence of 
InMg2, InMg3 and In2Mg5 chemical complexes (or chemical compounds). The 
concentration dependence of E

MG , E
MS , and MH  are asymmetric while MG

and MS  are symmetric about equiatomic composition, x  = 0.5 for In-Mg 
melts at 923 K. The activities Ina  and Mga  exhibit negative deviation from Ra-
oult’s law. The negative values of E

MG  and MH , and negative deviations of Ina  
and Mga  from ideal mixing behaviour indicate the ordering character of In-Mg 
melts at 923 K. The unique properties of In like ability of wetting as well as bond-
ing to non-metallics such as glass, mica, quartz, glazes, ceramics and different me-
tallic oxides make In and In- based alloys suitable for wide range of applications 
as solders and contact alloys. It is to be noted that in In-Mg liquid alloys, there 
exists primary bonding known as metallic bonding, where delocalized electrons 
from Mg form a shared “sea” of electrons that hold the positive ions together [4]. 
Therefore, it becomes necessary to have a good knowledge of the properties of 
mixing like thermodynamic, microscopic, transport and surface properties of In-
Mg liquid alloys. The interesting behavior and potential applications of In-Mg 
melts have drawn the attentiveness of several researchers [5]-[7]. The mixing 
properties of In-Mg liquid alloys at 900 K have been theoretically explored [8] on 
employing the complex formation model [9] [10]. Thus, In-Mg melts is a suitable 
candidate for theoretical investigation. 

The phase diagram [1] indicates the existence of CdMg and CdMg3 chemical 
complexes in Cd-Mg system. The properties of mixing of Cd-Mg melts at 923 K 
illustrate symmetries for E

MG , MG , E
MS , MS  and MH  about x  = 0.5. The 

activities of Cd and Mg i.e. Cda  and Mga  illustrate the negative deviations 
from linearity. The negative values of E

MG  and MH , and negative deviations of 
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Cda  and Mga  from linear law advocate the ordering nature of Cd-Mg melts at 
923 K. In periodic table Cd lies in group 12 (IIB). The pure Cd is highly reactive 
due to which it has limited applications but the Cd- based alloys have a wide range 
of industrial applications [11] [12]. Cd-Mg system possesses low melting point, 
excellent corrosion resistance, low electrical resistance, low friction coefficient, 
good galvanic compatibility, excellent damping property, solderability. Therefore, 
Cd-Mg system has potential applications in aerospace, mining, nuclear, electrical 
etc. [3] [13]. The mixing properties of Cd-Mg liquid system have drawn the atten-
tion of many researchers [3] [13]-[18]. Therefore, Cd-Mg liquid alloys are an ap-
propriate prospective material for theoretical investigation. 

The phase diagram [1] indicates that there exists InCd3 chemical complexes in 
In-Cd system. The properties of mixing like E

MG  exhibit asymmetric nature 
while MG , E

MS , MS  and MH  show symmetric character of In-Cd melts at 
800 K relative to the concentration. It is interesting to note that concentration 
dependent values of E

MG  and MH  are positive in the whole concentration re-
gion, Inx  = 0.1 to 0.9 while the activities Ina  and Cda  exhibit positive devia-
tions from ideal behavior. Thus, In-Cd melt at 800 K is a segregating system with 
the existence of chemical complexes, which is an exceptional case. This shows the 
anomalous behavior of In-Cd melts at 800 K with regards to the mixing properties. 
In-Cd melts have potential applications including casting, soldering, bearing as-
sembly, radiation shielding and ballast. Again, In-Cd-based ternary alloy like Ag-
In-Cd are very important and utilized in nuclear power plants [19]. Earlier, phase 
diagram of Cd-In system has been investigated [20]. It is required to point out 
that there is scanty of theoretical and experimental data of the thermodynamic 
behavior of In-Cd melt in the literature. Thus, In-Cd melt is a proper binary melt 
for theoretical exploration. 

Therefore, the interesting thermodynamic behaviour and potential applications 
of the Mg-In-Cd as well as the concerned binaries alloys become indispensable for 
the theoretical understanding of the Mg-In-Cd molten alloys. 

In present research work, MIVM approach [21] is employed for the analysis of 
the thermodynamic properties namely excess free energy of mixing, E

MG , free 
energy of mixing, MG , activity coefficient and activity of Mg-In-Cd melts at 850 
K. Earlier, the thermodynamics of several binary liquid alloys such as Zn-Bi, Bi-
Sn, Pb-Bi, Fe-Mn, Cd-Tl, Ti-Al, Ni-Pd etc. [22]-[28] and several ternary liquid 
alloys namely In-Bi-Sn, Al-Sn-Zn, Mn-Fe-C, Sn-Ag-Cu etc. [29]-[33] have been 
investigated by MIVM model.  

2. Formalism 

The fluid-based model, MIVM (i.e. molecular interaction volume model) has been 
described by Tao [21] and deduced from statistical thermodynamics, fluid-phase 
equilibria and the fundamental concept of the non-random exchange of liquid 
molecules. The molecular excess free energy of mixing of the ternary molten alloys 
(1-2-3) is expressed as [21]. 
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where, iZ ( 1, 2,3i = ) stands for the first coordination numbers for the constitu-
ent molecules 1,2 and 3 respectively, ix  ( 1,2,3i = ) represents the concentration 
(or mole fraction) of the constituents 1,2 and 3 respectively 12A , 21A ; 23A , 32A ; 
and 31A , 31A  denote the pair-potential energy interaction parameters between 
the constituent elements 1-2, 2-3 and 1-3 for the concerned binary systems (1-2), 
(2-3) and (1-3) respectively, 1mV , 2mV  and 3mV  represent the molar volume of 
elements 1, 2 and 3 respectively. Since, the ternary system (1-2-3) is composed of 
three binary systems (1-2), (2-3) and (1-3). It is remarkable to note that in MIVM, 
the computations for the ternary system require only binary interaction parame-
ters. The ternary interaction term used in general solution model (GSM) [34], is 
not taken into account [21]. Despite this, the MIVM is successfully employed to 
predict the thermodynamic properties of several ternary alloys. Therefore, the po-
tential energy interaction parameters are determined for each binary system.  
Let us consider a binary system ( i j− ) for which the expression for the molar 
excess free energy of mixing may be represented by [21]. 
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 (2) 

where, ix  and jx  are the compositions (or mole fractions) of i and j compo-
nents respectively, iZ  and jZ  stands for the first coordination numbers for the 
constituent molecules i and j respectively. ijA  and jiA denote the pair-potential 
energy interaction parameters and miV  and mjV  are the molar volumes of ele-
ments i  and j  respectively. Now, ijA  and jiA may be expressed as [21]. 

 exp ji ii
jiA

kT
ε ε− 

= − 
 

 and exp ij jj
ijA

kT
ε ε− 
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 

 (3) 

with, iiε , jjε and jiε  refer to pair potential energies for i i− , j j−  and 
i j−  pairs respectively, so that  ji ijε ε= , k and T represent Boltzmann constant 
and absolute temperature of the binary liquid alloy respectively.  

Again, the value of co-ordination number of an element of the binary system 
can be determined from the relation given below [21]. 

 
( )3 34 2 exp

3
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i i mi
mi oi c mi
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r r Z RTT
ρ
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 (4) 

with miH∆  and miT  are enthalpy at melting temperature and melting temperature 
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respectively; CZ is taken to be 12 for closed packed structure; 0.6022
i i i

mi

N V
V

ρ = =   

= molecular number density; mir and oir  = initial and fist peak values of radial dis-
tribution function of the molten metal i near melting temperature respectively, and 
R is the molar gas constant. The radial distances are expressed as  

 cov0.918oi ir d=  and mi ir σ=  (5) 

where, iσ  and cov id  = atomic diameter and atomic covalent diameter respec-
tively. 

The activity coefficients of the component ( ),i jµ =  of a binary melt in terms 
of E

MG  can be expressed as [21]. 

( )ln 1
E

E M
M

GRT G x
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µ
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= + −
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Therefore, 
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 (6) 

From equation (6), the activity coefficients for constituents i  and j  of the 
binary melt i j−  can be represented respectively as  
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where, ( )1j ix x= −  and ( )1i jx x= −  
Employing equation (2) in (7) and (8), we can obtain respectively 
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The equations (9) and (10) are the analytical expressions from which iγ  and 

jγ  of the binary melt i j−  can be calculated.  
From definition, the activity coefficient and activity of the component µ  of a 

binary melt are related as 

 a xµ µ µγ=  (where, ,i jµ = ) (11) 

From equation (11), the activities of the components i  and j  of the binary 
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melt i j−  can be expressed as [30]. 

 i i ia xγ=  (12) 

 j j ja xγ=  (13) 

The equations (12) and (13) can be utilized to determine the activities ia  and 

ja  respectively of the binary melt i j− . 
The expressions for activity coefficients of the components of the alloy in infi-

nite dilute solution range i.e. ix  or ix → 0, are, respectively, given by  
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The pair-potential energy interaction parameters, ijA and jiA can be deter-
mined by solving equation (14) and (15) on applying Newton-Rapson method. 

Now, for a ternary melt (1-2-3), the activity coefficient of the component i  
( 1i ≡ ) is expressed as [15]. 
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Using equations (1) in (16), we can obtain 
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which is the analytical expression for the activity coefficient of the component i
( 1i ≡ ) of a ternary system (1-2-3). 

Now, the activity coefficient and activity of the component 1 may be related as  

 1 1 1a xγ=  (18) 

The equations (17) and (18) are utilized to determine the theoretical values of 
the activity of component i  of a ternary system (1-2-3).  

Now, the free energy of mixing, MG  for a ternary system may be represented as 
E id

M M MG G G
RT RT RT

= +  
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Again, for a ternary system, the ideal free energy of mixing, id
MG  at a given 

temperature T may be represented by 

 [ ]1 1 2 2 3 3ln ln lnid
MG RT x x x x x x= + +  (20) 

Using equation (1) and (20), we get 
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which is the required analytical expression for MG of a ternary liquid alloy.  

3. Result and Discussion 

The analytical expressions (1), (21), (17) and (18) are employed to compute 
E
MG RT , MG RT , iγ and ia  respectively of Mg-In-Cd melts at 850 K. For cal-

culations, the input parameters required are evaluated from the concerned binary 
systems i.e. In-Mg melts at 923 K, In-Cd melts at 800 K and Cd-Mg melts at 923 K. 

The necessary parameters of pure In, Cd and Mg are presented in Table 1 [35]. 
For a binary system i-j, the coordination number iZ  and jZ of the constituents 
are determined from equation (4) which are presented in Table 2. The values of 

jiA  and ijA  are determined on solving equations (14) and (15) by Newton-
Raphson method using the experimental values of the infinite dilute activity coef-
ficients i.e. iγ

∞  and jγ
∞  [1]. The values of jiA  and ijA slightly changed in order 

to achieve a good agreement between the theory and experiment [1] for the excess 
free energy of mixing, E

MG RT  of the concerned binary alloys [25] [26]. The best 
fit values jiA and ijA at required temperature are also depicted in Table 2. 
 
Table 1. Input parameters for the pure metals [35]. 

Metal,i miH∆ (KJ/mole) iσ (×10−8 cm) oir (×10−8 cm) miV (cm3/mole) at m.p. 

Mg 8.8 3.10 2.52 ( )415.3 1 1.6 10 923T−+ × −    

In 3.26 3.14 2.70 ( )416.3 1 0.97 10 429.5T−+ × −    

Cd 6.4 3.0 2.54 ( )414.0 1 1.6 10 594T−+ × −    

 

Table 2. Estimated values of ijA , jiA , iZ , jZ as well as iγ
∞  and jγ

∞  of the binary liquid 

alloys. 

i j−  T(K) ijA  jiA  iZ  jZ  
iγ
∞ [1] jγ

∞ [1] 

In-Mg 923 1.6886 0.9315 9.48 9.69 0.010 0.068 

In-Cd 800 1.1871 0.6983 9.59 9.63 2.386 1.571 

Cd-Mg 923 1.1047 1.2997 9.45 9.69 0.118 0.082 
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3.1. Results for E
MG , MG and ( )a i j,µ µ =  of In-Mg and Cd-Mg at 

923 K, and In-Cd at 800 K 

The equation (2) is used to ascertain the values of E
MG RT  for In-Mg and Cd-Mg 

at 923 K, and In-Cd at 800 K as a function of concentration, px  (p = In, In, Cd). 
The theoretical results and correlated experimental results [1] depicted in Figure 1, 
demonstrate well concord in the complete range of composition, x = 0.1 to 0.9. 

For In-Mg system at 923 K, E
MG RT  vs Inx  isotherm denotes the negative 

values of E
MG RT  in the complete composition range of In i.e. Inx  = 0.1 to 0.9 

with minima at Inx  = 0.4 i.e. –0.8684 (Theory) and –0.8581 (Experiment) having 
an error of 1.2%. Thus, the asymmetry in E

MG RT  as well as ordering nature [36] 
of In-Mg melts at 923 K are successfully explained.  

Again, Cd-Mg melts at 923 K, it is found that E
MG RT  are negative in the 

whole concentration range of Cd i.e. Cdx  = 0.1 to 0.9 having minima at Cdx = 
0.5 i.e. –0.6005 (Theory) and –0.6055 (Experiment) with an error of 0.83%. Thus, 
the symmetry in E

MG RT  as well as ordering nature [36] of Cd-Mg melts at 923 
K are successfully discussed. 

Further, for In-Cd liquid alloys at 800 K, E
MG RT  exhibit positive values in 

the entire composition range of In i.e. Inx  = 0.1 to 0.9 with maxima at Inx = 0.4 
i.e. 0.1577 (Theory) and 0.1517 (Experiment) having an error of 3.96%. Thus, the 
asymmetry in E

MG RT  as well as segregating nature [36] of In-Cd melts at 800 K 
are well reproduced. 
 

 

Figure 1. E
MG RT  vs Xp (p = In, Cd, In) for In-Mg melts at 923 K, In-Cd melts at 923 K 

and Cd-Mg melts at 800 K. 
 

Equation (19) is used to determine the values of MG RT  for In-Mg and Cd-
Mg both at 923 K, and In-Cd at 800 K as a function of concentration, px (p = In, 
In, Cd). The theoretical results and correlated experimental results [1] presented 
in Figure 2, exhibit well agreement in the complete range of composition, x = 0.1 
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to 0.9. 
For In-Mg system at 923 K, MG RT - Inx  isotherm represents the symmetry 

in MG RT  for In-Mg melts at 923 K and the minima are observed at Inx  = 0.5 
i.e. –1.5495 (Theory) and –1.5405 (Experiment) with an error of 0.6%.  

For Cd-Mg melts at 923 K, MG RT - Cdx  isotherm explains the symmetry in 

MG RT  for Cd-Mg melts at 923 K because the lowest values of MG RT  are 
observed at Cdx  = 0.5 i.e. –1.2937 (Theory) and –1.2994 (Experiment) having an 
error of 0.4%. 

For In-Cd melts at 800 K, the symmetric nature of MG RT  for In-Cd melts 
at 800 K is displayed by MG RT - Inx  isotherm because the minimum values of 

MG RT  are found at Inx = 0.5 i.e. –0.5393 (Theory) and –0.5444 (Experiment) 
with an error of 0.9%. 
 

 

Figure 2. MG RT  vs Xp (p = In, Cd, In) for In-Mg melts at 923 K, In-Cd melts at 923 K 
and Cd-Mg melts at 800 K. 
 

For the computations of activity of both the components of each alloy namely 
In-Mg at 923 K, Cd-Mg at 923 K and In-Cd at 800 K from the equations (12) and 
(13), the theoretical values of activity coefficients of both the components of the 
concerned binary alloys are required. For this, the equations (9) and (10) are uti-
lized to determine the theoretical values of both the components of the alloys such 
as In-Mg at 923 K, Cd-Mg at 923 K and In-Cd at 800 K. The theoretical results 
and corresponding experimental results [6] for both the components of the alloys 
under consideration are depicted in Figure 3 with respect to the concentration. 

For In-Mg liquid alloys at 923 K, the theoretical results for Ina  and Mga are 
compared with the correlated experimental results [1] which are in well harmony 
as illustrated in Figure 3. The negative departures of Ina  and Mga from ideal 
mixing value refer to the ordering character [36] for In-Mg melts at 923 K. It is 
remarkable to mention that the well harmony between theory and experiment for 

Ina  and Mga validates the reasonable values of jiA  and ijA . 
For comparison of Cda  and Mga  of Cd-Mg melts at 923 K, the theoretical 

https://doi.org/10.4236/wjcmp.2026.164007


N. K. Roy et al. 
 

 

DOI: 10.4236/wjcmp.2026.164007 125 World Journal of Condensed Matter Physics 
 

results and corresponding experimental results [1] are illustrated in Figure 3. A 
well concord is noticed between theory and experiment. The negative deviations 
of Cda  and Mga from ideal behavior stand for the ordering nature [36] of Cd-
Mg melts at 923 K. Again, the harmony between theory and experiment provides 
the validity to the approximated values of jiA  and ijA . 

For In-Cd melts at 800 K, the theoretical results as well as correlated experi-
mental results of Ina  and Cda  [1] are mentioned in Figure 3. A well harmony 
is observed between theory and experiment. The positive deviations of Ina  and 

Cda from ideal mixing behavior advocate the segregating character [36] of In-Cd 
melts at 800 K. Again, the harmony between theory and experiment justifies the 
evaluated values of jiA  and ijA . 
 

 

Figure 3. Activity vs Xp (p = In, Cd, In) for In-Mg melts at 923 K, In-Cd melts at 923 K and 
Cd-Mg melts at 800 K. 

3.2. Results for E
MG , MG  and ( )a i j,µ µ =  of Mg-In-Cd Melts at 850 K 

The MIVM model has further been employed to investigate the thermodynamic 
behaviour of Mg-In-Cd melts at 850 K in terms of E

MG RT , MG RT , Mgγ  and 

Mga  as a function of concentration of Mg. For the computations of the thermo-
dynamic properties of Mg-In-Cd melts, the required input parameters for the con-
cerned binaries are evaluated at 850 K.  

At a desired temperature i.e. T K, the values of jiA  and ijA  are estimated us-
ing equations [21] as mentioned below 

( ) ( )0 0ln lnji ii
ji jiT A T T A T

kT
ε ε−

− = =   

 ( ) ( )0 0ln
exp ji

ji

T A T
A T

T
 

=   
 

 (22) 
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and 

( ) ( )0 0ln lnij jj
ij ijT A T T A T

kT
ε ε−

− = =  

 
( )0 0ln

exp ij
ij

T A T
A

T
 

=   
 

 (23) 

where, T0 = 923 K (for In-Mg and Cd-Mg); and 800 K (for In-Cd)  
The evaluated input parameters are mentioned in Table 3.  

 
Table 3. Input parameters for binary systems. 

i j−  T (K) miV  (cm3/mole) mjV  (cm3/mole) ijA  jiA  iZ  jZ  

Cd-Mg 850 14.57 15.12 1.1142 1.3293 9.56 9.81 

In-Cd 850 16.96 14.57 1.1752 0.7132 9.55 9.56 

In-Mg 850 16.96 15.12 1.7663 0.9258 9.55 9.81 

 

Now, expression (1) is utilized to determine the theoretical values of 
E
MG RT  relative to the concentration of Mg for Mg-In-Cd liquid alloys at 850 

K for the cross-sections namely, :Cd Inx x  = 3:2, 2:3 and 1:4. The choice of these 
cross sections is due to the fact that the activities of the component, Mg for Mg-
In-Cd melts at 850 K are available in the literature [3]. The theoretical results of 

E
MG RT  for Mg-In-Cd melts at 850 K relative to the composition of Mg are 

reported in Table 4 and displayed in Figure 4. It is obvious that, for each cross-
section, E

MG RT  exhibit negative value at each composition of Mg in the re-
gion, Mgx  = 0.1 to 0.9 for Mg-In-Cd melts at 850 K. The negative values of 

E
MG RT  for each cross-section in the entire concentration range indicate that 

Mg-Cd and Mg-In are the dominating systems in Mg-In-Cd melts at 850 K as a 
result of which Mg-In-Cd melt at 850 K is an ordered system. Again, the mag-
nitude and position of minima are changed on changing the cross-section i.e. 
the minimum values of E

MG RT  are – 0.8265 at Mgx  = 0.6 for cross-section 
:Cd Inx x  = 3:2; which is followed by – 0.7958 at Mgx  = 0.4 for cross-section 

1:4; and – 0.7896 at Mgx  = 0.5 for cross-section 2:3 respectively. In the region 
0.0 0.4Mgx≤ ≤ , the values of E

MG RT  are minimum for cross-section 1: 4 
which is followed by those for the cross-sections 2:3 and 3:2 respectively and in 
the region 0.5 1.0Mgx≤ ≤ , the values of E

MG RT  are minimum for cross-sec-
tion 3:2 which is followed by those for the cross-sections 2:3 and 1:4 respectively. 
It is necessary to mention that the experimental results for Mg-In-Cd melts at 
850 K are not found in the literature for comparison. 

Expression (21) is used to ascertain the theoretical values of MG RT  for Mg-
In-Cd liquid alloys at 850 K for the aforesaid cross-sections. The theoretical results 
of MG RT  are mentioned in Table 5 and shown in Figure 5. Obviously, 

MG RT  indicates negative value at each concentration of Mg in the region, Mgx  
= 0.1 to 0.9 for Mg-In-Cd melts at 850 K for each cross-section. The negative value 
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of MG RT  is minimum for the cross-section :Cd Inx x  = 3:2 followed by that 
for the cross-section 2:3 and 1:4 respectively in the composition region 
0.0 0.3Mgx≤ ≤  and in the region, 0.4 0.1Mgx≤ ≤ , the negative value of  
 
Table 4. E

MG RT  for Mg-In-Cd Liquid Alloys at 850 K. 

For : 3 : 2Cd Inx x =  

Mgx  Cdx  Inx  E
MG RT  

0.1000 0.5400 0.3600 −0.1158 

0.2000 0.4800 0.3200 −0.3802 

0.3000 0.4200 0.2800 −0.5878 

0.4000 0.3600 0.2400 −0.7347 

0.5000 0.3000 0.2000 −0.8161 

0.6000 0.2400 0.1600 −0.8265 

0.7000 0.1800 0.1200 −0.7591 

0.8000 0.1200 0.0800 −0.6057 

0.9000 0.0600 0.0400 −0.3566 

For : 2 : 3Cd Inx x =  

Mgx  Cdx  Inx  E
MG RT  

0.1000 0.3600 0.5400 −0.2308 

0.2000 0.3200 0.4800 −0.4580 

0.3000 0.2800 0.4200 −0.6282 

0.4000 0.2400 0.3600 −0.7395 

0.5000 0.2000 0.3000 −0.7896 

0.6000 0.1600 0.2400 −0.7756 

0.7000 0.1200 0.1800 −0.6941 

0.8000 0.0800 0.1200 −0.5411 

0.9000 0.0400 0.0600 −0.3116 

For : 1: 4Cd Inx x =  

Mgx  Cdx  Inx  E
MG RT  

0.1000 0.1800 0.7200 −0.5027 

0.2000 0.1600 0.6400 −0.6506 

0.3000 0.1400 0.5600 −0.7483 

0.4000 0.1200 0.4800 −0.7958 

0.5000 0.1000 0.4000 −0.7932 

0.6000 0.0800 0.3200 −0.7398 

0.7000 0.0600 0.2400 −0.6349 

0.8000 0.0400 0.1600 −0.4775 

0.9000 0.0200 0.0800 −0.2664 
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MG RT  becomes minimum for cross-sections 1 :4 followed 2 :3 and 3:2 respec-
tively. Overall, the magnitude of MG RT  is minimum i.e. – 1.8458 at Mgx  = 

0.5 for cross-section 3:2; – 1.8192 for cross-section 2:3 at Mgx  = 0.5 and – 1.7691 

for cross-section 1:4 at Mgx  = 0.4. Thus, the theoretical results predict that Mg-
In-Cd melts at 850 K have lowest values of MG RT  for cross-section :Cd Inx x  
= 3:2 followed by :Cd Inx x  = 2:3 and :Cd Inx x  = 1:4 respectively. 
 

 

Figure 4. E
MG RT  vs Mgx  for Mg-In-Cd system at 850 K for cross-sections, :Cd Inx x  = 

3:2, 2:3 and 1:4. 
 
Table 5. MG RT  for Mg-In-Cd Liquid Alloy at 850 K. 

For : 3 : 2Cd Inx x =  

Mgx  E
MG RT  id

MG RT  MG RT  

0.1000 −0.1158 −0.9308 −1.0466 

0.2000 −0.3802 −1.0388 −1.4190 

0.3000 −0.5878 −1.0820 −1.6697 

0.4000 −0.7347 −1.0768 −1.8115 

0.5000 −0.8161 −1.0297 −1.8458 

0.6000 −0.8265 −0.9422 −1.7687 

0.7000 −0.7591 −0.8128 −1.5718 

0.8000 −0.6057 −0.6350 −1.2407 

0.9000 −0.3566 −0.3924 −0.7490 

For : 2 : 3Cd Inx x =  

Mgx  E
MG RT  id

MG RT  MG RT  

0.1000 −0.2308 −0.9308 −1.1616 
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Continued 

0.2000 −0.4580 −1.0388 −1.4968 

0.3000 −0.6282 −1.0820 −1.7101 

0.4000 −0.7395 −1.0768 −1.8163 

0.5000 −0.7896 −1.0297 −1.8192 

0.6000 −0.7756 −0.9422 −1.7178 

0.7000 −0.6941 −0.8128 −1.5069 

0.8000 −0.5411 −0.6350 −1.1761 

0.9000 −0.3116 −0.3924 −0.7040 

For : 1: 4Cd Inx x =  

Mgx  E
MG RT  id

MG RT  MG RT  

0.1000 −0.5027 −0.7754 −1.2782 

0.2000 −0.6506 −0.9007 −1.5513 

0.3000 −0.7483 −0.9611 −1.7094 

0.4000 −0.7958 −0.9733 −1.7691 

0.5000 −0.7932 −0.9433 −1.7365 

0.6000 −0.7398 −0.8732 −1.6129 

0.7000 −0.6349 −0.7610 −1.3959 

0.8000 −0.4775 −0.6005 −1.0780 

0.9000 −0.2664 −0.3751 −0.6416 
 

 

Figure 5. MG RT  vs Mgx  for Mg-In-Cd system at 850 K for cross-sections, :Cd Inx x  = 

3:2, 2:3 and 1:4. 
 

Equation (17) is used to determine the concentration dependence of Mgγ  for 
Mg-In-Cd liquid alloys at 850 K on using the same values of input parameters in 
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order to maintain the consistency for the cross-sections :Cd Inx x  = 3:2, 2:3 and 
1:4. The theoretical results are reported in Table 6 and displayed in Figure 6. It is 
obvious that the value of Mgγ  increases on increasing the composition of Mg for 
each cross-section. Overall, the values of Mgγ  are maximum for the cross-section 
1:4 followed by that for cross-sections 2:3 and 3:2 respectively. 
 
Table 6. Activity Coefficient of Mg in Mg-In-Cd Ternary Liquid Alloys at 850 K. 

For : 3 : 2Cd Inx x =  

Mgx  Cdx  Inx  Mgγ  

0.1000 0.5400 0.3600 0.0687 

0.2000 0.4800 0.3200 0.1080 

0.3000 0.4200 0.2800 0.1654 

0.4000 0.3600 0.2400 0.2464 

0.5000 0.3000 0.2000 0.3553 

0.6000 0.2400 0.1600 0.4930 

0.7000 0.1800 0.1200 0.6526 

0.8000 0.1200 0.0800 0.8151 

0.9000 0.0600 0.0400 0.9861 

For : 2 : 3Cd Inx x =  

Mgx  Cdx  Inx  Mgγ  

0.1000 0.3600 0.5400 0.0624 

0.2000 0.3200 0.4800 0.1066 

0.3000 0.2800 0.4200 0.1727 

0.4000 0.2400 0.3600 0.2655 

0.5000 0.2000 0.3000 0.3868 

0.6000 0.1600 0.2400 0.5331 

0.7000 0.1200 0.1800 0.6926 

0.8000 0.0800 0.1200 0.8435 

0.9000 0.0400 0.0600 1.0194 

For : 1: 4Cd Inx x =  

Mgx  Cdx  Inx  Mgγ  

0.1000 0.1800 0.7200 0.0733 

0.2000 0.1600 0.6400 0.1289 

0.3000 0.1400 0.5600 0.2101 

0.4000 0.1200 0.4800 0.3188 

0.5000 0.1000 0.4000 0.4520 

0.6000 0.0800 0.3200 0.6006 

0.7000 0.0600 0.2400 0.7494 

0.8000 0.0400 0.1600 0.8787 

0.9000 0.0200 0.0800 1.0563 
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Figure 6. Mgγ  vs Mgx  for Mg-In-Cd system at 850 K for cross-sections, :Cd Inx x  = 3:2, 

2:3 and 1:4. 
 

The activity, Mga  for Mg-In-Cd at 850 K has been calculated from equation 
(18) on using the theoretical results of Mgγ for the aforementioned cross-sections. 
The theoretical data for Mga of Mg-In-Cd at 850 K are presented in Table 7 and 
illustrated in Figure 7. The experimental data for the concentrations, Mgx  = 0.1 
to 0.6 of Mga , available in the literature [3] are also included in Table 7 and Fig-
ure 7. The Mga - Mgx  isotherms [Figure 7(a)~(c)] indicate reasonable agreement 
between the theoretical results and experimental results of Mga  for each cross-
section in the region, 0.0 0.6Mgx≤ ≤ . The theoretical results for Mga  of Mg-In-
Cd at 850 K exhibit negative deviation from ideal mixing behavior for each cross-
section under consideration in the concentration region, 0.0 0.85Mgx≤ ≤ , which 
refers to the ordering nature of Mg-In-Cd melts at 850 K. However, the Mg-In-
Cd melt at 850 K demonstrate weak segregating nature beyond Mgx  = 0.85 as 
mentioned in Figure 7(d).  
 
Table 7. Activity of Mg in Mg-In-Cd Liquid Alloys at 850 K. 

For : 3 : 2Cd Inx x =   

Mgx  Cdx  Inx  Mga (Theory) Mga [3] ,Expt. ,TheoryMg Mga a−  

0.1000 0.5400 0.3600 0.007 0.010 0.003 

0.2000 0.4800 0.3200 0.022 0.026 0.005 

0.3000 0.4200 0.2800 0.050 0.052 0.002 

0.4000 0.3600 0.2400 0.099 0.109 0.011 
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Continued 

0.5000 0.3000 0.2000 0.178 0.193 0.016 

0.6000 0.2400 0.1600 0.296 0.329 0.014 

0.7000 0.1800 0.1200 0.457 -  

0.8000 0.1200 0.0800 0.652 -  

0.9000 0.0600 0.0400 0.887 -  
For : 2 : 3Cd Inx x =   

Mgx  Cdx  Inx  Mga (Theory) Mga [3] ,Expt. ,TheoryMg Mga a−  

0.1000 0.3600 0.5400 0.006 0.008 0.002 

0.2000 0.3200 0.4800 0.021 0.022 0.001 

0.3000 0.2800 0.4200 0.052 0.055 0.003 

0.4000 0.2400 0.3600 0.106 0.102 0.004 

0.5000 0.2000 0.3000 0.193 0.180 0.013 

0.6000 0.1600 0.2400 0.320 0.349 0.061 

0.7000 0.1200 0.1800 0.485 -  

0.8000 0.0800 0.1200 0.675 -  

0.9000 0.0400 0.0600 0.917 -  
For : 1: 4Cd Inx x =   

Mgx  Cdx  Inx  Mga (Theory) Mga [3] ,Expt. ,TheoryMg Mga a−  

0.1000 0.1800 0.7200 0.007 0.009 0.001 

0.2000 0.1600 0.6400 0.026 0.022 0.004 

0.3000 0.1400 0.5600 0.063 0.048 0.015 

0.4000 0.1200 0.4800 0.128 0.091 0.036 

0.5000 0.1000 0.4000 0.226 0.178 0.048 

0.6000 0.0800 0.3200 0.360 0.293 0.231 

0.7000 0.0600 0.2400 0.525 -  

0.8000 0.0400 0.1600 0.703 -  

0.9000 0.0200 0.0800 0.951 -  
 

  
(a)                                                  (b) 
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(c)                                                  (d) 

Figure 7. (a) Mga  vs Mgx  for Mg-In-Cd system at 850 K for cross-sections, :Cd Inx x  = 3:2; (b) Mga  vs Mgx for Mg-In-Cd sys-

tem at 850 K for cross-sections, :Cd Inx x  = 2:3; (c) Mga  vs Mgx  for Mg-In-Cd system at 850 K for cross-sections, :Cd Inx x  = 1:4; 

(d) Mga  vs Mgx  for Mg-In-Cd system at 850 K for cross-sections, :Cd Inx x  = 3:2, 2:3 and 1:4. 

 

The standard errors for Mga have been computed from the equation given be-
low: 

 ( ) ( )2
,Expt

1 2
*

,Pre
1

Standard error 1 n

i i
i

i a aS
n =

 = ± −  
∑  (24) 

The computed values of the standard errors for Mga  are found to be 0.0099%, 
0.0255% and 0.0977% respectively for cross-sections :Cd Inx x  = 3:2, 2:3 and 1:4.  

4. Conclusions 

From present theoretical study, it may be concluded that 
 The theoretical results of E

MG  and MG agree well with the correlated exper-
imental results available in the literature for the systems like In-Mg at 923 K, 
Cd-Mg at 923 K and In-Cd at 800 K. 

 The observed asymmetries in E
MG RT  for In-Mg at 923 K and In-Cd at 800 

K, as well as symmetries in E
MG RT  for Cd-Mg at 923 K are successfully ex-

plained.  
 The sign and magnitude of the values of E

MG RT  indicate that In-Mg and 
Cd-Mg at 923 K are weakly ordering in nature while In-Cd at 800 K is feebly 
segregating in nature. 

 The negative departures of Ina  and Mga  for In-Mg at 923 K; Cda  and 

Mga  for Cd-Mg at 923 K from ideal mixing behavior indicate the weakly or-
dering character of the alloy i.e. In-Mg and Cd-Mg at 923 K, while the positive 
departures of Ina  and Cda  for In-Cd at 800 K from ideal mixing behavior 
exhibit the weakly segregating nature of the In-Cd at 800 K. 

 The theoretical results for E
MG RT  indicate that Mg-In-Cd melt at 850 K is 

an ordered system for each cross-section under consideration because the 
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values of E
MG RT are negative in the complete concentration region, Mgx = 

0.1 to 0.9. 
 The concentration dependence of MG RT for Mg-In-Cd melts at 850 K 

shows that the values of MG RT are negative in the whole range of concen-
tration for each cross-section having minima –1.8458 at Mgx  = 0.5 for cross-
section :Cd Inx x  = 3:2 followed by –1.8192 at Mgx  = 0.5 for cross-section 

:Cd Inx x  = 2:3 and –1.7691 at Mgx  = 0.4 for cross-section :Cd Inx x  = 1:4 re-
spectively. This explores that Mg-In-Cd system at 850 K may be more stable 
for cross-section :Cd Inx x  = 3:2 followed for the cross-section :Cd Inx x  = 2:3 
and :Cd Inx x  = 1:4 respectively about Mgx = 0.5. 

 The theoretical results for Mga of Mg-In-Cd at 850 K calculated from the the-
oretical data of activity coefficient Mgγ , exhibit good agreement with the cor-
responding experimental results for above mentioned cross sections in the 
concentration region Mgx  = 0.1 to 0.6. It is pointed out that the experimental 
results Mga  of Mg-In-Cd at 850 K are available only for the concentrations 

Mgx  = 0.1 to 0.6 with negligible standard error. The present results of Mga  
indicate that Mg-In-Cd system at 850 K is an ordered system. However, in 
higher concentration region of Mg, Mg-In-Cd system at 850 K exhibits slightly 
segregating nature for the cross-section :Cd Inx x  = 2:3 and :Cd Inx x  = 1:4. 

Thus, MIVM model is a reliable and suitable model to explain the thermody-
namic behaviour of binary as well as ternary alloys. 

Author Contributions 

Conceptualization, I. S. Jha and J. Mandal; methodology, N. K. Roy; validation, 
I.S. Jha & J. Mandal; formal analysis, N. K. Roy, N. Kumari & S. K. Bhagat; inves-
tigation, N. K. Roy & S. K. Bhagat; writing original draft preparation, N. K. Roy; 
writing-review and editing, R. Prabhu; visualization, I. S. Jha; supervision, J. Man-
dal. All authors have read and agreed to published version of the manuscript. 

Conflicts of Interest 

The authors declare no conflicts of interest regarding the publication of this paper. 

References 
[1] Hultgren, R., Desai, P.D., Hawkins, D.T., Gleiser, M. and Kelley, K.K. (1973) Selected 

Values of the Thermodynamic Properties of Binary Alloys, ASM, Metal Park, Ohio.  

[2] Castanet, R., Moser, Z. and Gasior, W. (1980) Thermodynamic Studies and the Phase 
Diagram of the Mg-Cd System. Calphad, 4, 231-239.  
https://doi.org/10.1016/0364-5916(80)90009-7 

[3] Moser, Z., Gasior, W. and Panek, Z. (1984) Thermodynamic Properties of Liquid Mg-
Ln-Cd Ternary Solutions. Metallurgical Transactions B, 15, 543-546.  
https://doi.org/10.1007/bf02657386 

[4] Acioli, P.H. and Jellinek, J. (2002) Electron Binding Energies of Anionic Magnesium 
Clusters and the Nonmetal-to-Metal Transition. Physical Review Letters, 89, Article 
213402. https://doi.org/10.1103/physrevlett.89.213402 

https://doi.org/10.4236/wjcmp.2026.164007
https://doi.org/10.1016/0364-5916(80)90009-7
https://doi.org/10.1007/bf02657386
https://doi.org/10.1103/physrevlett.89.213402


N. K. Roy et al. 
 

 

DOI: 10.4236/wjcmp.2026.164007 135 World Journal of Condensed Matter Physics 
 

[5] David, N., El Aissaoui, K., Fiorani, J.M., Hertz, J. and Vilasi, M. (2004) Thermody-
namic Optimization of the In-Pb-Sn System Based on New Evaluations of the Binary 
Borders In-Pb and In-Sn. Thermochimica Acta, 413, 127-137.  
https://doi.org/10.1016/j.tca.2003.10.020 

[6] Minic, D., Zivkovic, D. and Zivkovic, Z. (2001) Calorimetric Investigation of the Pb-
In Binary System. Thermochimica Acta, 372, 85-91.  
https://doi.org/10.1016/s0040-6031(01)00443-9 

[7] Mudry, S., Sklyarchuk, V., Yakymovych, A. and Shtablavyi, I. (2007) The Structure 
and Viscosity Features in In-Bi Near-Eutectic Melts. Physics and Chemistry of Liq-
uids, 45, 675-681. https://doi.org/10.1080/00319100701434395 

[8] Anusionwu, B.C. and Adebayo, G.A. (2010) Mixing Properties in the In-Pb and In-
Mg Liquid Alloys. Physica B: Condensed Matter, 405, 880-887.  
https://doi.org/10.1016/j.physb.2009.10.007 

[9] Bhatia, A.B. and Singh, R.N. (1982) Thermodynamic Properties of Compound Form-
ing Molten Alloys in a Weak Interaction Approximation. Physics and Chemistry of 
Liquids, 11, 343-351. https://doi.org/10.1080/00319108208080755 

[10] Singh, R.N. (1987) Short-Range Order and Concentration Fluctuations in Binary 
Molten Alloys. Canadian Journal of Physics, 65, 309-325.  
https://doi.org/10.1139/p87-038 

[11] Boswell, P.G. and Chadwick, G.A. (1979) The Structure of Splat-Quenched Cad-
mium-Zinc Alloys. Journal of Materials Science, 14, 1269-1279.  
https://doi.org/10.1007/bf00549297 

[12] Anusionwu, B.C., Madu, C.A. and Orji, C.E. (2009) Theoretical Studies of Mutual 
Diffusivities and Surface Properties in Cd-Ga Liquid Alloys. Pramana, 72, 951-967.  
https://doi.org/10.1007/s12043-009-0088-6 

[13] Ren, X., Li, C., Guo, C. and Du, Z. (2012) A Thermodynamic Assessment of the Cd-
Mg System. Thermochimica Acta, 534, 1-8. https://doi.org/10.1016/j.tca.2012.01.016 

[14] Hasegawa, M. and Young, W.H. (1977) Pseudopotential Theory of the Solid-Liquid 
Transition in Binary Alloys: Applications to CdxMg1-x and NaxK1-x. Journal of Physics 
F: Metal Physics, 7, 2271-2283. https://doi.org/10.1088/0305-4608/7/11/008 

[15] Alloys, M., Singh, R.N. and Mishra, I.K. (1988) Conditional Probabilities and Ther-
modynamics of Binary. Physics and Chemistry of Liquids, 18, 303-319.  
https://doi.org/10.1080/00319108808078606 

[16] Asta, M., de Fontaine, D. and van Schilfgaarde, M. (1993) First-Principles Study of 
Phase Stability of Ti-Al Intermetallic Compounds. Journal of Materials Research, 8, 
2554-2568. https://doi.org/10.1557/jmr.1993.2554 

[17] Xu, S., Ikpi, M.E., Dong, J., Wei, J., Ke, W. and Chen, N. (2012) Effects of Cadmium 
Alloying on the Corrosion and Mechanical Properties of Magnesium. International 
Journal of Electrochemical Science, 7, 4735-4755.  
https://doi.org/10.1016/s1452-3981(23)19578-2 

[18] Ahmad, S., Chaudhary, R.P., Mandal, J. and Jha, I.S. (2023) Thermodynamics of 
Compound Forming Cd-Mg Liquid Alloys: A Theoretical Approach. Materials To-
day: Proceedings. https://doi.org/10.1016/j.matpr.2023.05.153 

[19] Long, C.S., Xiao, H.X. Gao, W. and Chen, H.S. (2015) Calculation of Chemical Com-
position of Ag-In-Cd Alloy after Irradiation. Atomic Energy Science and Technology, 
49, 1844-1848.  

[20] Dutkiewicz, J., Zabdyr, L., Zakulski, W., Moser, Z., Salawa, J., Horrocks, P.J., et al. 
(1992) Cd-In (Cadmium-Indium). Journal of Phase Equilibria, 13, 261-269.  

https://doi.org/10.4236/wjcmp.2026.164007
https://doi.org/10.1016/j.tca.2003.10.020
https://doi.org/10.1016/s0040-6031(01)00443-9
https://doi.org/10.1080/00319100701434395
https://doi.org/10.1016/j.physb.2009.10.007
https://doi.org/10.1080/00319108208080755
https://doi.org/10.1139/p87-038
https://doi.org/10.1007/bf00549297
https://doi.org/10.1007/s12043-009-0088-6
https://doi.org/10.1016/j.tca.2012.01.016
https://doi.org/10.1088/0305-4608/7/11/008
https://doi.org/10.1080/00319108808078606
https://doi.org/10.1557/jmr.1993.2554
https://doi.org/10.1016/s1452-3981(23)19578-2
https://doi.org/10.1016/j.matpr.2023.05.153


N. K. Roy et al. 
 

 

DOI: 10.4236/wjcmp.2026.164007 136 World Journal of Condensed Matter Physics 
 

https://doi.org/10.1007/bf02667551 

[21] Tao, D.P. (2000) A New Model of Thermodynamics of Liquid Mixtures and Its Ap-
plication to Liquid Alloys. Thermochimica Acta, 363, 105-113.  
https://doi.org/10.1016/s0040-6031(00)00603-1 

[22] Ding, G.H., Liang, L.M., Meng, P., Wang, L., Wang, Y.X., Wang, Y.J., et al. (2019) 
Application of the Molecular Interaction Volume Model to the Assessment of Ther-
modynamic Properties of Liquid Zn-Bi Alloys. Metallic Materials, 57, 55-60.  
https://doi.org/10.4149/km_2019_1_55 

[23] Roy, N.K., Chaudhary, R.P., Vrind, N., Sahu, R.K., Mandal, J. and Jha, I.S. (2026) 
Microscopic Properties of BiSn Melts at Various Temperatures by Molecular Inter-
action Volume Model. AIP Conference Proceedings, 3397, Article 020002.  
https://doi.org/10.1063/5.0348363 

[24] Liang, L.M., Ren, X., Wang, Y., Zhu, C. and Wang, Y.X. (2025) Thermodynamic-
Guided Transport Properties of Liquid Pb-Bi Alloys via Molecular Interaction Mod-
eling. Journal of Phase Equilibria and Diffusion, 46, 366-374.  
https://doi.org/10.1007/s11669-025-01200-8 

[25] Roy, N.K., Vrind, N., Bhagat, S.K., Prabhu, R., Mandal, J. and Jha, I.S. (2026) Tem-
perature and Composition Reliance of the Mixing Properties of Fe-Mn Melts by Mo-
lecular Interaction Volume Model. World Journal of Condensed Matter Physics, 16, 
37-54. https://doi.org/10.4236/wjcmp.2026.163003 

[26] Roy, N.K., Singh, A.P., Chaudhary, R.P., Mandal, J. and Jha, I.S. (2026) Theoretical 
Predictions of Thermodynamic Behavior for Cd-Tl Melts at Different Temperatures. 
World Journal of Condensed Matter Physics, 16, 55-72.  
https://doi.org/10.4236/wjcmp.2026.163004 

[27] Odusote, Y.A., Jabar, J.M., Bolarinwa, H.S. and Akinbisehin, A.B. (2019) Application 
of Molecular Interaction Volume Model in Separation of Ti-Al Alloys in Vacuum 
Distillation. Vacuum, 169, Article 108885.  
https://doi.org/10.1016/j.vacuum.2019.108885 

[28] Roy, N.K., Vrind, N., Sahu, R.K., Mandal, J. and Jha, I.S. (2025) Prediction of the 
Alloying Behaviour of Ni-Pd Melts by Molecular Interaction Volume Model. IOP 
Conference Series: Materials Science and Engineering, 1334, Article 012005.  
https://doi.org/10.1088/1757-899x/1334/1/012005 

[29] Sah, S.K., Jha, I.S. and Koirala, I. (2023) Theoretical Examination of Some Thermo-
dynamic Properties in In-Bi-Sn Liquid Alloy and Its Sub-Binary Systems. Journal of 
Electronic Materials, 52, 6350-6359.  
https://doi.org/10.1007/s11664-023-10571-y 

[30] Odusote, Y.A., Popoola, A.I., Adedayo, K.D. and Ogunjo, S.T. (2017) Thermody-
namic Properties of Al in Ternary Lead-Free Solder Al-Sn-Zn Alloys. Materials Sci-
ence-Poland, 35, 583-593. https://doi.org/10.1515/msp-2017-0080 

[31] Chen, H., Gao, L., Zhan, W., He, Z. and Zhang, Z. (2022) Application of the Molec-
ular Interaction Volume Model for Calculating Activities of Elements in Ferroman-
ganese Alloys: Mn-C, Mn-Fe, Fe-C, and Mn-Fe-C System. Crystals, 12, Article 682. 

[32] You, Y., Kong, L., Xu, J., Xu, B., Liu, G. and Yang, B. (2021) Prediction of Activities 
of All Components in Sn-Ag-Cu and Sn-Ag-Cu-Zn Lead-Free Solders Using Modi-
fied Molecular Interaction Volume Model. Results in Chemistry, 3, Article 100143.  
https://doi.org/10.1016/j.rechem.2021.100143 

[33] Roy, N.K., Singh, A.P., Kumari, N., Chaudhary, R.P., Sahu, R.K., Mandal, J. and Jha, 
I.S. (2025) Theoretical Analysis of The Thermodynamic Behaviour of Fe-Ni-Pd Melts 

https://doi.org/10.4236/wjcmp.2026.164007
https://doi.org/10.1007/bf02667551
https://doi.org/10.1016/s0040-6031(00)00603-1
https://doi.org/10.4149/km_2019_1_55
https://doi.org/10.1063/5.0348363
https://doi.org/10.1007/s11669-025-01200-8
https://doi.org/10.4236/wjcmp.2026.163003
https://doi.org/10.4236/wjcmp.2026.163004
https://doi.org/10.1016/j.vacuum.2019.108885
https://doi.org/10.1088/1757-899x/1334/1/012005
https://doi.org/10.1007/s11664-023-10571-y
https://doi.org/10.1515/msp-2017-0080
https://doi.org/10.1016/j.rechem.2021.100143


N. K. Roy et al. 
 

 

DOI: 10.4236/wjcmp.2026.164007 137 World Journal of Condensed Matter Physics 
 

at 1873K. International Journal of Innovative Research in Science and Engineering, 
11, 44-60.  

[34] Chou, K.C. (1995) A General Solution Model for Predicting Ternary Thermodynamic 
Properties. Calphad, 19, 315-325. https://doi.org/10.1016/0364-5916(95)00029-e 

[35] Iida, T. and Guthrie, R.I.L. (1988) The Physical Properties of Liquid Metals. Claren-
don Press.  

[36] Singh, R.N. and Sommer, F. (1997) Segregation and Immiscibility in Liquid Binary 
Alloys. Reports on Progress in Physics, 60, 57-150.  
https://doi.org/10.1088/0034-4885/60/1/003.  

https://doi.org/10.4236/wjcmp.2026.164007
https://doi.org/10.1016/0364-5916(95)00029-e
https://doi.org/10.1088/0034-4885/60/1/003

	Theoretical Assessment of the Thermodynamics of Molten Mg-In-Cd Alloys and Concerned Binary Systems
	Abstract
	Keywords
	1. Introduction
	2. Formalism
	3. Result and Discussion
	3.1. Results for , and  of In-Mg and Cd-Mg at 923 K, and In-Cd at 800 K
	3.2. Results for ,  and  of Mg-In-Cd Melts at 850 K

	4. Conclusions
	Author Contributions
	Conflicts of Interest
	References

