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The general procedure of calculation of mixing parameters AS*ix and AG^U 

in binary systems the components of which do not form compounds is 
presented. The excess functions can be calculated in this way assuming that the 
phase diagram of the system in question is known and that the corresponding 
enthalpies of mixing and of phase transitions are known in the chosen 
temperature range as well. 

В работе дан общий ход вычисления функций смешивания ^S,„ix и AG^ix 

в бинарных системах компоненты которых не образуют соединения. 
Избыточные функции можно рассчитать этим способом только в случае 
известной фазовой диаграммы данной системы и известных соответству­
ющих теплот смешения и теплот фазовых превращений в избранном 
температурном интервале. 

On the basis of thermodynamic excess functions AH^u, AS^ix (and therefore 
also AG^ix) of a binary system and from their isobaric temperature functions the 
values of some energetic and structural properties of the system can be calculated 
[1, 2] and compared with those of model solutions [3]. 

Knowing the isobaric temperature functions of heats of mixing and isobaric 
phase diagram of the studied system the thermodynamic molar excess functions can 
be calculated as follows. 

1. Calculation of excess entropy of a binary solution which coexists with crystals 

of component A or B. It is assumed that the concentration of the second 

component in the crystals is very low and that the components do not form 

compounds. 
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I. PROKS 

Let us have two phases a and ß which coexist in equilibrium. The components A 
and В are present in both phases. Then it holds 

(лА,а(х, Тец(х, y)) = [iA,ß(y, Тсц(х, у)) (1) 
and 

ßB.a(x, Т^(х, у)) = (лВф(у, Tcq(x, у)) (2) 

x and у are equilibrium mole fractions of component В in the phase a and ß, 
respectively, and Тсц(х, у) is the temperature at which both phases are in 
equilibrium (Fig. 1). The phase a is a solution for which in the concentration range 
0—xcut and at coexistence of both phases хШу and in the concentration range 
*cui—1 У =x (*eut being the mole fraction of component В in the eutectic solution). 

If the concentration у of component В in the phase ß is very low, the equilibrium 
between the almost pure crystal of the component A and the solution may be 
approximately described by the relation (for x^xeut) 

(Лл,а(х, Tcq(x, 0)) = (гАф(0, Тсц(х, 0)) (3) 

Г.ч(1.1) 

Тц(*.у) 

Fig. 1. Phase diagram of a binary system A—B. 

This relation can be used for calculation of excess entropy of a solution at the 
temperature Texp (the temperature for which the experimental data are known). 
From eqn (3) it follows 
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THERMODYNAMIC EXCESS FUNCTIONS 

HA,a(x, Teq(x, 0))-Teq(x, 0) ŠA,a(x, Teq(x, 0)) = 

= НАф(0,Тец(х, 0 ) ) - T e q ( x , 0) S A , , (0 ,T C 4 (A: , 0)) (4) 

or 
Q (Y T (, rm Ш^1 ľz£*2 Q))-^A. , (0 , Tcc,(x, 0)) 
ЬлАх, leq{x,ö))- Tcq(x,0) 

+ SAß(0,Te4(x,0)) (5) 

The value of the partial molar entropy of component A in the solution at the 
temperature T e x p equals 

č / r T ч_рл, а (х, Tcq(x, 0 ) ) - Я А , Д 0 , Teq(x, 0)) 

CA,a(x,T) 

lTcq(x,0) 

and thus for the partial molar entropy of mixing it follows 

+ | ~A-"Kf ' ' ď T (6) 

^ ^ г г п х , А , < Д - £» * e x p j — ^A.aV,-^? -* expj ^ A . o ^ i •* expj 

_ Я А , а ( * , Teq(x, 0 ) )-Я А ,р(0 , r e q (x, 0)) 

+ ^ — - d T - SA.ß(0, Teq(x, 0 ) ) + — 4 p — ^ d T + 

Ařf t r,A(T e q(0,0)) Г«р g U O T ) 1 
Te q(0,0) + J T f 4 ( a o ) г a i J U J 

The term in brackets equals SA,a(0, T e x p). ЛЯ, г.А(Т с ч(0, 0)) is the change in 
enthalpy at the phase transition of ß in a at equilibrium temperature. After 
rearranging eqn (7) we obtain (for x?áxeut) 

ДО (Y T .HAJX, Teq(x, 0 ) ) - Я А , Д 0 , Tcq(x, 0)) 
^*kJ mix,A,a\-*' ? •* exp/ rj-t • /-ч\ ' 

T«p č A , „ ( x , T ) H T гт-ч<»-»> cA,ß(o, т) н т ДЯ,г,А(Тсс,(0, 0)) 

/Тем(х.(» T 

т»- Сд.а(0, Г) 

/T e q ( j t ,0) •* J T C 4 ( X . Ü ) i X e q ^ U , VJ) 

Teg(0, 0) 
dT (8) 

The right side of eqn (8) can be expanded by adding zero differences of the 
quantities; then 
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I. PROKS 

^ ^ m i x . A . « ^ ? -»exp,) 

HAJX, ТСЦ(Х, 0 ) ) - Н А , Д ( ) , ТСЦ(Х, 0)) + Я А , а (0, Teq(jc, 0 ) ) - Н А , н ( 0 , TĽq(x, 0)) 
Тсч(х, 0) 

+ 

T - < , , 0 ) CA,,(0,T) d T + Г-^°> CA,t,(Q,T) d r _ f V ' 0 ) CA,a(Q,T) d T _ 

^H, r,A(TĽq(0,0)) fT-p СА,ц(0,Г) 
7^(0,0) J T e i ( ( , 0 ) T Q i * ^ 

After arithmetic operations we obtain the final relationship 

л ~ ( T , = ЛНтЫ,А.а(х, Teq(x, 0)) + Aff tr,A(Tcq(x, 0)) 
™ Х А Д Х ' e x p J Геч(х, 0) 

_ -T- Ačmlx.Ux, T) dT+ fT>°> лс,г,А(о,т) d T _ 

(10) 

Тсч(дс.О) •* J T C 4 ( X . < » T 

4H, r , A (T e q (0,0)) 
Гея(0, 0) 

In the same way we can calculate the partial molar entropy of mixing of 
component В in the range хШхси, and at the temperature T e x p . (The same 
assumption about coexistence of almost pure substance В with melt as in the 
former case has to be fulfilled.) 

* (Y T V. нвЛх,тихЛ))-НвАитсц(хА)) . 
ъ^ымЛХ, i c x p j - T Ľ q ( x , l ) 

,'T- čBAx,T)dT r ^ ( 1 , ) c B , , ( i , T ) d T M l r, f l(re q(i,i)) 
*.l) T JTC 4(JC.1) T Tcq(l,l) 

c B , a ( i ,T) d T ( n ) 
1) * 

or 
л ~ f rj, v _ ^ H m i x , B , a ( x , T e q ( x , 1)) + ЛЯ,г,в(ТСС)(дс, 1)) 
^ ^ m i x . B . u l ^ ' •* exp) rp / л \ I 

r T - 4č m i x , B ,„(*,r) d T | r^ 1 - , Mc, r , B ( i ,T) d T ля(г,в(теч(1Д)) ( 1 2 ) 

JT C 4 (X.I) * J T C 4 U . I ) T Teq(l,l) 
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THERMODYNAMIC EXCESS FUNCTIONS 

At the eutectic temperature both almost pure crystal components A and В 
coexist in equilibrium with a eutectic solution and therefore it is possible to 
calculate partial molar entropies of mixing . for both components 
(AŠmix.Afl(xeut, Tcxp) and /15miX.B.a(xeu,,TeXp). The values AŠmixM.tt(x, Гсхр) for x ^jcc u t 

and AŠmix.A.(/(x,TUp) for хШхсм are calculated using relevant integrated 
Gibbs—Duhem equations. 

For jc =jce u t 

and for x^xev 

Aömix_B.uyX, i exp) — A j mix.B.«(.^eut - ' exp) 

( • ^ « M - ^ W 1-х 
- dASmix.A,a(x, Tcxp) 

J ^ S m i x . A , „ ( x Ľ U , . T Ľ x p ) X 

Ajmix,Ajt\.X , 1 expj ^ - i ' J m i x . A . t í ^ c u t i -»exp/ 

" ^ Š . „(JC.T 1 

(/3) 

rA S„,,x.B<*-Tcxp> Г 

-r3-dzlSm,x.B.<Xx,r i ;xp) (/4) 

The excess entropy of a solution of components A and В at the temperature Tc x p 

is given by the relation 

AS*ix.a(x, Texp) = ASmix.a(x, Tcxp) - ASmix(id),„(*, TĽXP) = 

= (1 -x) AŠmix.A.(í(x, TĽxp) +xAŠmix,B,u(x, Гехр) + 

+ R [ ( l - j c ) l n ( l - j c ) + jclnjc] ( Í5) 

2. Approximate calculation of excess entropy at the formation of liquid phase a 
in a binary system A — В the components of which in the phase ß form solid 
solutions with limited solubility but do not form any compounds. 

The equilibrium between phases a and ß is described precisely by eqns (/) and 
(2) from which the following relationships can be derived 

HAAx,T^(x, y))-T^(x,y) SAAx,Teq(x,y)) = HA4}(0,Teq(x,y))-

- TĽ4(;t, у) SA.p-(0, Tcq(x,y)) + ЯТ с ч(х,у) In аАф(у, Tc q(x,y)) (16) 

and 

Я в , а (х,Т с ч (х,у))-Т с ч (д:,у)5 в . и (л:,Т с ч (х,у)) = Я в ,Д1,Г е ч (х,>;))-

-T L 4 (x ,y)S ß . , ( l , r c 4 (x ,y) ) + ÄT0 4(x,y)lnaß . , (y,r e q(x,y)) ( /7) 

Chem. zvesti32 (4) 433—440 (1978) 4 3 7 
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If the value of у in the phase ß with prevailing component A (resp. В) is near to 
zero (resp. to one) the activity coefficient may be considered in both cases as unit 
and the activity of component A (resp. В) in the phase ß with prevailing 
component A (resp. В) may be replaced by mole fraction of the component. Then 
treating eqns (16) and (17) in the same way as described in the previous paragraph 
we obtain for л:=§хеи1 

л<г / v x .^HA,a(x,Tcli(x,y))-HAß(0,TC4(x,y)) 
^^mix(fts).A.a \X•> l exp) ~ T (Y v} 

( | - ČAM(x, T) d T fT-.<»-"> C A , , ( 0 , T ) dT AH^jTJOM 
Те ч(д:.у) "» JT^X.y) * Тсц(0,0) 

-Г С±фТ±аТ-R In z(Teq(x,y)) (18) 

J T , . 4 ( O . < > ) -Í 

where z = l—y. For JC =JCeut 

л ^ / v T w H B . „ ( * , ľ c q ( * , y ) ) - H B , ß ( 1 , Т е ц ( х , у ) ) 
t-*iJmix(lis).B.«yX, -» exp) — y^ • ч 1" 

+ r - č B ( < ( x , T ) d T fT-(U,) CsAUT) d T ЛН1ГМ(ТМЛ)) 
)тсц(х.у) T ]тс„(.х,у) T Teq(l,l) 

Г- c B a ( i , r ) d T _ i ? l n ^ ( r ^ > ; ) ) ( i 9 ) 

jTe4(l,l) i 

The quantities having the index (ßs) denote the system in which a solution with 
low solubility of components is formed. Further treatment is similar as in the 
paragraph 1. Eqns (18) and (19) can be written in the simplified form; e.g. for 

^ ^ mix(lis).B.<t(X •> I exp) 

AŠmixm),BM(x, Гехр) = ÁŠmix.B.a(x, Tcxp) - R In y(Teq(x,y)) (20) 

3. Calculation of AG ты-

The values of á G L are calculated using the definition equation (Texp = const) 

AGlix = 4 H L - Tcxp z\S*ix = AHmix - Texp 4S^ i x (21) 

Eqns (8, iO—12, 15, 18—20) can be derived also from the temperature 
dependence of the changes in Gibbs energy, or more efficiently, from the Planck 
function Ф 
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THERMODYNAMIC EXCESS FUNCTIONS 

AGmx,(t(x,T) 
T 

дТ 
элФтШ1(х,ту 

дт 
_AHmU*,T) 

T2 (22) 

and 

дЛФ1г(ту 

дт cq 

Э Г AGŮV]' 
T 

дТ 
= R 

- eq 

dln — 
aß 

ЭТ _ 
AHir(T) 

T2 

eq 

(23) 

The second relationship is a special case of the van't Hoff reaction isobar (the 
LeChatelier—Shreder equation). 

4. Measurements of AHmix. 

The excess quantities AS^,ix and AG„ix (AH^,X = AHmix) can be calculated using 
eqns (15—21) assuming that the phase diagram of the system, heats of mixing and 
heats of phase transitions are known in the studied temperature range. 

4.1. For the systems in which mixing of pure components is sufficiently fast 
AHmix can be measured directly at chosen temperature using calorimetry for 
mixing. 

4.2. Dealing with the systems which do not obey the condition of sufficiently fast 
mixing AHmix must be determined using the following relation 

AHmix,a(x,Texp) = Ha(x,Tcxp)-(í -x) Я А , а (0,Г е х р )-хЯв, а (1,Т с х р ) = 

= H r c ,„(x,T Ľ X p )-( l -x) Я г с 1.А,а(0,Тс х р)-^Я г е 1,в.а(1,ГС ]!р) (24) 

where all quantities HTCl are increments in enthalpy measured with respect to the 
convenient reference state (which is the same for all phases). 

4.2.1. Dealing with the systems in which equilibrium is quickly achieved after 
cooling the convenient reference state can be the mechanical mixture of crystals of 
pure components at laboratory temperature. This condition is fulfilled e.g. in the 
case of some systems consisting of inorganic salts. The values Яг с, can be measured 
in this case using drop calorimetry. 

4.2.2. For the systems in which equilibrium after cooling is not achieved in 
reasonable time (e.g. metal alloys, systems known from silicate technology) as 
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I. PROKS 

standard state can be recommended the state of the system in an appropriate 
solution or in a mixture of its combustion products at chosen temperature, etc. In 
this case the values H r c, in eqn (24) must be replaced by the quantities 

*~»rel = — (^-"ccx)! I /j/iso|(comb)) \2j ) 

4H a x , i is the change in enthalpy measured at cooling the sample in drop calorimeter 
and 4Я 5 ( ) | , с п т Ь ) is heat of dissolution (or combustion) of the sample which was 
cooled up to laboratory temperature in the drop calorimeter. In this experimentally 
most complicated case heat of mixing can be obtained by the method of "double 
calorimetry of the same sample", i.e. using drop calorimetry and subsequently 
determining heat of solution or combustion. 
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