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The equations for the cryometry in the eutectic ideal systems were derived. 
Contrary to the generally accepted hypothesis it was found that this cannot 
be based on a relation analogous to Le Chatelier—Schroder's equation. 

For the equilibrium solidus — liquidus of the component г in a simple eutectic system 
in which no compounds are formed and the solubility of the components in the solid 
state does not exist, the following relation holds 

d In a{ = {- dT (1) 
RT* 

(the differential form of Le Chatelier —Schroder's equation), where a{ and AH\ are the 
activity and the enthalpy of fusion, respectively, of the component г, T is the tempera
ture, and R is the gas constant. 

For simplification, it is assumed that AH\ Ф f(T) and further the solution is ideal, 
i.e. a i = xt. Then by integration and rearrangement of eqn (2), for the temperature 
depression of the primary crystallization of the component г the following relation is 
obtained 

AT = T\ - T = - T( —In Xi), (2) 
AH\ 

where T\ and xt are the temperature of fusion (melting point — m.p.) and the mole 
fraction, respectively, of the component i. 

In a binary system А —В (x\ + х в = 1) in the proximity of the m.p. of the pure 
component A (XA « 1) it is approximatively valid that — In XA = — ln(l — хв) ~ #в-
Then, from eqn (2) for the m.p. depression of the substance A that was effected by mi
nor additions of the substance B, the well-known relation is obtained 

JT = ^±TxB. (3) 

The problem arises whether it is possible to carry out analogous measurements also 
in the eutectic mixtures A —B, i.e. to determine the depression of the eutectic tempera
ture effected by a minor addition of the substance C. For this case, Forland ([1], p. 105) 
derived an equation similar to eqn (3) by replacing T A in eqn (3) by T^ (eutectic tempe
rature), AH[

A by AHFj (enthalpy of fusion of the eutectic mixture, which is independent 
of the concentration of the component C, xc), and хв by Xc. However, it will be shown 
that the equation proposed by Forland has not a general validity. 
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L e t us consider a n ideal t e r n a r y sys tem А — В — C . I n this case e q n (1) m u s t hold for 
all t h r e e c o m p o n e n t s . F r o m t h e integral form of e q n (1) for t h e c o m p o n e n t s A a n d B, 
t h e e q u a t i o n of a project ion of t h e m o n o v a r i a n t line of t h e s imul taneous crystal l izat ion 
of these components , E P (Fig. 1) can be derived 

Fig. 1. T h e phase d i a g r a m of t h e t e r n a r y sys tem 

А — В — С in which n o solid solutions are formed. 

In X A. In XB - . - - . 
(4) 

Л Ж AHl 

T h e eutect ic concentra t ion of t h e c o m p o n e n t s A a n d В will be d e n o t e d as xA a n d x£ . 

I n eqn (4), t h e t empe ra tu r e is no t expressed expl ic i te ly; i t can be calcula ted b y in t ro
ducing eqn (4) in to t h e in tegral form of eqn (1) for t he components A a n d B , respecti
vely. 

As ment ioned above , Fo r l and ' s equa t ion for t h e depression of the eutect ic t empera 
t u r e [1] is based on t h e assumpt ion t h a t AH[

E = const. T h u s assuming t h e re la t ion 
AH^ = x± AEPA + %в dHß, t he ra t io of XA a n d XB on the monova r i an t line of t h e simul
t aneous crystal l izat ion of A a n d В should be also c o n s t a n t , i.e. it m u s t n o t be a function 

of xc • However , th is condit ion is satisfied only on t h e a s s u m p t i o n t h a t t h e m o n o v a r i a n t 

line E P is, a t least in t h e p r o x i m i t y of t h e b i n a r y eutect ic p o i n t E , ident ical w i t h t h e 

connect ing line E C . T h e d iagram presented in ([1], p . 104) for i l lus trat ion of t h e proposed 

re lat ion was d r a w n in such a w a y t h a t it m i g h t fulfil t h e above condit ion. However , 

in a c o m m o n case, t h e slope of t h e t a n g e n t t o t h e line of t h e s imul taneous crystal l izat ion 

of t h e c o m p o n e n t s A a n d В can be ca lculated after s u b s t i t u t i n g for A in e q n (4) t h e 

expression x\ = 1 — хв — xc b y differentiating e q n (4) as a n implicit function 

dxc XKAHPK 

= - 1 - A A . (5) 
dxB xBAWH 

E q n (5) can be derived also direct ly from t h e differential form of e q n (1). T h e slope 

of t h e connect ing line E C in oblique-angled coordinates equals — l/x^, whereas accord

ing t o e q n (5) for th i s slope we o b t a i n 

d:rc xA- z\HA 
l im — - = - 1 - - A . (6) 
Xc-»0 d # B ^ в ^ ^ B 

2 Q 9 Chem. zvesti 28 (2) 201-203 (1974) 



CRYOMETRY IN THE EUTECTIC MIXTURES 

This limit equals — l/x£ solely in case AHA = AH*B. Only in this case the ratio х\/хв 
in an ideal system is constant and equal to the ratio xA/xB . Consequently, the statement 
that the ratio #А/#в is constant implies the condition that the enthalpies of fusion of 
both components which compose the eutectic mixture are equal. 

Setting i — В from eqn (5) into eqn (1), the relation is obtained 

RT* 
c\T = — - dxc, (7) 

xAAHf

A + xBAHB 

which actually appears to be the differential form of the equation of the line of the simul
taneous crystallization of the components A and B. This equation may be derived also 
directly from eqn (1). From a comparison of eqns (7) and (1) it follows that in eqn (7) 
the increase in the concentration of the component С is presented as drcc and not as 
d In же. Only if AHf

A = AHBy by rearranging eqn (7) the relation is obtained 

RT* RT* 
dT = d(xA + xB) = d In (xA + xB). (8) 

AH*A (xA + xB) AHi 

In a limiting case for xc -> 0, from eqn (7) it follows: 

dT RT% 
lim = ? (9) 

sc->o cLrc ^A dHA -f xB AHB 

Thus the cryometric measurements may be performed also in the eutectic mixtures 

dT 
since the value of the lim can be determined. However, it is to be taken into 

sc-»o dxc 
consideration that the reasons, why the function AT = f(xc) is not linear, are in this 
case somewhat different. This difference must be considered in the experimental work, 
namely in the estimation of the maximal value of xc at which the error in the determi
nation of temperature resulting from the non-constant value of the denominator in 
eqn (7) still lies below the limit of the experimental determinability. 

In a common case, in the calculation of the enthalpy of fusion of an eutectic mixture 
evidently also the temperature dependence of AHA and AHB, as well as the enthalpy 
of mixing of these components must be considered. This, however, does not affect the 
principal meaning of the above-derived dependences. 
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