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By DTA and visual methods the phase diagrams of the ten binary systems formed by lithium, 
sodium, potassium, rubidium and cesium bromide with barium or strontium bromide have been 
drawn. Moreover, the fusion thermal effects regarding the eutectics and the congruent compounds 
singled out in the systems have been evaluated. 

The general thermodynamic behaviour of these systems is discussed in comparison with the 
ideal one. 

As part of a research program on the thermo-
dynamic properties of binary systems formed by 
couples of fused salts with mono-bivalent cations 1 , 
in the present paper the systems formed by BaBr2 

or SrBr., with (Li, Na, K, Rb, Cs)Br have been stud-
ied. These systems have been investigated by means 
of DTA in order to determine both the solid-liquid 
equilibria (SL) and the thermal effects accompany-
ing the fusion of the eutectics and of the congruent 
compounds. 

Information about the general thermodynamic 
behaviour of these binary mixtures are still very 
poor : phase diagrams of BaBr2 or SrBr2 + (Li, Na, 
K ) Br systems go bade to 1917 2 . 

Experimental Section 

The apparatus and the measurements technique 
(DTA and visual method) have already been describ-
ed 3. Platinel thermocouples have been used. All the 
salts (of BDH origin) have been dried following the 
usual methods suggested in the literature. 

In order to state the composition of the incongruent 
compounds in BaBr2 + (Rb,Cs) Br and SrBr2 + (Li,K) Br 
systems, the research has been extended to the deter-
mination of X-ray powder diffraction patterns for 
various compositions in each system, at proper tem-
peratures. The samples were pre-fused under N2 and 
cooled down slowly. Measurements have been perform-
ed by means of a Philips apparatus fitted with a high 
temperature camera (Material Research Corporation 
mod. X-86 N-II), employing Ni-filtered Cu radiation. 

Results and Discussion 

In Figs. 1 and 2 the phase diagrams of all the 
ten systems investigated are shown. 
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The compositions of the incongruent compounds 
2 B a B r 2 R b B r and 2BaBr 2 CsBr have been stated 
by comparison of the X-ray diffraction spectra of 
samples a t a r B a B r j = l ; 0 .8 ; 0 .66 ; 0 .5 ; 0 . 3 3 . 

In the analogous case of the systems SrBr2 + (Li, 
K)Br , the composition of the incongruent com-
pounds could not be singled out with the same cer-
tainty, because the formation reactions did not ap-
pear, on the basis of X-ray diffraction spectra, to 
be completed even after very long heating periods. 
However, the most likely compositions, based on 
DTA measurements, should be: 3 SrBr., • LiBr and 
SrBr2 -4 KBr. 

The heats of fusion of all the congruent com-
pounds singled out in the investigated systems have 
been measured: the corresponding values and the 
heats of fusion (A//Caic) calculated additively 4 are 
reported in Table 1. With these data it is possible 
to evaluate the quantity A AH = AHexp — AHC!l]c re-
presenting, as already discussed the sum AHmix 

+ AH diss G4#mix = heat of mixing of the pure salts; 
zl//(]jsg = heat of dissociaton of the congruent com-
pound in the pure and solid components). 

Compounds AH exp AH calc AAH 

BaBr 2 • 2 K B r 16.1 18.1 - 2 .0 
BaBr 2 • 2 RbBr 15.7 17.1 - 1.4 
BaBr 2 • 2 CsBr 14.4 17.0 - 2.6 

2 SrBr2 • K B r 15.9 15.6 + 0.3 
2 SrBr2 • RbBr 16.4 15.5 + 0.9 

SrBr2 • RbBr 8.5 10.5 - 2 . 0 
SrBr2 • CsBr 10.2 11.2 - 1.0 

Table 1. Heat (kcal/mole) of fusion of the congruent 
compounds. 

4 For the calculations, the following data have been used: for 
BaBr, / J f f f = 7 . 4 4 kcal/mole, zJCp,f = 5.97 cal-deg^-mole"1 

(mean values between those reported by different AA . 5 ' 8) ; 
for SrBr2 5 zd//f = 2.50, AHa>ß = 2.90 kcal/mole, Cpj=27.8, 
Cp3ß = 27.5 and Cp>a = 20.9 cal • deg-1 • mole-1; for the al-
kali bromides the AH{ reported by DWORKIN and BREDIG 7 

and an estimated value of ACptf = l c a l - d e g - 1 - m o l e -
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Fig. 2. Phase diagrams for the systems SrBr2+(Li, Na, K, Rb, Cs) Br. For pure SrBr2 the m.p. is 655 °C (other values 
643 2, 657 5 °C) ; the transition point is 646 °C (other values 645 5 °C) . 

It can be noted that the AAH values are in most 
cases negative, thus indicating an exothermic mix-
ing effect in these systems (AH^ISS ^ 0 ) . Only the 
two compounds 2SrBr 2 MeBr (Me = K and Bb) 
show a positive AAH: this might indicate that for 
these compounds a particularly high AH<jiss value 
is able to revers the sign of the sum AHm;x + AH^lS3. 

Similar measurements have been carried out on 
the eutectics formed by pure salts, and/or by con-

gruent compounds. In Table 2, AHexp and AHcaic 

are reported: these latter have been calculated ad-
ditively. 

In this case AAH represents the heat of mixing 
of the eutectic components. Also these AAH values 
show that, particularly for the systems containing 
(K, Rb, Cs)Br, an exothermic mixing effect is to be 
expected. 

The AAH in Tables 1 and 2, arising from differ-
ences of quantities known only with limited pre-



Eutectics A Hex p AHca.\c AAH 

BaBr2(0.23) + LiBr 4.7 4 .4 + 0.3 
BaBr2(0.42) + NaBr 5.9 6.0 - 0.1 
BaBr2(0.54) + BaBr 2 • 2 K B r 9.4 10.6 - 1.2 
BaBr* • 2 KBr(0.46) + K B r 9.3 10.6 - 1.3 
BaBr 2 • 2 RbBr(0.31) + R b B r 8.3 8.7 - 0 .4 
BaBr 2 • 2 CsBr(0.33) + CsBr 7.3 8.5 - 1.2 
SrBr2(0.58) + NaBr 5.1 5.0 + 0.1 
SrBr2(0.72) + 2 SrBr2 • K B r 6.9 7.9 - 1.0 
SrBr2(0.76) + 2 SrBr2 • RbBr 6.4 7.6 - 1.2 
2 SrBr2 • RbBr(0.35) 

+ SrBr2 • RbBr 10.6 11.3 - 0.7 
SrBr2 • RbBr(0.39) + RbBr 5.2 6.6 - 1.4 
SrBr2(0.83) + SrBr2 • CsBr 5.4 5.8 - 0.4 
SrBr2 • CsBr(0.25) + CsBr 5.2 6.7 - 1.5 

Table 2. Heat (kcal/mole) of fusion of the eutectics. 

cision (experimental errors on A H e x v , uncertain-
ties on ACp, etc.), are to be understood only as 
indicative and must be used with some caution. 

Thermodynamic Behaviour 

The liquidus curves regarding one of the two 
pure components, can be discussed with the equa-
t ion 8 : 

T - m 
ASi-R In xt K ' 

where: 
1 = BaBr 2 , SrBr2 9, or MeBr; 

Tx = SL equilibrium temperature ( ° K ) ; 
AHX = heat of fusion of 1, duly corrected to keep 

into account its dependence on the tempera-
ture 8 ; 

fjLx — excess potential of 1, related to the activity 
coefficient fx by ju±e = RTx\n fx; 

ASX = AHi/Ti,o (Ti,o = melting point of 1) ; 
xx = molecular fraction of 1. 

Equation (1) has been derived assuming that, for 
the couple of salts, the Temkin's model of the total 
dissociation and of random distribution of the cat-
ions are valid. If each ion behaves ideally, it must 
obviously be: 

Hi = 0 . (2) 

By the use of (1) and (2) and the figures already 
reported 4 , the ideal SL curves, drawn as continuous 
lines in Figs. 3 and 4 near the experimental data, 
have been calculated. 

8 C. SINISTRI and P. FRANZOSINI, Ric. Sei. 33 ( I I -A ) , 419 
[1963 ] . 

On the whole it may be said that the thermo-
dynamic behaviour of the five systems with BaBr2 , 
is not too far from the ideal one (see Fig. 3) where-
as more remarkable deviations are observed in sys-
tems with SrBr2 (see Fig. 4 ) . The negative deviation 
of the liquidus curves from ideality (experimental 
points lying under SL ideal curve) can be accounted 
for either by activity coefficients < 1 , or by the 
tendency to complex formation, as it has been al-
ready discussed in a previous paper 1 . 

As regards the effect of the alkali cations size it 
can be stated that in both cases the mixtures con-
taining lithium or sodium salts are those less deviat-
ing from ideal behaviour, while the mixtures with 
potassium, rubidium or cesium show marked nega-
tive deviations. 

As for the congruent compounds type Me2BaBr4 , 
using again the model of total dissociation: 

Me2BaBr4 2 Me+ + Ba+ + + 4 Br-
it is possible to calculate the ideal SL curves by the 
equation: 

In ÖMe2BaBr4 = - ^ + ( ^ + In 0.1481 ) . (3) 

In this equation, which is easily derived from (1) : 
9 

«Me2BaBr4 = Z*MeBr "^BaBr2 

0.1481 = 0 . 6 6 7 2 - 0 . 3 3 3 ; 

AH and T0 represent the heat and the temperature 
of fusion ( J K) of the congruent compound. 

In Fig. 5 the curves calculated by (3) are re-
ported as continuous lines in comparison with the 
experimental data. It may be observed that the ex-
perimental points and the calculated curves satis-
factorily agree in the case of the K2BaBr4 and 
Bb2BaBr4 compounds, whereas for Cs2BaBr4 there 
is a negative deviation from the ideal behaviour. 

Similar calculations are shown in Fig. 6 for the 
congruent compounds, type MeSr2Br5 and MeSrBr3 . 

Negative deviations from the ideal behaviour 
(which is again represented by a solid line) are 
shown also in this case: they are however more 
pronounced than in the case of the systems con-
taining BaBr 2 . 

This is in agreement with the general behaviour 
of the systems with SrBr2 . 

This work has been carried out with the aid of the 
Consiglio Nazionale delle Bicerche (Rome). 

9 In the evaluation of AHX and ZlS! for this salt, the transition 
effects (see Ref. 8) should be also taken in to account. 
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Fig. 3. Behaviour of the ideal curves rich in BaBr2, LiBr, Fig. 4. Behaviour of the ideal curves rich in SrBr,, LiBr, 
NaBr, KBr, RbBr, CsBr (continuous lines) in comparison NaBr, KBr, RbBr, CsBr (continuous lines) in comparison 

with the experimental data. with the experimental data. 
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Fig. 5. Behaviour of the ideal curves regarding the congruent 
compounds Me2BaBr4 (continuous lines) in comparison with 

the experimental data (small circles). 

Fig. 6. Behaviour of the ideal curves regarding the congruent 
compounds MeSr2Br5 and MeSrBr3 (continuous lines) in com-

parison with the experimental data (small circles). 


