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Abstract-The solid solubility and the chemical spinodal have been calculated for several pressures 
from an extended theory of the authors based on the substitu tional defect model of Dick and Das. 
The systems considered are LiBr-LiI, NaBr-Nal. KBr-K1. RbBr-Rbl. and NaCI-KCI. The maxima 
of the exsolutioo dome. of the chemical spinodal and of the coherent spinodal are found to increa~e 
and to become narrowed with increasing pressure. For three systems the temperature difference 
between the chemical and the coherent spinodal decreases with increasing pressure, for one system it 
increases . and for the remaining system it increases initially with increasing pressure and decreases 
after passing through a maximum. The direction in which spinodal decomposition should occur is 
found to be dependent on pressure for several systems. 

I. lJ'I,'TRODUCfION 

IN TWO previous papers [1.2] (referred to as 
I and I I) the authors have investigated the 
heat of formation. the entropy of mixing and 
the solid solubility of alkali halide solid solu
tions on the basis of an extension of the sub
stitutional defect model of Dick and Das [3]. 
While this earlier work was restricted to zero 
pressure, it is the objective of the present 
paper to extend the previous work to investi
gate theoretically the pressure dependence 
of solid solubility for several alkali halides 
and to determine the effect of pressure on 
spinodal decomposition. 

A study of solid solubility at high pressure 
is relevant for several reasons. First. it is 
of interest to investigate whether the effect 
of thermal motion and of external pressure 
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act. as is usual for many physico-chemical 
properties in opposite directions. In the ab
sence of any experimental data for alkali 
halides this question cannot be answered 
beforehand because the elastic shear constants 
determine the solid solubility curve and the 
coherent spinodal via the vibrational contribu
tion to the entropy of mixing. and through the 
strain term. respectively. and because for 
some alkali halides the pressure derivative 
of the shear constant C-44 is negative (See 
e.g. the compilation in [4]). 

The pressure dependence of solid solubility 
is also of interest in geophysics. For example, 
in determining the composition of the core 
of the earth the solubility of the main con
stituent of the mantle. olivine «Mg. Fe)~Si04) 
in the iron-rich core must be known in the 
megabar range [5]. Although the t'wo systems 
are very different one would hope that the 
present work on alkali halides may serve as a 
first step towards the study of more com
plicated systems. 
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Finally, the decomposition of solid solu
tions, especially through the spinodal mechan
ism, has recently been utilized for the prepara
tion of multi phase and high-strength materials 
[6-8]. and it is conceivable that the applica
tion of pressure as an additional parameter 
will be useful for materials engineering. 

Spinodal decomposition was first predicted 
from thermodynamic principles by Gibbs [91. 
It consists of a mechanism for the decomposi
tion of solid solutions which occurs in that 
region of the p-T -x phase diagram in which 
the second derivative of the Gibbs free energy 
with respect to composition is negative. While 
for metals [1 0], glasses [I I] and ionic materi als 
[12] the occurrence of spinodal decomposition 
has been confirmed ·experimentally, it is 
still uncertain, however, whether or not ob
served phase separations in alkali halides 
are due to the spinodal mechanism [13-15]. 
This lack of understanding has in part moti
vated the present study. It is hoped that the 
theoretical results ·obtained will stimulate 
further experimenta.l work in this area. 
Perhaps a crucial experiment may be designed 
by introducing pressure as an additional vari
able, or the interpretation of new experimental 
data may be facilitated, so that it will be 
possible to determine whether the spinodal 
mechanism is active or not. 

2. METHOD AND ASSUMPTIONS 

The solid solubility curves at non-zero 
pressure are determined by the free energy 
function 

G *= QF-TAS+p(Vss -v.II) (2.1) 

where QF is the heat of formation, AS is the 
total entropy of solution. Vss and VA( are the 
volumes of the solid solution and mechanical 
mixture, respectively, and p and T are the 
pressure and temperature respectively. All 
extensive quantities will be referred to one 
mole throughout this paper. The solid solu
bility curve can be calculated from the free 
energy function (2.1) by the method of equal 
tangents [16]. 

The chemical spinodal is the boundary 
between the two regions in which the crystal 
should decompose theoretically either by 
classical nucleation (metastable region) or by 
spinodal decomposition , commonly referred 
to as nonclassical nucleation (unstable region). 
The chemical spinodal is defined as the locus 
of points for which 

(2.2) 

where G * is the free energy function and x 
represents the composition in mole fractions 
of one of the components. Cahn [17, 18] has 
introduced another spinodal, called the 
coherent spinodal, which is defined by 

iJ
2
G* + W= 0 
iJr (2.3) 

and which should describe the spinodal 
observed experimentally. The 'strain term' 
HI takes into account the elastic strain 
associated with the decomposition. This 
strain term is positive and causes a lowering 
of the chemical _spinodal. i.e. it enhances 
the stability of the solid solution by increasing 
the metastable region and decreasing the 
unstable region. For cubic crystals the strain 
term is given by [18] 

(2.4) 

where Tf = (l/r)(ar/iJx) is the derivative of 
the nearest neighbor distance in the solid solu
tion with respect to composition, and Y is 
an orientation dependent elastic coefficient. 
Spinodal decomposition occurs in the direc
tion for which the coefficient Y has a minimum, 
which corresponds to (100) for a < 0 and 
(111 ) for a > 0 where 

a = CII - CJ2 - 2c« (2.5) 
2C44 

is the elastic anisotropy factor. The corre-

'. 
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sponding minImum values of the coefficient 
Yare [18] 

Y _ {(ell +2cl:!) (c1l-C I2 )/c1l (a < 0) 
- 6(c1l + 2CI~)CH/(Cll + 2c12 + 4CH) (a > 0). 

(2.6) 

The temperature difference tJ.T = Ts- T., 
between the chemica l and coherent spinodals 
(T. and T." respectively) may be according 
to Hilliard [19] approximately written as 

If tJ.S is assumed to consist of the entropy of 
ideal mixing only [20,2] equation (2.7) 
becomes 

27]2 Y 
IlT = --x(l-x) (2.8) 

kNo 

where k is Boltzmann·s constant and No IS 
the number ofmo!ecu!es per !.!!!!~ '!o!ume. 

The composition dependence of the heat 
of formation and of the solid solubility were 
calculated for several pressures in the same 
manner as in I and II, but with (2.1) as free 
energy function, and with QF, tJ.S, Vs• and 
VA( occurring in (2.1) dependent on pressure. 
As in I and I I, the heat of formation has been 
assumed to be independent of temperature. 
The pressure dependence of QF results from 
the pressure dependence of the nearest neigh
bor distance and of the electronic polariza
bilities. The pressure dependence of the 
nearest neighbor distanre was calculated 
from the isothermal bulk modulus and its 
isothermal pressure derivative obtained from 
the data presented in Table 1 by using 
Murnaghan's equation of state [21]. The 
pressure dependence of the polarizabilities 
was calculated from the availab le experi
mental data of the pressure dependence of the 
refractive index [30-32] by assuming that 
the electronic polarizabi!ities of cations and 

Table 1. Isothermal elastic constants (ill 1011 
dynes/cm2) and their isothermal pressure deriva

tivesfor several alkali halides 

LiBr 3·74(a] 1.67 1.93 8'02(h] 2·20 
til H4[b] 0·78 1·35 9'60[h] 2·07 
NaBr H2[c] 0·958 1·015 11'04[i] 1·80 
Nal 2·93(d) 0·807 0·742 IJ'85[dJ 2·36 
KBr 3'35[e) 0·450 0·508 J3-03(j) J.66 
KI H2[e) 0·344 0·369 \3 '93[j) 2·36 
RbBr 3· \0[f] 0·404 0·383 13 '43[f] \·38 
Rbi 2'52[f) 0·322 0'279 13 '64[f) 1·45 
NaCI 4·77[g) 1· \3 1·27 11'74[gJ 2·16 
KCI 3-97[g] 0·6 15 0·630 12'8~[gJ 1·67 

raj Calculated from adiabatic data of Haussiihl (221. 
[b] Calculated from adiabatic data of Haussiihl [23]. 
[cl Koliwad et 01.[24J. 
[dJ Barsch and Shull [25J 
[eJ Reddy and Ruoff[26J. 
[fJ Chang and Barsch (27]. 
m) Bartels and Schuele [28] . 

0·19 
0·09 
0·423 
0·584 

-0'328 
-0,241 
-0'54 
-0'50 

0·37 
-0,385 

[hj Theoretical data by Ghate[29] (Table 4. repUlsive para
meter b = O· 333). 

[i] Calculated from the isothermal derivatives of the adiabatic 
elastic constants of Koliwad e/ ul.[:!41 . 

[jj Calculated from the isothermal derivatives of the adiabalic 
elastic constants of Reduy and Ruolf[26]. 
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. The volume of the solid solution., V"' is 
calculated by assuming Vegard's law for the 
nearest neighbor distance of the solid solution, 
i.e. a linear variation with composition. Even 
though the individual volumes, V,. and V.I" 
are temperature-dependent, the difference 
(V •• - VAl) is assumed to be independent of 
temperat.ure*, but dependent on pressure 
according to Murnaghan's equation of state. 
Below 100 kbar, the work term, p (Vu - v.u), 
in (2.1) amounts only to less thar. about 
] 0 per cent of the heat of formation, so that 
neglecting the temperature dependence of 
this term is not critical. 

The total entropy of solution consists of 
two parts, the entropy of ideal mixing, AS id , 

and the vibrational contribution, AScib, as 
explained in II. The term, AS'ib, is assumed 
to be independent of temperature. Calcula
tions were made to test this assumption 
about ASCi/) and it was found that AS"ib was 
essentially indepen'dent of temperature. The 
pressure dependence of the vibrational con
tribution to the entropy was, however, taken 
into account through the pressure dependence 
of the constant A occurring in the formula 
for the composition dependence of the elastic 
constant Cull: 

ACll =Ax (I-x) (2.9) 

ACu is the difference between the elastic 
constant of the solid solution and that of the 

• As the reviewer has kindly suggested it would 
have been easy to take into account the temperature 
dependence of the term 6V = Vss - Vl/ in an approximate 
manner by assuming. e.g. the ratio 6V/ii to be tempera· 
ture independent. so that ~V has the same thermal 
expansion as jl = (Vss + V.II) /2. This improvement would 
have increased the work term ptl.V by about 5 to 10 
per cent. and the total Gibbs free energy by about 0.5 
to I per cent. at the highest pressures considered, and 
at temperatures corresponding \0 the maximum of the 
exsolution dome. At lower pressures and/or tempera
tures the change would be proportionally smaller. It is 
therefore safe \0 assume that the resulting changes would 
be barely noticeable in Figs. 1-5. It would be desirable, 
however, to have this effect included in any future 
calculations. 

------ ------ - - ---

solid mixture, and A depends on the molar 
volumes and the bulk rno'duli of the two end 

. members of the solid solution series (equa
tions (2.8) and (2.13) of II), which are here 
considered as pressure-dependent .according 
to Murnaghan's equation of state, and 
according to the linear pressure dependence 
of the elastic constants, respectively.. For the 
alkali halide systems contained in Table I 
the constant A and the relative deviation 
Acll/c';;i:r of the elastic constant Cll in the solid 
solution from the value in the solid mixture 
are for a composition x = 0.5 presented in 
Table 2 for several pressures. 

3. RESULTS AND DISCUSSION 

Solid solubility curves and chemical 
spinodals were calculated for five alkali 
halide systems for several pressures from 

Tnh1e 2. The · quantity A 
(ill 1011 dynes/cm2) defined 
in equation (2.9) and the pre
dicted relative deviation (in 
per cent) of the elastic con
stant ell for the solid solution 
from the 'value for the solid 
mixture at T = 3000 K and .at 
the composition x = 0·5 for 
several pressures p (in kbar) 

System p A 6£-11(0'5)/ 
c~Jiz(0·5) 

LiBr-Lil 0 -2-514 -19'7 
50 -0,887 -2·9 

100 -(}·439 -0;91 
NaBr-Nal 0 -0,587 -4,3 

5 -0,476 -3-01 
10 -0,390 -2,16 
50 -0'055 - 0'15 

tOO +0-139 +0·.23 
KBr-KI 0 -(}·444 -3·7 

10 -0'233 -1,3 
20 -0-124 -0,55 

RbBr-Rbl 0 -(}·314 ~2'8 

2 -0·293 -2-4 
4 -(}·275 -2·\ 

NaCI-KCI 0 -}'225 -7,0 
10 -1 '048 --4·7 

-20 -0·935 -3·4 
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equation (2'. i) in connection with the assump
tions stated in Section 2 and the methods used 
in I for calculating QF and 6.5. Figures 1-4 
show the solid solubi lity curves (exsolution 
domes) and the chemical spinodals for the 
systems LiBf-Lil, NaBr-NaI. KBr-KI, 
and RbBr-RbL In addition, the solid solu
bility curves were calculated for NaCI-KCI 
at two pressures and are shown in Fig. 5. 
The systems chosen were selected in view 
of the possibility of detecting any effect of 
increasing cation size on solid solubility and 
its pressure dependence. The system NaCI
KCI was added since a n experimental deter
mination of the pressure dependence of the 
solid solubility was started in this laboratory 
while the present theoretical work was in 
progress [33]. 

With the exception of the system NaBr-Nal all pres· 
sures selected for the solid solubility curves are smaller 
than the transition pressures for the transition from the 
NaCI to the- CsCI strucrure. For the Li·halides no 
transition has been observed so far. Theoretical estimates 
for LiBr and Lil have been made on the basis of the Rorn 
model [34] and give 105 and 68 kbar. re pectively. 
Quantum theoretical cal culations[351 give 140 and 67 
kbar. respectively. For NaBr and Nal the theoretical 
values from the Born model [34] are 53 and 39 kbar 
respectively, and from quantum theory (351 78 and 
44 kbar. respectively. Pistorius. however. observed the 
transition in- NaBr at 11.5 kbar and :!OO°c. and in Nal 
at 10.2 kbar and 164°C [361. At room temperature no 
transit.ion was observed. These results are. however. 
subject to doubt because of the large discrepancies 
between the experimental and the quantum theoretical 
results. and because the theoret ical results show a 
tendency for the transition pressure to increase in the 
sequence rubidium. potassium and sodium halides. In 
fact. for the potassium and rubidium halides the quantum 
theoretical calculalions agree quite well with the available 
experimental, data which indicate transition pressures 
near 4 kbar for the rubidium halides. and near 18 kbar 
for the potassium halides [35.36]. 

Moreover. a large discrep3ncy exists among the transi
tion pressures reponed for l'aCI by various investig:Hors. 
and the low transition pressure for NaC! of 18 kbar found 
by Pistorius[.J7] has been challenged by Basset el al. 
(381. who propose a transition pressure of 300 kbar for 
NaC!. In view of these alf,'Uments it is conceivable that 
the transition pressures near 10 kbar reported by Pistorius 
[36] for NaBr' and Nal are also much too low. and that 
the true transition pressures for these materials may well 
be near or above 100 kbar. 

For these reasons the solid solubility curves of the 
system NaBr-Nal were calculated for two different 
sets of pressure. one set (5 and 10 kbar) below the 

transition pressure reported by Pistorius (36] . and one 
set (50 and 100 kbar) in a pressure range in which this 
system possibly (i.e. if Pistorius' data should turn out 
to be due to secondary effects) still occurs in the rock salt 
structure. 

For KBr and KI the transition occurs at 17.4 and 17.3 
kbars respectively [36J. so that the highest pressure for 
the KBr-KI diagram in Fig. 3 lies slightly outside the 
stability range of the rocksalt structure. For RbBr and 
RbI the experimental transition pressures are 4.2 and 
3.6 kbars . respectively[361. so that the solubility curve 
at 4 kbar shown in Fig. 4 lies slightly outside the stability 
range of the rocksalt phase. 

The results displayed in Figs. 1-5 show that 
for all five systems considered the exsolution 
domes become narrower and their maxima 
are moved toward higher temperatures with 
increasing pressure, while for a given tem
perature the solubility gap increases with 
increasing pressure. This indicates that the 
'effect of pressure on solid solubility is 
opposite to the effect of temperature. This is 
what one would expect intuitively. Upon 
application of pressure, the ions are moved 
in their potential Wp.lI" tow::lrd the high rep • .!!
sive core making them effectively 'harder'. 
This reduces the possibility for accommodat
ing misfits. Hence, increasing the pressure 
decreases the solid solubility. while an in
crease in temperature increases the solid 
solubility. 

For the system LiBr-LiI in Fig. 1 the ex
solution domes for pressures of 50 and 100 
kbar extend above the approximate melting 
temperature curve. so that at those pressures, 
it is not possible to have complete solid 
solubility over the whole composition range. 

The chemical spinodals shown in Figs. 
1-4 exhibit the same pressure dependence 
as their respective solid solubility curves. 
The area under the chemical spinodal increases 
with increasing pressure. This means that the 
range in which the solid solution would de
compose by spinodal decomposition in the 
absence of the strain term is increased both in 
temperature and in composition. 

The temperature difference 6.T between the 
chemical and coherent spinodals was cal
culated (from equation (2.8» at the maximum 
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of the exsolution dome for the five systems 
under investigation. I n order to calculate 
Y (in 2.6) the elastic constants were evaluated 
at the proper temperature, pressure, and com
position. The pressure data were those of 
Table I, while the values for the temperature 
dependence of the elastic constants were 
taken from the compilation of Leibfried and 
Ludwig[39). The zero pressure values of the 
molar volumes were calculated from the lat
tice constants compiled [40]. The values 
of the maximum temperature Tm of the 
exsolution dome, for the maximum tempera
ture Tcoh = T - D.T of t he coherent spinodal, 
and of the temperature difference D.T are 
listed in Table 3 for several pressures. Also 
included in Table 3 are the values of the 
anisotropy factor (2 .5). 

The values of Tcoh listed in Table 3 re
present an estimate of the temperature below 
which one might observe spinodal decomposi
tion for each alkali halide solid solution, 
assuming the coherent spinodal is properly 

EXSOLUTION DOME ~ ~~:. ~~~:. 
CHEMICAL SPINODAL ___ • __ .. _ 

eo 

700 

>< 
!.. 
~ 600 
" ~ .. 
0-
E .. 
I- 500 

400 

300 

200 
NoBr 20 40 60 eo No 1 

Fig. 2(a). ExsoJution dome and chemical spinodal of 
NaBr-Nal for several pressures. 

calculated. However, the strain term, given 
by equation (2.4) and the method outlined for 
relating the straifl term to the temperature 
drop given by (2.8) are both approximate 
enough to make one cautious about drawing 
quantitative conclusions about the tempera
ture differences between the chemical and 
coherent spinodals. 

With these reservations in mind one may 
observe from the data of Table 3 that for 
all systems, except NaBr-NaI, the maximum 
temperature TcOh of the coherent spinodal 
increases monotonically with pressure. For 
NaBr-Nal , however, the temperature Tcoh 
increases initially and decreases at high 
pressure after passing through a maximum. 
This maximum is caused by the fact that for 
NaBr-Nal the temperature difference D.T 
between the chemical and the coherent 
spinodal increases with pressure, whereas 
for LiBr-Lil, KBr-KI, and RbBr-RbI. AT 
decreases with increasing pressure. For 
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the transition pressure. 

NaCI-KCI the difference fl.T increases initially 
and decreases after passing through a maxi
mum; however, the initial increase is not large 
enough to cause a decrease in the maximum 
temperature T coho 

The different pressure dependence of the 
temperature difference fl.T arises from the 
competing effects of the pressure dependence 
of the different factors (equation (2. 8)). The 
elastic modulus Y usually increases mono
tonically with pressure, except for KBr-KI 
and RbBr-RbI. where a maximum occurs 
near 15 and 2 kbar, respectively. These 
maxima are caused by the negative pressure 
coefficient of the shear modulus C.w, but since 
they are very broad th ey have no effec t on 
the temperature difference tiT which for these 
two systems decreases monotonically with 
pressure. The factor TJ decreases monotoni
cally with pressure. except for NaBr-NaI, 
\\here a minimum occurs, which has, however, 
no effect on the monotonical increase of the 
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0 
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KBr-KI for three pressures. 

temperature difference with pressure . The 
third factor 1/ No is the volume per molecule 
and decreases monotonically with pressure. 

The data of Table 3 indicate that for 
LiBr-LiI and for KBr-KI the maximum 
of the coherent spinodal should lie very 
close to 300o K, so that no spinodal decom
position is to be expected at room tempera
ture. For NaBr-NaI, RbBr-RbI and l"aCl
KCl, however, the maximum of the coherent 
spinodal lies from 50° to 100°C above room 
temperature. and spinodal decomposition 
should take place. This is contrary to the 
observations of Wolfson et 01.[14], who did 
not observe spinodal decomposition in NaCl
KCl at room temperature. Probably this 
discrepancy reflects the large uncertainty of 
the theoretical estimates for the coherent 
spinodal. 

I n spite of the uncertainty in the absolute 
magnitude of TCOh one should expect the 
pressure dependence to be predicted correctly. 
Thus spinodal decomposition may be ex-
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Fig. 4. Exsolution dome and chemical spinodal of 
RbBr-Rbl for two pressures. 

for this system the free energy-vs. composition 
pected to occur at high pressure for LiBr-LiI, curve shows three minima, instead of the 
KBr-KI, and KCI-NaCI, whereas in NaBr- usual two. The exsolution dome shown in 
NaI very high pressure (above 50 kbar) Fig. 5 was obtained from the common 
should suppress spinodal decomposition if _ tangent to the two mInIma corresponding 
it were ever favored at intermediate pressures. to the lowest and highest compositions, 
For RbBr-Rbl spinodal decomposition may respectively. 

take place at pressures close to the phase The occurrence of three minima in the free energy 
transItIon at 4 kbar, but the rise' of T coh is curve would be indicative of an ordered phase resulting 
not large enough to predict this effect with in two exsolution domes and two spinodal curves. No 

such effect has been observed. however. in alkali halides. 
In two papers. which only recently came to our atte ntion. 
Hovi [41 . 42) report s theoretical results for KBr-KI 
and RbBr-Rbl solid solu tions which show the same 
eO"ecl. These results are based on the theory ofWasastjema 
[43. 44) which includes the entropy contribution from 
local order bUI does nol include the vihrational entropy 
contribution. Since for the theoretic.'ll model used in the 
present work only one solubility gap is obtained for KBr
KI and RbBr-Rbl it is su!!cested that the occurrence of 
two solubility gaps arises-from the entropy term. and 
not from the heat of formati()n. The results obtained for 
these two ~ystems and. on the ba~is of the pr.:sent model. 
for NaCI-KCI seem to indie-ate that both the entropy 
contribution from local order and the vibrational entropy 
can cause two solubility gaps. Since experimental 
verification of two solubility gaps would be a rather 
difficult task the quest ion must remain undecided \~ hether 
the theoretical entropy contnbutions due to local order 

certainty. 
It is interesting to note tnat for LiBr-Lil, 

NaBr-Nal and NaC)-KCI the elastic 
anisotropy factor a changes sign at pressures 
of the order of 45,35 and 8 kbar, respectively. 
One may therefore conclude that for these 
systems the direction of spinodal decomposi
tion should change from (l00) at low pres
sures to (l 11) at high pressures, whereas 
for the remaining systems KBr-Kl and RbBr
Rbi decomposition should occur in (Ill) at 
all pressures. 

For the system NaCI-KCI the spinodal 
curves have not been included in Fig. 5 since 
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and due to thermal vibrations are calculated correctly 
orresull erroneously in two solubility gaps. 

Table J. Maximum temperatllre T m 

(in OK) of the exsolution dome, tem
perature difference f1T(in OK) betlVeen 
the chemical and the coherent spinodal, 
maximllm temperature Tcoh of the 
coherent spinodal. alld elastic aniso
tropy a-at the maximum of the chemical 
spinodal - for several pressures (in 

!War) 

System p T,. IlT T cr.b a 

LiBr-Lil: 0 575 269 306 -0,64 
50 1010 241 769 0'19 

100 1080 225 855 1·39 
NaBr-NaI 0 665 324 341 -0'18 

5 70S 345 360 -0·003 
10 750 369 381 0·156 
50 800 467 413 1·55 

100 900 591 309 2·87 
KBr-Kli 0 520 215 305 1·36 

10 615 182 433 2·72 
20 69() 158 532 4·44 

RbBr-Rb l 0 515 183 332 1·87 
2 538 172 365 2·26 
4 561> 162 398 2·69 

NaCI-KCI 0 883 487 3% -0-29 
10 980 552 428 0·10 
20 urn 515 562 0·51 

The parameters used in the present cal
culations. that detemune the pressure depen
dence of the solid solubil ity curve are the com
pressibilities and the electronic pol ariza
bilities. the first pressure derivatives of these 
quantities , and the lattice - parameters. It is 
still conceivable. however. that the solid 
solubility and its pressure dependence can 
be correlated to a smaller number of para
meters. Such a correlation would be useful 
for more complicated systems where lattice 
theoretical calculations are too difficult. One 
such 'empirical' correlation of the theoretical 
results is. ploued in Fig. 6. which shows the 
rdlio of the maximum temperature of the 
exsolution dome T,,.( p) at the pressure p to 
the maximum temperature T~ = T m(O) at 

zero pressure as a function of (VO/V)4/3, 
where V and Vo are the molar volumes 
(corresponding to the composition of the 
m::tximum of the exsolution dome) at pressure 
p and at zero pressure, respectively. For all 
four systems a linear correlation is found for 
values of (VO/V)4/3 close to I, i.e. for small 
pressure. For LiEr-Lii and NaBr-Nai 
deviations from the linear dependence occur 
at higher values of (VO/V)4/3. For these two 
systems the cation-anion radius ratio r+/r_ 
is smaller or close to the value (\1'2-1) = 
0.41 below which the r-'pulsive interaction 
between second nearest neighbors becomes 
more pronounced than that between first 
nearest neighbors. Although because of the 
occurrence of the B I-B2 phase transition 
the data for KBr-KI and RbBr-Rbl have 

.. not been extended to higher pressures to allow 
a comparison, it is conceivable that the 
deviation from linearity in Fig. 6 is associated 
with the small carion anion radills ratio. This 

for other systems. Apart from this observa
tion. no other effect of the radius ratio on 
solid solubility could be found. 

The only experimental data on the pressure 
dependence of the solid solubility in alkali 
halides that are available for comparison with 
the theoretical resul ts are recent and as yet 
unpublished results of Bhardwaj and Roy for 
the system NaCI-KCI [33]. The solid solu
bility curve at zero pressure found by these 
authors agrees well with the earlier data of 
Sheil and Stadelmaier[45] and lies therefore 
about 100°C below our theoretical curve 
(II, Fig. 3). Possible reasons for this dis
crepancy have been discussed in I l. Good 
agreement between the theoretical and 
experimental results is found. however. for 
the pressure dependence of the solid solu
bility; the experimental and theoretical curves 
for the maximum of the exsolution dome 
vs. pressure have the same shape and differ 
only by a parallel shift of about lOO°C[33]. 
This pressure dependence corresponds there
fore to the linear dependence of the maximum 
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Fig. 6. Dependence of maximum temperature of exsolution dome on 
volume for several pressures and several systems. 

of the exsolution dome on the volume ratio 
(V of V) 413 displayed in Fig. 6. 

4. CONCLUSIONS AND SUMMARY 

It is found that for all alkali halide systems 
considered the solid solubility curve becomes 
narrowed and is shifted toward higher 
temperatures as the pressure increases. A 
similar behavior is found for the chemical 
spinodal. The increase with pressure results 
primarily from the increase of the heat of 
formation thr.ough the decreasing interionic 
distance. The temperature difference between 
the chemical and the coherent spinodal does 
not follow a general pattern and may either 
increase monotonously, decrease mono
tonously, or decrease at high pressure after 
initially at low pressures passing through a 
maximum. 

For all five systems considered the coherent 
spinodal at zero pressure does not rise very 
much above 300o K, but of these systems 
NaCI-KCI is most likely to show spinodal 
decomposition at 3000 K an d zero pressure. 
In most cases the maximum temperature of 
the coherent spinodal increases with increas
ing pressure, so that, for example, fo r KBr-KI 
spinodal decomposition is expected to occur 
at 10 kbar over a certain composition range. 
For NaCI-KCI a similar behavior is expected, 
but the increase with pressure occurs more 
slowly, and pressures of the ~rder of 20 kbar 
are required to raise the coherent spinodal 
significantly above the zero pressure value. 

For LiBr-LiI, NaBr-NaI and NaCI
KCI the direction in which spinodal de
composItion occurs changes with pressure 
because the elastic anisotropy changes sign 



LATfICE THEORY OF ALKALI HALIDE SOLID SOLUTIONS 1313 

with increasing pressure. It would be interest
ing, although quite difficult. to verify this 
effect expcrimentally. 

In order to check the theoretical results it 
would be desirable to have experimental 
data on solid . solubility as a function of 
pressure. Such measureme nts for the system 
NaCl-KCI have been performed in this 
laboratory [3 3] and are in reasonable agree
ment with the theoretical data. However, no 
spinodal decomposition has been observed. 
Another possible experiment would be the 
investigation of the system KBr-KI in the 
pressure range 0-20 kbars. By application 
of a rapid qucnch technique in order to reach 
the unstable region under the exsolution 
dome, unambiguous experimental verification 
of spinodal decomposition tn alkali halides 
might be obtained. 
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Erratum: 

Ref. 33 should read: M.C. Bhardwaj and R. Roy, J.Phys. 
Chern. Sol. 32, 1603 (1970). 
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