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from the compression and decompression cycles. The 
specific conductance from the isobaric (5.4 kbars) mea
surement was 1.20 (ohm-cm)-I. The mean value for 
the specific conductance at a pressure of 5.4 kbars from 
this isothermal experiment at 623 0 is considerably 
lower, being only 0.50 (ohm-cm)-I. Extrapolation of 
this curve for the mean value of the isothermal con
ductivity to P = 0 gives x = 0.30 (ohm-cm)-I. 
Grantham and Yosim2a give 0.28 (ohm-cm)-I for the 
specific conductance of BiBra at this temperature and 
pressure. 

BiIa. The specific conductance of BiIa was mea
sured at a pressure of 5.4 kbars using quartz cells 
with either tungsten or graphite electrodes or with a 
boron nitride cell with tungsten electrodes. The 
specific conductance found with use of tungsten elec
trodes is almost twice the value obtained with the use 
of graphite electrodes (Figure 5). This difference in 
specific conductance of BiIa from the use of tungsten 
and of graphite electrodes is much greater than was 
found in the case of BiCla. This difference in x may be 
due to a reaction between the salt and one of the types 
of electrodes. On the other hand, it could be due to an 
initial impurity in one of the samples; probably the one 
which has the higher conductivity. The temperature 
coefficient of x for the liquid phase is, however, approxi
mately the same in both cases. When graphite elec
trodes were used, the specific conductance from the iso
baric experiments agreed with the specific conductance 
from the isothermal experiments [i.e., at 6200 and 5.4 
kbars the specific conductance from the isobaric and 
isothermal experiments are 0.45 and 0.41 (ohm-cm)-t, 
respectively] . Both sets of data are shown in Figure 5; 
however, only the data from the cell with graphite elec
trodes were used to obtain the activation energy Ex re
ported in Table I. The log x VS . liT curves for molten 
BiCla and BiBrs were approximately linear at a pressure 
of 5.4 kbars. This curve for liquid BiIs on the other 
hand shows a curvature with a steeper slope (and thus 
higher Ex) at higher temperatures. Since Ex changes 
with temperature, its value was determined from the 
slope of log x VS. l i T at the median temperature (690 0

) 

of the measurements on the liquid. E" for the liquid 
phase is 11 kcal/mol. From a least-squares treatment 
the activation energy Ex for the {3 phase at a pressure of 
5.4 !cbars is 42.5 ± 4.3 kcal/mol. 

BiIs has a larger discontinuity in its log x VS. liT 
curve at its melting point than does BiCls and BiBrs. 
The ratio of conductivities for the liquid and solid 
phases is ""3.0. This larger discontinuity in the log x 
VS . liT curves and the pressure gradient normally found 
along the axis of the high pressure conductivity ce1l21 

probably accounts for the difference in the melting 
point indicated by these conductivity measurements 
and the differential thermal analysis results. IS Little, 
if any, supercooling occurs in BiIs since the conductivity 
VS . temperature data upon melting and freezing are very 
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nearly identical. IS This was not the case in BiCla and 
BiBra where supercooling is extensive. 

Isothermal conductivity measurements were made at 
6200 over the pressure interval 2.5 to 12.6 kbars (Figure 
6). These conductivity measurements on liquid BiIs 
were limited to pressures below 13 kbars since BiIs so
lidifies at this pressure at 6200

•
IS As with BiBrs dis

cussed above, hysteresis was also experienced in the x 
VS . P curves (taken from the compression and decom
pression cycles). An average x VS. P curve was con
structed from these separate x VS . P curves. Extrap
olation of this averaged curve to P = 0 yields a specific 
conductance [0.30 (ohm-cm) -1] which is in good agree
ment with x measured at lo:w pressures [0.30 (ohm
cm)-1 ].2a 

Discussion 

The molten salts BiCla, BiBrs, and BiIa show an ex
ponential increase in specific conductance with de
creasing liT at a pressure of 5.4 kbars. This "normal" 
or positive temperature coefficient of conductivity at 
this elevated pressure is in contrast to the behavior of 
the conductivity as a function of temperature at pres
sures approximately equal to the salts, own vapor pres
sures2a•b i.e., P < 0.1 kbar. At such relatively low pres
sures, the specific conductivity of these salts was found 
to exhibit a maximum at a temperature"" 1500 above 
the melting point. 2a ,b A maximum in the electrical 
conductivity VS . temperature of the liquid phase has 
also been found for several other salts. S-5 Usually an 
increase in temperature increases the ionic conductivity 
of a molten salt. This increased 'conductivity is at
tributed to an increase in fluidity and thus an increase 
in the mobility of the ions with increased temperature. 
Grantham and Y osim5 suggest that the negative tem
perature coefficient which they find at extremely high 
temperatures in several of the salts examined is due to 
increased covalency or more probably ionic association 
at high temperature. There are several indications 
that this increase in covalency results in a decrease in 
density of the molten salt.lo,ll If the specific volume 
of the liquid salt increases at high temperatures due to 
increased ionic association, for example, by a process 
such as 

xM+ + yA -~ M.,Au (2) 

because the molar volume of the associated species is 
greater than the sum of the molar volumes of the ions 
from which it is formed, i.e., 

(3) 

then application of an external pressure should, from 
the principle of Le Chatelier, suppress the association 
reaction 2.12 In the absence of other factors, 1S0-

(21) M . Tamayarna and H. Eyring, Rev. Sci. Instrum., 38. 1009 
(1967). 
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thermal compression would then be expected to in
crease the specific conductance of partially associated 
salts due to an increased ionic dissociation. On the 
other hand, in salts which are highly ionized at ordinary 
pressures, isothermal compression would not be expected 
to increase the number of ionic species. High pressure 
would, however, be expected to increase the viscosity22 
and thus to decrease the mobility of the ions. 

Both the dissociation effect and the increased vis
cosity effect appear to be demonstrated in the bismuth 
trihalides when the high pressure, isobaric, specific con
ductance data obtained in this work are compared with 
the low pressure specific conductance data of Grantham 
and Yosim. 2a,b To illustrate, in Figures 3-5 the log x 
VS. l /T curves for P = 5.4 kbars and P :::; oj kbar 
intersect at temperatures Ti of 390, 322, and 560 0 for 
BiCh, BiBra, and BiIa respectively. Thus at tempera
ture T i , the specific conductivity of the liquid salt is the 
same at these two pressures, i.e., Xp=5.4 kb.rs = 
Xp :::;0.1 kbar. At temperatures below T i , the specific con
ductance x at P = 5.4 kbars is less than x at P :::; 0.1 
kbar; here the effect of pressure is to decrease the 
specific conductance of the molten salt, at least up to a 
pressure of 5.4 kbars. This decrease in x is probably 
due to an increase in viscosity and thus a decrease in 
mobility of the ions. At temperatures greater than Ti 
pressure would still be expected to raise the viscosity 
and therefore lower the conductivity. However, from 
Figures 3-5 it can be seen that Xp_6.4 kb.rs > 
Xp :::; 0.1 kbar when T > Ti . Thus the effect which pressure 
has upon dissociation is in all likelihood the predomi
nant factor at temperatures greater than T i • The ratio 
(a), Xp=5.4 kb.rs/Xp :::;0.1 kbar becomes larger at higher 
temperatures. This is probably due to a greater degree 
of ionic association at the lower pressure. 

In Table II the conductivity ratio at P = 5.4 and P :::; 
0.1 kbar is compared at (a) the normal melting point,2a 
(b) at the temperature of maximum conductance when 
the salt is under its own vapor pressure,2a,b and (c) at 
the critical temperature of the salt. In the last case, 

Table ll: The Specific Conductance Ratio 
[a = Kp _ So4 kbar./Kp _ 0.' kbarl for Molten BiCla, BiBr., and Bil. 
at Several Temperatmes· 

a at the a at temp 
normal melting of max. 

point conductance a at 
Salt (hypothetical)b when P "" O. 1 kb Tcritical 

t,OC a t,OC t,OC a 

BiCIa 232 0.75 425 1.15 905 480 
BiBrs 218 0.96 425 1.69 
Bils 408 0.36 525 0.81 

• Data for specific conductance at P = 0.1 kbar from Grantham 
and Yosim.(2a.b) b Conductivity curve for liquid phase at pres
sure of 5.4 kbars was extrapolated to a temperature corresponding 
to the melting point at atmospheric pressure. 

conductivity data at P :::; 0.1 kbar are available only 
for BiCh.2b The effect of pressure on the conductivity 
at the critical temperature is large; for BiCla, a = 480. 

The isothermal conductivity experiments were, for all 
the salts considered here, carried out at temperatures 
greater than Ti . As a further check, it would be useful 
to examine the pressure dependence of the specific con
ductance (OX/ OP)T of the liquid phase at temperatures 
below T i . These measurements were not carried out 
since the apparatus used here is not suitable for the 
rather limited and low pressure range required at these 
low temperatures. 

The effect of pressure on (oX/OP)T=5680 for BiCh 
decreases with increasing pressure and is approaching 
zero at P = 13.5 kbars. This result could be due to al
most complete dissociation of BiCla at this high pres
sure. However, it is possible that the viscosity effect 
may become predominant at these high pressures. If 
this were the case, then a maximum in the x vs. P curve 
might be expected at still higher pressures (BiCla so
lidifies at 24 kbars at this temperature). In the case 
of BiBra, the coefficient (OX/ OP)T=62aO is diminishing 
but still greater than zero at the highest pressure at
tained (14 kbar). Bismuth tribromide solidifies at a 
pressure of 29 kbar at this temperature. The pressure 
coefficient (OX/ OP)T=6200 for BiI3, on the other hand, 
increases with increasing pressure. Thus both coeffi
cients (Ox!OP)T=6200 and (ox/OT)P=5.4 kb.rs for BiI3, un
like those for BiBra and BiCla, increase with increasing 
pressure and temperature. 

The difference in behavior of the specific conductance 
of molten BiIa from BiBra and BiCla at high pressure may 
be due to the effect of pressure on the stability of these 
molten salts. For example, there is an increase in 
volume in the formation of BiIa (1) from its elements at 
P = 1 atm, i.e., V Bil,(l) at its melting point is 127 cm3/ 
mol;8 VBi(l) + 3/ 2V1,(I) is only 111 cma/mol. Thus 
liquid BiIa should become less stable with respect to its 
elements with an increase in pressure. The molar vol-

Table Ill: Arrhenins Activation Energy for Conduction in 
Liquid BiCla, BiBr3, and Bil. at 5.4 kbars and at Pressure 
Equal to or Less than 0.1 kbar 

Salt 

BiCla 
BiBr. 
Bil. 

E" 
atP = 5.4kbars, 

kcaljmol 

3.68 
4 .62 

11 

E,,· 
at P :::; O. 1 kbar, 

kcal/mol 

3.6 
4.2 
3 

• Calculated from data in ref 1. E" at P :::; 0.1 determined 
from the slope of log K VS. l / T at temperatures immediately 
above the melting point. 

(22) Reference 12, p 81. 

(23) For purposes of comparison, the log" vs. liT curve for the liquid 
at a pressure of 5.4 kbars has been extrapolated to the temperature of 
the normal or atmospheric melting point. 
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