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The specific electric conductivities of the binary molten mixtures (K,Ag)Cl, (Cs,Ag)Cl, 
(K,Ag)Br, (Na, Ag)I, (K, Ag)I, and (Cs, Ag)I are determined as functions of temperature and 
composition. For 950 K, 1000 K, 1050 K, and 1100 K the equivalent conductivities and the ionic 
conductivities of the cations with reference to the common anion are evaluated in dependence on 
the composition.

Introduction

Equivalent conductivities, transport numbers, and 
diffusion coefficients are suitable material data for 
the characterization o f the transport behaviour o f  
ions in molten salts and are used for the evaluation 
o f  the friction coefficients, which can be helpful for 
a molecular kinetic interpretation o f binary fused 
salts with three ion constituents. The reference 
system here is the anion constituent, which is com ­
mon to both components o f the system.

In previous papers we have investigated the trans­
port numbers [1 -3 ]  and the densities [4, 5] o f alkali 
halide — silver halide melts. In this work the electric 
conductivities o f the systems (K, Ag)Cl, (Cs, Ag)Cl, 
(K, Ag)Br, (Na, Ag)I, (K,Ag)I, and (Cs,A g)I are 
determined with the 4-electrode method in depen­
dence on composition and temperature.

The specific conductivity x can be evaluated from 
the cell constant Z of the conductivity cell, de­
scribed below, and the measured resistance R

x =  Z / R  . (1)

The temperature dependence o f  x  o f the systems in 
this paper can be described by

x =  a +  b T +  c T 2 . (2)

The equivalent conductivity A is calculated from x, 
the density q, and the molar masses M x and M2

A =  —  (*! M x +  x 2M2) ■ (3)
Q
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The concentration dependence o f A can be fitted 
quite well by a third order polynomial for the 
systems investigated in this paper

A =  a' +  b 'x2 +  c 'x \  +  d ' x \ . (4)

The ion conductivities A1 + and x2+ may be calculat­
ed from the equivalent conductivity using the trans­
port numbers / 1+ and t2+ o f the two cation consti­
tuents relative to the common anion constituent
( /_  =  0, t .  =  0)

A\+ =  —— A ,  A2+ =  A .  (5)
x ,  x 2

Here 2 +  always represents the silver ion.

Experimental

The measurements were made in a quartz glass 
cell with an U-shaped capillary between the elec­
trodes (Figure 1). The cell was surrounded by a 
metal block to improve temperature homogeneity. 
The diameter o f the capillary is about 2 mm leading 
to a cell constant o f  about 550 cm -1 which is in­
dependent o f the filling level, provided that the 
electrodes are completely immersed. Oxygen from 
the air is excluded by an argon atmosphere [7].

Four 1 cm 2 platinum sheets serve as electrodes. 
Each o f them is connected to a RCL-bridge and a 
relais-interface, one o f them via two platinum wires. 
This arrangement gives the opportunity to measure 
the resistance o f the cell using the 2-electrode as 
well as the 4-electrode method and also allows a 
separate determination o f the resistance of the leads 
which can be subtracted from the total resistance.

0340-4811 /  8 6  /  0900-1129 $ 01.30/0. -  Please order a reprint rather than making your own copy.

This work has been digitalized and published in 2013 by Verlag Zeitschrift 
für Naturforschung in cooperation with the Max Planck Society for the 
Advancement of Science under a Creative Commons Attribution-NoDerivs 
3.0 Germany License.

On 01.01.2015 it is planned to change the License Conditions (the removal 
of the Creative Commons License condition “no derivative works”). This is 
to allow reuse in the area of future scientific usage.

Dieses Werk wurde im Jahr 2013 vom Verlag Zeitschrift für Naturforschung
in Zusammenarbeit mit der Max-Planck-Gesellschaft zur Förderung der
Wissenschaften e.V. digitalisiert und unter folgender Lizenz veröffentlicht:
Creative Commons Namensnennung-Keine Bearbeitung 3.0 Deutschland
Lizenz.

Zum 01.01.2015 ist eine Anpassung der Lizenzbedingungen (Entfall der 
Creative Commons Lizenzbedingung „Keine Bearbeitung“) beabsichtigt, 
um eine Nachnutzung auch im Rahmen zukünftiger wissenschaftlicher 
Nutzungsformen zu ermöglichen.



1130 H.-P. Boßmann et al. ■ Electric Conductivities o f Binary Molten Mixtures

V o ltm e te r

E le c t r ic
Ic e p o in t

Fig. 1. Conductivity cell, fur­
nace and metal block (sche­
matic).

T en sio n
S pring

P t-W ire

T r a n s ­
fo rm er

The 4-electrode method makes possible a quasi 
currentless impedance measurement. The voltage 
applied may be varied between 5 mV and 1.275 V 
and the frequency between 12 Hz and 100 kHz.

The furnace is controlled by a PID-controller, the 
thermocouples of which measure the temperature in 
the gap between the metal block and the inner wall 
of the furnace. The temperature o f the melt is

measured at the capillary by NiCr-Ni thermo­
couples. A personal computer is used to control the 
measuring device and to record the data.

The cell is calibrated with K N 0 3 in the tempera­
ture range between 615 K and 789 K and with NaCl 
between 1080 K and 1250 K [8], The temperature 
variation of the cell constant is about 0.1% over the 
total temperature range [9],



System *2
T'min a b 103 c 106 sxy
K S c m '1 S c m - 'K - ' 5  cm “ 1 K "2 cm -1

KC1 - 0 .0 1 050 -7 .1 2 2 3 1 £ .5 1 6 0 - 5 .4 1 2£ 0.005
AgCl 0 . 1 1 020 -£ .2 0 9 3 9 .5681 -3 .3 1 2 2 0 .020

0 .2 960 -5 .0 8 3 9 1 1 .7£40 -£ •5533 0.021
0 .3 910 -2 .6 0 9 5 7 .3 7 7 2 -2 .5 4 2 3 0 .005
0 .468 310 -3 .0 2 6 7 8 .7 1 6 6 -3 .2 9 9 3 0 .030
0 . 577 720 -3 -0 2 7 5 9 .3 2 3 8 -3 .6 9 0 7 0.025
0 .7 590 -2 .9 0 6 8 10 .0747 -£ .2 2 5 2 0 .020
0.791 630 -2 .5 3 2 2 10.2383 -£ .£ 0 1 5 0 .023
0 .9 690 -1 .8 1 5 6 9 .8 4 1 8 -£ .1 0 0 6 0 .036
1 .0 730 -0 .8 5 4 8 9 .0 3 1 0 — 3 . 5954. 0 .044

C sC l- 0 .0 920 -2 .3 8 8 1 5 .2 6 3 9 -1 .5 7 5 3 0 .000
AgCl 0.1 880 -2 .£ 5 5 1 5 .4513 -1 .7050 0 .000

0 .2 830 -2 .2 8 6 3 5 .2 4 1 7 -1 .6 5 8 4 0 .016
0 .3 760 -2 .£ 8 5 3 5 .7383 -1 .9 3 2 4 0 .000
0 .4 670 -2  . 53 34. 6 .0 8 7 0 -2 .1 8 2 2 0.001
0 .5 600 -2 .5 7 6 4 6 .5 3 0 8 -2 .4 5 3 5 0 .002
0 .6 580 -2 .5 8 7 6 7 .1 5 6 5 -2 .8 6 7 7 0 .006
0 .7 550 -2 .4 4 9 3 7 .6 5 2 7 -3 .1 5 8 2 0 .005
o .a 650 - 2 . 47£4 8 .8 8 7 9 -3 .8 2 3 4 0 .009
0 .9 700 -1 .5 0 1 9 8 .2 7 5 3 -3 • 40£9 0 .004
1 .0 730 -0 .8 5 4 8 9 .0 3 1 0 -3 .5 9 5 4 0 .042

KBr- 0 .0 1 01 0 -3 .1 1 8 1 7 .0 3 5 4 -2 .3 2 5 1 0.001
AgBr 0.1 980 -1 .7 3 6 1 £ .5 2 8 9 -1 .2059 0.001

0 .2 930 -2 .5 5 2 1 6 . 33£2 -2 .1 8 4 7 0 .000
0 .3 870 - 1 . 59£8 £ .6 8 3 3 -1 .4538 0.001
0 .4 810 -1 .9 8 6 1 5 .7 7 3 0 -2 .0 8 1 3 0.001
0 .5 740 -0 .7 0 3 2 3 .4 4 9 6 -0 .9 6 7 £ 0.005
0 .6 650 - 1 .696£ 6 .0 4 4 7 -2 .£ 4 0 0 0 .012
0 .7 570 -1 .8 3 2 7 6 .8 3 8 7 -2 .8 8 0 6 0 .009
o .a 610 -1 .5 3 8 9 7 .0 1 2 6 -3 .0 4 2 5 0 .009
0 .9 650 -1 .3158 7 .4941 -3 .3 1 2 6 0 .014
1 .0 710 -0 .1 5 4 5 6 .1 4 0 0 - 2 .5 1 0 0 0 .004

Na I - 0 .0 94.0 - 2 . 99£4 8 .3999 - 3 . 39£4 0 .002
Agl 0 . 1 910 -2 .0 9 3 4 6 .9 5 0 9 -2 .4 4 0 2 0.003

0 .2 870 - 8 .3  ££4 £ .4 3 6 7 -1 .3 0 0 2 0 .007
0 .3 840 -1 .3 7 8 6 5 .6203 -2 .0 0 6 2 0.001
0 .4 800 -1 .7569 6 .6 3 £ 2 -2 .6 6 5 0 0 .004
0 .5 750 -1 .1 0 6 5 5 .6 2 0 0 -2 .2 8 6 6 0 .002
0 .6 720 -0 .8 2 3 0 5 .0860 -2 .0 3 3 0 0 .004
0 .7 690 -1 .0359 5 .5 8 0 0 -2 .2 6 3 9 0 .002
0 .8 710 -0 .7 6 1 6 5 .3 3 7 6 -2 .2 3 3 6 0.003
0 .9 790 -0 .0 £ 6 6 4 .1 9 3 9 -1 .7149 0 .002
1 .0 830 0 .3339 3 .8 9 0 0 -1 .6553 0 .003

KI - 0 .0 960 -3 .1 1 9 6 6 .9 6 2 5 -2 .4 7 £ 9 0.001
Agl 0.1 950 -2 .6 8 9 0 6 .1 3 1 5 -2 .1 2 5 8 0.001

0 .2 930 -2 .3 6 7 7 5 . 5800 -1 .9 0 7 2 0.001
0 .3 890 - 1 . 879£ 4 .7 8 9 2 -1 .5 8 7 5 0.001
0 .4 840 -1 .8 2 4 8 4 .8 3 9 6 -1 .6 7 9 5 0.001
0 .5 770 - 1 . 6£8 2 £ .7 1 7 9 -1 .6 9 3 6 0.001
0 .6 670 -1 .5 0 9 9 £ .7 7 0 6 -1 .8021 0 .004
0 .7 530 -1 .£ 0 1  £ 5 .0 3 3 6 - 2 . 0£93 0 .005
0 .3 520 -1 .1 2 0 3 5 .0985 -2 .1 5 8 6 0 .006
0 .9 720 0 .4 8 8 2 3 .5 3 5 2 -1 .8 0 9 3 0 .007
1 .0 930 0 .3 3 3 9 3 . 89£2 -1 .6 5 5 3 0.003

C 3 I - 0 .0 900 -1 .4 4 9 9 3 .2671 -1 .0 3 2 4 0 .000
Agl 0.1 860 -1 . £77£ 3 . 3285 -1 .0 8 2 2 0.003

0 .2 810 - 1 .£77£ 3 .3 5 7 0 -1 .1 2 0 3 0 .000
0 .3 730 -1 .£ 9 7 3 3 .4436 1 . 1886 0.003
0 .4 670 -1 .5 2 6 0 3 . 5399 -1 .2361 0 .010
0 .5 590 -1 .£ 3 7 1 3 .5301 -1 .2 6 8 9 0 .002
0 .6 £90 -1 .2 5 6 1 3 .3685 -1 .1 9 4 8 0.005
0 .7 510 -1 .3 2 2 3 £ .0 8 5 5 -1 .6 7 3 2 0.003
0 .3 600 -0 .9 3 3 8 3 .9893 -1 .6 8 2 0 0 .004
0 .9 710 -0 .4 0 7 6 3 .9 3 2 4 -1 .6 9 8 0 0.002
1 .0 330 0 .3 3 3 9 3 • 89£2 -1 .6553 0.003

Table 1. Constants a, b, and c 
of (2) for the specific conduc­
tivity as a function of the mole 
fraction of the silver halide in 
the temperature range from 
Tmin to 1100 K. sxy denotes the 
standard deviation.

Erratum:
For the system N al-A gI, 
x 2 =  0.2 read 
a =  — 0.8344 S cm -1.
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K

Fig. 2. Electric conductivity of (K. Ag)Cl vs. temperature 
at xAg =  0.577 compared with data of Harrap and Hey- 
mann[10].

(Cs.Ag)CI

K
Fig. 3. Equivalent conductivity of (Cs, Ag)Cl vs. tempera­
ture for various mole fractions of AgCl.

( Cs, Ag ) Cl

Fig. 4. Specific and equivalent conductivities of (Cs, Ag)Cl as functions of the mole fraction of AgCl at different tem­
peratures.



Table 2. Constants a', b', c', and d' of (4) for the equivalent conductivities for four temperatures. sv>, denotes the standard 
deviation.
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System
T

x 2, min
a' b' c' d' SXy

K S cm2 m ol-1

( K, Ag) C l 950 0 .3 1 0 2 .8 0 9 2 - 7 2 .1 4 8 8 9 4 .5 1 0 4 1 2 .8 8 5 2 0 .5 4 3
1000 0 .1 94. .94-04. 8 .1 0 9 4 -4 3 - 6 1 7 8 8 3 .5 3 1 2 0 .8 7 4
1050 0 .0 105 .104 .2 - 7 .5 1 4 1 -3 1  .2 3 9 4 8 0 .5 1 7 4 0 .8 5 4
1100 0 .0 1 U .1 2 6 9 - 1 8 .5 1 7 8 - 2 8 .0 5 7 3 8 2 .7 4 0 9 1 .075

( C s , A g)C l 950 0 .0 7 2 .3 7 5 7 - 2 8 .7 7 4 0 - 3 2 .7 2 3 2 1 2 6 .5 9 4 8 0 .4 1 8
1000 0 .0 8 0 .5 3 6 4 . -3 2 .8 9 4 3 - 4 0 .9 9 4 2 1 3 5 .3 1 0 8 0 .4 6 4
1050 0 .0 88 .4.796 - 3 6 .6 6 4 2 - 5 1 .6 2 4 7 1 4 5 .8 1 5 9 0 .5 0 2
1100 0 .0 96 .24.77 - 4 0 .0 8 2 6 - 6 5 .0 3 9 0 1 5 8 .4 3 6 3 0 .5 7 2

(K ,A g )B r 950 0 .2 7 5 .0 8 1 4 1 3 .7 6 2 7 - 6 9 .9 0 5 2 1 0 0 .7 5 7 6 0 .2 6 5
1000 0 .1 8 5 .8 3 2 1 - 5 .5 7 9 4 - 5 2 .4 6 9 9 9 5 .0 2 4 5 0 .4 1 7
1050 0 .0 9 5 .8 9 5 0 - 2 4 .1 5 8 2 - 3 4 .7 7 5 3 8 8 .4 0 1 9 0 .7 2 4
1100 0 .0 1 03 • 54.70 - 2 5 .8 4 3 6 - 5 1 .0 5 6 2 1 0 1 .0 2 7 2 0 .9 4 5

( N a, Ag) I 950 0 .0 1 3 2 .4 3 9 3 -9 8 .8 5 0 5 8 8 .3 9 2 3 - 1 2 .4 2 0 0 0 .7 2 9
1000 0 .0 U 1  .2 5 7 3 - 1 1 1 .0 3 3 2 9 7 .7 8 4 6 -1 5 .8 5 8 8 0 .6 7 1
1050 0 .0 14.9.4.909 - 1 2 0 .9 6 7 8 1 0 1 .9 9 0 9 -1 6 .0 4 8 2 0 .6 9 7
1100 0 .0 1 5 6 .9 7 1 4 -1 2 6 .0 3 4 1 9 1 .2 8 6 2 - 4 .5 3 2 2 0 .9 2 0

( K, Ag ) I 950 0 .0 8 5 .2 9 4 0 - 4 5 .7 8 6 7 - 6 .1 9 7 8 7 4 .5 8 8 0 1 .6 4 6
1000 0 .0 9 4 .2 9 6 6 - 5 6 .9 3 6 0 1 .2 5 7 5 7 1 .9 4 4 3 1 .485
1050 0 .0 1 0 2 .6 8 2 5 - 6 6 .4 0 6 0 5 .7 2 3 8 7 0 .9 3 0 7 1 .2 9 6
1100 0 .0 1 1 0 .5 6 8 1 - 7 5 .0 1 3 2 9 .1 5 1 8 7 0 .2 3 9 1 1 .181

(C s ,A g ) I 950 0 .0 6 0 .7 7 9 3 - 3 1 ;2 7 4 6 - 5 6 .8 8 9 2 1 3 5 .5 6 4 7 0 .7 9 1
1000 0 .0 6 7 .0 7 0 5 -3 4 - 1 0 2 8 - 6 1 .3 3 1 5 1 3 8 .8 8 6 0 0 .9 2 3
1050 0 .0 7 3 .0 2 5 6 - 3 6 .2 4 5 6 - 6 7 .3 5 7 8 1 4 3 .0 6 3 5 1 .0 8 8
1100 0 .0 7 8 .8 3 6 6 - 3 8 .5 4 1 7 - 7 4 .0 7 6 3 1 4 7 .8 9 5 9 1 .2 5 6

Results and Discussion

Table 1 lists the constants a , b, and c o f (2) for the 
six investigated systems for different m ole fractions 
of silver halide. The quality o f the fit is expressed 
by the standard deviation sxy. The third column 
gives the lowest measured temperature, the highest 
is always HOOK. The conductivity values o f the 
systems (K,Ag)Cl at .y2 =  0.468, x 2 =  0.577, ,v2 =
0.791, and x 2 =  1.0 can be compared with those of 
Harrap and Heymann [10]. In Fig. 2 the tempera­

ture dependent specific conductivities o f Harrap 
and Heymann (.x2 =  0.577) are compared with the 
values from two independent experimental series 
and the polynomial fit o f this work. The deviations 
are apparently due to the experimental setup: both, 
the 2-electrode method o f Harrap and Heymann as 
well as their low frequency o f 3 kHz lead to higher 
resistances and thus to lower conductivities.

Our resistances are frequency dependent in the 
low frequency range. With increasing frequency the 
measured resistance decreases by different amounts
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depending on the experimental method and the 
applied voltage. However, in all cases it converges 
to the same limiting value at high frequency. In this 
paper the limiting value at 50 kHz and 50 mV of the 
4-electrode method was taken for the calculation of 
the electric conductivity.

The constants a \  b \  c', and d' o f (4) are listed for 
950 K, 1000 K, 1050 K, and 1100 K in Table 2. The 
polynomial fit (4) describes the concentration de­
pendence between .Y2. mjn (3. column) and .y 2 = 1 .  

-Y2.min is given by the region o f validity o f the trans­
port numbers [2, 3]. sx v again denotes the standard 
deviation. The densities required in (3) for the sys­
tems (K, Ag)Cl and (Cs, Ag)Cl have been deter­
mined in a previous paper [4] and for the other 
systems in a just finished work [5].

The temperature dependence o f A for (Cs, Ag)Cl 
is plotted in Figure 3. With decreasing silver ion 
fraction down to x 2 =  0.4 the equivalent conduc­
tivity and its temperature dependence become 
smaller. At about x 2 =  0.4 this behaviour reverses so

( K . Ag]Cl

Fig. 5. Ionic conductivities of the silver and potassium ions 
of (K. Ag)Cl as functions of the mole fractions of AgCl at 
different temperatures.

that at higher temperatures A and d A / d T  increase 
again.

The concentration dependences o f the specific 
and equivalent conductivities are plotted in Fig­
ure 4. The *-value o f pure CsCl nearly remains un­
changed up to a concentration o f about .v2 =  0.4, 
and then it increases to its value in pure AgCl. The 
equivalent conductivity shows a clear minimum in 
its concentration dependence and increases steeply 
on the silver rich side.

Figures 5 and 6 show the concentration depen­
dence o f the ionic conductivities in (K, Ag)Cl and 
(Cs, Ag)Cl at four temperatures. /.K+ is limited by 
the phase diagram at lower temperatures. AAg+ be­
haves similar in both systems. The ionic conduc­
tivities o f Ag+ and Cs+ in Fig. 6 demonstrate that 
the steep increase o f the conductivity (Fig. 4) for 
•V2 >  0.6 is mainly due to the higher ionic conduc­
tivity o f the A g+-ion in this concentration range. 
From Fig. 6 it follows that the A g+-ions are very 
mobile in an A g+ rich environment whereas they

(Cs ,  Ag) Cl

Fig. 6. Ionic conductivities of the silver and cesium ions of 
(Cs, Ag)Cl as functions of the mole fraction of AgCl at 
different temperatures.



(K,Ag) Br (K.Ag) I

....... Öl8 1
x2 ----- ^

Fig. 7. Ionic conductivities of the silver and potassium ions 
of (K, Ag)Br as functions of the mole fraction of AgBr at 
different temperatures.

Fig. 9. Ionic conductivities of the silver and potassium ions 
of (K, Ag)I as functions of the mole fraction of Agl at dif­
ferent temperatures.

(No, Ag) I

Fig. 8. Ionic conductivities of the silver and sodium ions of 
(Na, Ag)I as functions of the mole fraction of Agl at dif­
ferent temperatures.

(Cs.Ag)I

Fig. 10. Ionic conductivities of the silver and cesium ions 
of (Cs, Ag)I as functions of the mole fraction of Agl at 
different temperatures.
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are much slower in a Cs+ rich environment. The in­
fluence of the environment on the Cs+-ions is 
markedly weaker.

In the system (K, Ag)Br (Fig. 7) this influence is 
less pronounced but to be seen on the A g+ rich side.

Figures 8, 9, and 10 show the ionic conductivities 
of the iodide systems. Here the influence o f the 
environment to the ionic conductivities is again 
evident.
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