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ABSTRACT 

Data are presented Tar the electrical concluctivities in the melt for Icad c~ct;~dt~c~~no- 
ate/lead(It) decanoate, lead(H) hesadeca~~oa~e/leatl(II) tlcc;unontc~, le:ld(II) hcs;~d~x~~no- 
ate/zinc hexadecanoate and lead(H) hexadecanoate/cadmiLm~ hexadec:~nc~atr misturc~s 
over their complete composition ranges. The eleclrical conductivities arc’ mcasurctl as ;I 
function of temperature from just above the melting point lo just Imlc~w the dccompcbi- 

lion point of the mixtures. The Arrhrnius ploLs ror the mixtures are linear in all C;ISCS xncl 
the activation energies are deiermincd. While the activation energies rc,r I~!acllII) ocl;~tlt~- 

canoate/lead(II) decanoate and lcad(I1) hesadecau~,;~Lc/lo~d(II) rlecanoate mistuws ;lrv 
mole fraction independent over the concentration range s~urlied. rendering support to 
previous models advanced by other workers that the major charge carrier is the rree 
metal cation, the other systems show no such simple Ixhaviour. In these S~SLCIIIS Lhc-rc! ;Lrv 
indications of deviations from ideal behaviour, suggesting thaw entropy mntl c~thalp~- ol’ 
mixing might be important. 

INTRODUCTION 

The temperature dependence on the molar volume, density and electrical 
conductivity of some molten divalent metal carbosylates has been estcn- 
sively studied [l-5] in our laboratories. These studies have indicated that 
the metal ions were solely responsible for electrical conduction, while the 
carboxylate moiety, usually an aggregate of approximately three or four 
carboxylate molecules, was responsible for viscous flow. The model pre- 
sented to explain the conductance behaviour proposes that a dissociation 
equilibrium of the type 

MA2 = MA+ + A- * M2+ + 2A- 

where M is the metal and A, the carbosylate moiety, existed in the melt. 
It has been demonstrated that in these types of metal carbosylates, meso- 

phases were present between the solid and isotropic liquid phases [6]. 
Furthermore, Adeosun [7] has shown that the addition of a common metal 
ion such as lead, in the form of lead acetate to lead(I1) decanoate, did not 
alter the phase sequence observed in lead decanoate [6] and also did not 
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bosylate is envisaged to dissociate according to the scheme 

MA2 = MA’ + A- + M2+ + 2A- 

If the assumption is made that the main current carrier is the M”+ ion rather 
than the more bulky A- ion, and that it moves by a simple activated process 
then 

log K = log Q - 
AH;+fw/3 1 

2.303R - r 

where AH: and AH are the enthalpies of activation for movement of the M*+ 
ion and for dissociation, respectively. 

Q = log(iVeA/2V,) + z& (AS: + AS/3) 

where AS: and AS are the entropies of activation and dissociation, respec- 
tively, and If,.,, is the molar volume of the soap misture. 

The logarithms of the specific conductivities of the mistures are showi in 
Figs. l-4 as a function of inverse temperature_ It should be noted that in 
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Fig. 1. Semilogarithmic plots of specific conductivity vs. inverse temperature for lead 
octadecanoate/lead decanoate mixtures: a, pure lead decanoate; ~1, SpbC,,, = 0.9; C3, 

Xpw10 = 0.7; X, -~pbcl,-, = o-5; 0, Xpbq,, = 0.3; A, Xmc10 = 0.1; 0, pure lead octa- 
decanoate. 

Fig. 2. Semilogarithmic plots of log specific conductivity vs. inverse temperature for lead 
hexadecanoateflead decanoate mixtures: 0, pure lead decanoate; fi, XpbC,,., = 0.9; Ar 
&bClo = O-7;@, XPbCIO = 0.5;m,XPbC10 = 0.3; x, XPbC,,, ’ = 0.1; 0, pure lead hexadecano- 

ate. 
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Fig. 3. Semilogarithmic plots or log specific conductivity vs. inverse temperature for lead 
hesadecanoate/zinc hesadecanoate mistures; Q, pure lead hexadecanoat-; c, .S~.,C, 6 = 
0.1, ._.. _Yz~c,~ = 0.3; A, SZ~C,~ = 0.5: CT., _Yz~c,~ = 0-i; X, _Yz~c,~ = 0.9; 0, pure zinc 
hesadecanoate. 

Fig. -1. Semilogarithmic plots of log specific conductivity vs. inverse temperature for lead 
llrxndecanoate/cadmium hcsadecanoate mistures: E, pure lead hexadecanoate, Ll, 

-~CdC,fi = 0.1: .-, _ycC,q6 = 0.3; *, &-<l~,~ = 0.5; x, .yCdCIh = 0-i; -, h&Cl6 = 0.9: n , 
pure cadmium l~esaclecanoate. 

most cases, the plots for the pure soaps show curvature at high temperatures 
and therefore 0111~ tlleir low temperature data are analysed here. As the low 
temperature limiting slopes for the pure soaps and the slopes for the 
mistures show no sign of curvature, the experimental data shown in Figs. l- 
4 were fitted to least squares lines of the form 

AH, + AH/3 1 
log K = log Q - -2 30i~-- - r 

to obtain values for the coefficients log Q and (AH: + M/3). These values 
are tabulated in Tables 1-4. 

K7hile there was an increase in conductivity with the mole fraction of 
lead(I1) decanoate added at any particular temperature %P the systems 
lead(I1) oc:tadecanoate/lead(II) decanoate and lead(I1) hesadecanoate/ 
lead(I1) decanoate, the converse was true for the systems lead(I1) hexade- 
canoate/zinc hexadecanoate and lead(I1) hexadecanoate/cadmium hexadeca- 
noate. Conductivities were roughly linear functions of concentration over 
the composition range studied for the cases where conductivity increased 
with concentration. There were, however, indications of deviation from ideal 
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TABLE 1 

Least squares parameters for the activation energy plot for the system: lead octade- 
canoatellead decanoate mixtures 

X~ClCl log Q (hH$ + m//3) 
(kJ mole-‘) 

0.0 3.93 ? 0.02 48.1 -c 1.8 
0.1 4.20 2 0.01 49.5 f 0.6 
0.3 4.67 + 0.01 52.1 + 1.2 
0.5 4.75 * 0.01 51.8 + 1.0 
0.7 4.80 f 0.01 52.0 2 1.2 
0.9 5.01 * 0.01 52.0 f 1.0 
1.0 4.72 ? 0.01 49.5 f 0.7 

X = mole fraction 

TABLE 2 

Least squares parameters for the activation energy plot for the system: lead hexade- 
canoatellead decanoate mixtures 

-“PbCI 0 log Q (AHi + &I/3) 
(kJ mole-‘) 

0.0 4.30 * 0.01 50.4 2 0.8 
0.1 5.42 f 0.01 58.6 2 1.4 
0.3 5.62 2 0.03 59.2 2 4.2 
0.5 5.85 2 0.02 60.5 f 3.2 
0.7 5.63 * 0.02 57.5 * 3.5 
0.9 4.85 + 0.01 50.7 2 0.7 
1.0 4.74 + 0.01 49.5 _+ 0.7 

TABLE 3 

Least squares parameters for the activation energy plot for the system: lead hexade, 
canoatelzinc hexadecanoate mixtures 

Jhlc 16 log Q (AIf8 + N/3) 
(kJ mole-’ ) 

0.0 4.30 * 0.01 50.4 ? 0.8 
0.1 3.26 f 0.01 42.6 f 1.1 
0.3 3.11* 0.01 42.9 4 0.7 
0.5 2.56 + 0.01 42.5 f 1.3 
0.7 1.47 -F 0.01 39.3 * 1.5 
0.9 0.56 + 0.01 38.1 + 0.8 
1.0 0.20 f 0.01 37.8 f 0.6 
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TABLE 4 

Least squares parameters for the activation energy plot for the system: lead hexade- 
canoatefcadium hexadecanoate mixtures 

XPbC16 log Q (=,f + M/3) 
(kJ mole-‘) 

0.0 4.30 _+ 0.01 50.4 f 0.8 
0.1 5.06 f 0.01 56.9 -c 1.5 
0.3 5.11 k 0.01 58.1 f 1.0 
0.5 5.31 f 0.01 61.1 f 2.0 

6.69 2 0.02 73.8 2 0.6 
6.72 + 0.01 76.4 k 0.6 
8.29 f 0.02 89.0 2 2.5 

behaviour over the composition range from pure lead(I1) octadecanoate or 
pure lead(H) hexadecanoate to pure lead(H) decanoate. In addition, plots of 
log K vs. mole fraction at any temperature, for lead(I1) hexadecanoate/zinc 
hexadecanoate showed large deviations from ideal behaviour, although these 
deviations were not so large in the lead-cadmium mixtures. 

DISCUSSION 

The results obtained in this work are discussed in the light of t.he simple 
theory propounded by Sime and co-workers [ 11. 

Lead(II) octadecanoate/lead(lI) decanoate 

The values quoted in Table 1 for (AH: + M/3) are constant within espe- 
rimental error. These results were consistent with those reported in the 
literature [9] for a comparable system such as lead(I1) decanoate/lead ace- 
tate mixtures where the addition of lead acetate caused no change in the 
enthalpy values recovered for the pure soap. It is therefore reasonable to sug- 
gest that, as for that system, the Pb” ions are the major charge carriers in 
this system. 

The increase in the conductivity of the mixtures is attributed to an 
increase in the entropy terms, (AS: + AS/3), with increasing concentrations 
of decanoate; that is with increasing Pb’* concentration arising from greater 
dissociation of lead decanoate than lead octadecanoate. This is confirmed by 
the increase in log Q values (Table 1) from 4.20 for 0.1 mole fraction addi- 
tion of decanoate to 5.01 for 0.9 mole fraction addition. Although it is 
possible to calculate the Pb” ion concentration in the different mixtures at 
any temperature by a method described for the pure n-alkanoates [l], this 
requires high temperature data where the Arrhenius plot tends to a second 
linear portion with the slope corresponding to AHi. Unfortunately, this cal- 
culation could not be done because the mixtures decomposed before the 
required temperatures were attained. 
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It is unlikely that the decanoate will affect AS:, and hence the main effect 
must be attributed to the entropy of dissociation, AS. An estimate of the 
size of increase, s(AS), of AS can be obtained from the separation of the 
Arrhenius plots for any two mixtures of different compositions of decanoate 
at the same temperature_ If the two mixtures differ by 0.2 mole fraction of 
decanoate, the solution of the expression 

1% “<XI - 1‘S ‘%+o.z) = 2 303R 

gives S(AS) as k 8.6 J mole-’ K-’ per 0.2 increase in mole fraction of deca- 
noate. This suggests that the dissociated carbosylate chain becomes more 
disordered with respect to the undissociated chain by a factor of -8.6 J 
mole-’ K-’ per 0.2 increase in mole fraction of lead decanoate. 

Lead(II) hexadecanoatellead(II) decanoate 

Table 2 shows that although the (AH: + M/3) values were reasonably 
constant for the mixtures, they were higher than those for the pure soaps. 
Earlier interpretations [9,10] of the conducting behaviour of similar soap 
mixtures, where the mole fraction of one of the components into the other 
did not exceed 0.3, and where the (AH: + AH/3) values were nearly always 
the same for the mixtures and pure soaps, were based on the premise of an 
insignificant effect of mixing. The mixtures were therefore then treated as 
ideal solutions. 

The results here indicate, however, an effect of mixing of the components 
which might be attributed to the entropy (S,.,,) or enthalpy (H,) of mixing. 
Unfortunately, the literature on thermodynamic studies of the mixing of 
these soaps is sparse. However, by analogy with earlier studies where the 
mixtures were considered to be ideal, and where the activation energies of 
the mixtures were constant as in the case reported here, it seems unlikely 
that H,‘s contribution to the increase of conductivity with concentration is 
significant. It is considered that the entropy term, (AS: + AS/3), and S,, are 
more important. This conclusion is supported by the fact that, as expected, 
increasing the Pb*+ concentration increased the entropy as shown by the 
increase in log Q values with increasing decanoate concentration. The 
increase in conductivity must arise from either an increase in ASi or AS. It is 
probable from previous arguments that AS is the important term here. The 
deviation from ideality of plots log K vs. mole fraction of decanoate may 
therefore be ascribed to the positive entropy of mixing with some possible 
contribution from enthalpy of mixing as well. 

Lead(II} hexadecanoatelzinc hexadecanoate 

Inspection of Table 3 shows that the enthalpy values obtained for pure 
zinc hexadecanoate are lower than those for pure lead hexadecanoate. Also, 
(AH: f AH/3) al v ues were unaffected, within experimental error, at all con- 
centrations of zinc hexadecanoate. In addition, the conductivity of zinc 
hexadecanoate was less than that of lead hexadecanoate. 
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Over the concentration range studied, plots of log K vs. mole fraction, at 
any temperature, indicated that the conductivity of the mixture decreased 
randomly as the mole fraction of zinc hesadecanoate increased. Again, this 
deviation from ideality may suggest an effect of mixing. 

In terms of activation energy values, it would be expected that the dis- 
sociation equilibrium for the zinc soap would be more favoured than the 
equilibrium for the lead soap because of its lower dissociation energy and 
as a result, more Zn ‘+ ions would be espected in the melt. Since the Zn’+ 
ion is smaller in size than the Pb” ion, the conductivity of the zinc soap 
would be expected to be higher than that of the corresponding lead soap. 
However, because the enthalpy term is a sum of two enthalpy terms, it can- 
not be determined with any certainty as to which of these terms is respon- 
sible for the relatively low values of (tiK + N/3) in the zinc soap. That is, it 
is not possible to unambiguously calculate the contribution of each of these 
terms to (AIYL + M/3) since this requires high temperatures where com- 
plete dissociation occurs when the main contribution to the activation 
energy becomes AH: [I]_ This temperature cannot be obtained before the 
onset of decomposition. 

The major explanation for the disparity between the conductivity values 
for these two soaps appears to be due to differences in the entropies. Such a 
conclusion follows from an inspection of the relative log Q values where 
log Q is 4.30 for the pure lead soap and 0.20 for the pure zinc soap. This 
clearly implies that less free Zn” ions are available for conduction in the 
pure melt. Therefore, as the mole fraction of zinc hexadecanoate in lead(H) 
hexadecanoate increased, the entropy term decreased and the concentration 
of undissolved zinc soap in the melt increased. The undissociated zinc car- 
boxylate, allied with the increase in viscosity of the system due to the addi- 
tion of the more viscous zinc soap [ 11, will affect the ionic mobilities of free 
Pb2+ and Zn” in the melt. Consequently, the conduction of the mixture 
decreased as the concentration of zinc carboxylate in the melt increased. 

Lead(II) hexadecanoate/cadmiurn hexadecanoate 

From an examination of Table 4, the following observations were note- 
worthy: the enthalpy and entropy terms increased as the mole fraction of 
cadmium hexadecanoate increased in the melt. Also, the (A& + AH/3) value 
for the pure lead soap was lower than that for the pure cadmium soap. The 
higher entropy value obtained for the pure cadmium soap is expected 
because of the higher viscosity of the cadmium melt [1,3]. Hence, the 
entropy of activation, NY:, must be higher in cadmium than in lead and 
must be the main contributory factor to the activation energy. 

Plots of log K vs. mole fraction at any particular temperature showed a 
random decrease in conductivity (probably due to an effect of mixing) with 
increased mole fraction of cadmium soap in the melt. It is envisaged that 
both AH and AH: contribute to the decrease in conductivity with increasing 
concentrations of cadmium soap. Since cadmium soaps dissociate to a lesser 
extent than lead soaps in the melt [1,3], AEI can reasonably be assumed to 
contribute to the activ:rtion energy values for the pure cadmium soap. This 
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implies that t.he backward dissociation equilibrium 

Cd A,=+Cd*+ + 2A- . 

is more favoured in the melt. Therefore, less Cd*+ ions will exist in the melt, 
probably because of the strong Cd-O bond. This would esplain the rela- 
tively low conductivity values for the pure cadmium soap. As the concentra- 
tion of cadmium soap increased in the melt, more undissociated cadmium 
species were present. However, because of the increased viscosity of the mix- 
ture with increased cadmium concentrations, the ionic mobility of Pb’+, 
the main current carrier, must be progressively retarded and m must 
increase. The presence of more undissociated cadmium species in the melt 
and the concomit.ant increase in viscosity and hence AH’, with increasing 
concentrations of cadmium in the misture, esplains the progressive decrease 
in conductivity with increasing mole fraction of cadmium. 
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