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ABSTRACT

Data are presented for densities, electrical conductances, and viscosities of the molten
system lead(II) dodecanoate/lead(II) oxide for concentrations up to 0.22 mole fraction of
the oxide. Values of pg obtained from extrapolation of graphs of density against tempera-
ture are seen to decrease on adding small quantities of PbO, but to increase on adding fur-
ther PbO. Results from thermal analysis suggest that this may be due to a change in strue-
ture of the liquid phase from small, spherical to long, cylindrical micelles. Over the concen-
tration range studied, molar volumes are linear functions of concentration at any particu-
lar temperature. The molar volumes of the system lead(II) carboxylate/lead(II) oxide
for the even chain acids C;o to C;g are linear functions of chain length. Arrhenius plots
for the electrical conductance of the mixtures show curvature, as in other lead(II) dodec-
anoate systems. The activation energies for conductance in the low temperature region
show a steady decrease with increasing PbO conceniration and it is proposed that this
arises from increased mobility of the charge carrier. The specific conductance at any tem-
perature decreases with increasing mole fraction of oxide, indicating the oxide to be
essentially undissociated in the melt. The activation energy for viscosity shows a dramatic
increase on adding small amounts of PbO. This is suggested to arise from a change in the
structure of the melt. Studies of the viscosites of the system lead(II) carboxylate/lead ox-
ide as a function of chain length for the even chain acids C;o to C;g suggest a slight
decrease in the size of the unit of viscous flow when oxide is present.

INTRODUCTION

Previous studies from this laboratory have provided information on the
electrical conductance, density, and viscosity of pure lead(II) dodecanoate
[1,2] and of mixtures of it with lead acetate [3] or dodecanoic acid [4]. In
addition, quantitative DTA has provided valuable information on the phase
changes occurring on heating lead dodecanoate, either alone [5] or in mix-
tures with lead acetate [6], dodecanoic acid [7], hendecane [8]; and lead(II)
oxide [8]. It is found that, whilst addition of lead acetate [6] or dodecanoic
acid [7] to lead dodecanoate appears to have no effect on the state of aggre-
gation of the soap in the liquid phase, addition of lead oxide seems to change
the structure of the liquid phase from small, essentially spherical micelles in
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the pure soap to long, cylindrical micelles in the mixture [8]. It would thus
be valuable to study the physical properties of molten mixtures of lead
dodecanoate with lead oxide. We have, accordingly, measured the densities,
electrical conductances, and viscosities of this system.

EXPERIMENTAL
Materials

The preparation and purification of lead(I1) dodecanoate and other lead
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Hopkin and Williams general purpose grade and was dried at 120°C under

vacuum and stored in a dessicator over gilica gel hefora n1ce
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Mixtures ;were prepared by weighing the appropriate amounts of the com-
ponents into a quick-fit conical flask. The flask was then evacuated to pre-
vent decomposition of the mixture, which was then melted on a hot plate.
The problems associated with dissolving lead oxide in lead dodecanoate have
been described previously [6].

Physical measurements

The procedures for the measurement of density, viscosity, and electrical
conductance were the same as described in earlier papers [1,2].

Plots of densities and molar volumes against temperature were linear and
were fitted by least squares to the equations
pr=po—aT (1)
and
Valt) = Vo + 5T (2)

dard errors and the range of measurement are given in Table 1.

It can be noted that the value of p, decreases dramatically on adding the
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on adding more PbO. A similar trend, but in the opposite direction, is ob-
served with the molar volumes. The calculated density at temperatures close
to the melting point again shows a decrease on adding the smallest amounts
of PbO, followed by an increase on adding more oxide. However, at higher
temperatures, only a steady increase in density is observed on adding PbO.
Interpretation of thermal data on this system [8] provides an insight into
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TABLE 1
Densities and molar volumes of the system lead (II) dodecanoate/lead (II) oxide
Xpp,o  Temp. p=po—aT (103 kg m™3) V= Vo + bT (1076 m? mole™!)
range (K)
Po Stnd. ax10® Error Vg Stnd. b Error
error ina error inb
(%) (%) (%) (%)
0.00 421—471 1.680 0.08 0.89 3.4 330.3 0.15 0.330 3.1
0.02 412—476 1.544 0.08 0.55 1.8 371.6 0.05 0.211 1.8
0.06 407—454 1.614 0.03 0.70 1.4 342.0 0.04 0.234 1.3
0.10 413—470 1.636 0.02 0.71 1.4 327.3 0.04 0.229 1.0
0.14 413—476 1.689 0.08 0.81 1.2 303.1 0.05 0.250 0.9
0.18 422—475 1.728 0.03 0.84 1.2 286.5 0.06 0.245 1.3
0.22 421—474 1.742 0.08 0.82 1.2 278.1 0.07 0.224 1.8

what is happening. Addition of PbO is suggested to change the structure of
the liquid phase from small, essentially spherical micelles into long, cylindri-
cal micelles. The addition of PbO may thus decrease the density by causing a
structural change to a less tightly packed liquid system. On adding further
lead oxide, however, the increased mole fraction of the more dense PbO
causes the observed increase.

As with previous studies of mixtures of lead dodecanoate with lead ace-
tate [3] or dodecanoic acid [4], plots of molar volume of the lead dode-
canoate/lead oxide system against mole fraction of oxide at one particular
temperature are linear, indicating that, within the accuracy of these mea-

surements, there is no excess volume of mixing over the concentration range
studied (Fig. 1). :
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Fig. 1. Plot of molar volume at 400 K against mole fraction of lead oxide.
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TABLE 2

Densities and molar volumes of the system lead (II) carboxylate/lead (II) oxide (0.10
mole fraction)

Car- Temp. P =po—aT (10% kg m™3) Vm= Vo + 8T (107° m3 mole™?)
bon range (K)
chain Po Stnd. ax 103 Error Vo Stnd. b Error
length error ina. error ind
(%) (%) (%) (%)
10 415—470 1.698 0.02 0.743 1.3 287.1 0.05 0.205 1.4
12 413—470 1.636 0.02 0.708 1.4 327.3 0.04 0.229 1.0
14 408—469 1.480 0.02 0.490 2.0 404.3 0.02 0.189 0.8
16 408—471 1424 0.01 0.513 1.9 452.7 0.02 0.242 0.7
18 407—476 1.374 0.05 0.495 2.0 504.7 0.06 0.2éd6 1.6

Previous studies [1,4,9] have shown that valuable information can be ob-
tained by studying the molar volumes of metal carboxylate systems as a
function of chain length. The densities and molar volumes were determined
for the system lead(II) carboxylate/lead oxide for the even chain length acids
C,0 to Cyg at a constant mole fraction (0.10) of the oxide. These were fitted
by least squares treatment to egns. (1) and (2) and the parameters for these
fits are given in Table 2.

The molar volume at a specific temperature (450 K) was plotted against
total carbon chain length and the data was found by least squares tc fit the
equation

Vm(450) = [62.55 + 31.03n] X 107° m® mole™* (3)

The correlation coefficient was 0.9982. Taking the total number of carbon
atoms per molecule as 2n [9] gives an increase in volume per methylene
group of 15.5 X 107° m3 mole™. Not suprisingly, considering the volume
which must be occupied by the lead oxide component, this is smaller than
. the volume increase observed with pure lead(Il) carboxylates (18.3 X 107¢
m? mole™?) [1] or with the system lead(II) carboxylate/carboxylic acid (0.10
mole fraction)(16.5 X 107 m3 mole~!) [4]. The molar volume of the system
can be related to the partial molar volumes of lead carboxylate, V,,(PbC,),
and lead oxide, V,,(PbO).

Vin = Va(PbC,) (1 — Xppo) + Vm(PbO) Xppo (4)

Assuming, as suggested by Fig. 1, that ideal behaviour is observed over the
concentration range studied, the partial molar volumes can be equated to the
molar volumes of the puse components. Since the molar volume of pure lead
carboxylates are related to the carbon chain length by the equation [1]

Va(450) = [563.01 + 36.53n] X 107° m® mole™ (5)

the meclar volume of the lead oxide can be calculated, and is found to have a
value of 145.6 X 107° m® mole~!. This is considerably higher than the value
obtained by extrapolating the high temperature data for PbO [10] to this
temperature (extrapolated Vo, = 25.5 X 107° m® mole™!). This discrepancy
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may arise from the facts that extrapolation of lead oxide data to tempera-
tures below its melting point is not strictly justified, and that the values used
in egn. (5) for the pure soaps may no longer be justified because of the
structural change in the melt.

Electrical conductanrce

Electrical conductances were determined for the molten system lead(II)
dodecanoate/lead(II) oxide for oxide mole fractions between O and 0.22.
Values of the logarithm of the specific conductance were plotted against the
reciprocal of the absolute temperature for each mixture studied (Fig. 2). As
is common in lead carboxylate systems [1,3,4], curvature was observed at
high temperatures.

The major charge carrier in the system is thought to be Pb?*, which moves
by a simple activated process. This ion n.ay arise from two equilibria

PbA, =Pb* +2 A~ (6)
PbO = Pb?" + Q2" (7)

However, like the case of the system lead(II) dodecanoate/dodecanoic acid
[4], but unlike the system lead(II) dodecanoate/lead(II) acetate [8], the
specific conductance at any temperature decreases with increasing mole frac-
tion of lead oxide. This strongly suggests that the extent of dissociation
according to eqn. (7) is small in this system and that the only significant
contribution to the conductance arises from Pb?* ions produced in the disso-
ciation of lead(IT) dodecanoate. Analysis of the dissociation of lead dode-
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Fig. 2. Semilogarithmic plot of specific conductivity against inverse temperature for

lead(II) dodecanoateflead oxide mixtures. O, Pure lead dodecanoate; ©, Xp o = 0.02;
+, Xppo = 0.06; X, Xppo = 0.10; 0, Xppo = 0.14; 8, Xpypo = 0.18; 0, Xppo = 0.22.
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TABLE 3

Low temperature limiting slopes and conductances for the system lead (II) dodecanoate/
lead (II) oxide

Xpvo log; 0@ Stnd. error (AH, + AH/[3)
in log; 0@ (kd mole™1)
0.00 5.161 0.008 544+1.4
0.02 4.892 0.013 52.56+2.2
0.06 4.452 0.004 49.7 £ 0.7
0.10 4.107 0.003 47.3*0.5
0.14 3.633 0.006 441 1.1
0.18 3.162 0.004 411%0.6
0.22 2.899 0.013 39.4+1.9

canoate has shown [1] that the conductance behaviour can be described by
the equations

AH* + AH/3
= ——— K 7
log Kk =10g Q@ == anapT (8)
and _
AS* + AS/3 -
= { —, =T
log Q = logVed /2Va) + =575an (9)

where AH:, AS:, AH, and AS are the enthalpies and entropies of activation
for movement of Pb?* and for dissociation, respectively. At low tempera-
tures, where the degree of dissociation is small, plots of log k against 1/T
should be linear with slope (AH} + AH/3)/2.303. Values of (AH? + AH/3)
calculated by least squares from these plots are given in Table 3.

As in the case of the system lead dodecanoate/dodecanoic acid [4], the
enthalpy is seen to show a steady decrease with increase in oxide concentra-
tion. It is difficult to see how addition of oxide will affect the enthalpy of
the dissociation reaction, so that the main effect of adding oxide must be to
decrease AH:. In the lead dodecanoate/dodecanoic acid system [4], it was
suggested that the decrease in AH; resulted largely from increased mobility
of the Pb?* ion. In the present system, the macroscopic viscosity at any tem-
perature decreases with increasing mole fraction of the oxide and it is rea-
sonable in this case, too, that the decrease in activation energy arises from
the increased mobility of the Pb?* ion.

Viscosity

The viscosity data were fitted by least squares to the equation

+

n
2.308RT

where 7 is the viscosity in Pa s and AH.,*7 is the activation energy for viscous
flow. Data for the fits are presented in Table 4.

logn =logne + (10)
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TABLE 4

Least squares parameters for viscous flow in the system lead (II) dodecanoate/lead (II)
oxide

Xpbo Temp. log;somo AH, (kJ mole™) Correlation
range (K) coefficient
0.00 406—460 —6.897 704+£4.4 G.9974
0.02 407—458 —7.289 80.2%x2.1 0.9983
0.06 405—451 —7.762 83.3+1.3 0.9994
0.10 396—447 —7.970 84.7T* 2.4 0.9979
0.14 400—446 —8.166 85.4% 3.3 0.9971
0.18 396—450 —8.282 86.0 2.8 0.9980
0.22 396—445 —8.580 88.3*+5.3 0.9909

The one striking thing about the results is the dramatic increase in activa-
tion energy on adding small amounts of lead oxide. This has been confirmed
by other workers in our laboratory [11]. The change seems to parallel the
suggested change in structure of the melt [8].

Information on the unit of flow can be obtained by studying viscosity as a
function of chain length [2]. The viscosities of the system lead(II) carboxyl-
ate/lead oxide (0.10 mole fraction) were studied as a function of tempera-
ture for the even chain acids C,, to C;s. Data obtained using eqn. (10) are
presented in Table 5.

For the system lead carboxylate/lead oxide (0.10 mole fraction), a plot of
AH* against carbon chain length is fairly linear (least squares correlation
coefflclent 0.9853) with slope 2.3 kJ mole™' (C atom)™! (Fig. 3) clcse to
that observed in the system lead carboxylate/carboxylic acid (0.1 mole frac-
tion) [2.4 kJ mole™! (C atom)~!] [4], but considerably lower than the values
of 4.2 and 4.0 kJ mole™! (C atom)~! observed with the systems lead carbox-
ylate/lead acetate (0.1 mole fraction) [3] and pure lead carboxylate [2],
respectively. This suggests that the unit of viscous flow in the system lead

aH (k) mol™)
w
o
T

1'2 ‘I.l. 16 18

CHAIN LENGTH
Fig. 3. Plot of AHf, against chain length for the system lead(II) carboxylate/lead oxide
(0.1 mole fraction).
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TABLE 5

Least squares parameters for viscous flow in the system lead (II) carboxylate/lead (II)
oxide (0.10 mole fraction)

Carbon Temp. fogioMo AH, (kdJ mole™?) Correlation
chain range (K) coefficient
length

10 412—453 —7.139 7T7.0xX 2.9 0.9973

12 396—447 —7.970 84.7*2.4 0.9994

14 400—449 —8.4860 88.1+1.5 0.9994

16 394—448 —8.805 91.3+4.1 0.9959

18 1402—447 —9.439 96.2 1.3 0.9998

carboxylate/lead oxide is somewhat smaller than in the pure lead carbox-
ylate case, where aggregates of between 3 and 5 molecules are supposed to
be responsible for viscous flow [2]. This result appears to conflict with the
observed increase in activation energy.on adding lead oxide (Table 4). How-
ever, the activation energy depends on both the unit of flow and the struc-
ture of the bulk liquid and the suggested change in structure to long cylin-
drical micelles may cause an increase in viscous drag, so increasing the activa-
tion energy for viscous flow. In addition, there may also be contributions
from undissociated PbO molecules. If the unit of flow was a single soap mol-
ecule, it would be expected that there would be an increase in activation
energy of about 1.6 kJ mole ™! (C atom)~!. The fact that the observed
increase is somewhat higher, but is lower than in the pure scap, suggests that
the unit of flow may consist of small aggregates sheared off of the fairly
bound long cylindrical micelles. A similar example of the unit of flow being
smaller than the main structural unit in a liquid is observed with carboxylic
acids, which consist of hydrogen bonded dimers, but whose mobile units are
suggested to be the simple acid monomers, with the hydrogen bond being
broken during viscous flow [2,12].
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