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ABSTRACT

Data are presented for the heats and entropies of phasc changes for the system
lead(11) dodecanoaic/dodccanoic acid. A phasc diagram has also been constructed
for the system.

Optical observations using a kot-slage polarising microscope suggest that in
mixtures containing very low acid conaentration (X ;4 < 0.01). the phase sequence
is the same as in the pure soap, i.c. crystal — Grcaiicy = F2 (cubic jromerphows) —
liquid. The ¥/, phasc disappears at higher acid concentrations. At high acid concen-
trations (X, = 0.06) a new phase transition occurs at lemperatures very close to the
melting point of the pure acid.

The total entropy change accompanying the transformation crystal - liquid
phase is the same for all ihe compositions studied. This suggests that the addition of
dodeccanoic acid to lead dodecanoate does not alter the degrece of order of the hydro-
carbon chains cither in the solid or hquid phase.

INTRODUCTION

In an carlicr paper' we reported thermodynamic data on melting and mesophase
formation in some lead(l]) carboxylates. In particular, we showed that for purc lead
dodecanoate, the phase sequence is crystal — G, ocicr = F 2 tcobic iwmerpheny =+ 1QUId.
Woe aticmpted a rationalisation of this phase sequence in terms of the R theory® of
fuscd miccllar phases, which was originally believed to be applicable only 1o *“fused’
mesophases in which the amphiphilic layers were labile.

In an attempt to further test the applicability of the cor.cepts of the R theory to
non-aqucous carboxylate phases we have presented data on some soap systems in
which perturbations of the intermolecular forces of the amphiphiles have been efiected
by the addition of polar ard non-polar matcrials 1o the soap. In particular, we have
modified the intermolecular forces within the ionic portion of the amphiphiles by the
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addition of Izad oxide 10 lead dodecanocate®. It was observed that the addition of the
smallest amount of lead oxide (Xpo = 0.003) caused the disappearance of the V,
phase and that the G phase broke down into three structunally different G forms.
Similarly, we have modified the intermolecular forces within the lipophilic portion of
the amphiphiles by the addition of hendecane to Iead dodecanoate’. As in the case of
the lead dodecanoateflead oxide system, the addition of hendecane suppressed the
formation of the }. phase and a new phase appeared at the hich temperature region.
The R theory was found to be adequate in explaining these observations.

It is the parpose of the present study 1o cxamine the effect of simultancous
perturbations of the intermolecular forces both within the ionic and the lipophilic
portions of the amphiphiles on mesophase formation. This has been done by examin-
ing the effect of the addition of dodecanoic acid on the thermadynamics of mesophase
formation of purc lcad dodecanoate using quantitative DTA. [n th2 lead dodecanoatef
dodecanoic acid system the carboxylate head groups of the acid arcincorporaicd into
the ionic ponion of the soap while the hydrocarbon chains of the acid are incorporated
into the hipophilic portion of the soap.

EXPERIDMENTAL

The preparation and purification of lead dodecanoate has been described
cisewhere®. Dodecanoic acid was a B.D.H. product and was recrystalliscd from
cthanol before use. The mixtures were made by weighing the appropriate amounts of
the compounds into a quick-fit conical flask. The flask was then evacuated and the
mixtore melted on 2 hot plate. The acid dissolved readily in lead dodecancate.

DTA measurements were made on a Mettler TA 2000 system. About 13-20 mg
of the sample was weizhed on a2 Cahn electrobalance. sealed into the standard alu-
minium crucibles of the Mettler TA 2000 analyser and scanned at a heating rate of
1 K min~*. Mcasurements were performed in duplicate on at least four separate
samples. The equipment was calibrated with indium metal and peak arcas were meas-
ured by cutting and weizhine.

Optical obscrvations werc made on a hot stage polarising microscope. IR
spectra were recorded as K Br pelicts on a pye unicam SP 1100 IR spectrophotometer.

RESULTS

Typical DTA curves of the mixtures are shown in Fiz 1. The peaks are labelled
A, B, Cand D. Detailed examination of the DTA peaks toecther with optical observa-
tions on a hot stzge polarising microscope allowed the construction of a phase dia-
gram for the system (Fig. 2). The phase diagram for the low acid concentration region
has been expanded in Fiz 3.

It can be observed that the addition of up to 0.01 mole fraction of acid to Jead
dodecanocate does not cause the disappearance of the V. phase (peak D). However,
the ¥, phase disappeared at hicher acid concentrations. At 0.06 mole fraction of acid
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and above, a new peak appeared at the fow temperature region. This is labelled peak
A in Fig. 1. Oplical obscrvation suszcsts that this phase change is a2 solid — solid
transition. It is interesting to note that the temperature of this phase transition is very
closc 1o the melting point of the acid.

AL0.18 mole fraction of acid and above. the G phase disappeared and the second
solid phase passed directly into the liquid. It is noteworthy that while the temperatures
of the solid § — solid 11 phase transition were essentially constant, the transition tem-
peratures into the isotropic liquid decreased with increase in acid concentration.

The data on cnthalpy and cntropy changes for the different phase transitions
arc presepied in Table ). The values are calculated per mole of hydrocarbon chain
present in the mixture since the major contribution to the cntropy change is the
disordering of the hydrocarban chains. The crrors in these values are within £ 2%/,
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TABLE |

THODBIOODYNAMIC DATA FOR PHASE CHANGES IN THE SISTEM LEAD NODECANOATE/DODECANOIC ACID

- TR e e ——— e -

Phase chanze A B ) C D
Xptreeaote AH IS A s AR 1S AH 1S NHracai 1STetar
ek

(+] —_ —r 42 660 148 943 0.5 1.3 3935 1067
001} — — 211 654 147 =9 0.3 1.1 392 1054
o019 — — 246 6568 143 37x% — e 359 112X
0.04) — - 245 667 141 3T4 = e 38.6 104.1
0.102 13 4 %4 771 96 256 — 393 1068
0.159 2. 23 30.7 834 25 121 - - 37.8 103.5
0.199 33y 110 342 927 —_— — —_ —_ 37.7 103.7
0.252 37 180 322 8§13 —  — R 37.9 105.3
0.301 53 167 322 §iI5  —  — S — 37.5 104.2
0.339 87 274 279 763 2 — - —_ - 36.6 103.7
0.399 g4 263 24 T - - - - 368 104.5

== = T D T o L TSEe Emon AT A T = i

M valucs ane cxpressed in k1 imole of hydrocarbon chain) ™ * while . §S valoces arc expressed in J K~ *
{tmwolc of hydrocarbon chain)~ . Errors in the valucs arc within - 272

DISCUSSION

It has been shown that the concepts of the R theory are useful. at least in
quzlitative terms, in the interpretation of phase transitions in amphiphilic m2sso-
phases®. The R theory interprets the structures of mesophases in terms of a balance
between the intermolecular forces which tend to make the amphiphilic portion of the
lamellac (C) become convex towards its lipophilic environment (O) and those tending
1o make it become convex towards its polar environment (W). According to Winsor?,
the ratio, R, of these tendencies can be expressed as

R = [(Azs— Ass)Aes — Az

where Az; is the energy of interaction per unit area of interface at the X/Y interface.
For a given O and W, R will increase with the ratio Az5/Azg-

Our results on the Jead dodecanoate/dodecanoic acid system can be rationalised
in terms of the R theory. Addition of small quandities of dodecanoic acid (X, ., < 0.01)
10 pure jead dodecanoate does not significantly alter the intermolecular attractions
responsible for Acg and 4. Thus the ratio A5/ A-; remains essentially the same as
in the pure soap and hence the phase sequence in the sysiem lead dodecanoatejlead
dodecanoic acid at very low acid concentration remains the same as for the pure soap,
i.c. crystal = Guncciic) — Y2(cubic isomerpiionsy — liquid. However, at higher concentra-
tions of the acid the intermolecular attractions responsible for Az become bigger due
to increased van der Waals forces between the hydrocarbon chains. On the other hand
the intermolecular altractions responsible for A:g arc not significantly different from
those in the pure soap since the carboxylate head groups of the acid are in an envi-
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ronment of similar ions, i.2. carboxylate head groups of the soap. It is assumed here
that the repulsive forces between the hydrogen ions of the acid and the lead jons of
the soap make little contribution to A ;. The result is that the ratio, R, will tend to
increase and the stability of the lamellar (G) phase could be maintained only by some
internzal rearrangement that would restore the value of R to umty. Beyond the limits
where such rearrangement is energetically possible, the phase breaks down thus pas-
sing into the isotropic liquid. At high acid concentration (X,.;y = 0.18) the ratio R
becomes much greater than unity thus making the G phase unstable and the solid
phase passes directly into the iquid phase.

One aspecl of our results that is worthy of note is that the ¥, phase persists in
lead dodecanoate/dodecanoic acid mixtures containing up to about 0.01 mole fraction
of the acid. Also, the temperaturcs of the phase transitions in these mixtures are
similar to those in the pure soap. This result contrasts with the behaviour of the lead
dodecanocate/lead oxide and lead dodecanoatefhendecane systems where the smallest
addition of lcad oxide or hendecane resulted in the disappearance of the V. phase.
The practical implication of this result is that DTA technique is not very uscful in
detecting acid contaminanis in metal carboxylates when the acid corcentration s
extremely low, unlike the case of metal oxide contaminants._ It is also imporfant to
note that the IR spectira of the soap/acid mixtures contaiping up to 0.01 mole fraction
of acid, do not show the characteristic acid peak at 1700 cm~", which again demon-
strates the limitation of IR spectroscopy in detecting the presence of excess acid in
metal carboxylates when the acid concentration is very low.

Inspection of the phase diagram in Fig. 3 shows that a pew phase transition
occurs on the low temperature side at about 0.06 mole fraction of acid and above.
The tempevatures of this phasc transition are very close 1o the melting point of pure
dodecanoic acid. Optical observation suggests that this phase change is a solid — solid
transition as the new phase is not readily subject to mechanical deformation. The
enthalpy change accompanying this phase transition (Table 1) increases roughly with
increase in acid concentration. It is thercfore tempting 1o speculate that this new phase
<hange corresponds to the melting of cxcess acid that is not incorporated into the
amphiphilic system. However, carcful optical observation clearly showed that there
was no melting and that the phase change is a solid — solid transformation.

Onc nolable feature of the phase diagram shown in Fig. 2 i5 the apparent lack
of a eulectic point. In 2 DTA study of the liquid-liquid and liquid—solid equilibria of
some binary systems of alkali metal stearates and some fatty acids®, eutectic points
were observed with eutectic compositions very close to 1.0 mole fraction of the acid.
For cxample in the sodium stearate/succinic acid sysiem, the estectic point occorred at
0989 mole fraction of succinic acid while in the potassium stearate/succinic acid
system 2 eulectic point occurred at 0.994 mole fraction of the acid. It is noteworthy
that these authors did not present data on any binary system containing a metal
carboxylate and its comresponrding fatly acid as has been done in the present study.

The most striking feature of the quantitative results summarised in Table 1 15
the approximately constant value of the total enthalpy change as well as the total
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entropy change for all the compositions studied. This implics that addition of dode-
canoic acid to lead dodecanoate does not alier the state of order of the hydrocarbon
chains either in the solid or liquid phase. This result contrasts with our eardier results
on the lead dodecanocate/lead oxide and lead dodecanocate/hendecane systems? where
a steady decrease in the total entropy change with increase in lead oxide or hendecane
concenlration was observed. We demonstrated that the decrease in the total entropy
change with increase in concentralion of hendecane or lead oxide was as a result of
greater order of the hydrocarbon chains in the liquid phase of the mixtures.

In an attempt 1o show that the degree of order of the hydrocarbon chains in
lead dodecanocate is not altered in the crystal phase on the addition of dodecanoic
acid IR spectra of the mixtures were recorded as KBr pellets between 1400 apd
1100 cm™*. It has been reported that in this region a serics of bands occur as a resuit
of the rocking of the CH, groups in the crystal lattice® ¥, These bands broaden on
heating as the chains are now free to twist®. Thus if addition of dodecanoic acid
causes a loosening of the packing of the hydrocarbon chains thus resulting in in-
creased disorder, 2 broadening of these bands would be observed. Figure 4 shows the
IR spectra of some of the mixtures and the pure soap between 1100 and 1400 cm—".
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it is cdear from this figure that there is no broadening of the bands in this rcgion in
any of the mixtures. Thus, it seems established that addition of dodecanoic acid to
lead dodecanoate does not alter the degree of order of the hydrocarbon chains cither
in the crystal or in the liquid phase. This probably suggests that the hydrocarbon
chains of the acid are arranged in the crystal lattice and in the liquid phase in the same
manner as the hydrocarbon portion of the dodecanoate anion.

A more sensitive method of demonstrating increased order or disorder in the
crystal or liquid phase of the mixtures 1s (o0 measure the specific heats of the mixtures
both n the crystal and liquid phases and compare the values with those caiculated on
the basis of simple additivity, as was done for the lead dodecanoate/lead oxide system?,
An attempt was made 1o measure the specific heats of the mixtures by the method of
baseline displacement using the DTA equipment. Unfortunately, we were unable to
obtaun reproducible values.
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