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ABSTRACT

Measurements have been made of the temperatures and heats of transition of
the phase changes in the lead n-alkanoates of odd carbon chain length from hepranoate
to nonadecanoate inclusive. These salts form mesophases, those with 11 carbon
aloms or fewer in the chain showing 2 phascs, those with 13 or morce, only onc. The
temperatures of the crystal to G phase transitions show no odd-cven vanations:
however, the heats of transition do. All other properties except the specific heats of
the ¥, phases do show such vanations. The results are discussed in terms of the
degree of ordering of the carbon chains in the various phascs.

INTRODUCTION

In a previous paper in this scrics® we have reported the existence of mesophascs
between the crystal and isotropic liquid in the cven chain length lead alkanoates.
in this paper we report similar data for the odd chain Iength alkanoates. Odd-cyven
variations in melting points and transition enthalpics have been observed in many
homologous series. for example in the melting points and heats of fusion of the
alkanes themsclves® and of the alkanoic acids®. Qdd-even variafions have been
obscrved in the temperatures and transitton enthalpies of isotropic-nematic transi-
tions in homologous serics of non-amphiphylic mesogens. Mardelja® has derived a
theory of the isotropic-nematic transition which predicts such variations, for example
in the p, p’-di-n-alkoxy-azoxybenzenes. The physical interpretation he gives of this
cffect is that, in the case of these compounds, the addition of a carbon atom to the
chain in an cven pasition in the prcferred frans confizuration is along the major
molecular axis, allowing more ordered packing in the ncmatic phase, whereas addition
of a carbon atom in an odd position in the /rans configuration i1s away from the
molecular axis and acls as a stene interference to inter-molecular order. In the light
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TABLE }

CARBONA~-HYDROGEN AMALYIIS DATA

Carbon Y C o H
fbfﬂ e = - - - = P memmra e m o T e m——
Lengrh Foard Theory Fourd Theory
19 57.29 569 929 923
17 M5 375 5.59 886
15 2.4 5223 547 542
13 4935 922 792 790
1 4607 35714 1.9 128

9 41.77 4143 624 6.52

7 3666 3&an 537 59

of this interpretation. the presence of odd-cven cffects in liquid crystal transitions
should indicate differences in the dezree of ordering of the end region of the alkanoic
chain between the two phases in question. There are no studics, known Lo the apthors.,
of odd-cven cffccts in mesophase formation in pure amphiphyhc mesophases. Such
studics may cast some light vpon the degree of ordening of the alkancic cham in the
varnous phascs. Having already reported thermodynamic data for phase transitions
in the cxen chain kength alkanoates of lead we have therclore prepaned and studied
phase transitions in their odd homolozues with this aim in view.

EXPERIMENTAL

Malgrials were prepared and punfied as has been previously described for the
even chain kength compounds®. Carbon and hydrogcen analyses were performed as a
test of purity, and the data arc shown in Table ). All quantitative DTA mcasurcments
were made as described previously: in particular the specific heats of the mesophases
were measuned by the same method of temperature jump. Attempis to purify the
pentanoale failked, the DTA curves for this compound being broad and ill-defined;
thus data arc reported for chain kength from neonadecanoate to heplanoate.

RESULYS

Phase changes found were consistent with those obsernved for the cyven chain
length compounds, two phases being found for chain lengths 11 and shorler, one for
13 and longer. The lower temperature phase has been labelled a G phase and the
other a ¥, phase in line with the nomenclature used for the phascs of the even chain
length compounds. Temperatures, enthalpy and entropy changes are shown in Table
2. Errors are included only if they were larzer than the = 2% expected for quantitative
DTA. For the heplanoate an exira fow tcmperature phase was observed. Spexific
heats wen: measured for all convenient phases. The specific heats of the solids were
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Fig. 1. Spadfic hcats of the solid phases. Ordinate, €. (& mol-! K-1); abscisg, T (K)-
TABLE 3

STEICIFIC HEATS OF LIQUIDS AND MESOPHASES

Carbor Phaxe ;lﬁw Licguried
e Ca» T Temp. T Cr 7 Temp.
fength £ mol-" K1) romge (K) {JmolY K-} rompe (K]
7 G 7O 31351 595 413453
[ Y 664 36331
9 G 926 153363 132 413-363
| 53 3T0-378
I G 593 363-371 5O 413463
Ve 952 3719-381
3 G 1230 In-3nz 950 413463
15 G 1430 176330 303573
17 No relrable valoe 213473
19 No rednable valoe 4133713

srongly temperature dependent and the data are presented sraphically in Fiag |
Liquid specific heats were temperature independent within the limits of accuracy of
quantitative DTA and are presented in Table 3. Also included in this Table are
average values for the specific heats of the mesophases. An attempt was made to
determine whether the mesophase specific heats were temperature dependent. and
jumps of 2 K were made over the range of stability of the phases. Unfortunately.
jumps close 10 the temperatures of the phase transitions may include an enthalpy
contribution due to possible slight lowening and spreading of the transition tempera-
tures by impuritics below the level of detection by carbon-hydrogen analysis and IR
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TABLE 4

TEMPLIRATURE DEFENDENCE OF MESDPHASE SPECIFIC HEATS

G phos ) V2 phace
Temp. jump Ca Temp. jamp Cn
(K} {1 K- mpd-1} {K} (T K1 mol~-1}

fa} Hrplanogte

33333 678 = 50 363-365 669 - 172
343-.3315 707 < 38 365-367 648 - )7
345-347 36 = 25 7369 657 = 25
1.3 19 - 19 369-371 6is - 21
39351 $57 = 46

(b)) Nowmmwoate

353~355 88+ 23 3710-3712 830 = 35
335357 B36 : 65 372374 21 - 31
357-359 883 =~ 4 373-376 327 =19
359.361 930 = 33 376-378 810 = 41
361-363 1150 = 5O

spectroscopy. It is thus oficn difficult 1o decide whether changes in the mecasurced
specific heats with temperature are significant. However, for the heptanoate and
nonanoate the relatively wide range of stability of the phases enabled a series of
measurements to be made well away from the phase transitions. Data for these two
compounds. shown in Table 4, indicale significant iemperature dependence of the
specific heat of the G phase, but temperature independence for the ¥, phase.

PRCUSHON

Figure 2 shows a plot of transition lemperatures against chain kength for all the
lead alkanoates studied. A gualitative interpretation of the trends may be siven.
Increasing carbon chain kength increases the value of the Van der Waals™ interactions
between the carbon chains, thus helping to maintain an ordered laminar structure in
both the crystal and G phascs. In terms of the R theory of amphiphylic mesophases®,
this will break down when the inter-jonic head group interactions become stronger
than the Van der Waals® interactions of the carbon chain causing the jonic/non-polar
interface to become convex to the non-palar region. Thus the temperature of a
transition from a laminar to a V. or liquid phase will increase with increasing chain
length, as is observed. The range of stability of the ¥. (cubic isotropic) phasc shows
a maximum for a carbon chain length of 9 or 10. Existence of the V¥, phase rather
than a liquid phasc rcquires that a small spherical aggrezate be stable and that the
inter-agarezale forees are sufficient to make a cubic lattice armangement stable. It is
not known whether these inter-agegrcgate forces are mainly non-polar, ionic or a
delicate balance of both and it is difficult to speculate on the reason for the maximum
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Fig. 2. Siabifity range of mesophases as a function of cham lensih. Ordinate, 7 (K): abscissa, chain
Iengih.

in stability. Evidence from the entropy of fusion of the ¥, phase’ and from the
vanation of activation energy for viscous flow with chain leneth for the liquid”

indicates that the ageresates consist of an average of 3 or 4 lead carboxylate molecules.
" A maximum stability at the nonanoate may indicate that this chain lenzih allows an
agerezate of 3 to 4 molecules 1o become effectively symmetric, with an inner ionic
region surrounded by a non-peolar hydrocarbon regton. It is interesting to note that
the viscosity data shoiw an increase in the rate of change of activation ¢nergy with
chain length for the tetradecancate and longer, indicating a larger agaregate in the
liquid phasc for these compounds. Perhaps the aggregate of areater size is not able
10 form strong inter-aggregate interactions and thus the cubic arrangement of a 3,
phase becomes unstable.

Pronounced odd-even vanations are observed in the temperatures of the G 1o
liquid or ¥. transitions, but not in those for the ¢crysial to G phase. This may indicate
a much larger change in ordering of the rear ond of the carbon chain in the G to
liquid phasc change. Following the interpretation of MarZelja. and with reference to
Fig 3, it is scen that the addition of a carbon atom to the chain in an even position

Fig- 3. The addition of an cven number carbon atom in the froms configuration against the direction
of the mokorular axis-
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Fig. 4. Emhalpics of phase changes against chain kngth. @. oystal 10 G2 ¢, G 10 liquid or 2.
Ondinate, -1} (k3 mol-Y); abscissa, chain kengrh.
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Fig 5. Specific heats against chain longth. @. solid: (P liquid: G, G: &. F2. Ordinalc. Cp (kJ mol-?
K1) abscrssa, chain longth.
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in the preferred rrans configuration is away from the preferred molecular axis and
hence, interferes with the packing of the chains in the non-polar part of the lamellae
of both the G and crystal phases. Figurc 4 shows a plot of the transition cnthalpics
against chain length. Odd-cven variations are obscrved for both processes. partic-
ularly at longer chain Iengths. The presence of varations in the enthalpy change for
the C o G transition implies a greater increase in disorder between the phases for the
odd chain length compounds. Thus therc must be some disordenng of the end of the
carbon chain in the G phase. However, the presence of more consistent variations in
both temperature and enthalpy change for the G to liquid transition must indicate an
increase in disorder at the end of the chain for this transition; thus the original naive
suggestion that in the, G phasc the residual ordering aas in the region of the chain
close to the head group must be abandoned. Disordering of the chain in both the
crystal to G and G 10 liquid transitions must occur along the whole kength of the chain.

Varmtions of the speahiic heats of the various phascs arc consistent with the
interpretation suggested by MarZelja. Figure 3 shows plots of the specific heais
agzainst chain lengtk. The values for both the solid and G phases are greater for the
cven chain kength seaps, indicating the “loosening™ of the crystal structure resultant
upon the addition of an even carbon atom arranged away from the direction of the
molecular axis. The specific hcat of the ¥, phase shows no observable odd—csen
variations and it is templing to suggest that there is complete disordering of the
chain in this phase. or at least that any resulanty in the packinz of the chain is not
laminar. This is consistent with the model presented for this phase It is, however,
difficult 10 account for the varations obscrved in the specific heats of the liquids.
Bothorel® has pointed out that even in the liquid alkanes there is siznificant correla-
tion of onenlation between molecules but this cffect docs not give risc to odd-cven
effects in the specifie heats of these liquids. The vanation observed is inconsistent with
the model of the liquid phase as a random arrangemceat of roughly spherical ageregates
of 3 10 4 molccules with some tonic dissociation in which the chain is completely
randomiscd. It is difficult to propse an adequate model to explain the odd-even
variation in the liquid phase.

Thermodynamic studies. toeether with the concepts of R tacory. have enabled
the construction of a fairly complete model of the structore of the vanous phascs
formed by these compounds: however, this must be regarded as speculative until
X-ray confirmation is oblaincd. The large range of stability of both the ¥, and G
phases in the nonanoate (10 K in both cases) makes this the most promising compound
for such an investigation.
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