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Thermotropic Mesomorphic and Odd-Even
Melting Behavior of a Homologous Series
of Zinc(Il) n-Alkanoates

RICHARD A. TAYLOR* AND HENRY A. ELLIS

Department of Chemistry, Faculty of Pure and Applied Sciences, The University
of the West Indies, Jamaica, West Indies

The thermotropic phase behavior of a series of odd-chain polymeric zinc(Il) n-
alkanoates, Zn(C,H,.;10,); [ZnCs_9], is studied by differential scanning calorimetry
(DSC) and temperature variation polarizing light microscopy and compared with data
of even-chain homologues. The compounds exhibit both enantiotropic and monotropic
phase behavior on heating to the isotropic liquid and on cooling back to the room-
temperature solid:

ZnCs_;;; Lamellar crystal <> Crystal I <> Crystal I <> Isotropic melt;
ZnCys_;s; Lamellar crystal <> Crystal I <> Isotropic liquid;
ZnCy7_19; Lamellar crystal — Isotropic liquid (heating)

“Smectic C-like” Lamellar crystal < Smectic C <— Isotropic liquid (cooling)
Odd—even behavior is observed in the thermodynamic data and is attributed to the
difference in the packing efficiency of odd- and even-numbered hydrocarbon chains
within the lattice. The thermodynamic data along with solid-state infrared (IR) and
X-ray diffraction data suggest that electrostatic interactions play a prominent role in
the melting process in addition to fusion of the alkyl chains. An equilibrium model is
proposed as the structure for the isotropic melt.

Keywords: Odd-even behavior; thermotropic phase behavior; zinc(II) n-alkanoates

1. Introduction

Mesogenic behavior of metal carboxylates has been an important area of study for many
decades, particularly since many of them exhibit the smectic C (Sm C) mesophase, in
which the molecules form a layered structure with the molecular long axes being tilted with
respect to the layer normal [1], and as such, have potential use in ferroelectric liquid crystal
displays (LCDs). As a result, the study of the thermotropic phase transition behavior
of various monovalent and divalent metal carboxylates has been a focus of this field of
research [2—13]. Of keen interest is the homologous series of zinc(Il) n-alkanoates, and
related studies involved a comprehensive proposal of their room-temperature molecular
and lattice structures [14,15], and most recently, a report of conclusive data on the phase
behavior of the even-chain homologues [16]. As with materials in the solid state, there is a
clear correlation between structural features and their properties, and for compounds that
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display thermotropic mesomorphism, there must be a firm understanding of the relationship
between structure, intermolecular interactions, and thermophysical properties and the phase
behavior.

As reported previously [16], a combination of differential scanning calorimetry (DSC)
data and microscopic phase textures indicated that a homologous series of even-chain Zn(II)
n-alkanoates, from the butanoate to eicosanoate (ZnC4s—ZnCy) inclusive, displayed both
enantiotropic and monotropic phase behavior, in which there was some relationship between
the number of phases observed and the chain length, which was ascribed to the possible dif-
ference in lattice structures of the starting solid material. For example, on heating the short-
and medium-chain compounds, only solid-to-solid transitions occurred, but interestingly,
on cooling from the isotropic melt, a kinetically controlled Sm C mesophase appeared for
the long-chain ZnC,g and ZnC,y. Data of enthalpy change (AHjyysion) and entropy change
(AStusion) for fusion suggested that electrostatic interactions in the polar region played an
important role in the melting process, in addition to fusion of the hydrocarbon chains being
the major part, leading to an isotropic melt with very few or no micellar aggregates.

In the study [14,15] of the room-temperature molecular and lattice structures, it was
clearly shown that there was an odd—even behavior in the packing of the hydrocarbon
chains. In order to understand what was the basis of this odd—even behavior, spectroscopic
data of the infrared (IR) anti-symmetric stretch of the methyl group, v,(CHj3), and the
solid-state 1>*C NMR (nuclear magnetic resonance) chemical shift, &, values for the methyl
carbon were presented, which also displayed the odd—even variation. These data also
complimented the odd—even variation in the density and melting point data, which clearly
pointed to a difference in the hydrocarbon chain packing in the lattice [14,15]. The data
strongly suggested that CH; groups of the even-chain homologues were in close proximity
to the Zn>* ion, pointing into the basal plane of the Zn?>* ion lattice, as opposed to the odd-
chain homologues, which pointed along the basal plane, resulting in a less close approach
to the Zn>* ion. Proposed molecular models showed that the even-chain homologues had a
higher packing efficiency, accounting for the higher density and melting point than the odd-
chain homologues. It is clear then that since electrostatic interactions played an important
role in the melting behavior of the even-chain homologues, it would be important to show
whether or not these interactions are different in the odd- and even-chain homologues,
thereby showing an odd—even variation in the phase transition or melting process for the
entire homologous series.

Based on these previous studies, this paper seeks to present additional data from DSC
for the thermotropic phase transition behavior of odd-chain Zn(II) n-alkanoates. The DSC
thermodynamic data are compared with previously presented DSC data for the even-chain
homologues to determine whether there is any odd—even behavior. This will allow for a
thorough structural and thermophysical interpretation of the basis for the odd—even behavior
of these compounds, which may also be useful for other metal carboxylates that exhibit this
behavior. IR and X-ray data of compounds that are heated to the isotropic liquid and cooled
back to room temperature are compared with data from unheated compounds to provide
evidence for the role of electrostatic interactions during the melting process. Finally, a
complete picture of the melting process is presented with thermodynamic analysis of the
nature of the isotropic liquid.

2. Experimental

The preparation, purification, and confirmation of the purity of the odd-chain Zn(Il) n-
alkanoates have been previously described [14,17]. Measurement of DSC phase profiles
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Figure 1. DSC thermograms for the first heating and cooling cycles of odd-chain zinc(Il) n-
alkanoates.

along with thermodynamic data and microscopic phase textures of freshly prepared com-
pounds have been previously described [16].

Additionally, IR spectroscopic and X-ray diffraction analyses (previously described
[14,17]) were carried out on selected compounds, which were placed in ceramic crucibles
and heated in air at 2.0 K min~! from room temperature to approximately 5 K above their
melting point in an oven, followed by immediate cooling back to room temperature.

3. Results and Discussion

3.1 Phase Transitions

DSC phase transition scans for the odd-chain Zn(II) n-alkanoates over a temperature range
of 323.0 K—443.0 K at a scan rate of 2.0 K min~' are shown in Fig. 1. As with the even-chain
homologues [16], one or more endothermic phase transitions occur between the solid and
the isotropic liquid on first heating, and there appears to be some relationship between the
number of phases observed and the chain length. The compounds were immediately cooled
at a scan rate of 2.0 K min~! from the isotropic liquid to 323.0 K. Similar to the even-chain
homologues [16], one or more exothermic transitions are observed, as shown in Fig. 1.
As in the heating scan, there are distinct differences observed for short- and long-chain
homologues.

Polarized light microscopy was used to identify and confirm the various phases for odd-
chain ZnCs_j9. For example, ZnCs_;5 phase textures, shown in Figs. 2(a) and (b), obtained
on cooling into the phases, are highly viscous, birefringent, and resistant to a sheer stress
applied to the microscope slide, similar to phase textures for the even-chain homologues
[16]. This is clearly an indication of crystal-to-crystal phase transitions only, between
the room-temperature solid and isotropic liquid. Moreover, the brightly colored radiating
textures are typical for crystalline structures and appear similar to each other, suggesting
no significant change in structure between phases, and are similar to those obtained for the
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Figure 2. Representative microscopic phase textures along with phase sequences for zinc(Il) n-
alkanoates.

even-chain homologues [16]. In addition, they appear similar to the exotherms in the DSC
scans. Additionally, the transitions are reversible, i.e., they exhibit enantiotropic phase
behavior. However, the long-chain homologues, ZnC;7; and ZnC;9, exhibit monotropic
phase behavior similar to ZnCg and ZnCy [16], as shown in Fig. 2(c). This involves direct
transition from the lamellar crystal (L¢) to the melt on heating, but on cooling from the melt,
a very fast, almost imperceptible transition to an Sm C phase is observed, as demonstrated
by the broken fan textures which appeared on forming the phases. The change back to the
lamellar crystal at room temperature is very gradual and probably kinetically controlled,
since the room-temperature texture retains many of the characteristics of the preceding
Sm C texture. This is not unusual and has been reported for other compounds [18]. Since
the phase did not return to the normal lamellar crystal, this phase at room temperature is
described as a “smectic C-like” crystal.

The “heated and then cooled” compounds are immediately reheated at 2.0 K min~! in
order to check for reproducibility in DSC transition peaks. They are generally similar to
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those initially obtained on first heating. On cooling a second time, one or more exotherms
are observed for the series and are fairly similar to those in the first cooling scan. The
similarity in the phase profiles in the first and second cycles suggests that there may be no
significant changes in the molecular structure after heating and cooling these compounds
and that the heating—cooling cycle is fairly reversible. Overall, the phase profiles are similar
to those of the even-chain homologues [16].

3.2 Odd-Even Melting Behavior

It has been established that for metal carboxylates, the molar enthalpy change associated
with the fusion process can be decomposed based on energy contributions as follows [16,
19, 20]:

AfusionI-I = A[]conf + AUvdW + AUO + PA Vs (1)

where AU and AU,gw are energy changes associated with intramolecular conforma-
tional disorder (i.e., introduction of gauche conformations in the chains during melting) and
intermolecular van der Waals interactions, respectively. AU, incorporates energy changes
associated with electrostatic interactions, and pAV, the energy associated with changes in
the molar volume, is small compared with the others and can be neglected.

The DSC thermodynamic data for transition temperatures, Tins, molar enthalpy of
transition, A Hy,ps, total molar enthalpy change, A Hq,1, molar entropy of transition, ASeans,
and total molar entropy change, ASiy. are given in Tables 1 and 2 for the first and second
heating scans for the odd-chain compounds, respectively, in addition to the previously
reported data for even-chain compounds [16], to show any odd—even trends. Plots of
AH¢ysion and ASgysion against chain length, n. in Fig. 3 for the first and second heating scans
show strong linear correlations for both odd- and even-chain homologues. Values of the
slopes and intercepts obtained from the good linear correlations (fitted to Equation (2)) are
summarized in Table 3.

AHfusion[Zn(OZC)(CH2)n(CH3)] = nAHfusion(CHZ) + AHfusion[CH; + (COZ)ZH] (2)

The slopes of the lines indicate the contribution from a single CH, group to the inter-
chain interactions, while the intercepts represent the enthalpies of rearrangement of the
bonds between the Zn?* ion and the carboxylate (COO™) groups as well as the interactions
between the polar (Zn—OOC) and the terminal CHj3 groups in the molecular and lattice
structures. For each heating scan, slopes for the odd- and even-chain homologues for
AHqgysion plots given in Table 3 are fairly similar and suggest that the contribution of the
CH, groups to the enthalpy of melting of the chains is fairly similar. Accordingly, the linear
increase in the overall enthalpy of fusion with chain length and the fairly large slope values,
which are almost twice as large the value 7.60 kJ mol~! per CH, obtained for complete
fusion of the alkanoic acids in their fully crystalline dimeric state [21], are associated with
both the decrease in the van der Waals interactions between the hydrocarbon chains and the
introduction of some degree of conformational disorder where the orientation of the CH,
groups of the hydrocarbon chains has changed from all-frans to a high degree of gauche
conformation during melting. Since the chains are fully fused, it suggests that the melt
has little or no structural order, with few or no micellar aggregates, as proposed for the
even-chain homologues [16] and other metal carboxylates [20, 22, 23].
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Figure 3. Plots of AHjygon and ASgysion Versus n, for first and second heating scans of the homologous
series.

Additionally, extrapolation to zero CH, groups of the AHq,, versus n. plots gives
intercepts of —39.72 and —28.35 kJ mol~! for odd- and even-chain homologues, respec-
tively, which imply a distinct odd—even effect, as seen in the difference in the plots. Since
the thermophysical contribution of CH, groups during the melting process is not expected
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Table 3. Calculated values for slope and intercept from linear plots of AH and AS versus
n. for heating scans

Slope (kJ mol™1) Intercept (J K=" mol™
Scan Type of graph Odd Even Odd Even
1 AHjysion 14.01 13.70 —39.72 —28.35
2 AHjysion 10.45 10.39 —18.98 —10.95
1 AHotal 11.97 12.12 —5.49 1.77
2 AHotal 10.02 9.36 —4.29 10.8
1 AStusion 38.11 34.06 —105.18 —75.04
2 AStusion 26.47 26.2 —54.64 —34.4
1 ASiotal 32.31 30.00 —54.32 2.65
2 ASiotal 24.93 23.46 —10.48 23.51
Reference This study [5] This study [5]

to account for the difference in the intercept values from the plots, it would be reasonable
to assume that the difference is directly related to the difference in the interplay of the elec-
trostatic interactions arising from the difference in the packing arrangement of odd- and
even-chain homologues. It has been firmly established from previously reported spectro-
scopic data and proposed models [14] that the odd—even effect is likely to be related to the
contribution from the CHj groups and the extent of their interaction with the basal plane of
the Zn* ion lattice, which confirms that the even-chain homologues have a higher packing
efficiency, and therefore, the lattice network would be more difficult to disrupt on heating
and hence would have a less negative contribution to the fusion process than the odd-chain
homologues. Also, in the basal planes of the Zn’>* ion lattice, Zn>* ions would be repulsive
toward each other and the higher packing efficiency for the even-chain homologues would
counter these repulsive electrostatic interactions between them to a greater degree than in
the case of odd-chain homologues, as they have a lower packing efficiency.

Furthermore, the intercept values of —39.72 and —28.35 kJ mol~! from the AHjysion
versus 7. plots for odd-and even-chain homologues, respectively, imply that electrostatic
interactions give a fairly strong negative contribution to the fusion process, as in the case
of cerium(IIl) alkanoates [19]. Indeed, when the compounds melt, repulsive electrostatic
interactions between Zn>* ions as well as possible dipole—dipole repulsions between COO~
groups are reduced, leading to a stabilization of the system. Relaxation of the lattice may
be accompanied by a change at the polar head groups, i.e., there may be some fusion of
the polar region, leading to a perturbation in the COO-Zn interaction. It is possible that
there may also be some breaking of the COO-Zn bonds. This is in accord with the IR
data provided by Mesubi [24], which indicated that there is a change in the coordination
structure on heating from solid to liquid and then cooling back to solid.

In order to understand the nature of the heating—cooling process and the thermophysical
factors responsible, an analysis of the thermodynamic data from the reheating and cooling
scans is germane. Interestingly, the data of the melting transition obtained from the second
heating scan, tabulated in Table 2, are almost similar to those from the first heating scan,
though in the second scan, the values are somewhat lower. Also, linear plots of AHfygion
versus 7. result in two sets of lines with similar slope values for odd- and even-chain
homologues, the data for which are tabulated in Table 3. These slope values are somewhat
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lower than those for the first cycle, but still higher than the value of 7.60 kJ mol~! per CH,
for complete fusion of the dimeric alkanoic chains. The lower values in the second scan can
be attributed to some modification of the hydrocarbon chains in the lattice. Clear differences
are seen in the intercept values of —18.98 and —10.95J K=! mol~! for AHgusion plots and
—4.22 and 10.80 J K~! mol™! for AHym plots for odd- and even-chain homologues,
respectively, indicating an odd—even effect. These intercept values are larger than those of
the first cycle and suggest that in the melting process, electrostatic interactions between
the Zn>* ions and the CHj groups are a significant contributory factor, which are slightly
lower in the structures formed after initial heating and cooling.

Similar trends are observed for the corresponding ASyysion and ASioa1 Versus ng plots for
the second heating scan, as for the first heating scan; the odd—even behavior is maintained,
where there are two lines for the odd- and even-chain homologues, with similar slopes for
the fusion process and for the total change from solid to liquid. The values are slightly
smaller but approximately the same as those for the first cycle. However, for the ASgygion
plots for the second cycle, the intercepts at —54.64 and —34.40 J K~! mol~! per CH, for
odd- and even-chain homologues, respectively, are almost twice (—105.18 and —74.04 J
K~! mol~! per CH,, respectively) those for the first cycle and indicate that there is some
reorganization of the structure after initial heating. The fact that these values, on average,
are twice as large as those for the first cycle can be attributed to a possible reduction in the
contribution from electrostatic interactions in the COO-Zn region, where the Zn—O bonds
may be weaker after initial heating and cooling. Clearly, if the Zn—O bonds are weaker,
then the distance between basal planes of the Zn?* ion lattice is greater, thereby resulting
in decreased repulsive electrostatic interactions, which leads to a less negative contribution
to the melting process.

The thermodynamic data from the first cooling scans are given in Table 4; the data
for the second cooling scans are almost similar to them, as in the case of data for the first
and second heating scans. The isotropic liquid-to-Phase II transition temperatures are very
similar in both cases and decrease with increasing chain length. However, the decrease is
less dramatic when compared with the heating cycle and there is no apparent odd—even
behavior. The absence of this odd—even behavior is because the molecular units have not
completely reassembled on cooling from the isotropic liquid to Phase II and because Phase
Il is quite different from the room-temperature solid. Plots of AH;ans and ASians VErsus ne
result in reasonably good linear correlations, with slope and intercept values that are almost
similar to the heating scans, and suggest that the heating—cooling cycle is fairly reversible.

Phase diagrams of transition temperature versus 7, for both first and second scans for
odd- and even-chain homologues are shown in Fig. 4. It is evident that there is no odd—even
variation for the intermediate transitions, but there is clearly an odd—even variation on
melting into the isotropic liquid. It is seen that the number of phase transitions is related to
the change in lattice structure of the compounds as chain length increases. Indeed, for the
short-chain homologues, the lamellar bilayer lattice structure [14,15,17] is not as stable as
the interdigitated bilayer lattice structure of the long-chain homologues [14,15-17].

3.3 Structural Reorganization: Role of Electrostatic Interactions During Melting

From the foregoing data, it is certain that on heating to the liquid and then cooling, there
occurs some structural modification that alters the extent of the electrostatic interactions
in the resulting room-temperature solid. Some evidence for the role of the electrostatic
interactions in the melting process is provided by comparing the data from IR and X-
ray analyses for the different compounds that were heated and then cooled back to room



[s] - - - - - - - - 0cuz,
SIoM STy, €6'68S 6S9LI ¥€ 601 S0'6S1 9'88¢ LL'9Y v LT 0'SLE 6louz
[s] S6°619 66'ELT 96'S¥Y 66'ELT T°06¢ - - - siyuz
SHOM STYT, €1°06S C8'TLI 8T LY €6°€91 6'76€ Iv'€C 06'8 0'18¢ Ltiyuz
[s] S€'209 ¥9°€L1 1L'8TY LT 891 $T6¢ 9011 LES 0'Z8¢ otouyz
JI0M STYT, 91'v61 Se6el 18°¥S¢ Se6el 876¢ - - L'S8¢ siouz
[s] 9L'SLY €T°0S1 €6°6Te 08°'ST1 $'98¢ $9°69 e¥C 80S¢ viguz
SIoMm STYT, TT6TE 65001 €9°87C 8388 8'88¢ SO'T¢ TL11 I'LLE thyuz
[¢] 11°L8¢ 9L°62C1 SELST €001 €06¢ TT08 €€°6T 9'69¢ Lellv/
SHOM STYT, SLOVE ST 101 09°'6£C L9°€6 0'T6¢ STIT 8¥°L 0'CSE louz
[s] 9S°L6T €I'v6 €9'€0C €9°08 7'96€ 9t°9¢ 0S¢l €0LE 0touz
SIoM STYT, 6°'SLT 18°¢8 11261 0L9L €66€ €rel 1L L'TLE opuz
[s] TTSST 87°¢8 PO ILI £9°89 7°66¢ 00°6€ SO¥I1 L'SLE $Jyuz
SIoMm STUT, 66171 01'9% 68°S6 LT 8€ 1°66¢€ 16°0C €8°L SYLE Louz
[¢] 8C 81 18°S9 LL8TT 81°8% LSOt €0'Ly €9°LT 6'¥LE Uz
SIoMm ST, 89"l 91 ¥¥ 75°88 T9e S11v 99°0C YL L 9YLE souz
[s] 19°81 ot 6% S1'66 6111 S Sy 60°CC LT3 YyLE rouz
uareey (w3 (_owry  (_pow N[ (_owy (I80F) (_ow _Mf (_owy (IL0F) punodwo)
S6°€F) LS TF) 0€'€F) ANEY) I I¥'0F) ST0¥F) I
~N~OHM4< _muOHIQ m:ﬁbwq mcmbmq m:ﬁbwq mﬂmbmq
Te1oL, 11 aseyd— aseydq aseyd—2"T ‘TeISAID JR[[oWe ]

sojeouey[e-u (J[)oUIZ 10J ueds SuI[00d ISIy 9y} WOIJ BIep drueuipoway) DS b AqeL

2102 13nbBnY /0 0Z:2T e [0Ba1q uves ®eiuloied jo AiseAlun] Ag papeoumoq

47



Downloaded by [University of California, San Diego] at 12:20 07 August 2012

48 R. A. Taylor and H. A. Ellis

1* Cyele
450 1
430
—a..
L
Isotropic Liquid
—a—a
410 4 - T
~ B ] A
- bl e e o S
g SmecticC
B
-
=
5
e
5
E—
330 T T T T T T T
4 6 8 10 12 # e . ?
.
’ Cycle
450 A
430 §
CAl —1
- ] Isoropic Liquid
- ~
4101 ———.
. R T Fa— -
’ , - .
g . / Smectic C
= 390
5 3
g A A
& ~
]
it -
; — - N\ CrystalI B
\
370 A '
e » LTl
/ N .
AN
}_\\./ / \\\ !
350
Lamellar Crystalline Solid
. , . : . . 1 1 1
4 6 8 10 12 A% " = =
ne

Figure 4. Phase diagrams of zinc(II) n-alkanoates for first and second heating cycles.

temperature (i.e., heated compounds) and for the unheated compounds. The IR spectra
collected at room temperature for ZnCs and ZnCj¢, representing short- and long-chain
homologues, respectively, are shown in Fig. 5. The spectral data of asymmetric stretch
(vy) of the COO™ group, symmetric stretch (vg) of the COO™ group, separation value
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Figure 5. Comparative room-temperature IR spectra of heated and unheated ZnCs and ZnCje.
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Table 5. Room-temperature IR spectral data for both heated and unheated ZnCs and ZnC

Selected COO™ bands and separation values

(cm™)
Compound v,(CO0) vs(CO0) Av 0(CO0)
ZnCs (U) 1549 1401 148 550
ZnCs (H) 1559 1396 163 556
ZnCq (U) 1539 1398 141 550
7ZnCq6 (H) 1539 1398 141 549

Note. U = unheated; H = heated.

(Av(CO0)), and rocking (p(COO)) are given in Table 5. For ZnCs, they differ slightly for
the heated compounds, indicating that the COO-Zn coordination structure is slightly less
unsymmetrical when this compound is heated and then cooled. However, the change in
these values for ZnC¢ is negligible. These results suggest that there is no net change in the
COO-Zn coordination structure and imply that this interaction is more or less the same.
On the other hand, the X-ray powder diffractograms shown in Fig. 6 are different
for the heated and unheated compounds and indicate that there is some difference in the
overall lattice arrangement. For the ZnCs, the reflections are evenly spaced throughout the
entire 26 region for the unheated compounds, but only up to about 26 = 20° for the heated
compounds; the reflections at 260 = 20°-25° are indicative of side-chain interactions of the
CH, groups with the layer planes [1,14,19]. For the ZnC g, the reflections at 26 = 20°-25°
are fewer but much more intense in the heated compounds and indicate an increase in side-
chain interactions. This indicates that the hydrocarbon chains of the heated compounds are
somewhat distorted compared with the unheated compounds, but still maintain the nearly
all-trans conformation. Additionally, values of experimental lamellar spacing, dcxp, unit
cell sides a, b, and c, along with tilt angles (r) for ZnCs and ZnC ¢, (Table 6) are slightly
larger for the heated compounds than for the unheated compounds and indicate that the
chains are slightly less tilted. The slightly larger tilt angles of the hydrocarbon chains of
the heated compounds indicate that the distance between basal planes of the Zn>* ion
lattice of all homologues is slightly larger, resulting in a small reduction in the repulsive
interactions between the polar head groups where the lattice is slightly more relaxed and
possibly more stable. This is in accord with the thermodynamic data, which suggest that
the lattice structure has not significantly changed after heating to the isotropic liquid and

Table 6. X-ray powder data and angles of tilt,  (°) for heated and unheated ZnCs and

ZIlC]G
Compound a(A) b (A) c(A) di. (A) dexp (A) r(°)
ZnCs (U) 28.26 4.27 8.28 16.48 28.28 59.09
ZnCs (H) 31.05 5.99 12.02 16.48 30.69 68.61
ZnCis (U) 38.74 6.98 9.93 44.22 38.15 59.78
ZnCiq (H) 40.02 6.03 12.22 44.22 40.24 65.50

Note. U = unheated; H = heated.
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Figure 6. Comparative room-temperature X-ray powder diffractograms of heated and unheated ZnCs
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then cooling back to room temperature. The slight change, however, is indicative of a slight
reduction in the electrostatic interactions of the CH3 group with the basal planes of the
Zn* ion lattice.

3.4 Nature of the Melt

The formation of micellar aggregates in isotropic melts has been proposed for many metal
carboxylates [1, 19, 20, 23, 25]. This means that the hydrocarbon chains retain some
structural order and are not completely fused, i.e., the overall coordination structure is
maintained. In the present case, the large AHfysion, AStusions AHiotal, and ASioq indicate
that the lamellar arrangement of hydrocarbon chains has completely fused and there is little
or no formation of micellar aggregates at or after melting. Also, it is possible that there is
some structural deformation of the polar head groups during melting.

Some evidence of the structure of the compounds in the molten state was provided by
Ishioka et al. [26] in their study of the Zn?* octadecanoate and by Mesubi [24], who studied
the even-chain homologues. Their IR data indicated that the molten chains had liquid-like
conformations and that the v,(COO) stretch was split into multiplets, suggesting a possible
change in the coordination structure. In addition, EXAFS (extended X-ray absorption fine
structure) data from Ishioka and co-workers [26] indicated that because the Zn—O bond
distances were estimated to be 1.95 A at room temperature and at melting, coordination
numbers of 4.2 and 4.0, respectively, indicated that there was no change in the coordination
structure. However, splitting of the v,(COO) bands into multiplets indicated that some
structural change in the ionic region occurred, leading to a reduction in symmetry. They
ascribed this change to geometrical distortion in the tetrahedral coordination structure of
the Zn%*t and the COO~ ions, with the coordination number retained. Interestingly, their
proposal was contradicted by Ekwunife et al. [27]. In their studies of electrical conductance
of fused even-chain Zn(Il) n-alkanoates, semi-logarithmic plots of specific conductivity
versus inverse temperature were linear, where the slopes decreased very slightly with
increasing chain length, having activation enthalpy, H*, for conduction of about 40 kJ
mol~!. They stated that the relatively small change in activation enthalpy, AH?, in relation
to chain length indicated that ions were formed in the melt and that they were the current
carriers instead of aggregates. They postulated a dissociation equilibrium:

Zn(0,CR), = Zn(0,CR)" + RCO; = Zn** + 2RCO;, where R = (CH,),CHj.

It was reasonable to assume that Zn>* carried the major fraction of the current com-
pared with the other more bulky species. From our previous studies [14,15,17] of the
structure in the solid phase, the compounds have shown a complex polymeric sheet-like
network structure. Based on the molecular formula, Zn,[O,C(CH;),,CH3]4 and combining
observations from Ishioka and co-workers [26] as well as Ekwunife and co-workers [27],
a more likely dissociation equlibrium is proposed:

Zny(0,CR), 2 Zny(0,CR)} + RCO; 2 Zn(O,CR), + 2RCO; + Zn>*

This means that upon melting, the COO—Zn bonds get very distorted, weakened and
finally break, thereby leading to large values of AHysion, AStusions AHotals and ASio . The
retention of the coordination number, as proposed by Ishioka et al. [26], could be as a result
of the monomer species Zn(O,CR), (four oxygen atoms bonded to one Zn?>* atom) being
present in the melt, but overall, the compounds are only slightly dissociated in the isotropic
liquid, resulting in low ionic conductivity. This explains why the thermodynamic values
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for the cooling cycles are almost similar, albeit slightly lower than those for the heating
cycles, indicating that the heating—cooling process is fairly reversible, in accordance with
the proposed equilibrium. Clearly, the isotropic liquid is a mixture of undissociated dimers
and a few monomers as well as relatively small concentrations of COO~ anions and Zn**
cations.

4. Conclusion

A combination of DSC data and microscopic phase textures for a series of odd-chain Zn(II)
n-alkanoates indicates that these compounds display both enantiotropic and monotropic
phase behaviors, similar to the even-chain homologues. Additionally, there is some re-
lationship between the number of phases observed and the chain length. For example,
there are three transitions for the short-chain, two for the medium-chain, and one for the
long-chain homologues which are all ascribed to the difference in the lattice structures.

Interestingly, the odd—even behavior is observed in plots of AHjysion and AH g, and
ASfusion and ASioa versus chain length for the entire homologous series and suggests that
the even-numbered hydrocarbon chains have a less negative contribution to the enthalpy of
the melting process than their odd-chain counterparts because of a reduction in the repulsive
electrostatic interactions due to greater packing efficiency in the lattice structure. The phase
diagrams show that the odd—even behavior is not observed for the intermediate-phase
transitions but only on fusion of the compounds.

Also, the linear increase in the values of AH and AS with chain length suggests
that there is contribution from van der Waals interactions between the hydrocarbon chains
and electrostatic interactions between the CH; group and the basal plane of the Zn>* ion
lattice, which are disrupted on heating, thus leading to an isotropic melt with very few or
no micellar aggregates. There is significant distortion of the COO-Zn bond, resulting in
some bond breaking and a mixture of undissociated dimers and a few monomers as well as
relatively small concentrations of COO~ anions and Zn>* cations. However, these species
are in equilibrium, allowing for a reversible heating—cooling process which results in the
dimer molecules retaining their layered polymeric molecular structures on cooling back to
solid, albeit slightly altered, as evidenced from IR and powder X-ray diffraction data.
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