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The phase textures observed on heating lead(II)decanoate, {CH,(CH,)4COO),Pb, from the
room temperature crystalline solid to isotropic liquid melt are characterised by polarising light
microscopy and X-ray diffraction. The results suggest a phase sequence:

Lamellar Crystal 360K Lamellar 372K Smectic C 384K Isotropic
{+ ve biaxial) = Crystal =—= =— Liquid
347K 367K 384K

Though the phase assignments are consistent with conoscopic observations, molecular model-
ling and other calculations, they disagree somewhat with the assignments previously proposed
by other workers. However, unlike previous work, the effects of thermal expansion_and orien-
tational disordering in the long axes of carboxylate chains are quantified as a function of
temperature, and the phase sequence assigned in the light of these considerations in conjunc-
tion with the microscopic and X-ray data.

Keywords: Lead(Il}decanoate; mesophase; smectic C; X-ray diffraction; light microscopy

INTRODUCTION

Lead(II)decanoate exhibits two thermotropic phases between the solid and
isotropic liquid [1-3]. However, there has been no agreed classification of
the two phases in the literature. For example, the low temperature phase
( ~ 360 K) was reported to have a crystalline structure [ 2], one intermediate
between a solid and a liquid crystal [3] and more recently, a structure
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similar to a gel phase [4]. In the case of the intermediate phase at ~ 372 K,
an ordered smectic of type S has been proposed [3] in contradiction to an
earlier suggestion that the phase was crystalline [2]. Contrary proposals
have also been presented for the high temperature phase (~ 384 K). For
example, whilst Burrows and co-workers {3,4] have presented microscopic,
¥Pb N.M.R,, X-ray and other data in support of a smectic §, phase a
different interpretation of the data supports a disordered smectic S, phase
[2,5]. These differ by having hydrocarbon chains either orthogonal (S,) or
tilted with respect to the phases containing Pb?* ions (S¢). Nevertheless,
there is general agreement on a lamellar structure for all the thermotropic
phases exhibited by this compound [2,3]. Unfortunately, the effects of ther-
mal expansion and orientational disordering of carboxylate chains during
heating, were ignored in arriving at the phase structures. For instance,
comparisons were made between the layer thickness measured at tempera-
tures well in excess of room temperature, and molecular lengths calculated
from data obtained at room temperature. Clearly any definitive character-
isation of thermotropic phases must consider both these factors.

In this paper the effects of thermal expansion and orientational disorder-
ing, as a function of temperature, are quantified and the results used, in
conjunction with microscopic observation, to propose structures for the
room temperature crystal and thermotropic phases of lead(Ildecanoate.

EXPERIMENTAL

The preparation and purification of lead(1l)decanoate, (CH;(CH,);,COOQ),Pb,
have been described previously [6,7]. The purity of the compound was
checked by LR. spectroscopy and elemental analysis. The recrystallised and
vacuum dried compound was free from water and acid (a common conta-
minant). Additionally, the percentage C and H were in excellent agreement
with expected values.

Differential scanning calorimetry (D.S.C.) measurements were performed
on a Mettler TA 3000 system. Samples in the weight range of 2—10 mg.
were sealed in aluminium crucibles and scanned at 1.0 K min~!. Phase
transition data were collected from triplicate runs on fresh samples.

Phase structures were determined with an Olympus polarising light
microscope fitted with a Kofler micro heating stage. For conoscopic studies
a Swift petrological microscope was used.

X-ray data were collected from samples sealed in glass capillaries of
0.7 mm diameter. A sample was introduced into the capillary by a vacuum
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melt technique after which the capillary was sealed to minimise any effects
of humidity. The sample tube was then fitted into a temperature controlled
copper block, which also served as a collimator for the X-ray beam, and
irradiated for one hour with a Ni-filtered Cu ko« radiation (1= 1.5418 A).
Diffraction patterns were recorded on flat polaroid films (type 57) perpen-
dicular to the incident beam at a sample to film distance of 80.03 mm. A
room temperature diffraction pattern was also obtained on a Siemens D500
diffractometer from a powered sample.

RESULTS

Phase transition temperatures are collected in Table I and show excellent
agreement between values obtained from differential thermal analysis
(DTA) [1] and DSC [2,3]. All the phases exhibit enantiotropic behavior.
Additionally, considerable supercooling (5-13K) was observed (value in
parenthesis in Table I) on cooling into the 360 K and 372 K phases though
not for the 384 K phase. The 360 K phase was optically anisotropic, when
viewed under cross polarisers, and highly viscous. A fine mosaic texture
(Fig. la)) was observed on cooling into the phase. The 372 K phase was
also optically anisotropic and viscous. However, on cooling into this phase,
needle like crystals appeared first (Fig. 1(b)) followed, fairly quickly, by
conversion to a fine mosaic texture (Fig. 1(c)). Both phases demonstrate
some resistance to a sheer stress applied to the microsccope coverslip, as
expected for crystalline phases. A highly viscous phase is formed at
~ 384 K. Cooling into this phase producted fan textures [2,3] typical of a
S, or S; phase.

The X-ray pattern from the room temperature, 360 K and 372 K phase
(Fig. 2) consisted of many sharp reflections, are indicative of diffraction
from an ordered lamellar structure, as previously agreed [2,3], and allows

TABLEI Phase transition temperatures for lead(II)decanoate

Transition temperatures/ K References
354.9 3674 385.2 1
359 371 384 2
357 369 387 3
360 (347) 372 (367) 384 (384)  this work

{ }-values obtained on cooling, Errors in values are quoted to within
+2%.
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(a)

(b)

FIGURE ! (a) 360K Mosaic phase. (b) 372K Crystal phase. (c) Mosaic crystal phase. (See
Color Plate IV).

calculation of the lamellar spacing, d. These are calculated from the dia-
meter of the inner diffraction ring using the Bragg relation:

ns=2dsin@
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FIGURE 1 (Continued).

where n is the order of diffraction, A is the wavelength of radiation used
(1.5418 A) and @ the diffraction angle. The d spacings, at various tempera-
tures between ambient and 382.4 K are collected in Table I1.

The spacings decrease with increasing temperature from a value of 30.9 A
at 298K to ~22A in the region of 382 K. The molecular length, I, was
calculated at 298 K assuming an all-trans conformation for carboxylate
chains, standard bond lengths and angles and 2.4 A as the ionic radius of
Pb?* ion [8,9]. Additionally, all the d values at the various températures
are corrected for thermal expansion by the relation:

I(T)=1+Al(T),

Where [ (T) is the molecular length at a temperature Tand Al=1x a x AT,
ATis (T— 298 K) and « is the average thermal linear expansion. The linear
expansion at each temperature is calculated from corresponding coefficient
of volume expanston f, assuming that [10]:

a=p/3

The B values reported by Burrows and coworkers [3] are used in conjunc-
tion with present data to calculate the [(T) values presented in Table II.
As expected ! (T) increase with increasing temperature. A further correction
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FIGURE 2 X-ray photographs of lead(li)decanoate at various temperatures.

was made for orientational disordering in the long axes of the carboxylate
chains as a function of temperature. The degree of parallelism of the long
axes of the molecule to the layer planes is given by the orientational order
parameter, S.

S =1/2{3 cos*6’' —1>,
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TABLEII X-ray data

T/K d/A (T)/A d_,/ (S, modet)
2980 309263)+1 30642

352.1 28.4 3038

365.1 269 309

3729 25 312 279
377.2 225 312 279
381.5 221 313 280
3824 220 313 280

where 6 is the angle between the molecular long axes and the average
direction of these long axes. For example, when the long axes of the mole-
cules are orthogonal to the planes, S = 1. Accordingly, the influence of § on
d is calculated from the relation:

dcal =1 (T)<COS 0,>

where d_, is d corrected for orientational disorder. The choice of a value for
{cos 6’ ) depends on the type of mesophase present. For instance, deVries
and coworkers [11] have successfully used models of the S, and S, meso-
phases to calculate the effect of orientational disordering as a function of
temperature for four different compounds. For a type S, mesophase, 0.8
and 0.927 were chosen as the values for § and {cos §") respectively; for the
Sc mesophases the corresponding values were 0.7 and 0.894. These values
are used to calculated d_, for the S mesophase (Tab. II). However, no d
values are presented for the 360 K and 370 K phases since orientational
disordering is only significant at temperatures in excess of 372K [3,12].
The S model suggests that orientational disordering accounds for ~ 8-10
percent reduction in chain length. The larger reduction is quite possibly due
to transition from all-trans to disordered chains [5]. The results are not
very different which ever model for the mesophase is chosen.

cal

DISCUSSION

Low symmetry and difficulties in preparing single crystals make structural
analysis of the room temperature solid difficult. Nevertheless, useful struc-
tural information can be obtained from X-ray diffraction patterns of powder
samples. These support a lamellar structures [2,3,5]. Additionally, model
calculations [2,3] and other data [13-16] indicate that the hydrocarbon
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chains are in the fully extended all-trans configuration and are packed into
a layer with the two carboxylate chains on opposite sides of the lead ions.
Bearing this in mind, a comparison of d (30.9A) and ! (30.6A) at 298 K
suggests an orthogonal arrangement of the carboxylate chains to planes
containing lead ions. However, the expected optical uniaxial interference
figure, in support of that structure, was not seen. Rather, a biaxially positive
interference figure was observed. This was confirmed when, on rotating the
microscope stage, the diffuse cross interference figure rapidly broke up into
two hyperbolic isogyres.

For a uniaxial or orthogonal arrangement of carboxylate chains to the
layer normal, the diffuse cross would remain unchanged on rotation of the
stage [17]. Clearly then, in the room temperature structure, carboxylate
chains are tilted with respect to the layer normal. This implies that the value
of d i1s somewhat closer to 26.3 A, the Siemens D5000 derived value, than
309A.

For the 360 K phase, the X-ray diffraction pattern is almost identical to
that obtained from the room temperature solid. Additionally, an I(T) value
of ~31A compared to a value of ~27A for d at the same temperature
suggests that the carboxylate chains are also tilted with respect to the layer
normal. Such a conclusion is supported by 2°’Pb NMR? and a.c. imped-
ance data [18] which indicate that the metal ion is restricted in motion in
this phase and that the three dimensional lamellar structure of the room
temperature solid 1s maintained. Furthermore, on cooling into the phase, a
typically mosaic crystalline texture [19] (Fig. 1(a)) was observed to deposit
as thin plates on the preceeding phase texture. The phase was further char-
acterised by its resistance to a sheer stress applied to the microscope cover-
slip and by the considerable supercooling ( ~ 13 K) observed on cooling into
it. Since mesophases are mobile and tend not to supercool [19], the data
support a crystalline structure for the 360 K phase.

On cooling into the 372 K phase, fibrous radiating aggregates were first
observed which then changed, on further cooling, to give an optically aniso-
tropic texture typical of a crystalline phase [19,20] (Fig. 1(b)). Additional
support for a crystalline phase was provided by the ~ 5K supercooling
oserved on forming the phase. Furthermore, the contraction in d to ~23A
compared to d_, of ~28A, at the same temperature, suggests that this
phase might also be biaxial. The contraction in d can be ascribed to orienta-
tional disordering of the direction of the long axes of the molecule { ~ 10%)
in conjunction with possibly a larger effect resulting from the transition
from all-trans to partially disordered chain [3;5]; though with an overall
biaxial order. Evidence is support of disordered chains comes from
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thermodynamic studies which show a marked increase in entropy
(~50JK 'mol ") on transition from the preceeding phase [2] and the
introduction of gauche bonds into the carboxylate chains [3]. Clearly the
evidence points to a crystal-like structure with biaxial order, for this phase,
and not a mesophase as suggested by others [3,4, 13].

In contrast, the 384 K phase was formed without supercooling, typical of
an enantiotropic mesophase. On cooling into the phase, from the isotropic
liquid, fan textures appeared (Fig. 3), identical to those described for a
smectic mesophase of type S, or S [3]. The appearance of a liquid crys-
talline phase at this temperature is evidence for some degree of molecular
order resulting, possibly, from ionic interactions between Pb ions. This
would allow for the formation of a two dimensional layer structure within
which are partially disordered alkyl chains. Furthermore, a comparison of
d(~22 A) and d_, (~28 A) suggests that the alkyl chains are either inter-
digitated or tilted within layers. However, there is no evidence for interdigi-
tation. Moreover, it seems unreasonable to expect a biaxial starting
material, on disordering under the influence of increasing temperature, to
give a uniaxial mesophase; that is the more thermodynamically ordered S,
structure. Therefore, the model for partially disordered carboxylate chains
with the average direction of the molecular long axis tilted with respect to
the layer normal seems more plausible and is here proposed. A revised

FIGURE 3 Smectic phase showing broken fan textures. (See Color Plate V).
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phase sequence is:

Lamellar Crystal 360K Lamellar 372K Sc 384K  Isotropic
(biaxially + ve) = Crystal =—=—— =— Liquid
347K 367K 384K
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