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An ac calorimetric study of the fluid smectic-C to hexatic smectic-F transition is reported for the pentyl,
hexyl and heptyl homologs of terephtal-bis-(4n)-alkylaniline. The heat capacity peaks, which are rounded
over 2-3K, and the shifts in the phase angle ¢ indicate that the transition is first-order in all three
compounds.

The 3-D bulk hexatic smectic-B phase! (SmBy) has smectic-A (SmA) layering with
long-range order in the direction of the local six-fold crystalline axes (bond ori-
entational, or BO order) but short-range positional order within the layers.2 The
transition between the SmA and SmBy phases should belong to the 3-D XY uni-
versality class, but heat capacity studies of numerous compounds give first-order
behavior® or large values of the heat capacity critical exponent o (0.48 to 0.67)*
which are far from the 3-D XY value of « = —0.007. Such results suggest the
influence of tricritical behavior since @ = 0.5 at a tricritical point. Hexatic structures
have also been observed in tilted smectic-C (SmC) materials. BO order combined
with long-range molecular tilt is found in the smectic-I (SmI) phase, where the tilt
is towards a nearest neighbor, and in the smectic-F (SmF) phase, where the tilt is
between two nearest neighbors.® In the case of the SmI and SmF phases, theory®
predicts that due to coupling between tilt and BO order the tilt angle acts as an
effective ordering “field”” inducing small but finite BO order in the SmC phase,
which then grows rapidly on cooling into the SmI or SmF phase. The coupling
between tilt and BO order has been utilized to prepare single-domain freely sus-
pended films of the Sml phase in a high-resolution x-ray study’ of the SmC-Sml
transformation in the liquid crystal methylbutylphenyloctyloxybiphenyl carboxylate
(80SI). Heat capacity data obtained near the SmC-Sml transition of 80SI and

TPresent address: Department of Chemistry, University of California at Los Angeles, Los Angeles,
CA 90024.

91



Downloaded by [Tomsk State University of Control Systems and Radio] at 10:57 19 February 2013

R K. J. STINE AND C. W. GARLAND

analyzed using a parametric equation-of-state model suggest that a is close to 0.5
but that the hypothetical “zero tilt-field” transition would be weakly first order.®
This idea is consistent with the anomalously small value of the order parameter
exponent 8 = 0.08.%°

Aharony, et al.' suggested a general phase diagram for hexatic/smectic systems.
For SmA materials, the SmBy; to CrB (a 3-D plastic crystal) transition is required
by symmetry to be first-order. Near the SmA/SmBy/CrB triple point, coupling
between the hexatic and crystal order parameters should drive the SmA-SmB,,
transition first-order. Away from the triple point this transition could become
second-order at a tricritical point along the SmA-SmBy,; transition line. The tilted
analog of this phase diagram would have a SmC/SmI/CrJ (or SmC/SmF/CrG) triple
point and a SmC-SmlI (or SmC-SmF) tricritical point, complicated by the non-zero
tilt field. Coupling of the BO order to the herringbone order parameter!! or to the
fluctuations of the SmA layers'? has also been proposed as a mechanism for pro-
ducing the above general phase diagram.

Recently Noh, et al.'? carried out a high-resolution x-ray study of the SmC-SmF
transformation in the pentyl, hexyl and heptyl homologs of single-domain freely
suspended films of the terephtal-bis-(4n)-alkylaniline series (TB5A, TB6A, and
TB7A). The shorter butyl homolog TBBA or TB4A has a first-order SmC-CrG
transition; thus a triple point will occur in mixtures of TB4A and TB5A. Low-
resolution x-ray data on the layer spacing variation across the SmC-SmF transfor-
mation and DSC measurement of the entropy changes were reported previously
by Kumar.!* These data show a discontinuous jump in the smectic layer spacing
of ~0.5A for TBSA, ~0.6A for TB6A, and ~1.0A for TB7A. The reported entropy
changes are 0.954R for TBSA, 0.820R for TB6A and 1.436 R for TB7A. Noh, et
al.®® present the temperature dependence of the first three harmonics (C,, C,, and
C,s) of the BO order for TB5A, TB6A and TB7A. The BO order induced in the
SmC phase is immeasurably small in the TBnA compounds, in contrast to the
noticeable pretransitional BO order in the SmC phase of 80SI. This indicates that
the coupling between BO order and tilt order is weaker in the TBnA compounds
than in 80SI. The temperature dependence of the harmonics shows that the tran-
sition is clearly first-order in TB5A, possibly continuous in TB6A, and probably
first-order in TB7A.

In this paper, we report heat capacity data for the SmC-SmF transition of TBSA,
TB6A and TB7A obtained using an automated high-resolution ac calorimeter de-
scribed elsewhere.!® The measured heat capacity C,, and the phase angle ¢ between
the sample temperature oscillation and the ac power input indicate that the SmC-
SmF transition is ultimately first-order for all three homologs with large two-phase
coexistence regions.

The temperature variation C, obtained on heating through the SmF to SmC
transition is shown in Figure 1 for the three TBnA homologs. These C, peaks are
severely rounded over a region of 2.5-3 K. This rounding is much larger than the
~0.3 K rounding observed for the SmC-Sml transition of 80SI. Since the effect
of the tilt-field is expected to be smaller in the TBnA compounds than in 8OSI,
the heat capacity peaks should be less smeared out due to finite field coupling
terms.® As discussed below, we believe that the rounding of the C, peaks is due
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FIGURE 1 Heat capacity of three homologs of the TBnA series. The SmC-SmF peak between the
arrows corresponds to apparent C, values in a two-phase coexistence region.

to coexistence of the SmC and SmF phases. The dashed lines in Figure 1 represent
the regular background contribution C, (background) to the total heat capacity.
The vertical arrows mark estimates of the coexistence region based on the C,
variation and the phase shift data discussed below. Note that there is a noticeable
pretransitional excess heat capacity contribution above and below the coexistence
region, which is larger in the SmC phase than in the SmF phase. Within the
coexistence region, ac calorimetry yields apparent C,, values, which are difficult to
interpret quantitatively. Integration of the excess heat capacity AC, = C, ~ C,
(background) over the range T,, — 10K to T,,, + 10 K, where T,, is the temperature
where the SmC-SmF C, peak exhibits its maximum, yields apparent entropy values
J(AC/T)dT = 0.42R for TB5A, 0.48R for TB6A, and 0.82R for TB7A. These
values are substantially smaller than the DSC entropy values quoted above, as
expected since first-order latent heats are not quantitatively detected by the ac
method.!®

The temperature variation of the phase angle ¢ between the applied ac power
and the sample temperature oscillation is shown in Figure 2 for the three TBnA
homologs. Note that in each case there is a peak in ¢ in the vicinity of the SmC
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FIGURE 2 The phase shift ¢ in radians. The peak between the arrows is an indication of two phase
coexistence (see text).

to SmF transition. In an ac calorimetry experiment, the phase angle ¢ is given by
tan ¢ = —wCJ/Kp (€))

where o (= 0.196 rad s~! in the present experiment) is the operating frequency,
Ky is the thermal conductance between the sample and the bath (measured to be
0.008 W K1), and CT is the total heat capacity of the filled sample cell.”” In
obtaining this result, it is assumed that C is the static response function and that
the thermal conductances between the heater and sample cell and between the
sample cell and thermistor are infinite. Experimentally, it is found that far from a
phase transition ¢ has a temperature-independent value which can vary slightly
with the amount of GE varnish used to attach the strain gauge heater and thermistor
to the sample cell. Equation (1) predicts that larger values of CT will lead to smaller
values of ¢, so that a second-order peak in C} should correspond to a dip in ¢.
However, peaks in ¢ are observed ubiquitously in coexistence regions such as those
found at melting transitions, the N-I transition, and other first-order liquid crystal
transitions.'>'¢ This phase effect and the anomalously large C, values are due to
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imperfect conversion between two coexisting phases undergoing ac temperature
oscillations.

The shape of the C, peaks and the presence of peaks in ¢ indicate extensive
coexistence of the SmC and SmF phases. Thus the SmC to SmF transition is first
order even in the presence of the “tilt field.”” The width of the coexistence region,
estimated from the ¢ peak width and the abrupt changes in dC/dT marked by
arrows, is ~3.2 K for TB5A, ~3.1 K for TB6A, and ~2.4 K for TB7A. In addition
to this first-order coexistence, the heat capacity data show pretransitional fluctua-
tion effects that are comparable in all three homologs.

It should also be noted that small C, anomalies were observed at the SmF-CrG
transition. The very small magnitude of these peaks is in agreement with the Smi-
CrJ data for 80SI.®

In conclusion, we have found that the SmC to SmF transitions in TB5A, TB6A
and TB7A are first-order. This conclusion does not contradict the interpretation
of the x-ray data of Noh, e al.?® using harmonic scaling theory. The harmonic
scaling analysis gives information on the nature of the critical fluctuations at tem-
peratures low enough so that several harmonics can be reliably extracted from the
modulation of the scattering. Such information cannot be obtained from the heat
capacity. We do not find evidence for the transition being near tricritical in TB6A
or more continuous for TB6A than for TB5A or TB7A, as suggested in Reference
13. The presently available calorimetric data for smectic to hexatic transitions>-*8
suggest that these transitions are either first-order or near tricritical but probably
weakly first-order. There is clearly a need for more experimental data on smectic
to hexatic smectic transitions to resolve the differences between the thermal be-
havior close to the transition and the x-ray scaling behavior in the hexatic phase.
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