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High-resolution heat-capacity, optical reflectivity, and electron-diffraction measurements have been
conducted on thin free-standing films of a liquid-crystal compound exhibiting the smectic- 4 —hexatic-
B —crystal-B transitions. Despite the absence of herringbone order, the liquid-hexatic transition in ex-
tremely thin films has been found to show a pronounced pretransitional heat-capacity anomaly, in
disagreement with the predictions of two-dimensional melting theory. In addition, both the surface-
enhanced layer-by-layer transition near the smectic- 4 —hexatic-B and an unexpected layer thinning tran-
sition above the bulk isotropic-smectic- 4 transition temperature have been observed.

PACS number(s): 64.70.Md, 61.30.Eb

I. INTRODUCTION

The advance of the theory of defect-mediated phase
transitions in two-dimensional XY systems by Kosterlitz
and Thouless [1] has generated immense interest and an
extensive research effort concerning the subject. Their
original ideas were later extended by Halperin and Nel-
son [2], and Young [3] to describe a process by which a
two-dimensional solid could melt, via two Kosterlitz-
Thouless (KT)- type transitions, through an intermediate
hexatic phase into the isotropic phase. The hexatic phase
in two dimensions is characterized by the existence of
quasi-long-range bond-orientational order with short-
range translational order. According to the theory, both
the isotropic-hexatic and hexatic-solid transitions can be
represented by two-component order parameters. For
example, the order parameter associated with the former
can be written as W =We%% and so the transition should
belong to the XY universality class.

Numerous experimental efforts have been undertaken
to test these exciting theoretical predictions [4]. So far,
the concept of the hexatic order has been found to be ex-
tremely helpful in describing several phenomena found in
condensed matter [4]. Major conclusions about the ex-
istence of the hexatic order can be drawn from structural
information, namely, the spatial variation of the position-
al and bond-orientational correlation function. With the
exception of liquid crystals, for most physical systems it
is extremely difficult, if not impossible, to characterize
the nature of the liquid-hexatic and/or hexatic-solid tran-
sitions. Consequently, studies of several liquid-crystal
systems have proven to be among the most fruitful.

A pioneering x-ray study of the liquid-crystal com-
pound 650BC provided the first indication of the ex-
istence of a mesophase possessing the three-dimensional
long-range bond-orientational order without translational
order [5]. This compound is a member of the n-alkyl-4'-
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n-alkoxybiphenyl-4-carboxylate (nmOBC) homologous
series with the following molecular structure:

CoHorms 0~ O)—~O)—C00-CHypy

In this phase of 650BC, the x-ray work also revealed the
existence of herringbone order, but a detailed investiga-
tion to determine the range of the herringbone order was
not performed. Despite the indication of herringbone or-
der, this phase is simply denoted as the hexatic-B (Hex-B)
phase and is generally thought of as a stack of two-
dimensional hexatic molecular layers resulting in three-
dimensional long-range hexatic order. Upon increasing
temperature, the compound in this phase melts (through
a continuous transition) into the smectic-4 (Sm-A4)
phase, a stack of two-dimensional liquid layers. Upon
cooling, the compound transforms (through a first-order
transition) into the orthorhombic crystal-E (Cry-E)
phase, which exhibits long-range translational and her-
ringbone orientational order.

In light of the unusual behavior near the Sm- 4 —Hex-B
transition of many bulk nmOBC samples [4], our
research group has constructed a state-of-the-art
calorimetric system [6,7] to investigate physical proper-
ties of two-layer free-standing liquid-crystal films. Simul-
taneous measurements of heat capacity and optical
reflectivity from two-layer 3(10)OBC films revealed a
divergent heat-capacity anomaly [8] near the continuous
Sm- A —Hex-B transition. The sharp heat-capacity peak
at the transition temperature 7, can be well character-
ized by a conventional power-law expression

C,=Alt| “+B+Dt , (1
with the critical exponent ¢=0.31£0.03 [9]. Here the

reduced temperature ¢t =(T —T,)/T,. These experimen-
tal results strongly disagree with.the theoretical predic-

3639 ©1996 The American Physical Society



3640
2 T T T T T
£
o Ir 1
0 1 AL 1 L I
1 1 2 3
T, T

FIG. 1. Vortex contribution to the heat capacity in the 2D
XY model. T, (=Txy) is the Kosterlitz-Thouless transition
temperature.

tion for two-dimensional melting [10,11]. It is instead
predicted that the heat capacity should involve only an
essential singularity at T, which is not expected to be ob-
servable, as well as a broad hump above T, due to the
gradual dissociation of defect pairs (see Fig. 1).

Monte Carlo simulations based on a coupled XY model
proposed by Bruinsma and Aeppli [12] describing the
simultaneous creation of both hexatic and herringbone
molecular orders yield a single heat-capacity anomaly
with @¢=0.3610.05 [13] in appropriate parameter spaces.
Subsequently, overexposed electron-diffraction studies on
an eight-layer 3(10)OBC film revealed weak herringbone
order in the Hex-B phase [see Fig. 2(a)]. Thus the
discrepancy between the experimental results and
theoretical prediction may be argued to be primarily due
to the presence of herringbone orientational order in
these compounds. Further diffraction studies on herring-
bone order in the Hex-B phase of nmOBC samples are
essential to clarify the role of this additional molecular
order through the Sm-A4 —Hex-B transition. Regardless
of the scattering results, it is an important experimental
task to identify and characterize compounds exhibiting
the liquid-hexatic-crystal transition sequence in the ab-
sence of herringbone order and to investigate the
structural and thermal properties of thin films.

The paucity of liquid-crystal compounds that exhibit
the Hex-B phase has meant that virtually every investiga-
tion of the nature of this intriguing phase and related
phase transitions has utilized one of the nmOBC com-
pounds. Studies of several other compounds exhibiting
the Sm- A4 —Hex-B —-Cry-B sequence have been limited to
bulk samples [14,15] or thick films [16]. Employing opti-
cal microscopy and low-resolution x-ray studies, Suren-
dranath et al. [17] have identified the Hex-B phase in
some members of the »n4COOBC (n-alkyl-4'-n-
pentanoyloxy-biphenyl-4-carboxylate) homologs. The
molecular structure is

C4H9COO~—COO——CHH2M1

This group of molecules represents a relatively small
modification (a change from alkoxy to acyloxy) to the
nmOBC structure, which is rich in Hex-B behavior. Sub-
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sequent bulk heat-capacity results from 34COOBC and
64COOBC display weakly first-order Sm- A —Hex-B tran-
sitions [18].

Employing our high-resolution free-standing film
calorimeter [6,7,] and electron-diffraction facility [19], we
have carried out both thermal and structural investiga-
tions on free-standing films of 54COOBC. This com-
pound exhibits the following bulk transition sequence
[17]:

Sm-A4

isotropic
70°C 55°C

Hex-B —— Cry-B .
53°C

The existence of the Cry-B phase below the Hex-B phase
differs from the typical nmOBC sequence in that the
Hex-B phase is generally followed by the Cry-E phase in
the nmOBC compounds. Besides extensive investigations

FIG. 2. Electron-diffraction pattern from (a) an eight-layer
3(10)OBC film and (b) a nine-layer 54COOBC film. The plates
were purposely overexposed to check the existence of 12 weak
herringbone diffraction spots in (a), but not in (b).
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of the intriguing Sm- A —Hex-B transition, we have also
probed the nature of the isotropic—Sm-A4 and Hex-
B —Cry-B transitions in free-standing films. An unusual
thinning transition above the bulk isotropic—Sm- A4 tran-
sition temperature has been found.

II. THE Sm- 4 —Hex-B —Cry-B TRANSITIONS

A. Experimental results

Detailed electron-diffraction investigations have been
carried out to ensure that the Hex-B phase of 54COOBC
possesses bond-orientational order but not herringbone
order. Under the guidance of our calorimetric results,

FIG. 3. Electron-diffraction patterns from a nine-layer
54COOBC film (a) in the Sm-A4 phase, (b) in the Hex-B phase,
and (c) in the Cry-B phase.
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nine-layer 54COOBC films were studied over a wide tem-
perature range covering the Sm-A4, Hex-B, and Cry-B
phases. As expected, the Sm- 4 phase yields a diffuse ring
of constant intensity [see Fig. 3(a)]. The Hex-B phase
displays one set of characteristic sixfold diffraction arcs
[see Fig. 3(b)]. The exposure time is about 6 s with an
electron-beam current density of about 0.1 electron/ AZ2s.
Evidence for the existence of herringbone order in these
Hex-B films can be obtained by increasing the exposure
time to about 1 min and looking for satellite spots at a ra-
dial distance 32% beyond that of the hexatic arcs [S].
When this procedure was applied to the 3(10)OBC thin
films, 12 satellite spots, indicative of herringbone order in
three possible orientations, were discernible [see Fig.
2(a)]. In contrast, no herringbone spots are discernible in
the overexposed diffraction pattern from 54COOBC
Hex-B thin films in this study [see Fig. 2(b)], suggesting
that the herringbone order is either not present or
significantly weaker than that in nmOBC compounds.
Thus, within our resolution, only the development of
bond-orientational order is observed through the Sm-
A —Hex-B transition of 54COOBC.

Upon further cooling, the films make a transition into
the hexagonal Cry-B phase, featured by one set of six
sharp diffraction peaks [see Fig. 3(c)]. This diffraction
pattern is typical of another Cry-B material, namely N-
(4-n-butyloxybenzylidene)-4-n-octylaniline (40.8). The
sharpness of the six diffraction peaks clearly indicates
that the entire film is in the Cry-B phase. This is in con-
trast to the coexistence of the sharp peaks and hexatic
arcs found in some temperature range of the 75S0BC
compound [20]. Because the higher (Sm-A4) and lower
(Cry-B) temperature phases clearly do not possess her-
ringbone order in 54COOBC, it is extremely unlikely that
the transition into the intermediate (Hex-B) phase would
involve the formation of herringbone order only to be re-
moved by the subsequent transition into the Cry-B phase.
It is therefore reasonable to assume that, consistent with
our electron-beam diffraction results, the Hex-B phase of
54COOBC does not exhibit herringbone order.

Employing our free-standing film calorimeter, we have
measured the temperature variation of heat capacity (all
films) and optical reflectivity (thin films only) for various
54COOBC film thicknesses. Figure 4 displays the heat-
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FIG. 4. Temperature dependence of heat capacity from a
100-layer 54COOBC film. The inset shows greater detail near
the major heat-capacity peak.
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capacity data from a 100-layer film. Above the main
heat-capacity peak, three separate heat-capacity
anomalies at around 54.5°C, 55.5°C, and 63.5°C are
clearly discernible. Based on previous x-ray and heat-
capacity results of other liquid-crystal compounds, it is
apparent that this series of transitions is due to layer-by-
layer surface-enhanced transitions associated with the
hexatic order. The anomaly near 63.5 °C can be attribut-
ed to the formation of hexatic order at two outermost
layers. Below the main heat-capacity peak, a heat-
capacity step near 52°C is due to the Cry-B ordering.
Upon cooling to approximately 44°C, no additional
heat-capacity anomaly was observed. Thus we do not
know the extent of the Cry-B order (two outermost lay-
ers, the entire film, or something in between) in the tem-
perature region below the observed heat-capacity step.

Three salient differences between the Sm-A —Hex-B
and Hex-B -Cry-B transitions emerge. First of all, the
former displays a layer-by-layer transition sequence and
the latter shows only one transition. Second, the surface
hexatic order exhibits a pronounced pretransitional heat-
capacity contribution, but the Cry-B order displays only
a sharp step in heat capacity. Third, while the surface
hexatic order appears as a sharp peak down to the two-
layer film, the step associated with the Cry-B order can-
not be resolved for films thinner than seven layers.

The inset of Fig. 4 shows the heat capacity in the im-
mediate vicinity of the main peak. The breaks in the
slope of the heat capacity just above and below the peak
temperature indicate that the transition is first order. We
attribute these breaks (width approximately equal to 90
mK) to a narrow two-phase region that is likely due to a
small amount of residual impurities or to structural de-
fects. Similar magnitudes of two-phase regions have been
reported in the heat-capacity data of bulk 34COOBC and
64COOBC near the Sm- A —Hex-B transition [18].

Both heat capacity and optical reflectivity obtained
from a simultaneous measurement near the Sm- 4 —~Hex-
B transition of a two-layer film are displayed in Fig. 5.
Similar to the case of 3(10)OBC [8], the heat capacity
shows a single sharp symmetric peak while the optical
reflectivity exhibits a smooth variation with a sign change
in curvature near the peak position of the heat capacity.
For unknown reasons, both heat-capacity and optical
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FIG. 5. Temperature variation of heat capacity and optical
reflectivity near the Sm-A4 —Hex-B transition obtained from a
simultaneous measurement of a two-layer 54COOBC film.
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reflectivity data consistently display more scattering than
those near the Sm-A -Hex-B transition of two-layer
3(10)OBC films. In the case of 3(10)OBC films, it has
been established that optical reflectivity (R) is proportion-
al to the integral of heat-capacity data. Thus R is direct-
ly related to the entropy change through the transition
region. Assuming that this also holds for two-layer
54COOBC films, the absence of an observable step in op-
tical reflectivity near the heat-capacity peak position sug-
gests that, to within the scattering of our experimental
data, there exists no additional &-function-like latent
heat.

Under several reasonable assumptions, the optical
reflectivity (R) data can be directly related to the in-plane
molecular density [8]. The result presented in Fig. 5
reflects the increase of in-plane molecular density as the
temperature decreases. Over a temperature window T,
(=T,—0.75K)<T<T, (=T,+0.75 K), the relative op-
tical reflectivity change (8R =[R(T,)—R(T,)]/R(T,))
is about 4.8X 1073 for 54COOBC and 1.8X 102 for
3(1000BC. This comparison indicates that the 3(10)OBC
compound experiences a larger increase in the in-plane
molecular density through the Sm-A4 —Hex-B transition
and favors some degree of herringbone orientational or-
der.

Although the molecular structure of 54COOBC is very
similar to that of nmOBC compounds, for unknown
reasons, the former is much more susceptible to
deterioration. Consequently, every 4 days we had to
thoroughly clean the film plate and load a new sample
into our calorimeter. Furthermore, the signal-to-noise
ratios of the heat-capacity and optical reflectivity data on
54COOBC are consistently worse than those on the
nmOBC compounds. These two factors lead to a much
larger uncertainty in our thermal hysteresis measure-
ments between successive heating and cooling runs. With
a temperature ramping rate of about 10 mK/min near
the heat-capacity peaks, detailed thermal hysteresis stud-
ies have been conducted. The hysteresis is found to be
80+50 mK. After adjusting the changes in transition
temperatures between the successive cooling and heating
runs, the shapes of the heat-capacity anomalies are ap-
proximately the same within our data scattering (see Fig.
6). Thus the two-layer 54COOBC film exhibits a weakly
first-order Sm-A4 —Hex-B transition. In several experi-
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FIG. 6. Overlay of the successive cooling (A), heating (X),
and cooling () hysteresis runs from a two-layer S4COOBC
film.
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mental runs, we cooled the two-layer films down and did
not detect any thermal signal associated with the Hex-
B —Cry-B transition. At this moment, we do not know if
this negative result is due to the fact that thermal signal
associated with this transition is too weak to be resolved
or there exists no such a transition in the two-layer film.

Heat-capacity data from three-, four-, six-, and nine-
layer films are shown in Figs. 7 and 8. The experimental
data are somewhat noisy. Similar to the cases found in
nmOBC compounds, the heat-capacity peak from the sin-
gle interior layer of a three-layer film is again more than a
factor of 2 smaller than that of the four-layer film.
Three well-separated and sharp heat-capacity peaks can
be seen in the nine- and six-layer films. These clearly
demonstrate the existence of surface induced layer-by-
layer transitions.

Figure 9 shows an electron-diffraction pattern from a
four-layer film at a temperature between the two heat-
capacity peaks. The photograph, which is slightly
overexposed in order to reveal the constant intensity ring,
clearly displays the coexistence of a weak diffuse ring
(from two interior Sm- A layers) and a set of sixfold arcs
(from two surface Hex-B layers). The existence of one
single set of the sixfold arcs indicates that the bond-
orientational order existing on the two outermost surface
layers is correlated with each other.

For the six-layer film, we have again measured thermal
hysteresis of 30, 160, and 200 mK (with resolution of 50
mK) for the transitions associated with the surface, next-
to-the surface, and interior layers, respectively. More-
over, the magnitudes of the heat-capacity peak heights
differ by less than 5% between the heating and cooling
runs. Thus the surface-layer transition of the six-layer
film is seemingly continuous to within our resolution.
The quasiadiabatic nature of our calorimeter prevents the
detection of &-function-type latent heat associated with
first-order transitions. Consequently, it is not clear why
the magnitude of the heat-capacity peak from the two
outermost layers increases with the film thickness. This
is different from that of nmOBC in which the magnitude
of the surface heat-capacity anomaly remains the same as
the film thickness varies [7].
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FIG. 7. Temperature dependence of heat capacity obtained
from a three- (O) and four- (A) layer 54COOBC films near the
Sm- A —Hex-B transition.
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FIG. 8. Heat capacity versus temperature obtained from six-
(+) and nine- () layer 54COOBC films near the Sm- 4 —Hex-B
transition.

The heat-capacity step associated with the Hex-
B —Cry-B transition is still observable in the nine-layer
film data but not in the films thinner than seven layers.
Electron-diffraction results suggest that, in the Hex-B
phase, these thinner films break upon cooling before
transforming to the Cry-B phase.

B. Data analyses and discussions

The fact that the two-layer film exhibits a single heat-
capacity anomaly indicates that it possesses two-
dimensional thermal behavior. Although the transition is
weakly first order, the pronounced pretransitional heat
capacity and divergent character are in sharp contrast to
the theoretical prediction (see Fig. 1). Two-dimensional
melting theory suggests that the liquid-hexatic transition

FIG. 9. Electron-diffraction pattern from a four-layer
54COOBC film. The data were taken in the temperature region
between the two heat-capacity peaks shown in Fig. 7. The coex-
istence of the constant intensity ring (from the two interior lay-
ers in the Sm- A phase) and a set of sixfold arcs (from the two
surface layers in the Hex-B phase) is clearly discernible.
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FIG. 10. Results from a simple power-law fitting to Eq. (1)
(solid lines) of the two-layer film data yields a positive critical
exponent a. Clearly, the experimental data are well character-
ized by this divergent heat-capacity expression, which is incon-
sistent with the theoretical prediction for the KT-type transi-
tion (see Fig. 1).

should exhibit a KT-type transition, with only an essen-
tial singularity, but no fluctuationlike heat-capacity con-
tribution at the transition temperature [11]. The fittings
of the heat-capacity anomalies of the two-layer film and
the surface transition of the six-layer film (see Fig. 10) to
a simple power law [Eq. (1)] yield a=0.30%0.07 [21].
Due to the weakly first-order nature of this transition, the
fitting window covers only approximately 14 decades in
reduced temperature. Consequently, the existence of the
herringbone order in the Hex-B phase of nmOBC com-
pounds may not be the major source of the discrepancy
between the two-dimensional melting theory and our ex-
perimental results. Based on these experimental observa-
tions, one might wonder if there is a hidden order param-
eter with a three-state Potts symmetry associated with
the Sm- 4 —Hex-B transition of liquid crystals.

Similar to the 100-layer film data (see Fig. 4), the heat-
capacity data from a 30-layer film also show three addi-
tional surface enhanced layer-by-layer transition peaks
above the main one. Although we cannot experimentally
determine whether the wetting transition is a complete or
an incomplete one, the sequence of the transition temper-
atures [T,(L)] can be described by the simple power law

2.6 + B

1+ 4

L 1

0 0.01 0.02 0.03
t=[T, (L) -T,1/T,

FIG. 11. L versus [T.(L)—T,]/T, and fitting curves from
the surface-enhanced layer-by-layer transition sequence ob-
tained from 100-layer (+) and 30-layer ({) 54COOBC films.
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L=Ly{[T(L)—Ty)/Ty} " )

Here L gives the separation (measured in units of layers)
between the nearest film-vapor interface and the layer in
question. The fitting yields L, =0.3410.05 (measured in
units of layers) and the exponent v=0.30£0.05 and the
results are shown in Fig. 11. Similar values of the ex-
ponent v have been reported in the surface enhanced
transitions near the Sm-A4 -Sm-I [22], Sm-A4 -Hex-B
[23], and Sm-A4 —Cry-B transitions [24]. They all give
v=1, characteristic of a van der Waals-like interlayer
interaction [25].

III. THINNING TRANSITION ABOVE THE
BULK SMECTIC- 4 —-ISOTROPIC TRANSITION

The layer structure existing in the smectic phases
makes the formation of free-standing liquid-crystal films
possible. So far we have prepared and investigated free-
standing films from more than 15 liquid-crystal com-
pounds. Upon heating above the bulk Sm- A4 —nematic or
Sm- A4 —isotropic transition temperature, all compounds
except two rupture due to the lack of a layer structure in
both the nematic and isotropic phases. First we
discovered the remarkable layer-by-layer thinning transi-
tion above the Sm- A4 —isotropic transition of a partially
perfluorinated compound, namely, HIOFSMOPP (5-n-
decyl-2-[4-n-(perfluoropentyl-metheleneoxy) phenyl] py-
rimidine) [26]. Upon heating above the bulk Sm-
A —isotropic transition temperature (T ,;), HIOFSMOPP
films first display an irregular thinning transition. Once
the film thins down to nine molecular layers, it exhibits a
regular layer-by-layer thinning transition down to two
layers before rupturing at a temperature about 27 K
above T 4;. This layer-by-layer thinning transition can be
well characterized by a simple power law with exponent
¢=0.7410.02.

Originally, we thought it to be a unique property of the
perfluorinated compounds. To our surprise, similar thin-
ning transitions have been found in 54COOBC above its
bulk Sm- A4 —isotropic transition temperature. Although
this layer thinning transition is not as regular as that of
H10F5MOPP, one of the better runs is shown in Figs. 12
and 13. Upon heating an 11-layer film, we obtained a
series of thinning transitions into nine-, eight-, five-,
four-, three-, and two-layer films before it ruptured at a
temperature about 10 K above the bulk T4, (=70°C).
The film thickness can be determined from heat capacity
(Fig. 12) or optical reflectivity data (Fig. 13). The inset of
Fig. 12 exhibits a linear relation between the heat-
capacity signal and layer thickness (N). Meanwhile, the
inset of Fig. 13 shows another linear relation between the
square root of optical reflectivity (R !/?) and later number
(N). In the HIOFSMOPP compound, once the films had
thinned to nine molecular layers, the transitions pro-
gressed basically in a layer-by-layer fashion. Here we
have seen many irregularities. For example, before the
films rupture, we have seen following sequences: 12, 4,
and 3; 8, 5, and 4; etc. The data shown in Figs. 12 and 13
also exhibit some irregularities, namely, the eight-layer
film existed over a much wider temperature range than
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FIG. 12. Heat-capacity signal as a function of temperature
above the bulk Sm- A4 —isotropic transition temperature (70 °C).
Initially it was an 11-layer film; the film underwent a series of
layer thinning transitions. The two-layer film remained stable
over a 5 K temperature range before rupture at a temperature
about 10 K above the bulk Sm- 4 —isotropic transition tempera-
ture. The inset displays a linear relation between the heat-
capacity signal and layer thickness (N).

both nine- and five-layer films. Nevertheless, the data
can be described by a simple power law with exponent
(¢=0.52). Due to the irregularity in the thinning transi-
tion sequences found in 54COOBC, it is difficult to draw
a strong conclusion on this exponent. The extremely
sharp steps (less than 10 mK in width) and perfectly
correlated between the two probes are the common
features of the layer-thinning transition found above the
Sm- 4 —isotropic  transition of 54COOBC and
H10FSMOPP. It would be interesting to investigate this
unique layer-thinning transition in other liquid-crystal
compounds [27] to see what kind of the unique physical
properties prevent the smectic structure from rupturing
just above the Sm- A4 —isotropic transition.

IV. CONCLUSION

The remarkable concept of bond-orientational order,
proposed in the context of the two-dimensional melting
theory, has been found to be extremely useful in describ-
ing numerous physical phenomena in condensed matter.
To the best of our knowledge, only liquid crystals can
provide a unique opportunity to check not only the
structural but also thermal predictions of this model.
The interpretation of the unexpected critical anomaly
previously seen in the heat capacity near the Sm-
A —-Hex-B transition in two-dimensional nmOBC films
and the surface transitions of thicker films has been com-
plicated by the occurrence of herringbone order in addi-
tion to bond-orientational order in these materials. In

3645
03— oz ] '
i — .
:? 02 | 02
=
= B = o.oaf‘
&) 0.1 L___g’ GN 10
0 1 L 1 L 1 1 L 1 1 -
69 72 75 78

Temperature (°C)

FIG. 13. Square root of optical reflectivity (normalized by in-
cident laser beam intensity) versus temperature. The data were
obtained from a simultaneous measurement with the heat capa-
city (shown in Fig. 12). The data also show a series of layer-
thinning transitions. The inset displays a linear relation be-
tween the square root of the optical reflectivity signal and layer
thickness (N).

this study, we have shown that, even in a compound such
as 54COOBC for which careful electron-diffraction
analysis indicates the absence of herringbone order, the
inexplicable pretransitional divergence in the heat capaci-
ty is still present in thin films. The results indicate that
the two-dimensional melting theory in its present form
does not describe the remarkable liquid-hexatic transition
in liquid-crystal thin films.

Similar to the other compounds, a surface-enhanced
layer-by-layer transition near the Sm-A4 —Hex-B transi-
tion can be characterized by a simple power law with ex-
ponent v=0.30, indicative of the van der Waals inter-
layer interaction. Moreover, an unexpected layer-
thinning transition has been found above the Sm-
A —isotropic transition.

It would be ideal to identify or synthesize a liquid-
crystal compound displaying a continuous Sm- 4 —Hex-B
transition without herringbone order and then to conduct
detailed thermal and structural investigations. Neverthe-
less, we will continue to study the unexpected layer-
thinning transition occurring above the Sm- A —isotropic
or Sm- A —nematic bulk transition temperature.
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FIG. 2. Electron-diffraction pattern from (a) an eight-layer
3(10)OBC film and (b) a nine-layer 54COOBC film. The plates
were purposely overexposed to check the existence of 12 weak
herringbone diffraction spots in (a), but not in (b).



FIG. 3. Electron-diffraction patterns from a nine-layer
54COOBC film (a) in the Sm- A phase, (b) in the Hex-B phase,
and (c) in the Cry-B phase.



FIG. 9. Electron-diffraction pattern from a four-layer
54COOBC film. The data were taken in the temperature region
between the two heat-capacity peaks shown in Fig. 7. The coex-
istence of the constant intensity ring (from the two interior lay-
ers in the Sm-A4 phase) and a set of sixfold arcs (from the two
surface layers in the Hex-B phase) is clearly discernible.



