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Phase diagrams and phase transition
studies of a homologous series with both
tited and orthogonal hexatic phases

WIESLAW PYZUK, JADWIGA SZYDLOWSKA, EWA GORECKA,
ADAM KROWCZYNSKI, DAMIAN POCIECHA and JAN PRZEDMOCJSKI*

Laboratory of Dielectrics and Magnetics, Department of Chemistry,
Warsaw University, Al. Zwirki i Wigury 101, PL-02089 Warsaw
*Department of Physics, Warsaw Technical University, Poland

Both smectic hexatic phases, Hex-B and Sm-F, were found in some three-ring 2-methyithienyl
derivatives terminated with alkoxyl substituents. In a homologous series THI, the molecular
terminal chains promote either tilted (for short chains) or orthogonal (for long cheins) hexatic
mesophases. For intermediate length chains (having 14 or 15 carbon atoms), the phase
sequence is Hex-B - Sm-F - Sm-C - Sm-A. This phase sequence allows observation of two new
triple points involving Hex-3 phase. For some halogen substituted thienyl derivatives other
mixed-tiit type phase sequence, Cry-G - Sm-F - Hex-B - Sm-A is found Phase transitions
involving hexatic phases were studied by DSC and X-ray scattering method

1. INTRODUCTION

Hexatic phases are examples of systems with short-range translational order, but
long-range bond orientational order (BOO)."* They have been predicted in 2D
systems to exist as an intermediate state upon melting from crystal to liquid
state. Liquid crystals are relatively rich in those phases but most of mesogenic
materials exhibit tilted hexatic smectic phases, Sm-F and Sm-L. In contrary, the
untilted hexatic smectic phase, Hex-B, has been so far encountered only in few
compounds.”> The thienyl derivatives presented in this paper are examples of
compounds which exhibit transition between tilted and orthogonal hexatic
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phases, Hex-8 - Sm-f. Materials with transitions driven by molecular tilt,
between phases with already established BOO, are of particular interest for
testing theory of 2D melting, to examine the role of tilt-BOO coupling, as well as
to study new multicritical points.”

We examined new group of enaminoketone compounds

/ ==
S 0-H

hereafter abbreviated as mTHIn. Our preliminary studies showed that phase
diagrams of homologous series are controlled by alkyl substituents of the thienyl
rng. For m=0 only orthogonal phases, Cry-8, Hex-B and Sm-A, are observed
and the corresponding series reveals typical generic phase diagm.m.3 For m>2
present are only their tilted counterparts, Cry-G, Sm-F and Sm-C. For m=1 (THI
series) both tilted and orthogonal smectic phases exist, and this interesting case
is described in the paper.

2. RESULTS

2.1. Phase diagram and optical studies
The phase diagram of THI series (Figure 1) was established basing on optical
and DSC methods. Under polarizing microscope all phases reveal typical
textures' while studying free-suspended films as well as samples between
surface-treated microscopic cover glasses. Homeotropic textures could be easily
obtained for orthogonal phases (Sm-4, Sm-B); conoscopic observations confirm
uniaxiality of these phases. Schlieren textures were observed for tilted phases,
Sm-C and Sm-F, and the transition between them was characterized by intensive
motions within the texture, followed by schlieren size changes. Patterns become
more dark and schlieren texture finally vanishes to produce homeotropic
orientation as the smectic-B phase is approached. Birefringence changes are
gradual for THI1 S, but for lower homologues, sharp changes are well visible.
The phase diagram 1is, for short homologues, typical for systems having
tilted smectic phases. For long homologues, its interesting feature is the parabolic
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shape of Sm-C phase boundary. For long homologues, this phase as well as
other tilted phase, Sm-F, become destabilized, in favor of Sm-4 and Hex-B
phase, respectively. In result, the Sm-F phase disappears for THI16. Resulting
new tnple point, Hex-B - Sm-F - Sm-C, is observed in binary mixtures. An
unusual is the behavior of Sm-C phase. For long homologues, this phase does
not vanish but its low and high-temperature limits are stabilized near 95 °C and
110 C, respectively. The kink of the Sm-C - Sm-A phase transition line might
suggest a differentiation between Sm-C' phases for long (n>15) and shorter THIn
homologues. However, on phase diagrams of binary systems, e.g
THI13-THI17, no kink appears.

150+

Iso

T/°C

100+

FIGURE 1 Phase diagram for homologous THI series.

Information about diagrams and phase transitions were completed by DSC
and X-ray studies. For example. the presence of hexatic-B and crystalline-B
phases in the THI series was established from binary phase diagram (Sect. 2.4.)
and confirmed by X-ray scattering method. These phases do not differ in
textures neither in homeotropic nor homogeneous orientation.
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2.2. DSC studies

The main results are: (1) - Sm-C - N phase transition is first-order and its
enthalpy increases with broadening nematic phase or, alternatively, with
decreasing distance to more ordered Sm-G or Sm-F phases; (ii) - both Sm-F -
Sm-C and Hex-B - Sm-C phase transitions are accompanied by strong pre-
transitional anomalies in the specific heat; (iii) - Cry-G - Sm-F phase transition is
first-order and its small enthalpy effect, which is controlled by temperature
range of the hexatic phase, vanishes above a critical phase width; (iv) - Hex-B -
Sm-F phase transition is accompanied by small thermal effects. For THILS, a
jump in the specific heat, 016 Jg'K", and, for THI14, a smail peak with latent
enthalpy of 0.10 Jg', independent on the scanmng rate, are observed (Figure 2).

03 -

HEAT FLOW (W/g)
foo)
N

o
-

Hex-B Sm-F
00 L |

90 100
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FIGURE 2 Thermograms of THIn compounds. Note different shape of heat flow signal at
Hex-B - Sm-F phase transition for THI14 and THI15.

These results suggest, in agreement with optical studies, that the transition order
1s changed from continuous (case of THI1S) to first-order (case of THI14) as the
system moves between Hex-B - Sm-F - Sm-C and Cry-B - Hex-B - Sm-F triple
points.
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2.3. X-ray studies

The layer spacing, d, thus molecular tilt, in long homologues of the THI series
were determined by X-ray scattering method. Of our special interest were phase
transitions involving hexatic phases and some relevant results are presented on
Figure 3. The Sm-F - Sm-C phase transition was accompanied, in all studied

{a) (b)
OO
=T \nﬁ\,\%‘: N
d/R Hex-B F
35 =
Cry-B F
32 ' '
80 90 90 100
33 T
(c)
F C
32 .
Cag FIGURE 3 Smectic layer spacing, d, vs.
temperature near phase transitions
involving Sm-F phase. Data for THI13

1
0 Lo 10 (& ©) and THI1S (5).

compounds, by markedly increasing d. This fact explains the intenstve motions
visible on schlieren textures. Within the resolution limits of our X-ray machine,
no discontinuity of layer spacing at this phase transition has been detected for
all examined THIn compounds (discontinuities, if any, are below 0.02 Zx). X-ray
results confirm our suggestions that the character of the phase transition changes
along Sm-B - Sm-F line. In THI13, a distinct jump in layer spacing was detected
(Figure 3a) and the temperature hysteresis of d confirms first-order transition.
For THI14, the layer discontinuity is comparable to the experimental resolution
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limit, but, for THI13, it cannot be detected at all. Further, our resuits show that
the Hex-B - Sm-C transition is also continuous. Surprisingly, not only layer
spacing but also its slope seem to evolve continuously, like in the case of the
Sm-F - Sm-C phase transition in THIn compounds. In smectic-B phase, the layer
spacing is almost 1 A larger (at least for higher homologues) than in the Sm-A
phase. E.g. for THI16, relevant values are 37.0 A and 362 A, respectively. It
points probably to low orientational order in the Sm-A phase, and/or to some
conformational disorder of alkoxyl chains at high temperatures.

2.4. Binary phase diagrams

Several binary phase diagrams were studied in order to identify the low-
temperature orthogonal phase, as well as to confirm the presence and to locate
new triple points. Some diagrams for binary systems of THI13 and THI14 with
reference compounds having Cr-B - (Hex-B -) Sm-A phase sequence are
presented on Figure 4. They reveal that, besides the hexatic phase, there is also
crystalline-B phase present in the THI series. Temperatures of the Cry-B - Hex-B
phase transition were determined from the extrapolation of the width of the
hexatic phase to pure THIn compounds; they are shown on Figure 1.

In binary systems, the range of both tilted phases, Sm-F and Sm-C, has to
decrease with increasing concentration of such reference compounds, which
reveal only orthogonal phases. In result, there are two triple points, Hex-8 -
Sm-F - Sm-C and Hex-B - Sm-C - Sm-A, at the ends of the Hex-B - Sm-C
transition line. All lines converging at these points might correspond to
continuous phase transitions (with possible exception for theoretically first-order
Sm-F - Sm-C transition’). For this reason, triple points are of special interest,
because they might be new multicritical points, at which the three involved
phases become asymptotically identical.

3. DISCUSSION AND CONCLUSIONS

Significant features of phase transitions between hexatically ordered and
disordered smectic phases are the pretransitional anomalies in the specific heat.
They result in more or less diffused DSC signals without, however, a noticeable
peak rounding (cf. Figure 2). Such signals, easy to recognize, are not influenced
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by the molecular tilt, since their shape remain unchanged for tilted, orthogonal as
well as mixed-tit type transitions (among possible combinations, Hex-B - Sm-A,
Hex-B - Sm-C and Sm-F - Sm-C transitions have been tested by us for several
compounds). Broadened peaks were always found for systems having broad
disordered smectic phase, 4 or C, if not being too close to crystal phases, B or G.
Probably, more developed smectic layer ordering promotes more distinct
changes of intermolecular distance at transition between disordered and hexatic
smectics. Concomitant m-plane density changes are believed to be responsible
for the specific heat changes

Some universal features seem to characterize phase transitions between
hexatic phases, as well as between hexatic and crystalline phases. The thermal
effects at the Hex-B - Sm-F and Cry-B - Sm-F transitions, observed for THI14
and THI13, respectively, are all of the same order. Thus we conclude that latent
enthalpy is only weakly related to the building-up of the long-range positional
order in systems with BOO. In fact, no measurable thermal effects (AH < 5
mJg™) were detected at Cry-B - Hex-B phase transition in THI14. The effect of
vanishing enthalpy has been previously observed in several crystalline - hexatic
systems, both tited® and orthogonal.” For some of these systems, strong
discontinuities of in-plane correlation length, which confirm first-order transition,
have been proved by high-resolution X-ray scattering method?

Further examples of the evolution of phase sequences. similar to those
observed for the THI series, may be obtained for some other chemically related
compounds. We modified parent THI structure in two ways:

(1) - tolyl ring is introduced into molecules instead of 2-methyithienyl ring. In this
case, the transition from tilted to orthogonal phases is also induced by long
terminal alkoxyl groups. However, a crystalline-B phase appears instead of the
hexatic-B phase and an additional, weakly-tilted intermediate phase (possibly
Sm-L) intervenes between the smectic phases,” F and B;

(it) - the second way is referred to thienyl compounds, mTHIX, with long alkyl
substituent fixed instead of methyl group, but with alkoxyl replaced by a small
halogen substituent X = F, Cl, Br, I. In this case the Sm-4 phase is always
present. However, the appearance of more ordered phases, orthogonal Hex-B
and Cry-B, or tilted Sm-F and Cry-G, depends on the size of the substituent. For
6THII compound having hexyl (m=6) and iodo (X=I) terminal groups, mixed-tit
type phase sequence:
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Cry-G - Sm-F - Hex-B - Sm-A - Iso phase
932 96.5 111.0 1628 T(°C)

is observed. For this compound, the phase transition Sm-F - Hex-B seems to be
continuous with a small decrease in the specific heat, ca. 0.03 Jg'K", clearly
seen on DSC thermograms. For a more bulky substituent, X = CF,, smectic-B
phases are overlapped by their tilted counterparts, what resuits in already known
phase sequence Cry-G - Sm-F - Sm-A

Summing up, compounds of the THI series are first thermotropic liquid
crystals, for which transition between tilted and untilted hexatic phases is
reported. The orthogonal Hex-B phase appears, surprisingly, below tilted hexatic
Sm-F phase, i.e. in an inverted phase sequence. Transition between these hexatic
phases is either discontinuous or continuous, depending on the width of the
Hex-B phase. The character of the laver spacing, or tilt changes, at this
transition is different from that having a corresponding tilt-driven Sm-C - Sm-4
transition between disordered smectics. In the hexatic system, no distinct
pretransitional anomalies of the layer spacing are observed within the Sm-F
phase. Close to the Sm-F - Sm-C - Hex-B triple point, found in binary mixtures,
both Hex-B - Sm-F and Hex-B - Sm-C transitions seem to be continuous. It
suggests that this triple point is a new multicritical point, even in the systems
where phase transition Sm-F - Sm-C would be first-order, as predicted by the
theory.” A normal phase sequence, with continuous phase transition from Sm-F
to Hex-B phases on heating, has been found in pure mTHIX compounds.

4. EXPERIMENTAL

Enaminoketone thienyl derivatives, mTHIn and mTHIX, were synthesized in a
routine way,® from appropriate 4-substituted-2-acetyl-thienyls and 4-substituted-
alkoxylanilines, and products were carefully punified by crystallization. Chemical
structures of both intermediates and final compounds were confirmed by
elemental analysis, NMR and IR spectra.

Texture observations were performed with Jenapol-U polarizing microscope
equipped with Mettler HT82 hot stage. Thermograms were taken using
Perkin-Elmer DSC-7 at several scanning rates. Layer spacing was determined
from X-ray scattering for homeotropicallv oriented samples, placed in double
oven, with the wave vector accuracy of 110~ A
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