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Tilted and Orthogonal Smectics in Thienyl
and Furyl Substituted Enaminoketones

JADWIGA SZYDLOWSKA, DAMIAN POCIECHA, ADAM
KROWCZYNSKI and EWA GORECKA

Laboratory of Dielectrics and Magnetics, Department of Chemistry, Warsaw University
02-089 Warsaw, Al. 2Zwirki i Wigury, Poland

Influence of molecular shape on appearance of a sequence of liquid crystalline phases was
examined for substituted and non-substituted tienyl and furyl enaminoketones. Increasing of

molecular bend promote tilted mesophases.

INTRODUCTION

To establish a relation between a molecular structure and mesophase formation is
an attractive tusk from basic interest and in view of possible applications. In
most cases it is relatively easy to tell whether molecules are mesogenic but the
particular mesophase sequence and other physical properties are difficult to
predict since they are influenced by subtle details of the molecular structure. In
this communication we described the effect of the molecular shape on tilted and
orthogonal smectic phase formation. For our studies enaminoketone derivatives
were chosen for their simple synthesis. A bend of the moleule was introduced
due to the 2,5 substituted thienyl or furyl rings inserted in the terminal position
of the mesogenic core. Based on x-ray molecular structure investigations it is
known that the angle between two moieties attached to the pentagonal ring is
146° and 129.8° for the thienyl and furul ring' (Scheme).

EXPERIMENTAL

The identification of mesophase was based on microscopic observations of the
textures’ with a Nikon polarizing microscope equipped with a Metler hot stage.
Calorimetric measurements were performed using a DSC7 Perkin - Elmer set-up.
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The enaminoketone derivatives were synthesized according to the procedure
similar as described earlier’. The NMR spectra confirmed the assumed molecular
structures.

R=H, CH,, CH, CH,, R=H, CH,

SCHEME

RESULTS AND DISCUSSION

The phase transition temperatures and phase transition enthalpies changes are
collected in TABLE I. The phase diagrams of investigated homologous series
are shown in Figure 1

Thienyl derivatives - THO series

The compounds of the homologous series THO (R = H ) exhibit only orthogonal
mesophases: smectic A, hexatic B, crystal B and E (Figure 1a) . The presented
phase diagram shows the typical topology for the compounds revealing S, - Hex,
- Cry, phase sequence®. As in the previously studied series the transition lines
converged in the triple point S,-Hex,-Cry, located for the material with
normalized width of the S, phase r,; = T,/ T,; - 1 between 0.16 (n =8) and
0.18 (n =9). This confirms that the suggested earlier® r,; = 0.17 is critical for
the appearance of the hexatic phase. However contrary to the previously studied
series the temperature range of the Hex, phase is only weakly affected by
increasing the terminal chain length. As for the microscopic observation the Cry,
- Hex, transition is detectable only when heating a virgin monocrystal, which
spills at the temperatures relevant to the Cryj - Hex;, transition. This effect is due
to the destruction of three dimensional structure of the Cry, phase. The S, - Hex,
phase transition is accompanied by the appearance of transition bars on a fan
texture in all THO compounds. This effect characteristic for the S, - Cry, phase
transition has already been observed for the S, - Hex, phase transition* in the
compounds with very narrow hexatic B phase less than 1.5 K, close to the
S,-Hex,-Cry, triple point. In the series THO the transition bars are however
observed for the compounds with significantly broader hexatic phase (~4 K).
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FIGURE |1 Phase diagrams (black dots - melting points)
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Additionally wishbone defects’ appear on the fan texture in the S, phase when
the samples heated from Hex, phase.

The heat effects accompanying the creation of the long range bond
orientational order and the long range positional order are substantially
different’. The significant heat capacity anomalies with nearly constant
amplitude along the transiton line were found for the S,- Hex, phase transition.
Much smaller effects were detected at theCry, - Hex, phase transition and they
quickly decrease to vanish when moving away from the S,-Hex,-Cry, triple
point.

THI series

The phase diagram of the homologues series THI with substituents R = H,C
(Figure 1b) was fully described®. The series exhibit complex polymorphism of
orthogonal and tilted mesophases.

TH4 and TH6 series.

The compounds of the homologous series TH4 and TH6 with R = H,C,, H,C;
substituent, respectively reveal mostly enantiotropic nematic and smectic phases.
They exhibit only tilted smectics: liquid-like S, and hexatic S; in both series as
well as the crystalline Cry,; in TH6 series (Figure Ic, d). The phase transition
between the liquid-like and hexatic smectics is accompanied by characteristic
DSC signal with substantial heat capacity anomalies with almost constant
amplitude for all homologues of the series. The enthalpy changes corresponding
to the phase transition between the hexatic S; and crystal Cry, phases decrease
monotonically with elongation of the molecules. For the compounds with n = 13
and 14 the transition enthalpy become undetectable (AH < 0.01 J/g).
Simultaneously, for these compounds the S; - S; phase transition becomes less
pronounced in the microscopic studies whereas it was easily detectable for
shorter homologues where schlieren texture of smectic F phase changes into
mosaic shlieren texture of the smectic G phase.

Furyl derivatives - FUO serles

The homologues of the series FUO containing in the mesogenic core
non-substituted furyl ring (R = H) reveals basically orthogonal phases S,, Hex,,
Cryg. The topology of the phase diagram (Figure le) is similar to that detected
for the compounds with the non-substituted thienyl ring THO , however for
shortest terminal chains (e.g. n = 5) narrow tilted S, phase intrudes between the
S, and Hex, phases. As in the THO series rearranging the phase structure to the
long range bond orientational order at the S, - Hex, phase transition is
accompanied by substantial heat effects, whereas along the Hexy - Cry, phase
transition line the transition enthalpy changes are rather small and decrease to
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vanish for homologues n > 11. At the S. - Hex; phase transition on broken fan
texture transversal lines resembling the transition bars are visible.

FUI series

The compounds of the series FUI with R = CH, exhibit the liquid like smectics
S, and S_ only. The more organized liquid crystalline phases do not appear. This
series has substantially lower clearing points than the other presented. The S, -
S, phase transition is of the second order what was confirmed by continuous tilt
changes.

CONCLUSION

The compounds with the pentagonal thienyl and furyl rings in the three ring
mesogenic core were studied. It has been found that the non-substituted
heterocycles promote othogonal phases. Elongation of substituents attached to
the pentagonal ring makes the overall shape of the molecule more bent. This
molecular modification promotes tiled mesophases. It has been found that for the
appearance of the orthogonal hexatic phase the preceding S, phase should have

normalized width r,, = ~0.17. In both tilted and orthogonal systems building the
long range in-plane bond structure is accompanied by strong heat capacity
anomalies whereas building the long range positional order is accompanied only
by small enthalpy changes. In both systems the hexatic - crystalline transition
enthalpy decreases steeply with increasing terminal chain length. Also texture
changes become less pronounced with increasing homologue number n.
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