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Thermal and optical behaviours of a series of highly n-conjugated hockey stick-shaped non-symmetrical 1,2,4-
oxadiazoles, with liquid crystalline properties, have been studied. All of them presented liquid crystalline phases,
in particular smectic and nematic phases typical of calamitic compounds. Although these substances are
thermally less stable than their 1,3,4-oxadiazole isomers, they showed better liquid crystalline behaviour with
lower melting points. UV-visible spectra of compounds la—1f in solution displayed similar absorption patterns
with maxima around 320 and 350nm (¢ ~ 2.0-6.0x 10* L mol 'em™'). All compounds exhibited strong blue
fluorescence (A1**=405-468 nm) with large Stokes shift (79-117nm). The quantum yields (®g) are 42-65%,

em

except for compounds 1c and 1f where the yields are 2 and 14%, respectively. These compounds also exhibited

rmax

blue emission in the solid phase (4, =408-492 nm).

Keywords: 1,2.4-oxadiazoles; fluorescent LCs; highly n-conjugated molecules

1. Introduction

Incorporation of heterocyclic moieties as core units in
thermotropic liquid crystals can result in large changes
in their mesophases and physical properties because
they possess more polarisable heteroatoms, such as
nitrogen, oxygen and sulfur atoms (/). Interest in
highly n-conjugated liquid crystal molecules containing
heterocycles (2—4) has increased enormously in the past
decade due to the possibility of their use in organic
light-emitting diodes (OLEDs) (5), where electron-
deficient heteroaromatic rings can potentially offer a
good charge-transporting property allied with its
inherent self-organisation ability, and strong fluores-
cence. Compounds containing the 1,3,4-oxadiazole
moiety are excellent electron-accepting materials (6),
which have been employed as core units in calamitic (7)
and discotic liquid crystals, which exhibited columnar
mesomorphism (8). Depending upon the substituents
at C-1 and C-5 of the 1,3,4-oxadiazole ring, these
compounds may produce a bent- or hockey-stick-
shaped liquid crystal with fluorescent properties (9).
Recently, Gortz et al. reported the formation of chiral
domains characterised by the generation of a helical
macrostructure in the nematic phase of compounds
containing 1,3.4-oxadiazole ring (/0). Although, the
1,2,4-oxadiazole ring has similar properties as its 1,3,4-
isomer (good luminescence and high thermal stability),
liquid crystals containing 1,2,4-oxadiazole moiety have
not been studied extensively (//). Because of the

asymmetric ring, the strong lateral dipole between
oxygen and nitrogen atoms leads to liquid crystalline
phases different than those produced by their 1,3,4-
isomers. In this context, we recently published (/2) an
efficient method for the synthesis of non-symmetrical
liquid crystals based on the core 3,5-disubstituted-
1,2,4-oxadiazole bearing a m-extended aromatic por-
tion through a carbon-carbon triple bond (la-1f)
(Figure 1). Besides increasing the m-conjugation, the
carbon—carbon triple bond in a liquid crystal molecule
can also proportionately lead to a large birefringence
(13). The aromatic groups (phenyl, naphthyl, phenyl-
piperazine or phenylcarboxylate) were chosen to
extend the rod-shaped liquid crystal molecules, which
changes their length to width ratio, and also the
extended m-conjugated system, with strong electron-
donating and withdrawing substituents. In continua-
tion of our work with n-extended heterocycle-based
mesogens, we report, in this paper, the entire set of
thermal and optical properties exhibited by these new
1,2,4-oxadiazole liquid crystals.

2. Results and discussion

Mesomorphic properties

All compounds exhibited liquid crystalline phases, in
particular the smectic C (SmC) phase, which

appeared in all the structures (Figure 2). The transi-
tion temperatures, phase assignments and enthalpy
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Figure 1. Chemical structures of the studied 1,2,4-oxadiazole LCs.

energies for the materials were investigated by
thermal polarising optical microscopy (POM) and
differential scanning calorimetry (DSC). The optical
observations were performed using clean untreated
glass slides. The results are presented in Table 1.

In contrast to the results found in 1,3,4-oxadia-
zoles (9a), on increasing the terminal alkyl chain
length from 10 to 12 atoms in 1,2,4-oxadiazoles 1a
and 1b both the SmC and nematic (N) phase ranges
in 1b are decreased when compared to 1a. The N and
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Figure 2. Bar graph showing a comparative mesomorphic
profile of compounds la—1f.

SmC phases in these compounds were characterised
by the observation of a typical Schlieren texture.
Upon cooling, the Schlieren N texture changes slowly
to Schlieren SmC with a clearly visible fingerprint
region between the two phases, characterising a N—
SmC transition. In addition, compounds 1a, 1b, 1d
and 1f, exhibiting dimorphism, showed notable
homeotropic behaviour of the N phase at tempera-
tures just above the SmC-N transition. As shown in
Figures 3a—3c, the optical textures on cooling sample
1d show a Schlieren texture of the N phase at 210°C,
that became dark at 204°C. On further cooling, the
texture became again anisotropic and then passes to
the Schlieren texture of the SmC phase at 203°C.
Upon heating, the same phenomenon was observed.

Compounds 1c and 1le, containing a lateral nitro
group and a phenylpiperazine unit, respectively,
showed only smectogenic mesomorphism, i.e. smectic
A (SmA) and SmC phases. The focal conic fan
texture exhibited by both of these compounds (see
Figure 3(d)) confirmed the SmA phase. The lateral
nitro group in the extremity of 1c¢ clearly leads to the
lowest melting point and to the absence of N phase.
This was also previously observed for its 1,3,4-isomer
(9a), and may be due to the lateral interactions of the
polar groups that favour layered phases. Liquid
crystals containing phenylpiperazine units have also
been found to have a preference for smectic phases
(9b, 14). This trend may be due to the polarity and



Liquid Crystals 859

Table 1. Thermal behaviour of compounds la—1f.

T/°C, heating (AH/ T/°C, cooling (AH/
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Compound Transition kJ mol ™ 1)? kJ mol™1)? Tecl°CP
la Cr-SmC 107.8 (58.5) 80.2 (—25.6) 325
SmC-N 167.5 (0.42) 165.3 (—0.57)
N-I 193.4 (1.56) 192.4 (—1.75)
1b Cr(I)-Cr(II) 90.9 (24.8) 314
Cr(I)-SmC 105.0 (2.46) 81.1 (—26.3)
SmC-N 161.1 (0.80) 158.9 (—0.81)
N-I 181.3 (1.50) 177.2 (—1.60)
1lc Cr—SmC 86.0 (36.4) 59.4 (=37.0) 295
SmC-SmA 148.1 (broad) 145.1 (broad)
SmA-1 153.3 (2.22) 148.9 (—2.30)
1d Cr-SmC 101.1 (57.8) 81.4 (—42.1) 337
SmC-N 202.9 (0.97) 202.5 (—0.67)
N-I 228.8 (1.39) 225.6 (—1.13)
le Cr(I)-Cr(II) 104.9 (5.47) - 246
Cr(I)-SmC 124.7 (2.44) -
SmC-SmA 175.2 (3.56) -
SmA-Dec. 246 -
1f Cr-SmC 94.7 (14.8) 89.9 (—9.10) 305
SmC-N 159.7 (0.96) 145.6 (—1.60)
N-I 174.0 (0.08) 169.6 (—0.11)

aDetermined by optical microscopy and DSC measurements (10°C min~"). ®Determined by TGA, onset of decomposition in nitrogen

(20°Cmin ™).
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Figure 3. Photomicrographs of (a) Schlieren texture of N phase at 210°C, (b) homeotropic texture of N phase at 203°C and
(c) Schlieren texture of SmC phase at 182°C, all exhibited by 1d. (d) Focal-conic fan texture of SmA phase shown by 1c at

151°C.
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polarisability of the molecular backbone, increased
by charge transfer between the lone pair on the
nitrogen atom of the piperazine ring and the electron-
accepting oxadiazole ring (/5). Although compound
le exhibited a wide range of mesomorphism, thermal
decomposition occurs at 246°C before it becomes an
isotropic (I) liquid. In general, the studied com-
pounds exhibited lower thermal stability compared to
their 1,3,4-isomers, with decomposition starting
about 300°C. However, most of the studied 1,2.4-
oxadiazole liquid crystals showed a wide temperature
range of mesophase with lower melting points.

Optical properties

The UV absorption and fluorescence spectroscopic
data of 1,2,4-oxadiazole derivatives 1la—1f in chloro-
form and in the solid phase are summarised in
Table 2. All compounds exhibited similar absorp-
tions between 300 and 350nm, having maxima
around 320 and 350 nm (Figure 4(a)).

These absorption bands are assigned to n—m*
transitions due to their high molar absorption coeffi-
cients (6=2.0-6.0x 10*Lmol 'ecm™'). Compounds
lc and 1f, which possess -electron-withdrawing
groups, exhibited a hypsochromic shift of 12nm
compared to 333 nm exhibited by 1a and 1b. Further,
both these compounds displayed a shoulder around
343nm. The increase of conjugation in the
n-extended portion in 1d led to a bathochromic shift
of 12nm in the absorption spectrum. The absorption
maximum of compound le was red-shifted by almost
20nm compared to 1a and 1b. This could be due to
an electronic effect, which lowers the LUMO-
HOMO band gap due to the presence of a strong
electron-donating substituent like the —-NR, group
(piperazine in le) or -OR group together with an
extended conjugation (as in 1d). The opposite occurs
in compound 1c¢ and 1f (blue-shift) because of the
presence of electron-withdrawing groups. The same
effect is also observed in the fluorescence spectra of
compounds la-1f (Figure 4(b)). These compounds

Table 2. Summary of optical properties of compounds la—1f.

exhibited blue fluorescence in solution (47,7*=400—
470nm) with large Stokes shift (79-117 nm).
Compounds 1a, 1b and 1d produced strong fluores-
cence with quantum yields (®g) of about 65 %
relative to the quinine sulfate standard (®g=54.6 %).
However, they are a slightly less fluorescent com-
pared to their 1,3,4-oxadiazole isomers (O ~ 80%)
(9b). Similar to its the absorption spectrum
(Figure 4(a)), compound le also exhibited the highest
emission peak at 468 nm and the largest Stoke shift of
117nm. This is expected to arise from a push—pull
system (/6) between a strong -eclectron-donating
group (-NR,) and a strong electron-withdrawing
group (oxadiazole ring). Nevertheless, this compound
showed a lower photoluminescence quantum yield
(Pr=42.3%). This may be attributed mainly to excita-
tion n—7* transition from the piperazine ring that
quenches the n—7* excitation of the =n-extended
aromatic portion. Some similar quenching by the nitro
and carbonyl groups occur in the emission spectra of 1¢
and 1f, respectively, due to their lower quantum yields.

All the compounds also exhibited fluorescence in
the solid state. Optical absorption and emission of
these materials in the solid state were measured in
thin films, obtained by spin coating from chloroform
solution onto a quartz plate. The solid state optical
absorption and emission spectra of compounds 1a—1f
are shown in Figure 5. All lowest energy absorption
bands were red-shifted in comparison to their
absorption in solution. A shoulder also appeared in
all of them. There were no significant changes in the
fluorescence spectra of compounds la, 1b and 1d.
Interestingly, compounds with electron-withdrawing
groups, such as 1c¢ and 1f, exhibited a slight red-shift
in their fluorescence spectra in the solid phase
compared to the emission spectra in solution. In the
solid phase, compound le with phenylpiperazine
unit showed the largest red-shift in the fluorescence
spectrum. This red-shift in the electronic spectrum
in solid films, compared to that in solution, is quite
common for some organic dyes and has been
reported by Cristiano et al. (17).

Jabs Tm* Stokes
Compound (e/10%)° Ty Imm™¢ shift/nm @ 9 e Inm® T mm*® Eg”’i””’ f
1a 333 (4.7) 412 79 0.647 358 408 3.42
1b 333 (4.0) 413 80 0.652 354 408 3.44
1c 321 (4.2) 405 84 0.021 349 424 3.49
1d 345 (3.6) 437 92 0.646 358 440 3.42
le 351 (2.2) 468 117 0.423 366 492 3.32
1f 320 (5.9) 411 91 0.140 355 422 3.45

2107>M in chloroform at 20°C. *Units=Lmol ' em ', °Excitation wavelength was at A

max d

ahs - Relative quantum yield of fluorescence of quinine

sulfate as standard (@F=0.546 in IM H,SO,). *Measured in thin solid film. ‘Optical band gaps obtained from absorption spectra in solid

phase.
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Figure 4. Absorption (a) and fluorescence (b) spectra of compounds la—1f in chloroform solution.

The optical band gaps (E,) of all compounds were
determined by their corresponding absorption in thin
films, using a method reported in the literature (/8)
(see Table 2). The E, wavelengths were obtained
from the derivative of the UV curves, giving the
midpoint between the threshold energy at which the
lowest energy absorption band starts increasing and
that at which it starts decreasing. The optical band
gaps of these compounds (E,) vary from 3.32¢V in le
to 3.49¢V in lec.

3. Conclusions

In summary, the thermal and optical properties (in
solution and in the solid state) of a series of non-
symmetrical and luminescent 1,3,4-oxadiazole LCs
were evaluated. All compounds mentioned in this
work are liquid crystals exhibiting preferentially the
SmC phase. Although less thermally stable than their
1,3,4-oxadiazole isomers, with decomposition tem-
perature around 300°C, their melting points are lower

and possess a wider mesophase range. These com-
pounds displayed blue fluorescence in solution with
quantum yields varying from 2 to 65% and large
Stoke shifts (80 to 117nm). In the solid state, they
also present blue fluorescence with a slightly red-
shifted emission peak.

4. Experimental
Materials

The materials were obtained by a convergent
Sonogashira coupling reaction between building
blocks of aryl iodides and the corresponding terminal
aryl acetylenes using 3-(haloarylene)-5-(4-decyloxy-
phenyl)-1,2.4-oxadiazole (12).

Equipment
The melting points, thermal transitions and meso-

morphic textures were determined using an
Olympus BX50 microscope equipped with a
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Figure 5. Absorption (a) and fluorescence (b) spectra of compounds la—1f in solid phase.

Mettler Toledo FP-82 hot stage and a PM-30
exposure control unit. DSC measurements were
carried out using Shimadzu equipment with a
DSC-50 module. An HP UV-visible model 8453
spectrophotometer was used to record absorption
spectra. Fluorescence spectra were recorded on a
Hitachi-F-4500 instrument.

Fluorescence quantum yields

The relative quantum yields of fluorescence (®) for
all compounds were determined according to:

(Dunk = q)std(lunk/Aunk)(Astd/lstd)(nstd/nunk)za (1)

where @4 is the fluorescence yield of quinine sulfate
standard (@4 q=0.546 in 1M H,SO4 at 298 K), Iunk
and Iq are the integrated emission intensities of the
sample and the standard, respectively, 4., and Agq
are the absorbances of the sample and standard,
respectively, at the desired wavelength A (330 nm)
such that absorbance was less than 0.10, and myni

and mgq are the refractive indexes of the sample and
standard solutions.

Film preparation by spin-coating

The films were deposited on quartz plates for the
optical absorption and emission measurements. Before
deposition, the plates were first carefully cleaned by
washing with neutral detergent and then, followed by a
sequence of 20 min sonications in acetone, alcohol and
water, and finally dried in an oven. The studied
compounds were dissolved in chloroform, at 2wt %,
and then deposited by spin coating at 4000 rpm for 30's
at room temperature (24°C).
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