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Thermotropic liquid crystalline polymers containing
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VIII. Synthesis, and liquid crystalline and photoluminescent
properties of semi-rigid polyesters based on a distyrylbenzene

analogue of 1,3,4-thiadiazole²
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KUNINOBU KASUGA
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Shimane University, 1060 Nishikawatsu, Matsue-shi, Shimane 690-8504, Japan

(Received 29 April, 2002; accepted 24 June, 2002 )

New semi-rigid polyesters composed of the distyrylbenzene analogue of 1,3,4-thiadiazole,
2,5-bis(2-phenylethenyl)-1,3,4-thiadiazole and aliphatic (dodeca-, deca- and octamethylene)
chains were prepared by high temperature solution polycondensation; their liquid crystalline
(LC) and photoluminescent properties were investigated. DiVerential scanning calorimetry,
polarizing microscopy and powder X-ray diVraction show that the polyesters having both
dodeca- and decamethylene chains form a thermotropic smectic C phase and a lyotropic LC
phase in tri� uoroacetic acid, but the polyester containing octamethylene chains only exhibits
a thermotropic smectic C phase. Solution and solid state absorption and � uorescent spectra
indicate that all the polyesters in this work display absorption maxima based on the
2,5-bis(2-phenylethenyl)-1,3,4-thiadiazole moiety, emitting blue light in HFIP solutions and
bluish-green light in solids; the Stokes shifts are 80.1–80.7 nm in solution and 74.2–87.2 nm
in the solid state.

1. Introduction low molecular mass compounds [16] and of aromatic-
aliphatic polyesters [17, 18] built from well de� nedThere is a considerable body of research concerning
quaterphenyl and terphenyl analogues of 1,3,4-conjugated polymers [1–3] composed of heterocyclic units
thiadiazole. They were found to show photoluminescentsuch as carbazoles, thiophenes and 1,3,4-oxadiazoles, and
(PL) and EL properties and to be light-emitting andaromatic rings. These polymers have application potential
electron-transporting materials for EL devices. Amongas light-emitting and charge-transporting materials in
these, the polyesters containing terphenyl and quater-organic electroluminescent (EL) diodes [1–10], follow-
phenyl analogues of 1,3,4-thiadiazole were found noting the discovery that poly( p-phenylenevinylene) (PPV)
only to emit blue and bluish-green PL light as solidscould be used as the emitting layer in EL devices [11].
[17, 18], but also to form stable liquid crystalline (LC)In recent years, polymers comprising well de� ned and
thermotropic smectic mesophases, even though thepartially conjugated structures such as the distyryl-
1,3,4-thiadiazole unit has a bent molecular structurebenzene unit, acting as the light-emitting material, and
[19, 20].aliphatic spacer blocks in the main chain, have attracted

The purpose of this work was to prepare new semi-much attention as organic materials for EL devices
rigid light emitting and LC polyesters 5a–c by the highbecause they emit blue or bluish-green light at short
temperature solution polycondensation of a dimethyland de� ned wavelengths [12–14]. Our previous articles
ester derivative of a distyrylbenzene analogue having thereported the preparation and � uorescent properties of
1,3,4-thiadiazole ring in the centre (2,5-bis[2-(4-methoxy-conjugated polymers containing dialkoxybenzenes and
carbonylphenyl )ethenyl ]-1,3,4-thiadiazole), 3 with threethe 1,3,4-thiadiazole ring [15]; this is analogous to
aliphatic diols 4a–c (4a: m= 12, 4b: m= 10, 4c: m= 8)1,3,4-oxadiazole, being a � ve-membered heterocycle, of
(schemes 1 and 2) and to investigate their LC and PL
properties. It was expected that the polyesters 5a–c

*Author for correspondence;
would show both thermotropic and lyotropic LC phasese-mail: msato@riko.shimane-u.ac.jp

†For part VII see reference [18] in addition to PL properties with blue or bluish-green
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1442 M. Sato et al.

Scheme 1.

emission based on the distyrylbenzene analogue of m.p. 252.5–254 ß C. FTIR (KBr): n= 2958 (CH stretching),
1,3,4-thiadiazole, 2,5-bis(2-phenylethenyl )-1,3,4-thiadiazole, 1722 (ester C 5 O), 1604 (C 5 C), 1403 (thiadiazole ring),
in solution and as solids, owing to their linear, rigid- 1207 cm Õ 1

(C ± O ± C).
13

C NMR (67.8 MHz, TFAA/
rod, well de� ned and partially conjugated units in the CDCl3 = 1/3(v/v) ): d= 169.0 (ester C ± O), 168.7 (carbons
main chain, although they show no intermolecular inter- at 2,5-positions of 1,3,4-thiadiazole) , 144.8, 131.8,
actions such as hydrogen bonding as seen for amide 130.7, 128.6 (benzene), 138.2 (± CH 5 CHC6H4 ± ), 115.6
linkages [21, 22]. (± CH5 CHC6H4 ± ), 53.3 ppm (CH3 ). UV (in HFIP):

lmax = 345.0 nm ( log e= 4.55). C22H18N2O4S (406.5 ):
calc. C 65.00, H 4.47, N 6.89; found C 65.10, H 4.58,

2. Synthesis of monomer 3 N 6.63%.
2,5-Dimethyl-1,3,4-t hiadiazole 1, methyl 4-formyl-

benzoate 2, zinc chloride and di-n-butyltin oxide
3. Polymerizationwere commercially available and used as received.

A typical polycondensation method for polymer 5c is1,12-Dodecanediol 4a, 1,10-decanediol 4b and 1,8-octane-
described. The monomer 3 (0.75 mmol, 0.285 g) anddiol 4c were recrystallized from methanol before use.
1,8-octanediol 4c (0.75 mmol, 0.110 g) were reacted atTri� uoroacetic acid (TFAA), 1,1,1,3,3,3-hexa� uoro-2-
190–195 ß C for 5 h in 1-chloronaphthalene in the presencepropanol (HFIP), N,N-dimethylformamide (DMF) and
of di-n-butyltin oxide (5 mg) under nitrogen. After the1-chloronaphthalene were puri� ed by vacuum distillation.
polymerization, the reaction mixture was dissolved2,5-Dimethyl-1,3,4-thiadiazole 1 (0.02 mol, 2.283 g)
in HFIP and the solution poured into methanol toand methyl 4-formylbenzoate 2 (0.04 mol, 6.566 g) were
reprecipitate polymer 5c. The precipitate was collectedreacted at 180 ß C for 4 h in the presence of zinc chloride
by � ltration, washed thoroughly with water and re� uxing(0.005 mol, 0.706 g) under a nitrogen atmosphere. The
methanol three times. The polymer 5c obtained wasby product, water, was removed under reduced pressure
dried at 60 ß C for 24 h under vacuum; yield 88%, ginh =every 30 min. After the reaction, the solid obtained was
0.61 dl g Õ 1

. (C2 8H2 8N2O4S)n (488.7 )n : calc. C 68.82,dissolved in TFAA (6 ml) and the solution poured into
H 5.79, N 5.73; found C 68.18, H 5.77, N 5.26%.methanol to precipitate the product. The yellow solid

Polymers 5a and 5b were prepared by the samewas � ltered oV, recrystallized three times from DMF
and dried at 60 ß C for 24 h under vacuum; yield 43%, method described.

Scheme 2.
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1443L C polymers containing 1,3,4-thiadiazole

5a: yield 79%, ginh = 0.34 dl g Õ 1
. (C32H36N2O4S)n ± CH5 CHC6H4 ± at 115.0 ppm, ± CH2OC(O) ± at 67.5 ppm

and ± CH2 ± at 29.2, 28.5 and 25.9 ppm were observed.(544.8 )n : calc. C 70.55, H 6.67, N 5.14; found C 69.97,
H 6.53, N 4.99%. The polymers 5a and 5b showed

1 3
C NMR spectra

similar to that of 5c. The elemental analysis data of5b: yield 98%, ginh = 0.59 dl g Õ 1
. (C30H32N2O4S)n

(516.7 )n : calc. C 69.73, H 6.25, N 5.42; found C 69.31, polymers 5a–c were in agreement with calculated values.
These data con� rm the successful syntheses of polymersH 6.08, N 5.29%.
5a–c.

The thermotropic and lyotropic LC properties of4. Characterization
polymers 5a–c were investigated by DSC, textural

DiVerential scanning calorimetry (DSC), hot-stage
observations using a polarizing microscope equipped

polarizing microscopy, powder diVraction X-ray analyses,
with a hot plate and powder X-ray diVraction. These

FTIR and
1 3

C NMR spectroscopy, UV-Vis and PL
measurements indicate that polymers 5a and 5b form

spectrum measurements were carried out according to
both thermotropic smectic C phases and lyotropic LC

our published methods [15–18]. Inherent viscosity
phases in TFAA (at 15 wt %). Figure 1 shows the DSC

measurements were conducted at a concentration of
curves of polymers 5a–c for the second heating scans.

0.2 g dl Õ 1
in HFIP at 30 ß C using an Ostwald viscometer.

In the second heating DSC curve of polymer 5a, four
endothermic peaks are present and assigned as solid–
solid transitions (Tk ) at 212 and 227 ß C, a solid–LC5. Results and discussion

The solid-state condensation of compound 1 with transition (Tm ) at 235 ß C and the LC–isotropic (Ti )
transition at 245 ß C. In addition, a glass transition wasbenzaldehydes in the presence of zinc chloride or bases

has been reported to aVord distyrylbenzene analogues of observed at 75ß C (Tg ). Only two endotherms were
observed, at 196 and 244 ß C, on the � rst heating run.1,3,4-thiadiazole, 2,5-bis(2-phenylethenyl )-1,3,4-thiadiazoles

[23]. Monomer 3, having the 1,3,4-thiadiazole ring in Polymers 5b and 5c both showed two endotherms in the
� rst and second heating scans, associated with meltingthe centre, was prepared in a yield of 43% from com-

pound 1 and methyl 4-formylbenzoate 2, in the presence Tm (5b: 252 ß C, 5c: 257 ß C) and clearing Ti (5b: 263 ß C,
5c: 280 ß C) together a Tg (5b: 78ß C, 5c: 81ß C). In the cool-of zinc chloride by this reaction. The expected structure

of monomer 3 was con� rmed using FTIR,
1 3

C NMR ing runs, the corresponding two exotherms associated
with the isotropic–LC (Ti ) and LC–solid (Tc ) transitionsand UV spectroscopy, and elemental analysis.

The novel semi-rigid polyesters 5a–c containing the were observed. Phase transition data for the polymers
5a–c are listed in table 1. The transition temperaturesdistyrylbenzene analogue, comprising central 1,3,4-thia-

diazole ring, 2,5-bis (2-phenylethenyl )-1,3,4-thiadiazole, (Tg , Tm and Ti ) and the LC temperature ranges tend
to increase with decreasing lengths of aliphatic chainsand aliphatic chain blocks, were prepared by the high

temperature solution polycondensation of monomer 3 (m = 12, 10 and 8) in the polymer backbones.
Polarizing microscopy observations of the textureswith three aliphatic diols 4a–c (1,12-dodecanediol 4a,

1,10-decanediol 4b and 1,8-octanediol 4c) in 1-chloro- show that polymers 5a–c form an enantiotropic LC
phase (� ne texture) between Tm and Ti , although the LCnaphthalene in the presence of di-n-butyltin oxide as

catalyst. The yellow polymers, 5a–c, which precipitated temperature ranges are narrow (DT = 10–23 ß C). The
LC phase was characterized by powder X-ray diVraction.during the polycondensation were obtained in yields of

79–98%, and showed poor solubilities in organic solvents The powder patterns of polymers 5a–c quenched from
the LC phase are shown in � gure 2. Sharp re� ections inexcept, for example, TFAA, dichloroacetic acid (DCAA),

and HFIP. The inherent viscosities of polymers 5a–c the middle angle region (2h= 3.30 ß for 5a, 3.60 ß for 5b)
and broad re� ections at wide angles (2h= 15–26ß ) togethermeasured at a concentration of 0.2 g dl Õ 1

in HFIP at
30 ß C were 0.34–0.61 dl g Õ 1

. with re� ections due to the crystal phase are observed in
The polymers 5a–c were characterized using FTIR

and
13

C NMR spectroscopy and elemental analysis. The Table 1. Transition temperatures (ß C) of polyesters 5a–c.
Observed on the second heating scans; Tg = glass transitionFTIR spectra of polymers 5a–c showed characteristic
temperature, Tk = solid–solid transition temperature, Tm =

absorption bands associated with CH stretching at
solid–smectic C transition temperature, Ti = isotropization

2852–2924 cm Õ 1
, ester C5 O at 1712 cm Õ 1

, C5 C at
temperature, DT = Ti Õ Tm = LC temperature range.

1604 cm Õ 1
, 1,3,4-thiadiazole at 1403 cm Õ 1

and C± O ± C
at 1277 cm Õ 1

. In the
13

C NMR spectra of polymer 5c Polymer Tg Tk Tm Ti DT LC phase
in TFAA/CDCl3 = 1/3(v/v), signals associated with the

5a 75 212, 227 235 245 10 Smectic Cester C 5 O at 169.3 ppm, the 2- and 5-positions of
5b 78 — 252 263 11 Smectic C

1,3,4-thiadiazole at 168.9 ppm, the benzene ring at 146.1, 5c 81 — 257 280 23 Smectic C
132.4, 130.9 and 128.9 ppm, ± CH5 CHC6H4 ± at 138.0 ppm,
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1444 M. Sato et al.

Figure 1. DSC curves of polyesters
5a–c for the second heating runs.

the patterns of polymers 5a and 5b. The pattern of polymer and 31.1 AÃ (5c). Therefore, the LC phase 5a–c is assigned
as a smectic C phase, although the crystal phase coexists5c contains a sharp re� ection at 2h= 3.22 ß and a broad

re� ection around 2h= 22 ß . These patterns suggest that with the LC phase in polymers 5a and 5b.
The lyotropic LC properties of polymers 5a–c werethe LC phase of polymers 5a–c is a smectic C or A

phase. As listed in table 2, the d-spacings calculated from evaluated at concentrations of 15, 20 and 25 wt % in
TFAA, DCAA and HFIP. Polymers 5a and 5b formedthe X-ray data are 26.8 AÃ (5a), 24.65AÃ (5b) and 27.4 AÃ

(5c), and are shorter than the molecular lengths of the a lyotropic LC phase at 15 wt % in TFAA despite the
absence of intermolecular interactions such as hydrogenrepeating units of the polymers, 36.1 AÃ (5a), 33.5 AÃ (5b)

Figure 2. X-ray diVraction patterns
of polyesters 5a–c.

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
3
8
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



1445L C polymers containing 1,3,4-thiadiazole

Table 2. X-ray data and calculated molecular lengths for
polyesters 5a–c.

Middle angle Molecular
Polymer (2h)/ ß d-spacing/AÃ length/AÃ

a

5a 3.30 26.8 36.1
5b 3.60 24.6 33.5
5c 3.22 27.4 31.1

a
Length of polymer repeating unit.

bonding involving amide linkages [21, 22], but LC
phases were not found for concentrations of 20 and
25 wt % or in DCAA and HFIP. Polymer 5c showed no
lyotropic properties under the experimental conditions.
The polarizing photomicrograph for the lyotropic LC
phase of polymer 5a at 15 wt % in TFAA is shown
in � gure 3.

The UV-Vis and PL properties of polymers 5a–c in
Figure 4. Solid state PL spectra of polyesters 5a–c.HFIP solution and in the solid state were investigated.

The UV-Vis spectra of polymers 5a–c in HFIP solutions
showed absorption maxima at 351.5–353 nm associated

with the solution spectrum data, owing to intermolecular
with the p–p* electron transition of the distyrylbenzene

aggregation eVects [24]. The absorption and emission
analogue of 1,3,4-thiadiazole, 2,5-bis (2-phenyl-ethenyl )-

spectral data for polymers 5a–c in HFIP solutions and
1,3,4-thiadiazole. In the PL spectra of HFIP solutions

in the solid phase are summarized in table 3. From these
of polymers 5a–c, blue-emitting maxima were observed

data, it is found that polyesters 5a–c display solid state
at 432.2–433.3 nm when excited around 352 nm, which

absorptions and � uorescences at longer wavelengths
are red-shifted by 80.1–80.7 nm. The solid state UV-Vis

than those of the polyesters reported previously, which
spectra of polymers 5a–c exhibited broad maximum

contain the terphenyl and quaterphenyl analogues of
absorbances around 412.5–418.5 nm. The solid state PL

the 1,3,4-thiadiazole ring [16, 18]. Thus, polymers 5a–c
spectra of polymers 5a–c (excited at 412.5–418.5 nm), see

are candidates for use in organic EL devices.
� gure 4, display bluish-green emissions at 492.7–499.7 nm,
which show the Stokes shift of 74.2–87.2 nm, and their 6. Summary
band edges extend beyond 600 nm. The PL spectra of

In conclusion, the polyesters 5a–c containing the
the solids were red-shifted to lower energies compared

distyrylbenzene analogue of 1,3,4-thiadiazole, 2,5-bis-
(2-phenylethenyl )-1,3,4-thiadiazole, and aliphatic (dodeca-,
deca- and octamethylene) chains in the main chain,
prepared by high temperature solution polycondensation,
showed not only a thermotropic smectic C phase, but
also PL properties with blue emission in HFIP solutions
and bluish-green emission in the solid states as expected.
The polyesters with dodeca- and decamethylene chains
also formed lyotropic LC phases at 15 wt % in TFAA.

Table 3. UV-Vis and PL spectroscopic data of polyesters
5a–c.

Solution in HFIP Solid state

Polymer lm ax , abs /nm lmax , PL /nm lmax , abs /nm lmax , PL /nm

5a 352.5 432.6 412.5 499.7
5b 353.0 433.3 418.5 492.7

Figure 3. Polarizing photomicrograph of polyester 5a at 5c 351.5 432.2 417.0 497.5
15 wt % in TFAA (magni� cation: Ö 200 ).
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