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ABSTRACT: Photoisomerization behavior of bisbenzyli-
deneacetone/cycloheptanone and 1,3,4-oxadiazole contain-
ing nematic liquid crystalline polyesters under UV
irradiation was investigated. Solubility, carbonyl group
absorption band in FTIR, optical microscopy observation,
as well as DSC analysis through existence of liquid crystal-
linity after irradiation were proved this phenomenon. Flu-
orescence spectra revealed blue-emission maxima with
Stokes shift in the range of 46–49 nm. Band gap energy
calculated from absorption spectra are in the range of

3.18–3.41 eV. Structure–property relationships were probed
by correlating the spacer length with development of mes-
ophase formation, thermal, and optical properties. Optical
property of polymers disclosed photoisomerization proc-
esses. VC 2010 Wiley Periodicals, Inc. J Appl Polym Sci 116: 1902–
1912, 2010
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INTRODUCTION

Chalcones are widely employed as mesogen in liquid
crystalline polymers and well-known photoactive chro-
mophores. The chalcones such as cinnamates, benzyli-
denephthalimidines, benzylideneacetophenones, stilba-
zoles, coumarins, and diphenylacetylenes were
employed for photo alignment and photocrosslinking
segment in polymers.1,2 Extensive studies have been
made on photo alignment induced by thin film of
polymers with photodimerizable side chains.3–5

The mesogenic moiety plays an important role in
determining physical property of main chain liquid
crystalline polymers (MCLCPs). The characteristic
LC behavior possesses an essential relationship with
molecular interaction between mesogens and struc-
tural elucidation in molecular level assumed to be a
significant relevance in MCLCPs.6 The various fluo-
rescent species in polymers, such as monomeric
chromophore, excimer, and ground-state complex,
were demonstrated in molecular interaction within
the segment of polymers.7–10

Exploring the conjugated 1,3,4-oxadiazole (OD)
containing simple compound and polymer contrib-
uted to host new materials favorable for opto-elec-
tronics not only improved balance of charge mobility
but also enhanced thermal and photo stability as

well. The robust functionality and many docu-
mented synthetic routes, 1,3,4-oxadiazole has been
recently incorporated into small molecular mix-
ture,11,12 side-chain,13,14 and polymer15,16 to increase
external quantum efficiency with overall device per-
formance.17–19 On the other hand, the polymers con-
taining heterocyclic moieties such as oxadiazole, thi-
azole, triazole, etc. are proved as fluorescent as well
as highly thermally stable materials in various appli-
cations. The drawback of 1,3,4-oxadiazole-based
polymer is its poor solubility and lack of in-depth
understanding to specific contribution in optical and
electronic characteristics. The issue of solubility has
been handled by incorporation of flexible side-
chains, often alkoxy structure of varying lengths to
rigid oxadiazole moiety over come this draw
back.20,21

There was a report on photoisomerization of bis-
benzylideneacetophenone in a compound22 but no
report available on photoisomerization for a com-
pound and or a polymer film containing bisbenzyli-
deneacetone (BBA)/bisbenzylidenecycloheptanone
moieties (BBCHep). The salient feature of this work
is the synthesis and characterization of bisbenzylide-
neacetone/cycloheptanone and 1,3,4-oxadiazole-
based polymers and established their photoisomeri-
zation behavior. Herein, we are reporting hitherto
unreported photolysis observed under UV light and
effect of methylene spacer on structure–property
relationship particularly, thermal, mesomorphic, and
optical properties of semirigid thermotropic main
chain liquid crystalline polyesters containing photo-
chromic bisbenzylideneacetone/cycloheptanone and
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1,3,4-oxadiazole segments which are expected to
form thin film and finds wide applications in photo
curable coatings, photolithography, optical data stor-
age and information display, fabricating anisotropic
networks, LC elastomers and thermosets, etc.

EXPERIMENTAL

Materials

Cycloheptanone (Aldrich), acetone (Merck), and thi-
onyl chloride (Spectrochem, India) were used as
received. Solvents were purified and dried by
reported procedures before use.23,24 6-Bromo-1-hexa-
nol,25 8-bromo-1-octanol,26 and 10-bromo-1-decanol,27

and precursors namely 2,7-bis[4-hydroxybenzylidene]
cycloheptanone (BHBCHep), 2,20-bis(4-hydroxybenzy-
lidene)acetone (BHBA),28 2,5-bis(4-methylphenyl)-
1,3,4-oxadiazole(BMPOD),29 2,5-bis(4-carboxylphenyl)-
1,3,4-oxadiazole (BCPOD),30 and monomer namely,
2,5-bis(4-phenylacyl chloride)-1,3,4-oxadiazole (BPA-
COD)31 were prepared by the procedures reported
elsewhere.

Instrumentation

The intrinsic viscosity of polymers was determined
in an Ubbelohde viscometer using chloroform as a
solvent at 30�C. Infrared spectra were obtained on a
Thermomattson satellite model FTIR spectrometer
using KBr pellet. High-resolution 1H- and 13C-NMR
spectra were recorded on a Bruker spectrometer at
500 MHz using CDCl3. Tetramethylsilane (TMS) was
used as an internal standard. TGA thermograms
were recorded on a NETZSCH-Gerâtebau Gmbh
thermal analysis system. The DSC measurements
were performed on a Mettler Toledo STARe system
at a heating rate of 10�C/min up to 500�C on sample
taken in an aluminum pan with a pierced lid, in dry
nitrogen atmosphere with an empty pan as refer-
ence. For some samples cooling also applied with
the rate of 10�C/min. The melting temperatures (Tm)
and the liquid crystalline to isotropic phase transi-
tion temperatures (Ti) were taken as maximum of
endothermic peaks. Hot stage optical polarized mi-
croscopy (HOPM) studies were performed on a
Euromex polarizing microscope equipped with a
Linkem HFS 91 heating stage and a TP-93 tempera-
ture programmer. Small quantity of sample was
placed between two thin glass cover slips, heating
and cooling done at a rate of 5�C min�1 and
observed the mesophase. Elemental analysis was
performed using Perkin Elmer 2400 elemental ana-
lyzer. Photoisomerization behavior was investigated
by observing absorptions between 320 and 420 nm
on a Shimadzu UV-160A UV–Visible recording spec-
trophotometer in both thin film and chloroform solu-

tion (10�2M). Typical procedure adopted is as fol-
lows: Polymer film was formed on quartz plate and
subjected to UV irradiation emanating from a 125 W
medium pressure mercury lamp kept at a distance
of 10 cm from sample at various intervals of time
followed by UV absorption measured on the spec-
trophotometer, respectively. This procedure was
repeated until reduction in absorption completed.
Fluorescence spectra of polymers were obtained on a
Shimadzu RF-5301PC spectrofluorimeter with excita-
tion near absorption maxima of oxadiazole moiety
with resolution of 5 nm for both excitation and
emission.

Synthesis of benzylidene monomers

2,20-Bis[4-(m-hydroxyalkyloxy)benzylidene)]acetone
(m ¼ 6,8,10) (ia–ic)

Synthesis of monomer ia. 2, 20-bis(4-hydroxybenzylide-
ne)acetone (BHBA) (10 mmol) was dissolved in dry
dimethylformamide (20 mL), then potassium carbon-
ate (50 mmol) added to it. Instantly, yellow color so-
lution changed to red was noticed as an indication
of formation of anions. The temperature of the reac-
tion mixture was kept at 90�C for 1 h. Subsequently,
6-bromo-1-hexanol (25 mmol) was added dropwise
to the mixture and then stirring continued at 90�C
for 24 h. At the end of reaction, the mixture was
cooled and poured over crushed ice to precipitate
the product. Then, it was filtered, washed with
excess of distilled water followed by n-hexane,
recrystallized from ethanol–water mixture (50 : 50),
and dried in vacuo at 50�C for 6 h (yield 79%;
m.p.140–142�C).32

IR (KBr): 1684 cm�1 (mC¼¼O), 3376 cm�1 (spacer
OH) and 1569 cm�1 (mC¼¼C exocyclic); 1H-NMR-d:
9.0(s, 2H, OH), 7.5(s, 2H, CH¼¼), 6.9–7.3(m, 6H, Aro-
matic-H), 3.0(s, 4H, bCH2), 1.6(s, 2H, cCH2), 2.1–
2.5(m, 16H, CH2 spacer), 3.8(t, 8H, AOCH2).

13C-
NMR (CDCl3) d: 25–28(ArAOACH2ACH2A), 64–67
(ArAOACH2A), 126–129(aromatic carbons). Elem.
Anal. Calcd. for C29H38O5 (466.2): C, 74.63; H, 8.26.
Found: C, 74.42; H, 8.12.
The remaining monomers namely, 2,20-bis[4-(8-

hydroxyoctyloxy) benzylidene]acetone (ib) and 2,20-
bis[4-(10-hydroxydecyloxy)benzylidene]acetone (ic)
were prepared by adopting the similar procedure
wherein, 8-bromo-1-octanol and 10-bromo-1-decanol
were used, respectively, instead of 6-bromo-1-
hexanol.
2,20-Bis[4-(8-hydroxyoctyloxy) benzylidene]acetone (ib). Yield
78%; m.p.135–137�C.IR (KBr): 1679 cm�1(mC¼¼O), 3396
cm�1(spacer OH) and 1590 cm�1 (mC¼¼C exocyclic).
1H-NMR-d: 8.5(s, 2H, OH), 7.8 (s, 2H, CH¼¼), 7.0–
7.4(m, 6H, Aromatic-H), 2.6(s, 4H, bCH2),1.9(s, 2H,
cCH2), 2.4–2.7(m, 24H, CH2 spacer), 3.9(t, 4H,

BISBENZYLIDENE AND 1,3,4-OXADIAZOLE-BASED LC POLYESTERS 1903

Journal of Applied Polymer Science DOI 10.1002/app



AOCH2).
13C-NMR (CDCl3)d: 26–29(ArAOA

CH2ACH2A), 69 (ArAOACH2A), 130–137 (aromatic
carbons). Elem. Anal. Calcd. for C33H46O5 (522.26): C,
75.71; H, 8.68. Found: C, 75.79; H, 8.93.
2,20-Bis[4-(10-hydroxydecyloxy)benzylidene]acetone (ic). Yield
82%; m.p.131–133�C.IR (KBr): 1683 cm�1 (mC¼¼O), 3395
cm�1 (spacer OH) and 1592 cm�1 (mC¼¼C exocyclic)
1H-NMR-d: 9.0(s, 2H, OH), 7.4 (s, 2H, CH¼¼), 6.8–
7.4(m, 6H, Aromatic-H), 3.0(s, 4H, bCH2), 1.8(s, 2H,
cCH2), 1.8–2.5(m, 32H, CH2spacer), 3.6 (t, 8H,
AOCH2).

13C-NMR (CDCl3)d: 26–30(ArAOACH2A
CH2A), 68 (ArAOACH2A), 129 (aromatic carbons).
Elem. Anal. Calcd. C37H54O5 (578.76): C, 76.71; H,
9.38. Found: C, 76.83; H, 9.48.

2,7-Bis[4-(m-hydroxyalkyloxy)benzylidene]cyclohep-
tanone (m ¼ 6, 8, 10)(iia–iic)

A similar procedure followed for the synthesis of
monomer ia was adopted for the preparation of 2, 7-
bis [4-(m-hydroxyalkyloxy)benzylidene]cyclohepta-
none monomers.
2,7-Bis[4-(6-hydroxyhexyloxybenzylidene)]cycloheptanone
(BHHBCHp) (iia). (Yield 84 %; m.p. 144–146�C). IR
(KBr): 1674 cm�1(mC¼¼O), 1581 cm�1(mC¼¼C exocyclic).
1H-NMR (CDCl3, TMS): 7.4(s, 2H, OH), 6.8–7.2(m, 6H,
Aromatic-H), 6.2(s, 2H,ACH¼¼CHA), 3.4(t, 8H, OCH2

spacer), 2.7(s, 4H, bCH2), 1.7(s, 2H, cCH2), 1.9–2.4(m,
16H, CH2 spacer). 13C-NMR (CDCl3) d: 25–
29(ArAOACH2ACH2A), 64 (ArAOACH2A), 129(aro-
matic carbons). Elem. Anal. Calcd. for C33H44O5

(520.46): C, 76.14; H, 8.50. Found: C, 76.19; H, 8.63.
2,7-Bis[4-(8-hydroxyoctyloxybenzylidene)]cycloheptanone
(BHOBCHp) (iib). Yield 83%; m.p.141–143�C. IR
(KBr): 1670 cm�1 (mC¼¼O), 1582 cm�1 (mC¼¼C exocyclic).
1H-NMR (CDCl3)-d: 8.1(s, 2H, OH), 6.8–7.4(m, 6H,
Aromatic-H), 3.5(t, 8H, OCH2 spacer), 2.9 (s, 4H,
bCH2). 1.6 (s, 2H, cCH2), 1.7–2.4(m, 24H, CH2).

13C-
NMR (CDCl3) d: 26–29(ArAOACH2ACH2A), 65
(ArAOACH2A), 127(Aromatic carbon). Elem. Anal.
Calcd. for C37H52O5 (576.76): C, 77.06; H, 9.12.
Found: C, 77.19; H, 9.17.
2,7-Bis[4-(10-hydroxydecyloxybenzylidene)]cycloheptanone
(BHDBCHp) (iic). Yield 80%; m.p.137–138�C. IR
(KBr): 1672 cm�1(mC¼¼O), 1579 cm�1 (mC¼¼C exocyclic).
1H-NMR-d: 6.9–7.3(m, 6H, Aromatic-H), 7.8(s, 2H,
OH), 4.0(s, 3H, OCH3), 3.2(t, 8H, OCH2 spacer), 2.9(s,
4H, CH2). 1.7(s, 2H, cCH2), 1.8–2.5(m, 32H, CH2).
13C-NMR (CDCl3) d: 27–29(ArAOACH2ACH2A), 66
(ArAOACH2A), 129 (aromatic carbon). Elem. Anal.
Calcd. C41H60O5 (632.46): C, 77.78; H, 9.55. Found: C,
77.89; H, 9.71.

Synthesis of polymers

Photoreactive LC polyesters were prepared by solu-
tion polycondensation technique at ambient temper-

ature using triethyl amine (TEA) as an acid acceptor.
A typical procedure for the synthesis of polymer Ia
(poly{2,20-bis[4-(6-hexyloxy)benzylideneacetone-2,5-
bis(4-phenyl)-1,3,4-oxadiazole dicarboxylate]}) is as
follows: The monomer ia (10 mmol) was dissolved
in dry THF (20 mL), TEA (20 mmol) added and
stirred for 5 min. BPACOD (10 mmol) was dissolved
in THF (20 mL) added dropwise to the reaction mix-
ture at ambient temperature and reaction continued
for 24 h. At the end of reaction, the mixture was
concentrated, cooled, and poured into excess of
methanol. A yellow colored precipitate thus formed
was purified by reprecipitation using THF-methanol,
filtered, and dried in a vacuum oven at 50�C (Yield
81%). The other polymers namely, poly{2,20-bis[4-(8-
octyloxy)benzylideneacetone-2,5-bis(4-phenyl)-1,3,4-
oxadiazole dicarboxylate]} (Ib) and poly{2,20-bis[4-
(10-decyloxy)benzylideneacetone-2,5-bis(4-phenyl)-1,3,4-
oxadiazole dicarboxylate]}(Ic) were prepared in an
analogous manner and representative spectral values
of polymer Ia is given as follows.
IR (KBr, cm�1): 1070 (mCAOAC in oxadiazole ring),

1472 (AN¼¼NA), 1718 (ester carbonyl),
1602(exocyclicAC¼¼CA of benzylidene), 723 (aro-
matic ring), 832 (ACH of aromatic ring), 1415 (pres-
ence of para-substitutions). 1H-NMR (CDCl3, d): 6.8–
7.6 (m, aromatic protons), 1.3–1.7 (s, ACH2 protons
in the spacer), 3.9 (d, ArAOACH2), 7.8 (s, olefinic
proton). 13C-NMR (CDCl3, d): 68.0 (ArAOAC), 169.2
(ArAOAC), 28–29 (ArAOACAC), 167.48 (AC¼¼OA
group of ester carbonyl), 186.35 (AC¼¼OA group in
alkanone). Elemental analysis data were tabulated in
Table I.

Poly{2,7-bis[4-(m-alkyloxy)benzylidenecyclohepta-
none-2,5-bis(4-phenyl)-1,3,4-oxadiazole dicarboxy-
late]}s (IIa–IIc)

A similar procedure adopted for the synthesis of
polymer Ia was followed in the preparation of
poly{2,7-bis[4-(6-hexyloxy) benzylidenecyclohepta-
none-2,5-bis(4-phenyl)-1,3,4-oxadiazole dicarboxy-
late]}s (IIa). The other polymers IIb and IIc were
prepared in an analogous manner and the represen-
tative spectral values of polymer IIa is given as
follows.
IR (KBr, cm�1): 1007 (mCAOAC in oxadiazole ring),

1468 (AN¼¼NA), 1725 (ester carbonyl), 1598
(exocyclicAC¼¼CA of benzylidene), 775 (aromatic
ring), 860 (ACH of aromatic ring), 1411 (presence of
para-substitutions). 1H-NMR (CDCl3, d): 6.77–7.98
(m, aromatic protons), 1.24–1.74 (s, -CH2 protons in
the spacer), 4.12 (d, ArAOACH2), 7.31 (s, olefinic
proton). 13C-NMR (CDCl3, d): 65.47 (ArAOAC),
157.9.2 (ArAOAC), 28–29 (ArAOACAC), 165.94
(AC¼¼OA group of ester carbonyl), 188.17 (AC¼¼OA
group in alkanone).
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RESULTS AND DISCUSSION

Synthesis and characterization

The strategy adopted in the polymer synthesis is
shown in Scheme 1. Chain extended chalcones were
synthesized under Williamson aryl-alkyl ether syn-

thesis and dehydrocyclization employed by poly-
phosphoric acid for the synthesis of 1,3,4-oxadiazole.
2, 5-Bis(4-phenylacyl chloride)-1,3,4-oxadiazole and
chain extended diols of chalcone units such as bis-
benzylidenecycloheptanone/acetone with varying
spacer lengths were polymerized by solution

TABLE I
Yield, Viscosity, Solubility and Elemental Analysis Data of Polymers Ia–Ic and IIa–IIc

Polymer
Yield
%

gint
a

(dl/g)

Solubilityb
Emp.formula
(Form.wt)

Elemental analysis

DMF CHCl3 DCM THF MeOH EtOH Benzene C H N

Ia 89 0.54 þ/þ þ/þ þ/þ þ/þ �/� �/� �/� (C39H32N2O8)n (656.61)n Calc. 71.13 5.22 4.24
Found 71.18 5.09 4.08

Ib 79 0.60 þ/þ þ/þ þ/þ þ/þ �/� �/� �/� (C41H36N2O8)n (684.69)n Calc. 71.68 5.54 4.11
Found 71.96 5.33 3.97

Ic 86 0.65 þ/þ þ/þ þ/þ þ/þ �/� �/� �/� (C43H40N2O8)n (712.59)n Calc. 72.17 6.03 4.04
Found 72.69 5.94 3.84

IIa 88 0.78 þ/þ þ/þ þ/þ �/þ �/� �/� �/� (C43H38N2O8)n (710.32)n Calc. 72.41 5.57 4.06
Found 72.34 5.87 3.91

IIb 76 0.91 þ/þ þ/þ þ/þ �/þ �/� �/� �/� (C45H42N2O8)n (738.32)n Calc. 72.59 5.68 3.89
Found 72.76 5.84 3.96

IIc 81 1.02 þ/þ þ/þ þ/þ þ/þ �/� �/� �/� (C47H46N2O8)n (766.69)n Calc. 73.57 6.21 3.71
Found 73.99 6.36 3.83

a Measured at 30�C with c ¼ 0.2 g/dl in chloroform.
b Solubility of polymers (0.05 g in 10 mL); þ/þ, soluble at room temperature; �/þ, soluble on heating; �/�, insoluble.

Scheme 1 Synthesis of polymers Ia–c and IIa–c.
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polycondensation method in the presence of triethyl-
amine as HCl acceptor. Monomers and polymers
were characterized spectroscopically.

The polymers were soluble in chloroform,
dichloromethane, dimethylformamide, and THF due
to flexible methylene chains and polarity of ester
linkage but insoluble in methanol, ethanol, 2-propa-
nol, benzene, and toluene. Intrinsic viscosity was
determined by Ubbelohde viscometer in chloroform
solution at 30�C are in the range of 0.54–1.02 dl g�1

and revealed that the viscosity increased with
increasing length of aliphatic chains (Table I). Ele-
mental analysis of Ia–c and IIa–c revealed that the
found values are in accordance with the calculated
values. The data are listed in Table I.

Mesomorphic property

DSC measurements and polarizing optical micro-
scopic observations were performed to confirm the
existence of mesomorphic behavior of polymers. Ta-
ble II displays the variation in transition tempera-
tures with ‘‘m’’. Figure S1 (Supporting Information)
represents DSC curves of Ia–c and IIa–c and indi-
cates three well-separated endothermic transitions
correspond to glass transition temperature (Tg), crys-
talline-liquid crystalline (Tm), and liquid crystalline-
isotropic transitions (Ti), respectively.

DSC analysis indicated the Tm and Ti of Ia–c and
IIa–c, they were decreased with an increase in flexi-
ble methylene chain and vice versa.33 Correlation
between methylene spacers, Tm, and Ti obtained
from DSC are shown in Figure 1 and suggest a lin-
ear relationship with Tm and Ti of polymers which
decreased with increasing spacer lengths. Tm of Ia–c
and IIa–c are in the range of 125–146�C and 158–
170�C, respectively. DSC data disclosed that Tg val-
ues increases with decreasing spacer lengths.34

Figure 2 depicts representative microphotograph
of Ib, Ic, and IIc during first cooling cycle at 20�
magnification, suggested enantiotropic LC phase
and type of mesophase textures and are given in Ta-
ble II. It was inferred that DT of Ia–c and IIa–c are
in the range of 28–39�C and 37–45�C, respectively.
Polymer with lower methylene chains exhibited

grainy texture, whereas higher methylene chains
exhibited thread-like and schlieren textures of ne-
matic mesophases ascribed to flexible methylene
spacers separated the mesogenic alignment. Forma-
tion of nematic mesophase was further confirmed by
observation of flashlight when applied with small
mechanical stress on liquid crystalline melt.35

Apart from methylene spacers, 1,3,4-oxadiazole
can also play an important role in pretending liquid
crystallinity, which suppresses mesomorphic behav-
ior assigned to nonlinearity or boomerang shape of
mesogenic structure. It is ascribed to bend angle
(134�) associated with exocyclic bond in 2 and 5-
positions of oxadiazole unit is too severe to achieve
requisite ordered packing in mesophases. If such
structures could exhibit mesomorphism, severe bend
in mesogenic core might restrict free rotation of
mesogenic unit around its long dimension.
It was expected that there is a possibility of these

polymers to exhibit biaxial nematic (Nb) texture due
to 1,3,4-oxadiazole mesogen contains bent or boo-
merang shaped36,37 with large exocyclic bond angle
to display Nb texture. Furthermore, observation of
two-brush disclinations due to elastic constant of
biaxial nematic38 was reported for substituted 1,3,4-
oxadiazole-based polymers by Sing and Lin39 and
also in our previous report.22 Nevertheless, such Nb

texture was unnoticed through HOPM in this study,
attributed to unfavorable geometry of molecules to
provide sufficient elastic constant to produce biaxial
nematic textures.

Thermal property

Thermal behavior of polymers was evaluated by
TGA in nitrogen atmosphere at a heating rate of

TABLE II
DSC and HOPM Data of Polymers Ia–Ic and IIa–IIc

Polymer

DSC (�C) HOPM (�C)

Tg Tm Ti DT Tm Ti DT Mesophase

Ia 62 146 175 29 149 177 28 Grainy
Ib 59 131 168 37 129 167 38 Nematic
Ic 58 125 165 40 127 166 39 Nematic
IIa 104 170 206 36 171 208 37 Grainy
IIb 98 165 204 39 166 203 37 Nematic
IIc 74 158 203 45 159 204 45 Nematic

Figure 1 Correlation between Tm and Ti (DSC) with
methylene spacer. [Color figure can be viewed in the
online issue, which is available at www.interscience.wiley.
com.]
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10�C/min, traces of polymers illustrated in Figures
S2 and S3 (Supporting Information) and data given
in Table III. Thermal stability of polymers was eval-
uated by 5% and 50% weight loss at minimum tem-
perature. Results revealed that they were stable up
to 310�C and start degrading thereafter in nitrogen.
Thermal stability increases with decreasing spacer
lengths [Ia>Ib>Ic; IIa>IIb>IIc] attributed to pres-
ence of ether linkage in the spacer units expected to
introduce flexibility to polymer methylene chains
and consequently brought down thermal stability.40

It is noteworthy to mention that polymers containing
cycloheptanone (350–375�C) were more stable than
acetone (310–368�C) (II series > I series). Theoretical
explanation based on Baeyer’s strain theory revealed

reverse trend ascribed to heat of combustion per
methylene unit of acetone (assumed to be cyclopro-
panone) is higher than cycloheptanone,41 because of
more flexibility of acetone molecule reduces overall
rigidity, and brought down thermal stability when
compared with cycloheptanone containing polymers.
Degradation occurs in two-step manner; first step

around 400�C corresponds to cleavage of ester link-
age in the polymer42 and second step between 575
and 625�C may be the outcome of cleavage in aryl–
alkyl–ether linkages. Char yield were measured at
800�C and inferred that it increases with decreasing
spacer lengths (Ia >Ib>Ic and IIa >IIb > IIc). Maxi-
mum char yield was noted for Ia (�31%) and mini-
mum for IIc (�13%).

Figure 2 Representative HOPM photographs of Ib, Ic, and IIc at 20� magnifications. [Color figure can be viewed in the
online issue, which is available at www.interscience.wiley.com.]
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Optical property

Optical property was studied both in chloroform so-
lution and in thin film under UV irradiation and
structural changes monitored by UV spectrophotom-
eter. Figures 3 and 4 show change of UV–Vis spectra
of polymer Ic both in solution (chloroform) and in
thin film as a typical example for photochemical
behavior upon irradiation at k > 300 nm. As shown
in Figure 6, during irradiation, a continuous
decrease in absorption at 366 nm, due to p–p* transi-
tion of bisbenzylidene chromophores and increase of
absorption band at 305 nm were noted with an iso-
bestic point at 325 nm. Similar trend was noticed for
remaining polymers.

Photoreaction of bisbenzylidene chromophore
suggest that single and double bonds between two
phenyl rings in bisbenzylidene chromophore are
extensively conjugated with extended p-orbital
between two phenyl rings and electron donor and
acceptor characteristics of ether oxygen and carbonyl
group, respectively.43 Charge transfer interaction in
bisbenzylidene chromophore as shown in Figure 5
reduces double bond characters between two phenyl
rings and also increase bond order in the single

bond, increases rotational barrier between E-Z and
E-E chromophore.22 The similar trend was detected
for polymer Ic in thin film. As the exposure time
was increased, concentration of E-isomer decreases,
(E–p–p*, transition lowers, kmax 369 nm), conversely,
concentration of Z-isomer increases (Z–p–p* kmax 303
nm) and a clear isobestic point noticed at 313 nm.
It is interesting to note that there is an increase in

intensity as well as a small blue shift noticed at 366
nm for poly[bis(benzylidene)]acetone/cyclohepta-
none polyesters, during the first 0.5 min of irradia-
tion. This increase in intensity reverses on further
irradiation and decreases regularly thereafter. This
increase has been assigned to disorganization caused
by randomly oriented bisbenzy1ideneacetone/cyclo-
heptanone chromophores as polymer changes to

TABLE III
Thermal Decomposition Values of Polymers Ia–Ic and

IIa–IIc

Polymer

TGA

5 % weight
loss

50 % weight
loss

carbine residue
(%) at 800�C

Ia 368 460 31
Ib 325 445 27
Ic 310 440 21
IIa 375 468 28
IIb 362 463 20
IIc 350 495 13

Figure 3 Changes in UV spectral characteristics during
photolysis of Ic in chloroform solution at various time
intervals. [Color figure can be viewed in the online issue,
which is available at www.interscience.wiley.com.]

Figure 4 Changes in UV spectral characteristics during
photolysis of Ic in thin film at various time intervals.
[Color figure can be viewed in the online issue, which is
available at www.interscience.wiley.com.]

Figure 5 Charge transfer interaction in bisbenzylidene
unit. [Color figure can be viewed in the online issue,
which is available at www.interscience.wiley.com.]
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isotropic state. This disordered structure could also
be introduced by E-to-Z photoisomerization of bis-
benzylidenecyclohexanone chromophores on irradia-
tion. This kind of isomerization was well known in
similar low-molecular-weight compounds44 and dis-
rupts parallel stacking of chromophores in aggregate
attributed to nonlinear conformation of Z-isomer
(Fig. 6). Similar results were noticed and reported by
Gangadhara and Kishore.45

A possible [2þ2] bisbenzylidene photo-dimeriza-
tion product would be expected to exhibit tailing
absorption near 250 nm and disappearance of ole-
finic protons in 1H-NMR spectrum.46 Such character-
istics not observed for photoproduct derived from
polymer Ic in solution, indicating photoisomeriza-
tion process taken place in dilute solution.

To support this photoisomerization phenomenon,
polymer samples were subjected to irradiation by
UV light for a long time and then analyzed by solu-
bility test, FTIR, DSC, and HOPM. The photo-irradi-
ated polymers were found to be soluble in organic
solvents and confirmed the photoisomerization pro-
cess. In FTIR spectroscopy, the peak at 1710 cm�1

assigned to C¼¼O carbonyl group conjugated with
peak at 1635 cm�1 assigned to C¼¼C double bond of
chalcone moiety was not decreased and not shifted
to higher wave number (Fig. 7) dotted line), which
indicates that conjugated system of chalcone unbro-
ken and no new bond formed after irradiation.

The liquid crystalline texture was unaltered in the
irradiated sample of polymer Ic for a long time (4
h), and exhibited as observed before irradiation, tes-
tify photoisomerization process. There is an identical
mesophase region between Tm and Ti was noticed
for both before and after irradiated samples in DSC
analysis (Fig. 8). Nevertheless, there is a slight differ-

ence in sharpness in endotherms noted in UV-
treated sample when compared with that of nonirra-
diated sample, which is slightly broad. This differ-
ence in sharpness may be ascribed that during pho-
toreaction, polymeric molecules absorb energy and
organized themselves in a particular order to bring
down charge transfer interaction in benzylidene
chromophore. This charge transfer interaction
reduces double bond character and increase single
bond order thereby increases rotational barrier
between E-Z chromophore. This charge transfer
interaction may be the rationale for providing sharp-
ness in irradiated when compared with nonirradi-
ated sample.
In addition, a small hump was observed in UV-

irradiated sample Ib and unnoticed the same in
nonirradiated scan. This may be ascribed to

Figure 6 Phase diagram of photochemical phase transition of bisbenzylidene based polymers. [Color figure can be
viewed in the online issue, which is available at www.interscience.wiley.com.]

Figure 7 FTIR spectra of Ib before and after irradiation.
[Color figure can be viewed in the online issue, which is
available at www.interscience.wiley.com.]
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disruption of parallel stacking of chromophores in ag-
gregate of nonlinear conformation of Z-isomer during
irradiation.

Generally, photochemical phase transitions de-
pend significantly on molecular shape of each iso-
mer in photochromic molecules. Photochemical
phase transitions are monitored most conveniently
by setting LC sample between a pair of crossed po-
larizer and measuring transmittance of probe light
through them. If the sample is in LC phase, nonzero
transmittance observed due to birefringence, on the
other hand, in isotropic phase, transmittance should
be zero. Polarizing microscopic observation of irradi-
ated LC sample acts in this manner. In E-form con-
taining nematic LC sample dark spot was not
observed in HOPM during the initial stage of photo
irradiation. It suggests that the isotropic domains are
not formed at the irradiated sites where sufficient
amount of Z-form produced upon photo irradiation
and nematic-isotropic phase transition not taken
place in local domain (Fig. 6). This may be ascribed

to E and Z isomer show a rod-like molecular struc-
ture, and E-Z isomerization produces little change in
molecular shape. As a result, no photochemical mes-
ophase transition was ascertained in LCPs during
photo irradiation47 as shown in Figure 8.
If photochromic moiety is a LC-azo derivative, it

will show rigid rod shape in E-form, whereas Z-iso-
mers show a bent shape. This difference in molecu-
lar shape will give rise to significant change in stabi-
lization of mesophase structure of LCs. It intends
that in an initial stage of photo irradiation of E-azo-
benzene containing nematic LC samples, dark spots
were observed with polarizing microscope due to
formation of isotropic domains at the irradiated
sites; when sufficient amount of Z-azobenzenes
produced on successive irradiation, the isotropic
domains grow and area of dark spots increases and
finally whole area becomes isotropic.48 On the
other hand, in this study, such changes were unno-
ticed in successive irradiation with bisbenzylidene
chromophore.
Considering the photolysis of bisbenzylidene se-

ries, bisbenzylidene cyclohexanone and pentanone-
based polymers showed photocrosslinking behavior,
whereas bisbenzylidene acetone and cyclohepta-
none-based polymers exhibited photoisomerization,
contrary to anticipated photocrosslinking behavior.
This is attributed to unfavorable geometry of poly-
mer molecule to provide sufficient conformational
freedom to allow mesogenic units to form crosslink-
ing during prolonged irradiation.
In addition to photolysis, the band gap energies

(Eg) were calculated from absorption spectra for all
the polymers according to the following equation:

Eg ¼ hc=k

Where h ¼ Planck’s constant (Js), c ¼ velocity of
light (m/s), and k ¼ wavelength (nm).
By using the earlier equation, band gap energies

were calculated and found in the range of 3.18–
3.41 eV.

Figure 9 Representative emission traces of Ib and IIc in CHCl3 solution at various concentrations (1 � 10�5, 2 � 10�5,
5 � 10�5, and 15 � 10�5).

Figure 8 Before and after photo-irradiated Ib at heating
and cooling cycles of DSC scans.

1910 BALAMURUGAN AND KANNAN

Journal of Applied Polymer Science DOI 10.1002/app



Photoluminescence study

The emission spectra of polymers in chloroform so-
lution at various concentrations were investigated;
representative emission traces of polymer Ib and IIc
were shown in Figure 9 and data listed in Table IV.
Blue-emission maxima observed in PL spectra in so-
lution between 409 and 438 nm, when excited at
363–389 nm, which were red shifted by 46–49 nm.
This shift ascribed to electronic effect lowers the
LUMO level and reduces the energy gap.49 As
shown in Figure 9, all the spectra shows two max-
ima peaks at 409 and 438 nm, this represents blue
emission and their edges are beyond 500 nm. It was
found that as the solution concentration increased,
the relative ratio of two peaks at about 409 and 438
nm changed; suggesting the energy transfer
occurred in concentrated solution, resulting in more
intensive peak at 438 nm. Moreover, it was noted
that all the polymers showed almost similar emis-
sion maxima in the emission spectra attributed to
emission is insensitive irrespective of spacer length
in the polymers.50

CONCLUSIONS

Photoisomerization behavior in chalcone unit was
investigated in nematic main chain polyesters and
strongly evidenced by solubility, carbonyl bands in
FTIR, existence of mesophases by HOPM, and DSC
analysis of prolonged irradiated polymer samples.
HOPM results showed that all polymers exhibited
enantiotropic nematic liquid crystalline property and
formation of grainy and nematic threads depend on
spacer lengths, enantiotropic LCPs exhibited remark-
able spacer effect on increasing mesophase transi-
tions (DT) with increasing spacer lengths, which
were further supported by DSC analysis. Structure–
property relationships were probed by correlating
the spacer length with development of mesophase
formation, thermal, and optical properties. Optical
property of polymers brought out photoisomeriza-
tion phenomena. Band gap energies were found to

be in the range of 3.18–3.41 eV. Fluorescence spectra
in solution indicated that emission maxima were eli-
cited at 409 and 438 nm with Stoke shifts being 46–
49 nm. These results show the prominence of flexi-
ble spacer in understanding the mesophase structure
and property for the polyesters. The Z–E behavior of
these polymers may be suitably exploited for optical
switching applications as like azobenzene polymers.

The author R.B. gratefully acknowledges the Council of Sci-
entific and Industrial Research (CSIR) New Delhi, India, for
the award of Senior Research Fellowship.
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