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ABSTRACT: Highly birefringent liquid-crystalline polymers (LCPs) containing an azobenzene group directly
connected to a tolane moiety (azotolane moiety) were synthesized. Attention was focused on the effect of the
position of the tolane moiety in the mesogenic azotolane group and the -dacmeptor substituent on
photochemical phase transition behavior. In solution; tEns back-isomerization of the LCP containing azotolane
moieties with a donoeracceptor was faster than that of LCPs having no acceptor groups. All the LCP films
showed a homogeneous alignment and very high values of birefringence (about 0.4 at 633 nm). In the LCPs with
a conventional azotolane moiety, a large change in birefringence (above 0.35) was induced repeatedly by irradiation
of UV light. Furthermore, we investigated photoswitching behavior at telecommunication wavelength (1550 nm)
based on the photochemical phase transition by irradiation of UV light.

Introduction
Azo-dye-containing compounds, in which a change in bire- CHz 0

HaC,
fringence (An) can be induced by photoisomerization, are Hac—c—g—o—(CHz-)go—Q—N\\ ’

promising materials for photonic applicatioh$.A large change n N Q — Q OCH,CHg
in An enables a large change in the phase of incident light, P3AT
which is very useful and effective for optical materials. For

various azobenzene compounds, we have performed so far

systematic studies on the nematisotropic (N-I) phase 20 CHg

transition of azobenzene liquid-crystalline polymers (LCPs). _g_o_€CH Yo . _ ‘ N

An advantage of the azobenzene LCPs is the fact that a large - 278 - ‘\N_Q_OCHQCHa
change inAn is induced quickly by photoisomerizaition of the

azobenzene moietiég.In the azobenzene LCPs, the azobenzene P3TA

moiety in a trans form, which is rodlike, stabilizes the phase
structure of the LC phase. On the other hand, the cis isomer CHs
shows a bent shape and destabilizes the LC phase. Consequently, | Qﬂ

trans-cis photoisomerization of the azobenzene chromophores HaC‘C_C“O_fCHZ%ON\\NQNOQ

leads to a large change in by disorganizing the alignment "

o —foo

HaC—

o

o

of the LC phase. It has also been known that polarized light P3TA-NO,
can induce birefringence due to the photoinduced change inFigure 1. Structures of the LCPs used in this study and their
alignment of the azobenzene moieties through trais-trans abbreviations.

isomerization cycle&? Moreover, polymer films have many

advantages for practical application such as stability of optical
storage and good mechanical properties. Therefore, a class o
polymers containing an azobenzene moiety is a candidate for

high-density optical recording as well as holographic and - e .
multibit recordingi® 12 photoswitchingd’” and nolinear optical behavior of the azobenzene moieties directly attached to the
tolane moieties and the consequent change in alignment of the

materials'® To develop a high-performance optical material azotolane chromonhores. leading to a chanaArinWe paid
using azobenzene polymers, it is necessary o induce a Iarges ecial attention t% the éffects gf the osit?on of thg tolane
change inAn by light. P P

The aim of this work is to synthesize highly birefringent LCPs moletly in th_e mesogenic az_otolang group and _the denor
- . : . acceptor moiety on the photoisomerization behavior.

containing a long mesogenic core in which the azobenzene group

is directly connected to the tolane moiety (azotolane moiety) Experimental Section

because tolanes are well-known as highly birefringent meso-
genst416 Although Yang et al. reported the synthesis of low- X o Co .

. . . . their abbreviations used in this stu®BAT was prepared according
mholecula:-weéght azo;olanes and_the|Lthhermotro?|chpropert|es, to the previously reported procedufeThe synthesis of polymers
they explored no photoresponsive behavior of these COM- p3ra and P3TA-NO, is outlined in Schemes 1 and 2. The

compoundd, 2, 5, and10were prepared using a procedure similar
* Corresponding author. E-mail: tikeda@res.titech.ac.jp. to the literaturé?20

Poundsl.7 In this study, we synthesized highly birefringent LCPs
containing azotolane moieties and characterized in detail their
LC behavior. Furthermore, we explored the photoisomerization

Materials. Figure 1 shows the structures of LCPs as well as
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4-Ethoxy-2-methyl-4'-(trimethylsilylethynyl)azobenzene (3).
Compound2 (6.7 g, 21 mmol), trimethylsilylacetylene (3.9 g, 40
mmol), PdC}(PPh), (0.70 g, 1.0 mmol), Cul (0.70 g, 3.7 mmol),
and PPb (1.3 g, 5.0 mmol) were dissolved in triethylamine (20
mL) and THF (20 mL). The mixture was stirred at 80 for 8 h

CHa
o) )\é(o—(CHz-)G—ON\\N @—No

CHa
9 HO—('CH2-)6—ON\\
Ly
12

AIBN

P3TA-NO,

removed by evaporation. The product was purified by column
chromatogrgaphy (silica gel, ethyl acetate:chloroforml:1 as
eluent) to yield 4.2 g (90%) of orange powd&i NMR (CDCls,

d, ppm): 1.45 (tJ = 7.2 Hz, 3H), 2.64 (s, 3H), 3.19 (s, 1H), 4.14
(g,d=6.9 Hz, 2H), 6.98 (dJ = 8.7 Hz, 2H), 7.32-7.57 (m, 3H),

under a nitrogen atmosphere. The resulting solution was cooled t07.89 (d,J = 8.7 Hz, 2H).

room temperature and extracted with ethyl acetate. After the organic  4-Ethoxy-2-methyl-4'-(6-hydroxyhexyloxyphenylethynyl)-
layer was dried with anhydrous magnesium sulfate, the solvent wasazobenzene (6)Compounds (2.8 g, 9.1 mmol), compoundi (2.0
removed by evaporation. The product was purified by column g, 7.6 mmol), PAG(PPh), (0.27 g, 0.38 mmol), Cul (0.27 g, 0.98

chromatogrgaphy (silica gel, ethyl acetate:chloroforml:1 as
eluent) to yield 6.0 g (90%) of orange powdéd NMR (CDCls,
o, ppm): 0.25 (s, 9H), 1.44 (§ = 7.2 Hz, 3H), 2.64 (s, 3H), 4.13
(g,J= 6.9 Hz, 2H), 6.98 (dJ = 8.7 Hz, 2H), 7.32-7.59 (m, 3H),
7.88 (d,J = 8.7 Hz, 2H).
4-Ethoxy-2-methyl-4'-ethynylazobenzene (4)Compound3
(6.0 g, 18 mmol) and BCO; (0.1 g) were stirred in a mixture of
THF (20 mL) and methanol (200 mL) f@ h atroom temperature.

mmol), and PPk(0.37 g, 1.9 mmol) were dissolved in triethylamine
(30 mL) and THF (30 mL). The mixture was stirred at 8D for

8 h under a nitrogen atmosphere. The resulting solution was cooled
to room temperature and extracted with ethyl acetate. After the
organic layer was dried with anhydrous magnesium sulfate, the
solvent was removed by evaporation. The product was purified by
column chromatogrgaphy (silica gel, ethyl acetate:hexant1

as eluent) to yield 2.0 g (58%) of orange powdet NMR (CDCl;,

The mixture was extracted with ethyl acetate. After the organic 6, ppm): 1.43-1.85 (m, 8H), 1.93 (s, 3H), 2.66 (s, 3H), 4:062

layer was dried with anhydrous magnesium sulfate, the solvent was4.18 (m, 4H), 5.54 (s, 1H), 6.09 (s, 1H), 6.85 {d+ 8.8 Hz, 2H),

Ccbv
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6.98 (d,J = 8.7 Hz, 2H), 7.35-7.46 (m, 3H), 7.59 (dJ = 8.4 Hz, 4-Nitro-2'-methyl-4'-(6-hydroxyhexyloxyphenylethynyl)azo-
2H), 7.89 (d,J = 8.7 Hz, 2H). benzene (12)Compoundll (2.9 g, 7.3 mmol), compound (1.6
6-[4-[3-Methyl-4-(4-ethoxyphenylazo)ethynylphenoxy]hexyl g, 7.3 mmol), PdG(PPh), (0.26 g, 0.37 mmol), Cul (0.26 g, 1.4
Methacrylate (7). A solution of methacryloyl chloride (0.92 g, 8.8  mmol), and PP(0.49 g, 1.9 mmol) were dissolved in triethylamine
mmol) in THF (30 mL) was added dropwise afQ to a mixture (30 mL) and THF (30 mL). The mixture was stirred at 8D for
of compounds (2.0 g, 4.4 mmol), triethylamine (0.89 g, 8.8 mmol), 8 h under a nitrogen atmosphere. The resulting solution was cooled
and a trace amount of hydroquinone, and the reaction mixture wasto room temperature and extracted with ethyl acetate. After the
stirred at room temperature for 24 h. The solution was poured into organic layer was dried with anhydrous magnesium sulfate, the
saturated aqueous sodium hydrogen carbonate, and the product wasolvent was removed by evaporation. The product was purified by
extracted with ethyl acetate. After the organic layer was dried with column chromatogrgaphy (silica gel, ethyl acetate:hexant 1
anhydrous magnesium sulfate, the solvent was removed by evapo-as eluent) to yield 2.1 g (63%) of orange powdet NMR (CDCls,
ration. The crude solid was purified by column chromatography &, ppm): 1.46-1.94 (m, 8H), 2.74 (s, 3H), 3.65 (§, = 6.3 Hz,
(silica gel, chloroform as eluent) and finally recrystallized from 3H), 3.97 (t,J = 6.3 Hz, 3H), 6.87 (dJ = 8.6 Hz, 2H), 7.26-7.69
methanol to yield 0.80 g (34%) of an orange solld NMR (CDCls, (m, 5H), 8.00 (d,J = 8.7 Hz, 2H), 8.36 (dJ = 8.8 Hz, 2H).
6, ppm): 1.37-1.82 (m, 8H), 2.67 (s, 3H), 3.69 (4,= 6.9 Hz, 6-[4-[3-Methyl-4-(4-nitrophenylazo)phenylethynylphenoxy]-
2H), 3.96 (tJ = 6.9 Hz, 2H), 6.98 (d) = 8.4 Hz, 2H), 7.32-7.50 hexyl Methacrylate (13).A solution of methacryloyl chloride (0.37

(m, 3H), 7.59 (dJ = 8.4 Hz, 2H), 7.89 (d) = 8.7 Hz, 2H) 1°C g, 3.6 mmol) in THF (30 mL) was added dropwise at@ to a
NMR: 14.66, 17.33, 18.24, 25.70, 28.47, 29.00, 63.41, 64.53, 65.03, mixture of compound 2 (0.89 g, 1.8 mmol), triethylamine (0.37

68.03, 88.18, 91.44, 114.45, 114.59, 115.35, 124.81, 125.17, 125-379, 3.6 mmol), and a trace amount of hydroquinone, and the reaction
129.49, 133.04, 133.96, 136.39, 137.63, 147.31, 149.80, 159.08,mixture was stirred at room temperature for 24 h. The solution

161.50, 167.40. MS (FAB): 525 (MH. Anal. Calcd for a5 poured into saturated aqueous sodium hydrogen carbonate, and
CaaHseNo04: C, 75.54; H, 6.92; N, 5.34. Found: C, 75.78; H, 7.14;  the product was extracted with ethyl acetate. After the organic layer
N,5.29. was dried with anhydrous magnesium sulfate, the solvent was
Polymerization of Monomer 7.Compound7 (0.80 g, 1.5 mmol)  yremoved by evaporation. The crude solid was purified by column
and AIBN (2.3 mg, 14umol) were dissolved in dry DMF (8 mL)  chromatography (silica gel, chloroform as eluent) and finally
and placed in a polymerization tube. After several fregmemp— recrystallized from methanol to yield 0.40 g (44%) of an orange
thaw cycles, the tube was sealed under high vacuum. Then, thesgjid. 4 NMR (CDCls, 6, ppm): 1.46-1.94 (m, 8H), 2.74 (s, 3H),
tube was kept at 68C for 48 h. The resulting solution was cooled 3 g5 (t,J = 6.3 Hz, 3H), 3.97 (tJ = 6.3 Hz, 3H), 6.87 (dJ = 8.6
to room temperature and poured into 400 mL of methanol with Hz, 2H), 7.26-7.69 (m, 5H), 8.00 (dJ = 8.7 Hz, 2H), 8.36 (d;)
vigorous stirring to precipitate the polymer. The polymer obtained =g g Hz, 2H).13C NMR: 17.38, 18.27, 25.65, 25.72, 28.48, 29.00,
was purified by repeated reprecipitation from DMF into a large 6455, 67.72, 87.96, 93.08, 114.54, 114.60, 115.35, 123.41, 124.65,
excess of methanol and dried under vacuum for 48 h to yield 0.50 125.17, 127.90, 129.53, 133.17, 134.24, 136.43, 139.70, 148.47,
g of P3TA in 63% conversion. 149.35, 155.90, 159.48, 167.43. MS (FAB): 525 (MHAnal.
4-(3-Hydroxy-3-methyl-1-butynyl)-(6-hydroxyhexyloxy)ben- Calcd for GiHz:N4Os: C, 70.84; H, 5.95; N, 8.00. Found: C, 70.58;
zene (8).Compound (15 g, 21 mmol), 2-methyl-3-butyn-2-ol (7.9  H, 6.01; N, 8.01.
g, 94 mmol), PAG(PPh), (1.6 g, 2.3 mmol), Cul (1.6 g, 8.4 mmol),
and PPk (3.0 g, 11.5 mmol) were dissolved in triethylamine (50
mL) and THF (50 mL). The mixture was stirred at 60 for 8 h
under a nitrogen atmosphere. The resulting solution was cooled to
room temperature and extracted with ethyl acetate. After the organic
layer was dried with anhydrous magnesium sulfate, the solvent was
removed by evaporation. The product was purified by column
chromatography (silica gel, ethyl acetate:hexané:1 as eluent)
to yield 8.7 g (70%) of a brown solidH NMR (CDCls, 6, ppm):

Polymerization of Monomer 13. Compoundl13 (0.30 g, 0.57
mmol) and AIBN (3.5 mg, 5.7tmol) were dissolved in dry DMF
(5 mL) and placed in a polymerization tube. After several freeze
pump-thaw cycles, the tube was sealed under high vacuum. Then,
the tube was kept at 68C for 48 h. The resulting solution was
cooled to room temperature and poured into 100 mL of methanol
with vigorous stirring to precipitate the polymer. The polymer
obtained was purified by repeated reprecipitation from DMF into
_ large excess of methanol and dried under vacuum for 48 h to
1.38-1.84 (m, 10H), 2.02 (s, 3H), 3.63 d,= 6.6 Hz, 2H), 3.92 a ; -
(t.J= 6.6 Hz, 2H), 6.78 (d) = 8.9 Hz, 2H), 7.30 (d) = 8.7 Hz. yield 0.18 g of P3TA in 60% conversion.
2H). Characterization of LCPs. NMR spectra were recorded in
4-Ethynyl-(6-hydroxyhexyloxy)benzene (9).A solution of CDCl; with a Lambda-300 spectrometer. Mass spectra were
compoundB (3.6 g, 13 mmol) and NaOH (0.5 g) in methanol was ©obtained with a JMS-700 spectrometer with fast atom bombardment
stirred fa 3 h at 100°C under nitrogen. The mixture was cooled ~(FAB). Molecular weight of the polymer was determined by gel
to room temperature and extracted with ethyl acetate. After the Permeation chromatography (GPC; JASCO DG-980-50; column,
organic layer was dried with anhydrous magnesium sulfate, the Shodex GPC K802 K803 + K804 + K805; eluent, chloroform)

solvent was removed by evaporation. The product was purified by calibrated with standard polystyrenes. LC behavior and phase

column chromatogrgaphy (silica gel, ethyl acetate:hexank:1 transition behavior were examined on an Olympus model BH-2
as eluent) to yield 2.0 g (70%) of orange powdefNMR (CDCl, polarizing microscope equped with _Mettler hot-stage models_FP-
8, ppm): 1.26-1.73 (m, 10H), 2.87 (s, 1H), 3.65 d,= 6.6 Hz, 9(_) and _FP-82._Thermot_rop|c properties of _LCPs were determined
2H), 3.84 (t,J = 6.6 Hz, 2H), 6.71 (dJ = 8.7 Hz, 2H), 7.29 (d, with a differential scanning calorimeter (Seiko I&E SSC-5200 and
J = 8.7 Hz, 2H). DSC220C) at a heating rate of 1G/min. At least three scans were
4-Nitro-2'-methyl-4'-[[(trifluoromethyl)sulfonylJoxy]azo- performed for each sample to che_ck reprod90|blllty. Absorption
benzene (11).A solution of compoundlO (6.5 g, 25 mmol), spectra were recorded by a WUVis absorption spectrometer

pyridine (4.3 g, 54 mmol), and 4-(dimethylamino)pyridine (0.1 g) (JASCO, V-_550). The polarized IR spectra of the films were

in chloroform (40 mL) was deaerated with nitrogen. Anhydrous Measured with an FT/IR spectrometer (Jasco, FT/IR-420).
trifluoromethanesulfonic acid (6.0 g, 20 mmol) in chloroform (10 Preparation of LCP Films. To obtain an oriented film, the LCP

mL) was added dropwise to the mixture and stirred &CCfor 3 was dissolved in toluene, and then a small portion of the resultant
h. The organic layer was extracted with ethyl acetate and washedsolution was coated on a glass substrate with a polyimide alignment
with water twice. The product was purified by column chro- layer that had been rubbed to align mesogens by a barcoater method.
matogrgaphy (silica gel, ethyl acetate:hexand.:1 as eluent) to Homogeneously aligned films were obtained after annealing.

yield 6.1 g (80%) of orange powdeltd NMR (CDCls, 6, ppm): Thickness of the sample films was measured with a surface profiler
1.23 (s, 3H), 2.79 (s, 3H), 7.20 (d,= 8.7 Hz, 1H), 7.29 (s, 1H), (Veeco Instruments Inc., Dektak 3ST), and the surface roughness
7.83 (d,J = 8.7 Hz, 1H), 7.80 (dJ = 8.7 Hz, 2H), 8.41 (dJ = of the films was withint5 nm. For the measurement of polarized

8.7 Hz, 2H). IR spectra, we used calcium fluoride as a substrate, on Whi&lbel
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Table 1. Thermodynamic Properties and Molecular Weights of Table 2. Quantum Yield and Isomerization Ratios of Polymers in
Polymers? Toluene
polymer phase transition tempQ) Mn Mw/Mp polymer D /DR transcis
P3AT G47N 2201 21 000 3.9 P3AT 0.26 0.32:0.68
P3TA G 53N 207 | 26 000 1.8 P3TA 0.24 0.29:0.71
P3TA-NO; G58N 2011 28 000 1.7 P3TA-NO; 0.01 0.93:0.07
aG, glassy; N, nematic; |, isotropic. a|rradiation wavelength at 366 nriThe transcis ratio at the photo-

stationary state.

polyimide alignment layer was coated and the alignment layer was . .
rubbed to align mesogens. absorbance at around 390 nm decreas_ed upon p_hot0|rrad|at|on
Photoisomerization Behavior of LCPsWe employed Fischer's ~ at 366 nm due to the trangis photoisomerization of the
method to evaluate the transis photoisomerization behavior of ~azobenzene moieties. On the other haR@TA-NO; with
the azotolane moieties in the LCPsMonochromatic excitation donor—acceptor moieties exhibited the absorption maximum at
light was obtained from a Xe lamp (Ushio Optical Modulex, SX- 407 nm (C in Figure 2). This result indicates that the maximum
UI501XQ) through a monochromator (JASCO, CT-10). We pro- apsorption shifts toward a longer wavelength region with an
duced two photostationary states by using two different excitation jncrease of the strength of the electron deracceptor pair due

wavelengths 366 and 410 nmand estimated the ratio of the {4 ap increase in the-orbital energy level and a decrease in
trans-cis and the cistrans photoisomerizatiofi. the sr*-orbital energy

Thermal Cis—Trans Isomerization Behavior of LCPs. We . . .
observed a change in absorbance at the absorption maximum of We eva_luated Frans:ms ratios at the photostatlon_ary state "%‘”d
the trans state in solution to evaluate the thermal-ta&ns quatum yield ratios of the polymers (Table 2). Since the cis

isomerization behavior of the azotolane moiety. The LCP solution iSOmers cannot be detected in a pure form, their absorption
in a cell was placed in an absorption spectrometer, and we irradiatedspectra must be calculated from the spectra of the photosta-
the sample with UV light (at 366 nm, 3 mW/&nfor 10 min at tionary trans-cis mixtures. We employed Fischer’'s method to
various temperatures and measured the absorbance of the trans forrmccomplish this task: The method utilizes the photostationary

as a function of time. state relationship
Measurement of the Value of Birefringence.The change in
birefringence was measured by means of an apparatus already [cis] € Pre
reportec®® The LCP film was placed in a thermostated block and =—— (1)
irradiated at 366 nm with a 500 W high-pressure mercury lamp [trans] & e

through glass filters (Asahi Technoglass, UV-D36AUV-35 +
IRA-25). The transmittance of the probe beam from diode lasers Wheree; and e are molar absorptivities for the trans and cis
at 830 and 1550 nm or a HeéNe laser (633 nm) through two  isomers, respectively, at the excitation wavelength) @ndeic
crossed polarizers, with the sample film between them, was and ¢ are the quantum yields of transis and cis-trans
measured with a photodetector. photoisomerization, respectively. The unknown spectrum of the
cis isomers can be calculated from the two spectra in the
photostationary state obtained for differéat In all LCPs, the
Characterization of the Polymers. Table 1 shows the  values of [cis]/[trans] and. at lex = 366 and 410 nm were
molecular weight, the molecular weight distribution, and the estimated by the method previously reporféd@hen we finally
phase transition temperature of the polymers prepared in thisobtained the quantum yield ratio by eq 1.
study. All the polymers showed very stable N phases in a broad The value ofp/¢c: of PSTA-NO, was smaller than those of
temperature range, which is quite advantageous for photonicP3AT andP3TA, and only 7% cis isomer was present in the
applications in the LC phase. Since tolane moieties have a longphotostaionary state d?3TA-NO,. On the other hand, the
sr-conjugation length, their structures behave as a long rodlike contents of cis isomers iIR3AT andP3TA were above 65%.
mesogen. Therefore, generally tolanes show stable LC phaseShese results also can be explained by the deaoceptor

Results and Discussion

compared with conventional LCG4:16 effect; the lifetime of the cis isomers is so short in the denor
Trans—Cis Photoisomerization Behavior of Azotolanes. acceptor azotolanes.
P3AT andP3TA without donor-acceptor moieties showed their It is worth mentioning here that we synthesized an azotolane

absorption due to ther—x* transition of the azobenzene compound, in which the nitro group was attached to the tolane
moieties at around 390 nm (A and B in Figure 2). The moiety and examined its optical properties. It was found that

1.0
(A) (B) (&)

8 0s Os

H 30s 30s

205 60's 60's
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300 400 500 600 300 400 500 600 300 400 500 600
Wavelength (nm)

Figure 2. Change in the absorption spectra of LCPs in toluene upon irradiation at 366 nm (1.0 HW{ANP3AT (3.6 x 1075 M); (B) P3TA

5 . - 5
(3.8 x 105 M); (C) P3TA-NO; (3.3 x 1075 M). cDV
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Figure 3. First-order plots for cistrans thermal isomerization. (A) at 4C; (B) at 50°C; (C) at 57°C; (D) at 65°C: (@) P3AT, (O) P3TA, and

(a) P3TA-NO,.

Table 3. First-Order Rate Constants of the Thermal Cis-Trans
Isomerization of the Azotolane Moieties in the LCPs

Table 4. Value of Birefringence of the LCP Films Aligned
Homogeneously at 633, 830, and 1550 rfim

ket (571 x 1072 An
polymer 40°C 50°C 59°C 65°C polymer d(nm) S 1=633nm A=830nm A= 1550nm
P3AT 0.4 11 2.3 4.7 P3AT 320 0.42 0.39 0.33 0.30
P3TA 0.4 1.2 25 5.2 P3TA 330 043 0.38 0.32 0.30
P3TA-NO; 0.5 1.6 3.0 8.3 P3TA-NO> 290 0.42 0.41 0.34 0.31

the acceptor substituent gave no effect on the optical propertiesgy,

of the azobenzene moiety. In this study, therefore, we synthe-
sizedP3TA-NO,, in which the nitro group is attached to the
azobenzene moiety.

Thermal Cis—Trans Isomerization Behavior of Azoto-
lanes.When all the LCPs irradiated at 366 nm were kept in the
dark, cis-trans back-isomerization occurred thermally. We

ad, film thickness,S order parameter determined by polarized UV
ectrometryAn, birefringence, wavelength of the probe light.

lane proceeds more effectively than that of the azotolanes
without donor-acceptor pairs. On the other hand, the similar
rate constant betwed?BAT andP3TA means that the position

of the tolane moiety does not affect the thermatdtians back-
isomerization behavior.

explored the effects of the structures of the azotolane moieties Birefringence Dispersion of the Uniaxially Oriented LCP

on the thermal cistrans isomerization behavior. The differences Films. Probe beams at various wavelengths (633, 830, and 1550
in the three LCPs are the position of the tolane moiety in the nm) were used to evaluate anisotropic properties of the LCP
azotolane mesogens and the terminal groups of the mesogendilms. The LCP films were placed between a pair of crossed
The thermal isomerization behavior was analyzed by absorption polarizers, and the transmittance of these probe beams was

spectroscopy. For the cidrans isomerization, the first-order
rate constantki;) was determined by fitting the experimental
data to the equatiét

Aoo —

A.— A
where A, Ay, and A, are the absorbances at the maxima
wavelength of ther—x* transition at timet, time zero, and

infinite time, respectively. Typical examples of the first-order
plots according to eq 2 for the eigrans isomerization of the

)

carefully measured. One can estimate the valuAmff the
LCP films by eq 3527

T= sinz(miAn)

®3)

whered is the film thicknessAn is the birefringence of the
LCP film, T is the transmittance, ant is the wavelength of

the probe beam. Table 4 shows the valuesAafat various
wavelengths. In the table are also included the value of the order
parameters of the LCP films determined by polarized UV
absorption spectroscoyAll the LCP films showed very high

azotolane moieties at various temperatures are shown in Figurevalues ofAn (above 0.3) at any wavelength examined between

3. As shown in the figure, eq 2 gives a good fit to the thermal
cis—trans isomerization. From the slope of the first-order plots,
we obtained the value &;in each LCP at various temperatures
(Table 3).

The values ofk; of P3TA-NO, were larger than those of
P3AT and P3TA at any temperature. This means that the
thermal cis-trans isomerization of the doneacceptor azoto-

633 and 1550 nm. Furthermore, the LCPs exhibited ordinary

wavelength dispersion ohn; with a decrease in wavelength

the value ofAn increased due to resonant enhancement.
Photochemical Phase-Transition Behavior of LCPs. Ef-

fects of Structures of Azotolane Moietiesin P3AT andP3TA,

the transmittance of the probe beam decayed immediately upon

irradiation at 366 nm at 11%C in an N phase (aand b in FiguE,QDV
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Figure 4. Change in transmittance of the LCP films at 633 nm upon irradiation at 366 nm. (A)°&@ d&elowT,); (B) at 110°C; (C) at 130°C.
(a) P3AT, (b) P3TA, and (c)P3TA-NO.. Light intensity: 30 mW/cra

4B). From the change in the transmittance, the calculated valuesas shown in Figure 4C. This is due to shorter lifetimes of the
of the change inAn of the LCPs were above 0.35. This is cis forms at higher temperature, which would reduce the
attributed to the photochemicaH\ phase transition of the LCPs  concentration of the cis isomers significantly and prevent the
due to trans-cis photoisomerization of the azobenzene moieties. N—I phase transition. Furthermore, the photochemical Bind
Both LCPs showed almost the same behavior of the photo- the thermal +N phase transitions could be induced repeatedly
chemical phase transition. On the other hand, little change in by irradiation of UV light at 110°C (Figure 5).

transmittance was observed RBTA-NO, with the donor- Next, we investigated the cooperative motion of the tolane
acceptor azotolane moiety (c in Figure 4B) upon irradiation at moieties in the azotolane groups induced by photoisomerization
366 nm. This is probably because the cis isomers of the of the azobenzene. We measured the change in anisotropy of
azotolane moieties IR3TA-NO; are unstable due to the doror the tolane moieties by polarized IR spectroscopy, as shown in
acceptor effect (as shown in Table 2), and the lifetime of the Figure 6. The transmittance band at 2208 ¢iis attributed to

cis isomers iNP3TA-NO; is so short that they cannot induce the stretching vibration of the=2C bond of the nonphotoactive
the N-I phase transition. Similar effects have been already tolane moiety. Before irradiation of UV light, the azotolane
reportec?® When all the irradiated LCP films were kept in the moieties were aligned parallel to the rubbing direction. There-
dark, the transmittance of the films recovered completely at 110 fore, the intensity of the €C band was maximum when it was
°C. This result inicates that the initial N phase is recovered when parallel to the rubbing direction and minimum when the
photoirradiation is ceased because the trams azobenzene is  polarization direction of the beam was perpendicular to the

restored thermally. rubbing direction. One can see that not only the difference in
We also examined the photochemical phase transition be-the bands of the benzoic rings (1600, 1512, and 1251'm
havior of the three LCPs at various temperatures. At'@5 but also that of the &€C bond decreased significantly after

which is belowTy of the polymers, the transmittance of the irradiation. This means that the photochemical-INphase
probe beam decayed upon irradiation at 366 nm; however, thetransition has caused a cooperative motion of the tolane moieties
recovery of the transmittance was not observed in all polymers, in the azotolane groups coupled with the tranis isomerization
when they were kept in the dark. This is obviously due to the of the azobenzene moiety and disorganizes the homogeneous
lack of the movement of the polymer segments belgwwhich alignment.

prevents realignment of the azotolane moieties (Figure 4A). Optical Switching Behavior of the LCP Film at 1550 nm.

At 130 °C, the photochemical NI phase transition was not  In the near-infrared region, particularly the telecommunication

completed: the transmittance did not reach zero (or nearly zero)wavelength (1550 nm), there have been studies on the 8'5?/
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Figure 5. Photochemical NI phase transition upon irradiation at 366
nm and thermal +N phase transitions of thB3AT film probed at
633 nm. Photoirradiation at 366 nm (30 mWAmwas performed at
110°C.
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Figure 6. Polarized IR spectra of th@3AT film: (A) before
irradiation; (B) after irradiation at 366 nm (30 mw/énfor 1 min.
Spectra were measured with polarized IR beam paratél énd
perpendicular +¢-) to the rubbing direction.

trooptical and optical responses of L&SC In the long
wavelength region, the retardation of LG#An, should be
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Figure 7. Photochemical NI phase transition upon irradiation at 366
nm and thermal +N phase transitions of thB3AT film probed at
1550 nm. Photoirradiation at 366 nm (30 mWA&mwas performed at
110°C.

mentioned above, this optical switching behavior of the LCP
film is caused by the NI and I-N phase transition of the
azotolane moieties. Recently, several tolane derivatives exhibit-
ing high An have been intensively studied because highis
quite useful to reduce cell gaps of LC displays, which is
advantageous to achieve fast response to the change in the
electric field1415 However, to the best of our knowledge, no
report has been published on the changéimin the tolanes

by external stimuli. In this study, we have demonstrated that
the azotolane LCPs exhibiting higin enable us to control the
light at the technologically important telecommunication wave-
length by the photochemical phase transition induced by UV
light.

Conclusion

In this study, we have synthesized novel azotolane LCPs and
investigated the effects of the position of the tolane moiety in
the azotolane group and that of the donacceptor substituent
on the photochemical phase transition. All homogeneously
aligned LCP films showed a very high valuesh in the wide
wavelength range, and the LCP films without donacceptor
pairs exhibited a large change iin (>0.35 at 633 nm)
repeatedly by the photochemical phase transition. Although the
cis—trans back-isomerization of the LCP with the donor
acceptor azotolane moieties in solution was faster than that of
LCPs having no doneracceptor groups, the film of the dorer
acceptor LCP still showed a little change iwn by the
photochemical N-I phase transition. Furthermore, we have
presented photoswitching behavior, indicating a large change
in An even at the telecommunication wavelength (1550 nm)

increased to acquire the required phase change. Therefore, LC$y the photochemical phase transition induced by UV light. The
having highAn are expected to enhance the change in the phaseLCPs, in which a very large change &n can be induced in

of the beam.
We examined the optical switching behavior of thR8AT
film at 1550 nm (Figure 7). Before irradiation of the pumping

the 633-1550 nm wavelength range, are promising materials
for integrated photonic device application of optical memory
and of optical switching.
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