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ABSTRACT: Thermally enhanced photoinduced reorientation in a photo-cross-linkable liquid crystalline
polymethacrylate comprised of 4+{cinnamoyloxyalkyloxy)biphenyl side groups is investigated by irradiating
with linearly polarized ultraviolet (LPUV) light and subsequent annealing at elevated temperatures. -An odd
even effect of the alkylene spacer length between the cinnamate end group and biphenyl group on the transition
temperatures of the polymer, photoinduced optical anisotropy, and thermal amplification of the in-plane molecular
reorientation of thin films are observed. Because of the higher straight-line characteristics of the mesogenic side
groups with an odd number alkylene spacer, the axis-selectivity of the anisotropic photoreaction of the photoreactive
groups is greater than that with an even number, which leads to a larger photoinduced optical anisotropy and
effective molecular reorientation. Finally, the cooperative reorientation in composites of the polymer and nonliquid
crystalline monomer is explored to amplify the reorientational order of the film. The resultant reoriented composite
film exhibits an in-plane order parameter of 0.52 and birefringence at 633 nm of 0.15.

1. Introduction

(@)
Photocontrol of the molecular orientation in a polymeric film WWOOMQR CB group
o]

is a promising technique applicable to birefringent optical
devices, the photoalignment layer of liquid crystal displays,
optical memories, and holographic data storage dewices. ® o »_/—@n CEB group
When a photoreactive polymeric film is exposed to linearly WW‘OOf /
polarized (LP) light, a small optical anisotropy is created based o 0o )
on a polarization-axis selective photoreactiohHowever, the ~ Figure 1. Photoreactive side groups used in PPLCs.
photoinduced optical anisotropy in a photoreactive polymeric ] o o ] ]
film is generally insufficient for birefringent optical device (PPLC) films containing mesogenic side groups terminated with
applications Therefore, an axis-selective photoreaction should Cihnamate derivativeS:'41%1# Irradiating these PPLC films
be accompanied by a molecular reorientation to derive a largeWith LPUV light generates a small photoinduced optical
optical anisotropy. As materials that generate a large photoin- 2nisotropy, and a subsequent thermal treatment enhances the
duced optical anisotropy, various types of photoreactive poly- molecu_lar reorientation due to the LC nature of the material.
mers, which contain azobenzene groups and photo-cross-linkableT e axis-selective photoreacted groups act as a photo-cross-
groups, have been investigafed? Adjusting the polarization linked an_chor that thermally reorients t_he _non-photoreacted
of the writing LP light beams leads to a reversible photoinduced Mesogenic groups parallel to the polarizatidf) of LPUV
optical anisotropy in azobenzene-containing polymeric films light3*4These reoriented films are applicable to passive optical
based on an axis-selectiteans—cis—trans photoisomeriza- deV|c.es §uch as blrefrlngent fl'lms for liquid crystql displays and
tion.15 However, azobenzene-containing polymeric films are not Polarization holographic gratingsAmong them, it has been
suitable for display applications because the azobenzene moietflémonstrated that polymethacrylates with 4-cinnamoyloxy-
is colored in the visible region. Alternatively, axis-selective Piphenyl (CB) side groups (Figure 1a) exhibit efficient in-plane
photo-cross-linking in polymeric films comprised of cinnamate mqlecular reorientations.In contrast, when an ethylene spacer
derivatives, which are transparent in the visible region, only iS introduced between the cinnamate end groups and biphenyl
generates a small optical anisotropy upon irradiating with LP moiety [4-(2-cinnamoyloxy-ethoxy)biphenyl (CEB) side group,
ultraviolet (LPUV) light81314However, a thermally enhanced Elgure 1b], thg thermally enhanced in-plane molecular reorienta-
self-organization to induce a molecular reorientation occurs tion is small with an in-plane order parameter less than 63'05
when a material exhibits a liquid crystalline (LC) natdfé4 This indicates that th(_a ethylene spacer between t_he cinnamate
We have carried out systematic studies on the photoinduced®nd groups and the biphenyl moiety affects the axis-selectivity
molecular reorientation in photo-cross-linkable polymer LC ©f the photoreaction of the cinnamoyl groups and the thermal
enhancement of the photoinduced optical anisotropy of the film.
*To whom correspondence should be addressed. E-mail: kawatuki@  Additionally, copolymers, which are comprised of a photo-
eng.u-hyogo.ac jp. Telephone:81-792-67-4886. Fax:+81-792-66-4885. reactive mesogenic side group and a photoinactive mesogenic
Department of Materials Science and Chemistry, Himeji Institute of . . .
group, have been investigated to generate cooperative molecular

Technology, University of Hyogo. ' v ! - - -
*Hayashi Telempu Co. Ltd.. reorientation with a relatively higher in-plane ordér23
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Scheme 1 Table 1. Yield, Molecular Weight, and Thermal Properties of the
B Synthesized Polymers
Br mol wt (g/molf
KI - P
KOH Cl transition
EtOH
! l (glfg'CHﬁnOH + O)—/_Q polymer n  yield (%) M,x 104  Mw/M, temp CC)°
Br\/\/\/\OOH P2 2 53 25 21 G4ON74|
Et;N P3 3 63 46 2.6 G 110N 1361
1 P5 5 60 6.4 21 G85N 1251
P6 6 55 4.6 25 G57N1171
HMPA Br{CH;-0O
l )You (C:f 2! >_/_© P7 7 16 2.8 16  GO9LN130|
0 o) P8 8 60 5.1 2.2 G75N1211
)\ro 3a (n=2), 3b (n=3), 3¢ (n=5), P9 9 62 6.3 3.8 G 115N 1241
W\/\OOH 3d (n=6), 3e (n=7), 3f (n=B), P10 10 41 2.9 1.7 G81N1251
0o 3g (n=9), 3h (n=10), 3i (n=11), P11 11 50 4.2 21  G97N123I
, .

3j (n=12) .
K,CO; P12 12 40 2.5 1.8 GO0N 1251

y dry-butanone aMeasured by GPC, polystyrene standafdetermined by DSC.

A0
o) vvv\OO_{CHﬁr?M@ hydroxide and a small amount of KI in 400 mL of ethanol was

o added 53 g (0.22 mol) of dibromohexane, and the reaction was
4a (n=2), 4b (n=3), 4¢ (n=5), refluxed for 20 h. After filtration and washing with ethyl acetate,
AIBN l gg 8:2;’2:;222712)’)4%?:5)1’1) the solution was evaporated, and the resultant solid was washed
4 (n=12) ’ ’ with a dilute NaOH solution and water. The crude products were
° recrystallized from ethanolllethyl acetate. Yi%Id: 7.8 g (0.022 mol,
NN 10%). Mp= 125-130 °C. *H NMR (CDCL) ¢ (ppm) = 1.50-
5 °°*°”299>_/_@ 1.54 (m, 4H), 1.86-1.84 (m, 2H), 1.881.93 (m, 2H), 3.42 (t,
- 0 2H, J = 6.8 Hz), 3.98 (t, 2HJ = 6.3 Hz), 6.88 (d, 2H,) = 8.3
p Hz), 6.92 (d,J = 8.3 Hz), 7.40 (d, 2HJ = 8.3 Hz), 7.43 (d,J =
8.3 Hz).

A methacrylate copolymer comprised of CEB side groups and  4-(6-Methacryloxyhexyloxy)-4-hydroxybiphenyl (2). To a
4-cyanobiphenyl side groups displays a thermally enhanced in-solution of 7.2 g (0.021 mol) of in 70 mL of hexamethylphos-
plane order of 0.4 when the exposed film is annealed in the LC Phoric triamide (HMPA) was added 1.5 g (0.017 mol) lithium
temperature range of the mated8ICooperative reorientation ~ Methacrylate, and the reaction was stirred at@Cor 60 h. The

of copolymer methacrylate films comprised of 4-subsutituted SOlution was poured into 2.5 L of water. The precipitate was f”terfd
CEB side group$¢and light-emissive side groups has also been and dried under reduced pressure. Yield: 4.3 g (0.012 mol, 72%).

. . . o Mp = 56-58 °C. 'H NMR (CDCl) ¢ = 1.50-1.54 (m,
reportec?? Furthermore, doping monomeric materials containing 4,_?) 1.75-1.84 (m, 4H) 1.£(99 (s %H) (gi;g)(t oH = 6.8 H(g)]

a biphenyl moiety with a homopolymer comprised of CEB side 4 g5 (t, 2H,J = 6.5 Hz), 5.58 (s, 1H), 6.10 (s, 1H), 6.85 (d, 2H,

groups exhibit larger cooperative molecular reorientatiSis. = 7.8 Hz), 6.92 (d) = 7.8 Hz), 7.40 (d, 2H) = 7.9 Hz), 7.44 (d,

these cases, the axis-selectivity of the photoreaction of theJ = 7.8 Hz).

photoreactive mesogenic groups influences the cooperative 6-Bromoheptyl Cinnamate (3e).To a solution of 6.4 g (0.032

reorientation of the copolymer film. _mol) of 7-bromo-1-heptanol and 5.0 g (0.050 mol) of triethyl amine
It is expected that adjusting the alkylene spacer length I 50 mL of chloroform was added 6.8 g (0.041 mol) of cinnamoyl

between the cinnamoy! end group and the biphenyl group of chloride in 70 mL of chloroform, and the reaction was stirred at

- e o . room temperature for 24 h. Then the reaction mixture was poured
the PPLC film containing the CEB derivatives will alter the into 100 mL of water, and extracted with chloroform three times.

photoinduced optical anisotropy and thermal enhancement Of he chioroform solution was dried over MO, and evaporated
the in-plane molecular reorientation. However, the influence of ynder a reduced pressure. The crude product was purified by silica-
the alkylene spacer length on the thermally enhanced photoin-gel chromatography (eluent: chloroform). Yield: 9.6 g (0.029 mol,
duced optical anisotropy in homopolymer LCs that contain CEB 92%) of a viscous liquidH NMR (CDCl) ¢ (ppm)= 1.35-1.49
derivatives has yet to be explored. In this paper, photo-cross-(m, 6H), 1.76-1.89 (m, 4H), 3.42 (t, 2H) = 6.8 Hz), 4.21 (t, 2H,
linkable liquid crystalline polymethacrylates comprised ot#-(  J = 6.8 Hz), 6.45 (d, 1HJ = 5.9 Hz), 7.40 (d, 2H) = 3.6 Hz),
cinnamoyloxy-alkyloxy)bipheny! side groups with various 7-53 (d, 2H,J = 3.6 Hz), 7.69 (d, 1HJ = 5.9 Hz).
alkylene spacer lengths are synthesized to clarify the influence  ©Otheér compounds3a—3d and3f—3j) were synthesized accord-
of the alkylene spacer length on the thermal property, photo- ing to similar methods using-bromo- (or chlora-) alkyl-1-ol. Al
induced optical anisotropy, thermal enhancement of the mo- compounds were viscous liquids and were confirmedb}MR.

. . L ; ) Yields were between 87 and 95%.
lecular reorientation, and op_t|ca_1I property of a reoriented film. 4-(6-Methacryloxyhexyloxy)-4-(6-cinnamoyloxyheptyloxy)bi-
In all cases, exposing the thin films to LPUV light generates a phenyl (4e).To a solution of 5.0 g (0.014 mol) & 12.0 g (0.086
small optical anisotropy and thermal enhancement, but arodd mol) of potassium carbonate, and 10 mg of 2,@edt-butyl-4-
even effect of the alkylene spacer length is revealed. Finally, methylphenol (inhibitor) in 50 mL of dry butanone was added 5.4
cooperative photoinduced molecular reorientation in compositesg (0.016 mol) of3ein 50 mL of dry-butanone, and the reaction
of the polymer and non-liquid-crystalline monomer is evaluated was stirred under reflux for 24 h. After filtration and washing with

to achieve a larger in-plane reorientation. butanone, the solution was evaporated. The crude products were
recrystallized from ethanol/ethyl acetate. Yield: 2.3 g (0.0039 mol,
2. Experimental Section 27%). Mp= 73—75°C. H NMR (CDCl) 6 (ppm)= 1.41-1.52

(m, 10H), 1.7%+1.77 (m, 4H), 1.86-1.86 (m, 4H), 1.95 (s, 3H),
2.1. Materials. All starting materials were used as received from 3,99 (t, 4H,J = 6.4 Hz), 4.16 (t, 2H,) = 6.6 Hz), 4.21 (t, 2H,)
Tokyo Kasei Chemicals. Monomers and polymers were synthesized= 6.6 Hz), 5.54 (s, 1H), 6.10 (s, 1H), 6.45 (d, 18i= 5.9 Hz),
according the procedure shown in Scheme 1. 6.93-6.95 (m, 4H), 7.46-7.62 (m, 9H), 7.68 (d, 1H, 5.9 Hz).
4-(6-Bromohexyloxy)-4-hydroxybiphenyl (1). To a solution of Other methacrylate monomerda-4d, and 4f—4j) were syn-
50 g (0.27 mol) 44'-biphenol, 18 g (0.32 mol) potassium thesized according to similar methods uskand the corresponding
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Figure 2. Absorption spectra of the synthesized polymer films on Figure 3. Transition temperatures of polymers with different alkylene
guartz substrates. spacer lengths.

3a—3j and were confirmed byH NMR. Yields were between 10 apsorption spectra. Because the absorption bands of the bipheny!
— 27%. Mp = 82-83 (4a), 79-80 (4b), 78-81 (4c), 6970 moiety (lmax= 265 nm) and that of cinnamate moiefyfx =
(4d), 79-82 (4f), 74-76 (4g), 90-92 (4h), 81-83 (i), and 72- 275 nm) are close to each other, the absorption spectrum reveals

73 °C (4)). g .
2.2.(ch))lymer SynthesisPolymersP2—P12 were synthesized a monomodal curve. All the polymers exhibit a nematic LC

from corresponding monomera—4j by a free radical solution ~ nature (Table 1). Figure 3 plots the transition temperature vs
polymerization in THF at 57C for 1 day. Monomer and AIBN  alkylene spacer length, which shows an egden effect. The
concentrations were 10% w/v and 2 mol %, respectively. After the influence of the alkylene spacer length is large F@andP3,
reaction, a polymer was obtained by adding the homogeneousindicating a large difference in the conformation of the me-
solution into excess diethyl ether. The polymer was further purified sogenic side groups between these polymers. The-eden
by precipitation twice from a dichloromethane solution into diethyl  effect of the alkylene group lengths on the transition temperature
ether. All synthesized polymers were confirmed'ByNMR. Table is due to conformational differences of the mesogenic side
1 summarizes the molecular weights and thermal properties of thegroups in the solid and LC states, which is typical of LC
synthesized polymers. _ . . monomers and polyme#s.

2.3. Photoreaction. Thin polymer films, which were ap- 3.2. Axis-Selective Photoreactionlrradiating with LPUV

proximately 0.2-0.3 um thick, were prepared by spin-coating a . . . S g
chloroform solution of polymers (2% wiw) onto quartz or KBr light causes an axis-selective photoreaction in polymeric films

substrates. LPUV light, which had an intensity of 150 mw-ém  comprised of cinnamate derivatives, which generates a negative
at 365 nm produced by using an ultrahigh-pressure Hg lamp Optical anisotropy 4A) in the film 382 Parts a and b of Figure
equipped with Glan-Taylor polarizing prisms and a cutoff filter 4 plot the conversion, which is calculated by the change in the
under 290 nm, was used in the photoreactions. The conversion forabsorption intensity at 272 nm, and the photoindud&d of
the photoreaction of the film was estimated using UV spectroscopy the films as functions of the exposure energy of LPUV light,
to monitor the decrease in absorbance at 272 g respectively. The films exhibit similar photoreactivities. Besides
2.4. Characterization. The monomers and polymers were the photoreaction of the cinnamate groups, photodegradation
ﬁ?\;‘g":neéjlz%éhs"' 't\lMRJ :gg%ri%"l’gh ﬁOB“AkgP%R%_('SO% ITL—C of the biphenyl moiety and ester groups in methacrylate and
pectra ( -410). (Toso  cinnamate moiety is also detected, which is confirmed by the

8020 GPC system with Tosoh TSKgel column; eluent, chloroform), FT-IR h . Inf . Thi
which was calibrated using polystyrene standards, was used to" | -IR Spectroscopy (see the Supporting Information). This

measure the molecular weight of the polymers. The thermal photodegradation occurs when the exposure energy is greater

properties were examined using a polarization optical microscope than 50 J cm?, which is an energy where most of the cinnamate

(POM; Olympus BX51) equipped with a Linkam TH600PM heating groups have photoreacted.

and cooling stage in addition to differential scanning calorimetry ~ The axis-selective photoreaction of the mesogenic groups

(DSC; Seiko-I SSC5200H) analysis at a heating and cooling rate generates a negativ®A as shown in Figure 4b. The absolute

of 10°C r.ninfl.. The polarization absorption spectra were measured pegativeAA values reach maxima-0.03) when the exposure

with a H_|tach|_U-3010 spectrometer equipped with Glan-Taylor energy is approximately 0% J cnt2 and the conversion is

po?ggeghooqopi’;';mse' d optical anisotropA, which is expressed around 15-40%. However, thé\A values decrease upon further

as eq 1, was evaluated using the polarization absorption spectra,'rrad'atmg' Th's. sma!l photomduceﬁiA_ in the e_arly stage of .
photoexposure is mainly due to the axis-selective photoreaction

AA=A— A, 1) of the cinnamate end groups. The decreas&Anaround 20 J

cm2 doses is due to the saturation of the photoreaction of the

whereA, andA, are the absorbances parallel and perpendicular to innamate groups. When the exposure energy is greater than

E, respectively. To enhance the molecular reorientation, the thin 50 J cn?, the absoluteAA values again increases where the

films were annealed after photoirradiation at a temperature close absoluteAA values are near 0.08. As confirmed by the UV-

to the T, of the polymer for 10 min. The thermally enhanced in- absorption and FT-IR spectra, this increase is due to the axis-

plane orderS is expressed as eq 2. selective photodegradation of the biphenyl moieties. Addition-
ally, Figure 5 plots the maximum photoinduc&é values when
S— A —Ag @) the conversion is around $20% and indicates an oegkven

A+ 2A, effect. This means that the axis-selectivity of the photoreaction

of the mesogenic side groups is higher for polymers with an
The birefringenceAn) of a reoriented film was measured by the odd number of alkylene side groups than those with an even
Senarmont method at 633 nm. number.

3.3. Thermal Enhancement of the Photoinduced Optical
Anisotropy. We have reported that the photoinduced negative
3.1. Spectroscopic and Thermal Property of PPLCsAs optical anisotropy of &2 film is reversely amplified when the
shown in Figure 2, all the synthesized polymers exhibit similar exposed film is annealed at a temperature near Ti of the

3. Results and Discussion
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Figure 4. (a) Conversion of polymer films and (b) photoinduced optical anisotragy A, — An) of the polymer films as functions of exposure
energy.
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Number of spacer, n Figure 7. UV-—vis polarization spectra of polymer films before

Figure 5. Maximum photoinduced\A values in the early stage of photoirradiation, after irradiation (thin lines), and after subsequent

the photoreaction for polymer films with different alkyiene spacer annealing (thick lines) for 10 mird, is the solid lines, whilés is the
lengths. dotted lines. Key: (a2 film, annealing temperature 7C; (b) P3

film, annealing temperature 12%. Inset is a magnified view.
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Figure 6. lllustration of the thermally enhanced photoinduced mo- 0.1 Frooiliviiliiiiliiiiliiily,
lecular reorientation of a PPLC film. o 5 1015 20 25

Conversion (%) Conversion (%)

polymer13¢26Figure 6 illustrates the mechanism of the thermally Ecl)%\li/frgbrj 2?2?: |f||3|/n$ ”,Qﬁﬂggﬁr:g'ﬂ?n”;e?;?u?égsza;Z”Sfi cifzt5he

enhanced molecular reorientation of PPLC films parallel to the p5 = 123, P6 = 120, P7 = 129, P8 = 120, P9 = 125, P10 = 124,

polarizationE of exposed LPUV light. This thermally enhanced P11= 129, and?12= 115°C. Key: (a) even number alkylene spacer;

molecular reorientation is due to the axis-selective photoreacted(b) odd number alkylene spacer.

groups, which act as a photo-cross-linked anchor and thermally

reorient the unphotoreacted mesogenic groups along th&#f AA of theP3film (AA = -0.031) is larger than that &12 (AA

However, the generated in-plane orientational or&mof the = —0.008). These results suggest that a larger photoinduced

P2film is less than 0.05, and the induced birefringenta)(is AA leads to a greater thermally enhanced molecular reorientation

less than 0.02%¢ Because the conformation between the Of the film.

cinnamate and biphenyl groups of the mesogenic side groups Other polymer films exhibit similar phenomena. Parts a and

should depend on the length of the alkylene spacer, its b of Figure 8 plot the thermally enhanc&lvalues of the

conformation affects the axis-selectivity of the photoreaction polymer films with even and odd number alkylene spacers,

of the side groups and thermally enhan&wdalues. respectively, as a function of conversion. The annealing
Parts a and b of Figure 7 show changes in the polarization temperature is near Ti for all cases. MaximBrvalues are

UV —vis absorption spectra of tHe2 and P3 films irradiated obtained when the conversion is around—1®8%, and the

with LPUV light and the spectra after subsequent annealing at enhanced values of films with an odd number alkylene spacer

a temperature close to Ti of the polymer for 10 min, respectively. are larger than that with an even number. Figure 9 plots the

The insets are magnified views. The conversion is approximately maximumS values and the photoinducedA values for each

12 mol % for both films and in both cases, irradiating with polymer films with different alkylene spacer lengths. Both the

LPUV light induces a small negative optical anisotropy, while photoinduced\A and thermally enhancesivalues with an odd

subsequent annealing reversely generates the molecular reorinumber alkylene spacer are larger than that with even ones. The

entation parallel t&e. The amplifiedS value of theP3 film is influence of the alkylene spacer length is remarkable for

0.27, which is much greater than that BR (S = 0.04). polymers with short alkylene spacers, whereAt#eandSvalues

Additionally, the inset of Figure 7 reveals that the photoinduced are much larger foP3 and much smaller foP2. These results

[ aRETL FNETI FRRR RRRTE ERURE FURE
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or polymer films with different alkylene spacer lengths.
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Figure 10. Stable molecular structures of the mesogenic side groups 0 C ;
of P2 andP3 calculated by MOPAC. 00 20 50 0 50 0

Content of M6B (wt%)

A(OV\A/\OO/\/\/\/O\J\ Figure 13. Maximum in-plane orderS, for polymerM6B composite
(@)

(0] films with different M6B content. Closed points a®values of the

Figure 11. Chemical structure of doped monomd6B. gglyggat\g/l&%é:?mposne films, and open points are Bealues after

indicate that the conformation of the mesogenic groups in a Table 2. Thermal Property of Polymer/M6B Composites
solid film depends on the alkylene spacer length, and the

difference in the conformation is large when the alkylene spacer polymer MEB content (wt %) transition tempd)*
length is short. none 100 cs8l

This odd-even effect is due to the difference in the Eg 22 gi‘g :\' 55
conformation of the mesogenic side groups. Figure 10 shows p2 45 G38l
the stable molecular structure of the mesogenic side groups of P3 5 G 107N 1321
P2 and P3 calculated by a semiempirical molecular orbital P3 25 G102N 1251
method (MOPAC). The MOPAC results indicate that the angle P3 45 G102N 1121
between the biphenyl group and the cinnamate grou2aé 2 Determined by DSC and POM observation.

larger than that oP3. This difference in the conformation of
the mesogenic side groups leads to a lower polarization axis- Table 2 summarizes the thermal property of polyii&B
selectivity of the photoreaction f&*2 compared to that foP3 composites. All the composite films are transparent, and POM
because the straight line of the mesogenic group2a$ lower observation does not show clear liquid crystalline texture for
than that ofP3. Because the absorption bands of the biphenyl the P2ZM6B composites when the content bf6B is high?®
and cinnamate groups are close to each other, photoabsorptionvhile decrease in the transition temperatures is observed for
of the biphenyl groups will deteriorate the axis-selection of the P3¥M6B composites. This means thd6B is dissolved in the
photoreaction of the cinnamate groups when these groups aré?2 or P3matrix and acts as a plasticizer in the composite film.
not in the straight line. Namely, the straight-line characteristics Parts a and b of Figure 12 compare the changes in the
between the biphenyl mesogenic core and photoreactive cin-polarization UV-vis absorption spectra of tHe2 andP3films
namate moiety play an important role in the axis-selectivity of doped with 25 wt % oM6B irradiated with LPUV light and
the polarization-selective photoreaction of the mesogenic side after subsequent annealing at 8D for P2/M6B and 110°C
groups. for P3/M6B, for 10 min, respectively. The conversion is
3.4. Amplification of the in-Plane Reorientation Order by approximately 15% for both composite films. The enhan8ed
Doping with a Rodlike Monomer. We have reported a values are 0.26 foP2/M6B and 0.52 forP3/M6B, and the
cooperative molecular reorientation of2 film doped with a generated birefringencé\() values are 0.10 foP2/M6B and
non-LC rodlike monome6B (Figure 11), by irradiating with 0.15 forP3/M6B. These values are much larger than those for
LPUV light and subsequent annealiffgBecause the in-plane  films without M6B, indicating a cooperative reorientation of
Svalues are larger than that forR2 film without M6B, the the mesogenic side groups avéB. Furthermore, the enhanced
reoriented film may be applicable to a birefringent film for liquid S and An values ofP3/M6B are larger than that dP2/M6B
crystal displays (LCDs}3® The axis-selective photoreacted because the absolute value of the photoinducador P3/M6B
anchor parallel toE reorients M6B, which results in a composite AA = —0.039) is larger than that fd?2/M6B (AA
cooperative molecular reorientation of the mesogenic side groups= —0.008). These results indicate that similar to the case of a
of P2. In this section, the influence of the alkylene spacer length polymer film withoutM6B, a cooperative molecular reorienta-
on this cooperative reorientation usif@ and P3 doped with tion is effective when the photoinduc@d? value is larger. The
M6B is described. largerAn value makes the birefringent film thinner and lighter.
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Figure 13 plots the influence of thgl6B content on the
thermally enhanced values along with theS values after
extractingM6B by immersing the reoriented film in diethyl
ether. For both polymers, a maximu8value is obtained when
the content oMM6B is 15— 35 wt %. The largefS values for
the P3/M6B composite is due to the higher axis-selectivity of
the photoreaction of the mesogenic side group$8f Ad-
ditionally, the S values after the extraction oM6B are
maintained for both composite films, indicating that the reori-
entational orders of both mesogenic groups of the polymer and
M6B are similar.

4, Conclusion

Photo-cross-linkable liquid crystalline polymethacrylates
comprised of 4)-cinnamoyloxy-alkyloxy)biphenyl side groups
were synthesized. The axis-selective photoreaction of their thin
films using LPUV light was explored in order to investigate M.; Ichimura, K. Macromolecules2001 34, 90-98. (c) Han, M.:
the influence of the alkylene spacer length on the photoinduced Morino, S.; Ichimura, KMacromolecule00Q 33, 6360-6370.
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mesogenic side groups played an important role in the generation  commun.1996 17, 703-712. (c) Kawatsuki, N.; Takatsuka, H.;
of a larger photoinduced optical anisotropy in the polymer film. Yamamoto, T.; Sangen, Q. Polym. Sci., Part A: Polym. Chet998

i ; i 36, 1521-1526. (d) Kawatsuki, N.; Kawakami, K.; Arita, T.; Yama-

::urtherrt?ore’ ? Iarﬁe photomducf:e(:] OptICTl anIISOtrOpY led t.O a moto, T.Kobunshi Ronbunshli999 56, 234-239 (in Japanese).
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Finally, the photoinduced reorientations in composite films of ecules2002 35, 706-713.
the polymer and non-liquid-crystalline monomer were investi- (15) Ehi, Ié;gitgigr,zgvggiz.;g\gfg, L.; Chen, M,; Dalton, L. Rppl. Phys.

; ; ; ; ett. , .
gated in .Order to improve t.he mplegular reorientation when a (16) Kawatsuki, N.; Ono, H.; Takatsuka, H.; Yamamoto, T.; Sangen, O.
cooperative molecular reorientation is observed. The resultant™ ™ yjacromolecules997 30, 6680-6682.
P3/M6B composite film exhibited a reorientational order of 0.52  (17) (a) Kawatsuki, N.; Tachibana, T.; An, M. X.; Kato, Klacromolecules
and a generated birefringence of 0.15. This composite film may 2003 38, 390I?f3|908- (b) Kawatsuki, N.; Kato, K.; Shiraku, T.; Ono,
be applicable as a thin phase retarder for LCDs. Further ., H:Macromolecule200§ 39, 3245 3251.
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investigations on the three-dimensional molecular orientation (19) (a) Kawatsuki, N.: Suehiro, C.; Yamamoto,Macromoleculed 998

using a slantwise LPUV light exposure are underway.
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