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ABSTRACT: We succeeded in the synthesis of certain poly(silsesquioxane)s (poly(SCC)) with excellent refractive
indices properties, which have pendant norbornadiene (NBD), azobenzene (AZ), and anthracene (AT) moieties.
The photochemical reactions of the obtained poly(SCC) derivatives were examined in the film state upon UV
irradiation, and it was found that poly(SCC) derivatives with NBD groups, AZ groups, and AT groups had large
change in values of the refractive indeXni’s) before and after photoirradiation which were in the range of
0.050-0.073, 0.0070.009, and 0.0940.116, respectively.

Introduction Meanwhile, poly(silsesquioxane)s are one of the ladderlike
Refractive index change materials have received great atten-POlymers, and their synthesis and properties have been reported
tion as important optoelectronic materials, such as wriéad- by many researchet$ltis expected that poly(silsesquioxane)s

erase recordings, switching devices, optical waveguides, memo-2r€ Useful starting polymers for the synthesis of functional
ries, and holographicimage recoféln these fields, azobenzeRes ma_terlals because they have exm_:ellent therr_nal stabilities, fire
and spiropyrarfs8 have been investigated as the refractive index "esistances, and good film-forming properties. Furthermore,
change materials with photoreversibility. Furthermore, Horie and POly(Silsesquioxane)s with many pendant reactive groups are
Nishikubo experimentally confirmed large refractive index obtained easily by the polycondensation of trialkoxysilanes
change before and after photoirradiation of poly(methyl meth- containing alkyl halide groups. _ _
acrylate) containing 2-phenyl-2,5-norbornadiene moiétiRe- Given these backgrounds, we examined the synthesis and
cently, Horie et al. reported on the large refractive index changes Photochemical reactions of poly(silsesquioxane) derivatives
of poly(methyl methacrylate) films doped with norbornadiene containing photoreactive groups in the side chains.

(NBD) derivatives and the poly(vinyl ether)-bearing NBD ) .

moietiest® They also found that poly(vinyl cinnamate) showed EXPerimental Section

a large refractive index change by photodimerizatibMore Materials. 1-Methyl-2-pyrrolidinone (NMP), triethylamine (Ngit
recently, we reported on the large change in values of the and 1,8-diazabicyclo[5.4.0]Jundec-7-ene (DBU) were dried with
refractive index Anp’s = 0.028-0.061) of calixarene deriva-  Cakb and purified by distillation before use. Tetrabutylammonium

tives containing NBD moieties before and after photoirradiation Promide (TBAB) was recrystallized from dried ethyl acetate.
in the film state!? It might be indicated that the largexn, Potassium hydroxide (KOH) and toluene were used without further

was obtained due to the small size of the calixarene derivativesPurification. @-Chloromethyl)phenyltrimethoxysilane (CPTS) was
L : . o dried with Cah and purified by distillation before use. 3-Phenyl-
containing many photoisomerizable groups. That is, it is well-

; . o 2,5-norbornadiene-2-carboxylic acid (PNC) and 3-phenyl-2,5-
known that the relationship between the refractive ind®y, ( norbornadiene-2-(dvydroxyphenyl) ketone (PNK) were obtained

density p, g/crﬁ), molecular weightl¥l, g), and molar refraction  from Sanpo Kagaku Co., Ltd., and were recrystallized from hexane
(R cm?/mol) is described by the Lorentdorenz equatiot? before use. 2-(Benzofuran-2-yl)-7,7-dimethyl-3-(5-carboxythiophene-
2-yl)-5,6-bis(trifluoromethy)-2,5-norbornadiene (BTTN) and 2-(ben-

2
Ny — 1m 1 zothiophene-2-yl)-7,7-dimethyl-3-(3,4-ethylenedioxyfuran-2-yl)-5,6-
B n24 2? 1) bis(trifluoromethyl)-2,5-norbornadiene (BETN) were donated from

D Daikin Environmental Lab., Ltd., and were used without further

purification. 4-Phenylazophenol was used without further purifica-
tion. 44ert-Butylphenylazophenol was obtained by the previous
reportedt® 1-Carboxylanthracene, 2-carboxylanthracene, and 9-car-

From this equation, we can consider that films with a large
refractive index change are prepared from materials in which
Randp show large change values before and after photoirra- boxylanthracene were used without further purification.
diation. Therefore, it might be suggested that films prepared Measurements.Infrared (IR) spectra were measured on a Jasco
from materials containing the many photoreactive groups show yqge| |R-420 spectrometer. THE NMR spectra were recorded
a high refractive index change before and after UV irradiation. on JEOL model INMx-600 (600 MHz fortH NMR and 150 MHz

for 3C NMR) instruments in CDGland DMSOes using MaSi

*To whom all correspondence should be addressed. E-mail: nishikubot@ (TMS)_ as an internal standard reagent for NMR; The glass
kanagawa-u.ac.jp. transition temperaturesT{’s) of the calixarene derivatives were
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measured on a Seiko Instruments differential scanning calorimeterDI = 100%. IR (film, cnT1): 1600 and 1498 C=C of aromatic),

(DSC) model EXSTAR6000/DSC6200 at a heating rate of@0

1249 ¢ C—O—C of ester), 1139y Si—0). H NMR (600 MHz,

min under nitrogen. The thermal analysis was performed on a Seiko CDCl;, TMS): 6 = 0.75-1.50 (m,—CHj), 4.84 (br,—CH,0-),

Instruments thermogravimetric analysis (TGA) model EXSTAR6000/
TG/DTA6200 at a heating rate of C/min under nitrogen. The
refractive index of the calixarene derivatives with about @

4.94 (br s,—CH,0-), 6.40-8.00 (m, aromatic H).
P—F was obtained by the reaction of poly(SC®)(= 10 000,
Mw/Mp, = 2.89) and 4-phenylazophenol. Yietd81%. DI= 100%.

on spin-coating on silicon wafers was measured by ellipsometry at IR (film, cm™): 1600 and 15001 C=C of aromatic), 1249

0.6328um with a Gaertener Scientific. Co. model L116C ellip-
someter.
Synthesis of Poly(silsesquioxane) (Poly(SCC)A typical

procedure: CPTS (2.46 g, 10.0 mmol) was added to the solution

of NEt; (0.1 g, 1.0 mmol) in the mix solvent of water (20 mL) and
toluene (40 mL). The reaction mixture was stirred at’60for 12

h. After that, the resulting solution was poured into large amounts
of methanol to precipitate a white powdery compound. It was
filtered with a membrane filter (0.45m) and then dried in vacuo
at 60°C for 24 h. Yield= 1.02 g (68%)M, = 10 000,M,,/M, =
2.89. IR (film, cmY): 1606 and 15041 C=C of aromatic), 1128

(v Si—0-), 696 (* C—ClI). 'H NMR (600 MHz, CDC}, TMS): 6

= 3.34 (br s, SOCHj3), 4.45 (br s,—CH,—Cl), 7.01 (br, aromatic
H). 13C NMR (150 MHz, CDC}): 6 = 45.2 (CHCI), 127.8, 130.3,
134.1, and 139.6 (aromatic C3°Si NMR (119 MHz, CDC},
TMS): 6 = — 80.6 (SiQyy).

Synthesis of Poly(silsesquioxane) Derivatives Containing NBD
Groups (P—A—P—I). A typical procedure for the synthesis of poly-
(SCC) M, = 10 000,M,/M,, = 2.89) derivatives containing NBD
moieties P—A) is as follows. The mixture of poly(SCC) (0.684
g), PNC (0.934 g, 4.4 mmol), and DBU (0.682 g, 4.4 mmol) in
DMF (1.5 mL) was stirred at 70C for 6 h. Then, the resulting

C—0O—C of ester), 1137y Si—0). 'H NMR (600 MHz, CDC},
TMS): 6 = 4.82 (br,—CH,0-), 4.84 (br,—CH,0-), 6.30-8.19
(m, aromatic H).

P—G was obtained by the reaction of poly(SC@),(= 10 000,
Mw/M, = 2.89) and 1-carboxylantharacene. Yietd71%. DI =
100%. IR (film, cn11): 1714 ¢ C=0 of ester), 1614 and 1506 (
C=C of aromatic), 1218 C—O—C of ester), 1132 Si—0). 'H
NMR (600 MHz, CDC}, TMS): 6 = 5.52 (br,—CH,0—), 7.50~
9.49 (m, aromatic H).

P—H was obtained by the reaction of poly(SC@),(= 10 000,
Mw/M, = 2.89) and 2-carboxylanthracene. Yietd 74%. DI =
100%. IR (film, cnY): 1714 @ C=0 of ester), 1608 and 1506 (
C=C of aromatic), 1232y C—0O—C of ester), 1132y Si—0). 'H
NMR (600 MHz, CDC}, TMS): 6 = 5.07 (br,—CH,OC(O)-),
6.00-8.80 (m, aromatic H).

P—I was obtained by the reaction of poly(SC®),(= 10 000,
Mw/M, = 2.89) and 9-carboxylanthracene. Yietd 88%. DI =
100%. IR (film, cnT?): 1720 ¢ C=0 of ester), 1606 and 1523 (
C=C of aromatic), 1195 C—O—C of ester), 1128y Si—0). 'H
NMR (600 MHz, CDC}, TMS): 6 = 5.30 (br,—CH,OC(O)-),
6.50-8.52 (m, aromatic H).

Photochemical Reactions of the Poly(SCC) Derivatives with

solution was poured into large amounts of methanol to precipitate pendant NBD, AZ, and AT Moieties. A typical procedure for

a white powdery compound. The obtained product was reprecipi-

tated twice from CHGlinto excess methanol and dried in vacuo
at 60°C for 24 h to obtain a colorless solie,—A. It was filtered
with a membrane filter (0.46m) and then dried in vacuo at 6C

for 24 h. The degree of introduction (DI) of the NBD moieties of
P—A was calculated to be 100% Bi# NMR integration of the
signal for the aromatic protons at 6:30.81 ppm and methylene
protons of the NBD at 1.462.30 ppm, and the yield was 70%
(1.05 g). IR (film, cnr?): 1698 (# C=0 of ester), 1608y C=C

of NBD), 1594 and 1490 C=C of aromatic), 1218y C—0—C),
1130 ¢ Si—0). 'H NMR (600 MHz, CDC}, TMS): 6 = 1.40~
2.30 (m, methylene protons of NBD), 3.5@.10 (m, methine
protons of NBD), 5.01 (br s;-CH,—), 6.30-7.80 (m, aromatic H
and —CH=CH-— of NBD).

P—B was obtained by the reaction of poly(SC®)(= 10 000,
Mw/M,, = 2.89) and BTTN. Yield= 66%. DI = 100%. IR (film,
cm1): 1710 ¢ C=O0 of ester), 1608y C=C of NBD), 1560 and
1509 ¢ C=C of aromatic), 1324 C—F), 1267 and 1213»(
C—0O—C of ester), 1133 ¢ Si—0), 1022, 873, and 750v(
benzofuran), 690 (thiofuran)H NMR (600 MHz, CDC}, TMS):

0 = 1.21 (s, methyl protons of NBD), 3.88 (s, methine protons of
NBD), 5.23 (br,—CH,—), 6.80-7.85 (m, aromatic H and benzo-
furan H).

P—C was obtained by the reaction of poly(SC®),(= 10 000,
Mw/M,, = 2.89) and BETN. Yield= 51%. DI = 100%. IR (film,
cm™1): 1710 ¢ C=0 of ester), 16084 C=C of NBD), 1573 and
1482 @ C=C of aromatic), 1363 C—F), 1265 and 1245(
C—0O—C of ester), 1214y C—O—C of ether), 1132« Si—0),
887 and 806 (furan), 755 (thiofurarid NMR (600 MHz, CDC},
TMS): 6 = 1.23 (s, methyl protons of NBD), 3.78.40 (m,
methine protons of NBD and-O—CH,—CH,—0-), 5.23 (br,
—CH,—COO0O-), 6.78-7.78 (m, aromatic H and thiofuran H).

P—D was obtained by the reaction of poly(SC®),(= 10 000,
Mw/M,, = 2.89) and PNK. Yield= 69%. DI = 100%. IR (film,
cmb): 1625 ¢ C=0 of NBD), 1596 and 1506+( C=C of
aromatic), 1249« C=0 of ester), 1133y Si—0). *H NMR (600
MHz, CDCkL, TMS): 6 = 2.00-2.50 (m, methylene protons of
NBD), 3.80-4.15 (m, methine protons of NBD), 4.94 (br s,
—CH,0-), 6.00-7.98 (m, aromatic H and-CH=CH of NBD).

P—E was obtained by the reaction of poly(SC®)(= 10 000,
Mw/M, = 2.89) and 4tert-butylphenylazophenol. Yield= 67%.

the photochemical reaction is as follows: A solution of poly(SCC)
derivative in THF (1.0x 10~ mol/L) was cast on a quartz cell
and dried in vacuo at room temperature to obtain a film. The
resulting film was irradiated by a 500 W xenon lamp (Ushio Electric
Co., UXL-500D-0) through a monochromator (Jasco model CT-
10). The rates of disappearance/gf,x were measured by a UV
spectrophotometer.

Measurement of the Stored Thermal Energies in the Poly-
(SCC) Derivatives Containing NBD, AZ, and AT. Poly(SCC)
derivative solution in THF was cast on a poly(tetrafluoroethylene)
plate and dried to form a film. The obtained film on the plate was
irradiated for 30 min by a high-pressure mercury lamp without a
filter at a distance of 30 cm. The irradiated film was packed in an
aluminum sample tube for DSC analysis. The sample in the tube
was heated at 3C/min.

Refractive Index (np) Change of the Poly(SCC) Derivatives
before and after Photoirradiation. 2-Methoxyethyl acetate solu-
tions of the poly(SCC) derivatives were prepared, followed by being
spin-coated on a silicon wafer and hard-baked at AZCor 30
min. Thenp's of the poly(SCC) derivative films with about 0.1
um spin-coated on silicon wafer before and after photoirradiation
were determined by ellipsometry.

Results and Discussion

Synthesis of Poly(silsesquioxane) with Pendant Chlorom-
ethyl Groups (Poly(SCC)).It was reported that ladderlike poly-
(silsesquioxane)s were obtained easily by the basic condensation
of trimethoxysilanes. According to these previous repbrtse
polycondensations ofpfchloromethyl)phenyltrimethoxysilane
(CPTS) were synthesized (Scheme 1). These conditions and
results are summarized in Table 1.

In all cases, the reaction mixtures were consistently homo-
geneous with products remaining in the solutions, and no
gelation was observed. The SEC of the obtained polymers
showed unimodal curves. It was observed tiigls and yields
of the polymers increased with until 12 h of reaction. At this
point, the polymer withM, = 10 000 M/M, = 2.89) was
obtained in a 68% yield. Accordingly, it seems that 12 h is an
enough time to obtain the soluble polymer with a high in CDV
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Scheme 1
CH,CI CH,CI
NEt $imo-$
3
mmc@s«ocm)s 6 O
60 °C Si—0-Si
Water-Toluene n
CH,CI CH,CI

poly(silsesquioxane): poly(SCC)

Table 1. Synthesis of Poly(silsesquioxane) with Pendant In the same way, we examined the reaction of poly(SCC)
Chloromethyl Groups? with certain NBD derivatives, BTTN and BETN, affording the
reaction corresponding poly(SCC) derivativ€®s-B and P—C with DI
run time (h) yield (%} Mn® Mu/My? =100% in 66 and 51% yields, respectively, as shown in Scheme
1 6 68 7 800 2.25 2. Furthermore, in a similar manner as mentioned above, the
2 12 68 10000 2.89 reaction of poly(SCC) with PNK was performed to give the
3 24 60 10300 249 corresponding poly(SCC) derivati®-D with DI = 100% in
4 48 65 10 400 2.29 ;
5 72 57 10 000 2.44 a 69% yield.

Synthesis of Poly(silsesquioxane) with Pendant Azoben-

aThe reaction of (4-chloromethyl)phenyltrimethoxysilane (1.0 mmol) was ot - : _
carried out using NEt(0.1 mmol) in the mix solvents of water (2 mL) and zene (AZ) Moieties (P-E and P—F). The reaction of the poly

toluene (4 mL) at 60C. P Insoluble parts in methandl Estimated by SEC (SCC) M, = 10 000,Mw/M, = 2.89) with 4tert-butylazophenol
based on polystyrene standards in THF. afforded the corresponding poly(SCC) derivative containing

azobenzene (AZ) moieties in the side chdm-E) with DI =
good yield. The obtained polymers were soluble in common 100% in a 67% yield in a similar way as the synthesisfetA
organic solvents, such as DMSO, DMF, THF, and CHChe

structures of the obtained polymers were confirmed by'HR, CH,CI CH,Cl
NMR, 13C NMR, and?°Si NMR spectroscopy. In the IR spectra,
the characteristic absorption peaks were observed at 1504 and b {
1604 cm! due to G=C stretching of the aromatic moieties, _ ' Poly(SCC)
1128 cnrt due to the SO stretching of poly(SCC), and 696  [Al f(s;.—o—g. M 2 10000, Mo/ = 289
cm 1 due to the G-Cl stretching of chloromethyl moietie¥C oo hiodd R
NMR spectra also showed the signals assignable to methylene * n ™S
carbons of the chloromethyl moieties at 45.2 ppm and aromatic
carbons at 127:8139.6 ppm. Furthermore, in tH8Si NMR, A

2 2

only SiOg/, signal was observed at80.6 ppm. These results
show that the obtained products are ladderlike polymers.
However,'H NMR spectra showed the signals assignable to
methyl protons of methoxysilyl moieties at 3.34 ppm in addition
to methylene protons of the chloromethyl moieties at 4.45 ppm
and aromatic protons at 7.01 ppm (Figure 1A). This means that
obtained ladderlike polymers had branched structures in part.
From these spectroscopic data along with the solubility of the
obtained polymers, the polycondensation of CPTS using; NEt
proceeded to afford mainly ladderlike poly(silsesquioxane)s
containing chloromethyl groups (poly(SCC)) in the side chains. Kg_o_?j

Synthesis of Poly(silsesquioxane) with Pendant Norbor- [B]
nadiene Moieties (P-A—P—D). The reactions of the resulting
poly(SCC) M, = 10 000,Mw/M, = 2.89) with PNC afforded
the corresponding poly(SCC) derivative containing NBD moi-
eties in the side chairP-A) (Scheme 2). The structure of the
obtainedP—A was confirmed by IR anéH NMR spectroscopy.
Figure 1 illustrated théH NMR spectra ofP—A along with
the poly(SCC). ThéH NMR spectrum of poly(SCC) showed
the methylene protons of the chloromethyl moieties at 4.45 ppm
(Figure 1A), while those of the poly(SCC) derivative did not
(Figure 1B). This means that the reaction chloromethyl groups —T T l T l T I 1 T ™ ppM
of poly(SCC) M, = 10000, My/M, = 2.89) and PNC ¢ 8 7T 6 5 43 2 10
proceeded quantitatively. Furthermore, the degree of the intro- (CDCL, 600 Mtiz)

. S, * unknown peaks
duction (DI) of NBD moieties ofP—A was calculated to be )
. - - - Figure 1. *H NMR spectra (600 MHz, CDG) of poly(SCC =
100% by'H NMR integration of the signal for the aromatic 109000,Mw/Mn — 2.88, un g in Table 1) aGn)d pgly{S(CC) )dg/:‘?vative

protons at 6.367.81 ppm and methylene protons of the NBD  p—a obtained by the reaction of poly(SCC): (A) poly(SCC); (B) poly-
at 1.40-2.30 ppm, and the yield was 70%. (SCC) derivativeP—A. CDV
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Scheme 2
Ry R4

CH,Cl CH,CI
?i—O-?i ?)i—O-gi
o o + RH — 3 S0k
Si—0-Si ! : .

n
CH,CI CH,CI R4 R4

poly(silsesquioxane): poly(SCC)

poly(SCC)-derivatives

R;:  (HsC)sC N=N o—
(trans)
P-E
COO0—

P-G P-H

as mentioned above. The structure of the obtaiRedE was

confirmed by IR,™H NMR, and 13C NMR spectroscopy.
Furthermore, the poly(SCC) derivati®-F was obtained by
the reaction of poly(SCC) with 4-phenylazophenol with BI

100% in a 81% yield (Scheme 2).

Synthesis of Poly(silsesquioxane) with Pendant An-
thracene (AT) Moieties (P-G—P—1). In a similar manner as
described in the synthesis &—A, the poly(SCC) deriva-
tive containing anthracene (AT) moieties in the side chain
(P—G) with DI = 100% was obtained in a 70% yield by the
reaction of poly(SCC)Nl, = 10 000, M/M, = 2.89) with
1-carboxylanthracene. Furthermofe;-H and P—I were pre-

)= )o-

(trans)
P-F

COoo—

coo—

to the corresponding QC groups immediately (Scheme 3A). In
this reaction, two isosbestic points at 239 and 249 nm were
also observed. This shows that the photochemical valence
isomerization ofP—A occurred selectively without any side
reaction under this irradiation condition. In a similar way as
mentioned above, the photochemical valence isomerizations of
other poly(SCC) derivativeB—B, P—C, andP—D were also
examined. In the UV spectra, thga,s of these derivatives were
different, but all of the NBD moieties isomerized quantitatively
to the QCs within 5 min. Their UV spectra changes are
illustrated in parts B, C, and D of Figure 2, respectively.
Furthermore, a linear relationship was observed between the

pared by the reaction of 2-carboxylanthracene and 9-carboxy-rates of the photochemical reaction @fg)) and irradiation

lanthracene with D 100% in 74 and 88% yields, respectively
(Scheme 2).

time, and the first-order rate constantsRr-A, P—B, P—C,
andP—D are summarized in Table 2. These results show that

Furthermore, it was observed that all of the synthesized poly- the rates in the photochemical valence isomerization is as
(SCC) derivatives were soluble in common organic solvents and follows: P—B = P—C > P—D > P—A. This means that the

had good film-forming properties.

Photochemical Valence Isomerization of Poly(SCC) De-
rivatives Containing NBD Moieties P-A—P—D. The photo-

rate of the photochemical isomerization of NBD moieties
depends on their absorption maxima. That is Athgs of P—A,
P—B, P—C, and P—D were 295, 408, 408, and 335 nm,

chemical valence isomerization of the poly(SCC) derivatives "eSpectively.

P—A—P—D with pendant NBD groups was examined in the
film states. The resulting films were irradiated by a 500 W xenon
lamp, and the decreasefax 0f the NBD moiety was observed

Photochemical Isomerization of Poly(SCC) Derivatives
Containing Azobenzene (AZ) Moieties P-PE—P—F. In a
similar way as mentioned above, the photochemical trais

by a UV spectrometer. These results are illustrated in Figure 2. isomerizations of poly(SCC) derivatives containing AZ moieties

Figure 2A depicts the UV spectra changesPefA when the
resulting film was irradiated.

in the side chairfP—E andP—F were also examined (Scheme
3B). Figure 3 depicts the UV spectra changeBPoE andP—F

It was observed that an absorption maxima at 295 nm due towhen the resulting films were irradiated.

the NBD moiety decreased after only 5 min of photoirradiation.

It was observed that absorption peaks at 335 and 333.5 nm

This result shows that the NBD groups isomerized quantitatively due to theransazobenzene moiety offE and P-F decrease(a:DV
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Figure 2. Change of UV spectra of poly(SCC) derivatives containing NBDs in the film state upon irradiation with a 500 W xenon lamp. Intensity:
1.20 mW/cni at 310 nm. (A)P—A, (B) P—B, (C) P—C, and (D)P-D.

Table 2. First-Order Rate Constants of Polymers Containing NBD

(Al
2.50 Moieties in the Film State
0
. 1 isosbestic Koba X 1072
Irradiation time (sec) 2 polymer Amax (NM) point (nm) (sY
[
E 335 3 P—A 295.0 239.0, 249.0 0.97
€ 125 v 4 P-B 408.0 235.0,272.0 7.38
2 \ 1(5) P-C 408.5 238.0, 275.0 7.19
< 203 s P-D 335.0 255.0, 285.0 2.86
20 P—E 335.0 293.1, 423.3 10.9
25 P—F 3335 287.3, 409.6 13.1
0 | P-G 389.5 294.2,453.1 1.08
P—H 385.5 446.4 1.46
200 300 400 500 600 P—| 369.0 4465 1.5
Wavelength (nm)
(B] observed. The first-order rate constantinE and P—F are
2.50 summarized in Table 2. This means that photochemical reac-
0 L o X
Irradiation time (sec) | t|V|t|¢s of pqu(SCC) derivatives with pendant AZ groups are
2 relatively higher than those of poly(SCC) derivatives with
g i 3 pendant NBD.
‘5 125 1 3335 g Photochemical Dimerization of Poly(SCC) Derivatives
< 7 Containing Anthracene (AT) Moieties P-G—P—I. Further-
287 /,2\ 209 10 more, the photochemical dimerization of poly(SCC) derivatives
\i = . containing AT moieties in the side chaR—G—P—I were
0 | X , examined in the similar way witP—A. Figure 4 depicts the
200 300 400 500 600 UV spectra changes &—G—P—1 by the irradiation in the film
Wavelength (nm) State.

Figure 3. Change of UV spectra of poly(SCC) derivatives containing
AZs in the film state upon irradiation with a 500 W xenon lamp.

Intensity: 1.20 mWi/crhat 310 nm. (A)P—E; (B) P—F.

after only 25 s of the photoirradiation. This result shows that converted quantitatively to the AT dimers (Scheme 3C). Each
thetrans-azobenzene moieties isomerized quantitatively to the polymer also showed an isosbestic point at approximately 450
cis-azobenzene moieties immediately. Two isosbestic points nm. This means that the photochemical reactioR-6G—P—|

approximately at 290 and 410 nm were also observed. This resultoccurred smoothly without any side reaction upon photoirra-
showed that the photochemical isomerizatiofPefE andP—F
occurred selectively without any side reaction under these photochemical reaction (la{ag)) and irradiation time was
irradiation conditions, and a linear relationship between the ratesobserved. The first-order rate constant®inG—P—1 are also

of the photochemical reaction (k6g)) and irradiation time was

It was observed that an absorption peak at approximately 390
nm due to the AT moieties decreased after 25 min of the
photoirradiation. This result shows that the AT moieties

diation, and a linear relationship between the rates of the

summarized in Table 2. It seems that this photochemical rea&tB\r}
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Table 3. Refractive Indices, Their Changes for Poly(SCC) Derivatives Films before and after Photoirradiation, Stored Thermal Energy, and
Thermal Decomposition Temperature$

poly(SCC) derivatives stored thermal
(photoisomerizable group) Ny? N Anp! energy/kJ mol? Tof°C
P—A (NBD) 1.602 1.552 0.050 50.6 329.2
P—B (NBD) 1.602 1.529 0.073 22.9 319.4
P—C (NBD) 1.596 1.523 0.073 115 325.0
P—D (NBD) 1.626 1.573 0.053 50.2 370.0
P—E (AZ) 1.630 1.623 0.007 1.5 323.0
P—F (AZ) 1.671 1.662 0.009 3.4 318.3
P—G (AT) 1.670 1.567 0.103 4.3 302.0
P—H (AT) 1.688 1.572 0.116 35 365.0
P—I1 (AT) 1.660 1.566 0.094 14.7 308.3

aThe np's of the poly(SCC) derivative films with about 04m spin-coated on silicon wafer before and after photoirradiation were determined by
elipsometry at 632.8 nn®.n, = refractive index value before irradiatiofin, = refractive index value after irradiatioA Anp = np — n,. € Calculated by
DSC.fMeasured by TGA.

proceeded between two AT groups, and it took a longer time index changes. In our previous report as mentioned in the

for the complete dimerization. Introduction, calixarene derivatives containing NBD showed
Refractive Index Changes Anp's) of the Poly(SCC) large refractive index changedirfp’'s = 0.028-0.061) before
Derivatives before and after Photochemical ReactionsThe and after photochemical valence isomerizafidm the case of

np’s of the poly(SCC) derivative films with about Quin spin- poly(SCC) derivativesR—A—P—D) containing NBD,Anp’s
coated on a silicon wafer were measured by ellipsometry before were in the range between 0.050 and 0.073, which were larger
and after photoirradiation. The comparisons of the refractive than those of calixarene derivatives. This means Argfs of
index changesAnp's) of the poly(SCC) derivatives are sum- NBDs might be supported by their structures. Furthermore, we
marized in Table 3. examined the\np before and after trarscis photoisomerization

It is well-known that the values ohnp’s are dependent on  of AZ based on poly(SCC)R—E and P—F), and theirAnp’s
the materials in which molar refraction and density change were 0.007 and 0.009, respectively. It was also reported that
before and after photoirradiatid®.That is, the changes of  Anp of poly(methyl methacrylate) with pendant NBD was about
electronic distribution and molecular volume of poly(SCC) 0.012 This means that\np’s of AZ are smaller than those of
derivatives during the photoisomerization induced the refractive NBD. CDV
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Figure 4. Change of UV spectra of poly(SCC) derivatives containing
ATs in the film state upon irradiation with a 500 W xenon lamp.
Intensity: 1.20 mW/crhat 310 nm. (A)P—G; (B) P—H; (C) P—I.

Meanwhile, Knol and Mlen showed that the polymers
with pendant 9-substituted AT had largeny's before and
after photodimerization of AT’ They also proposed that

the synthesized polymers are applicable to the photolitho-

graphy and channel waveguide; thehdnp’'s were in the

range between 0.013 and 0.076. In this time, we examined

the Anp’s of the poly(SCC) derivativesP—G—P—I) with

Ladderlike Poly(silsesquioxane)1765

Thermal Energy Storages and Thermal Properties of
Poly(SCC) Derivatives. The values of the thermal energy
storages for the Q@is-azobenzene, and anthracene dimers in
poly(SCC) derivatives were measured by DSC, and they were
in the ranges 11:550.6, 1.5-3.4, and 3.514.7 kJ/mol.
Furthermore, glass transition temperaturg) @nd 5 wt % loss
of thermal decomposition temperatuiig? of these poly(SCC)
derivatives were determined by DSC and TGA, respectively.
No apparenily was observed up to 25 in each polymer.
Ts°s were observed in the range 302370.0 °C. All these
results are summarized in Table 3. That is, the synthesized poly-
(SCC) derivatives had good thermal stability, which seem to
be very useful new materials for the application of the
optoelectronics fields.

Conclusion

We reported on the large change in values of the refractive
index (Anp’s) of synthesized poly(SCC) derivatives containing
NBD, AZ, and AT moieties P—A—P—1) before and after
photoirradiation in the film state. It was observed that the values
of Anp’s of the poly(SCC) derivatives were very large. It was
noteworthy that the largest value gy in the case oP—H
was observed to be 0.116. It is expected that the obtained poly-
(SCC) derivatives are widely used for novel optoelectronics
materials.
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