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ABSTRACT: The well-defined photoresponsive polymethacrylate containing azo chromophofé, joalyloxy-
4'-(6-methacryloxy)hexyloxy-5phenylmethaneone-(2-phenyl)azobenzene (AHMMBAHMA), was prepared

via reversible additiorfragmentation chain transfer (RAFT) polymerization in anisole solution using 2-cyanoprop-
2-yl 1-dithionaphthalate (CPDN) as the RAFT agent and-2z&bis(isobutyronitrile) (AIBN) as an initiator. The
kinetic plots of polymerization were first-order and the molecular weidWitg6cs) of the homopolymer (PAHMA)

with relatively low polydispersity index values (PDis 1.37) increased with monomer conversions throughout
the polymerization processes. Furthermore, the kinetic plots of chain extension with both methyl methacrylate
(MMA) and styrene (St) using the obtained PAHMA as a macro-RAFT agent were also first-ordevl,daes

of the diblock copolymers, PAHMA-PMMA and PAHMA-b-PS, increased with the respective monomer
conversions. These results indicated that most of the PAHMA chains were still “living”. The structure and properties
of the polymers were characterized iy NMR, GPC, and UV~ vis spectra. The photoisomerization of the polymer
was examined. On irradiation with a linearly polarized"Haser beam, the birefringence was induced in the
polymer films to the level of 0.075. With illumination of linearly polarized*Kaser beam at modest intensities
(120 mw/cni), significant surface relief gratings (SRGs) formed on the polymer films were observed.

Introduction copolymerization of 4-vinylazobenzene and styrene using bu-
tyllithium as an initiator resulted in low monomer conversion
rand low molecular weight. Aoshima et #l.reported the
synthesis of copolymers with various types of azobenzene side
groups via living cationic polymerization and studied the
photoresponsive behavior of the obtained copolymers. However,

T ) o : the conditions of anionic and cationic polymerization are
applications in many fields, which include optical data storfge . . o
P Y . b " stringent, such as the need for highly purified reagents and low

liquid crystal displays$,and holographic surface relief gratings. 4 J .
F%r re\%rsible IC;>p)t/ical storagge gnd correlative zfppliggtions, reaction temperature. Fortunately, living fre_e radical po_lym_er-
polarized light has been used to induce reorientation of the ization (LFRP), such as atom transfer radical polymerization

22—-24 i it i i
azobenzene groups through repeated trais photoisomer- ngpr)r’ R AF%EZSreVFr;'blr?Z zdﬁl'zfﬁfri?m;ar;tﬁtlsn bCha'rr]'q
ization and subsequent eitrans relaxation of azobenzene thae Sm%st onular rgz%ogs \f\l/it?] Iesrs)astr?rl: aentaei eer;:rﬁerftal
groups®?® This anisotropic molecular reorientation induces both pop g P

birefringence and dichroism properties changing inthe matéfiafs. conditions. Up to now, ATRP or a comblnat_lon of ATRP
Furthermore, the surface relief gratings (SRGs) can be formed method has been successfully used to synthesize azo polymers

directly on azo polymer films by exposure of the polymer to with We”.'deﬁned str.ucture'é‘.*ef“ Zhao et ap'l'?z reported 'the

the interfering laser beanig:1113The SRGs are stable below preparation of_a series of I|qU|d-cryst_aII|n(_e dlblocl_< or mb.IOCk
the glass transition temperaturdsg) of the polymers and can copolymers with an azobenzene moiety in the S|_de chain. As
be removed by heating samples to tfigs or erased even below thgz other powerful LFRP. methods, the RAFT technique has bgen
their Tgs111415Several models were proposed for the mechanism widely used to synthesize functional polymers because of its
of the surface grating formation, but these are still under high degree of compatibility with a wide range of functl_onal
discussiort18In all cases, the photochemical trarigs—trans monomesrs and good tolerance of water and Ooxygen in the
isomerization cycles of the azo chromophores seemed to pIay;g‘:’]tirgjbg'gr\:vfgeg’rttg(ﬂi ?ﬁ:tsofn?ﬁgggoglzgge,Orllonl]r;\gs\zga}[-he
a key role in the process of large-scale polymer chain migration RAFT ol . pt' thod _th bl kp y | .
that induces the gratings either on the surface or in the btilk. polymerization method. The use or biock COpolymers 1S

. . a simple way to obtain materials with quite different properties

MOSt S'de'Ch‘?"n azo p_olymers were prepared by common free by adjusting amounts of opposing monom&és one of the
radlgal polymerlzatlon with .un(.:ontrolled molecular weights and most versatile techniques, RAFT polymerization has been used
relatively large polydispersity |r21dex values. In order to conquer widely to prepare block copolyme?&.3?
these drawbacks, Solaro et 28lreported that the anionic

In recent years, most of the researches were performed on

donor-acceptor substituted azobenzene, typically amimitro

* Corresponding author: Fax 86-512-65112796; e-mail xlzhu@ substituted140-42 phut less attention was paid to no doror

da.edu.cn. ’ . : .
Sufagghgoﬁnof Chemistry and Chemical Engineering. acceptor substituents azobenzene, as its thermaitreiss

* Institute of Information Optical Engineering. isomerization is relatively low and the maximum absorbance

In recent years, azobenzene-containing polymers (azo poly-
mers) have attracted considerable attention because of thei
unique reversible photoisomerization between the trans-to-cis
isomers of the chromophore, where large changes occur in its
size, shape, and polarib?. Azo polymers have potential
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Scheme 1. Synthetic Routes of AHMA and PAHMA Homopolymet
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a AHMA = 1'-octyloxy-4-(6-methacryloxy)hexyloxy-5phenylmethaneone-(2-phenyl)azobenzene; PAHMApoly{ 1'-octyloxy-4-(6-meth-
acryloxy)hexyloxy-5-phenylmethaneone-(2-phenyl)azobenzeB¥MF = dimethylformamide; TEA= triethylamine; THF= tetrahydrofuran; CPDN
= 2-cyanoprop-2-yl-1-dithionaphthalate; AIBN 2,2-azobis(isobutyronitrile).

shift toward higher energy (shorter wavelength) for the trans
isomer. Here, a new azo monomesattyloxy-4-(6-methacry-
loxy)hexyloxy-5-phenylmethaneone-(2-phenyl) azobenzene
(AHMA; Scheme 1) without doneracceptor substituent was
designed. The AHMA homopolymer (PAHMA) and diblock
copolymers (PAHMAb-PMMA and PAHMA-b-PS) were syn-
thesized with well-controlled molecular weights and low poly-
dispersity index values via RAFT polymerization. The photo-
isomeric behavior and the birefringence of the azo polymer were

in Figure 2. The sample was placed between two crossed polarizers.
The transmitted probe beam (650 nm diode laser) was detected by
a photoelectric cell and connected through an amplifier to a
computer. The other experimental setup for surface relief gratings
(SRGs) fabrication was similar to other groups reported béfére.
linearly polarized Kr laser beam (413.1 nm, 120 mW/énwas

used as the light source. SRGs were optically inscribed on the
polymer films with p-polarized interfering laser beams. The surface
images of the surface relief gratings were probed using atomic force
microscopy (AFM) (NT-MDT SOLVER P47-PRO). The diffraction

measured, and the SRGs were also prepared using the azefficiency of the gratings was monitored by measuring the first-

polymer.

Experimental Section

Characterization. The measured number-average molecular
weight Mycpcs) and polydispersity index values (PDIs) of the
polymers were determined with a Waters 1515 gel permeation
chromatograph (GPC) equipped with a refractive index detector,
with HR1, HR3, and HR4 columns with a molecular weight range
of 100-500 000 and calibrated with poly(methyl methacrylate)

order diffracted beam intensity of an unpolarized low-power diode
laser beam (650 nm) in transmission mode.

Materials. Unless otherwise specified, all chemicals {98)
were purchased from Shanghai Chemical Reagent Co. Ltd. Styrene
(St, 99%) and methyl methacrylate (MMA, 99%) were washed with
a 5% sodium hydroxide aqueous solution and then with deionized
water until neutralization, after being dried with anhydrous
magnesium sulfate overnight, distillated over Gaidder vacuum,
and stored at-18 °C. 2,2-Azobis(isobutyronitrile) (AIBN, 97%)

(PMMA) standard samples. Tetrahydrofuran (THF) was used as Was recrystallized from ethanol twice, dried at room temperature

the eluent at a flow rate of 1.0 mL/min at 3. H nuclear

in vacuum, and stored at18 °C. Anisole (analytical reagent) and

magnetic resonance (NMR) spectra were recorded on Inova 4000h|0l’0f0|’m (analytical reagent) were used after distillation. 2-Ami-

MHz nuclear magnetic resonance instrument with dimethyl sul-
foxide (DMSO4s) or chloroform (CDCJ§) as a solvent and
tetramethylsilane as the internal standard. The-W¢ absorption
spectra of the polymers in chloroform solutions were determined
on a Shimadzu-RF540 spectrophotometer.

The birefringence measurement was produced with a purmip Kr
laser beam (413.1 nm, 20 mW/énpolarized at 4% with respect
to the probe beam polarization. The experimental setup is shown

nobiphenyl (Fluka, 98%), 2-hydroxy-4-(octyloxy)benzophenone

(Acros, 98%), and 1-chloro-6-hydroxyhexane (Acros, 95%) were

used as received. 2-Cyanoprop-2-yl-1-dithionaphthalate (CPDN,
Chart 1) was synthesized according to the method described
previously4® and the purity of it is above 95%.

Monomer Synthesis. 1-Octyloxy-4'-hydroxy-5'-phenylmetha-
neone-(2-phenyl)azobenzene (1R-Aminobiphenyl (5.1 g, 30
mmol) was dissolved in hydrochloric acid (15 mL) and deionized
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Figure 1. *H NMR spectrum of the monomer AHMA in DMS@.. AHMA = 1'-octyloxy-4-(6-methacryloxy)hexyloxy-sphenylmethaneone-

(2-phenyl)azobenzene; AHMA was synthesized as follows: By coupling reaction of 2-hydroxy-4-(octyloxy)benzophenone with diazotized
2-aminobiphenyl, the above product was reacted with 1-chloro-6-hydroxyhexane, and then the obtained compound was reacted with methacryloyl

chloride to obtain the ultimate product AHMA.
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Figure 2. Setup for producing and detecting the birefringence effect
of the sample.
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Chart 1. Chemical Structures of CPDN and AHMA?
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aCPDN = 2-cyanoprop-2-yl-1-dithionaphthalate; AHMA= 1'-
octyloxy-4'-(6-methacryloxy)hexyloxy-gphenylmethaneone-(2-pheny-
lyazobenzene.

AHMA

water (80 mL). The mixture was stirred in an ice bath, and then
sodium nitrite (3.0 g) in 30 mL of deionized water was added
dropwise. The mixture reacted at-8 °C for 30 min and was

filtered. Then, 30 mL of fluoroboric acid was added to the filtrate
in an ice bath, and the yellow precipitate was collected by filtration.
The precipitate was dissolved in 150 mL of cold dimethylformamide

(DMF), and then 2-hydroxy-4-(octyloxy)benzophenone (10.2 g, 32.7
mmol) in cold DMF (80 mL) was added dropwise to this solution.
The mixture was stirred at€6 °C. Subsequently, 15.0 g of sodium
acetate in 80 mL of deionized water was added dropwise carefully,
and a red precipitate was produced. The mixture was further stirred
at room temperature for 1 h. The crude product was purified by
recrystallization from a mixture of ethanol and ethyl acetate (1:1,
vIv). The target product was then obtained as a orange crystal
(12.1 g, 79%). Elemental analysis: C 78.63% (calcd 78.23%), H
6.96% (calcd 6.76%), N 5.45% (calcd 5.53%). NMR (DMSO-
dg): 7.70-7.80 (m, 2H, aromatic), 7.447.57 (m, 5H, aromatic),
7.12-7.41 (m, 8H, aromatic), 6.67 (s, 1H, aromatic), 4.25 (t, 2H,
ArOCH;,—), 2.00 (m, 2H,—OCH,CH,—), 1.31-1.56 (m, 10H,
—CH;—), 0.89 (t, 3H,—CH,CHy).
1'-Octyloxy-4'-hexyloxy-5-phenylmethaneone-(2-phenyl)a-
zobenzene (2). 111.1 g, 22.0 mmol) was dissolved in 150 mL of
DMF. Anhydrous potassium carbonate (7.6 g, 55 mmol) and a
catalytic amount of potassium iodide (3.0 mg) were added. The
mixture was heated to 110C with stirring, and 1-chloro-6-
hydroxyhexane (7.5 g, 55 mmol) was added dropwise to the reaction
mixture; the mixture reacted 24 h at 12G. Then, the reaction
mixture was cooled to room temperature and poured int. of
deionized water. The precipitated was collected by filtration and
purified by silica gel chromatography with a petroleum ether/ethyl
acetate (2:1, v/v) mixture as eluent to yield the final prodares
a red solid (11.3 g, 84%). Elemental analysis: C 76.33% (calcd
76.09%), H 6.99% (calcd 6.76%), N 5.35% (calcd 5.2294)NMR
(DMSO-dg): 7.60-7.63 (m, 6H, aromatic), 7.407.50 (m, 6H,
aromatic), 7.31 (m, 3H, aromatic), 6.91 (s, 1H, aromatic), 4.26 (t,
2H, ArOCH,—), 3.96 (t, 2H, ArOG,—), 3.58 (t, 2H,—CH,OH),
1.97 (t, 2H,—OCH,CH,—), 1.09-1.60 (m, 18H,—CH,—), 0.89
(t, 3H, —CH.CHs3).
1'-Octyloxy-4'-(6-methacryloxy)hexyloxy-5-phenylmethaneone-
(2-phenyl)azobenzene (AHMA) Triethylamine (2.7 g, 27 mmol)
was added to a solution of compou2d10.9 g, 18.0 mmol) in
150 mL of dry tetrahydrofuran (THF). The solution was stirred in
an ice bath, and methacryloyl chloride (2.6 mL, 27 mmol) in dry
THF (10 mL) was added dropwise under an argon atmosphere; the
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mixture was then stirred at room temperature overnight. The
solution was filtered, and the solvent was removed in vacuum. The
crude product was dissolved in chloroform and washed with
deionized water three times and then dried with anhydrous
magnesium sulfate overnight. Finally, the obtained crude product
was purified by recrystallization from ethanol to give a yellow
crystal (8.5 g, 70%). Elemental analysis: C 76.28% (calcd 76.53%),
H 7.58% (calcd 7.47%), N 4.25% (calcd 4.15%).NMR (DMSO-

ds): 7.58-7.64 (m, 6H, aromatic), 7.387.51 (m, 6H, aromatic),
7.30-7.23 (m, 3H, aromatic), 6.91 (s, 1H, aromatic), 6.10 (s, 1H,
CH,=), 5.56 (s, 1H, El,;=), 4.26 (t, 2H, ArO®,—), 4.01-4.07
(m,4H, ArOtH,— and—CH,0CO), 1.94-1.98 (m, 5H;~OCH,CH,—

and (H3;0CO), 1.09-1.60 (m, 18H, —CH,—), 0.89 (t, 3H,
—CH,CH3). The IH NMR spectrum of AHMA is shown in
Figure 1.

RAFT Polymerization of AHMA. The following procedure was
typical: A master batch of AHMA (4.00 g, 5.93 mmol), AIBN
(9.7 mg, 0.059 mmol), and CPDN (48.2 mg, 0.178 mmol) was
dissolved in 25.0 mL of anisole, and 3.00 mL aliquots were placed
in each ampule. The contents were purged with argon-20 min
to eliminate the dissolved oxygen. Then, the ampules were flame-
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Figure 3. Relationships between In([M[M]) and the polymerization
time for the reversible additieffragmentation chain transfer (RAFT)
polymerization of AHMA in anisole at different temperatures. [AHMA]

sealed and placed in an oil bath held by a thermostat at the desiredAIBN] o/[CPDN], = 100/1/3. AIBN = 2,2-Azobis(isobutyronitrile);

temperature to polymerize. At timed intervals, the tube was cooled
in ice water and then opened. The polymers (PAHMA) were
purified by precipitating twice from THF to petrol ether and dried
in a vacuum oven overnight at €. The conversion of polym-
erization was determined gravimetrically.

The macro-RAFT agent was prepared with the similar procedures
above. A round-bottom flask with a stir bar was charged with
AHMA (3.50 g, 5.19 mmol), AIBN (17.7 mg, 0.108 mmol), CPDN
(86.9 mg, 0.320 mmol), and 25.0 mL of anisole. The contents were
purged with argon for~40 min to eliminate oxygen in the reaction

system. The flask was sealed under argon and put in an oil bath at

70°C for 6 h. The polymer was obtained by precipitating into petrol
ether, followed with filtration. It was further purified by precipitating
twice from THF to petrol ether and dried in a vacuum oven
overnight at 5°C. The conversion of monomer was determined
gravimetrically (yield: 64.7%Mycpcy= 6200 g/mol and PD#
1.20).

Chain Extension with PAHMA as a Macro-RAFT Agent. The
RAFT block copolymerizations of MMA and St were carried out
with the same procedure of RAFT polymerization of AHMA, except
that CPDN was substituted by PAHMA obtained from the RAFT
polymerization of AHMA.

Preparation of the Polymer Film. A polymer solution was
obtained by solving the homopolymer (PAHMA) in THF with
concentration of 0.1 g/mL. Thin film sample of homopolymer was
prepared by spin-coating about BD of the polymer solution onto
clean glass slide at 1500 rpm. The thickness of the film was
controlled to be about 1.0m. After dried under vacuum for 24 h
to drive off residual solvent, the film was stored in a desiccator for
further study.

Results and Discussion

RAFT Polymerization of AHMA. The RAFT polymeriza-
tion of AHMA was carried out using CPDN as the RAFT agent
and AIBN as the initiator in anisole solution. The effect of the
polymerization temperature on the RAFT polymerization of

CPDN= 2-cyanoprop-2-yl-1-dithionaphthalate; AHMA 1'-octyloxy-
4'-(6-methacryloxy)hexyloxy-sphenylmethaneone-(2-phenyl)azoben-
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Figure 4. Evolution of Mygpcyand PDI with monomer conversion
for the reversible additionfragmentation chain transfer (RAFT)
polymerization of AHMA in anisole solution at different temperatures.
Polymerization conditions are the same as in FiguréVidcec) =
number-average molecular weight determined by gel permeation
chromatograph; PDE polydispersity index value; AHMA= 1'-
octyloxy-4-(6-methacryloxy)hexyloxy-sphenylmethaneone-(2-pheny-
l)azobenzene.

The inhibition period observed in the RAFT polymerization may
be related to the slow reinitiation of the initiating and leaving
group radicals during the period of consumption of the initial
RAFT agent?8.4445

Figure 4 shows the dependence of Mgcpcs and PDIs on

AHMA was investigated, and the results are presented in Figuresthe monomer conversions. T cpcs increased linearly with

3 and 4. As shown in Figure 3, the corresponding plots of In- increasing monomer conversion, which was consistent with the
(IM]o/[M]) vs the polymerization time were linear at 60 and polymerization proceeding in a controlled fashion. However,
70°C, respectively, which indicated that the propagating radical the M,pcs were slightly higher than the theoretical values in
concentrations were almost constant during the processes of thgpe early stage of the polymerization and lower than the

polymerization. As shown in Figure 3, the polymerization rate heoretical values at relatively high conversions. The theoretical
of AHMA at 70 °C was faster than that at 6C, which could molecular weight M) was calculated as follows:

be attributed to the decomposition rate of AIBN, and the rates
of propagation, addition, and fragmentation of the RAFT M
intermediates were all increased at higher temperature. There
was an obvious inhibition period lasting up  h at 60°C.

n(th) — ([AHMA] /[CPDN]y) x MW ppya X
conversior- MW cppy
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Figure 5. *H NMR spectrum of PAHMA in CDJ solvent. Mnerc)= 5100 g/mol, PDE 1.16). PAHMA= poly{ 1'-octyloxy-4-(6-methacryloxy)-
hexyloxy-8-phenylmethaneone-(2-phenyl)azobenzene

where [AHMA], and [CPDN} are the initial concentration of  Figure 6, both kinetic plots were first-order until 86.6%
AHMA and CPDN, respectively, and M¥vya and MWeppn conversion of MMA and 39.5% conversion of St, respectively.
are the molecular weight of AHMA and CPDN, respectively. In the case of St, the polymerization rate decreased significantly
At the beginning of the polymerization, some positive deviation when conversion was higher than 40%. A similar phenomenon
of Mnrcs from the theoretical valued/gens) may be due to  was also observed in reference using macro-RAFT agent to
the incomplete usage of RAFT agent. And at high monomer polymerize other monomé?. Figure 7 shows that the corre-
conversions, some negative deviation may be due to some S'd%pondingMn(Gpc§ increased linearly with increasing monomer
reactions of the initiator or initiator-derived radicals with the onversions. The PDIs of the two diblock copolymers of
RAFT agent2.7’46 On the other hand, the GPC standard calibra- PAHMA-b-PMMA and PAHMA©-PS were less than 1.47 and
tion samples of PMMA may be an other cause of some j 3g yagpactively, which were relatively higher than that of the
dewauons_from the theoret|_cal values. '_I'he PDIs of the polymers macro-RAFT agent (PD 1.20). This was contributed to the
were relatively low up to high conversions in all cases (BDI combination effects of homopolymerization of second monomer

1.37). : . ; .
- GroupAnayis Figure  shows i N specium €345 POTT 8 10 e exited e et AT s
of the PAHMA. The characteristic signals corresponding to the ( . 9
curves, Figures 8 and 9).

phenyl protons of the azobenzene group were observed from
6.20 to 7.85 ppm. The peaks at 8.14 ppm (a) corresponded to The successful RAFT block copolymerization of MMA and
partial of the aromatic protons (a) in CPDN units, which proved St using PAHMA as a macro-RAFT agent showed “living”/
that the RAFT agent was attached on the end of the polymer controlled way, and these results implied that most of the
chain. The other characteristic signals of the aromatic protons PAHMA chains were still “living”. As the result, RAFT

in CPDN units were overlapped by the signals of phenyl protons polymerization method may be served as an effective method

of the polymer. The singals at 3.79 ppm should be assigned oty prepare azo block copolymers from an azo macro-RAFT
the methylene group 6fCH,—O— in the side chain. The peaks  ggent,

from 0.90 to 2.20 ppm were attributed to other methylene group ) o ) )
and methyl groups. Photoisomerization. The UV—vis absorption spectrum of

Preparation of Block Copolymers.According to the RAFT ~ the azo polymer will change when the configuration changes
mechanism, the obtained PAHMA could be used as a macro-from trans to cis upon irradiatiol. To investigate this character
RAFT agent to prepare different well-defined block copolymers. of the PAHMA, the UV-vis spectra of PAHMA in chloroform
In this work, MMA and St were used as the monomers of chain were characterized. As shown in Figure 10, the polymer
extension, respectively. The block copolymerizations of MMA exhibited two strong absorption peaks. The first peak at 245
and St were carried out in anisole using PAHMA as the macro- nm appearing in the shorter wavelength region corresponded
RAFT agent and AIBN as the initiator at 7€. As shown in to the absorption of the phenyl moiety, and the second peak at
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Figure 6. Relationships between In([M]M]) and the polymerization
time for the reversible additierfragmentation chain transfer (RAFT)
block copolymerization of MMA and St in anisole with AIBN as
initiator using PAHMA as the macro-RAFT agent. Polymerization
conditions: [MMAJJ/[AIBN] o/[PAHMA], = 1000/1/3, MMA/anisole
(viv) = 1/1, 70°C and [St}/[AIBN] o/[PAHMA] o = 800/1/3, St/anisole
(viv) = 1/1, 70°C. MMA = methyl methacrylate; St styrene; AIBN

= 2,2-azobis(isobutyronitrile); PAHMA= poly{1'-octyloxy-4-(6-
methacryloxy)hexyloxy-5phenylmethaneone-(2-phenyl)azoben-
zend; RAFT = reversible additiorfragmentation chain transfer;
Mnerc)y = number-average molecular weight determined by gel
permeation chromatograph; PBH polydispersity index value.
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Figure 7. Evolution of Myepcyand PDI with monomer conversion
for the reversible additionfragmentation chain transfer (RAFT) block
copolymerization of MMA and St with AIBN as initiator in anisole
using PAHMA as a macro-RAFT agent. Polymerization conditions are
same as in Figure 8M,cpc) = nhumber-average molecular weight
determined by gel permeation chromatograph; RDpolydispersity
index value; MMA = methyl methacrylate; St styrene; AIBN=
2,2-azobis(isobutyronitrile); PAHMA= poly{ 1'-octyloxy-4-(6-meth-
acryloxy)hexyloxy-5-phenylmethaneone-(2-phenyl)azobenzene
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c 25100 1.35
d 31400  1.46
e 36800 147
f 40630  1.46
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Figure 8. GPC trace for PAHMAB-PMMA for chain extension using
PAHMA as macro-RAFT agent. PAHMA= poly{ 1'-octyloxy-4-(6-
methacryloxy)hexyloxy-5phenylmethaneone-(2-phenyl)azoben-
zend; MMA = poly(methyl methacrylate); RAFF reverse addition
fragmentation chain transfer.

PAHMA-b-PS

Macro-RAFT

agent M, Gpg) PDI
a 6100 1.20
b 14300 1.33
c 17600 1.36
d 19300 1.35
e 21900 1.36
f 22530

Retention Time (min)

Figure 9. GPC trace for PAHMAB-PS for chain extension using
PAHMA as macro-RAFT agent. PAHMA= poly{ 1'-octyloxy-4-(6-
methacryloxy)hexyloxy-5phenylmethaneone-(2-phenyl)azoben-
zend; St= poly(styrene); RAFT= reversible addition-fragmentation
chain transfer.

somerization. The proportion of isomerization at the photosta-
tionary state was estimated with the equation 290{ A)/Aq
(%), whereAy; and A; are the absorptions at the maximum
wavelength of 375 nm before and after irradiation, respectively.
The cis content was about 34% in the photostationary state,
and the low cis content may be due to the relatively slow thermal
cis—trans isomerization rate.

Photoinduced Birefringence.With the presence of substi-

about 375 nm was attributed to the absorption of the azo moiety tuted azobenzene chromophores, the PAHMA was highly
in the side chains of polymer; the trans form of the azo sensitive to the polarization of the actinic light and become
chromophore in PAHMA changed to the cis form after being anisotropic when irradiated with a linearly polarized light. This
irradiated with 364 nm UV light. The top curve (a) corresponded was a consequence of the polarization sensitive rodiies

to the spectrum before irradiation; therefore, all the azo azobenzene chromophorésAfter irradiation with a linearly
chromophores were almost in the trans state. Upon irradiation polarized light, the azobenzene groups undergo a treiss

at 364 nm, the absorbance at 460 nm corresponding to-th#
transition (cis state) increased with the irradiation time, while
the absorbance at 375 nm corresponding totthe* transition
(trans state) decreased with irradiation tifRelhe photosta-
tionary state was obtained after irradiation for 240 s photoi-

photoisomerization followed by an angular reorientation of the
chromophore in a perpendicular direction with respect to the
incident polarization. A typical writingerasing curve of

optically induced and subsequently eliminated birefringence for
PAHMA sample at room temperature is presented in Figure
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o Figure 12. Diffraction efficiency of the surface relief gratings inscribed
on the PAHMA film as a function of irradiation time. The PAHMA
polymer used is the same as present in Figure 10.
z N about 0.075. At point B, when the excitation beam was turned
oL off, about 60% of the photoinduced birefringence was lost
quickly and stabilized at about 0.03. This change in relaxation
level must be attributed mainly to motion arising from heat
o dissipation. As PAHMA is not the donemcceptor substituted
200 300 400 500 600 azo polymer, the thermal cidrans isomerization rate is much
A (nm) slower. The cis-trans isomerization plays a less significant

Figure 10. Changes in the U¥vis absorption spectra of PAHMA impact on the decrease of birefrin.ge.ﬁ'eeimila.r to amorphpus
(Mnpc) = 10 200 g/mol, PDI= 1.22) during the irradiation (with azobenzene polymers, the remaining photoinduced anisotropy
364 nm UV light) in chloroform. The irradiation times are (a) 0, can be erased when a circularly polarized excitation beam was
(b) 5, (c) 15, (d) 40, (e) 90, and (f) 240 s. [PAHMAF 3.4 x 10° turned on at point C. The effect of circularly polarized light

g/mL in chloroform). PAHMA = poly{ 1-octyloxy-4-(6-methacry- was to randomize back the orientation of the azobenzene groups.
loxy)hexyloxy-B-phenylmethaneone-(2-phenyl)azobenzeicrc)= Th le betw the birefri inducti laxati
number-average molecular weight determined by gel permeation '€ CYyCle Detween the bireiringence induction, relaxation,

chromatograph; PDE polydispersity index value. and erasure can be repeated in the same manner with the same
level of birefringence at the same rate. The behavior was very
0.08 b B similar to that of the doneracceptor substituted azobenzene
Mj polymers.
0.06 Photoinduced Surface Relief GratingsFor optical storage
S properties, creation of local holographic gratings is very
§g important, and it is customary to report the diffraction efficien-
B 004 c c cies achieved on various materid!lsSRGs can easily be
el I i inscribed by a single-step all-optical process, in contrast to other
g ‘/A “ methods such as chemical etching or photoresist processing.
B 0.02 A The photofabrication of the SRGs was performed on spin-coated
\ thin films of the PAHMA with a thickness of aboutdm. Using
suitable wave plates, these two beams which were orthogonally
0 . polarized will be two p-polarized and used to produce the
0 150 300 450 ! . . .
Time (s) interference pattern on the polymer films. Relatively low light
Figure 11. Typical behavior of the photoinduced birefringence for 'ntens'_ty (120 mw/cr®) was used to write the grat!ngs ',n order
PAHMA at room temperature: A= writing laser is turned on, B= to avoid the sample damage and the other possible side effects

writing laser is turned off, and G= erasing laser is turned on. The caused by high-intensity laser irradiation.
PAHMA polymer used is the same as present in Figure 10. . . .
The rates of gratings formation can be probed by measuring
11. Before irradiation, no optical anisotropy was observed the first-order diffraction efficiency of the SRGs during the
because of the homogeneously random alignment of the gratings inscription proces$s.After 500 s irradiation at room
azobenzene chromophores. The birefringence was inducedemperature, SRGs were saturated. A plot of the diffraction
immediately under irradiation with a linearly polarized UV laser efficiency with respect to the exposure time is shown in Figure
as the result of the alignment of the azo chromophores 12. Diffraction efficiency of about 1% was obtained in 500 s.
perpendicular to the laser polarization occurred on account of The resultant surface peak-to-trough modulation has been
the trans-cis—trans isomerization of azo moieties. At point A, characterized by AFM. The results are presented in Figures 13.
the linearly polarized writing laser beam at 413.1 nm light (20 A regularly spaced sinusoidal pattern can be seen in the plane
mW/cn¥) was engaged, and the photoinduced birefringence wasand three-dimensional images. The spacing of the gratings was
induced quickly and stabilized after about 35 s. The maximum measured to be 0.6m, and the depth was 6 nm. The depth
values of the photoinduced birefringence for sample reachedcan be adjusted by the irradiation energy. The spatial period



4816 Zhang et al.

H.

,,‘ (1)

pm

4 &£ B 10 12 14 16 18 20

0 2 A4 6 8 10 12 14 16 18 20
M

Hm 0
Figure 13. The (1) plane and (2) three-dimensional views of the
photoinduced surface relief gratings.

depends on both the wavelendttof the writing beam and the
angled between the two interfering beams. Compared with other
donor-acceptor substituted photoinduced azo SR@%21the
diffraction efficiency was relatively low and similar to that of
no donor-acceptor substituted azobenzene polyriérs.

Conclusions

The RAFT polymerization of azo monomer, AHMA, was
successfully carried out using CPDN as RAFT agent and AIBN
as the initiator in anisole. The polymerization showed typical
“living”/controlled free radical polymerization behaviors. Most
of the PAHMA macro-RAFT agents were still “living”, and
PAHMA-b-PMMA and PAHMA-b-PS diblock copolymers were

also successfully synthesized using PAHMA as the macro-

RAFT agent. The PAHMA in chloroform solution exhibited
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