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Graphical Abstract

Synthesis, Characterization and Visible Light Activated Fluor escence of

Azo Caged Aggregation-induced Emission Polymers

Bing Wu, Jigjia Shen, Wei Wang, Tianhao Xue and Y aning He*

Visible light activated fluorescence of imidazole-type azo caged aggregation-induced
emission polymers was reported. The effect of azo contents on fluorescence intensity was
studied, which revealed that only a small amount of imidazole-type azo groups could totally
cage the strong AIE fluorescence of the polymers. Irradiated with visible light, azo
chromophores could be photo bleached, leading to remarkable recovery of the blue

fluorescence. Fluorescent patterns have been easily fabricated.
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Abstract

Tetraphenylethylene (TPE) based aggregation-indueetission (AIE) polymers

containing different degrees of functionalizationf g@hotobleachable azo

chromophores were developed and their photophyprcgierties were explored. The
synthesized epoxy monomer derived from TPE coretedawith aniline to give the

precursor polymer, which confirmed typical AIE caeteristics. Then through a
post-polymerization azo-coupling scheme, variousmtets of 2-phenylazo-4,

5-dicyanoimidazole groups were readily introducedoithe TPE based epoxy
precusor polymer. Experimental results suggestatldhly a small amount of such
imidazole-type azo component could totally cageitibense AIE fluorescence of the
whole polymer due to the fluorescence resonanceggngansfer process. By

exposure to visible light (450 nm), azo units cobkl photo bleached notably, thus

resulting in dramatic recovery of the blue fluoeste. Depending on this, visible
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light induced fluorescent patterns were easilyitabed and erased, indicating that the
prepared azo caged AIE Polymers could be promisicendidates for
anti-counterfeiting and optical information storage

Keywords. Aggregation-induced emission; Azo caged; Tetrapleghylene;

Visible light; Fluorescent polymer

1 Introduction

In recent years, stimuli-responsive caged fluomngsagstems, whose emission is
guenched by a quencher and recovers upon cleavatlpe guencher under certain
stimuli, have attracted considerable attentiontli@ir promising prospect in sensors,
optical recording devices, etc [1-4]. Anyway, ttamhal fluorescent compounds
generally suffer from the aggregation-caused quegch(ACQ) problem in
aggregated or solid state. In 2001, Tang's groupp@sed aggregation-induced
emission (AIE) first to address this thorny issiegding to new insights into the
development of organic luminophores [5-16]. DueAl&gens’ good photostability
and high photobleaching resistance in aggregataig,staged AIE materials with
stimuli-responsive strategies have been extensieggrted, which can be employed
in numerous applications ranging from chemical s@ngo bioprobes and so on
[17-20]. Among diverse stimulus techniques, lightrécognized to enjoy plenty of
unique advantages. For example, it is exceptionadtigvenient for light to adjust
irradiating position, intensity, beginning and erglitime as well as specific

wavelengths. However, photoactivatable AIE systamesstill rare. Tang et al. have
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investigated a new caged fluorophore obtained mnecting a tetraphenylethylene
(TPE) derivative and a 2-nitrobenzyl group [21].eTkbaged compound can be
photoactivated and induced to emit strong cyanrélscence by ultraviolet (UV)
exposure. Anyhow, UV light has very high energy,icihcan be damaging to
organisms and result in degradation for scores adromolecules. To utilize lower
energy light resource such as visible light will @emuch better choice [22]. In
particular, for the caged AIE compound, one fluoees unit will be often linked with
one quencher, thus the fluorescence resonanceyemangfer process can take place
well. However, one quencher may quench more thanflorescent group. In terms
of this point, the caged AIE polymer may manifesttér sensitivity to the stimuli.
Furthermore, AIE polymers hold much more advantaggwactical applications for
their simple fabrication of large area films. THere, facile construction of
photoactivatable AIE polymers responding to visilmét is reasonably important but
scarce.

Azo chromophores have been well known for their tpimluced reversible
isomerization upon irradiation with light at appriape wavelength, which promises
potential in varying areas such as biological imggiphotoswitching, and many
others [23-31]. Besides photochromic behaviours, @romophores also have been
used as non-fluorescent energy acceptors, which efficiently quench the
fluorescence of the system. We have found that gitbops could be effectively
bleached by enzyme or chemical reductant [32-3dlising great changes of both

ultraviolet-visible (UV-vis) absorption spectra afidorescence emission spectra. In
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addition to the above biological or chemical methsmime kind of azo chromophore
has shown photobleachable performance with vigdighe actually [35]. On the basis
of this, a class of visible light triggered AIE-&&t polymers with various
photobleachable azo chromophore contents was synéiteand fully characterized in
this work. TPE was implemented as the fluorescaeiitlimg block in the backbone of
epoxy based polymers owing to brief synthesis gtoces and easy modifications.
Imidazole-type azo chromophores were chosen as oguenching and
photobleaching sites. The photophysical propexieszo caged AIE polymers were
sufficiently discussed. Upon irradiation with thghit at the wavelength of 450 nm,
the absorption band appearing in the visible rggsg at 466 nm) ascribed to the

n* electron transition of azo chromophores decreaséideably, which was caused by
photobleaching without any addition of externalugdg agents. Simultaneously, the
fluorescent emission of the polymer increased $haRurthermore, the fluorescent
pattern on the spin-coated film of the preparedaaged AIE polymer was fabricated
and erased by exposure to visible light convenyenthich might be exploited in
anti-counterfeiting and optical information storage

2 Experimental Section

2.1 Materials and characterization

The purification of tetrahydrofuran (THF) was acgiished by distillation with
metal sodium and benzophenone under argon atmaesgh@r to use. Ultrapure
water with resistivity > 18 Ii®-cm was used in the experiments, which was obtained

from a Milli-Q water purification system. All othesolvents and starting materials
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were of analytical grade and purchased from comiadesources, which were directly
used without additional purification.

'H NMR and**C NMR spectra were conducted with a JEOL JNM-ECA 6MR
spectrometer by using deuterated chloroform (GPQIr deuterated dimethyl
sulfoxide (DMSO-@) as the solvent and tetramethylsilane as thenatestandard.
UV-vis absorption spectra were determined by usiag Agilent 8453
spectrophotometer. Fourier transform infrared (HTikeasurements were conducted
using an IRTracer-100 spectromefShimadzu). Fluorescence emission spectra were
measured on a Hitachi F-7000 fluorescence speattopteter. The weight-average
molecular weight (M), the number-average molecular weight,\Mind relative
molecular mass distribution (MWD) were determined @ gel permeation
chromatography (GPC) apparatus with THF as elueatftow rate of 1.0 mimin™.
Equipped with a refractive index detector and ditteith a PL gel 5 mm mixed-D
column, the instrument was calibrated by usingdinpolystyrene (PS) standards.
Photoirradiation (450 nm) was performed on a lednhgusystem (IWATA UV-101D)
and the formed pattern was observed with a 365 Mridthp. The intensity of 450
nm visible light is about 150 and 500 MY for the photobleaching of TPE-1Z-DC
with a DF of 2.5% and 38%, respectively. Mass spedata were recorded on a
LCMS-IT/TOF (Shimadzu).Laser light scattering (LLS) measurements were
performed on an ALV/DLS/SLS-5022F spectrometer wéthmulti< digital time
correlator (ALV/LSE-5003) and a 17 mW solid-stadsdr £ = 632 nm) as the light

source.
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2.2 Synthesis of PE-20H

To a solution of 4-hydroxybenzophenone (3.97 g2 0rl) in dry THF (80 mL) was
added Zn dust (7.85 g, 0.12 mol). The mixture waeed vigorously for a quarter of
an hour to cool to °C. Into the above mixture was dropwise added fitani
tetrachloride (6.6 mL, 0.06 mol) and stirred inie@ water bath for 1 hour. Then it
was gradually heated to reflux under argon atmasgploe 24 hours. The reaction was
allowed to be cooled to room temperature and quehetith 10% KCO; aqueous
solution and the newly formed precipitate was reatbvlhe residue was extracted
three times with 100 ml Ci&l,, dried, filtered. After all of the solvent GEI, has
been evaporated under reduced pressure, the fangsict was further purified by
silica-gel column chromatography (300-400 meshemiethyl acetate / petroleum
ether 1:2 vol). White solid in 53% yieltHd NMR (600 MHz, CDC}), § (TMS, ppm):
7.13-6.98 (m, 10H), 6.91-6.85 (m, 4H), 6.59-6.54, @#hl). °C NMR (150 MHz,
CDCl), 8 (TMS, ppm): 154.03, 144.28, 144.17, 139.82, 139B86.79, 136.71,
132.87, 132.85, 131.51, 131.50, 127.82, 127.72,382814.79, 114.71. MS(ESI) m/z:
[M-H] " calcd GeH200, 363.1391, found 363.1387.

2.3 Synthesis of PE-2EP

A mixture of TPE-20H (1 g, 2.74 mmol), epichlorohydrin (5.07 g, 54.8 atfprand
isopropyl alcohol (35 ml) was sequentially addedoirlO0 mL three-necked
round-bottom flask equipped with a magnetic stiaed refluxed. Then 3.5 ml 20%
sodium hydroxide aqueous solution was dropwise Gdue the mixture over half an

hour. The reaction mixture stirred at reflux tengbere under argon atmosphere for 5
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hours. After cooling to room temperature, the nm&twas poured into chloroform and
thoroughly washed with ultrapure water till neutsal The combined organic layer
was dried over magnesium sulfate, filtered, andrdfibrm was removed by rotatory
evaporation under reduced pressure. The obtainete groduct was further purified
by column chromatography over silica gel (300-408sh) using ethyl acetate /
petroleum ether (1:3 vol) as eluent. Yellow solid34% yield.*H NMR (600 MHz,
CDCL), 5 (TMS, ppm): 7.12-7.07 (m, 6H), 7.03-7.01 (m, 418)92-6.90 (m, 4H),
6.64-6.63 (m, 4H), 4.14-4.11 (m, 2H), 3.89-3.87 (&H), 3.32-3.30 (m, 2H),
2.89-2.87 (t, J = 4.2 Hz, 2H), 2.73-2.71 (m, 2C NMR (150 MHz, CDG)), 5
(TMS, ppm): 156.98, 144.22, 139.83, 137.00, 132169,48, 127.83, 126.39, 113.81,
68.67, 50.21, 44.91. MS(ESI) m/z: [M] calcdB2s0, 476.1982, found 476.1928.
2.4 Synthesis of PE-AN

A mixture of TPE-2EP (1 g, 2.10 mmol) and phenylamine (0.1955 g, 2.18oih was
added into 10 mL Schlenk flask equipped with a netigrstirrer. After degassing and
recharging with argon, the solid was heated toused at 156C and kept one hour.
Subsequently, the reaction mixture was heated @t°@lby stirring for another 24
hours. After the completion of the reaction, theuteng crude product was dissolved
into a minimal amount of dimethyformamide (DMF) atiien precipitated with
excess petroleum ether to remove the unrea€fd-2EP and phenylamine. The
product was isolated by filtration, vacuum dried6&C over 24 hours for the use in
further post-polymerization azo-coupling scheme.it&/lpowder in 78% yieldH

NMR (600 MHz, DMSO-g), 8 (TMS, ppm): 7.12-7.08 (m, 8H), 6.97-6.93 (m, 4H),
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6.86-6.82 (m, 4H), 6.71-6.67 (m, 6H), 6.59-6.51 {iH), 5.33 (m, 1H), 5.15 (m, 1H),
4.01 (m, 2H), 3.83 (m, 4H), 3.68-3.66 (m, 1H), 33553 (m, 1H), 3.43-3.40 (m, 1H),
3.30-3.27 (m, 1H). GPC: M= 13000 gmol%; M,, = 25700 gmol™’; MWD = 1.98.

2.5 Synthesis of typical azo polym@8rBE-1Z-DC

A series of azo polymer§PE-IZ-DC with different degrees of functionalization of
azo chromophores were synthesized through a pdghpadzation azo-coupling
scheme. The brief procedures are as follows. To alutisn of
2-amino-4,5-imidazoledicarbonitrile (0.319 g, 2.4p1) and 9 mL glacial acetic acid
was dropwise added 0.9 mL concentrated sulfurid ati0°C. Then into the above
white mixture was dropwise added sodium nitrit18. g, 3.12 mmol) in 0.9 mL of
water to give diazonium salts of 2-amino-4,5-imlagicarbonitrile. A mixture of
TPE-AN (100 mg) and 5 mL DMF was added into 25 mL rounttdm flask
equipped with a magnetic stirrer and cooled €0 ANnd then, a certain amount of
diazonium salts was added dropwise into the abbWE-AN solution while the
temperature was maintained &@ The colourless solution turned to red immedyatel
After being vigorously stirred overnight, the misguvas poured into excess saturated
brine. The pure produdiPE-1Z-DC with specific azo content was filtered, vacuum
dried at 70°C for 24 hours.

2.6 Preparation of thEPE-1Z-DC film

The substrates (quartz glass slides) were ultreatyicleaned in sodium hydroxide
concentrated solution, ultrapure water and acetsmegessively. And then they were

dried at 70°C prior to use. A homogeneous solutionTd?E-1Z-DC (50 mg) and



177 DMF (0.5 mL) was filtered with 0.2%um filter. After that, it was spin-coated onto
178  substrates with a spin speed of 1500 rpm, folloimeadacuum drying at 68C for 24
179  hours.

180 2.7 Visible light response of thEPE-1Z-DC film and fluorescent pattern
181 fabrication

182 TPE-1Z-DC films were vertically exposed to visible light @5nm) at room
183  temperature to investigate the visible light regmavery thirty minutes with UV-vis
184  absorption spectrophotometer and fluorescence mmigshotometer. Fluorescent
185  patterns on the spin-coating films were fabricabgdrradiating with the same light
186  source for 150 minutes through a photomask. Fleeres images of the above
187  patterns were recorded under a 365 nm UV lamp.

188 3 Resultsand Discussion

189 3.1 Synthesis of azo caged AIE polymé&RE-1Z-DC

190 A set of visible light triggered AIE polymefBPE-1Z-DC containing different mole
191 fractions of azo groups was achieved and the siiotlmeute of target polymers
192 TPE-I1Z-DC was llustrated in Scheme 1. According to the muolar design,
193  synthesis of azo caged polymdar®E-1Z-DC was facile with a four-step synthetic
194 approach. 1,2-bis(4-hydroxyphenyl)-1,2-diphenylathe (TPE-20H), an iconic
195  AlEgen, was in a one-step preparation starting fdehydroxybenzophenone through
196 a McMurry coupling reaction. The TPE based epoxypound TPE-2EP) was
197 prepared by incorporating epoxy groups int®E-20H. Then synthesis of the

198  precursor polymerTPE-AN was done by the polycondensation of difunctional
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epoxide and phenylamine monomers at relatively temperature. The molecular
weight and molecular weight distribution of the ear polymerTPE-AN were
determined by GPC method and satisfying resultseweesented in Fig.S7. The
number-average molecular weight and relative mddecmass distribution of the
precursor polymefl PE-AN were 13000 gnol™* and 1.98, respectively. Finally, the
target polymers TPE-1Z-DC were synthesized by the post-polymerization
azo-coupling reaction between polymePE-AN and diazonium salts. The reaction
proceeded efficiently as expected and the finaldpets TPE-1Z-DC displayed
glorious solubility in common organic solvents. fhar details could be found in the
Experimental Section and Supporting Information.

'H NMR and *C NMR spectra suggested successful synthesis ofoatipounds,
which were included in the Supporting InformatidfigtS1 - 6). As could be seen
from *H NMR spectra of TPE-AN and TPE-1Z-DC (Fig.S5 and Fig.S6), the
incorporation of 2-phenylazo-4, 5-dicyanoimidazglarts has been identified by
combining information as follows. First, peak aredsprotons at para-position of
anilino groups whose chemical shifts are around @am relatively reduced in the
whole low magnetic field corresponding to all ardimaings. Second, the signal
newly appeared at 7.75 ppm was attributed to bendegrotons at meta positions of
amino segments, which was caused by formationeatren-withdrawing azo groups.
We defined that degrees of functionalization (D&sazo chromophores were molar
ratios between 2-phenylazo-4, 5-dicyanoimidazotaugs in the final polymer chain
and anilino pendants of the precursor polyMmBE-AN. Benefiting from efficient azo

10



221 coupling reaction, DFs could be controlled by sthecsuitable amount of diazonium
222 salts. The DFs have been estimated frdtnNMR by comparing peak areas of

223  protons of azo units and the others in the arommagmon.

SUear N @rw
2 TiCl,
2 Q vy e
OH HO W/\o
TPE-20H TPE-2EP
0\)\% +
DU
NH, | N7 N-H
A
%N/\/\O O O N N

OH

TPE-AN

@M
@/Mﬂ”

%N/\ﬁo N N
224 TPE-IZ-DC NC CN

225 Scheme 1. Synthetic route of azo caged AIE polymers TPE-IZ-DC.

226 3.2 AIE effect of the precursor polymeéPE-AN

227  To explore AIE activity of the precursor polym&PE-AN, fluorescence emission
228  spectra were recorded in different ratios of w&btF mixtures (Fig.1a). DMF was
229 selected as the good solvent becali®-AN could be resolved adequately and
230 soluble with the poor solvent water at any proportiWhen a little water was added
231 to the DMF solution off PE-AN (water proportion is lower than 10%), it was not

232 emissive. The two spectra (0% and 10%) seemed @olapy each other. With

11



233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

increasing the water percentage to 40%, blue feomece sharply enhanced, which
resulted from vast aggregation formation. Aftertthlae maximum intensity remained
the same. The depict changes in fluorescencevelptak intensity (I§) were shown

in Fig.1b. The relative intensity ratio (water cemis are 90% and 0%, respectively)
was as high as 155, thus testifying its AIE natdmethe light of the restriction of
intramolecular motion (RIM) mechanism, aggregatéshypdrophobic fluorescent
materials were increased with increasing poor sulveater. The aggregation of the
polymer was confirmed by Tyndall phenomenon and.lAsSwater content was 90%,
an obvious Tyndall phenomenon emerged (Fig.S8) pemimg with that in pure DMF.
LLS results also confirmed the formation DPE-AN aggregates (Fig.S9). As water
content reach 98%, suspended solids were seenlyishs a result,TPE-AN could
be highly emissive in the aggregated state withimam emission wavelength of 472
nm. Similar results were also found in the solid filth DPE-AN (Fig.S10). The
intense emission of the film also exhibited typi¢sdlE feature. In addition, the

blueshift of emission peak position from aggregabethe solid film was about 5 nm.

12
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250 Fig. 1. (a) Changes in fluorescence emission spectra of dilute solutions of TPE-AN in water-DMF mixtures with different water fractions.
251 (b) Correlation between the relative emission peak intensity (I/lp) at 472 nm of TPE-AN in water-DMF mixtures and water percentage.

252 Concentration of TPE-AN: 0.01 mg/mL; excitation wavelength: 340 nm.

253 3.3 The relationship between absorption intensityT BE-1Z-DC and
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DFs

Besides fluorescence spectrometry, UV-vis absamptspectra of the polymer
TPE-AN was also recorded to study its optical propertgrrasponding to
TPE-1Z-DC with 0% DF, the black line in Fig.2a. No absorptijpeaks appeared in
the visible region follf PE-AN. For imidazole-containing polymeifdPE-I Z-DC with
other DFs, they exhibited significant absorptiongiag from 370 nm to 600 nm in
line with expectations, which also confirmed th&aduction of heteroaromatic azo
moieties into polymer chains of PE-AN successfully. The absorption maxima
appearing at 466 nm resulted franx* electron transition of pseudo-stilbene type azo
chromophores. Fig.2b showed that the absorptionimeaxof TPE-IZ-DC in

water-DMF mixtures with 90% water fraction incredsgth the DFs.

(@)

0.4
0%
—2.5%

0.3 - _— 1 1 (VO
- —18%
g —38%
8 o024
C
@©
Ke]
e
[@]
[72]
Ke]
< 0.1

0.0

T u T L T ) T
350 450 550 650

Wavelength (nm)

14



266

267

268

269

270

271

272

273

274

275

276

277

278

279

—_
T
~

1.0 H

0.8 +

0.6 1

0.4

0.2 1

Relative absorbance peak intensity (a.u.)

0.0

DF (%)

Fig. 2. (@) Changes in UV-vis absorption spectra of dilute solutions of TPE-1Z-DC with different DFs in water-DMF mixtures (90% water
fraction). (b) Correlation between the relative absorption peak intensity (I/lo) at 466 nm of TPE-1Z-DC and DFs in water-DMF mixtures

(90% water fraction). Concentration of TPE-1Z-DC: 0.01 mg/mL.

3.4 Fluorescence quenching effecTéfE-1Z-DC

Since the absorption band of azo units almost @avall of emission region of TPE
components proved in Fig.S11, fluorescence res@anergy transfer process would
work and fluorescence of the polymeéeF$E-1Z-DC would be faded (Fig.3a). To

verify the quenching efficiency, the influence ofoacontents on fluorescence
intensity was investigated. Fig.3b gives the cuwfeelative emission peak intensity
at 472 nm of azo-containing polymér®E-1Z-DC in water-DMF mixtures with 90%

water fraction vs. DFs. It turned out as expected the maximum value of emission
intensity apparently decreased almost one ordemadnitude by only 2.5% azo

contents, implying excellent quenching efficienéyloorescence.
15
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283 water fraction). (b) Correlation between the relative emission peak intensity (I/lp) at 472 nm of TPE-1Z-DC in water-DMF mixtures (90%

284 water fraction) and DF. Concentration of TPE-1Z-DC: 0.01 mg/mL; excitation wavelength: 340 nm.

285 3.5 Visible light response of tAePE-1Z-DC film

286 The epoxy based polymerBPE-1Z-DC had satisfactory thermal stability, good
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transparence and favourable film-forming prope®n the grounds of these,
TPE-1Z-DC films were obtained using the spin-coating metlaod visible light
response over different durations of light irradiat was measured by UV-vis
absorption spectra at first, as described in Figsliven the convenience of
photobleaching, azo amount in the polymer wasts2i86. It has been demonstrated
that absorption maxima at 469 nm of TeE-1Z-DC film reduced prominently under
continuous irradiation at the wavelength of 450 rwiithin only 30 minutes,
absorption intensity of residual azo functionaluge was rapidly lost approximately
50%. After illumination for 150 minutes, it was gnhinth of the originally state,
indicating a sensitive response to visible lightve#l as a high signal-to-noise ratio.
For pseudo-stilbene type azo chromophores, cis sainstable and will rapidly relax
to the trans form. As shown in Fig.5, the absomptintensity at 469 nm from
TPE-1Z-DC decreased with the increase of irradiation time #re absorption peak
of TPE-1Z-DC upon irradiation was not recoverable at all evsough we left the
film in the dark for a long time or heated. Besidée irreversible color change of the
film was easily seen from red to almost colorlesth whe naked eye. It should be
considered that azo chromophores ultimately disagoeby photobleaching instead
of photoisomerization. FTIR spectra were also usegrove this photobleaching
process. As presented in Fig.S12, several charstatepeaks in FTIR spectra
assigned to absorption bandsI#iE-1Z-DC (DF = 38%) decreased apparently, which
could be also postulated the photobleaching of @mromophores after exposure to
450 nm light.
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Fig. 4. (a) Time dependent absorption changes of the TPE-IZ-DC film irradiating with visible light at the wavelength of 450 nm. (b)

Correlation between the relative absorption peak intensity (I/lp) at 469 nm of the TPE-I1Z-DC film and exposure time.

As expected, changes of absorption intensity offtRE-1Z-DC film greatly affected
its fluorescence performance. Fig.5 clarified tHeebfluorescence recovery after

photobleaching by the same process of irradiatigh wisible light monitored by
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Fig. 5. (a) Time dependent fluorescence intensity changes of the TPE-1Z-DC film irradiating with visible light at the wavelength of 450

nm. (b) Correlation between emission peak intensity (I/lp) at 467 nm of the TPE-IZ-DC film and exposure time.

3.6 The fluorescent pattern fabrication

The above results that visible light possessedattibty to efficiently blench azo
chromophores and fluorescent emission was enhacamstbmitantly impelled us to
make an attempt at fabricating fluorescent pattdoypsthe mask method. These
observed patterns on the basis of photobleaching wanscribed from designed
photomasks. The feasibility and simplicity of thalig and powerful technique were
proved with an example. The mask was positioned tm TPE-1Z-DC film, and
then the film was exposed to visible light usin@4Bn light source for 150 minutes.
It was satisfying that the fluorescence of illumioa field was brighter than its
surroundings. The letter pattern “FL” as a represere emerged as displayed in
Fig.6. After further irradiation, the pattern wdmast completely erased. Due to this
successful demonstration, large-area or/and coatplic patterns would be easily
tailored when films of the desired size and coroesiing masks were applied, making
TPE-1Z-DC potentially suitable for optical information stgea materials, antifake

materials and other application areas.

(a) (b)

20



342

343

344

345

346

347

348

349

350

351

352

353

354

355

356

357

358

359

360

361

362

Fig. 6. The photographs of a piece of untreated film (a), the fluorescent pattern fabricated on exposed areas by visible light irradiation

process (b) and the pattern erasure after removing the mask under continuous irradiation (c) taken under a 365 nm UV lamp.

4 Conclusions

Azo caged aggregation-induced emission polymersewamthesized and their
fluorescence performance activated by visible lighs fully characterized. The effect
of azo contents on fluorescence intensity was stljdivhich revealed that only a
small amount of imidazole-type azo groups couldaltptcage the strong AIE
fluorescence of the polymers due to the fluoreseeresonance energy transfer
process. Irradiated with visible light, azo chroropes could be photo bleached,
leading to remarkable recovery of the blue fluoeese. Visible light induced
fluorescent patterns have been fabricated and drashich indicated that the
prepared azo caged AIE Polymers could especiallypetitive in the material design
of anti-counterfeiting and optical information sige.
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Highlights

1. Imidazole-type azo caged aggregation-induced emission polymers were
synthesized.

2. Only a small amount of imidazole-type azo groups could totally cage the strong
AIE fluorescence of the polymers.

3. Imidazole-type azo chromophores of the polymers could be photo bleached with
visible light, leading to activating their fluorescence performance.

4. Visible light induced fluorescent patterns have been easily fabricated and erased.



