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Abstract: We designed and synthesized photochromic fluergscpoly
(MMA-co-SPO-co-TPE) nanoparticles with pendant epxazine (SPO) dye and
tetraphenylethylene (TPE) fuorophores attachedty (methyl methacrylate) (MMA)
backbone by semi-continuous polymerization. Theypekization reactions were
accomplished in water with randomly methylafedyclodextrin $-CD) at 80C in
the presence of potassium peroxodisulfate whichbeansed as free radical initiator.
This new synthetic method leads to uniform and gmoanoparticles with a narrow
particle size distribution. In addition, the poMNA-co-SPO-co-TPE) nanoparticles
exhibit aggregation induced emission (AIE) promesrtand excellent photochemical
properties because of spirooxazine dyes conveersély to merocyanine form upon
ultraviolet (UV) irradiation, which active the imimolecular energy transfer pathway
and quench the fluorescence of TPE in polymers.s€gumently, the fluorescence of
the poly (MMA-co-SPO-co-TPE) nanoparticles can eeersibly switched “on” and
“off” upon UV and visible light, which maybe havetential application in biological
fluorescent labeling as well as in optical fieldlselindividually light—addressable

nanoscale devices.

Keywords. spirooxazine dye; photochromism; polymeric nanoparticles;

aggregation-induced emission; tetraphenylethylene derivative.



1. Introduction

Photochromic compounds display a reversible moégculstructure
transformation, which result in significant absdopt spectra change upon the
stimulation of ultraviolet (UV) and visible lighi.[ 2] The special optical property
makes them have high potential application in @btitata storage, chemical sensors,
optical switches, ophthalmic lenses, security domuisi[3-7] Among a broad variety
of photochromic compounds, spirooxazines have vedeiconsiderable attention
because of their fast response speed and gooddatgistant.[8-10]

Photochromic molecules can be engineered to contnel emission of
fluorephore-photochrome dyads by energy transefett ttaused by reversible
photoinduced transformation.[11-18] So far, a nunmddephotoswitchable fluorescent
polymers containing spirooxazine have been repdr®ed3] and their development
have been extended micrometer/nanometersized [B4jel. Photoswitchable
fluorescent nanoparticles (PFNs) has been widelgliesti because of their potential
biological application, such as ultrahigh-resolntiamaging,[25] two photon
imaging.[26] Many strategies have been developedprepare PFNs, such as
precipitation, self-assemble method, and emulsiofynperization. However, the
self-assembly strategy maybe involves a complicatedhesis and the precipitation
strategy often obtained PFNs via doping fluoreseedges with photochromic
molecules or polymer, which will lead to the leakaand aggregation of dyes over
time.[27-29] In order to overcome these defectsmismntinuous emulsion

polymerization, a facile and simple route was adadpt



Photoswitchable fluororescent materials are oftéhzed in their solid states,
however, most of the luminophores will lead to aggtion-caused quenching (ACQ).
Fortunately, Tang group[30] firstly discovered avngype of fluorescent molecular
with Aggregation-induced emission. The AIE effexbpposite to the ACQ effect,[31]
which makes it more valuable in practical appligatiln fact, the studies of polymers
exhibit photochromic fluorescent properties and ptBperties are rarely reported.

Here, we utilized photochromic molecules spirooraziSPO) derivative and the
typical AIE molecule tetraphenylethylene (TPE )idative to prepare a series of
polymeric nanoparticles with AIE and photochromrogerties via semi-continuous
emulsion polymerization. The fluorescence of thdymer nanoparticle can be
switched “on” and “off” with UV and visible light.

2.Experimental

2.1 Materials and instruments

Potassium persulfate (KPS, 99%, Aladdin) was reéalyzed from deionized
water three times and dried under vacuum. Methythawylate (MMA, 99.5%,
Aladdin) was washed five times with 5% sodium hyale solution to remove the
phenolic inhibitor and then washed with deionizedtex until the pH was 7. In
addition, it was further purified upon distillatiaamder reduced pressure and keep
refrigerated for later experiment. Methylatgdayclodextrin, bromotriphenylethylene,
2-bromoethanol, methacryloylchloride, tetrabutylaommm bromide, tetrakis
(triphenylphosphine) palladium (0) were purchasedmf Aladdin company. 2,

7-dihydroxynaphthalen, 1, 3 3-trimethyl-2-methyleneindoline,



4-formylphenylboromic, allyl cyanoacetate were paged from TCl company.
Tetrahydrofuran (THF, A.R) was distilled over CGalDeionized water was used for
all experiments. Other solvents were analyticabpard without any further drying or
purification.

Molecular weight of the polymers were obtained ksing gel permeation
chromatography (GPCYH NMR spectra were obtained by a Bruker Avance 400
NMR spectrometer UV-Vis spectra were carried out on Agilent 8453 USible
spectroscopy systemFluorescence spectra were measured by Agilent Eeligse
Fluorescence Spectrophotometer. The polymeric ratioles diameter distribution
and morphology was determined by Zetasizer Nandv#sS and Hitachi S-4800
scanning electron microscope (SEM).

2.2 Synthesis of compourd

Intermediate3 was prepared according to the literature procef8#k,the
preparation method of spirooxazine derivatdvavas follow: adding3 (1.07 g, 3.1
mmol), anhydrous BCOs (1.28 g, 9.3 mmol), 2-bromoethyl methacrylate @,®.3
mmol) and Kl (0.515 g, 3.1 mmol) in 50 mL DMF, atite mixture was stirred for
48h at 85°C. Then dropping them into ice water and filter&tie precipitate was
dissolved into ethyl acetate and washed with wiaitere times. The organic phase was
dried over anhydrous magnesium sulfate. The pdrifieoduct was obtained by
column chromatography with petroleum ether/ethyétaie (v/v=10/1) as eluent,
white solid (0.6 g, 42% vyieldjH NMR (400 MHz, CDC}) & 7.93 (s, 1H), 7.75 (s,

1H), 7.68 (d,J = 8.9 Hz, 1H), 7.61 (d] = 8.7, 1H), 7.32-7.21 (m, 1H), 7.11 Jt= 7.1



Hz, 2H), 6.99-6.84 (m, 2H), 6.61 (d= 7.7 Hz, 1H), 6.22 (s, 1H), 5.63 (s, 1H), 4.63
(t, = 4.7 Hz, 2H), 4.49 (0 = 4.7 Hz, 2H), 2.80 (s, 3H), 2.01 (s, 3H), 1.39( 3.6
Hz, 6H).13C NMR (101 MHz, CDCI3)5 167.39, 157.88, 150.35, 147.62, 144.91,
136.05, 135.88, 132.28, 129.97, 129.58, 128.04,1026124.81, 122.41, 121.51,
119.86, 117.10, 114.30, 107.15, 100.68, 98.59,06663.16, 51.81, 29.66, 25.47,
20.82, 18.38.

2.3 Synthesis of compourid

2.3.1 Synthesis of 4-(1, 2, 2-triphenylvinyl)berdetlydeb

Bromotriphenylethylene (3.35 g, 0.01 mol), 4-forptyénylboronicacid (2.25 g,
0.015 mol), 60mL toluene, anhydrousGO; (4.9 8g, 0.036 mol), TBAB (0.3 g, 0.01
mol) were added to 100mL three-necked, round-bagtbitask in order. The mixtrue
stirred at room temperature under nitrogen atmagpf@ 30min. Then, Pd(pgh
was added to the flask and the solution was he@teéf’C over 24h. The mixture
solution was extracted with dichloromethane and théract was dried with
anhydrous magnesium sulfate. Further purificaticas vaccomplished by silica gel
column chromatography with petroleum ether/ethyétaie (v/v=20/1) as eluent,
yellow solid (3.16 g, 87.8% vyield).

2.3.2Synthesis of allyl 2-cyano-3-(4-(1, 2, 2-triphenyly) acrylate6

5(1.08 g, 3 mmol), allylcyanoacetate (1.13 g, 9 mme¥H,OH (0.7 g, 9 mmol),
ACOH 15mL were reflux for 24h in 50mL of toluenehd mixture solution was
extracted with dichloromethane and the extract washed three times with water,

than dried with anhydrous magnesium sulfate. Th&ied product was obtained by



column chromatography with petroleum ether/ethyétaie (v/v=30/1) as eluent,
yellow solid (2 g, 90% yield:H NMR (400 MHz, CDCJ) & 8.17 (s, 1H), 7.78 (d =
8.2 Hz, 2H), 7.17 (ddj = 9.3, 5.4 Hz, 12H), 7.06 (d,= 7.1 Hz, 6H), 6.01 (m] =
16.4, 10.8, 5.6 Hz, 1H), 5.45 (@= 17.1 Hz, 1H), 5.34 (d] = 10.4 Hz, 1H), 4.82 (d,
J = 5.5 Hz, 2H).13C NMR (101 MHz, CDCI3)5 162.46, 154.86, 149.82, 143.40,
143.02, 142.95, 142.81, 139.62, 132.22, 131.39,3B31131.30, 131.25, 131.13,
130.75, 129.32, 128.01, 127.99, 127.74, 127.23,9426119.19, 115.64, 101.42,
66.90.

2.4 Preparation of the poly (MMA-co-SPO-co-TPE) nandiphas:

10mL water and methylatdétcyclodextrin 3-CD) was added into 50mL flask
equipped with magnetic stirring bars. The soluticas heated to 80 and deaerated
by bubbling with nitrogen for 10min.Then KPS wasded and the solution was
heated under stirring for 30min. The spirooxazinempound 4 (SPO),
tetraphenylethylene (TPE) compouédvere dissolved in MMA and added dropwise
via syringes over a period of 2h to the stirredugoh at 80C. After the addition of
the monomers were completed, the reaction solutiere heated at 85 for another
five hours.

Scheme.1
Table.l
Fig.1
3. Result and discussion:

3.1 Synthesis



The synthetic route of the monomers spirooxazinenpmund 4 (SPO),
tetraphenylethylene (TPE) compour®l were presented in Scheme.l, and the
preparation of polymer nanoparticles was shown ion E. The copolymers were
consisted of three parts: photochrome, fluorogehamnection chains MMA, all the
chemicals and their amounts were listed in Tabknmong them, the photochrome act
as energy receptor and the fluorogen act as ertenggr, thereby the fluorescence of
the polymer can be modulated by the energy trandferorder to synthesize
photochromic polymeric nanoparticles, we firstlyepared the photochromic
spirooxazine nanoparticles with aggregation-indueetission by semi-continuous
emulsion polymerization. In this preparation, MMAPE 6 and SPO 4 act as
copolymerization monomers, KPS act as the initjape€D is a ring moleculer
consisting of a hydrophobic cavity and hydrophdia side. This structure made it be
able to form host-guest compounds with hydrophaticlecules, the formation
complexs will increase the solubility of guest nmiker in aquese solution
considerably.[33, 34] When the monomers were adddéte-CD aqueous solution
semicontinuously, the concentration ratigegED/monomers was kept in a high level,
which enables fast complexation, and the complexesuld become
polymerizationsites. Th@-CD plays an important role in increasing the rabés
monomers conversation and polymerization in emalgiolymerization. In addition,
due to the presence BFfCD in all steps only homogeneous nucleation ogouhsch

was contributes to the formation of stable unifaratioidal particles with a narrow



PSD.[35, 36] The structures of products were cordat by NMR, IR spectroscopy
and mass spectrometry.
3.2 Size and morphological of the poly (MMA-co-SPO-co-TPE) nanoparticles
Paticle size and size distribution B to P4 were obtained by dynamic light
scattering (DLS) analysis and shown in Fig. 2. Tls&ie increased from 355 nm to
657 nm with the increased in SPO monomer ratio.d¥ology was determined by
scanning electron microscopy and displayed in BigThe results indicated that all
the samples were smooth and uniform. Fig. 4a agdiishowed the images B2
under general microscope and fluorescence micreseeppectively. The fluorescent
photo illustrated that the AIE fluorophore was irmarated to the nanoparticles
successfully. We can believe that the semi-consnemulsion polymerization is an
appropriate method to preparation nanoparticlerpety
Fig.2
Fig.3
Fig.4
3.3 Thermal properties of the poly (MM A-co-SPO-co-TPE) nanoparticles
Thermal properties of the four polymers were evaday thermogravimetric
analysis (TGA). The decomposition temperaturey) (Tof these polymers
(corresponding to 5% weight loss occurs during ihgain nitrogen) were 284.7,
287.021, 276.05], 280.72], respectively (Fig. 5). The results indicate thia¢
polymers have a relatively high thermal stability,the best of our knowledge, a

relatively high T is crucial for emissive materials used for optogtenic applications.



Hence, the synthesized polymers might be used tesijied meterials for applications
in fabricated photoelectric devices.
Fig.5

3.4 Photochromism of spirooxazine 4 and Al E properties of the compound 6

Fig. 6 showed the absorption spectra and colorgdhanh spirooxazine (SPO) 4
in DMF (2.0X10° mol L™ irradiation with UV and visible light. Before adiation
with UV light, the spirooxazine (SPO)id DMF solution was colorless and has no
absorbance at about 600 nm. By UV irradiation (869, the sample become blue
and with an increased absorbance intensity at @2when it was left in the dark or
irradiated with visible light at ambient tempera&uthe color was fading and the
absorbance was decreased again. The reason ihdlsdtucture of spirooxazine (SPO)
4 change from orthogonal closed cycle to openedoayanine form. The opened
form is usually thermally unstable and spontangousterwent thermal bleaching to
the close cycle form.

The corresponding emission spectra of the comp@&uimdwater/DMF mixtures
with different water fractionf) are shown in Fig. 7&s can be seen from the figure,
the PL signals of compound 6 in a dilute solutio®F almost couldn’t be detected
and the luminescence intensity almost unchangedihevas increased to 60%.
However, a dramatic enhancement in luminescenceoe@sed whet, was beyond
60%, and it boosted to 530.7 a.u. at the water fractib@0% while the highest PL
intensity value wameasured only about 3.1 a.u. in pure DMF, the marinncrease
in the emission intensity 4s170-fold. Because there is not so solvable for caumg

10



6 in water, the molecular become aggeregation foom&n the mixtures with higher
water content. Hence, the PL intensity was enhanesdarkably by restricted
intramolecular rotations (RIR) process in the crdwevironment.The absorption
spectra of compound 6 in the DMF/water mixturesengdrown in Fig. 7b. The spectra
were significant changed when water fraction wastap/0% or higher. Fig. 7c
showed the images of the compound 6 were takenruadm light (top) and 365 nm
UV light (bottom) at room temperature in DMF/wataixtures with different water
fractions.
Fig.6
Fig.7
3.5 Photochromic properties of the poly (MMA-co-SPO-co-TPE) nanoparticles

The spectra changes pblymers P1, P2, P3, P4) in DMF solution (2.5mg/mL)
upon UV and visible light irradiation were shownHig. 8. With the irradiation of UV
light (365 nm) at room temperature, a new absanptiand withAma= 605 nm was
observed and the solution was changed from cobtiedlue, corresponding to the
generation of the opened merocyanine form in SPiG.um addition, these studies
also revealed that the absorption intensity ina@éasith the increase of SPO/TPE
ratio. Fig.9a showed the changes in the absormjmectra ofP2 in an aqueous
suspension before and after UV illumination. Theabance band occurs at 525 to
675 nm upon UV irradiation, The inset figure showld color change d?2 latex,
with the irradiation of UV light the latex was t@mh to blue from milk white. The
absorption spectra change BR in film was shown in Fig. 9b. The reversible

11



bleaching process of film was similar to that ie DMF solution. After the irradiation
of UV light an absorption peak appeared at 605 ther) the peak disappeared upon
the irradiation of the visible light. The polymeiinf has excellent photochromic
fatigue resistance. Because of the steric effettsolid powder, the photochromic
stability of the polymer powder was enhanced sigaiftly than that of in DMF
solution. The inset figure showed the color chamige? in solid powder.
Fig.8
Fig.9

3.6 AIE Properties of the poly (MMA-co-SPO-co-TPE) nanoparticles

We detected the fluorescent emission of all thg/mpers in a mixture of water
and DMF with different water fractions, and theresponding emission spectraRif
and P2 are shown in Fig. 10. The fluorescence intenshignge ofP1l with the
increasingin water fraction was very different fréhe monomer TPE, whei was
increased to 20%, the PL intensity of the solutistesed increase obviously (Fig.
10a). The possible reason was that polymer cha@me more hydrophobic and have a
higher tendency to aggregate in a polar medium wdwenpared with the monomer
molecules. So the light emission it significantly enhanced in water fraction as low
as 20% by aggregate formation. The emission intensached a maximum with
water fraction upto 30%, then PL intensities desedawith higher water content. As
can be seen from Fig. 10b, whignvaries from 0% to 70%, the PL intensity &2
increase gradually, however tlig is increased to 80% or higher, the PL intensity
decreases with increasing water content. This phenon was often observed in

12



some compounds with AIE properties, but the reasemsin unclear.[37] There are

two possible explanations for this phenomenon:tFascording to the aggregation

with the increasing of the water fraction in solyesnly the molecules on the surface
of the nanoparticles emitted light and contributedthe fluorescent intensity upon

excitation, leading to the decrease of the fluaesintensity; but the restriction of

intramolecular rotations (RIR) of the aromatic sngroundthe carbon-carbon single
bonds in the aggregation state would enhance kghission. The net outcome of

these two antagonistic processes depends on whickegs plays a predominant role
in affecting the fluorescent behavior of the aggted molecules. Second, when water
is added, the solute molecules may aggregate nmysiat and amorphous patrticles.

The former leads to an enhancement in the intemdifgyhotoluminescent emission,

while the latter leads to its reduction. Thus, theasured photoluminescent intensity
often shows no regularity for the uncontrollableniation of the nanoparticles in

solutions with high water content.[38-48]

The inset in Fig. 10 showed that the maximum emssvavelength changes and
fluorescence intensity changes with increasing maaetion, the maximum emission
wavelength had a blue shift. Fluorescence emissjectra ofP3 in DMF-H,O
mixture with differentf,, were demonstrated in the Fig. S9, nearly the saerals
were observed in the caseR8, however, the maximum PL intensity is weaker than
P1 andP2. Almost no fluorescence signal was detected’tbno matter in pure DMF
solution or in water/DMF mixtures. The weaker enussvas ascrible the low content
of TPECN unit inP3 or P4. UV absorption spectra of all the polymers witfeaent

13



water fraction were displayed in Fig. S10, they silowed a long-wavelength
absorption tail caused by light-scattering effantshe solution. Fig. 11 showed the
images of theéP1l and P2 were taken under room light (top) and 365 nm Uyhtli
(bottom) at room temperature in DMF/water mixtungth different water fractions.
Fig.10
Fig.11
3.7 Photocontrolled fluorescence properties of the poly (MMA-co-SPO-co-TPE)
nanoparticles
The fluorescence intensity changes of B and P2 in DMF-H,O mixture
solution were described in Fig. 12a and Fig. 12he Two figures indicated that
fluorescence intensity changes were regulated tvhrradiation of UV and visible
light both of P1 and P2. The fluorescence quenchatg ofP1 was only about 56%
and the fluorescence quenching rat®®fwas about 70% upon irradiation with UV,
which instructed that the fluorescence quenching & the polymer may be
adjusted by changing the ratio of SPO and TPE ignper. After irradiation with
visible light, the fluorescence intensity graduakgovered to the original intensity,
and this process can be recycled many times, wiashvast potential application for
photochromic fluorescence switch. Fig. 12c and ERd showed the fluorescence
intensity changes oP1 and P2 in film, the case of fluorescence quenching were
similar to that of in DMF-HO mixture solution.
The absorption of the opened merocyanine form was #00 nm to 700 nm and
the emission band of fluorophore unit was from 459 to 600 nm, that is to say,

14



their spectra exists overlap in the range of 450tar@00 nm. Therefore, when the
SPO unit of the polymer from closed form to meratga with the irradiation of UV,
it will absorb the emitted light of TPE becausetw energy transfer resulting in the
fluorescence quenching of the polymer. With thedration of visible light the
merocyanine return to closed cycle form, there asaverlap of the absorption
spectrum and the emission spectrum, the fluorescemensity recover.
Fig.12
4. Conclusions
In conclusion, four polymeric nanoparticles withirepxazine derivative and
AIE fluorescent dye were synthesized by semi-cainirs polymerization. All the
nanopartice polymers are uniform and display aawarparticle size distribution.
Their photochromic properties and AIE propertievendeen studied detailedly,
showing that all the polymers exhibit excellent fgotiromic ability. P1 and P2
exhibit good AIE properties and their fluorescemeensities could be modulated
regularly with irradiation of UV and visible lighThus indicates th&®1 andP2 may
be potential candidate for external stimuli-respam$naterials, such as photoswitch,

bioprobe and so on.

Acknowledgements
This work was financially supported by NSFC (213321 20802065 and

21476075), and the GuangGong Yangfan Talent Plah3(2

15



References
[1] Irie M. Photochromism: Memories and switches introduction. Chem Rev
2000;100(5):1683-4.
[2] Irie M, Fukaminato T, Matsuda K, Kobatake S.oRithromism of diarylethene
molecules and crystals: memories, switches, anduatms. Chem Rev
2014;114(24):12174-277.
[3] Bertarelli C, Bianco A, Castagna R, Pariani Bhotochromism into optics:
opportunities to develop light-triggered optica¢érkents. J Photochem Photobiol C:
Photochem Rev 2011;12(2):106-25.
[4] De Silva AP, Gunaratne HQN, Gunnlaugsson T, leyuxAJM, Mccoy CP,
Rademacher JT, et al. Signaling recognition evevith fluorescent sensors and
switches. Chem Rev 1997;97(5):1515-66.
[5] Feczko T, Samu K, Wenzel K, Neral B, Voncinaxtiles screen-printed with
photochromic ethyl cellulose-spirooxazine composigsoparticles. Color Technol
2013;129(1):18-23.
[6] Sriprom W, Neel M, Gabbutt CD, Heron BM, Perri&. Tuning the color
switching of naphthopyrans via the control of pogmo architectures. J Mater Chem
2007;17(19):1885-93.
[7] Zhao W, Carreira EM. A smart photochromophdnetigh synergistic coupling of
photochromic subunits. J Am Chem Soc 2002;124(8R1%
[8] Chu NYC. Photochromism of spiroindolinonaphthaine. I. photophysical
properties. Can J Chem 1983;61:300-305.

16



[9] Chu NYC. Photochromic Performance of Spiroindoinaphthoxazines in
Plastics. Solar Energy Materials. 1986;14:215-221.

[10] Malatesta GR V, Romano U, Allegrini. P. Phdtommic spironaphthoxazines: a
theoretical study. Int J quantum chem 1992;42:879-8

[11] Cusido J, Ragab SS, Thapaliya ER, SwaminagaGarcia-Amoros J, Roberti
MJ, et al. A photochromic bioconjugate with photbztable fluorescence for
superresolution imaging. J Phys Chem C 2016;120(28%0-70.

[12] Fukaminato T. Single-molecule fluorescence tphwitching: Design and
synthesis of photoswitchable fluorescent molecul&sPhotochem Photobiol C:
Photochem Rev 2011;12(3):177-208.

[13] Giordano L, Jovin TM, Irie M, Jares-Erijman EAiheteroarylethenes as
thermally stable photoswitchable acceptors in ptiotomic fluorescence resonance
energy transfer (pcFRET). J Am Chem Soc 2002;124{281-9.

[14] Kim S, Yoon S-J, Park SY. highly fluoresceritameleon nanoparticles and
polymer films: multicomponent organic systems thabmbine FRET and
photochromic switching. J Am Chem Soc 2012;134@4)91-7.

[15] Yang Z, Cao J, He Y, Yang JH, Kim T, Peng Xt al.
Macro-/micro-environment-sensitive chemosensing aralogical imaging. Chem
Soc Rev 2014;43(13):4563-601.

[16] Yildiz I, Impellizzeri S, Deniz E, McCaughan, BCallan JF, Raymo FM.
Supramolecular strategies to construct biocompatbld photoswitchable fluorescent
assemblies. J Am Chem Soc 2011;133(4):871-9.

17



[17] Yun C, You J, Kim J, Huh J, Kim E. Photochranfluorescence switching from
diarylethenes and its applications. J Photochem Rimatobiol C: Photochem Rev
2009;10(3):111-29.

[18] Zhou X, Wu X, Yoon J, A dual FRET based fluszent probe as a multiple logic
system. Chem Commun 2015;51(1):111-3.

[19] Kim S-H, Hwang I-J, Gwon S-Y, Son Y-A. Photgtagated optical switching of
poly(N-isopropylacrylamide) hydrogel in aqueoususioin with covalently attached
spironaphthoxazine and DA type pyran-based fluorescent dye. Dyes Pigm
2010;87(2):158-63.

[20] Lee EM, Gwon SY, Ji BC, Wang S, Kim SH. Mulgpswitching behaviors of
poly(N-isopropylacrylamide) hydrogel with spirondpbxazine and De-A type dye.

J Lumi 2012;132(3):665-70.

[21] Lee EM, Gwon SY, Son YA, Kim SH. Switching jerties of fluorescent
photochromic poly(methyl methacrylate) with spirphthoxazine and @-A type
pyran-based fluorescent dye. Spectrochim Acta 2Z&B.600-4.

[22] Wang S, Yu C, Choi M, Kim S. A switching fluescent photochromic carbazole—
spironaphthoxazine copolymer. Dyes Pigm 2008;7Z4b:-8.

[23] Wang S, Yu C, Choi M-S, Kim S-H. Synthesis aswitching properties of
photochromic carbazole—spironaphthoxazine copolymePhotochem Photobiol A:
Chem 2007;192(1):17-22.

[24] Elizabeth J. Harbron CMD, Joshua K. Campligépecca M. Allred, Marissa T.
Kovary, and Nicholas J. Economou. Photochromic diyeed conjugated polymer

18



nanoparticles: photomodulated emission and nanommwiental characterization. J
Phys Chem C 2009;113:13707-14.

[25] Tian Z, Li ADQ. Photoswitching-enabled noveptalimaging: innovative
solutions for real-world challenges in fluorescemstections. Accounts Chem Res
2013;46(2):269-79.

[26] Zhu MQ, Zhang GF, Li C, Aldred MP, Chang E,eRek RA, et al. Reversible
two-photon photoswitching and two-photon imaging @Amunofunctionalized
nanoparticles targeted to cancer cells. J Am Cheo2811;133(2):365-72.

[27] Abdollahi A, Mahdavian AR, Salehi-Mobarakeh HPreparation of
stimuli-responsive functionalized latex nanopaeticl the effect of spiropyran
concentration on size and photochromic propertiasgmuir 2015;31(39):10672-82.
[28] Chen J, Zhong W, Tang Y, Wu Z, Li Y, Yi P, &t Amphiphilic BODIPY-based
photoswitchable fluorescent polymeric nanopartidies rewritable patterning and
dual-color cell imaging. Macromolecules 2015;48(3390-8.

[29] Harbron EJ. Photochromic nanopatrticles. photoe. 2011;39:211-27.

[30] Luo J, Xie Z, Lam JWY, Cheng L, Chen H, Qiu €,al. Aggregation-induced
emission of 1-methyl-1,2,3,4,5-pentaphenylsilolee@® Commun 2001(18):1740-1.
[31] Cui L, Beak Y, Lee S, Kwon N, Yoon J. An Alld ESIPT based kinetically
resolved fluorescent probe for biothiols. J Matee@ C 2016;4(14):2909-14.

[32] Kim S-H, Choi S-W, Suh H-J, Jin S-H, Gal Y-Bph K. Surface plasmon
resonance spectroscopy on the interaction of aassémbled monolayer with linear
hydrocarbon such as pentane, hexane, heptane amaheocDyes Pigm

19



2002;55(1):17-25.

[33] Saenger W. Cyclodextrin inclusion compound®s$earch and industry. Angew
Chem Int Ed 1980;19:344-62.

[34] Wenz G. Cyclodextrins as building blocks farpsamolecular structures and
functional units. Angew Chem In tEd 1994;33:803-22.

[35] Storsberg J, Van Aert H, Van Roost C, Ritter Eyclodextrins in polymer
synthesis: a simple and surfactant free way to polymer plagichaving narrow
particle size distribution. Macromolecules 200313640-3.

[36] Heterz M, Schmidt BVKJ, Barner-Kowollik C, R#r H. Limitations of
cyclodextrin-mediated RAFT homopolymerization aratl copolymer formation. J
Poly Sci Part A: Poly Chem 2013;51(11):2504-17.

[37] Dong Y, Lam JWY, Qin A, Sun J, Liu J, Li Z, at. Aggregation-induced and
crystallization-enhanced emissions of
1,2-diphenyl-3,4-bis(diphenylmethylene)-1-cyclomee Chem Commun
2007;(31):3255-7.

[38] Li H, Chi Z, Zhang X, Xu B, Liu S, Zhang Y, al. New thermally stable
aggregation-induced emission enhancement compoiandson-doped red organic
light-emitting diodes. Chem Commun 2011;47(40):13.27

[39] Qin A, Zhang Y, Han N, Mei J, Sun J, Fan WaktPreparation and self-assembly
of amphiphilic polymer with aggregation-induced ssmn characteristics. Sci China
Chem 2012;55(5):772-8.

[40] Dong S, Li Z, Qin. J. New Carbazole-Based Fhphores: Synthesis,

20



Characterization, and aggregation-induced emissitmancement. J Phys Chem B
2009;113(2):434.

[41] Xu Bj, Chi ZG, Li XF, Li HY, Zhou W, Zhang XQet al. Synthesis and properties
of diphenylcarbazole triphenylethylene derivativeth aggregation-induced emission,
elue light emission and high thermal stability.lddfesc 2010;21(1):433-41.

[42] Zhang XQ, Chi ZG, Xu B, Li H, Yang Z, Li X, al. Synthesis of blue light
emitting bis(triphenylethylene) derivatives: A casleaggregation-induced emission
enhancement. Dyes Pigm 2011;89(1):56-62.

[43] Chen M, Li L, Nie H, Tong J, Yan L, Xu B, et. &etraphenylpyrazine-based
AlEgens: facile preparation and tunable light emissChem Sci. 2015;6(3):1932-7.
[44] He JT, Xu B, Chen FP, Xia HJ, Li KP, Ye L, miavJ. Aggregation-induced
emission in the crystals of 9,10-distyrylanthracelegivatives: the essential role of
restricted intramolecular torsion. J Phys Chem @92013:9892-9.

[45] Liu C, He W, Shi G, Luo H, Zhang S, Chi Z. $lyesis and properties of a new
class of aggregation-induced enhanced emission @ongs: Intense blue light
emitting triphenylethylene derivatives. Dyes Pig812;112:154-61.

[46] Luo M, Wang S, Wang M, Huang S, Li C, Chendt, al. Novel organogel
harnessing excited-etate intramolecular proton sfeanprocess with aggregation
induced emission and photochromism. Dyes Pigm A@P548-57.

[47] Yuan WZ, Zhao H, Shen XY, Mahtab F, Lam JW¥nSJZ, et al. Luminogenic
Polyacetylenes and conjugated polyelectrolytesth&gis, hybridization with carbon
nanotubes, aggregation-induced emission, superéafbn in emission quenching

21



by explosives, and fluorescent assay for proteimnttation. Macromolecules
2009;42(24):9400-11.

[48] Xie ZQ, Yang B, Xie WJ, Liu LL, Shen FZ, Waiky Yang XY, Wang ZM, Li YP,
Muddasir H, Yang GD, Ye L, Ma YG. A class of nonpa conjugated compounds
with aggregation-induced emission: structural angtical properties of
2,5-diphenyl-1,4-distyrylbenzene derivatives withcés double bonds. J Phys Chem

B 2006;110:20993-21000.

22



Table 1. List of nanoparticles prepared with different ratio of SPO and TPE

polymer SOMA TPECN MMA RAMEB water }S,03 Dp M, PDI
(mmol) (mmol) (mol)  (mg) (99 (mg) (hm)  (g/mol)
P1 0.02 0.02 0.01 30 10 30 355.0 64714 2.86
P2 0.04 0.02 0.01 30 10 30 436.3 59441 2.04
P3 0.08 0.02 0.01 30 10 30 540.5 45864 1.75
P4 0.16  0.02 0.01 30 10 30 656.9 54291 2.03
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Figure captions

Fig 1 Synthesis and photoswitchable process of polyrapoparticles.

Fig 2 The size distribution dP1, P2, P3 andP4 by DLS at room temperature.

Fig 3 SEM images oP1, P2, P3 andP4.

Fig 4 The image ofP2 under general microscope (a) and fluorescence
microscope (b).

Fig 5 TGA curves of the polymers.

Fig 6 Absorption spectrum and color changes of SPO 6NH-Bolution (2.0X
10°mol L) upon irradiation with UV and visible light.

Fig 7 (a) PL spectra changes and (b) absorption spebfaages of TPE 6 in
DMF/water mixtures with different water fractior@oncentration : X 10°mol/L, Aex
= 374 nm. (inset: the dependence of the fluorescentission intensity on the water
fraction). (c) the images of TPE in DMF/water mids with different water fractions
were taken under room light (top) and 365 nm UVitihbottom).

Fig 8 Absorption spectra changes of polymers in DMF $ou{2.5 mg/mL)
before and after UV (365 nm) illumination. @); (b):P2; (c):P3; (d):P4.

Fig 9 Absorption spectra changeskf (a) in an aqueous suspension &2db)
in film before and after UV illumination. (insetigure of P2 latexes and P2 solid
before and after UV irradiation at 365 nm).

Fig 10 PL spectra change of (BL and (b)P2 in water/DMF mixtures. The inset
depicts the changes of PL peak intensity and maxinRL emission wavelength
(0.5mg/mL).
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Fig 11 the images oP1 (a) andP2 (b) in DMF/water mixtures with different
water fractions were taken under room light (tapd 865 nm UV light (bottom).

Fig 12 PLspectra change of (&1L in water/DMF mixtures with a water fraction
of 30% (0.5mg/ml) and (b2 in water/DMF mixtures with a water fraction of 80%
(0.5mg/ml) upon irradiation with UV and visible hig (A ¢c=302nm). PL spectra
change of (cP1 in film and (d)P2 in film upon irradiation with UV and visible light

(A &=302nm).
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Supporting information

Synthesis and Properties of Photochromic Spirooxazine with
Aggregation-Induce Emission Fluorophores polymeric nanoparticles

via Semi-continuous Emulsion Polymerization
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