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Synthesis of a Novel Fluorescent Cyanide Chemosensor Based on 
Photoswitching Poly(pyrene-1-ylmethyl-methacrylate-random-
methyl methacrylate-random-methacrylate spirooxazine)

Abstract: The photoswitching poly(pyrene-1-ylmethyl-methacrylate-random-methylmethacrylate-random-methacrylate spirooxazine) was synthesized via atom trans-fer radical polymerization and characterized by proton nuclear magnetic resonance(1H NMR), gel permeation chromatography (GPC), Fourier transform infrared (FTIR)spectroscopy, UV-visible spectroscopy, and differential scanning calorimetry (DSC).The obtained copolymer exhibited the capability of erasable and rewritable photo-imaging, making it a potential candidate for optical data storage materials. More-over, the copolymer also showed the sensing ability for cyanide anions effect in aqueous solutions.
Keywords: photoswitching polymers, spirooxazine, atom transfer radical polymerization, chemosensor. 
1. IntroductionThe creation of functional optical materials having photoactiveproperties has become one of the most promising objects inadvanced materials science. These materials are used in thefabrication of several optoelectronic devices such as opticalmemories, optical switches, and hologram memory devices.1These integrated systems are basically formed by two compo-nents: the support media and the photoactive material; most ofthem are functioned polymers containing photoactive mole-cules.2 In particular, photochromism has attracted great attrac-tion due to their optical application which relies on refractiveindex or absorbance changes.3The photochromism of spiropyrans was reported by Fischerand Hirshberg4 in 1952 and since then these organic compoundshave been extensively studied.5,6 Subsequent to spiropyrans,spirooxazine compounds were synthesized in 1970 and beinga class of photochromic compounds are potentially applicablesuch as data recording and storage, optical switches, displays,and non-linear optics.7-12 In addition, they can also be incorpo-rated into materials for UV sensitive food packaging products.13,14A spirooxazine structure is composed of an imide and a chromenemoiety which were linked by a spirocarbon atom. Irradiation ofspirooxazine with UV light induces heterolytic cleavage of the

spiro-carboneoxygen bond to give the ring-opened form referredas coloured merocyanine (MC), which returns to the initial ring-closed form by visible light irradiation.15-18 However, the use ofspirooxazine derivatives in practical optical information stor-age is challenging due to the difficulty in making the MC form ofspirooxazine molecules stable enough to ensure that opticalrecorded data can be maintained for a relatively long time. Thus,the requirement to further improve the stable high-density opti-cal storage materials is necessary. Various methods to stabilizethe photomerocyanine form have been developed19-21 includ-ing the synthesis of spirooxazine polymers containing photo-crosslinkable chalcone unit in the side chain,22 modification ofspirooxazine by the substitution of several groups on its benzo-pyran ring,15 incorporation of spirooxazine unit in polymericstructures and the formation of complexes of spirooxazine withmetals.23-26 Grafting of spirooxazine compound to polymethylmethacrylate (PMMA) has been reported to enhance the photo-response and slower bleaching in dichloromethane solution.27The chemical incorporation of spiropyran and spirooxazinechromophores into polymer structures has be performed by vari-ous pathways at different steps of the polymerization: i) afterpolymerization via covalent coupling with a chromophore deriva-tive, ii) at the very beginning via a chromophore-functional ini-tiator or chain transfer agent, and iii) during copolymerizationof a functional monomer with other monomers.28-31 Among thecontrolled polymerization methods reported, atom transfer radi-cal polymerization (ATRP) if of interest because of great versatil-ity, efficiency and wide monomer scope. For instance, spirooxazine-containing ATRP initiators have been employed to prepare
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Macromolecular Research poly(meth)acrylates and polystyrenes bearing one spirooxazinegroup at one polymer chain end.32-34 Spiropyran-containing poly-mers have been synthesized by copolymerization of a spiropyran-functional methacrylate with 2-(dimethylamino)ethyl methacry-late using ATRP.35,36 Rod-coil diblock copolymers of a conjugatedpolymer and PMMA with spirooxazine side units along the coilblock have been obtained by ATRP of MMA with spirooxazine-methacrylate using a polythiophene macroinitiator.37It has been reported that the spiropyran and spirooxazinegroups behave as sensitive cyanide anion (CN-) receptors.38,39One of the approaches used to create sensor probes to detectCN- has been to combine the photochromic spiropyran/spiro-oxazine moiety with a fluorescent unit in the same structure.37,40The fluorophore moiety emits fluorescence which is only observedwhen the photochromic compound is in the ring-closed form.In contrast, emission is severely quenched when the photo-chromic compound is in the MC form under UV irradiation, as aresult of fluorescence resonance energy transfer (FRET) fromthe excited state of the fluorophore to the MC form of the pho-tochromic compound. However, the degree of fluorescencequenching of the irradiated solution could significantly decreasedwhen the spiropyran/spirooxazine MC form interacts with cya-nide anion. Based on this phenomenon, copolymers containingfluorophore and photochromic spyropyran/spirooxazine com-pounds have been designed and probed as cyanide sensorsbased on fluorescent quenching. To the best of our knowledge,only a few types of fluorophores, including coumarin, nitrophe-nyl azo group and polythiophenes, have been combined withspiropyran/spirooxazine to develop FRET-based sensors forcyanide detection.37,40-42 For example, a polythiophene havingspiropyran groups in the side chains has been developed andapplied to the detection of cyanide anion.40 Prakash et al. havesynthesized a nitrophenyl azo substituted spiropyran for sensitiveand selective colorimetric detection of cyanide ions.41 Shiraishi
et al. have synthesized a copolymer consisting of N-isopropy-lacrylamide and coumarin-conjugated spiropyran (CS) units andstudied for selective fluorometric detection of cyanide anion(CN-) in water.42 A rod-coil copolymers of a polythiophene andPMMA bearing spirooxazine side units has been synthesizedand investigated as a sensor probe for cyanide anions.37In this work we report for the first time the synthesis of a copo-lymethacrylate combining the photochromic spirooxazine groupswith pyrenyl moieties by the ATRP of spiropyran- and pyrene-containing (meth)acrylate monomers, and evaluation of its affin-ity towards cyanide anions. The choice of pyrene as a fluorophorewas prompted by its extensive use as a fluorescent probes inlight-responsive polymers43-47 and the relatively simple, popu-lar, and easy preparability of pyrene-bearing polymers. Previ-ous reports on the ATRP of spiropyran- and pyrene-containing(meth)acrylate monomers alone have suggested uncontrolledpolymerizations, due to the incompatibility of ATRP with thesefunctional monomers, preventing the formation of polymers ofdesired structures.6,37,48 In our work, initially the ATRP synthesis ofa copolymer of pyrene-1-ylmethyl-methacrylate (PyrMMA) andmethacrylate spirooxazine (MSp) was attempted but the resultssuggested a poorly controlled polymerization. Thus, alternatively,PyrMMA and MSp were successfully copolymerized in the pres-

ence of methyl methacrylate (MMA), resulting in poly(pyrene-1-ylmethyl-methacrylate-random-methyl methacrylate-random-methacrylate spirooxazine) (poly(PyrMMA-r-MMA-r-MSp)). Herein,we describe the ATRP process and characterization of this copoly-mer, as well as their photoswitching and sensitive chemosens-ing for cyanide anion behaviors.
2. Experimental

2.1. MaterialsPotassium carbonate (K2CO3), triethylamine (99%), methacryloylchloride (97%), Copper(I) bromide (CuBr, 98%), N,N,N',N'',N''-pentamethyldiethylenetriamine (PMDETA, 99%), ethyl α-bro-moisobutyrate (Et2BriB, 98%), 4-(Dimethylamino)pyridine (99%)were purchased from Sigma-Aldrich. Methyl methacrylate (MMA,98%) and 1-pyrenemethanol (pyrene hydroxyl, 98%) was pur-chased from Sigma-Aldrich passed through a plug of basic alu-mina before use in order to remove the hydroquinone inhibitorsand stored under nitrogen atmosphere. MSp was synthesizedaccording to a previously reported procedure.37,49 Dichlorometh-ane (99.8%) and tetrahydrofuran (THF, 99%) were purchasedfrom Fisher/Acros and dried using molecular sieves under N2.Chloroform (CHCl3, 99.5%), hexane (99%), methanol (99.8%),absolute ethanol (99%) and ethyl acetate (99%) were pur-chased from Fisher/Acros and used as received.
2.2. Characterization

1H NMR spectra were recorded in deuterated chloroform (CDCl3)with TMS (δ 0.00 ppm). FTIR spectra, collected as the averageof 264 scans with a resolution of 4 cm-1, were recorded from KBrdisk on the FTIR Bruker Tensor 27. Size exclusion chromatog-raphy (SEC) measurements were performed on a Polymer PL-GPC 50 gel permeation chromatograph system equipped withan RI detector, with THF as the eluent at a flow rate of 1.0 mL/min.Molecular weight and molecular weight distribution were cal-culated with reference to polystyrene standards. UV-vis absorp-tion spectra of polymers in solution and polymer thin films wererecorded on a Shimadzu UV-2450 spectrometer over a wave-length range of 300-800 nm. 
2.3. Synthesis of pyrene-1-ylmethyl-methacrylate (PyrMMA)To a solution of triethylamine (0.9 mL, 6.5 mmol) in 30 mL ofanhydrous THF, 4-(dimethylamino)pyridine (0.26 g, 0.5 mmol)and 1-pyrenemethanol (1 g, 4.3 mmol) were added. Methacry-loyl chloride (0.63 mL, 6.5 mmol) was added dropwise to thisclear solution at 0 °C in 1 h. Then, the reaction was stirred at roomtemperature overnight. Subsequently, the reaction medium wasfiltered and the solvent was evaporated under reduced pressure.Afterwards, the solid residue was extracted with chloroform(100 mL) and washed with distilled water several times (3×100mL). The organic phase was dried by anhydrous K2CO3 and thesolvent was removed by rotary evaporation to give a crude prod-uct. The crude product was purified by silica gel column chro-matography with the eluent of hexane/ethyl acetate (7/1: v/v)
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to give a white crystalline solid.1H NMR (500 MHz, CDCl3): δ (ppm): 8.32-8.00 (m, 9H), 6.15(d, 1H), 5.91 (s, 2H), 5.56 (d, 1H), 1.97 (s, 3H). FTIR (cm-1): 2971,2958 (=C-H), 1706 (C=O), 1632, 1451, 1319, 1164, 1012, 924, 843,764, 703, 647. Anal. Calcd. For C26H24N2O3: C, 75.70; H, 5.82; N,6.79. Found: C, 75.53; H, 5.77; N, 6.73. m/z: 300.12 (100.0%),301.12 (23.0%), 302.12 (2.9%). Elemental Analysis: C, 83.98;H, 5.37; O, 10.65. Found: C, 84.78; H, 5.17; O, 10.05.
2.4. Synthesis of poly(pyrene-1-ylmethyl-methacrylate-
random-methyl methacrylate-random-methacrylate spiroo-
xazine) (poly(PyrMMA-r-MMA-r-MSp))Poly(PyrMMA-r-MMA-r-MSp) copolymers were synthesized witha ratio of [MMA]:[MSp]:[PyrMMA]:[Et2BriB]:[CuBr]:[PMDETA]=50:4:8:1:1:2 via ATRP method using CuBr and PMDETA as cata-lytic system. Into a dried glass tube with a magnetic bar, CuBr(2.15 mg g, 0.015 mmol) and ligand PMDETA (5.2 mg, 0.03 mmol)were added. Then, monomer MMA (97 mg, 0.97 mmol), MSp(61.87 mg, 0.15 mmol), PyrMMA (45.05 mg, 0.15 mmol), andanhydrous THF (2 mL) were added under nitrogen atmosphere.The mixture was degassed via three freeze-pump-thaw cyclesand purged with nitrogen. The Et2BriB initiator (2.93 mg, 0.015mmol) was added to the solution, and the polymerization wascarried out at 65 °C in oil bath for 24h. Then, the poly(PyrMMA-
r-MMA-r-MSp) copolymer solution was diluted with extra chloro-form and passed through an alumina column to remove coppercatalyst. The solution mixture was concentrated and precipitatedin 80 mL of cold methanol to obtain the poly(PyrMMA-r-MMA-
r-MSp) copolymer. Finally, the copolymer was dried under vac-uum at 60 °C until a constant weight was achieved. Yield 83%,
Mn(GPC)=7,000 g/mol, Đ=1.23.1H NMR (500 MHz, CDCl3) δ (ppm): 0.8-1.3 (s, 18H), 1.35 (s,6H), 1.6-2.4 (s, 6H), 2.75 (s, 3H), 3.60 (s, 3H), 4.09 (m, 2H), 5.74(s, 2H), 6.57 (dd, 1H), 6.84 (dd, 1H), 6.9 (s, 1H), 7.02 (d, 1H),7.09 (d, 1H), 7.23 (d, 1H), 7.66 (d, 1H), 7.72 (s, 1H), 7.78 (d, 1H),8.00-8.32 (m, 9H), 8.24 (d, 1H). FTIR (cm-1): 2971, 2948 (=C-H),1727 (C=O), 1630 (C=N), 1448, 1240, 1148, 970, 843, 764.
3. Results and discussion

3.1. Monomer and polymer synthesisThe synthesis of monomers and poly(PyrMMA-r-MMA-r-MSp)copolymer was described in Scheme 1. Methacrylate spirooxazine(MSp) monomer was prepared and purified following the pre-viously reported procedure.37,49 Pyrene-1-ylmethyl-methacrylate(PyrMMA) monomer has been prepared via the esterificationreaction of 1-pyrenemethanol and methacryloyl chloride in thepresence of 4-(dimethylamino)pyridine and triethylamine asthe catalytic system. The obtained monomers were characterized
via FTIR (ESI) and 1H NMR spectroscopy to determine their struc-tures. In 1H NMR spectrum of MSp monomer (Figure 1(A)), thepeaks at 5.7 and 6.3 ppm correspond to the methacrylate dou-ble bond group. In addition, the peak at 8.4 ppm is assigned forthe imine group of MSp.21 The 1H NMR spectrum of PyrMMA mono-mer is shown in Figure 1(B). The peaks at 5.56 and 6.15 ppm

and the peak at 5.91 ppm are assigned to the methacrylate dou-ble bond group and the methyl group, respectively. The peaksin the range of 8.0-8.32 ppm are assigned to aromatic pyreneprotons.50The poly(PyrMMA-r-MMA-r-MSp) copolymer was synthesizedfrom MSp, MMA and PyrMMA co-monomers via ATRP method.In this polymerization, ethyl α-bromoisobutyrate and CuBr/PMDETA were used as an initiator and catalyst/ligand system,respectively. The feed ratio of MMA/MSp/PyrMMA comonomerswas established to be 12.5/1/2 for good control over the ATRPprocess. We performed the polymerization of comonomers inTHF at 60 oC for 24 h under nitrogen atmosphere. The polymer-ization was stopped by cooling the reaction mixture and the mix-ture was diluted with THF and purified over aluminum columnto remove CuBr catalyst. Then, the copolymer was precipitatedin cold n-heptane, filtered and dried under vacuum. The obtainedpoly(PyrMMA-r-MMA-r-MSp) was characterized by FTIR to deter-mine its functional groups. In the FTIR spectrum (Figure S2,Supporting information), the signal at 1727 cm-1 is attributedto the carbonyl (C=O) vibrational absorption and the peak at1630 cm-1 is assigned to the N=C linkage vibration of MSp moi-eties. The chemical structure of the obtained copolymer was con-firmed by 1H NMR spectroscopy. The 1H NMR spectrum of poly(PyrMMA-r-MMA-r-MSp) is shown in Figure 2. The broad pro-ton signals in the regions of 8.5-7.5, 6.5-7.2, 3.7-3.1, 2.5-1.6, and1.4-0.8 ppm are assigned to the aromatic protons of PyrMMA,aromatic protons of MSp, methyl groups, side chain methyleneand backbone methylene, respectively. In addition, the peak at5.74 ppm corresponds to CH2 of PyrMMA, and the peaks at 2.75and 3.6 ppm are assigned to the methyl groups in MSp ring andmethyl group of MMA moieties, respectively. These results indi-cate the successful synthesis of poly(PyrMMA-r-MMA-r-MSp).

Scheme 1. Synthesis of poly(PyrMMA-r-MMA-r-MSp).
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The polymerization degrees (DPs) of MSp, MMA, and PyrMMAwere calculated by comparing the relative signal intensities ofthe methyl group in MSp (peak “m”, δ=2.75 ppm, Figure 2), themethyl group in MMA at 3.6 ppm (peak “f”, Figure 2) and meth-ylene group in PyrMMA at 5.74 ppm (peak “11”, Figure 2) withthat of the CH2 group of initiator (peak “b”, δ=4.09 ppm, Figure 2),respectively. The DPs of MSp, MMA, and PyrMMA were estimatedto be 3, 44 and 6, respectively. This gives the weight compositions

of 59.2%, 24.2% and 16.6% of MMA, PyrMMA, and MSp, respec-tively, in poly(PyrMMA-r-MMA-r-MSp) copolymer. As seen from Table 1, the poly(PyrMMA-r-MMA-r-MSp) wasobtained with a relatively good approximation between theo-retical and experiment molar masses, indicating an initiationefficiency close to 1. A narrow molecular weight distribution ofpoly(PyrMMA-r-MMA-r-MSp) was recorded by GPC, with ĐM=1.23.

Figure 1. 1H NMR spectra of methacrylate spirooxazine (MSp) (A) and pyrene-1-ylmethyl-methacrylate (PyrMMA) (B).
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 3.2. Properties of Poly(PyrMMA-r-MMA-r-MSp) CopolymerPhotoisomerization properties of poly(PyrMMA-r-MMA-r-MSp)were studied in solvents and in solid state film. Figure 3(A) and(B) demonstrate the color changing of a copolymer solution (3mg mL-1) measured at 25 oC under UV irradiation (365 nm) andthe corresponding UV spectra are revealed in Figure 3(C). With-out UV irradiation, the polymer shows almost insignificant absorp-tion in the visible region indicating that the spirooxazine unitsexist in a closed form. Under UV irradiation (365 nm), the spiroo-xazine moieties were converted to the MC open form resultingin a solution color change from transparent to blue and corre-spondingly a distinctive absorption band centered at 470 nm.In addition, the color change of poly(PyrMMA-r-MMA-r-MSp)in solid state film was further demonstrated. A colorless film of

poly(PyrMMA-r-MMA-r-MSp) was spin-coated on a transpar-ent glass substrate, followed by drying at 60 oC for 2 h. The filmcolor was changed to blue upon UV irradiation and back to col-orless by visible light (sunlight) exposure.To further demonstrate the potential application of poly(Pyr-MMA-r-MMA-r-MSp) as a data recording material, UV writingand erasing experiments on the poly(PyrMMA-r-MMA-r-MSp)film was performed with masks of different patterns. As shownin Figure 4, upon UV irradiation, the unmasked regions turnedto blue color, which still remained after removal of the mask.Two patterns, one with “ĐHBK” letters and the other of the flagof South Korea, were illustrated. Upon sunlight exposure for 60min, the blue patterns were completely erased. The optical writ-ing and erasing cycle was repeated for more than 30 times with-out any polymer degradation.

Figure 2. The 1H NMR spectrum of poly(PyrMMA-r-MMA-r-MSp).
Table 1. Macromolecular characteristics of poly(PyrMMA-r-MMA-r-MSp) synthesized by ATRP using α-bromoisobutyrate initiator and CuBr/PMDETA([CuBr]/[PMDETA]=1/2) as the catalytic complexa

No Convb(%) PyrMMA MMA MSp f e Poly(PyrMMA-r-MMA-r-MSp)
Mn theo

c Mn exp
d Mn theo

c Mn exp
d Mn theo

c Mn exp
d Mn NMR Đ f1 83 1,994 1,802 4,155 4,405 1,370 1,237 1 7,445 1.232 81 1,946 1,772 4,055 4,205 1,336 1,220 1 7,197 1.28

aEntry 2 was a repeat experiment of Entry 1, confirming the reproducibility of the results. bConversion as determined after precipitation in cold n-heptane:Conv.=(m-mI-mCu-mL)/mM where m denotes the weight of product, and mI, mCu, mL, mM the weights of the initiator, copper catalyst, ligand (PMDETA) and mono-mers, respectively. cPyrMMA, MMA, and MSp theoretical number-average-molar mass as calculated by [PyrMMA], [MMA], or [MSp)]0/[Initiator]0×Conv(%)×
Mw PyrMMA (or MMA or MSp) assuming a living process. dPyrMMA, MMA or MSp experimental number-average molar mass as determined by 1H NMR spectroscopy: n exp=
DPexp×Mw PyrMMA (MMA or MSp) where DPexp is the experimental degree of polymerization, as calculated from the relative intensities of methyl protons of MMA (δ=3.6ppm), methyl group in MSp (δ=2.75 ppm) and methylene group in PyrMMA (δ=5.74 ppm) with methylene protons of initiator group (4.09 ppm). eInitiationefficiency as calculated from n the of poly(PyrMMA-r-MMA-r-MSp)/ n exp of poly(PyrMMA-r-MMA-r-MSp). fDispersity index as determined by GPC in THF using polystyrene standards.

M
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To investigate the sensing ability of poly(PyrMMA-r-MMA-r-MSp) toward CN- in aqueous solution, 3 mg/mL aqueous solu-tions of poly(PyrMMA-r-MMA-r-MSp) containing CN- at variousconcentrations (0.01 M HEPES buffer, pH 7.2) were preparedfollowing the WHO guideline. As seen in Figure 5, the solutionscontaining CN- turned to yellow color after UV irradiation (365 nm)

as a result of the complexion of the MC form of spirooxazinewith CN-, whereas the blank solution in the absence of CN-remained colorless. The strength of the yellow color increasedwith increasing cyanide concentration (from 0.5 to 3 µmol/L).This was in accordance with increases in intensity of the absor-bance at 483 nm.The emission spectra of poly(PyrMMA-r-MMA-r-MSp) solutionsbefore and after UV irradiation, when excited at the absorptionmaxima, were compared in Figure 6. The poly(PyrMMA-r-MMA-
r-MSp) solution before UV irradiation displayed a fluorescencequantum yield of 0.62. The emission was quenched consider-ably when the solution was irradiated with UV light, attributedto FRET effect. The solution containing 1.9 µmol/L of CN-1 afterUV irradiation showed a quantum yield of 0.52, suggesting theadduct formation of the spirooxazine MC form with CN- that

Figure 3. Poly(PyrMMA-r-MMA-r-MSp) in THF solution with MSp in closedform (A), poly(PyrMMA-r-MMA-r-MSp) in THF solution with MSp in openedform after UV irradiation (B), UV-Vis spectra of poly(PyrMMA-r-MMA-
r-MSp) under UV-irradiation (C).

Figure 4. Optical writing and erasing experiments on a poly(PyrMMA-r-MMA-r-MSp) film spin-coated on a glass substrate (the red color was apiece of red sticker put on the surface to mimic the flag symbol, which was then removed in the subsequent erasing step). 

Figure 5. UV-vis spectra of aqueous solutions of poly(PyrMMA-r-MMA-r-MSp) in the presence of CN- at different concentrations after UV irradiation,and corresponding images of the UV irradiated solutions.
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prevents the FRET process.Furthermore, the affinities of poly(PyrMMA-r-MMA-r-MSp)towards other anions, such as Br-, Cl- and NO3- were accessed.The emission spectra of the copolymer solutions in the pres-ence of the corresponding anions displayed quantum yield val-ues of ~0.23, which is much smaller than the case of CN-. Thissuggests that the spirooxazine MC form did not bind Br-, Cl- andNO3- efficiently, and hence the FRET quenching process stilloccurred. These results suggest the selective sensing ability ofthe copolymer for cyanide anions.Last but not least, the DSC measurement of poly(PyrMMA-r-MMA-r-MSp) was performed to determine its thermal transi-tions. The DSC second-heating trace in the range from 0 to 150 oCof the poly(PyrMMA-r-MMA-r-MSp) showed a glass transitiontemperature (Tg) of around 66 °C and a melting transition (Tm)at about 108 °C (Figure 7). 
4. ConclusionsIn conclusion, we have successfully designed and synthesized anovel photoswitching poly(PyrMMA-r-MMA-r-MSp) via ATRP

method. The obtained copolymer has the average molecularweight of 7445 g mol-1 with polydispersity index of around 1.23.The poly(PyrMMA-r-MMA-r-MSp) copolymer exhibited excel-lent photochromic behavior in solid film under UV irradiation.Erasable and rewritable photoimaging on the solid film wassuccessfully demonstrated. Poly(PyrMMA-r-MMA-r-MSp) couldbe a promising candidate for fundamental studies and eventualtechnical applications as optical data storage materials. More-over, the poly(PyrMMA-r-MMA-r-MSp) copolymer also exhibitedthe sensing ability for cyanide anions in aqueous solution asrevealed by the fluorescence spectrometry results. 
Supporting information: Information is available regarding theexperimental procedure for the synthesis and characterizationof the methacrylate spirooxazine monomer and the FTIR spec-trum of poly(PyrMMA-r-MMA-r-MSp). The materials are avail-able via the Internet at http://www.springer.com/13233.
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