Supporting Information
Polymer Micelles Stabilization-On-Demand through Reversible Photocrosslinking
1. Synthesis and Characterization of Diblock Copolymers
Materials.
Cu(I)Br,
2-Bromo-2-methylpropionyl
bromide,
methylacryloyl
chloride,
7-Hydroxy-4-methylcoumarin, N, N, N’, N’ N’’-pentamethyldiethylenetriamine (PMDETA),
2-bromoethanol, methyl methacrylate, triethylamine and Nile Red (hydrophobic dye) were purchased
from Aldrich and used without further purification. Dioxane was purified by distillation from sodium
with benzophenone. Poly(ethylene oxide) (PEO) macroinitiator with the number-average molecular
weight of ~ 5000 g mol-1 was prepared according to the literature method1. Since the synthesis of the
coumarin-containing methacrylate monomer is known in the literature,2 only some details on the
syntheses we carried out in this study are given below.
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Scheme 1. Synthetic route to
coumarin-containing block
copolymers

Synthesis of 7-(2-Hydroxyethoxy)-4-methylcoumarin. A mixture of 5.0 g of
7-hydroxy-4-methylcoumarin, 5.0 g of 2-bromoethanol and 3.0 g of potassium carbonate in 50 mL of
ethanol was heated under reflux for 20 h and treated with ether and water after cooling. The organic
layer was washed with ether thoroughly and dried over magnesium sulfate, followed by the removal
of the solvent. The residual solid was pure enough to use in the next step without further purification
(90% yield).
Synthesis of 7-(2-Methacryloyloxyethoxy)-4-methylcoumarin. 5.0 g of methacryloyl chloride was
added dropwise to a mixture of 5.0 g of triethylamine and 5.0 g of
7-(2-hydroxyethoxy)-4-methylcoumarin in 80 mL of chloroform. After being stirred for 12 h at room
temperature, the reaction mixture was treated with dichloromethane and the organic layer was washed
with an aqueous solution of NaCl, followed by drying over magnesium sulfate and the removal of the
solvent to give a solid. The crude product was recrystallized from ethanol to afford colorless powdery
crystals in 80% yield.
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H NMR (CDCl3) (ppm): 1.96 (s, 3H, CH3), 2.4 (s, 3H, CH3), 4.28 (t, 2H, CH2OR), 4.53 (t, 2H,
CH2OAr), 5.60 (s, 1H, ethylene), 6.15 (s, 1H, ethylene; d, 1H, J), 6.8-6.9 (m, 2H, aromatic), 7.5 (d,
1H, aromatic).

Synthesis
of
Coumarin-Containing
Block
Polymers.
The synthesis
of
p2,
PEO112-b-P(CMA8-co-MMA20), is described below as an example. Cu(I)Br (10.6 mg, 0.074 mmol),
PEO-macroinitiator (185 mg, 0.037 mmol), methyl methacrylate (MMA, 80 mg, 0.8 mmol), N, N, N’,
N’, N”-pentamethyldiethylenetriamine (PMDTA, 13 mg, 0.074 mmol), coumarin methacrylate (90
mg, 0.312 mmol) and dioxane (2 mL) were quickly added into a 5 mL ampoule. Then, the mixture
was degassed three times using the freeze-pump-thaw procedure and sealed under vacuum. After 30
min stirring at room temperature, the ampoule was placed in a preheated oil bath (90 oC) for 14 h. The
solution was passed through a neutral Al2O3 column with chloroform as eluent to remove the catalyst.
The block polymer was collected by reprecipitation twice into hexane. Yield: 70 %. The composition
of the block copolymer was analyzed using 1H NMR (see Fig.S2). Mn (NMR)=9,300 g mol-1.
Mw/Mn=1.23 (GPC). The other sample, p1 (PEO112-b-PCMA20), was synthesized using the same
procedure. Fig. S1 shows the determination of its composition, yielding Mn (NMR)=10,700 g mol-1.
This sample was insoluble in THF and no GPC measurements were performed.
Characterizations. 1H NMR spectra were obtained using a Bruker Spectrometer (300 MHz, AC 300).
UV-vis spectra were recorded on a Hewlett-Packard 8452A diode array spectrophotometer.
Steady-state fluorescence emission spectra were recorded on a SPEX 1680 double-monochromator
spectrophotometer. Gel permeation chromatography (GPC) measurements were performed using a
Waters system equipped with a refractive index and a photodiode array detector; THF being used as
eluent (elution rate, 0.5 mL/min) and polystyrene standards used for calibration. Micellar aggregates
were examined using a Hitachi H-7500 transmission electron microscope (TEM) operating at 80 KV.
Samples for TEM observations were prepared by casting one drop of the micellar solution on
carbon-coated copper grid and dried at room temperature. Dynamic light scattering (DLS)
measurements were carried out on a Zetasizer Nano ZS (Malvern Instruments) at Laval University
(Quebec, Canada), the light source being a red laser at 633 nm. The photo-crosslinking procedure was
made by applying a UV-vis spot curing system (Novacure, 320-500 filter, 2000 mW) vertically from
above the tube. And for photo-decrosslinking, the irradiation light was obtained directly from UV-C
Air sterilizer lamp (1.25 watt, λmax = 254 nm), placed at about 7 cm away from the sample tube.

Figure S1. 1H-NMR
spectrum of polymer p1:
PEO112-b-PCMA20. Peaks a
and b were used to determine
the composition.
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Figure S2. 1H NMR spectrum of
polymer p2:
PEO112-b-(PMEC8-co-PMMA20).
Peaks a, b and c were used to
determine the composition.
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Figure S3. UV-vis spectra of p1 in CHCl3 (0.08 mg mL-1): a) under UV light at λ>310 nm, the decrease of
the absorption at ~ 320 nm showing the photocrosslinking (with the formation of cyclo-butane); and b)
under UV light at λ<260 nm, the recovery of the absorption showing the photodecrosslinking (with the
photocleavage of coumarin dimers).

An example of UV-vis spectra is given in Fig.S3 showing the reversible photoreactions. In CHCl3 the
block copolymer p1 was molecularly dissolved and formed no micelles. The occurrence of the
photodimerization of coumarin moieties and the photocleavage of the dimers upon UV irradiation at
the two different wavelengths can be noticed from the reversible variation of the absorbance of
coumarin moieties around 320 nm. In dilute solutions, intrachain dimerization may well take place.
2. Preparation of Micelles with and without Loaded Dye and Release Experiments
The same preparation conditions were used to prepare micelles without dyes and micelles loaded with
dyes, the only difference was that in the latter case the hydrophobic dye of Nile Red was solubilized in
the copolymer solution prior to the formation of micelles. What follows is a typical preparation
experiment using dye-loaded micellar solution as an example. 10 mg of polymer p1 and 10 mg of Nile
Red were dissolved in 5 mL of DMSO with stirring, then 1 mL of water was added slowly to induce
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the formation of micelles. The solution was stirred for 2 h and then quenched with 10 mL of water.
Stirring was continued at room temperature for another 0.5 h or longer. The micellar solution was then
irradiated with UV light at λ>310 nm for photocrosslinking. After a wanted crosslinking degree was
achieved (monitored with UV-vis measurements), the organic solvent was removed by dialysis
(Spectrum, MW cutoff 3,500) against water with stirring for three days; water was frequently
refreshed (every 2 h during day time). Afterwards, non-encapsulated dye, being insoluble in water,
was removed through microfiltration (0.45 µm Teflon filter). In the case of using photo-decrosslinked
micelles, an aliquot of the core-crosslinked micellar solution was exposed to UV light at λ<260 nm,
and UV-vis spectra were recorded to confirm the photocleavage of coumarin dimers.
For the release experiments, Nile Red-loaded micellar solutions (with uncrosslinked,
photo-crosslinked and photo-decrosslinked micelles) were first diluted to the same concentration of
Nile Red (same absorbance at 560 nm in UV spectra) Then 1 mL of micellar solution was dialyzed in
15 mL of THF/H2O (2/3) at room temperature under rigorous stirring. The amount of dye released
from the micelles into the mixed solvent was directly monitored by measuring the intensity of the
fluorescence emission (excitation at 570 nm). Fig. S4 shows an example of fluorescence emission
spectra of Nile Red dissolved in the mixed solvent.
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Figure S4. 1 Change in fluorescence
emission of Nile Red (λex=570 nm) with
increasing the time of dialysis, showing the
release of the dye from uncrosslinked
micelles.
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3. DLS Measurements and TEM Images
Dynamic light scattering (DLS) measurements were performed on aqueous micellar solutions of p1
before photocrosslinking, after photocrosslinking and after subsequent photodecrosslinking. The
results shown in Figure S5 revealed slight variations in the distribution of sizes and the average sizes
between uncrosslinked (141 nm), photocrosslinked (136 nm) and photodecrosslinked micellar
aggregates (139 nm). TEM observations were made on samples cast from the same solutions. Small
core-shell micelles (~ 10 nm) can be noticed in TEM images in Figure S6, in addition to the larger
aggregates observed on DLS. It appears that under the used preparation conditions, most core-shell
micelles coalesced into the larger aggregates. The TEM image in Figure S7 was obtained after
dissolving dried micelles of p1 exposed to UV light at λ>310 nm in DMSO. The fact that DMSO,
which is a good solvent for both PEO and PCMA, could not dissolve the micellar aggregates provides
an additional evidence for the photocrosslinking of the micelles.
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Figure S5. DLS results for aqueous micellar solutions of p1 before photocrosslinking, after
photocrosslinking and after the subsequent photodecrosslinking.

Figure S6. TEM images of micelles of p1: uncrosslinked (a), core-crosslinked (b) and subsequently
core-decrosslinked micelles (c). All images have the same magnification of 80,000 × (scale bar is 100 nm).
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Figure S7. TEM image showing micellar
aggregates remained after dissolution attempt in
DMSO.
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