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Materials
Yttrium acetate hydrate (Y(CH3CO2)3.xH2O, 99.9%, Strem Chemicals), ytterbium acetate hydrate (Yb(CH3CO2)3.xH2O, 99.9%, Strem Chemicals), thulium acetate tetrahydrate (Tm(CH3CO2)3.4H2O, 99.9%, Strem Chemicals), oleic acid (Spectrum), 1-octadecene (90%, Alfa Aesar), ammonium fluoride (NH4F, 98%, Spectrum), sodium hydroxide (NaOH, 97%, Fisher Scientific), coumarin 153 (99%, Aldrich), methanol (MeOH, 99.9%, Fisher Scientific), chloroform (CHCl3, 99.8%, EMD), acetone (99.5%, Fisher Scientific), and phosphate buffered saline (PBS, 10X, pH 7.4, Cellgro) were used without further purification. Light-sensitive polymer was synthesized according to a procedure previously published.[1]

Synthesis of β-NaYF4: 30% Yb3+, 0.5% Tm3+/ β-NaYF4 core-shell nanoparticles
Upconverting core-shell nanoparticles used in this study were synthesized according to a method published by Carling et al. [2]

Characterization of upconverting nanocrystals
Nanoparticles’ size, morphology, and structure were measured by transmission electron microscopy (FEI, Technai G2 Sphera). Diluted UCNP solutions in CHCl3 were placed on Pelco® carbon-coated 400 square mesh copper grids (Ted Pella, inc.) and dried overnight. The nanoparticle size distributions shown in Figure S1 were extracted from TEM images using ImageJ software (NIH). Luminescence spectra were obtained using a Fluorolog modular spectrofluorometer (Horiba) coupled with a 980 nm CW laser diode (Thorlabs). Absorption spectra were collected using a UV-3600 UV-Vis-NIR spectrophotometer (Shimadzu).

Preparation of UCNP-doped light-sensitive polymer NPs
Polycresol particles co-doped with core-shell UCNPs and coumarin 153 (C153) were obtained as follows. Polycresol (50 mg) was dissolved in CHCl3 (0.375 mL) containing UCNPs (15 mg/mL) and diluted with a solution of C153 in DMF (4 mg/mL, 0.125 mL) at 10% w/v. The mixture was electrosprayed at 20 kV (Gamma High Voltage, ES30) at a flow rate of 0.5 mL/hr (KD Scientific) using a 25 gauge needle for 30 minutes. Samples were collected onto microscope glass slides on an aluminum plate collector at a distance of 20 cm. The particles (~2 mg/slide) were removed from their glass slide substrate by sonication in PBS, washed with PBS, and finally dispersed in 5 mL of PBS. Polycresol particles doped with C153 only were used as a control and obtained following the same procedure.

Photolysis studies
In a typical experiment, release from light-sensitive polymer particles was photo-initiated by irradiating a 250 µL aliquot (0.4 mg/mL) in a micro quartz cuvette at 980 nm for specified periods of time using either a Ti:Sapphire laser (Mai Tai HP, Spectra Physics, 100 fs pulse width, 80 MHz repetition rate). A wave plate/polarizer combination was used to vary the output power from 0.25 to 1 W. Release of C153 was followed by fluorescence spectroscopy (Fluorolog, Horiba Jobin-Yvon) and an emission spectrum was recorded immediately after every irradiation period. C153 was excited at 420 nm and the entire spectrum was collected from 450 to 650 nm. After irradiation, the sample was incubated at 37 °C in PBS pH 7.4, away from light. The morphology of the degraded particles was investigated by TEM. Polymer degradation products were examined using gel permeation chromatography (GPC, Waters e2695). Samples were evaporated until completely dry, suspended in DMF, and passed through a 0.2 µm syringe filter to remove UCNPs and PBS before injection onto the GPC column.

Cytotoxicity 
The cytotoxicity of light-sensitive polymer and degradation products after light exposure was measured using a 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) reduction assay. To test the degradation products, a solution of nanoparticles formulated from LSP in PBS (300 μg/mL, pH 7.4) was irradiated with UV light for 30 min and then diluted to lower concentrations. RAW 264.7 macrophage cells were seeded at a density of 15,000 cells/well in a 96 well plate and incubated for 24 h to reach ~ 60% confluency. Cells were treated with various amounts of irradiated photo-sensitive polymer (from 1.17 μg/mL to 300 μg/mL) and incubated for 20 hrs. To each well was added MTT solution (10 μL) and incubated for 3 h. Dimethyl sulfoxide (DMSO, 100 μL) was added to cells to dissolve the resulting formazan crystals. After 20 min of incubation, the absorbance at 570 nm was measured using a microplate reader (Flexstation, Molecular Device Co.). The cell viability was obtained by comparing the absorbance of polymer-treated cells to that of control cells. The same procedure was applied for intact nanoparticles.

Supplementary figures
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Figure S1. (A) Transmission electron microphotographs and (B) size distribution histograms of the NaYF4: 30% Yb3+, 0.5% Tm3+ core UCNPs; (C) transmission electron microphotographs and (D, E) size distribution histograms of the NaYF4: 30% Yb3+, 0.5% Tm3+ core-shell UCNPs.
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Figure S2. Absorption spectrum of NaYF4: 30% Yb3+, 0.5% Tm3+ UCNPs in CHCl3.
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Figure S3. Emission spectra of upconverting nanoparticles (80 mg/mL) dispersed in 95% CHCl3/5% CH3OH, combined with varying concentrations of photo-degradable polymer. Excitation: 980nm, CW diode, 250mW.
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Figure S4. GPC chromatograms of cresol and adipic acid, two major degradation byproducts.
[image: Fig S5ai]
Figure S5. Cytotoxicity as a function of concentration of the ONB polymer and its UV degradation products.
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Figure S6. GPC chromatograms of UCNPs-loaded polymer capsules before and after irradiation at 500 mW with pulsed laser light (980 nm) for various periods of time (from 0 to 4 hrs).
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Figure S7. TEM photographs of polymer capsules containing UCNPs after NIR irradiation (1 W, 2 h) and 48 hrs incubation, showing degradation of the particles.
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Figure S8. Fluorescence emission spectra taken every 15 min over 90 min. (A) un-irradiated C153 + UCNP-loaded polymer capsules, (B) irradiated C153 + UCNPs-loaded polymer capsules, and (C) irradiated C153-loaded polymer capsules (no UCNPs); (D) fluorescence intensity of C153 vs. NIR exposure time derived from the fluorescence spectra acquired for graph A, B, and C. Irradiation: pulsed laser light, 1 W, 980 nm. The excitation wavelength was 420 nm.
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Figure S9. Fluorescence emission maxima monitored every 15 min for 90 min. Irradiation: pulsed laser light, 1 W, 980 nm. The excitation wavelength was 420 nm.
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