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Materials and Methods

General Information
Methyl acrylate (MA; Aladdin, 99%), n-butyl acrylate (n-BA; Aladdin, 99%), (2-methoxyethyl) acrylate (MEA; Aladdin, >98.0%), 2,2,2-trifluoroethyl acrylate (TFEA; Aladdin, >98.0%), benzyl acrylate (BzA; Aladdin, 97.0%), tert-butyl acrylate (t-BA; Aladdin, 99%), methyl methacrylate (MMA; Aladdin, 99%), n-butyl methacrylate (n-BMA; Aladdin, 99%), cyclohexyl methacrylate (CHMA; Aladdin, >98.0%), poly(ethylene glycol) methyl ether methacrylate (OEGMA; Aldrich), and styrene (St; Aladdin, 99%) were passed through a column of basic alumina to remove polymerization inhibitor prior to use. 4,7-diphenyl-1,10-phenanthroline (Phen; Energy Chemical, 99%), 1,4-dimethoxybenzene (DMB; Macklin, 99%), iron(III) chloride (FeCl3; Aladdin, >99.99%), ethyl α-bromoisobutyrate (EBiB; Aladdin, 98%), ethyl α-bromophenylacetate (EBPA; Aladdin, >98%), ethyl α-chlorophenylacetate (ECPA; Aladdin, ≥97%), tris[2-(dimethylamino)ethyl]amine (Me6TREN; Aladdin, >98%), tris(2-pyridylmethyl)amine (TPMA; Aladdin, >98.0%), N,N,N′,N′′,N′′-pentamethyldiethylenetriamine (PMDETA; Aladdin, 99%), triethanolamine (TEOA; Aladdin, >99.0%), tetrabutylammonium bromide (n-Bu4NBr; Aladdin, ≥99%), (trifluoromethylsulfonyloxy) copper(I) (Cu(OTf); Aladdin, 98%), catechol (Macklin, 99.5%), butylated hydroxytoluene (BHT; Macklin, 98%), nitrobenzene, dimethyl sulfoxide (DMSO), N,N-dimethylformamide (DMF), acetonitrile (MeCN), and isopropyl alcohol (IPA) were used as received. Cuprous bromide (CuBr; Aladdin, >99.9%) and cuprous chloride (CuCl; Aladdin, ≥97%) were purified from acetic acid prior to use.

1H nuclear magnetic resonance (1H NMR) measurements were performed on an Angilent VSR 600 MHz spectrometer. Solid-state 13C cross polarization/magic angle spinning (CP/MAS) was performed on a Bruker AVANCE Ⅲ HD 400MHz spectrometer. The experiments were carried out on a 4 mm resonance probe with a spinning rate of 10 kHz. Molecular weight properties of the polymers were determined by size exclusion chromatography (SEC). The SEC instrument was equipped with a Waters 1515 pump and a Waters 2414 differential refractometer using PSS columns (SDV 10000, 500, and 100 Å) with tetrahydrofuran (THF) as eluent at 35 °C and a flow rate of 1 mL min-1. Linear polystyrene standards were used for calibration. The surface areas and pore size distributions were measured by N2 adsorption and desorption at 77 K using a Micrometrics ASAP 2460 analyzer. Powder samples were degassed at 110 °C for 8 h under vacuum (10-5 bar) before analysis. The pore size distributions were calculated using the non-local density functional theory (NLDFT). Thermogravimetric (TG) analysis was performed on an NETZSCH STA449 F5 by heating samples at 10 °C min–1 under air to 800 °C. Scanning electron microscope (SEM) was performed for microstructural investigation and conducted on a Merlin Compact field emission scanning electron microscope. Constituent elements of the samples were analyzed by energy dispersive spectroscopy (EDS, X-Max, Oxford). Transmission electron microscopy (TEM) was performed on a Hitachi HT7700. Ultraviolet/visible/near infra-red diffuse reflectance spectra (UV/Vis/NIR-DRS) were acquired using an Angilent CARY 5000 spectrophotometer. UV-Vis absorption spectra were recorded on a Angilent CARY 5000 and Shimadzu UV 1900i spectrophotometer. The photoluminescence (PL) spectra of the photocatalysts were studied by a Shimadzu RF-6000 3D fluorescence spectrophotometer. Fluorescence quantum yield and their relation to lifetimes of photocatalysts were conducted on a HORIBA QuantaMaster 8000 photoluminescence spectrometer. X-ray photoelectron spectroscopy (XPS) was carried out on an Thermo Fisher Scientific K-Alpha instrument. The photocatalytic performance was measured under the irradiation of visible light (>420 nm) at 15 A current with 300 W Xe lamp (Beijing Perfect Light Co. Ltd, PLS-SXE300). The diameter of the photoreactor was 7.8 cm. The whole photocatalytic process was kept at room temperature (25 °C) with a light intensity of 130 mW cm−2. Laser particle size analysis was conducted on a Malvern Mastersizer 2000. Zeta Potential was recorded on a Malvern Zetasizer Nano ZS90. The blue (λmax = 455 nm), green (λmax = 540 nm), orange (λmax = 590 nm), red (λmax = 630 nm), and white LED lamps were purchased from NVC Lighting. The LED strips were mounted inside a glass container (diameter = 15 cm, height = 7.5 cm) and a cooling fan was used during polymerization to maintain the reactions at room temperature, the optical power density was regulated by a sliding resistor. Far red1 (λmax = 730 nm), far red2 (λmax = 760 nm), NIR1 (λmax = 800 nm), NIR2 (λmax = 850 nm), and NIR3 (λmax = 940 nm) LED lamps were purchased from Shenzhen Xusheng Electronic Technology Co., Ltd. The intensities of light sources were measured using TES-1333R. The emission spectra of LED light sources were measured using HP-350C (380-780 nm) or HP-350IR (550-1100 nm) illuminometer purchased from Hangzhou LCE Intelligent Detection Instrument Co., Ltd. Matrix-assisted laser desorption/ionization time-of-flight (MALDI-ToF) mass spectrometry was conducted using a Bruker rapifleX MALDI-ToF mass spectrometer, equipped with positive ion ToF detection. Saturated trans-2-[3-(4-tert-butylphenyl)-2-methyl-2-propylidene] malonitrile (DCTB) solution as a matrix, while sodium iodide as cationization agent. Amperometric i-t analysis were performed on a Pt mesh electrode, together with a Pt wire counter electrode, a Ag|AgCl|Cl- reference electrode (saturated KCl aqueous solution); a Chenghua CHi 660 electrochemical workstation was used. Mixing (500 rpm during electrolysis) was ensured by a 2 cm PTFE cylindrical magnet. The cyclic voltammetry curves were recorded in a 0.1 M tetrabutyl ammonium tetrafluoroborate solution in DMF. The standard three-electrode including a glassy carbon working electrode, a Pt wire counter electrode, and an Ag|AgCl|Cl- reference electrode (saturated KCl aqueous solution). The laser confocal micro-Raman spectrometer was home made, and equipped with a 532nm laser light source.
Computational methods
Spin-polarized density functional theory calculations were carried out under the scheme of generalized gradient approximation1, with the use of BLYP functional based on our tests and double numerical polarized (DNP) basis2, as embedded in DMol3 package3,4. A global orbital cutoff with a radius of 4.5 Å was employed, under which the adsorption geometry was fully relaxed with total energy and atomic force converged to 10-6 Ha and 0.005 Ha/Å (1 Ha≈27.2114 eV). Solution effect has been considered using explicit model (COSMO, with a dielectric constant of 46.7 for DMSO, as the default in DMol3). Most of our calculations were based on cluster model (described below); therefore, no k-space sampling and vacuum layers are requested. In the case of periodic condition boundary for polymers, the distance between any two k-points is less than 0.05 Å-1. Bond dissociation energy (BDE) has been evaluated from the energy difference before and after bond cleavage, during which calculations dissociated hydrogen is single hydrogen (rather than ½H2). Single Br- has been introduced to hydrogen, generating hydrogen bond (HB) with an initial distance of 2.2 Å, which has been further optimized.  HB strength has been evaluated with the energy increment when Br- has been moved to a far position (>12 Å), under which H-Br HB has been fully broken. All energies have been corrected with DFT-D correction using Tkatchenko and Scheffler’s approach5.

Polymerization Procedures

Synthesis of Phen-HCP

Phen (478.7mg, 1.44 mmol, 1 equiv.), dimethoxybenzene (1.6 g, 11.52 mmol, 8 equiv.), and anhydrous FeCl3 (5.6 g, 34.56 mmol, 24 equiv.) were charged into a 50 mL 2-neck flask followed by addition of 20 mL nitrobenzene under dry nitrogen atmosphere. The flask was placed in an oil bath and was heated at 80 °C for 4 h, then the temperature was increased to 120 °C to allow complete formation of the network for 20 h. After the reaction, the precipitate was extensively washed with methanol, THF, and acetone until the filtrate became clear. The network was further Soxhlet extracted in MeOH and THF for 24 h and followed by drying under vacuum to yield ~1.95 g of the Phen-HCP (yield: 94%) in brown color.

Synthesis of Phen-CHCP

Phen-HCP (400 mg) and 50 mL MeOH were charged into a 100 mL 2-neck flask followed by addition of NaBH4 under nitrogen atmosphere. The flask was placed in an oil bath and was heated at 80 °C for 4 h and cooled to room temperature for 4h. After the reaction, the mixture was separated by centrifugation and the residue was washed with 2.5M NaOH aqueous solution, deionized water, and MeOH, respectively. Finally, the network was allowed to dry under vacuum to yield ~310 mg (yield: 77.5%) of the Phen-CHCP.

General procedure for oxygen tolerance photoinduced ATRP using Phen-CHCP under green light irradiation

The photocatalyst Phen-CHCP (0.9 mg), MA (0.9 mL, 10.0 mmol, 200 equiv.), DMSO (0.9 mL), and a stock solution of CuBr (0.14 mg, 1.0 μmol, 0.02 equiv.), and Me6TREN (5.4 μL, 20.0 μmol, 0.2 equiv.) in DMSO (60 μL) were introduced to 3.6 mL vial. A 7.5 µL aliquot of EBiB (50.0 μmol, 1 equiv.) was introduced into the tube via syringe. The tube was irradiated under green LEDs to start the polymerization. Samples were taken and analyzed by 1H NMR and SEC to determine the monomer conversion and molecular weight properties, respectively.

Procedure for recycling the Phen-CHCP photocatalyst

The photocatalyst Phen-CHCP (5 mg), MA (5mL, 55.6 mmol, 200 equiv.), DMSO (5 mL), and a stock solution of CuBr (0.78 mg, 15 μmol, 0.02 equiv.), and Me6TREN (30.0 μL, 111.1 μmol, 0.2 equiv.) in DMSO (60 μL) were introduced to 20 mL vial. A 41.7 µL aliquot of EBiB (277.8 μmol, 1 equiv.) was introduced into the tube via syringe. The tube was irradiated under green LEDs to start the polymerization. Samples were taken and analyzed by 1H NMR and SEC to determine the monomer conversion and molecular weight properties, respectively. The mixture was diluted by adding 40 mL of MeCN, and the photocatalyst was separated by centrifugation. The photocatalyst was thoroughly washed with MeCN and separated by centrifugation for 3 times and dried before use in the next cycle. A fresh solution of CuBr/Me6TREN was used in each cycle.

Procedure for scalable oxygen and inhibitor tolerance polymerization performed in white light
The photocatalyst Phen-CHCP (5 g), MEA (5 kg, 38.4 mol, 100 equiv.), DMSO (5 kg), EBIB (75 g, 0.384 mol, 1 equiv.) and a stock solution of CuBr (1.65 g, 0.0115 mol, 0.03 equiv.), and Me6TREN (26.5 g, 0.115 mol, 0.3 equiv.) in DMSO (5 mL) were introduced to a photoreactor containing 4 of white LED array and 20 L jacketed pilot plant reactors (Shanghai 3S Technology Co., Ltd.). The photoreactor was then irradiated under white LEDs (400 W) to start the polymerization. After 6 h light irradiation, sample was taken and analyzed by 1H NMR and SEC to determine the monomer conversion and molecular weight properties, respectively.

Procedure for in situ scalable oxygen and inhibitor tolerance copolymerization performed in white light

n-BA (5 kg, 39 mol, 100 equiv.), DMF (5 kg), and Me6TREN (23.5 g, 0.102 mol, 0.26 equiv.) were added into pro-synthesized PMEA-Br solution (~10 L, 0.384 mol) in a 20 L photoreactor. The photoreactor was then irradiated under white LEDs (400 W) to start the copolymerization. After 4.5 h light irradiation, sample was taken and analyzed by 1H NMR and SEC to determine the monomer conversion and molecular weight properties, respectively.
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Supplementary Fig. 1 (a) A representative structure of the Phen-CHCP. (b) Solid-state 13C NMR spectrum of Phen-CHCP. Asterisks denote spinning sidebands. 
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Supplementary Fig. 2 Images of Phen-CHCP in (a) powder form, (b) dispersed in MeCN, and (c) after filtration of the dispersion in MeCN through syringe filters.
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Supplementary Fig. 3 (a) Images of Phen-HCP and Phen-CHCP dispersed in water. (b) Size distribution of Phen-HCP and Phen-CHCP measured by laser particle analyzer. (c) Zeta potential of Phen-HCP and Phen-CHCP.
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Supplementary Fig. 4 (a) TG curves and (b) Relative XPS survey spectra of Phen-HCP and Phen-CHCP. 
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Supplementary Fig. 5 SEM-EDS mapping of Phen-CHCP.
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Supplementary Fig. 6 (a) Nitrogen sorption isotherms of BET surface area and (b) pore width analysis of Phen-CHCP. (c) SEM and (d) TEM image of the Phen-CHCP photocatalyst. 


[image: image7]
Supplementary Fig. 7 Cyclic voltammetry of 10-3 M [Br-CuIIMe6TREN]+ in 0.1 M n-Bu4NBr DMSO solution with and without Phen-CHCP recorded on a GC electrode at 0.03 V s-1. 
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Supplementary Fig. 8 (a) UV-vis diffuse reflectance spectra of the Phen-CHCP photocatalyst overlaid with the emission spectra of the light sources, including blue (λmax = 455 nm), green (λmax = 540 nm), orange (λmax = 590 nm), red (λmax = 630 nm), 730 nm, 760 nm, 800 nm, 850 nm, 940 nm and white light. (b) Tauc plot of transformed Kubelka-Munk reflectance as a function of the energy for the Phen-CHCP. (c) UV-vis spectra of Phen-CHCP photocatalyst in DMSO solution. (d) Fluorescence excitation and emission spectra of Phen-CHCP photocatalyst in DMSO solution. (e) Fluorescence decay curves of Phen-CHCP photocatalyst in DMSO solution applying 350 nm excitation. (f) Photocurrent response curve of Phen-CHCP photocatalyst.
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Supplementary Fig. 9 UV-vis spectra of 9,10-dimethylanthracene (0.1 mg/mL) and Phen-CHCP (0.5 mg/mL) stirred in DMF under blue light irradiation (0.9 mW/cm2) run for 20, 40, 60, 80 and 100 min.
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Supplementary Fig. 10 Picture of the photoreactor with green LED strips installed inside a glass container.


[image: image11]
Supplementary Fig. 11 (a) Monomer conversion and (b) plot of Mn (filled points) and Đ (empty points) versus air volume content for Phen-CHCP/Cu-catalyzed photo-ATRP of MA. Reaction conditions: [MA]/[EBiB]/[CuBr]/[Me6TREN] = 200/1/0.02/0.2 in 50 vol% DMSO under green light irradiation (0.9 mW/cm2) , Vair/Vbottle = 0.5, Phen-CHCP = 0.5 mg/mL, polymerizations run for 6 h.
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Supplementary Fig. 12 SEC traces for the polymerizations shown in Table 1, entry 2-5.
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Supplementary Fig. 13 SEC traces for the polymerizations shown in Supplementary Table 4, entry 2-4.
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Supplementary Fig. 14 SEC traces of PMA synthesized in the presence of decreasing concentration of the Cu catalyst with Me6TREN ligand. Reaction conditions: [MA]/[EBiB]/[CuBr]/[Me6TREN] = 200/1/x/0.2 (x = 0.04, 0.02, 0.01, and 0.005 equiv. with respect to initiator corresponding to 200, 100, 50, and 25 ppm with respect to monomer) in 50 vol% DMSO, Vair/Vbottle = 0.5, Phen-CHCP = 0.5 mg/mL, irradiated under green light (0.9 mW/cm2).
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Supplementary Fig. 15 SEC traces for the polymerizations shown in Table 1, entry 8, 10, 12, and 14.
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Supplementary Fig. 16 SEC analysis of PMA with a range of targeted DPs (50-1000) synthesized using Phen-CHCP/Cu-catalyzed photo-ATRP. Experimental details were provided in Supplementary Table 5.


[image: image17]
Supplementary Fig. 17 Evolution of SEC traces of PMA synthesized using Phen-CHCP/Cu-catalyzed photo-ATRP in (a) DMSO and (b) DMF respectively. Reaction conditions: [MA]/[EBiB]/[CuBr]/[Me6TREN] = 200/1/0.02/0.2 in 50 vol % DMSO or DMF respectively, Vair/Vbottle = 0.5, Phen-CHCP = 0.5 mg/mL, irradiated under green LEDs (0.9 mW/cm2).
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Supplementary Fig. 18 SEC traces of the resulting polymers after intermittent light on/off periods. Reaction conditions: [MA]/[EBiB]/[CuBr]/[Me6TREN] = 200/1/0.02/0.2 in 50 vol% DMF, Vair/Vbottle = 0.5, Phen-CHCP = 0.5 mg/mL, irradiated under green light LEDs (0.9 mW/cm2).


[image: image19]
Supplementary Fig. 19 (a) Plot of monomer conversion versus time on the exposure time that was switched on and off. (b) SEC traces of the resulting polymers after intermittent light on/off periods. Reaction conditions: [MA]/[EBiB]/[CuBr]/[Me6TREN] = 200/1/0.02/0.2 in 50 vol% DMF, Vair/Vbottle = 0.5, Phen-CHCP = 0.5 mg/mL, irradiated under green light LEDs (0.9 mW/cm2).

[image: image20.png]DMSO a e JdBr
h b ! h h
C
a
b
ALY
5 4 3 2 1 0




Supplementary Fig. 20 1H NMR (CDCl3, 600 MHz) spectrum of final polymer obtained from green light irradiation (0.9 mW/cm2) using MA. Integrated ratio of g : c = 0.92 : 6.00. Reaction condition: [EBiB]/[MA]/[CuBr]/[Me6TREN] = 1/100/0.02/0.2 in 50 vol % DMSO, Vair/Vbottle = 0.5, Phen-CHCP = 0.5 mg/mL. 


[image: image21]
Supplementary Fig. 21 MALDI-TOF linear mode PMA obtained from Phen-CHCP/Cu-catalyzed photo-ATRP. Reaction conditions: [MA]/[EBiB]/[CuBr]/[Me6TREN] = 100/1/0.02/0.2 in 50 vol% DMSO under green light irradiation (0.9 mW/cm2), Vair/Vbottle = 0.5, Phen-CHCP = 0.5 mg/mL.
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Supplementary Fig. 22 Results of ATRP of acrylate monomers (n-BA, MEA, TFEA, BzA), methyl acrylate monomers (n-BMA, OGEMA and CHMA) and styrene. Experimental details are provided in the Supplementary Table 6.
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Supplementary Fig. 23 Recycling Phen-CHCP as a photocatalyst in ATRP of MA showing retention of photocatalytic activity over multiple cycles. (a) Monomer conversion and (b) molecular weight (Mn, squares) and dispersity (Đ, circles) of the resulting polymers in recycling experiments. Reaction conditions: [MA]/[EBiB]/[CuBr]/[Me6TREN] = 200/1/0.02/0.2 in 50 vol % DMSO under green light irradiation (0.9 mW/cm2), Vair/Vbottle = 0.5, Phen-CHCP = 0.5 mg/mL.
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Supplementary Fig. 24 Photos of the polymerization solution before (fresh) and after recycling experiments (5 cycles).
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Supplementary Fig. 25 SEM-EDS mapping of recycled Phen-CHCP.
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Supplementary Fig. 26 Evolution of SEC traces of PMA synthesized using Phen-CHCP/Cu-catalyzed photo-ATRP under (a) blue (0.9 mW/cm2), (b) green (0.9 mW/cm2), (c) red (2 mW/cm2), and (d) 940 nm (15 mW/cm2) light irradiation, respectively. Reaction conditions: [MA]/[EBiB]/[CuBr]/[Me6TREN]=200/1/0.02/0.2 in 50 vol % DMSO, Vair/Vbottle = 0.5, Phen-CHCP = 0.5 mg/mL.


[image: image27]
Supplementary Fig. 27 Summary of blue (7,8,9,10-14), green (7,8,10,12-16), red (7,8,10-13,15,17,18), and NIR (6,7,8,10,18-22) light intensity for various photocatalysts applied in photocatalyzed RDRPs, respectively.
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Supplementary Fig. 28 NIR photocontrolled ATRP of MA in the presence of translucent barrier (left) and the dependence of monomer conversion on the thickness of the paper (right). Reaction conditions: [MA]/[EBiB]/[CuBr]/[Me6TREN] = 200/1/0.02/0.2 in 50 vol % DMSO under 940 nm light irradiation (20 mW/cm2), Vair/Vbottle = 0.5, Phen-CHCP = 1 mg/mL. Polymerizations run for 11 h.
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Supplementary Fig. 29 SEC traces for the polymerizations shown in Supplementary Table 9 (entry 2, 6, 8, 10 and 12).


[image: image30]
Supplementary Fig. 30 (a) Kinetics and (b) evolution of molecular weight (Mn, filled points) and dispersity (Đ, empty points) of the polymers as a function of monomer conversion for Phen-CHCP/Cu-catalyzed photo-ATRP of MA under green light irradiation using purified and unpurified monomer respectively. (c) Evolution of SEC traces of PMA synthesized using Phen-CHCP/Cu-catalyzed photo-ATRP in the presence of unpurified monomer. Reaction condition: [MA]/[EBiB]/[CuBr]/[Me6TREN] = 200/1/0.02/0.2 in 50 vol% DMSO, Vair/Vbottle = 0.5, Phen-CHCP = 0.5 mg/mL, irradiated under green LEDs (0.9 mW/cm2).
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Supplementary Fig. 31 1H NMR (CDCl3, 600 MHz) spectrum of final polymer obtained from green light irradiation (0.9 mW/cm2) using unpurified MA. Integrated ratio of g : c = 0.90 : 6.00. Reaction condition: [MA]/ [EBiB]/[CuBr]/[Me6TREN] = 100/1/0.02/0.2 in 50 vol% DMSO, Vair/Vbottle = 0.5, Phen-CHCP = 0.5 mg/mL. 
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Supplementary Fig. 32 MALDI-TOF linear mode PMA obtained from Phen-CHCP/Cu-catalyzed photo-ATRP using unpurified MA. Reaction conditions: [MA]/[EBiB]/[CuBr]/[Me6TREN] = 100/1/0.02/0.2 in 50 vol % DMSO under green light irradiation (0.9 mW/cm2), Vair/Vbottle = 0.5, Phen-CHCP = 0.5 mg/mL. 
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Supplementary Fig. 33 SEC traces of PMA macroinitiator (in blue) and PMA-b-PMEA block copolymer (in red) upon in situ chain extension showing high chain-end fidelity and successful chain extension when applied unpurified monomer.


[image: image34]
Supplementary Fig. 34 Monitoring of CuII/L-O2 species over time by UV-Vis spectroscopy as formed in (a) Cu-catalyzed photo-ATRP and (b) Phen-CHCP/Cu-catalyzed photo-ATRP. Monitoring of CuII/L-O2 species over time by UV-Vis spectroscopy as formed in (c) Cu-catalyzed photo-ATRP and (d) Phen-CHCP/Cu-catalyzed photo-ATRP in the presence of EBiB. Insert left shows the initial color of the complex and insert right shows the color after light irradiation. 
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Supplementary Fig. 35 Mechanism for traditional Cu-catalyzed ATRP. 


[image: image36]
Supplementary Fig. 36 (a) I-t curve of CuI/L solution with addition of EBiB and MEHQ in the presence of Phen-CHCP photocatalyst under green light irradiation. (b) I-t curve of CuI/L solution with addition of EBiB and MEHQ in the presence of Phen-CHCP photocatalyst under green light irradiation. (c) I-t curve of CuII/L-X solution with addition of EBiB in the presence of Phen-CHCP photocatalyst under green light irradiation. (d) I-t curve of Phen-CHCP dispersion with addition of EBiB under green light irradiation. Condition: [EBiB]/[CuBr]/[Me6TREN] = 1/0.02/0.2, CCuBr = 1.1 mM, Vair/Vbottle = 0.5, irradiated under green LEDs (0.9 mW/cm2), Phen-CHCP = 5 mg/mL, 0.1 M n-Bu4NBr were added.


[image: image37]
Supplementary Fig. 37 Cyclic voltammetry of Phen-CHCP in 0.1 M n-Bu4NBF6 DMF solution recorded on a GC electrode at 0.05 V s-1.
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Supplementary Fig. 38 Emission intensities of Phen-CHCP dispersion excited at 532 nm upon addition of different concentrations of EBiB, CuBr2/Me6TREN (1/1), O2-CuBr/Me6TREN (1/1) and Me6TREN. The Stern-Volmer plot for Phen-CHCP in the presence of Me6TREN as quenchers (Q) in non deoxygenated DMSO. 
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Supplementary Fig. 39 1H NMR (CDCl3, 600 MHz) spectrum of Phen-CHCP/Cu-catalyzed photo-ATRP of MA in the presence of different volumes content of air under green light irradiation (0.9 mW/cm2). Reaction condition: [EBiB]/[MA]/[CuBr]/[Me6TREN] = 1/200/0.02/0.2 in 50 vol% DMSO, Vair/Vbottle = 0.5, Phen-CHCP = 0.5 mg/mL.


[image: image40]
Supplementary Fig. 40 The proposed mechanism for Phen-CHCP/Cu-catalyzed photo-ATRP in DMF. 
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Supplementary Fig. 41 Monitoring of CuII reduction by UV-Vis spectroscopy as formed (a) Cu-catalyzed photo-ATRP and (b) Phen-CHCP/Cu-catalyzed photo-ATRP without addition of initiator. Monitoring of CuII reduction by UV-Vis spectroscopy as formed (c) Cu-catalyzed photo-ATRP and (d) Phen-CHCP/Cu-catalyzed photo-ATRP with addition of initiator. Insert left shows the initial color of the complex and insert right shows the color after light irradiation. Condition: [EBiB]/[CuBr]/[Me6TREN] = 1/0.02/0.2 in DMF, CCuBr = 1.1 mM, Vair/Vbottle = 0.5, Phen-CHCP = 0.5 mg/mL. 

[image: image42.png]Current (nA)

-204 PC+Cu'/L PC+Cu'/L+EBIiB
404
604
-804

-100 1

0 2000 4000 6000 8000 10000 12000
Time (s)




Supplementary Fig. 42 I-t curve of CuI/L solution with addition of EBiB in the presence of Phen-CHCP photocatalyst under green light irradiation (0.9 mW/cm2). Condition: [EBiB]/[CuBr]/[Me6TREN] = 1/0.02/0.2 in DMF, CCuBr = 1.1 mM, Vair/Vbottle = 0.5, Phen-CHCP = 5 mg/mL. 0.1 M n-Bu4NBr were added for i-t analysis.


[image: image43]
Supplementary Fig. 43 (a) Monitoring of MEHQ over time by 1H NMR as formed in the presence of Phen-CHCP and Me6TREN. (b) Monitoring of MEHQ over time by 1H NMR as formed in the presence of Phen-CHCP, Me6TREN and EBiB. 


[image: image44]
Supplementary Fig. 44 Investigation of hydrogen bond (HB) associated with H-Br. (a) BHT, (b) catechol and (c) MEHQ. C, O, H, and Br are shown as gray, red, white, and dark red balls. Green dash lines indicate the HB with H-Br distance listed in unit of Å. Calculated HB energy is listed in unit of kcal/mol. 


[image: image45]
Supplementary Fig. 45 Emission intensities of PPh3-CHCP dispersion excited at 532 nm upon addition of different concentrations of EBiB, CuBr2/Me6TREN (1/1) and O2-CuBr/Me6TREN (1/1). The Stern-Volmer plot for Phen-CHCP in the presence of EBiB, CuBr2/Me6TREN, and O2-CuBr/Me6TREN as quenchers (Q) in non deoxygenated DMSO. 
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Supplementary Fig. 46 Picture of the photoreactor containing 4 of white LED array and 20 L jacketed pilot plant reactors. 


[image: image47]
Supplementary Fig. 47 (a) SEC traces of 10 L scale of PMA (target DP: 100). (b) SEC traces of 10 L scale of PMEA macroinitiator (in blue) and 20 L scale of PMEA100-b-PBA93 copolymer (in red) upon in situ chain extension showing high chain-end fidelity and successful chain extension. The polymers were synthesized using Phen-CHCP using unpurified monomer in presence of 50% v/v air content. 

Supplementary Table 1 Zeta potential and conductivity of Phen-HCP and Phen-CHCP.
[image: image48.png]Phen-HCP Phen-CHCP

Zeta Potential (mV) -33.5 -37
Conductivity (mS/cm)  0.0210 0.0349





Supplementary Table 2 Fluorescent properties of Phen-CHCP in DMSO.

[image: image49]
[a] Excitation wavelength.[b] Emission wavelength. [c] Fluorescence lifetime. [d] Quantum yield.
Supplementary Table 3 Phen-CHCP/Cu-catalyzed photo-ATRP of MA in presence of different volumes residual air under green light irradiation.

[image: image50]
Reaction conditions: [MA]/[EBiB]/[CuBr]/[Me6TREN] = 200/1/0.02/0.2 in 50 vol% DMSO under green light irradiation (0.9 mW/cm2), Phen-CHCP = 0.5 mg/mL, polymerizations run for 6 h. aMe6TREN was 0.4 equiv relative to EBiB, polymerizations run for 9 h.
Supplementary Table 4 Results of ATRP of MA in presence of different concentrations of Phen-CHCP photocatalyst and Cu catalyst under green light irradiation.
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Reaction conditions: [MA]/[EBiB]/[CuBr]/[Me6TREN] = 200/1/x/0.2 (x = 0.04, 0.02, 0.01, and 0.005 corresponding to 200, 100, 50, and 25 ppm with respect to monomer) in 50 vol% DMSO, Vair/Vbottle = 0.5, irradiated under green LEDs (0.9 mW/cm2).
Supplementary Table 5 Phen-CHCP/Cu-catalyzed photo-ATRP of MA with varying degrees of polymerization.
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Polymerizations were conducted in 50 vol% DMSO, Vair/Vbottle = 0.5, Phen-CHCP = 0.5 mg/mL, irradiated under green LEDs (0.9 mW/cm2). 

Supplementary Table 6 Monomer scope of Phen-CHCP/Cu-catalyzed photo-ATRP.
[image: image53.png]entry monomer initiator ligand CuBr/L  Phen-CHCP (mg/mL) solvent time(h) conv. (%) M,, M, D
1 n-BA EBiB Me;,TREN  1/10 2 DMF 18 96 12500 13600 1.07
2 MEA EBiB Me;,TREN  1/10 0.25 DMSO 4 96 12700 13000 1.10
3 TFEA EBiB Me;,TREN  1/10 0.5 DMSO 12 95 14500 15200 1.11
4 BzA EBiB Me;,TREN  1/10 0.5 DMSO 6 97 15900 13300 1.09
5 t-BA EBiB Me;,TREN  1/10 2 DMF 20 95 12400 12500 1.08
6 n-BMA EBPA TPMA 1/5 0.5 DMF 24 98 14200 15200 1.14
7 CHMA EBiB Me;,TREN  1/10 2 DMF 5 95 16200 16100 1.13
8 OEGMA EBPA TPMA 1/5 0.5 DMF 3 98 14900 14900 1.19
94 St EBPA  MeTREN  1/10 0.5 IPA 24 95 4900 5900 1.14
10 MEA ECPA Mg TREN  1/10 0.5 DMSO 17 92 12200 12800 1.18





Polymerizations were performed using various initiator and irradiated under green LEDs (0.9 mW/cm2) (entry 1-8 and 10) or blue LEDs (2 mW/cm2) (entry 9). Reaction conditions: In entry 1-5 and 7, [M]/[EBiB]/[CuBr]/[Me6TREN] = 100/1/0.02/0.2 in 50 vol% solvent. [n-BMA]/[EBPA]/[CuBr]/[TPMA]/[TEOA] = 100/1/0.04/0.2/0.8 in 50 vol% DMF. [OEGMA]/[EBPA]/[CuBr]/[TPMA]/[TEOA] = 50/1/0.04/0.2/0.8 in 50 vol% DMF. a[St]/[EBPA]/[CuBr]/[Me6TREN] = 50/1/0.01/0.1 in 50 vol% IPA. Considering the low reactivity of styrene monomer, polymerization was conducted at temperature of 40℃. [MEA]/[ECPA]/[CuCl]/[Me6TREN] = 100/1/0.02/0.2 in 50 vol% DMSO. Vair/Vbottle = 0.5.

Supplementary Table 7 Polymerization of MA and MMA using different light wavelengths.

[image: image54]
Reaction conditions: [MA]/[EBiB]/[CuBr]/[Me6TREN] = 200/1/0.02/0.2 in 50 vol% DMSO, [MMA]/[EBPA]/[CuBr]/[TPMA] = 200/1/0.04/0.12 in 50 vol% DMSO, Vair/Vbottle = 0.5, Phen-CHCP = 0.5 mg/mL. Triethanolamine (1.0 equiv relative to EBPA) was used as the electron donor in the presence of TPMA.
Supplementary Table 8 NIR photo-controlled polymerization of in presence of translucent barrier.
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Reaction conditions: [MA]/[EBiB]/[CuBr]/[Me6TREN] = 200/1/0.02/0.2 in 50 vol % DMSO under 940 nm light irradiation (20 mW/cm2), Vair/Vbottle = 0.5, Phen-CHCP = 1 mg/mL. Polymerizations run for 11 h. Translucent barrier is A4 paper.

Supplementary Table 9 Results of Phen-CHCP/Cu-catalyzed photo-ATRP using unpurified MA, MMA and St.
[image: image56.png]entry Monomer solvent Light Source Phen-CHCP (mg/mL) time (h) conv. (%) M,, M, b

14 MA DMF  Green-0.9 mW/cm? 0.5 18 97 16900 18500 1.06
2 MA DMF  Green-0.9 mW/cm? 0.5 18 93 16200 16800 1.07
MA DMF  Green-0.9 mW/cm? 0 18 0 - - -
4 MA DMF Dark 0.5 18 0 - - -
5ab MA DMF  Green-0.9 mW/cm? 0.5 18 91 15900 17000 1.07
6b MA DMF  Green-0.9 mW/cm? 0.5 18 96 16700 17600 1.07
74 MMA DMF  Green-0.9 mW/cm? 0.5 18 94 19000 20100 1.13
8 MMA DMF  Green-0.9 mW/cm? 0.5 18 93 18800 19400 1.12
94 MMA  DMSO Green-0.9 mW/cm? 0.5 8 99 20100 22500 1.11
10 MMA  DMSO Green-0.9 mW/cm? 0.5 8 91 18400 19100 1.11
114 St IPA Blue-2 mW/cm? 0.5 24 95 5200 5900 1.14

12 St IPA Blue-2 mW/cm? 0.5 24 60 3300 2900 1.10





Reaction conditions: [MA]/[EBiB]/[CuBr]/[Me6TREN] = 200/1/0.02/0.2 in 50 vol% DMF. [MMA]/[EBPA]/[CuBr]/[TPMA] = 200/1/0.04/0.2 in 50 vol% solvent, triethanolamine (1.0 equiv relative to EBPA) was used as the electron donor in the presence of TPMA. [St]/[EBPA]/[CuBr]/[Me6TREN] = 50/1/0.01/0.1 in 50 vol% IPA. Vair/Vbottle = 0.5. MA and MMA were not passed through basic alumina to remove inhibitors prior to use. aPurified monomer. b(Trifluoromethylsulfonyloxy) copper(I) as Cu catalyst.

Supplementary Table 10 The effect of inhibitor type on Phen-CHCP/Cu-catalyzed photo-ATRP of MA.
[image: image57.png]entry inhibitor time (h) conv. (%) M,, M, D
1 MEHQ (500 ppm) 6 99 17300 16400 1.08
2 Catechol (500 ppm) 6 93 16200 15100 1.06
3 Catechol (500 ppm) 8 99 17300 17600 1.06
4 Catechol (5000 ppm) 6 59 10400 12300 1.07
5  Catechol (5000 ppm) 8 82 14400 17400 1.06
6 BHT (500 ppm) 6 93 16200 16500 1.05
7 BHT (500 ppm) 8 99 17300 18300 1.06
8 BHT (5000 ppm) 6 78 13700 14700 1.05
9 BHT (5000 ppm) 8 94 16400 18400 1.06





Reaction conditions: [MA]/[EBiB]/[CuBr]/[Me6TREN] = 200/1/0.02/0.2 in 50 vol% DMSO. Phen-CHCP = 0.5 mg/mL, Vair/Vbottle = 0.5, irradiated under green light (0.9 mW/cm2).
Supplementary Table 11 The effect of pre-irradiation solution on Phen-CHCP/Cu-catalyzed photo-ATRP of MA.
[image: image58.png]entry time(h) conv. (%) My M, D

1 1+4 95 16600 18500 1.05
2 4+4 97 16900 18900 1.05





Reaction conditions: [MA]/[EBiB]/[CuBr]/[Me6TREN] = 200/1/0.02/0.2 in 50 vol% DMSO under green light irradiation (0.9 mW/cm2), Vair/Vbottle = 0.5, Phen-CHCP = 0.5 mg/mL.

Supplementary Table 12 The effect of inhibitor type on PPh3-CHCP/Cu-catalyzed photo-ATRP of MA.

[image: image59]
Reaction conditions: [MA]/[EBiB]/[CuBr]/[Me6TREN] = 200/1/0.02/0.2 in 50 vol% DMSO. PPh3-CHCP = 0.5 mg/mL, Vair/Vbottle = 0.5, irradiated under green light (0.9 mW/cm2).
Supplementary Table 13 Typical examples of oxygen or inhibitor tolerant Cu-ATRPs up to present.
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[image: image62.png]entry Vir(mL) Vi (%) conv. (%) Mum M, b
1 0 0 99 17300 17300 1.09
2 0.36 10 99 17300 18700 1.09
3 0.72 20 99 17300 18900 1.09
4 1.08 30 99 17300 18100 1.10
5 1.44 40 99 17300 17900 1.09
6 1.8 50 99 17300 17800 1.07
7 2.16 60 93 16200 17600 1.10
8 2.34 65 86 15000 15600 1.11
9 2.52 70 66 11600 13800 1.09
10 2.7 75 18 3300 4200 1.13
11 2.88 80 0 - - -

12¢ 2.88 80 91 15900 21200 1.07




[image: image63.png]entry inhibitor time (h) conv. (%) M,, M, D

1 MEHQ (5000 ppm) 6 93 16300 16300 1.08
2 Catechol (5000 ppm) 6 0 - - -
3 BHT (5000 ppm) 6 98 17100 18200 1.08
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[image: image68.png]entry Monomer Light Source time (h) conv. (%) M, M, D
1 MA Blue-0.9 mW/cm? 3 99 17300 18300 1.08
2 MA Green-0.9 mW/cm? 6 99 17300 18200 1.07
3 MA Orange-2.0 mW/cm? 8 99 17300 18100 1.06
4 MA Red-2.0 mW/cm? 8 98 17100 18500 1.08
5 MA White-0.9 mW/cm? 6 98 17100 18500 1.08
6 MA 730 nm-10 mW/cm? 8 99 17300 18300 1.07
7 MA 760 nm-10 mW/cm? 8 99 17300 18200 1.08
8 MA 800 nm-10 mW/cm? 10 99 17300 18200 1.08
9 MA 850 nm-15 mW/cm? 10 98 17100 18800 1.08
10 MA 940 nm-15 mW/cm? 11 98 17300 18400 1.07
11 MA Sun 3 98 17100 17600 1.05
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