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Ⅰ. Supplementary Methods 

A. General Information  

A−1. Sample Preparations  

All OPCs were synthesized according to the procedures previously reported by our group.1 Tris(2-phenylpyridinato) 

iridium(Ⅲ) (fac-Ir(ppy)3, TCI), tetrabromofluorescein (eosin Y, TCI), and fluorescein (Aldrich) were purchased 

commercially, and used without further purifications. Unless otherwise specified, all chemicals and solvents were 

purchased commercially, and used without further purification. The inhibitor in methyl methacrylate (MMA, Aldrich, 

contains ≤30 ppm MEHQ as inhibitor, 99%) was removed by percolating over an aluminum oxide (Aldrich, activated, 

basic, Brockmann I) column. Pre-prepared stock solutions of the PCs and the chain transfer agents (CTAs) were used 

for the higher reproducibility. 

 

A−2. Sample Measurements 

A−2−1. Characterization of Synthesized Polymers 

Newly synthesized polymers were characterized by 1H NMR and gel permeation chromatography (GPC). The molecular 

weights (MWs) and MW distribution of polymers synthesized were determined by GPC (Young Lin YL9100 HPLC 

system) coupled with a refractive index (RI) detector (Young Lin YL9170 RI detector) and three columns. 

Tetrahydrofuran (THF, Samchun Chemicals, HPLC, stabilized, >99.9%) was used as the eluent at 35 oC with a flow rate 

of 0.8 mL/min. Polymethylmethacrylate (PMMA) standards were used for calibration. The polymer composition was 

determined using a 1H NMR spectrometer (Bruker, AVANCE Ⅲ HD (400 MHz)) with chloroform-d (CDCl3, contains 

0.05% v/v tetramethylsilane (TMS), 99.8%) as the solvent. 

 

∎ Example of calibration of GPC system 

 

 

A−2−2. Photophysical Measurements  

Absorbance measurements were done with a Cary 5000 UV-Vis-NIR spectrometer. Room temperature 

photoluminescence (PL) emission spectra were obtained using a HORIBA Jobin Yvon Fluoromax-4 spectrofluorimeter 

equipped with a 150 W Xe short arc lamp and Hamamatsu R928P PMT detector; the emission spectra were corrected 

for the sensitivity of the photomultiplier. 
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PL quantum yield at r.t. under N2 atmosphere was measured relative to the QY of 0.1M H2SO4 quinine sulfate solution 

(with absorbance 0.11 at 387 nm) by using following equation: 

 

Where, Φs is the quantum yield of the samples, ΦR is the quantum yield (0.577) of quinine sulfate solution in 0.1M 

H2SO4, Is and IR are the integrated fluorescence area, As and AR are the absorbed amount of light (which relates to the 

absorbance via A = 1-10-E) for the sample and reference solutions, respectively. s and R are the refractive indices of 

the solvent for the sample and reference solutions. 

Low temperature PL measurements were carried out in CH3CN solvent. Emission was dispersed in wavelength using 

an Acton SP2500 spectrometer and detected either by a Princeton Instruments Spec10:400BR CCD camera attached or 

by a low dark current hybrid photomultiplier (PMA 06, PicoQuant), both attached to the spectrometer. Gated 

phosphorescence spectra were acquired using a cw 405 nm laser module with TTL modulation input (maximum 

modulation frequency 20 kHz) and suitable triggering of the CCD. Trigger pulses for the laser and the CCD camera 

were provided by a Stanford Research Systems DG645 pulse and delay generator with 5 ps resolution. Phosphorescence 

spectra were acquired with a delay of 30ms after a 2s excitation pulse. 

PL decay measurements were carried out by the time-correlated single photon counting (TCSPC) technique. The 

excitation source was a 405 nm pulsed diode laser (LDH−D−C−405 PicoQuant) of pule width (FWHM) < 49 ps 

controlled by a PDL828 driver (PicoQuant) at a repetition rate of 2.5 MHz. A HydraHarp−400 TCSPC event timer with 

1 ps time resolution and a Picoquant TimeHarp 260 nano TCSPC electronics with 1 ns resolution were employed to 

measure decays on on short (nanosecond to microsecond) and long (microsecond to second) time scales, respectively. 

The decay time fitting procedure was carried out with the measured IRF by using the Fluofit software (PicoQuant). 

Smallest residual values were obtained in the fitting procedure. The phosphorescence decay measurements were carried 

out by using gated 405 nm cw excitation. 

 

A−2−3. Transient absorption spectroscopy  

∎ Calculation of intersystem crossing rates and yields 

Scheme 1 summarizes the photophysical processes that have to be considered for the actual system. It leads to the 

following system of ordinary differential equations (ODE) that define the dynamics of the concentration of excited 

singlet and triplet states (S and T, respectively): 

{

𝑑𝑆

𝑑𝑡
= −(𝑘𝐹 + 𝑘𝑛𝑟 + 𝑘𝑖𝑠𝑐) ∙ 𝑆 + 𝑘𝑟𝑖𝑠𝑐 ∙ 𝑇

𝑑𝑇

𝑑𝑡
= −(𝑘𝑇0 + 𝑘𝑟𝑖𝑠𝑐) ∙ 𝑇 + 𝑘𝑖𝑠𝑐 ∙ 𝑆

}   (S1) 

In eq. S1, kF and knr are rate constants for the radiative (by fluorescence) and non-radiative singlet deactivation, 

respectively, kisc and krisc are the forward and backward (return) intersystem crossing rate constants, and the rate constant 

kT0 summarizes phosphorescence and radiation-less deactivation into the electronic ground state S0. 
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Scheme 1. Photophysical model to describe the dynamics and yields. States are given as capital letters; rate constants 

use the symbol “k”. The energy difference between the lowest excited singlet and triplet states is given as ΔE. 

 

∎ By Fluorescence Transient 

Time-resolved photoluminescence can be used as a probe for the time-resolved concentration of S(t): 

𝑃𝐿(𝑡) = (
𝑑𝑆

𝑑𝑡
)

𝑃𝐿
= 𝑟 ∙ 𝑘𝑟 ∙ 𝑆(𝑡)   (S2) 

ODE systems of the form of eq. S1 lead to biexponential kinetics for both S(t) and T(t). Therefore, PL decay traces will 

not suffice to quantify the 5 rate constants of scheme 1. We used the following strategy to obtain reliable rate constants: 

The radiative rate constant kr was calculated using the formula of Strickler and Berg, which in simplified form reads 

𝑘𝐹,𝑆𝐵 = 4.34 ∙ 107[𝑠−1𝑒𝑉−2]
𝐸𝐹,𝑣𝑒𝑟𝑡

3

𝐸𝐴,𝑣𝑒𝑟𝑡
𝑓  Starting from the TD-DFT calculated oscillator strength of f = 0.079 and a 

vertical absorption and emission energies EA,vert = 2.43 eV and EF,vert  1.9 eV, respectively for the lowest energetic CT 

transition, we obtain kr = 1 x 107 s-1. By spectral modeling of the early transient absorption spectra, which are entirely 

dominated by the S1 state, we find that the oscillator strength for stimulated emission is approximately equal to that of 

the corresponding absorption band, for which we find f = 0.082, very close to the calculated value.  

The PL quantum yield was measured as φPL = 0.18 in CH3CN. Assuming 𝑘𝑇0 ≡ 0 (we will verify this assumption 

below), all photoexcited states must decay through the singlet channel, for which the PL quantum yield is defined as 

𝜙𝑃𝐿 =
𝑘𝐹

(𝑘𝐹+𝑘𝑛𝑟)
. From this relation, we get knr = 4.6 x 107 s-1.  

As noted above, the decay of S(t) follows biexponential kinetics, producing a fast and a slow decay time (τ1 and τ2, 

respectively). The fast process is caused by equilibration kinetics: 

1

𝜏1
= 𝑘𝐹 + 𝑘𝑛𝑟 + 𝑘𝑖𝑠𝑐    (S3) 

We found τ1 = 3.3 ns for both DMSO and CH3CN so that kisc = 2.5 x 108 s-1. Therefore, the total yield of triplet states 

𝜙𝑇 =
𝑘𝑖𝑠𝑐

(𝑘𝐹+𝑘𝑛𝑟+𝑘𝑖𝑠𝑐)
= 0.82 , signifying the upper limit to the overall photochemical polymerization yield when this 

material is used as a photocatalyst. 

For the slower time constant of the PL traces we found τ2 ≈ 100 μs. This represents the lifetime of the triplet state, 

detected by thermally activated delayed fluorescence (TADF)2 controlled by the thermodynamic equilibrium constant  

𝐾 =
𝑘𝑟𝑖𝑠𝑐

𝑘𝑖𝑠𝑐
=

1

3
𝑒𝑥𝑝 (

−∆𝐸

𝑘𝐵𝑇
)     (S4) 

In eq. S4, ΔE is the energy difference between the lowest excited singlet and triplet state, kB = 8.617 x 10-5 eV/K is 

Boltzmann’s constant and T = 293 K is the temperature. The first-order ODE system with constant coefficients S1 

(setting kT0 = 0) can be easily solved, resulting in two decay rates which are the eigenvalues of the matrix of coefficients: 



 Supporting-6 

𝜆1/2 = −
𝑘𝑠+𝐾∙𝑘𝐼𝑆𝐶

2
± √(

𝑘𝑠+𝐾∙𝑘𝐼𝑆𝐶

2
)

2
− 𝐾 ∙ 𝑘𝐼𝑆𝐶(𝑘𝑆 − 𝑘𝐼𝑆𝐶) (S5) 

Here, the plus sign corresponds to the slow decay component and the minus sign to the fast one. Setting 𝜏2 = −𝜆1
−1 =

100𝜇𝑠,  𝜏1 = −𝜆2
−1 = 3.3𝑛𝑠, 𝑇 = 293𝐾 and solving for Δ𝐸 results in 

Δ𝐸 = −𝑘𝑇 ∙ 𝑙𝑛 (
3

𝑘𝐼𝑆𝐶𝜏𝑇
∙

𝑘𝑆𝜏𝑇−1

(𝑘𝑟+𝑘𝑛𝑟)𝜏𝑇−1
) ≈ −𝑘𝑇 ∙ 𝑙𝑛 (

3

𝑘𝐼𝑆𝐶𝜏𝑇
∙

𝑘𝑆

𝑘𝑟+𝑘𝑛𝑟
) (S6) 

Inserting the values given above finally results in 

∆𝐸 ≈ 0.186𝑒𝑉  (S7) 

Considering the long triplet lifetimes in the range of seconds measured at low temperature we can confirm that, at room 

temperature, it is perfectly legitimate to neglect any direct radiative decay of the triplet to the ground state. As the triplet-

singlet splitting determined above is consistent with the one determined from the onsets of the photoluminescence and 

phosphorescence spectra (Δ𝐸 ≈ 0.2𝑒𝑉), we can conclude that also non-radiative decay does not contribute significantly 

to the measured lifetime at room temperature and that the decay happens exclusively through the TADF pathway. 

 

∎ By Transient Absorption 

Similar results are obtained by an independent study of transient absorption (TA) dynamics in the same sample. The 

differential absorption is defined as 

∆𝐴 = 𝐴𝑝𝑢 − 𝐴0,     (S8) 

where 𝐴 = − ln 𝑇 is the natural absorbance (base e) with the transmission T, and the suffixes “0” and “pu” refer to the 

unperturbed sample (all molecules in electronic ground state) and the sample perturbed by a pump pulse, respectively. 

In the latter case, some of the molecules are in an excited state. All states, whether ground or excited states, have 

characteristic resonance energies, leading to characteristic absorption spectra that can be interrogated by a broadband 

(white) probe pulse.  

The fact that the probe pulse is broadband allows us to measure A at various probe energies Epr, thus obtaining a TA 

spectrum 𝛥𝐴(𝐸𝑝𝑟); the fact that it is a pulse allows us to measure time-resolved TA spectra 𝛥𝐴(𝐸𝑝𝑟, 𝑡) where t is the 

pump-probe delay time. According to the Beer-Lambert Law, 

𝐴(𝐸𝑝𝑟) = ∑ (𝜎𝑖(𝐸𝑝𝑟) ∙ 𝑠𝑖)𝑖     (S9) 

every electronic state 𝑖 ∈ {1, . . , 𝑛𝑠𝑡} contributes additively to the overall natural absorbance due to its characteristic 

spectrum of absorption cross-sections 𝜎𝑖(𝐸𝑝𝑟) times the area density 𝑠 = 𝑐 ∙ 𝑑, where c is the concentration and d is 

the sample thickness. We consider a total of nst contributing states. Inserting S9 into S8 yields 

∆𝐴 = ∑ (𝜎𝑖(𝐸𝑝𝑟) ∙ 𝑠𝑖,𝑝𝑢(𝑡))𝑖 − ∑ (𝜎𝑖(𝐸𝑝𝑟) ∙ 𝑠𝑖,0(𝑡))𝑖 = ∑ (𝜎𝑖(𝐸𝑝𝑟) ∙ ∆𝑠𝑖(𝑡))𝑖   (S10) 

In the last term, we introduced 𝛥𝑠𝑖(𝑡) = 𝑠𝑖,𝑝𝑢(𝑡) − 𝑠𝑖,0(𝑡) as the pump-induced change of concentration remaining at 

time t after the pump. Since the continuous functions 𝜎𝑖(𝐸𝑝𝑟) and Δ𝑠𝑖(𝑡) , and thus 𝛥𝐴, are experimentally probed 

only at nE probe energy points and at nt time points, it is convenient to restate S10 in matrix notation. Introducing two-

dimensional matrices σ (nst column vectors of absorption cross-sections  𝜎𝑖(𝐸𝑝𝑟) ) and s (nst row vectors of 

concentration-time dependences Δ𝑠𝑖(𝑡)) , we obtain 

𝑨 = 𝝈 × 𝒔,     (S11) 

where A is now an (nE X nt) matrix of differential absorptions  𝛥𝐴(𝐸𝑝𝑟 , 𝑡) measured at nE probe energies and nt time 
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points. We can isolate s by left-multiplying the inverse matrix σ-1: 

𝒔 = 𝝈−𝟏 × 𝑨     (S12) 

Eq. S12 shows that we can obtain the complete dynamics of all photoexcited states (i.e., the solution of ODE S1) if we 

know the set of characteristic spectra σ for all contributing states, by multiplying the matrix inverse 𝜎−1 with the 

experimental differential absorption spectrum A. However, since generally 𝑛𝐸 ≠ 𝑛𝑠𝑡 , σ is not square, we cannot 

rigorously calculate its inverse. Here, we use the property of a truncated singular value decomposition (t-SVD) that it is 

always optimal in the least-squares sense, the ns strongest singular values of an SVD, 

𝑨𝒆𝒙𝒑 = 𝑼 × 𝒔 × 𝑽 = 𝑼𝒔 × 𝒔𝒔 × 𝑽𝒔 + 𝑼𝒏 × 𝒔𝒏 × 𝑽𝒏 = 𝑼𝒔 × 𝒔𝒔 × 𝑽𝒔 + 𝑵; 𝑠 ∈ {1. . 𝑛𝑠𝑡},   (S13) 

are automatically selected such as to minimize the square N2 of the residuals (noise) N. in eq. S13, suffixes s and n refer 

to “signal-related” and “noise-related”, respectively. This means that performing a t-SVD on an experimental differential 

absorption matrix Aexp will yield a matrix of ns column vectors Us, and a matrix of ns row vectors 𝑻𝒔 = 𝒔𝒔 × 𝑽𝒔, that 

together represent a bias-free global fit to Aexp.  

The matrices Us and Ts are closely related to our desired matrices σ and s in eq. S11, respectively, as we can see by 

inserting the identity  into eq. S13: 

𝑨𝒆𝒙𝒑 = 𝑼𝒔 × 𝑹 × 𝑹−𝟏 × 𝑻𝒔 + 𝑵   (S14) 

We find that S14 is identical with S11 if  

𝑨 = 𝑨𝒆𝒙𝒑 − 𝑵;  𝝈 = 𝑼𝒔 × 𝑹;  𝒔 = 𝑹−𝟏 × 𝑻𝒔   (S15) 

The matrix R is called the rotation matrix; as shown by eq. S12, its matrix elements Rij are the spectral weights of the 

i-th SVD spectrum Us,i in the characteristic spectrum of state j, 𝜎𝑗. R can therefore also be called the spectral weights 

matrix. 

In our experiment, we expect 3 states to contribute to A in eq. S11: the singlet ground state S0, the first excited singlet 

state S1 and the lowest energetic triplet state T1. However, due to the conservation rule  

c(T1) + c(S1) + c(S0) = ctot,     (S16) 

where ctot is the total concentration of molecules that can be either in the ground state or in one of the excited states, we 

will obtain only two linearly independent SVD spectra in eq. S13. Due to the linear dependence of one of the 

concentrations on the other ones, in our kinetic scheme 1 the number of signal-related SVD states is therefore 𝑛𝑠 =

𝑛𝑠𝑡 − 1 = 2. 

Due to this linear dependence, we will define the characteristic spectra for S1 and T1 by incorporating the associated 

reduction of ground state absorption (“ground state bleach”): 

𝜎′
𝑆1(𝐸𝑝𝑟) = 𝜎𝑆1(𝐸𝑝𝑟) − 𝜎𝑆0(𝐸𝑝𝑟);   𝜎′

𝑇1(𝐸𝑝𝑟) = 𝜎𝑇1(𝐸𝑝𝑟) − 𝜎𝑆0(𝐸𝑝𝑟) (S17) 

Eq. S17 can be validated by introducing it into S10; one finds that the conservation rule eq. S16 is automatically 

respected.   

Now that the mathematical formalism is clear, we need to find 𝜎′
𝑆1(𝐸𝑝𝑟) and 𝜎′

𝑇1(𝐸𝑝𝑟) to solve eq. S12 to obtain 

the complete photoexcitation dynamics in s. Looking at Scheme 1, we can take advantage of the fact that due to the spin 

selection rule, the pump pulse exclusively generates S1 states. Hence, we can use eq. S10 to obtain the characteristic 

spectrum of S1 states if we measure ΔA at short enough times so that triplet states have not yet been formed. In this case 

eq. S10 simplifies to: 

∆𝐴(𝑡 → 0) = 𝜎𝑆1(𝐸𝑝𝑟) ∙ ∆𝑠𝑆1(𝑡) + 𝜎𝑆0(𝐸𝑝𝑟) ∙ ∆𝑠𝑆0(𝑡) = 𝜎′
𝑆1(𝐸𝑝𝑟) ∙ ∆𝑠𝑆1(𝑡),  (S18) 
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because in this case the conservation law simplifies to 𝛥𝑐(𝑆1) = −𝛥𝑐(𝑆0). As long as no decay to the ground state has 

yet occurred, the area density of excited states equals the area density (flux) of absorbed photons Jph,abs. Therefore, we 

get: 

𝜎′
𝑆1(𝐸𝑝𝑟) =

∆𝐴(𝑡→0)

𝐽𝑝ℎ,𝑎𝑏𝑠
,     (S19) 

showing the usefulness of eq. 14. In practice, we took the ΔA spectrum at t=20 ps to accommodate internal vibrational 

relaxation and solvent relaxation after impulsive excitation. 

The characteristic spectrum of T1 states is obtained in a similar way. According to Scheme 1, for times much longer than 

the equilibration time τ1, there will be an equilibrium between S1 and T1 states that will be far on the side of T1. As the 

experimentally detected energy difference is ΔE = 0.2 eV, the equilibrium ratio c(S1)/c(T1) will be less than 1/1000 

allowing us to neglect singlet states in eq. S10 in this case: 

∆𝐴(𝑡 ≫ 𝜏1) = 𝜎′
𝑇1(𝐸𝑝𝑟) ∙ ∆𝑠𝑇1(𝑡).    (S20) 

The problem here is that we do not know a priori the remaining triplet concentration at time t. Again, the definition of 

𝜎′
𝑇1(𝐸𝑝𝑟) in eq. S17 turns out very helpful: As we know the absolute cross-sections of the ground state 𝜎𝑆0(𝐸𝑝𝑟), we 

can find both ∆𝑠𝑇1(𝑡) and 𝜎′
𝑇1(𝐸𝑝𝑟) at the same time by a curve optimization scheme, varying the spectral shape 

𝜎𝑇1(𝐸𝑝𝑟) by introducing one or more positive Gaussians, taking advantage of the fact that triplet states do not show 

stimulated emission (formally negative TA) . 

Finally, having obtained the absolute time-resolved concentrations of S1 and T1 states, we can reproduce their dynamics 

by numerically solving ODE system S1 and varying the rate constants in a non-linear optimization algorithm, thus 

obtaining all rate constants except kr and knr, which cannot be distinguished and are summarized into km = kr + knr. 

 

A−2−4. Electrochemical Measurements 

Cyclic voltammetry experiments were carried out with a VersaSTAT3-200 (Princeton Applied Research) using an one-

compartment electrolysis cell consisting of a glassy carbon working electrode, a platinum wire counter electrode, and a 

quasi Ag+/Ag (sat. KCl) reference electrode bought from AT FRONTIER (Part No. R303). Specifically, the electrode is 

a silver wire that is coated with a thin layer of silver chloride and an insulated lead wire connects the silver wire with 

measuring instrument. The electrode also consists of a porous plug on the one end which will allow contact between the 

field environment with the silver chloride electrolyte. Saturated potassium chloride is added inside the body of the 

electrode to stabilize the silver chloride concentration and in this condition the electrode’s reference potential is known 

to be +0.197 V at 25 oC.  

 

∎ Representative CV demonstrating a reversible (left) and an irreversible (right) redox behavior.3 
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For our OPCs and fac-Ir(ppy)3, the measurements were done in 2 mM CH3CN (Alfa aesar, anhydrous, 99.8+%) solution 

with 0.1 M tetrabutylammonium hexafluorophosphate(n-Bu4NPF6, Aldrich, Electrochemical grade) as supporting 

electrolyte at a scan rate of 100 mV/s. For fluorescein and eosin Y, the measurements were done in 2 mM CH3CN:H2O 

(1:1 v/v) solution with 0.1 M n-Bu4NPF6 as supporting electrolyte at a scan rate of 100 mV/s. The redox potential was 

calibrated after each experiment against the ferrocenium/ferrocene couple (Fc+/Fc), which allowed conversion of all 

potentials to the aqueous saturated calomel electrode (SCE) scale by using E0 (Fc+/Fc) = 0.42 V vs. SCE in CH3CN. 

The working solution was degassed with N2 for 15 min (30 min for fluorescein and eosin Y) before measurement and 

then kept under a positive N2 pressure during the measurement. 

 

∎ CV curve of ferrocene recored in our lab.   

 

For the compounds showing a reversible redox behavior, the standard reduction potentials of PC+ (Eox
0) and PC (Ered

0) 

in the ground state were obtained from CV as the half sum of anodic (Epa) and cathodic (Epc) peak potentials such as 

following:  

 
1/2

2

pa pco o

ox

E E
E E


   

 
1/2

2

pa pco o

red

E E
E E


   

 

For the compounds exhibiting an irreversible redox behavior, the standard reduction potentials of PC+ and PC in the 

ground state were taken from half-peak potentials (E1/2
0), which correspond to the potential at half the maximum current 
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in the CV as a way to estimate E1/2
0.19 However, in such compounds having an irreversible redox behavior, it should be 

noted that the values are not truly reflective of E1/2
0 due to the issues explained in the previous literature.4 

Basically, we conducted all experiments with a standard condition to maintain internal consistency; this includes that all 

measurements were performed with the same scan rate (100 mV/s) and the same solution of electrolytes. In addition, 

following the suggestion by Addison,5 we converted measured potential values from silver−silver chloride into saturated 

calomel electrode (SCE) and the redox potentials of the compounds including OPCs and substrates are reported in volts 

against the SCE.  

 

A−3. Quantum-chemical Calculations 

Geometrical, electronic and optical properties of the 4DP-IPN catalyst and of initiators CPADB, CDTPA were carried 

out by (time-dependent) density functional theory, (TD)DFT, using the Gaussian09 program package, using the B3LYP 

functional with the 6-311+G* basis set.6-8 For this, the geometries were optimized in vacuum, all single point 

calculations were carried out in dimethylformamid (DMF) solution, using the polarizable continuum model (PCM). 

 

 

B. Procedures of PET-RAFT polymerizations of MMA 

B−1. Procedure for negative control experiment in the presence of argon and air 

B−1−1. In the presence of argon 

A procedure for the standard reaction conditions [MMA]:[CTA]:[PC] = [200]:[1]:[0] under argon was carried out as 

follows. A 20 mL glass vial equipped with a stirring bar was charged with MMA (1.0 mL, 9.29 mmol) and CPADB 

(0.046 mmol), and anhydrous DMSO (1 mL; Aldrich, anhydrous, 99.9%) as the solvent, inside a glove box, for the 

polymerization. Afterwards, the vial was capped with a rubber septum and sealed with parafilm, and bubbled with argon 

for 30 min outside the glove box. Subsequently, the polymerization was carried out under a 3 W 455 nm LED (ca. 2.5 

mW/cm2) irradiation at room temperature. After 18 h, a 0.1 mL aliquot of the reaction mixture was removed via syringe 

and dissolved in a vial containing CDCl3. Without storing, the aliquot was then immediately analyzed by 1H NMR for 

conversion. The sample used for 1H NMR analysis was then dried under reduced pressure and re-dissolved in THF for 

the Mn and polydispersity analyses by GPC. 

 

B−1−2. In the presence of air 

A procedure for the standard reaction conditions [MMA]:[CTA]:[PC] = [200]:[1]:[0] under air was carried out as follows. 

A 4 mL glass vial equipped with a stirring bar was charged with MMA (1.5 mL, 13.9 mmol), CPADB (0.070 mmol) and 

DMSO (1.5 mL) as the solvent. After, the vial was capped with a rubber septum and sealed with parafilm, and bubbled 

with air (DEOKYANG, O2 21 mol%, H2O 2 x 10-6 mol%) for 30 min outside the glove box. Subsequently, the 

polymerization was carried out under a 3 W 455 nm LED (ca. 2.5 mW/cm2) irradiation at room temperature. After 18 h, 

a 0.1 mL aliquot of the reaction mixture was removed via syringe and dissolved in a vial containing CDCl3. Without 

storing, the aliquot was then immediately analyzed by 1H NMR for conversion. The sample used for 1H NMR analysis 

was then dried under reduced pressure and re-dissolved in THF for the Mn and polydispersity analyses by GPC. 

 

B−2. General procedure for PET-RAFT polymerizations of MMA in the presence of argon and air 
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B−2−1. In the presence of argon 

A typical PET-RAFT procedure for the standard reaction conditions [MMA]:[CTA]:[OPC] = [200]:[1]:[0.001] and 

[MMA]:[CTA]:[Ir(ppy)3] = [200]:[1]:[0.0002] under argon was carried out as follows. A 20 mL glass vial equipped with 

a stirring bar was charged with MMA (1.0 mL, 9.29 mmol), CPADB (0.046 mmol), OPC (4.65 x 10-5 mmol) and DMSO 

(1.0 mL) as the solvent, inside a glove box, for reaction condition [MMA]:[CTA]:[OPC] = [200]:[1]:[0.001]. For 

reaction condition [MMA]:[CTA]:[Ir(ppy)3] = [200]:[1]:[0.0002]; Ir(ppy)3 (9.29 x 10-6 mmol) in DMSO (1.0 mL) was 

used. After, the vial was capped with a rubber septum and sealed with parafilm, and bubbled with argon for 30 min 

outside the glove box. Subsequently, the polymerization was carried out under a 3 W 455 nm LED (ca. 2.5 mW/cm2) 

irradiation at room temperature. After 18 h, a 0.1 mL aliquot of the reaction mixture was removed via syringe and 

dissolved in a vial containing CDCl3. Without storing, the aliquot was then immediately analyzed by 1H NMR for 

conversion. The sample used for 1H NMR analysis was then dried under reduced pressure and re-dissolved in THF for 

the Mn and polydispersity analyses by GPC. 

For experiments under green LED, a 20 mL glass vial equipped with a stirring bar was charged with MMA (1.0 mL, 

9.29 mmol), CDTPA (0.046 mmol), 4DP-IPN (4.65 x 10-5 mmol) and DMSO (1.0 mL) as the solvent inside a glove box. 

After, the vial was capped with a rubber septum and sealed with parafilm, and bubbled with argon for 30 min outside 

the glove box. Subsequently, the polymerization was carried out under a 3 W 515 nm LED (ca. 0.5 mW/cm2) irradiation 

at room temperature. After 6 h, a 0.1 mL aliquot of the reaction mixture was removed via syringe and dissolved in a vial 

containing CDCl3. Without storing, the aliquot was then immediately analyzed by 1H NMR for conversion. The sample 

used for 1H NMR analysis was then dried under reduced pressure and re-dissolved in THF for the Mn and polydispersity 

analyses by GPC. 

 

B−2−2. In the presence of air 

A typical PET-RAFT procedure for the standard reaction conditions [MMA]:[CTA]:[OPC] = [200]:[1]:[0.001] and 

[MMA]:[CTA]:[Ir(ppy)3] = [200]:[1]:[0.0002] under air was carried out as follows. A 4 mL glass vial equipped with a 

stirring bar was charged with MMA (1.5 mL, 13.9 mmol), CPADB (0.070 mmol), OPC (6.97 x 10-5 mmol) and DMSO 

(1.5 mL) as the solvent, inside a glove box, for reaction condition [MMA]:[CTA]:[OPC] = [200]:[1]:[0.001]. For 

reaction condition [MMA]:[CTA]:[Ir(ppy)3] = [200]:[1]:[0.0002]; Ir(ppy)3 (1.39 x 10-5 mmol) in DMSO (1.5 mL) was 

used. Pre-prepared stock solution of the PCs and the RAFT agent were used for the higher reproducibility of results. 

After, the vial was capped with a rubber septum and sealed with parafilm, and bubbled with air for 30 min outside the 

glove box. Subsequently, the polymerization was carried out under a 3 W 455 nm LED (ca. 2.5 mW/cm2) irradiation at 

room temperature. After 18 h, a 0.1 mL aliquot of the reaction mixture was removed via syringe and dissolved in a vial 

containing CDCl3. Without storing, the aliquot was then immediately analyzed by 1H NMR for conversion. The sample 

used for 1H NMR analysis was then dried under reduced pressure and re-dissolved in THF for the Mn and polydispersity 

analyses by GPC. 

For experiments under green LED, a 4 mL glass vial equipped with a stirring bar was charged with MMA (1.5 mL, 13.9 

mmol), CDTPA (0.070 mmol), 4DP-IPN (6.97 x 10-5 mmol) and DMSO (1.5 mL) as solvent inside a glove box. After, 

the vial was capped with a rubber septum and sealed with parafilm, and bubbled with air for 30 min outside the glove 

box. Subsequently, the polymerization was carried out under a 3 W 515 nm LED (ca. 0.5 mW/cm2) irradiation at room 

temperature. After 6 h, a 0.1 mL aliquot of the reaction mixture was removed via syringe and dissolved in a vial 
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containing CDCl3. Without storing, the aliquot was then immediately analyzed by 1H NMR for conversion. The sample 

used for 1H NMR analysis was then dried under reduced pressure and re-dissolved in THF for the Mn and polydispersity 

analyses by GPC. 

 

B−3. Experimental procedure for kinetic studies in the presence of argon and air 

B−3−1. In the presence of argon 

A typical PET-RAFT procedure for the standard reaction conditions [MMA]:[CTA]:[4DP-IPN] = [200]:[1]:[0.001] and 

[MMA]:[CTA]:[Ir(ppy)3] = [200]:[1]:[0.0002] under argon were carried out as follows. A 20 mL glass vial equipped 

with a stirring bar was charged with MMA (1.5 mL, 13.9 mmol), CPADB (0.070 mmol), 4DP-IPN (6.97 x 10-5 mmol) 

and DMSO (1.5 mL) as solvent, inside a glove box, for reaction condition [MMA]:[CTA]:[OPC] = [200]:[1]:[0.001]. 

For reaction condition [MMA]:[CPADB]:[Ir(ppy)3] = [200]:[1]:[0.0002]; Ir(ppy)3 (1.39 x 10-5 mmol) in DMSO (1.5 mL) 

was used. After, the vial was capped with a rubber septum and sealed with parafilm, and bubbled with argon for 30 min 

outside the glove box. Subsequently, the polymerization was carried out under a 3 W 455 nm LED (ca. 2.5 mW/cm2) 

irradiation at room temperature. A 0.1 mL aliquot of the reaction mixture was taken via syringe at predetermined interval 

times and dissolved in a vial containing CDCl3. Without storing, each aliquot was then immediately analyzed by 1H 

NMR for conversion. The samples used for 1H NMR analyses were then dried under reduced pressure and re-dissolved 

in THF for Mn and polydispersity analyses by GPC. 

 

B−3−2. In the presence of air 

A typical PET-RAFT procedure for the standard reaction conditions [MMA]:[CTA]:[4DP-IPN] = [200]:[1]:[0.001] and 

[MMA]:[CTA]:[Ir(ppy)3] = [200]:[1]:[0.0002] under air were carried out as follows. A 4 mL glass vial equipped with a 

stirring bar was charged with MMA (1.5 mL, 13.9 mmol), CPADB (0.070 mmol), 4DP-IPN (6.97 x 10-5 mmol) and 

DMSO (1.5 mL) as solvent, inside a glove box, for reaction condition [MMA]:[CTA]:[OPC] = [200]:[1]:[0.001]. For 

reaction condition [MMA]:[CTA]:[Ir(ppy)3] = [200]:[1]:[0.0002]; Ir(ppy)3 (1.39 x 10-5 mmol) in DMSO (1.5 mL) was 

used. After, the vial was capped with a rubber septum and sealed with parafilm, and bubbled with air for 30 min outside 

the glove box. Subsequently, the polymerization was carried out under a 3 W 455 nm LED (ca. 2.5 mW/cm2) irradiation 

at room temperature. A 0.1 mL aliquot of the reaction mixture was taken via syringe at predetermined interval times and 

dissolved in a vial containing CDCl3. Without storing, each aliquot was then immediately analyzed by 1H NMR for 

conversion. The samples used for 1H NMR analyses were then dried under reduced pressure and re-dissolved in THF 

for Mn and polydispersity analyses by GPC. However, because of the weakness of the small rubber septa for 4 mL vials, 

kinetic study in the presence of air was done by dividing time intervals into three parts to prevent further addition of 

oxygen from atmosphere; 0 min ~ 1 h, 2 h ~ 6 h, 9 h ~ 18 h. The experiments were done under the same LED set-up for 

the same catalyst. 

 

B−4. Experimental procedure for temporal control in the presence of argon 

A typical PET-RAFT procedure for the standard reaction conditions [MMA]:[CPADB]:[4DP-IPN] = [200]:[1]:[0.001] 

and [MMA]:[CPADB]:[Ir(ppy)3] = [200]:[1]:[0.0002] under argon were carried out as follows. A 20 mL glass vial 

equipped with a stirring bar was charged with MMA (1.5 mL, 13.9 mmol), CPADB (0.070 mmol), 4DP-IPN (6.97 x 10-

5 mmol) and DMSO (1.5 mL) as solvent, inside a glove box, for reaction condition [MMA]:[CTA]:[OPC] = 
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[200]:[1]:[0.001]. For reaction conditions [MMA]:[CPADB]:[Ir(ppy)3] = [200]:[1]:[0.0002]; Ir(ppy)3 (1.39 x 10-5 mmol) 

in DMSO (1.5 mL) was used. After, the vial was capped with a rubber septum and sealed with parafilm, and bubbled 

with argon for 30 min outside the glove box. Subsequently, the polymerization was carried out by switching the 

irradiation source on and off for predetermined interval times (under a 3 W 455 nm LED (ca. 2.5 mW/cm2) irradiation 

at room temperature). The total reaction time including both “ON” and “OFF” steps was 22 h. A 0.1 mL aliquot of the 

reaction mixture was taken via syringe at each interval and dissolved in a vial containing CDCl3. Without storing, the 

aliquot was then immediately analyzed by 1H NMR for conversion.  

 

B−5. Experimental procedure for chain extension in the presence of argon and air 

B−5−1. In the presence of argon 

A typical PET-RAFT procedure for the standard reaction conditions [MMA]:[CPADB or Macroinitiator]:[4DP-IPN] = 

[200]:[1]:[0.001] under argon was carried out as follows. A 20 mL glass vial equipped with a stirring bar was charged 

with MMA (1.0 mL, 9.29 mmol), CPADB (0.046 mmol), 4DP-IPN (4.65 x 10-5 mmol) and DMSO (1.0 mL) as solvent, 

inside a glove box. After, the vial was capped with a rubber septum and sealed with parafilm, and bubbled with argon 

for 30 min outside the glove box. Subsequently, the polymerization was carried out under a 3W 455 nm LED (ca. 2.5 

mW/cm2) irradiation at room temperature. For the first chain, the reaction was carried out for 12 h. To isolate the first 

chain, the reaction mixture was first diluted with 3 mL of THF and dissolved completely, then poured into beaker 

containing methanol (75 mL) which caused the polymer to precipitate. Subsequent stirring for 30 min followed by 

vacuum filtration resulted in dried polymer which can be used as a macroinitiator (Mn = 12,500 Da, Đ = 1.07). Again, a 

20 mL glass vial equipped with a stirring bar was charged with MMA (0.2 mL, 1.86 mmol), macroinitiator (0.116 g, 

9.29 x 10-3 mmol), 4DP-IPN (9.29 x 10-6 mmol) and DMSO (1.2 mL) as solvent. After, the vial was capped with a rubber 

septum and sealed with parafilm, and bubbled with argon for 30 min outside the glove box. Subsequently, the 

polymerization was carried out under a 3 W 455 nm LED (ca. 2.5 mW/cm2) irradiation at room temperature. For the 

second chain, the reaction was carried out for 8 h. A 0.1 mL aliquot of the reaction mixture was removed via syringe 

and dissolved in a vial containing CDCl3. Without storing, the aliquot was then immediately analyzed by 1H NMR for 

conversion. The sample used for 1H NMR analysis was then dried under reduced pressure and re-dissolved in THF for 

Mn and polydispersity analysis by GPC. 

 

B−5−2. In the presence of air 

A typical PET-RAFT procedure for the standard reaction conditions [MMA]:[CDTPA or Macroinitiator]:[4DP-IPN] = 

[200]:[1]:[0.001] under air was carried out as follows. A 4 mL glass vial equipped with a stirring bar was charged with 

MMA (1.5 mL, 13.9 mmol), CDTPA (0.070 mmol), 4DP-IPN (6.97 x 10-5 mmol) and DMSO (1.5 mL) as solvent, 

inside a glove box. After, the vial was capped with a rubber septum and sealed with parafilm, and bubbled with air for 

30 min outside the glove box. Subsequently, the polymerization was carried out under a 3 W 515 nm LED (ca. 0.5 

mW/cm2) irradiation at room temperature. For the first chain, the reaction was carried out for 5 h. To isolate the first 

chain, the reaction mixture was first diluted with 4.5 mL of THF and dissolved completely, then poured into beaker 

containing methanol (120 mL) which caused the polymer to precipitate. Subsequent stirring for 30 min followed by 

vacuum filtration resulted in dried polymer which can be used as a macroinitiator (Mn = 15,800, Đ = 1.15). Again, a 20 

mL glass vial equipped with a stirring bar was charged with MMA (0.378 mL, 3.51 mmol), macroinitiator (0.278 g, 
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0.018 mmol), 4DP-IPN (1.76 x 10-5 mmol) and DMSO (2.482 mL) as solvent. After, the vial was capped with a rubber 

septum and sealed with parafilm, and bubbled with air for 30 min outside the glove box. Subsequently, the 

polymerization was carried out under a 3 W 515 nm LED (ca. 0.5 mW/cm2) irradiation at room temperature. For the 

second chain, the reaction was carried out for 3 h. A 0.1 mL aliquot of the reaction mixture was removed via syringe 

and dissolved in a vial containing CDCl3. Without storing, the aliquot was then immediately analyzed by 1H NMR for 

conversion. The sample used for 1H NMR analysis was then dried under reduced pressure and re-dissolved in THF for 

Mn and polydispersity analysis by GPC. 

 

B−6. Experimental procedure for molecular weight control experiments in the presence of argon 

A typical PET-RAFT procedure for the standard reaction conditions of molecular weight control 

[MMA]:[CPADB]:[4DP-IPN] = [200]:[4]:[0.001] (target degree of polymerization (DP) = 50, MMA (1.0 mL, 9.29 

mmol), CPADB (0.186 mmol), 4DP-IPN (4.65 x 10-5 mmol) and DMSO (1.0 mL) as solvent), [MMA]:[CPADB]:[4DP-

IPN] = [200]:[2]:[0.001] (target DP = 100, MMA (1.0 mL, 9.29 mmol), CPADB (0.093 mmol), 4DP-IPN (4.65 x 10-5 

mmol) and DMSO (1.0 mL) as solvent), and [MMA]:[CPADB]:[4DP-IPN] = [200]:[0.5]:[0.001] (target DP = 400, 

MMA (1.0 mL, 9.29 mmol), CPADB (0.023 mmol), 4DP-IPN (4.65 x 10-5 mmol) and DMSO (1.5 mL) as solvent) under 

argon were carried out as follows. A 20 mL glass vial equipped with a stirring bar was charged with predetermined 

amounts of reagents, inside a glove box. After, the vial was capped with a rubber septum and sealed with parafilm, and 

bubbled with argon for 30 min outside the glove box. Subsequently, the polymerization was carried out under a 3 W 455 

nm LED (ca. 2.5 mW/cm2) irradiation at room temperature. After 36 h (6 h for reaction condition 

[MMA]:[CPADB]:[4DP-IPN] = [200]:[0.5]:[0.001]), a 0.1 mL aliquot of the reaction mixture was removed via syringe 

and dissolved in a vial containing CDCl3. Without storing, the aliquot was then immediately analyzed by 1H NMR for 

conversion. The sample used for 1H NMR analysis was then dried under reduced pressure and re-dissolved in THF for 

Mn and polydispersity analysis by GPC. 

 

B−7. Graphical Supporting Information for General Procedure for PET-RAFT Polymerization of MMA 

∎STEP 1: Prepare stock solutions of PCs and CTA in the glove box. 

 

∎STEP 2: Add PC, CTA, monomer, and solvent to 20 mL (of 4 mL for the polymerizations under air) vial with magnetic 

bar and seal with rubber septum inside the glove box. 
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∎STEP 3: Cover with aluminum foils and degas with argon (or air) for 30 min.  

 

∎STEP 4: Irradiate under a 3W blue (or green) LED with stirring at r.t. for predetermined time. 

 

∎STEP 5: For kinetic studies (or in-situ monitoring of polymerizations), aliquot of the reaction mixture is taken by 

syringe and dissolve in a vial containing CDCl3 for 1H NMR. The samples used for 1H NMR analyses are then dried 

under reduced pressure and re-dissolved in THF for Mn and polydispersity analyses by GPC. For isolations, the reaction 

mixture is first diluted with 3 mL of THF and dissolve completely. Then, pour into beaker containing methanol (75 mL) 

and stir for 30 min and collect the polymers by vacuum filtration. 
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C. Syntheses of 4DP-IPN used in this work 

∎ Syntheses scheme of 4DP-IPN.   

 

2,4,5,6-tetrakis(diphenylamino)benzene-1,3-dinitrile (4DP-IPN): A solution of NaH (60% in oil, 0.477 g, 11.94 

mmol) and diphenylamine (1.48 g, 8.75 mmol) in anhydrous dimethyl acetamide DMAc (5 mL) was stirred for 30 min 

in ice bath under a argon atmosphere. After 30 min, tetrafluoroisophthalonitrile (0.4 g, 1.99 mmol) dissolved in DMAc 

(5 mL) was slowly added to the reaction mixture and stirred further for 10 hours at 100 0C. Afterwards, distilled water 

(2 mL) was poured into the reaction mixture to quench the leftover NaH and methanol was added to precipitate the 

crude product, which was further purified by column chromatography on silica gel (CH2Cl2:hexane, 2:3 v/v) to give 

pure product (1.32 g, 83.4% yield). 1H NMR (400 MHz, CDCl3): δ 7.31-7.27 (t, 4H), 7.12-7.08 (t, 12H), 7.07-7.03 (t, 

2H), 6.95-6.88 (m, 8H), 6.73 (d, 10H), 6.57 (d, 4H). 13C NMR (CDCl3, 100 MHz, ppm): δ 154.15, 151.68, 145.47, 

144.61, 143.06, 140.24, 129.34, 128.56, 127.52, 124.11, 123.87, 122.91, 122.57, 121.02, 113.11, 112.97. HRMS m/z 

(ESI+) Calculated for C56H40N6 (M++1) 797.33, found: 797.33. analysis (calcd., found for C56H40N6): C (84.40, 82.51), 

H (5.06, 4.94), N (10.55, 9.97). For 1H NMR and 13C NMR are in Figure S25, S26. 
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Ⅱ. Supplementary Figures and Tables 

 

Figure S1. Summary of the development of organic photocatalysts for PET-RAFT polymerizations. 
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Figure S2. OPCs library developed in our recent work.   
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Table S1. Photophysical and electrochemical properties of OPCs in our library.  
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Figure S3. UV-vis spectra (left) and CV curves (right) of (a) CPADB and (b) CDTPA. UV-vis measurements were 

performed in DMSO with [CTA] = 20 𝜇M. CV measurements were done in 0.2 mM CH3CN solution with 0.1 M n-

Bu4NPF6 as supporting electrolyte at a scan rate of 100 mV/s. 

 

 

Figure S4. Properties of CPADB and CDTPA: Molecular geometries in S0 and T1 (the latter is exclusively described by a 

HOMOLUMO excitation); corresponding frontier MOs. Adiabatic and vertical transition energies in DMF. 
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Figure S5. Pictures of (a) individual parts and our LED set-ups in operation (b) under blue light and (c) under green 

light. (d) Basic information of photodiode for measuring the light intensity of the excitation light sources (blue and green 

LEDs) (e) Normalized emission spectra for the blue LEDs (top, maximum intensity wavelength = ca. 455 nm) and green 

LEDs (bottom, maximum intensity wavelength = ca. 515 nm). 
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Figure S6. (a) Negative control experiments of PET-RAFT of MMA in the presence of argon and air using CPADB. For 

detailed procedures, see supplementary methods; section B. (b) 1H-NMR spectra and GPC traces of the reaction mixtures 

obtained after PET-RAFT polymerizations of MMA under air (up) and argon (bottom). 
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Table S2. Results of PET-RAFT polymerization of MMA in the presence of CPADB using 4DP-IPN of 1 ppm under 

argon. All polymerizations were performed at room temperature under a 3 W blue LED (455 nm, ca. 2.5 mW/cm2).  

 

 

Table S3. Reproducibility test. For detailed procedures, see supplementary methods; section B. Experiments were 

performed in many different set-ups by students in our group. 

 

 

Table S4. Control of molecular weight of PMMA in the presence of argon using CPADB and 4DP-IPN of 5 ppm. For 

detailed procedures, see supplementary methods; section B. 1H-NMR spectra and GPC curves of the resulting polymers 

are in Figure S26.  
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Figure S7. Kinetic plots for PET-RAFT polymerizations of MMA in the presence of argon using Ir(ppy)3 of 1 ppm. For 

detailed procedures, see supplementary methods; section B. (a) ln([M]0/[M]t) versus reaction time. (b) Mn versus 

conversion (black circle) and Mw/Mn versus conversion (blue circle). (c) GPC traces at different reaction time. (d) Light 

“ON”/“OFF” experiment for PET-RAFT polymerization of MMA using CPADB and Ir(ppy)3 of 1 ppm. (e) 1H NMR 

spectra at different reaction time. 
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Figure S8. (a) Chain extensions of PMMA in the presence of argon using Ir(ppy)3 of 1 ppm and 4DP-IPN of 5 ppm. For 

detailed procedures, see supplementary methods; section B. GPC traces of PMMA and diblock of PMMA-b-PMMA 

and 1H NMR spectra of washed (middle) and in-situ (bottom) 1st chain and in-situ (top) 2nd chain using (b) Ir(ppy)3 of 1 

ppm and (c) 4DP-IPN of 5 ppm under argon. 
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Figure S9. 1H-NMR spectra of the polymerization mixtures using CPADB and 4DP-IPN (5 ppm) at different reaction 

times. For reaction conditions, see main text. Suggested mechanism for the photo-oxidation of CPADB is given in the 

top. 
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Figure S10. Kinetic plots for PET-RAFT polymerizations of MMA in the presence of air using Ir(ppy)3 of 1 ppm. For 

detailed procedures, see supplementary methods; section B. (a) ln([M]0/[M]t) versus reaction time. (b) Mn versus 

conversion (black circle) and Mw/Mn versus conversion (blue circle). (c) GPC traces at different reaction time. (d) 1H 

NMR spectra of kinetic study at different reaction time.  
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Figure S11. (a) Results of PET-RAFT polymerization of MMA in the presence of CDTPA using 4DP-IPN of 5 ppm 

under argon. All polymerizations were performed at room temperature under a 3 W blue LED (455 nm, ca. 2.5 mW/cm2). 

For detailed procedures, see supplementary methods; section B. (b) 1H-NMR spectra and GPC traces of the reaction 

mixtures obtained after PET-RAFT polymerizations of MMA. 
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Figure S12. (a) Chain extensions of PMMA in the presence of air using CDTPA and 4DP-IPN of 5 ppm. For detailed 

procedures, see supplementary methods; section B. (b) 1H NMR spectra of washed (middle) and in-situ (bottom) 1st 

chain and in-situ (top) 2nd chain under air. (c) GPC traces (right) of PMMA (black) and diblock of PMMA-b-PMMA 

(red) under air. 

 

 

 

Figure S13. PL emission spectra of 4DP-IPN in CH3CN at r.t. (a) unpurged (b) after purging 10 min with dry N2 gas, 

exc =387 nm. 
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Figure S14. PL decay of 4DP-IPN in CH3CN at RT, excitation at exc = 405 nm, detection at det = 536 nm; experiment 

(red), bi-exponential fits (black). (a) unpurged solution at a repetition rate of νrep=300 kHz; 1 = 3.3 ns (A1 = 9.9∙10-1, 

94% and 2 = 0.52 s (A2 = 4.2∙10-4, intensity-weighted fractional amplitude 6 %). (b) after purging (10 min, dry N2 

gas), νrep=7 kHz; 1 = 3.3 ns (A1 =9.9∙10-1, 3%) and 2 = 104 s (A2 ≈ 1∙10-3, 97%). 

 

 

Figure S15. PL emission spectra of 4DP-IPN in DMSO at r.t. (a) unpurged (b) after 10 min purging with dry N2 gas, 

exc = 387 nm. 

 

 

Figure S16. PL decays of 4DP-IPN in DMSO at RT, exc = 405 nm, det = 540 nm; experiment (red), mono-exponential 

fits (black). (a) unpurged, νrep=50 kHz ,  = 5.1 s. (b) after purging (10 min, dry N2 gas), νrep=1 kHz,  = 82.8 s. 
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Figure S17. Emission under continuous wave excitation and gated emission of 4DP-IPN in CH3CN at 65K. 

 

 

Figure S18. PL Decays of 4DP-IPN in CH3CN at 65K, experiment (red), bi-exponential fits (black). (a) 

Phosphorescence decay, exc = 405 nm, det = 560 nm, .νrep=0.33 Hz. 1 = 31 ms (A1=3.0∙10-1, 17 %), 2 = 380 ms (A2= 

7.1∙10-1, 83%). (b) Fluorescence decay, exc = 405 nm, det= 525 nm, νrep= 2.5 MHz. 1 = 2.4 ns (A1= 2.9∙10-1, 56%), 2 

= 0.8 ns (A2= 7.1∙10-1, 44%). 

 

Table S5. PLQY of 4DP-IPN at r.t. under N2 purged condition. 

 

solvent ΦF 

CH3CN 0.18 

DMSO 0.23 
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Figure S19. Transient absorption (TA) experiment of 4DP-IPN was performed in CH3CN at r.t. (a) TA spectrum in the 

nanosecond temporal range, after pumping with 300 ps monochromatic pump pulses at 355 nm with 2 μJ pulse energy 

and a repetition rate of 500 Hz. The false color scale denotes green as zero signal, yellow as positive transient absorption 

(photo-induced absorption, PA) and blue as negative transient absorption (transient photobleach, PB). (b) Kinetic model 

for the simulation of the TA dynamics. Note that the slow processes from scheme 1 (krisc and kT0) have been omitted 

because they cannot be obtained on a 100 ns time scale; note also that km=kF+knr. Without measuring the PLQY, one 

cannot distinguish these processes leading to the same PA and PB dynamics. However, even without knowledge of 

PLQY, one can still get the ISC yield, defined as 
isc

= 𝑘𝑖𝑠𝑐/(𝑘𝑚 + 𝑘𝑖𝑠𝑐), directly from fitting the TA spectrum in panel 

(a). (c) t-SVD (eq. S13) of panel (a) (black solid lines in panel (c), and reproduction (black dashed lines) by a weighted 

superposition of the characteristic spectra for excited singlet and triplet states (blue and orange lines, defined acc. to eq. 

S14). (d) and (e) resulting dynamics of excited singlet and triplet states, according to eq. S12 (blue and orange symbols, 

respectively) and fitted dynamics according to panel b) (blue and orange solid lines, respectively).  
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Ⅲ. UV-vis and PL spectra, CV curves, and 1H-NMR and 13C-NMR spectra of selected OPCs and 

GPC traces and 1H-NMR spectra of the resulting polymers (Figure S13− 47) 
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Figure S20. UV-vis and PL spectra of PCs purchased commercially in DMSO (20 𝜇M). 
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Figure S21. UV-vis and PL spectra of selected OPCs in DMF (20 𝜇M). 
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Figure S22. CV curves of PCs purchased commercially in CH3CN (2 mM). For eosin Y and fluorescein, in CH3CN:H2O 

(1:1 v/v) (2 mM). 
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Figure S23. CV curves of selected OPCs in CH3CN (2 mM).  
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Figure S24. GPC traces of PET-RAFT polymerizations of MMA for Table 1 in the manuscript. Experimental condition: 

[MMA]:[CPADB]:[Ir(ppy)3] = 200:1:0.0002  and [MMA]:[CPADB]:[OPC] = 200:1:0.001 in DMSO under a 3W 455 

nm LED at room temperature under argon. 

 



 Supporting-38 

 

 

Figure S25. GPC traces of PET-RAFT polymerizations of MMA for Table 1 in the manuscript. Experimental condition: 

[MMA]:[CPADB]:[Ir(ppy)3] = 200:1:0.0002  and [MMA]:[CPADB]:[OPC] = 200:1:0.001 in DMSO under a 3W 455 

nm LED at room temperature under air. 
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Figure S26. 1H-NMR spectra and GPC curves of the molecular weight controlled PMMA in the presence of argon 

using CPADB and 4DP-IPN of 5 ppm. 
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Figure S27. 1H NMR of Ir(ppy)3 in CDCl3 at r.t.. 



 Supporting-41 

 

Figure S28. 1H NMR of eosin Y in CDCl3 at r.t.. 
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Figure S29. 1H NMR of fluorescein in CDCl3 at r.t.. 
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Figure S30. 1H NMR of 5Cz-BN in CDCl3 at r.t.. 
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Figure S31. 1H NMR of 4Cz-IPN in CDCl3 at r.t.. 
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Figure S32. 1H NMR of 4DP-IPN in CDCl3 at r.t.. 
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Figure S33. 13C NMR of 4DP-IPN in CDCl3 at r.t.. 
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Figure S34. 1H NMR of 2DP-BP in CDCl3 at r.t.. 
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Figure S35. 1H NMR of 2DHPZ-DPS in CDCl3 at r.t.. 
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Figure S36. 1H NMR of DMDP-TRZ in CDCl3 at r.t.. 
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Figure S37. In-situ 1H NMR of PMMA in the presence of CPADB, MMA, and Ir(ppy)3 of 1 ppm under argon in CDCl3 at r.t. (For Figure 2a. entry 1). 
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Figure S38. In-situ 1H NMR of PMMA in the presence of CPADB, MMA, and eosin Y of 5 ppm under argon in CDCl3 at r.t. (For Figure 2a. entry 3). 
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Figure S39. In-situ 1H NMR of PMMA in the presence of CPADB, MMA, and fluorescein of 5 ppm under argon in CDCl3 at r.t. (For Figure 2a. entry 5). 
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Figure S40. In-situ 1H NMR of PMMA in the presence of CPADB, MMA, and 5Cz-BN of 5 ppm under argon in CDCl3 at r.t. (For Figure 2a. entry 7). 
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Figure S41. In-situ 1H NMR of PMMA in the presence of CPADB, MMA, and 4Cz-IPN of 5 ppm under argon in CDCl3 at r.t. (For Figure 2a. entry 9). 
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Figure S42. In-situ 1H NMR of PMMA in the presence of CPADB, MMA, and 4DP-IPN of 5 ppm under argon in CDCl3 at r.t. (For Figure 2a. entry 11). 
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Figure S43. In-situ 1H NMR of PMMA in the presence of CPADB, MMA, and 2DP-BP of 5 ppm under argon in CDCl3 at r.t. (For Figure 2a. entry 13). 
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Figure S44. In-situ 1H NMR of PMMA in the presence of CPADB, MMA, and 2DHPZ-DPS of 5 ppm under argon in CDCl3 at r.t. (For Figure 2a. entry 15). 
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Figure S45. In-situ 1H NMR of PMMA in the presence of CPADB, MMA, and DMDP-TRZ of 5 ppm under argon in CDCl3 at r.t. (For Figure 2a. entry 17). 
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Figure S46. In-situ 1H NMR of PMMA in the presence of CPADB, MMA, and Ir(ppy)3 of 1 ppm under air in CDCl3 at r.t. (For Figure 2a. entry 2). 
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Figure S47. In-situ 1H NMR of PMMA in the presence of CPADB, MMA, and eosin Y of 5 ppm under air in CDCl3 at r.t. (For Figure 2a. entry 4). 
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Figure S48. In-situ 1H NMR of PMMA in the presence of CPADB, MMA, and fluorescein of 5 ppm under air in CDCl3 at r.t. (For Figure 2a. entry 6). 
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Figure S49. In-situ 1H NMR of PMMA in the presence of CPADB, MMA, and 5Cz-BN of 5 ppm under air in CDCl3 at r.t. (For Figure 2a. entry 8). 
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Figure S50. In-situ 1H NMR of PMMA in the presence of CPADB, MMA, and 4Cz-IPN of 5 ppm under air in CDCl3 at r.t. (For Figure 2a. entry 10). 
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Figure S51. In-situ 1H NMR of PMMA in the presence of CPADB, MMA, and 4DP-IPN of 5 ppm under air in CDCl3 at r.t. (For Figure 2a. entry 12). 
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Figure S52. In-situ 1H NMR of PMMA in the presence of CPADB, MMA, and 2DP-BP of 5 ppm under air in CDCl3 at r.t. (For Figure 2a. entry 14). 
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Figure S53. In-situ 1H NMR of PMMA in the presence of CPADB, MMA, and 2DHPZ-DPS of 5 ppm under air in CDCl3 at r.t. (For Figure 2a. entry 16). 
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Figure S54. In-situ 1H NMR of PMMA in the presence of CPADB, MMA, and DMDP-TRZ of 5 ppm under air in CDCl3 at r.t. (For Figure 2a. entry 18).
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