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Figure S1. Cyclic voltammograms of 4DPAIPN (red line) and 3DPAFIPN (blue line) measured in Ar-saturated
DMA containing EtaNBF4 (0.1 M) as a supporting electrolyte with a Ag/AgNO3 (10 mM) reference electrode. The

Fc'/Fc redox couple was also measured and taken as the standard. Scan rate was 0.2 V-s'.
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Figure S2. (a),(c) Emission intensity decays (Aem = 530 nm) of 4DPAIPN in the presence of various concentrations

of BIH and (b),(d) the corresponding Stern—Volmer plots. (a),(b) represents the quenching of TADF measured in Ar-

saturated DMA-TEOA (1.5 M) upon Aex =459 nm. (¢),(d) represents the quenching of prompt fluorescence measured
in air-equilibrated DMA-TEOA (1.5 M) upon Aex = 444 nm. Although *4DPAIPN* is quenched by TEOA as well,

for determining the quenching rate constants, we can assume that kg "°A[TEOA] is constant and this value is included
in 1o measured in DMA-TEOA (1.5 M). We selected this DMA-TEOA (1.5 M) solution because the properties of

solutions (such as viscosity) for measuring the quenching rate constants by BIH should be similar to those in the

photocatalytic reactions. These decay curves were carefully remeasured, and we found that the previous reported

quenching rate constants' are not correct, thus we revised as 'kq = 3.6x10° M"'s™! and k2™ = 2.0x10° M's!.
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Figure S3. Photocatalytic production of CO (®) and HCOO™ (m) using (a) 5 mM, (b) 50 mM, or (c) 200 mM of BIH:
COs-saturated DMA solutions (4 mL) containing 4DPAIPN (50 uM), Mn (50 uM), BIH and TEOA (1.5 M) were
irradiated at Aex = 480 nm. Light intensity = 5.0x10~? Einstein-s .
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Figure S4. Emission spectra of 4DPAIPN measured in an Ar-saturated DMA solution ([BIH] = [TEOA] =0 M) and
DMA solution containing TEOA (1.5 M) and various concentrations of BIH (5-200 mM). Excitation wavelength was
Aex = 480 nm.
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Figure S5. (a) UV-vis absorption spectral change of a CO»-saturated DMA-TEOA (1.5 M) solution containing

4DPAIPN (50 uM) and BIH (0.1 M) during irradiation at 480-nm light for 0-300 s at 30-s intervals. (b) Differential

spectra between post- and pre-irradiation spectra. The blue and red lines represent the spectra of irradiation for 0 and

300 s, respectively. Light intensity was 2.4x10°® Einstein-s'.
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Figure S6. UV-vis absorption spectrum of 4DPAIPNe" in an Ar-saturated DMA solution containing 0.1 M Et4NBF,4

obtained by the flow electrolysis method



6 6 6 6
a:[BIH =0mM b: [BIH] = 10 mM - C: [BIH] = 100 mM d: [BIH] = 200 mM
5l 5L / HCOO™ | 5| 51
EE 4t Vs 4 B oar
3 / HCOO®
35 3 3 - 3 M 3t
3 ; .9 CO a HCOO™
o - Ve o -
£ ol Hcoo 2t S 2} co_.eq 2f -
xe P P B
1} ,;l’j co 1 e P 1+ = eco
A s P
0.’ 1 1 1 1 0. 1 1 1 1 o.r‘" L 1 1 1 0.—7" L L L L
0 20 40 60 80 0 20 40 60 80 0 20 40 60 80 0 20 40 60 80
Absorbed photon / peinstein Absorbed photon / peinstein Absorbed photon / peinstein Absorbed photon / peinstein

Figure S7. Photocatalytic production of CO (e) and HCOO™ (m) using (a) 0 mM, (b) 10 mM, (c) 100 mM, or (d) 200
mM of BIH: CO;-saturated DMA solutions (4 mL) containing 3DPAFIPN (250 uM), Mn (50 uM), BIH and TEOA
(1.5 M) were irradiated at Aex = 430 nm. Light intensity = 5.0x10~ Einstein-s'.
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Figure S8. (a),(c) Emission intensity decays (Aem = 530 nm) of 3DPAFIPN in the presence of various concentrations
of BIH and (b),(d) the corresponding Stern—Volmer plots. (a),(b) represents the quenching of TADF measured in Ar-
saturated DMA-TEOA (1.5 M) upon Aex =459 nm. (¢),(d) represents the quenching of prompt fluorescence measured
in air-equilibrated DMA-TEOA (1.5 M) upon Aex = 444 nm. Although both '3DPAFIPN* and *3DPAFIPN* are
quenched by TEOA as well, for determining the quenching rate constants, we can assume that kqTECA[TEOA] is
constant and this value is included in to measured in DMA-TEOA (1.5 M). We selected this DMA-TEOA (1.5 M)
solution because the properties of the solutions (such as viscosity) for measuring the quenching rate constants by BIH

should be similar to those in the photocatalytic reactions.
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Figure S9. (a),(c) Emission intensity decays (Aem = 530 nm) of 3DPAFIPN in the presence of various concentrations
of TEOA and (b),(d) the corresponding Stern—Volmer plots. (a),(b) represents the quenching of TADF measured in
Ar-saturated DMA upon Aex = 459 nm. (c),(d) represents the quenching of prompt fluorescence measured in air-

equilibrated DMA upon Aex = 444 nm.
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Figure S10. UV-vis differential absorption spectral change between post- and pre-irradiation spectra for 0-100 s at
20-s intervals: a COz-saturated DMA-TEOA (a: 33.5 mM; b: 1.5 M) solution containing 3DPAFIPN (0.1 mM) were

irradiated at 436-nm light. The blue and red lines represent the spectra of irradiation for 0 and 100 s, respectively.

Light intensity was 1.0x10°® Einstein-s .
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Figure S11. Observed quantum yields for the formation of 3DPAFIPN-~ (#) and calculated quantum yields for the
reductive quenching of '3DPAFIPN* ('®,™A blue line) and *3DPAFIPN* (3d 0% red line) by TEOA as a

function of the concentration of TEOA.



Kinetic analyses of photo-induced electron transfer processes (egs. 2-7 are the same to the main text)
Although the following analyses show the case of 4DPAIPN, the similar analyses can be applied to the
case of 3DPAFIPN.
In the absence of any quencher, the time course of the singlet and triplet excited states concentrations are

described as eqgs. S1 and S2.

14DPAIPN*
% = —(k; + ky; + kisc)['4DPAIPN*] + kgisc[*4DPAIPN*] (S1)
d[34DPAIPN*] ) . ; i}
——————— = kisc['4DPAIPN"] — ky;sc[4DPAIPN"] (S2)

Since prompt fluorescence was not quenched at all in the presence of oxygen under air, whereas most of TADF was
quenched, i.e. [*4DPAIPN*] = 0 under air (see Figure 2), the reverse intersystem crossing process is negligible under
air. Therefore, the prompt emission lifetime measured under air can be approximated by eq. S3.

1
PF = e+ Ko + Kisc (83)
Phosphorescence from *4DPAIPN* was not observed. We can assume that the non-radiative decay of *4DPAIPN* is
also negligible because it was reported as a much slower process compared to the RISC process to '4DPAIPN* 2
Therefore, by using eq. S3, the emission quantum yield measured under an Ar atmosphere is described as follows.
D™ = Ppp + Prapr

— kr + kISC kr
kr + knr + kISC kr + knr + kISC kr + knr

ky
= S4
k. + kp, (84)
Using eqs. S3 and S4, k, kur, and kisc are described as below.
_ Ppp
k=22 @
1 — (Ppp + Prapr)
k., = k 5
- Dpp + Prapr ®)
1
kISC = T_ - (kr + knr) (6)
PF

In the time range exhibiting TADF, [*4DPAIPN*] >> ['4DPAIPN*] because kisc >> krisc, and, in addition,
generation and decay processes of '"4DPAIPN* are nearly balanced, resulting in a negligible time dependence of
I4DPAIPN* (d['4DPAIPN*]/dt = 0). Therefore, the steady-state approximation of ['4DPAIPN*] can be established:

i.e., eq. S1 is transformed into eq. S5.

k
14DPAIPN*] = — RIS¢ ___ [34pDPAIPN* (S5)
[ ] kr + knr + kISC [ ]

From eqs. S2, S3 and S5, the following equations can be derived.

d[*4DPAIPN*] _ (k, + ky)kgisc

= - 34DPAIPN* S6
dt ky + kny + kisc [ ] (S6)




T ~kr+knr+kISC_ 1
TADFE (kr + knr)kRISC (kr + knr)kRISCTPF

(87)

1

(ky + kny)TpErTrADF

(7

lesc =

As described above, we can assume that the radiative and non-radiative decay of *4DPAIPN* are
negligible.? In addition, '4DPAIPN* was quenched only by BIH whereas *4DPAIPN* was quenched both by BIH

and TEOA. Therefore, the concentration changes of S; and T, are expressed as eqs. 2 and 3.

d['4DPAIPN*|

= = —(ky + kny + kisc + 'ko[BIH])["4DPAIPN*] + kgysc[*4DPAIPN*] @)

d[*4DPAIPN*

% = kisc['4DPAIPN*] — (kgisc + *kg [BIH] + *kg"OA[TEOA])[*4DPAIPN*] (3)
Cs(Q,f) and Cr(Q,?) are functions of time and the concentrations of quenchers (Q: [BIH] and [TEOA]), representing
the cumulative concentration of the singlet and triplet geminate ion pairs generated up to the time ¢. They do not
represent the instantaneous concentration of the geminate ion pairs at a specific time, as the geminate ion pairs

undergo subsequent processes such as cage escape and charge recombination. The time course of Cs(Q,¢) and C1(Q,¢)

are described as egs. S8 and S9.

%CS(Q,t) = 1kBIH[BIH]['4DPAIPN*] (S8)
%CT(Q, t) = kB [BIH][*4DPAIPN"] (S9)

The particular solutions for Cs(Q,f) and Ct(Q,?) can be obtained by solving the differential equations (egs. 2,3,S8,

and S9) under the following initial conditions. The concentrations of BIH and TEOA can be assumed to be constant
owing to their high concentrations in the initial stages of the photocatalytic reactions.

['4aDPAIPN'] _ = C, (510)

[*4DPAIPN*],_ = Cs(Q,0) = Cr(Q,0)= 0 (S11)

where t=0 is defined as the time immediately after excitation of 4DPAIPN to '4DPAIPN*, and Cy represents the

initial concentration of the generated '4DPAIPN*. Figure S12 shows the kinetic simulations of the reductive

quenching processes (eq. 2, 3, S8, S9) with the initial conditions (eq. S10, S11) at BIH concentrations of 0.1 M and

0.01 M, using the determined rate constants of photophysical properties, i.e. kr, kur, kisc, and krisc (eqs. 4-7), and the

B and 3k, %) obtained by Stern-Volmer analyses. These simulations

rate constants for reductive quenching ('kq, *kq
illustrate that the decrease in BIH concentration increases the quantum yield for the reductive quenching of
34DPAIPN* by BIH (*®2™), while decreasing that of '4DPAIPN* by BIH (!®°™). '®B™ and *® ™ are given by
the asymptotic limits of Cs(Q.f) and Cr(Q.f) as t—oo and can be expressed by the following equations (eqs. S12 and
S13):

lim C5(Q. 1)

15 BIH _
o7 = Co



Uk [BIH](krisc + kg F[BIH] + *kg=O4[TEOA])

= S12
(ke + kny + kisc + kg [BIH])(krisc + kg [BIH] + 3kg"O*[TEOA]) — kisckrisc (512)
lim Cp(Q, 1)
3CI) BIH — t— o0
q CO
kisc kB[ BIH
ISC Rq [ ] (513)

" (ke + ey + krsc + g [BIH])(kgysc + kB [BIH] + 3kIEOATEOA]) — kysckprsc

As we described in the manuscript as well, the good agreement between the calculated quantum yields of the reductive
quenching processes (P = 'OPM + 3D PH + 3 TEO) based on the derived photophysical rate constants (8th
column in Table 2) and the experimentally observed quenching fraction (774, Sth column) supports the validity of the

rate constants which we determined.
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Figure S12. Kinetic simulations of the reductive quenching processes in the presence of (a) 0.1 M or (b) 0.01 M BIH.



Calculation of the escape yields from geminate ion pairs using 3DPAFIPN
Because 3DPAFIPN is reductively quenched both by TEOA and BIH, the calculation of escape yields
during reductive quenching processes was conducted in two stages as follows:

(1) In the absence of BIH, the excited states of 3DPAFIPN were quenched solely by TEOA. Using the observed
quantum yields for the production of 3DPAFIPN-~ (Dogrs) at two different concentrations of TEOA (33.5 mM
and 1.5 M) and the calculated quantum yields for the reductive quenching (@454 and 3®,TEC%), the escape
yields (1 7ese PO and 3 7ese E°2) from (3DPAIPN«"--TEOA-«") and 3(3DPAIPN«"---TEOA-") were estimated
based on eq. S14 by least squares method.

Doprs = 2X('DTFOAX] 1oy TEOA 4 3 TEOAKS py ( TEOA) (S14)

(2) The escape yields from (3DPAIPN+--BIH+") and *(3DPAIPN+--BIH") were estimated in a similar manner

using the observed quantum yields of 3DPAFIPN-~ (Dogrs) at TEOA (1.5 M) and various concentrations of BIH,

TEOA and 37 "FO), and the calculated quantum yields for the

the escape yields determined at stage (1) (! 7ese
reductive quenching ('@, 3D BH 1 TEOA and 3D, TEO4) based on eq. S15.

— 1y BIH 1 BIH | 34y BIH3 BIH | 14y TEOA 1 TEOA | 34 TEOA3 TEOA
(DOERS_2><( (Dq X Tlesc + (Dq x Tlesc + (Dq x Tlesc + (Dq X Tlesc ) (Sls)
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