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Abstract

Polaritons are hybrid light-matter states formed via strong coupling between exci-

tons and photons inside a microcavity, leading to upper and lower polariton (LP) bands

splitting from the exciton. The LP has been applied to reduce the energy barrier of

the reverse intersystem crossing (rISC) process from T1, harvesting triplet energy for

fluorescence through thermally activated delayed fluorescence. The spin-orbit coupling

between T1 and excitonic part of LP was considered as the origin for such rISC tran-

sition. Here we propose a mechanism, namely, the rISC promoted by the light-matter

coupling (LMC) between T1 and the cavity photonic mode, which is originated from the

ISC-inducedtransition dipole moment of T1. This mechanism was excluded in previous

studies. Our calculations demonstrate that the experimentally observed enhancement

to the rISC process of Erythrosine B molecule can be effectively promoted by the LMC

between T1 and photon. The proposed mechanism would substantially broaden the

aperture of the molecular design towards highly efficient cavity-promoted light-emitting

materials and immediately benefit the illumination of related experimental phenomena.
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Introduction

In organic microcavities, molecular excitons may strongly couple to the quantized radia-

tion field, forming hybridized light-matter states which are known as exciton polaritons. 1–5

Over the past few decades, exciton polaritons have been extensively investigated both ex-

perimentally and theoretically, offering a vast number of potential applications in the field

of physical and chemical sciences such as manipulating chemical reactivities,6–9 promoting

remote energy transfer,10–13 modifying the rate constants of electronic relaxation,7,14,15 and

realizing polaritonic lasers.16–19 One of the interesting applications of exciton polaritons is

the enhancement to the reverse intersystem crossing (rISC) process of thermally activated

delayed fluorescence (TADF) materials, which could further increase the exciton utilization

efficiency under current injection and thus would be strongly favored in organic light-emitting

devices.20–23

While multiple studies have reported the polariton-enhanced rISC process within organic

molecules,15,24–26 whether such enhancement is indeed effective remains an open question. As

pointed out by Yuen-Zhou and co-workers, at light-matter resonance, the rISC rate constant

from triplet to the polariton state is inversely proportional to the number of molecules

coupling with the photon (denoted as Neff), given that the polariton is delocalized across

Neff singlets and only one of them can undergo coupling to a given triplet.27,28 Therefore,

organic microcavity systems, of which the number of coupled molecules can be as large

as 105 to 106, can hardly obtain an enhanced rISC process unless (i) the singlet-triplet

mixing of the emitter is weak and (ii) the transition between triplet and singlet exciton is

within the inverted Marcus regime, as theoretically demonstrated via a quantum mechanical

model in Ref. 27. A direct calculation of the experimental observed polariton-enhanced

rISC rate constant of realistic systems is, however, yet to be performed to essentially resolve

the ambiguity. Accurate prediction on the rISC rate constant is a long-standing challenge

for theoretical chemistry since it spans a wide time scale depending on the target systems,

and can be significantly longer than the typical time span of the best-available excited state
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dynamics simulation nowadays.29–31 Rate formalism such as the thermal vibration correlation

function (TVCF) theory has become the practical approach to quantitatively describe the

ISC/rISC process.32–34

In this work, focusing on one of the reported systems with polariton-enhanced rISC

phenomenon, i.e., Erythrosine B (ErB) molecule (see Figure S1 for its chemical structure), 15

we apply properly benchmarked electronic structure theory and TVCF rate formalism to

quantify its rISC enhancement inside the cavity. Most importantly, while the spin-orbit

coupling (SOC) between triplets and singlets and/or polaritons has been considered as the

only promoting force for rISC, we propose that the light-matter coupling (LMC) between T1

and the cavity mode can be another promoting force that initiates rISC inside the cavity for

molecules with non-negligible transition dipole moment (TDM) of T1 such as ErB. The good

agreement between our computational results and the previous experimental data rationalizes

our theoretical protocol and demonstrates that the enhancement to the rISC of ErB inside the

cavity can be effectively promoted by the LMC between T1 and the photon. The proposed

mechanism on polariton-enhanced rISC process can be immediately applied to vindicate

related experimental observations as well as enlighten the design of organic microcavities

with efficient TADF phenomena.

Theory

For N identical molecules that lie inside an optical cavity, in the strong coupling regime, the

coupling strength of the ith molecule to the vacuum electromagnetic field is4

h̄gi = ‖µ‖
√

h̄ωc

2ε0ε∞V
cosθi (1)

where µ is the TDM of the S1 state; ωc is the frequency of the cavity mode; ε0 is the

vacuum permitivity; ε∞ is the optical dielectric constant of the matrix inside the cavity;

V is the cavity mode volume; and θi is the angle between the TDM of the ith S1 and the
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electromagnetic field. Note that if θi = 90◦, the S1 state of the ith molecule will not effectively

couple to the field.

Supposing the excitonic coupling among the S1 states of these N molecules is insignificant,

we would have one lower polariton (LP) state and one upper polariton (UP) state, as well as

N−1 purely excitonic states.35 If the the cavity photon energy is resonant with the electronic

transition, the energy difference between LP and UP at normal incidence is known as the

Rabi splitting, which can be expressed as

h̄ΩR = 2

√∑
i

(h̄gi)2 = 2‖µ‖

√
h̄ωc

∑N
i=1 cos2θi

2ε0ε∞V
(2)

If these N excitons are randomly oriented, the average value of cos2θi is

cos2θ =
1

4π

∫ π

0

cos2θsinθdθ

∫ 2π

0

dϕ =
1

3
(3)

The Rabi splitting within such random orientation model becomes

h̄ΩR =
2√
3
‖µ‖

√
h̄ωcN

2ε0ε∞V
=

2√
3
‖µ‖

√
h̄ωcC
2ε0ε∞

(4)

where C is the doping concentration of the light-emitting molecule in the matrix.

The LP state can be expressed as (following Tavis-Cummings model)3

|LP〉 = C0|g; 1〉+ C1|eS1
1 ; 0〉+ C2|eS1

2 ; 0〉+ ...+ CN |eS1
N ; 0〉 (5)

Note that 0 and 1 denote the photon states; |g; 1〉 represents the state with all molecules

in the ground state and a cavity photon; |eS1
i ; 0〉 represents the state with the ith molecule

being excited and the cavity mode is in its ground state. The normalization condition reads

C2
0 +

N∑
i=1

C2
i = 1 (6)
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The energy of LP is delocalized within N excitons and one cavity photon, and the value

of C2
0 represents the photon contribution of LP. Practically, {Ci} (i = 0, · · · , N) depends

on the angle of incidence and the detuning value (the energy difference between the exciton

absorption energy and the photon). For simplicity, we only consider the case at normal

incidence.

Normally, the rISC process corresponds to the electronic transition from triplets to sin-

glets promoted by SOC. According to Fermi’s golden rule (FGR) and TVCF rate formalism,

the rISC rate constant can be calculate as20,36

krISC =
1

h2
|HSO

if |2
∫ +∞

−∞
dteiωiftρfi(t, T ) (7)

where HSO
if , ωif, ρfi(t, T ) correspond to the SOC constant, the frequency difference, and the

Frank-Condon overlap between the initial (triplet) and final (singlet) state. Within strong

LMC regime, the rISC process may also take place between the triplet state and the LP

state, of which the rate constant might be significantly altered. To compute the rISC rate

constant from a triplet to LP, one first needs to notice that vibronic decoupling will occur

if the Rabi frequency is larger than the highest frequency vibrational modes coupled to the

exciton states.28,37,38 In such scenario, the geometric configuration of LP remains the same

as that of the ground state. Therefore, the Frank-Condon overlap that enters the FGR

rate equation would become the one between triplet and the ground state (instead of that

between triplet and singlet excited states). As shown experimentally via the absorption and

emission spectra in Ref. 15, such vibronic decoupling indeed takes place for ErB inside the

cavity under strong LMC, i.e., the absorption and emission peaks are identical. If one takes

the vibronic decoupling effect into account and considers SOC between T1 and the excitonic

part of LP as the only promoting force , the rISC rate constant from triplet to LP (termed
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as kT1→ LP
rISC,1 here) becomes

kT1→LP
rISC,1 =

1

h2
|HSO

if |2
∫ +∞

−∞
dtei[ωif−

ΩR
2

]tρ0T1(t, T )×
∑

iC
2
i

N eff

(8)

where ρ0T1(t, T ) is the Frank-Condon overlap between the ground state and the T1 state and

Neff corresponds to the effective number of molecules that couple to the field. Note that

under random orientation assumption, Neff is around one third of the total molecule inside

the cavity, as can be easily seen from Eqn. 4. The classical limit of Eqn. 8 is the Marcus

equation for the rISC process from T1 to LP triggered by SOC, which has been proposed and

extensively discussed in Refs. 27 and 28, and the mechanism of such SOC-triggered rISC

process is schematically depicted in Figure 1(a).

While Eqn. 8 can be used to evaluate the polariton-enhanced rISC rate for most fluores-

cent molecules, what has been excluded is the transition from triplet to LP triggered by the

coupling between the triplet state and the photonic part of LP, i.e., the coupling to the first

term of Eqn. 5 from the triplet state. For molecules with phosphorescent phenomenon or

non-negligible TDM of T1, such coupling needs to be taken into consideration. If the TDM

of T1 is µT1 , then the collective LMC between N randomly oriented triplet excitons and the

cavity mode can be written as

h̄ΩT1 =
1√
3
‖µT1‖

√
h̄ωcN

2ε0ε∞V
=

1√
3
‖µT1‖

√
h̄ωcC
2ε0ε∞

(9)

where ωc, C, ε0, ε∞ share the same definition as in Eqns. 2 and 4. Note that by coupling with

the cavity mode, these triplets become coherent excitons and the collective LMC is enhanced

by a factor of
√
Neff (compared with the case of molecular excited triplets),2 which equals√

N/3 with orientational average for randomly oriented excitons. A brief derivation of Eqn.

9 is given in Supporting Information. Owing to the fact that the TDM of the T1 state is

usually much smaller than that of bright singlet state, even for phosphorescent molecules, the

coupling strength between triplet and the cavity mode is usually within the weak coupling
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regime, i.e., no hybrid polaritonic states will be formed between the triplet exciton and the

photon. For molecules with non-negligible TDM of T1,the rISC process triggered by the

collective LMC between a set of coherent T1 states and the cavity mode (termed as kT1→ LP
rISC,2

here) can be expressed as

kT1→ LP
rISC,2 =

1

h2
|h̄ΩT1 |2

∫ +∞

−∞
dtei[ωif−

ΩR
2

]tρ0T1(t, T )× C2
0 (10)

At resonance, C2
0 =

∑
iC

2
i = 0.5, kT1→ LP

rISC,2 would become significant if the TDM of T1 is

not negligible, and efficient rISC can then be initiated if the population on triplet state

after excitation is sufficient, which can be achieved via either a significantly faster ISC rate

from S1 to T1 compared to the radiative/nonradiative decay rate of S1/T1 and the rISC

rate from T1 to S1 under photo-excitation, or the direct formation under current injection.

The mechanism of the LMC-promoted rISC process from coherent T1 to LP is schematically

depicted in Figure 1(b).

T1
LP

S0

T1 to LP promoted by 
SOC between T1 and the 

exciton part of LP

𝒌𝐫𝐈𝐒𝐂,𝟏
𝐓𝟏→𝐋𝐏

!𝐶!
!
|𝑒!
"! ; 0'

(a)

𝒌𝐫𝐈𝐒𝐂
𝐓𝟏→𝐒𝟏

exciton reservoir

T1
LP

S0

T1 to LP promoted by SOC 
between coherent T1 and 
the exciton part of LP

(b)

𝒌𝐫𝐈𝐒𝐂
𝐓𝟏→𝐒𝟏

exciton reservoir

𝐶#|𝑔$𝑔%⋯𝑔& ; 1⟩

𝒌𝐫𝐈𝐒𝐂,𝟐
𝐓𝟏→𝐋𝐏

Figure 1: Schematic graph of two possible rISC channels. (a) T1 to LP rISC process promoted
by the SOC between T1 and the exciton part of LP, with the corresponding rate constant
kT1→ LP

rISC,1 . (b) T1 to LP rISC process promoted by the collective LMC between coherent T1

and the photonic part of LP, with the corresponding rate constant kT1→ LP
rISC,2 .
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Results and Discussion

Outside the cavity: electronic structure and transitions of ErB

The geometries of the S0, S1, and T1 states of isolated ErB molecule are first optimized via

density functional theory (DFT) and time-dependent DFT (TDDFT) with B3LYP functional

and def2-svp basis set with corresponding def2 effective core potential (ECP). The excitation

energies are then evaluated via spin-flip TDDFT (SF-TDDFT)39,40 with B3LYP funtional

and def2-svpd basis set with corresponding ECP, since TDDFT gives severely deviant pre-

dictions of the absorption energy of S1 and the emission energy of T1 as shown in Table

S1. It can be seen in Table 1 that the excitation energies computed via SF-TDDFT/B3LYP

are in line with the experimental values. Two suggested functionals from previous study,

B5050LYP and PBE50,41 are tested for SF-TDDFT calculation, and resultant energies are

not as satisfying as those from B3LYP (as shown in Table S1). Explicit values of the TDM

of S1/T1 and the SOC between S0/S1 and T1 for ErB, as well as the computational details

are given in Methods and Supporting Information.

With the electronic structure information, we calculate the rate constants of various elec-

tronic transition via TVCF rate formalism. Calculated results are listed in Table 1, together

with the corresponding experimental values for comparison. An excellent agreement can be

found between the theoretical predicted rate constants and their experimental counterparts,

which rationalizes our applied electronic structure methods and TVCF rate formalism. Note

that the ISC rate constant of ErB is significantly larger than the radiative/nonradiative de-

cay rate of S1 and T1 as well as the rISC rate, which leads to asufficient population on the T1

state after excitation, and can thus contribute to the presumable enhancement of the rISC

process inside the cavity.
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Table 1: Absorption/emission energies of S1 and T1, the 0-0 singlet-triplet energy gap ∆E00
ST

, as well as various rate constants of ErB predicted by SF-TDDFT/B3LYP/def2-svpd (with
corresponding ECP) and TVCF rate formalism. Experimental results are also listed for
comparison.

Energetics Exp. (eV)a Cal. (eV)
S1 absorption 2.305 2.448
S1 emission 2.234 2.145
T1 emission 1.845 1.893

∆E00
ST 0.426 0.386

Rate constantsb Exp. (s−1)c Cal. (s−1)
kF 2.8×108 1.5×108

knr,S1
1.6×108 0.76×108

kISC 1.1×109 0.88×109

krISC 5.1×101 7.1×101

kP 4.1×101 9.3×101

knr,T1
1.5×103 1.3×103

aExperimental energetics are obtained from Ref. 15;
bkF, knr,S1

, kISC, krISC, kP, and knr,T1
correspond to the fluorescent radiative decay rate of

S1, the nonradiative decay rate from S1 to S0, the ISC rate from S1 to T1, the rISC rate
from T1 to S1, the phosphorescent radiative decay rate of T1, and the nonradiative decay

rate from T1 to S0, respectively;
cExperimental rate constants are obtained from Ref. 42
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Inside the cavity: light-matter coupling and enhanced rISC

The next step is to calculate the LMC of ErB and the cavity mode at different doping

concentrations (within the strong coupling regime) based on the experiments,15 0.27 M,

0.36 M, 0.45 M, 0.54 M, and 0.61 M. It should be noted that ErB is a phosphorescent

molecule with non-negligible TDM of T1. Therefore, we compute the coupling to the cavity

mode from both S1 and T1 exciton from Eqn. 4 and Eqn. 9, respectively. The optical

dielectric constant ε∞ of PVA is calculated as the square of its refractive index n = 1.53,

i.e., ε∞ = n2 = 2.34.43,44 It can be seen from Table 2 that the coupling between S1 and the

cavity mode is large enough for all investigated doping concentrations, and two polaritonic

bands can therefore be formed inside the cavity, which is consistent with the experimental

absorption spectra. Specifically, when C is 0.54 M, the computed Rabi splitting is 413 meV,

and corresponding excitation energy of LP is 2.241 eV, which are in good agreement with

the experimentally measured values (375 meV and 2.187 eV).15 The coupling from T1 to

the cavity mode is much smaller compared to that from S1, and therefore T1 is unlikely to

be hybridized with the photonic component for all doping concentrations, which is again

consistent with the experimental findings that the phosphorescence spectra of the system

basically remain the same with or without the cavity.15 However, such coupling may become

the additional promoting force (other than SOC) that triggers off the rISC process from T1

to LP.

Table 2: LMC between S1/T1 exciton of ErB and the cavity mode, the corresponding exci-
tation energy of LP and 0-0 LP-triplet energy gap at different doping concentrations.

C (M) h̄ΩR (eV) h̄ΩT1 (cm−1) ELP (eV)a ∆E00
LP,T1

(eV)

0.27 0.292 1.184 2.302 (2.223) 0.339
0.36 0.338 1.367 2.279 (2.214) 0.316
0.45 0.377 1.528 2.259 (2.194) 0.301
0.54 0.413 1.674 2.241 (2.187) 0.283
0.61 0.439 1.780 2.228 0.270

aIn the parentheses are experimental data obtained from Ref. 15 (which corresponds to the
emission energies of LP at various doping concentrations).
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While it is nontrivial to evaluate the exact number of excitons that couple to the cavity

mode due to the lack of some experimental details such as the cavity photon density, we

assume the width and length of the cavity is two times the value of the experimentally

measured thickness of the doped film, i.e., 130 nm, and evaluate the total number of emitters

inside the cavity via

N = CV NA (11)

where NA is the Avogadro constant. For C = 0.54 M, N is 2.8× 106 based on Eqn. 11 , and

the number of effectively coupled excitons Neff is around 105 to 106 for randomly oriented

molecules, which is of the similar order as estimated in Ref. 28. If Neff = 105 (at C = 0.54

M), the resulting kT1→ LP
rISC,1 evaluated from Eqn. 8 will be less than 1 s−1 with a resonant

condition as applied in the experiment (
∑

iC
2
i = C2

0 = 0.5). The experimentally observed

enhancement of the T1 decay rate is with the order of 103,15 which is significantly larger

than the estimated value of kT1→ LP
rISC,1 , i.e., the enhancement of rISC of ErB inside the cavity

cannot be rationally described via Eqn. 8.

We now evaluate the enhanced rISC process from the other promoting force, i.e., the col-

lective LMC between coherent T1 and the cavity mode, and such enhancement corresponds

to kT1→ LP
rISC,2 , which can be directly calculated via TVCF rate formalism (as shown in Eqn. 10)

with the LMC given by Eqn. 9. According to Ref. 15, the experimental rISC rate constant

can be obtained by taking the reciprocal of the T1 lifetime and subtracting the radiative

and nonradiative decay rate constants of T1 back to S0, namely, kP and knr,T1
. Nevertheless,

special attention needs to be paid here, as the decay processes of T1 might be influenced by

some nontrivial aggregation-induced effect when the doping concentration increases, which

is irrelevant to the cavity-enhanced rISC. To make a reasonable comparison with the ex-

perimental data and rule out such aggregation-induced effect, we define the experimental

cavity-promoted enhancement of the rISC rate constant as the difference between the total

decay rate of T1 inside the cavity and that outside the cavity. Both the theoretical kT1→ LP
rISC,2

and the experimental enhancement are plotted in Figure 2 with respect to various doping
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concentrations. Explicit values of theoretical kT1→ LP
rISC,2 and experimental enhanced rISC rate

for different doping concentrations are listed in Table S3. It can be seen from Figure 2 that

the theoretically predicted enhancement given by Eqn. 10 is in a good agreement with the

experimentally observed enhancement for all tested doping concentrations, which evinces the

fact that the LMC between T1 and the cavity mode does act as an alternative promoting

force and enhance the rISC process. With the increase of the doping concentration, the

energy barrier of the rISC process is decreased and the coupling between T1 and the cavity

mode is increased, leading to a continuously enhanced rISC from T1 to LP. We also investi-

gate the individual effect of the reduced energy barrier and the increased LMC between T1

and the field to the overall enhancement of the rISC process inside the cavity as shown in

Figure S2. Note that even though the total enhancement of kT1→ LP
rISC,2 mainly stems from the

reduced energy barrier as the doping concentration increases, the LMC between T1 and LP

is the essential precondition that initiates such rISC process.
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Figure 2: Experimental (black square) and calculated (blue circle) polaritonic enhancement
to the rISC process of ErB with respect to different doping concentrations. The red line
corresponds to an exponential fit based on the experimental data from Ref. 15.

Next, we consider the temperature effects to the enhanced rISC process. The rISC

process of ErB is a thermally activated process and thus very sensitive to the change of

temperature. Experimentally, the increase of rISC rate constant with respect to the increase
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of the temperature has been observed inside the cavity within a wide temperature range (from

283 K to 333 K) for C = 0.54 M. Theoretically, we calculate kT1→ LP
rISC,2 at different temperatures

with the rISC energy barrier and coupling strength obtained from C = 0.54 M and the

results are shown in Figure 3, together with the experimentally observed rISC enhancement

at different temperatures for comparison. Explicit values are listed in Table S4. As shown

in Figure 3, the theoretical predicted enhancement of rISC process qualitatively matches

with the experimental results within the tested temperature range. A more rapid growth

with respect to the temperature is found in the theoretical results, which may correspond

to a slightly overestimated energy barrier according to Arrhenius law. Such discrepancy

may also arise from the fact that the optical dielectric constant of PVA marginally changes

as temperature increases. The overall tendency of the rISC enhancement inside the cavity,

however, can be qualitatively reproduced via the theoretically computed kT1→ LP
rISC,2 , and such

agreement further justifies the rationality of the LMC between T1 and the cavity mode acting

as an effective promoting force that enhances the rISC process for ErB. The temperature

dependence of kT1→ LP
rISC,1 has also been investigated in Figure S3. As shown in Figure S3,

despite the fact that kT1→ LP
rISC,1 given by Eqn. 8 has a remarkable temperature dependence, its

contribution to the overall enhancement would still be negligible even at high temperatures,

due to the large number of molecules that effectively couple to the cavity.

As we have shown above, by taking the collective LMC between T1 and the cavity mode

into account, we are able to reproduce the experimentally observed enhancement to the rISC

rate of ErB inside the cavity via TVCF rate formalism. Note that this enhanced rISC channel

might be safely ignored for fluorescent molecules with negligible TDM of T1. For example,

the molecule that has been investigated in Ref. 28, 3DPA3CN, is a TADF molecule with

almost no phosphorescence even at low temperature,45 which corresponds to an infinitesimal

LMC between T1 and the cavity mode. Therefore, the rISC of 3DPA3CN inside the cavity

is not noticeably enhanced via kT1→ LP
rISC,2 . In addition to the TDM of T1, another key factor

to obtain considerable enhancement of the rISC via the LMC between T1 and the field is
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Figure 3: Experimental (black square) and calculated (blue circle) polaritonic enhancement
to the rISC process of ErB with respect to different temperatures. The red line corresponds
to an exponential fit based on the experimental enhancement computed via the data from
Ref. 15.

that T1 possesses a substantial population after the excitation, which may be introduced via

either the direct formation of triplets under current injection or a significantly faster ISC rate

compared to the radiative and nonradiative decay rate of S1 and T1 under photo-excitation.

It should be noted that even the tested system here (ErB) is a phosphorescent molecule,

such enhancement via kT1→ LP
rISC,2 can be expected for normal TADF emitters as long as the T1

state of these emitters has a sizable ISC-induced TDM.

Conclusion

In summary, we have unravelled an alternative promoting force, in addition to the SOC

between T1 and LP, for the polariton-enhanced rISC process inside the cavity, i.e., the

collective LMC between coherent T1 states and the cavity mode that initiates the conversion

from T1 to LP without perturbing the energy level of the original T1 state. This promoting

force is necessary to be taken into account for molecules with a non-negligible TDM of

T1. With this revised mechanism, we are able to reproduce the experimentally observed

polariton-enhanced rISC rate constant of ErB inside a caivty, and demonstrate that the
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enhanced rISC of ErB inside the cavity can be effectively promoted by the LMC between

its T1 and the cavity mode. While the effect of the LMC between T1 and LP to the rISC

process has rarely been investigated in previous studies, what we have concluded here is

that such coupling makes it possible for poor or even non-TADF emitters to harvest triplet

exciton for fluorescence inside a cavity, as long as these emitters have a sizable TDM of T1.

Such findings will substantially widen the aperture of TADF candidates. Looking forward,

we believe this theoretical protocol would immediately benefit the illumination of important

experimental phenomena as well as the design of polariton-enhanced TADF systems.

Methods

All of the electronic structure calculations are carried out using quantum chemistry package

Q-Chem 5.346 except for the TDM calculation of T1, which is performed using Dalton.47

All of the rate constant calculations are performed in our self-developed molecular material

property prediction package MOMAP 2021A.48–50 The SOC constants between singlet and

triplet (constructed from TDDFT/B3LYP) of ErB are evaluated in a local developed version

of Q-Chem via the Breit-Pauli Hamiltonian51 (one-electron part only) with the effective

nuclear charge (ENC) obtained from Ref. 52 for C, H, O, Na and from Ref. 53 for I. All

elements are tackled with all-electron basis set for the calculation of SOC and the TDM

of T1, i.e., 6-311G** for I and def2-svpd for C, H, O, and Na, and the values of ENC

obtained from literature correspond to those used for all-electron basis set. The TDM of S1

is calculated via SF-TDDFT/B3LYP/def2-svpd (with corresponding def2 ECP), while that

of T1 is calculated via the quadratic response method.54 Additional computational details

can be found in Supporting Information.
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