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The radiative decay rate is calculated by Einstein spontaneous emission equation
as follows
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Where f'is oscillator strength and AEj; is the vertical emission energy with the unit of
wavenumber (cm™).
The non-radiative decay rate is deduced based on first-order perturbation theory
and the Fermi’s golden rule (FGR), it can be written
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The delta function J is to keep the conservation of energy and H is the interaction

between two different Born-Oppenheimer states, it contains two components
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Here H"" is the nonadiabatic coupling and H>" denotes the spin-orbit coupling. The

non-radiative decay rate constant from S; to Sy can be written as

2 _ - pE.
Kor =1 2,812 ilze “(©7| P ‘ ©w)(®:w | Pri ‘ Oru)8(Eiy = Epy)
kl vu . (4)

Here Rkl:<q)f|Pfk|q)i><q)i|Pﬂ‘q)f)is the nonadiabatic electronic coupling.
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fk=
an k represents the normal momentum operator of the kth normal mode in

foik
the final electronic state. Z; is the partition function. As the an k and
= M
1 5R57, where Réj is the Cartesian coordinate of the Jth atom along the jth

direction, are used, the electronic coupling term at the equilibrium position can be

approximately written as



ou
TR
(@ |P |<1>) 'h<c1> @) AL
) =—=1 ) =— 11
f17fel™i f ank v EO_ g0
i =f
(5)
U is the electron-nuclear potential term in the  Hamiltonian.
[l )= Z 3 v
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Tk Sr=xy,z , El—’f ot is the transition electric field

and it can be calculated by TD-DFT directly. Based on the Franck-Condon principle
and applying the Fourier transform of the delta function, the equation can be written

as
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Here PIC 1) is the thermal vibration correlation function (TVCF). Similarly, the

(6)

intersystem crossing rate constant between two electronic states with different spin

states can be written as
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Both the methodology and application of this formalism can be found in Peng’s and
Shuai’s works.!-3



oL:I&IIT 07: 39-38-43-87 04: V&VI
02:11 &I1I 08: 87-43-44-88 05: VI&VII
03: &IV 09: 88-44-45-46 06: VI&VIII

Figure S1. Atomic labels, the interesting dihedral angles and the index of the phenyl
ring of TPATCN.

Gas: S, Vs S, Solid: S, Vs S,
RMSD=0.624A RMSD=0.143A

Solid: §, Vs T,
Gas: S, VsT, RMSD=0.193A
RMSD=2.618A

Gas: S, Vs T, Solid: §; Vs T,
RMSD=0.042A RMSD=0.064A

Figure S2. Visible geometry changes between selected two states in gas (a) and solid
phase (b) respectively.



LUNTO o .
s @ ’ ’ ,-{‘
29 s
‘ 1
I
| 98.5%
:
4 1
. s
o il .-
'a "‘“(
HONTO LAt A4 )
a . *
(2
Gas-T,
“3 3
B ) " 2 a3 e d
”’"‘*&‘ 5 Mao:' 4 3“ ‘ o P !ff“a
LUNTO 4897 ) h “-L o
e, 287 . by 2o 29 f., 9 9, P
% e, - “‘ g -, %9
: ? 2 ? ’ 3
1 1 |
1 1 |
I 1
' 99.9% ! 98.1% | 97.9%
1
! as ! . | 4
a2 i + Y 1 "
G e Bhoade s gl 8
S , ’ i“ u ){ )
P T Ty ST L} | (TN L sl til] S
o ST P 3 b, W, A e
‘fd ) by [ 2 3
Solid-S, solid-T, Solid-T,

Figure S3. Transition characteristics for S;, T; and T, sates of TPATCN in gas (up)
and solid phase (down) respectively.
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Figure S4. Molecular packing from top view (a) and side view (b). Visualization of
the intermolecular interaction by RDG function (c).
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Figure S5. Non-radiative decay rate &, from S; to Sy versus the adiabatic energy gap
AE in gas (black) and solid phase (red) respectively.

4.0
Crossing Point 3.648e\%
3.5 ¢
i 3.244eV 3.300eV / 584eV/
= 3.239eV- ’ 3
3.096eV 3.105eV 3.091eV
) \.><. '/ 3.258eV
330 . ®—"3 D6deV
E 3.029eVl 3.013eV
=
LH]
© Crossing Point
= 25
c
3
no_ —u— S1-PES
—e— T2-PES
20
1.876eV
1.838eV
1 _5 1 1 1 1 | 1 |
0 10 20 30 40 50 60

Rotation angle (degree)

Figure S6. Potential energy surfaces of S; and T,. The crossing point is marked.
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