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Computational Methodology
The density functional theory (DFT) and time-dependent density functional 

dependent theory (TD-DFT) calculations were performed to investigate the 
singlet/triplet exciton transformation using Gaussian 09 package.1 The Becker's three-
parameter exchange functional2 along with the Lee Yang Parr's correlation functional3 
(B3LYP) that can well predict the geometric structures of organic molecules, was 
adopted to optimize the ground state (S0) geometries of all molecules in assistant with 
the 6-31G(d) basis set. The optimized structures were further characterized by 
harmonic vibrational frequency analysis to confirm that real local minima without any 
imaginary frequency was reached at the same computational level. As for excited 
states, TDDFT/B3LYP/6-31G* and unrestricted DFT (UDFT)/B3LYP/6-31G* were used 
to optimize geometries of lowest singlet excited state (S1) and lowest singlet excited 
state (T1), respectively, and to calculate their energies. Since the configurations of 
charge-transfer (CT) characteristics are related to different HF exchange percentage, 
exchange-correlation (XC) functionals, including B3LYP (20% HF), PBE0 (25% HF), BMK 
(42% HF), M06-2X (56% HF), and M06-HF (100% HF) functionals, as well as long-range 
functionals of ωB97XD and CAM-B3LYP, were investigated. B3LYP functional was 
selected eventually owing to the smallest absolute deviation between theoretical and 
experimental values.

To get further insights into the nature of the excited states, natural transition 
orbitals (NTOs) analysis was performed based on TD-DFT results to offer a compact 
orbital representation for the electronic transition density matrix. In addition, using 
the overlap integral function embedded in Multiwfn4, the overlap integrals of IS/T 
between the highest occupied NTO (HONTO) and the lowest unoccupied NTO (LUNTO) 
of investigated molecules can be calculated. To identify proportion of (n, π*) 
configuration (αn%) of the excited states, Mulliken population analysis (MPA) was 
performed to calculate the n orbital components with the aid of Multiwfn package. 
Electron density differences (EDD) from S0 to S1 and S0 to Tn based on optimized S0 
geometries was also performed in the assistant of Multiwfn package. Following the 
previously developed calculation method of charge transfer amount, excited state 
similarity in HONTO (sH) and LUNTO (sL) between the singlet and triplet excited states 
can be calculated according to equation:
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ai and bi are the contribution percentages of different atoms in the frontier NTO of the 
corresponding singlet and triplet excited states, respectively. This orbital composition 
analysis was done by using Multiwfn.4 │ai-bi│ denotes the contribution percentage 
difference of an atom (i) in the HONTO (or LUNTO) between the singlet and triplet 
excited states.

Based on B3LYP functional and cc-pVDZ basis set, spin-orbit coupling (SOC) matrix 



elements between the singlet and triplet excited states are calculated with quadratic 
response function methods using the Dalton program.5 The process of intersystem 
crossing (ISC) and reverse intersystem crossing (RISC) can be described as:

(2)S 0 0 TM M M M  

(3)T 0 0 SM M M M  

where M0 is the ground state molecule interacting with the neighboring excited singlet 
or triplet molecule (MS/MT) to transfer the energy between them. Therefore, the ISC 
or RISC reorganization energy (λin, ISC/RISC), in principle, can be calculated in equations 
4 and 5:

(4)   ISC T S T T
in M ME E  

(5)   RISC S T S S
in M ME E  

Here, ET(MS) and ET(MT) are the total energies of the triplet species under the 
optimum geometry of MS and MT, respectively; ES(MT) and ES(MS) represent the total 
energies of the singlet molecule under the optimum geometry of MT and MS, 
respectively.



Fig. S1 Potential energy surface of S0, S1 and T1.

Fig. S2 Absolute deviation of ES1, ET1 and ΔEST of 7 different functionals against experimental 
values.



Table S1 Absolute variation of Calculated ES1, ET1, ΔEST using different functionals against 
Experimental Data.

ES/ET/ΔEST(eV)
Functionals

ACRFLCN DMAC-DPS 2CzPN ACRXTN Ac-OPO Ac-OSO
B3LYP 2.55/2.54/0.01 2.73/2.72/0.01 2.84/2.50/0.34 2.43/2.42/0.01 3.09/3.03/0.06 2.94/2.89/0.05
BMK 3.24/2.90/0.34 3.39/3.38/0.02 3.42/2.89/0.53 3.13/3.12/0.02 3.75/3.47/0.28 3.61/3.46/0.16
CAM-
B3LYP

3.68/2.55/1.13 3.70/3.13/0.57 3.64/2.69/0.95 3.49/3.13/0.36 4.10/3.14/0.96 3.95/3.15/0.80

M06HF 4.69/3.52/1.17 4.27/3.83/0.44 4.24/3.53/0.71 3.43/3.13/0.29 4.82/4.02/0.79 4.71/4.05/0.66
M062X 3.57/3.12/0.45 3.61/3.59/0.02 3.63/3.10/0.54 3.40/3.37/0.03 4.01/3.68/0.33 3.88/3.68/0.20
PBE0 2.72/2.56/0.16 2.89/2.88/0.02 2.99/2.53/0.46 2.61/2.59/0.02 3.25/3.09/0.16 3.12/3.03/0.09

ωB97X-D 3.85/2.70/1.15 3.85/3.27/0.58 3.73/2.83/0.90 3.68/3.26/0.42 4.20/3.31/0.89 4.06/3.32/0.75

Table S2 Donor-acceptor dihedral angles of S1, T1 and their differences of investigated 
molecules.

Dihedral angle (⁰)
Molecule

S1 T1

Dihedral angle 
change (⁰)

Ac-OPO 91.98 83.62 8.36

Ac-OSO 86.41 83.84 2.57

ACRXTN 90.02 90.09 0.07
DMAC-
DPS

89.83 89.87 0.04

ACRFLCN 102.97 102.26 0.71
2CzPN 52.27 51.97 0.30

Table S3 Calculated configuration proportion αn% of HONTO for S1, T1 and T2 state based on 
MPA of ACRFLCN.

(HONTO)α 𝑖𝑛
Atom Basis

S1 T1 T2

10(N) PY 27.04% - 26.94%

28(N) PZ - 6.69% -

30(N) PZ - 6.69% -



Table S4 Calculated configuration proportion αn% of HONTO for S1, T1 and T2 state based on 
MPA of DMAC-DPS.

(HONTO)α 𝑖𝑛
Atom Basis

S1 T1 T2

24(N) PZ 28.39% - 28.47%

46(N) PX - 2.29% -

46(N) PY - 0.90% -

46(N) PZ - 20.30% -

Table S5 Calculated configuration proportion αn% of HONTO for S1, T1 and T2 state based on 
MPA of 2CzPN.

(HONTO)α 𝑖𝑛
Atom Basis

S1 T1 T2

8(N) PZ - 3.61% 0.56%

10(N) PZ - 3.61% 0.56%

13(N) PX 3.08% 2.61% 2.60%

13(N) PY 2.37% 1.76% 2.67%

13(N) PZ 6.06% 5.39% 6.15%

34(N) PX 3.08% 2.61% 2.60%

34(N) PY 2.37% 1.76% 2.67%

34(N) PZ 6.05% 5.39% 6.15%

Table S6 Calculated configuration proportion αn% of HONTO for S1, T1 and T2 state based on 
MPA of ACRXTN.

(HONTO)α 𝑖𝑛
Atom Basis

S1 T1 T2

15(O) PX - - 67.73%

15(O) PY - 3.21% 0.73%

15(O) PZ - 1.79% 8.84%



23(N) PX 0.63% 0.55% -

23(N) PY 0.90% 0.62% -

23(N) PZ 24.74% 22.35% -

Table S7 Calculated configuration proportion αn% of HONTO for S1, T1 and T2 state based on 
MPA of Ac-OPO.

(HONTO)α 𝑖𝑛
Atom Basis

S1 T1 T2

23(N) PX 2.15% 2.10% 1.17%

23(N) PY 2.91% 2.83% 2.23%

23(N) PZ 21.13% 20.54% 16.20%

Table S8 Calculated configuration proportion αn% of HONTO for S1, T1 and T2 state based on 
MPA of Ac-OSO.

(HONTO)α 𝑖𝑛
Atom Basis

S1 T1 T2

23(N) PX 0.86% 0.86% 0.66%

23(N) PZ 24.89% 24.76% 18.34%

Table S9 |sH+sL| (%) calculated based on NTO analysis of S0 geometry.
Transition
s

ACRFLCN DMAC-DPS 2CzPN ACRXTN Ac-OPO Ac-OSO

S1→T1 198.6 196.8 172.7 199.1 186.4 193.6

S1→T2 101.5 199.6 178.8 85.6 126.1 137.1

Table S10 |sH-sL| (%) calculated based on NTO analysis of T1 geometry.
Transition
s

ACRFLCN DMAC-DPS 2CzPN ACRXTN Ac-OPO Ac-OSO

S1→T1 90.3 65.3 32.2 12.3 9.4 2.7

S1→T2 0.1 0.5 24.3 70.5 73.7 81.5

Table S11 Calculated transition configuration of S1 and T1-T3 for ACRFLCN.



Excited State Energy (eV) Transition configuration (%)
S1 2.5493 H→L(99.72)
T1 2.541 H→L(99.56)
T2 2.6532 H-8→L+1(2.33);H-3→L(17.5);H-1→L(71.36)

T3 3.1841
H-4→L+9(4.12);H-3→L+5(3.16);H-2→L+8(4.44);
H-1→L+5(3.31);H→L+2(49.07);H→L+6(8.11);
H→L+7(23.85)

Table S12 Calculated transition configuration of S1 and T1-T3 for DMAC-DPS.
Excited State Energy (eV) Transition configuration (%)

S1 2.7309 H-1→L+2(5.06);H→L(93.94)
T1 2.7202 H-1→L+2(5.38);H→L(93.5)
T2 2.7209 H-1→L(93.46);H→L+2(5.4)

T3 3.14
H-5→L+4(2);H-4→L+5(2.01);H-1→L+3(16.38);
H-1→L+7(19.49);H→L+1(30.67);H→L+6(21.11)

Table S13 Calculated transition configuration of S1 and T1-T3 for 2CzPN.
Excited State Energy (eV) Transition configuration (%)

S1 2.8503 H→L(99.07)
T1 2.5082 H-8→L(2.35);H-6→L(8.4);H→L(83.71)
T2 2.7144 H-1→L(95.96)
T3 3.0042 H-3→L+2(9.96);H-2→L(69.33);H-2→L+3(9.73)

Table S14 Calculated transition configuration of S1 and T1-T3 for ACRXTN.
Excited State Energy (eV) Transition configuration (%)

S1 2.4298 H→L(97.87)
T1 2.4187 H→L(97.58)
T2 3.0795 H-7→L(7.35);H-4→L(4.06);H-3→L(2.78);H-1→L(81.45)
S2 3.5324 H→L+1(95)

Table S15 Calculated transition configuration of S1 and T1-T3 for Ac-OPO.
Excited 
states

Energy (eV) Transition configuration (%)

S1 3.088 H→L(97.07)
T1 3.0272 H→L(87.36);H→L+2(3.49);H→L+7(5.01)

T2 3.2475
H-4→L+9(2.65);H-3→L+6(3.65);H-
1→L+8(3.21)H→L(6.25); H→L+1(35.18); 
H→L+2(4.95);H→L+5(3.23);H→L+7(36.8)

T3 3.2933
H-3→L+6(2.55);H-
1→L+8(2.44);H→L(2.07);H→L+1(53.57); 
H→L+7(30.73)

Table S16 Calculated transition configuration of S1 and T1-T3 for Ac-OSO.



Excited states Energy (eV) Transition configuration (%)
S1 2.9404 H→L(93.62);H→L+1(2.7);H→L+2(3.36)
T1 2.8934 H→L(89.58);H→L+1(2.66);H→L+2(5.08)

T2 3.2382
H→L+1(72.67);H→L+2(9.2);H→L+3(5.21);H→L+5(9.1
1)

T3 3.2744
H-4→L+7(4.2);H-2→L+4(6.01);H-
1→L+6(5.58);H→L(3.91); H→L+1(12.47); 
H→L+5(63.34)

Fig. S3 Empirical relation between the experimental kISC and calculated Δαn.

Fig. S4 Empirical relation between the experimental kISC and calculated |sH-sL|.
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