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1. Computational details

The original 3-dimensional chemical structure of Y6 was drawn in the open-source molecular
editor software package ChemBio3D Ultra 12.0 (Cambridge Inc.). In order to reduce the
computational costs, the long alkyl chains of the central unit are replaced by methyl groups. The
geometry structure optimization of the ground state of Y6 was performed using density functional
theory (DFT) with the hybrid Becke 3-parameter Lee-Yang-Parr (B3LYP) functional [1] and the Pople-
style double zeta and one polarization function basis set (6-31G*) [2]. After that time-dependent
density functional theory (TD-DFT) calculations were carried out to optimize the geometry of excited
state with B3LYP/6-31G*. All the DFT and TD-DFT calculations were carried out employing Gaussian
16 Revision B.01 [3]. Moreover, the single point energy of the ten lowest energy of excited states was
calculated by TD-DFT using the polarizable continuum model (PCM) with the dielectric constant of
4.7113 at the level of B3LYP functional with 6-31G* basis set and a balanced basis set of triple zeta
valence quality with two sets of polarization function (Def2-TZVPP) [4]. The dominant particle-hole
pair contributions and the associated weights were calculated through the national transition orbitals
(NTOs) [5] so as to evaluate the properties of electronic transitions from ground state to excited states.
Finally, based on the output files of TD-DFT method, multifunctional wavefunction analyzer
(Multiwfn) version 3.7 [6] and VMD version 1.9.3 [7] were used to get more transition information
such as the theoretical UV-vis absorption and fluorescence spectrum, the electron density of frontier
molecular orbitals (FMOs), major molecular orbital (MO) transitions in all excited states, natural
transition orbitals (NTOs), the overlap of electron-hole distribution of excited states [8] and the
presentation of the electron density difference between excited and ground state.
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2. TD-DFT with B3LYP/Def2-TZVPP

Table S1. Computed positions and oscillator strength (f) of the 10 lowest-energy electronic
transitions of Y6 solution by TD-DFT at B3LYP/Def2-TZVPP level of theory.

Acal

State (eV, nm) f Excitation contribution® (%)
Si 1.68 (739) 2.2771 H—-L (98.5)
Sa 2.00 (618) 0.1572 H—-L+1 (96.5)
Ss 2.25 (539) 0.1024 H—-L+2 (96.1)
Sa 2.30 (539) 0.0137 H-1-L (92.6)
Ss 2.35 (527) 0.0471 H—L+3 (79.8), H-2—L (15.0)
Se 2.48 (500) 0.0916 H-3—L (50.1), H-1—-L+1 (43.8)
S 2.50 (496) 0.5543 H-2—-L (76.6), H-L+3 (15.1)
Ss 2.64 (470) 0.0229 H-1-L+1 (47.9), H-3—L (36.6), H—L+4 (8.8)
So 2.66 (467) 0.0127 H—-L+4 (74.8), H-2—L+1 (9.5), H-3—L (9.2)
S1o 2.74 (453) 0.1106 H-2—-1+1 (80.3), H—-L+4 (13.6)

a0Oscillator strengths. " H=HOMO, L=LUMO, H-1=HOMO-1, L+1=LUMO+1.
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Figure S1. Electron density contours of (a) HOMO, (b) LUMO, (c) HOMO-1, (d) LUMO+1, (e)
HOMO-2, (f) LUMO+2, (g) HOMO-3, (h) LUMO+3, (i) HOMO-4, (j) LUMO+4, (k) HOMO-5, (1)
LUMOH5 of Y6 solution by TD-DFT at B3LYP/Def2-TZVPP level of theory. The isosurface value was
set at 0.01 a.u..
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Figure S2. Simulated UV-vis absorption spectrum (red curve) and oscillator strength (black spikes)
of the Y6 solution by TD-DFT at B3LYP/Def2-TZVPP level of theory. A Gaussian function with a full
width at half-maximum (FWHM) of 0.11 eV was employed.
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Figure S3. Computed natural transition orbital pairs for S-S of Y6 by TD-DFT at the level of
B3LYP/Def2-TZVPP. The isosurface value was set at 0.018 a.u..
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Figure S4. The overlap of electron-hole isosurface density maps between (a) So and Sy, (b) So and Sz,
(c) So and Ss, (d) So and S, (e) So and Ss, (f) So and Se, (g) So and Sy, (h) So and Ss, (i) So and Sy, (j) So and
S1 of Y6 solution by TD-DFT at B3LYP/Def2-TZVPP level of theory. The isosurface value was set at
0.0009 a.u..
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Table S2. S, D, t, H, Ecou, HDI and EDI of the transitions between So and 10 lowest-energy states in
Y6 solution by TD-DFT at the level of BSLYP/Def2-TZVPP.

.. Da He td Transition

Transition &) Sib A @A) Ecou¢(eV) HDIf! EDIs Character
So—S1 1.34 067 750 -2.74 1.94 456 4.23 LE
So—S2 2.00 0.64 8.02 -2.83 1.82 452 4.66 LE
So—Ss 334 056 7.72 -0.87 1.75 448 554 CT
So—S4 3.14 050 631 -0.54 2.07 531 4.23 CT
S0—Ss 236 0.69 759 -216 1.88 433 492 CT
So—Ss 266 055 672 -144 2.02 489 430 CT
So—S7 095 077 799 -3.19 1.84 431 4.02 LE
So—Ss 213 0.67 6.84 -1.98 2.04 447 4.03 CT
S0—So 1.68 072 6.09 -2.03 2.35 411 6.73 LE
So—Sio 0.68 071 816 -4.45 1.82 414 4.24 LE

athe distance between centroid of hole and electron in corresponding directions; *the overlap function
between hole and electron distribution; ‘the average degree of spatial extension of hole and electron
distribution in X/Y/Z direction; dthe degree of hole and electron in charge transfer direction; cexciton
binding energy; fthe hole delocalization index; sthe electron delocalization index.

3. TD-DFT with B3LYP/6-31G*

Table S3. Computed positions and oscillator strength (f) of the 10 lowest-energy electronic
transitions of Y6 solution by TD-DFT at B3LYP/6-31G* level of theory.

State (e\z c;lm) 1 Excitation contribution® (%)
Si 1.72(722)  2.2709 HoL (98.7)
S, 2.05(605)  0.1601 HoL+1 (96.6)
S5 232(534)  0.1104 H-L+2 (96.0)
S 242 (513)  0.0060 H-2—L (69.2), H-1-L (22.8)
S5 242 (513)  0.0141 HoL+3 (65.9), H-1-L (29.5)
Ss 255 (485)  0.6055 H-1-L (45.2), H-25L (26.9), H—L+3 (24.6)
S, 2.60 (477)  0.0867 H-3-L (45.0), H-1-L+1 (25.7), H-2L+1 (25.6)
Ss 2.69 (460)  0.0381 HoL+4 (69.1), H-1L+1 (24.6)
So 2.74 (452) 0.0287 H-3—-L (42.6), H-1-L+1 (34.5), H-L+4 (17.7)
Sw  2.79(444)  0.0721 H-2L+1 (65.7), H-1—L+1 (11.3), H>L+4 (9.6)

aOscillator strengths. " H=HOMO, L=LUMO, H-1=HOMO-1, L+1=LUMO+1.
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Figure S5. Electron density contours of (a) HOMO, (b) LUMO, (¢) HOMO-1, (d) LUMO+], (e)
HOMO-2, (f) LUMO+2, (g) HOMO-3, (h) LUMO+3, (i) HOMO-4, (j) LUMO+4, (k) HOMO-5, (1)
LUMOH+5 of Y6 solution by TD-DFT at B3LYP/6-31G* level of theory. The isosurface value was set at
0.01 a.u..
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Figure S6. Simulated UV-vis absorption spectrum (red curve) and oscillator strength (black spikes)
of the Y6 solution by TD-DFT at B3LYP/6-31G* level of theory. A Gaussian function with a full width
at half-maximum (FWHM) of 0.11 eV was employed.
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Figure S7. Simulated PL spectrum (red curve) and oscillator strength (black spikes) of the Y6 solution
by TD-DFT at level of B3LYP/6-31G*. A Gaussian function with a full width at half-maximum
(FWHM) of 0.11 eV was employed.
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Figure S8. Computed natural transition orbital pairs for S1-S10 of Y6 solution by TD-DFT at B3LYP/6-
31G* level of theory. The isosurface value was set at 0.018 a,u,.
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(1) So—So (j) So—S10

Figure S9. The overlap of electron-hole isosurface density maps between (a) So and S, (b) So and Sz,
(c) Soand Ss, (d) So and Sy, (e) So and Ss, (f) So and Se, (g) So and Sy, (h) So and Ss, (i) So and Sy, (j) So and
S of Y6 solution by TD-DFT at B3LYP/6-31G* level of theory. The isosurface value was set at 0.0009
a.u.
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Table S4. S;, D, t, H, Ecow, HDI and EDI for the transitions between So and 10 lowest-energy excited
states in Y6 solution by TD-DFT at the level of B3LYP/6-31G*.

.re Da He td Transition

Transition &) Sib A) &) Ecourt (€V) HDIf EDIs Character
So—S1 129 067 745 275 1.95 4.64 4.24 LE
So—S2 195 064 796 284 1.83 4.61 4.67 LE
So—Ss 298 060 780 -1.42 1.81 4.54 5.57 CT
So—Sa4 3.09 057 635 -0.62 2.07 5.12 4.16 CT
So—Ss 218 071 765 256 1.88 4.23 4.58 CT
So—Ss 1.06 078 792 -3.62 1.86 4.33 4.03 LE
So—S7 263 055 670 -1.32 2.02 495 4.35 CT
So—Ss 1.60 071 6.61 236 2.18 4.29 6.33 LE
So—So 134 073 6.87 278 2.07 411 3.98 LE
So—Sio 148 0.72 784 -3.21 1.86 3.84 421 LE

athe distance between centroid of hole and electron in corresponding directions; *the overlap function
between hole and electron distribution; the average degree of spatial extension of hole and electron
distribution in X/Y/Z direction; dthe degree of hole and electron in charge transfer direction; cexciton
binding energy; fthe hole delocalization index; sthe electron delocalization index.
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(i) So (j) S

Figure S10. The electron density difference between (a) So and Si, (b) So and Sz, (c) So and Ss, (d) So
and Sy, (e) So and Ss, (f) So and Ss, (g) So and Sy, (h) So and Ss, (i) So and Sy, (j) So and S0 of Y6 solution
by TD-DFT at B3LYP/6-31G* level of theory. The isosurface value was set at 0.0005 a.u. (blue, electron
density decreases upon transition; red, electron density increases upon transition).
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Table S5. Geometrically optimized atomic X/Y/Z coordinates of the ground state structure of Y6.

N 3.334 -1.423 -6.840
N 4.17 -2.722 -4.838
C 2.203 0.914 -4.155
C 3.477 -0.987 -3.226
C 3.595 -1.567 -4.530
C 2.879 0.293 -3.054
C 3.115 -0.823 -5.677
C 2.401 0.402 -5.469
C 4.396 1.124 6.548
H -2.067 1.302 -4.117
H 9.715 2.247 -2.467
C -4.505 8.431 -10.889
S 4.703 -2.765 -1.212
C -2.715 6.63 -7.968
N 3.038 0.702 -1.730
S 1.361 1.391 -8.049
O -2.366 6.578 -5.561
H -2.804 -0.508 -2.507
F -5.514 10.828 -4.765
H 6.386 3.927 0.772
H 5.625 -0.389 9.368
C -5.449 10.348 -7.071
H -2.363 1.919 1.131
H 5.684 5.541 0.591
H -1.951 541 -9.477
C 0.312 2.776 -7.697
C 0.234 3.082 -6.325
C 5.045 -2.293 1.633
C -1.943 5.568 -8.405
C -4.205 8.992 -5.496
C 4.058 -0.643 0.264
F 4.845 1.762 10.546
S 3.982 0.139 1.809
S 0.784 4.453 -6.022
C 5.006 0.123 7.323
N -2.599 5.775 -11.787
C 3.939 2.322 7.083
C 3.658 -0.345 -1.056
C -3.773 8.242 -6.583
H -5.361 9.878 -9.142
C 6.916 2.094 -2.098
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1.025
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4. Fitting parameters in Figure 5

Table Sé6. Fitting parameters of the TRPL decay shown in Figure 5a.

Excitation Fluence = Amplitude Lifetime

(photons/(plusexcm?)) A1 71 (ps)
4.8 x 1012 1.053 822 +17
1.0 x 1013 1.084 794 £18
1.6 x 1013 1.081 884 + 16

Table S7. Fitting parameters of the TA decay shown in Figure 5b.

Excitation Fluence Amplitude Lifetime Amplitude Lifetime Amplitude Lifetime
(photons/(plusexcm?)) A 71 (ps) Az 72 (ps) As 73 (ps)
2 x 10" 4.7 1.6+0.2 2.8 31+2 0.58 3929 + 1155
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