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I. Supplementary Chart S1-S2 and Figures S1-S9

Chart S2. The chemical structure of QM region of QM/MM model in this work. The key
structral parameters related to photophysical properties were also shown.
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Fig. S1 (a) and (d) The distance evolution and the number of intermolecular H-bonds among
unoccupied UPy moieties of (Z)-TPE-UPy and (E)-TPE-UPy at different stage of tetramer
formation process. (b) and (E) Population of number of intermolecular H-bonds at different
stage of (Z)- and (E)-TPE-UPy tetramer formation. (c) and (f) Representative snapshots
extracted from MD trajectories of (Z)- and (E)-TPE-UPy tetramer formation. The TPE and UPy
motifs are shown in green and yellow, respectively. The alkyl groups of UPy and chloroform
solvents are not shown for clarity.
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Fig. S2 The evolution of (a) (Z)-open-hexamer, (b) (Z)-close-hexamer and (c) (E)-linear-
hexamer assembles presented by the representative snapshots of extracted from MD trajectories
in chloroform. The TPE and UPy motifs are shown in green and yellow, respectively. The alkyl
groups of UPy and chloroform solvents are not shown for clarity.
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Fig. S3 Typical conformations of typical chain-like tetramers and hexamers extracted from MD
trajectories. The positions of center-of-mass (COM) distance definition are marked by red
dots.
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Fig. S4 (a) Definitions of two representative angles used to describe the conformational changes
of both tetramers and hexamers. Two vectors 7 and q respectively, represent vectors connectlng
one nitrogen and one oxygen atoms marked in red. The included angle between P and ¢ is
defined as ¢. (b) Two representative angles (@;ermina a0d Qinrernar) at the terminus and the internal
part of each (Z)-open-tetramer/hexamer or (E)-linear-tetramer/hexamer, respectively.
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Fig. S5 The evolution of (a) COM distance and (b-c) two representative angles ¢y mina and
Qinternas Of equilibrated tetramers and hexamers as a function of simulation time. The
corresponding standard deviations (o) are shown above.
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Fig. S6 The evolution of (Z)-close-dimer assemblies at different concentrations and “(Z)-TPE-
UPy assembly” by the representative snapshots extracted from MD trajectories in chloroform.
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Fig. S7 The evolution of “(E)-TPE-UPy assembly” shown by representative snapshots
extracted from MD trajectories in chloroform.
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Fig. S8 Evolution of number of intermolecular H-bonds as a function of time in three typical
aggregates.
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Fig. S9 The QM/MM models for the representative nanostructures, including two dimers and
three typical aggregates, including (a) (Z)-close-dimer and (b) (E)-linear-dimer, (c) (Z)-close-
dimer aggregate, (d) (Z)-TPE-UPy aggregate and (e) (E)-linear-hexamer aggregate. For each
system, the TPE moiety in orange is selected as the high-layer QM region and treated at the
M06-2X/6-311G* level.



I1. Supplementary Tables S1-S8

Table S1 Selected bond lengths (in A), bond angles (in degree), and dihedral angles (in degree)
of (Z)-close-dimer at Sy and S; minimum and the difference between Sy and S;. The definition
of structral parameters are shown in Chart S2.

(Z)-close-dimer

structural parameters

SO sl |SO'SI |
bond lengths
Ci-C, 1.354  1.465  0.102
Cy-Cs 1.490  1.442  0.048
Cy-Cy 1.491 1.444  0.047
Ci-Cis 1.489  1.443  0.046
C-Cyy 1.490  1.444  0.046
bond angles
Ci-C,-G; 1232 1189 4.3
C-C,-Cy 122.0 1182 3.8
Cy-C-Cys 121.8 1179 3.9
C,-Ci-Cyy 1229  118.7 4.2
dihedral angles
D, C,-C-C5-Cy 136.2 1554 19.2
D, C-Cy-Co-Cyy 1299 147.6 17.7
D; C,-C-Cy5-Cy -48.9 -22.7 26.2
D, C,-C-Cy-Cpy -46.2 -21.0 25.2

Ds C;-Cy-Ci-Cys 168.0  124.9 43.1




Table S2 Selected bond lengths (in A), bond angles (in degree), and dihedral angles (in degree)
of (Z)-close-dimer aggregate at Sy and S; minimum and the difference between Sy and S;.

(Z)-close-dimer aggregate

structural parameters

So S [So-S]
bond lengths
Ci-C, 1.365 1.461 0.096
C-G; 1.493 1.444  0.049
Cy-Cy 1.498 1.453  0.045
Ci-Cis 1.492 1.459  0.033
C;-Cy, 1.486 1.440  0.046
bond angles
C-C-C, 124.2 123.6 0.6
C-C-C, 119.8 118.5 1.3
C-C-C, 118.9 118.1 0.8
C-C-C, 123.6 122.3 1.3
dihedral angles
D, C-C-C-C, 156.5 157.4 0.9
D, C-C-C-C, 137.6 141.1 3.5
D, C-C-C.C, -46.4 -35.6 10.8
D, C-C-C -C, -44.1 -25.9 18.2

D; C-C-C-C. 1619 1532 87




Table S3 Selected bond lengths (in A), bond angles (in degree), and dihedral angles (in degree)
of (Z)-TPE-UPy aggregate at Sy and S; minimum and the difference between S, and S;.

(Z)-TPE-UPy aggregate

structural parameters

So S So-Si|
bond lengths
Ci-C, 1.357  1.455  0.098
Cr-G; 1.493 1.454  0.039
Cy-Cy 1.491 1.451 0.04
Ci-Cis 1.487  1.450  0.037
Ci-Cy 1492 1445  0.047
bond angles
C-C-C 118.8 117.3 1.5
C-C-C 124.1 122.4 1.7
C-C-C, 1234 1225 0.9
C-C-C, 1239  122.1 1.8
dihedral angles
D, C-C-C-C, 127.4  137.7 10.3
D, C-C-C-C, 156.3 160.0 3.7
D, C-C-C-C. 577 -43.4 14.3
D, C-C-C-C, -38.3 -26.3 12

Ds C,-C-C-C. 161.4 1489 12.5




Table S4 Selected bond lengths (in A), bond angles (in degree), and dihedral angles (in degree)
of (E)-linear-dimer at Sy and S; minimum and the difference between S, and S;.

(E)-linear-dimer

structural parameters

So Si [So-S1|
bond lengths
Ci-C, 1.353 1.458 0.105
Cy-C5 1.489 1.446  0.039
Cy-Cy 1.484 1.450 0.034
Ci-Cis 1494 1.454  0.04
Ci-Cyy 1.484 1.445 0.039
bond angles
Ci-Cr-Cs 123.7 1204 33
Ci-C1-Cy 120.5 1193 1.2

Cy-C-Cys 1227 1189 3.8
C,-C1-Cyy 122.8 121.7 1.1

dihedral angles
D, Ci-C,-C5-Cy 136.2 1513 15.1
D, C1-C,-Cy-Cyp 127.1 1409 13.8
D; Cy-Ci-Ci5-Ci¢ 495  -30.2 19.3
Dy Cy-Ci-Cy-Cp,  -47.6 -248 22.8

Ds C;3-C,-Ci-Cy5 170.5 145.0 25.5




Table S5 Selected bond lengths (A), bond angles (degree), and dihedral angles (degree) of (E)-
linear-hexamer aggregate at Sy, and S| minimum and the difference between Sy and S,

(E)-linear-hexamer

structural parameters aggregate
So S S-S
bond lengths
Ci-C, 1.354 1.454 0.1
C-G; 1.498 1.463 0.035
Cy-Cy 1.491 1.442 0.049
Ci-Cys 1.492 1442  0.05
C-Cy 1.487 1.456 0.031
bond angle

Ci-C-Cs 122.1 1199 2.2
Ci-Cy-Cy 1242 1234 0.8
Cy-C1-Cys 125.1 1232 1.9
C,-C-Cyy 123.0 121.0 2.0

dihedral angle
D, C-Cy-C5-Cy 128.2 1345 6.3
D, C1-C1-Co-Cyy 1489 1514 2.5
D, C,-Ci-Ci5-Ci¢ -61.5  -30.1 314
Dy Cy-Ci-Cy-C, 469  -364 10.5

D5 C;5-C,-Ci-Cy5 1749 1654 9.5




Table S6 The extracted key dihedral angles (in degree) of two representative dimers: (Z)-close-dimer and (E)-linear-dimer, and three assembled
aggregates: (Z)-close-dimer aggregate, (Z)-TPE-UPy aggregate, (E)-linear-hexamer aggregate, respectively. So, S; and |So-S;| represent the geometric
parameters extracted from the ground, excited states and the difference between them, respectively. The definition of key dihedral angles is shown in
Chart 1.

(E)-linear-hexamer

(Z2)-close-dimer (Z2)-close-dimer aggregate  (Z)-TPE-UPy aggregate (E)-linear-dimer ageregate

So Si AlSe-Sy So Sy A[So-S;| So Si AlSe-Sy So Si AlSe-Sy So Si AlSe-Sy

D, 1362 1554 192 1565 1574 09 1274 1377 103 1362 1513 151 1282 1345 63
D, 1299 1476 177 137.6 14l.1 3.5 1563 160.0 3.7 127.1 1409 13.8 1489 1514 2.5
D, 489 227 262  -464 356 108  -57.7 434 143 495 302 193 615 -30.1 314
D, -462 210 252  -441 259 182  -383 -263 12 476 248 228  -469 364 105
Ds 1680 1249 431 1619 1532 87 1614 1489 125 1705 1450 255 1749 1654 95




Table S7 Calculated vertical excitation energy (AEey), electronic dipole moment (EDM),
oscillator strength (f), the assignment for S; of TPE and radiative decay rate constant (k).

Sy vert EDM f assignment (167)

(Z)-close-dimer ~ 1.94¢V/638nm 523D 02017 HOMO=LUM 5,
0 (100%)

(Z)-close-dimer ) 57 \iagrnm 517D 02604 HOMO—=LUM ;¢
aggregate 0 (99.4%)

(Z)-TPE-UPy ) 61 evia74nm 555D 03049 HOMO—LUM 4,
aggregate 0 (99.3%)

(E)-lincar-dimer ~ 2.47¢V/502nm  5.15D 02485 HOMO=LUM (5
0 (99.6%)

(E)-linear-hexamer HOMO—LUM
2.72 eV/456 5.03D 0.2604 8.36
aggregate © nm 0 (98.6%)
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Table S8 Reorganization energy of each system calculated adiabatic potential method.

A (€V) A (V) A(eV)

(Z)-close-dimer 1.14 0.93 2.07
(Z)-close-dimer aggregate 0.52 0.57 1.09
(2)-TPE-UPy aggregate 0.59 0.60 1.19
(E)-linear-dimer 0.74 0.81 1.53

(E)-linear-hexamer

0.67 0.73 1.40
aggregate
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