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1. Materials and Methods

All the reagents and solvents were used as received. Chemicals were purchased
from commercial suppliers: TCI America, Alfa Aesar and Innochem. 'H NMR spectra
were measured in CDCl; on 400MHz Liquid State NMR Spectrometer (AVANCE I1I
400). The high resolution mass spectra (HRMS) were obtained using Bruker
microTOF-Q20453.
Steady-state and time-resolved fluorescence spectroscopy characterization

The steady-state absorption spectrum was obtained by a T6 UV-Vis spectrometer
(Purkinje General, China). The absolute photoluminescence quantum yields (PLQY)
of the molecules were measured by an FLS920 fluorescence spectrometer using an
integrating sphere (Edinburgh, UK). The steady-state and time-resolved emission
spectra were acquired on a spectrometer equipped with a liquid-nitrogen-cooled
silicon charge-coupled device (CCD) (400BR eXcelon, PyLoN, Princeton
Instruments) and a 515 nm laser (PHAROS). The fluorescence decay profiles were
recorded by the technique of time-correlated single-photon counting (Swabian
instruments).
Femtosecond and nanosecond transient absorption spectroscopy (fs- and ns-TA)

Pulses of about 100 fs duration at a repetition rate of 1 kHz and a wavelength
centred at 800 nm was generated by a Coherent Chameleon oscillator seeded a
Ti/sapphire regenerative amplifier (Coherent Legend Elite). A Light Conversion
OPerA-Solo optical parametric amplifier (285-2600 nm) produces the 550 nm pump

pulse. The pump fluence was kept in the linear regime. By focusing a small portion of
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800 nm beam on the sapphire plate, a white probe pulse was obtained. The chirp of
the supercontinuum probe was corrected with an error within 100 fs over the entire
spectral range. The TA signal was then analyzed by a silicon CCD (S11071,
Hamamatsu) mounted on a monochromator (Acton 2358, Princeton Instrument) at 1
kHz enabled by a custom-built control board from Entwicklungsbuero Stresing. The
signal-to-noise ratio in differential transmission was better than 104 All the
spectroscopic measurements were carried out at room temperature. For nanosecond
TA spectroscopy, we replaced the femtosecond pump beam with a frequency-doubled
sub-nanosecond laser (Picolo AOT MOPA, InnoLas) at 532 nm (pulse duration, ~0.8
ns). The probe beams were generated by focusing a small portion of the femtosecond
laser beam onto a 3 mm thick sapphire plate. The laser was synchronized to the probe
pulse with a desired delay by an electronic delay generator (SRS DG645, Stanford
Research System). The data recording procedure were the same as used for fs-TA
spectroscopy. The stability of the samples was spectrophotometrically checked before
and after each experiment.

Global and Target Analysis (GTA)

Singular value decomposition (SVD) was performed to get preliminary
estimation of the species involved. Based on the results of SVD, target (differential
equation-based) analysis is accomplished using the Glotaran software package.!3 The
parameters given by the previous model were returned to get optimized results,
judged by the residual matrix. The transient absorption data were modelled using the

following scheme.
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Figure S1. A model for target analysis of 2T-DPP (a) and 2T-DOP (b) for fs-TA data.
For 2T-DOP in dichloromethane (DCM), S,y is replaced by Sy

In Fig. Sla, the population of S;, Sy and TT can be described using the

following kinetic equations.

d[$,]
- = - ksolv[Sl]
dt (S1)
d[Ssolv]
dt = ksolv['sl] + kTTA[TT] - (kSO + kSF) [Ssolv] (82)
d[TT]
o ksp[Ssor] = (erra + kpe)[TT] (S3)

In Fig. S1b, the population of S; and Sy, can be described using the following

kinetic equations.

d|s
B s
dt h
d|s
[S sot] = kyo[S1] = ksolSsom]
dt h
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2. Experimental section

Steady-state spectra
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Figure S2. (a) Absorption spectra of DPP-Br (Compound 2, black), DOP-Br
(Compound 3, red) and DPP (blue) in DCM. We have tried to synthesized N,O-
alkylation product (DOP). However, the alkylation of DPP core without bromine
atoms on both sides only leads to O,0-alkylation and N, N-alkylation products. Instead,
the DPP and DPP-Br are obtained. (b) Calculated electronic absorption spectra of
DPP-Br and DOP-Br in DCM. (¢) Fluorescence spectra of DPP-Br and DPP in DCM.

The fluorescence spectrum of DOP-Br was not obtained due to the extremely low
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Figure S3. Normalized steady-state absorption spectra and emission spectra of 2T-
DPP (a, b), 2T-DOP (c, d) in petroleum ether (PE), toluene, DCM and tetrahydrofuran

(THF).
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Table S1. Solvent polarity* and solvent-dependent steady-state optical parameters of
2T-DPP and 2T-DOP.

PE Toluene DCM THF
polarity 0.01 24 34 4.0
Ao (nm)* ~ - 472 -
DPP Mgy (NM)P - - 547 -
Stokes shift (nm) - - 75 -
Ag.g (nm)? 540 546 545 544
2T-DPP Aoy (NM)® 600 607 606 608
Stokes shift (nm) 60 61 61 65
Ap.g (nm)? 540 543 543 544
2T-DOP Aem (nM)® 629 633 659 633
Stokes shift (nm) 89 90 116 89

oo is the wavelength of 0-0 absorption peak. "A., is the maximum emission
wavelength.
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Figure S4. (a) The absorption spectra of 2T-DPP (black) and 2T-DOP (red) including
short wavelength. (b) Normalized absorption spectra of 2T-DPP in DCM from 12.5
uM to 200 uM.
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Figure SS. Electronic absorption spectra of 2T-DPP (a) and 2T-DOP (b) compared
with TIPS-TC. The extinction coefficient of TIPS-TC was multiplied by 2 for clarity.
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Figure S6. Fluorescence decay profiles of 2T-DPP (a, b, ¢ and d) and 2T-DOP (e, f, g
and h). The obtained lifetimes are summarized in Table S2. The excitation wavelength
was 515 nm. The solid lines are fitting curves by the tri-exponential decay for 2T-

DPP and double-exponential decay for 2T-DOP.
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Figure S7. Fluorescence decay profiles of TIPS-TC.

Table S2. Lifetime of singlet state in 2T-DPP, 2T-DOP and TIPS-TC.

Compound  Solvent 1, (ns)® 1, (ns)? 15 (ns)? T, (ps)  Trra (ps)P
PE <0.1(52.8%) 2.8(47.2 %) 13.9(<0.1%) 5.5 58.8
yrppp Tl <0.1(49.1%) 2.9.(50.0 %) 10.2 (0.9 %) 4.1° 66.7
DCM  <0.1(35.1%) 4.7 (64.7 %) 10.7 (0.2 %) 4.00 55.6
THF  <0.1(37.6%) 2.3 (62.4%) 122(<0.1%) 3.8 58.9
PE 0.6 (99.9 %) 3.5(0.1%) - 556¢ -
BB Toluene 0.6 (99.5 %) 5.1(0.5 %) - 556¢ -
DCM 1.2(99.3 %) 3.3(0.7%) - 1250¢ -
THF 0.6 (99.9 %) 5.4(0.1%) , 588¢ -

TIPS-TC DCM

8.1(100 %)

aCalculated by using fluorescence decay profiles. *Calculated by using fs-TA for 2T-
DPP, 1y = 1/ksoy + 1/ksg and trra = 1/k7ra. “Calculated by using fs-TA for 2T-DOP, 1,

= l/ksolv + l/ks().

Herein, the fluorescence decay profiles and corresponding lifetimes of 2T-DPP

and 2T-DOP are shown in Fig. S6 and Table S2. The lifetimes were fitted by the tri-

exponential decay for 2T-DPP. However, the short-lived component (t;) is below the

resolution limit of the instrument, so that is meaningless. Therefore, the values of T,

were calculated by using fs-TA data.’> The lifetimes of singlet state derived from

fluorescence decay profiles and fs-TA data have been both provided in Table S2. For

instance, in PE, the fluorescence decay profile of 2T-DPP was fitted by the tri-
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exponential decay, showing the presence of a long-lived fluorescent species (t3 = 13.9
ns). It can be seen that 2T-DPP had long-lived fluorescent species in all solvents
compared with monomer TIPS-TC (t = 8.1 ns), indicating the reverse process from

TT to S;.In contrast, 2T-DOP did not show long-lived fluorescent specie.

Transient absorption spectroscopy
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Figure S8. Pump power controlled fs-TA of 2T-DPP (a) and 2T-DOP (b) in toluene.
Comparison of kinetics at 506 nm using different pump power. The kinetics scale
linearly with pump power, and the kinetics are not varied. All the experiments are

within the linear regime.
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Figure S9. Transient absorption spectra of 2T-DPP in PE (a), toluene (d), DCM (g)
and THF (j) excited at 550 nm (2 mW). The evolution-associated spectra (b, e, h and
k) and respective population dynamics (c, f, 1 and 1) from global fitting. The signal at
560 nm is quenched within 5 ps, then turns negative during SF, due to overlap
between SE signal of S, state and negative signal of TT state. As shown in Fig. 3b and
4b, the TT species obtained from global analysis is in good agreement with the shape
of the TA spectrum at 4 ns.
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Figure S10. The species-associated spectra (SAS) of 2T-DPP from target analysis in
PE (a), toluene (b), DCM (c) and THF (d). In Fig. S12 and S16, fitting curves match
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Normalized population
e e b e =
(%] e [=1] oo (=]

b
=)

Normalized population
L e v
B e (=1} o

=]
=]

—
=]
n

— S5;01\'
—TT
i 10 100 1000
Time (ps)
—s,
Ssolf
—TT
1 10 100 1000
Time (ps)

(b)

Normalized population

0.0

(d)

Normalized population

DCM (c) and THF (d) from target analysis.

The global analysis and target analysis are the fits of data with a sequential model

S12

Wavelength (nm)

=
=
|

e
o
’

e
)
1

e
.
f

e
¥
h

1000

10 100
Time (ps)
—S,
Sm]r
—TT
].Il] ].[IN] ll]ll]l]
Time (ps)



and a compartmental model, respectively. The population obtained from target
analysis refers to the real concentrations of the species. While, the total population of
different species obtained from global analysis does not change before the last state
returns to the ground state. Fig. 3 in the main text shows the target analysis data of
2T-DPP in toluene, which exhibits the information about real concentration change.
The S,y and TT states are in equilibrium when TT states decay to ground state, due
to the backward reaction of TT state. The ratio of equilibrium constant between Sy,
and TT state is calculated by krra:ksp. As an example, the relative ratio between Sy,

and TT populations of 2T-DPP is about 1:5 with the decay of TT states in toluene.
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Figure S12. Comparison of kinetic cuts through the raw transient absorption data to
the fits derived from a nonsequential decay model for 2T-DPP in PE (a), toluene (b),

DCM (c) and THF (d).
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Table S3. Rate constant for 2T-DPP by target analysis of fs-TA using the Glotaran
program.

Compound Parameters PE Toluene DCM THF
kgo (107 s71)2 8.1+0.1 8.1+0.1 8.1+0.1 8.1+0.1
2T-DPP krra (1010g°1)P 1.7+0.1 1.5+0.1 1.8+0.1 1.7+0.1
kggc (108810 5.2+0.1 3.4+0.1 6.7+0.2 1.5£0.1

aCalculated by using fluorescence lifetime of TIPS-TC. "Calculated by using the fs-
TA.
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Figure S13. Solvent-dependent SF rate constants for 2T-DPP.
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Figure S14. Transient spectra of singlet state at 1 ps (a) and triplet state 4000 ps (b) of
2T-DPP in different solvents.
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Figure S15. Transient absorption spectra of 2T-DOP in PE (a), DCM (d) and THF (g)
excited at 550 nm (2 mW). The evolution-associated spectra (b, ¢ and h) and
respective population dynamics (c, f and 1) from global fitting.
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Figure S16. Comparison of kinetic cuts through the raw transient absorption data to
the fits derived from a sequential decay model for 2T-DOP in PE (a), toluene (b),
DCM (c) and THF (d).
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Figure S17. (a) The dynamic curves at 506 nm, 600 nm and 740 nm of 2T-DOP in
DCM. Comparison of kinetics at 506 nm (b) and 650 nm (c) of 2T-DOP at different

solvents.

As shown in Fig. S15e, 2T-DOP shows a distinct state featuring a negative peak
around 660 nm at 100 ps in DCM, which is not the triplet state suggested by the
sensitization experiment (Fig. S23). The PL spectrum of 2T-DOP in DCM (A, = 659
nm) shows an obvious red-shift compared to that in PE, toluene and THF (A, = 630
nm). The fitting to the fluorescence decay profiles suggests that the lifetime of this
state (1; = 1.2 ns) is longer than that of Sy, state (t; = 0.6 ns) in other solvents. Based
on above analysis, the second state of 2T-DOP in DCM is different and has been
assigned as Sy, state. The exact nature of the Sy, state of 2T-DOP in DCM is
unclear at the moment, which is beyond the scope of this work.

For 2T-DPP, the fs-TA and ns-TA spectra of the third state in DCM also shows
slight difference with that in the other solvents. As shown in Fig. 3, S9 and S19, the
spectra of the third state in PE, toluene and THF all show a peak around 690 nm. In
contrast, the spectrum of the third state in DCM does not show this peak. However, as
shown in Table 1 and S3, the lifetime of the third state in DCM is very similar to that
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in other solvents, suggesting that the SF process is not altered in DCM. In the steady-
state spectra, the emission spectrum in DCM is nearly the same, suggesting that the
fluorescence based on TTA is similar. Based on the above analysis, though the third
state in DCM exhibits slight spectral difference, the species can still be assigned as

TT state.
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Figure S18. (a) Transient absorption spectra of DPP, excited at 510 nm (2 mW) in
DCM. (b) fs-TA spectra at different delay times.
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Figure S19. ns-TA spectra of 2T-DPP in PE (a), Toluene (¢), DCM (e) and THF (g).
Time-resolved spectra at different times of 2T-DPP in PE (b), Toluene (d), DCM (f)

and THF (h).

The signals of 2T-DPP decay fast after 4 ns, indicating that the TT states are

generated within the first 4 ns. Meanwhile, the triplet of 2T-DPP may transfer to DPP

due to the similar energy level between TIPS-TC and DPP. However, it is difficult to

perform global and target analysis due to the very weak signals of DPP’ triplet state.
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Triplet sensitization

The delta epsilon spectra for triplet states of TIPS-TC and DPP were determined
by triplet sensitization experiments using a solution of PtOEP and TIPS-TC or DPP
exited at 532 nm. Triplets of PtOEP generated by intersystem crossing are transferred
to TIPS-TC and DPP.

The total number of photons per pump pulse (532 nm) are 1.07 x 10!2 pulse’!

using the following expression.

photons power

pulse B (per rate)(energy per photon) (S6)
The concentration of sensitized dimer was then calculated using the population
from the expression above along with the pump spot size (d = 245 um) and cuvette

length (L = 0.1 cm) to calculate the volume based on the following equation.

d
V=Area*d=7r(—)2*L
2 (S7)

The intersystem crossing yield of PtOEP was 100 % and the triplet transfer
efficiency (®@rnster) Was measured in relation to pure PtOEP (a lifetime of 16.32 us (1)
in degassed DCM). The following expression were used.

1
E / T
Nyiser = (1- 1074652 4 100 0

triplet — T 4
riple Epphoton 1/ n 1/
Tsens T (SS)

sens

The delta epsilon spectra for TIPS-TC and DPP from the concentration and AAbs

using the following expression.
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AAbs.

Ntriplet <L
%4

The calculated delta epsilon T, spectra for TIPS-TC and DPP are shown below.

Ae =

(S9)
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Figure S20. (a) Nanosecond transient absorption spectra of PtOEP. Sensitized
nanosecond transient absorption spectra of TIPS-TC (b) and DPP (c¢).
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Figure S21. Delta epsilon spectra for triplet of TIPS-TC (a) and DPP (b). The triplet
spectrum of DPP is multiplied by 8 for clarity and PtOEP’s triplet is also shown. The
TT yield of 2T-DPP cannot be obtained via the sensitization method because the
triplet energy transfer efficient from PtOEP to 2T-DPP cannot be determined. The
triplet yields were estimated using the state populations obtained from the
nonsequential kinetic model by doubling the corresponding TT populations.
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Figure S22. Sensitized nanosecond transient absorption spectra of 2T-DPP (a) and
2T-DOP (b).
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Figure S23. Comparison of the spectra obtained at 1000 ps (black) from fs-TA data
and the sensitized triplet state (red) of 2T-DOP.

Quantum chemical calculation

The isopropyl groups of 2T-DPP and 2T-DOP were modeled by methyl groups to
reduce computational cost. The geometries of DPP-Br, DOP-Br, 2T-DPP and 2T-
DOP were optimized by Gaussian 16 program under M062X/def2SVP level and the
wavefunction was checked under BS-DFT to ensure that there is no diradical
character in 2T-DPP and 2T-DOP.% We evaluated the weight of excited state through
NTO analysis by Multiwfn program.”> 8 The simulated vibronic spectra were
calculated with FCHT approximation using Gaussian 16 program.’

In our calculations, we employed the complete active space configuration
interaction (CASCI) and state averaged self-consistent field (SA-CASSCF) methods
to compute the low-lying electronic excited states at the DFT optimized geometries.
In our study, 2T-DPP undergoes SF to generate 'TT, while 2T-DOP does not.
Because the 'TT state is a spin-singlet state, we focused on S; and 'TT states of 2T-

DPP in the CASSCF calculation. The subsequent evolution from 'TT state to quintet
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and triplet states is beyond the scope of CASSCF calculation at the moment. We
chose the six orbitals near highest occupied molecular orbitals (HOMOs) and lowest
unoccupied molecular orbitals (LUMOs) into the active space, i.e. CAS (6e, 60) were
applied for the dimer systems (Fig. S24, S25). The electron distribution of these six
orbitals is similar to that of HOMOs and LUMOs in each unit (the tetracene unit and
the bridge unit). As the charge-transfer states appear high in energy at the SA-
CASSCEF level of theory, a large number of states (20) are included in the average to
calculate the wavefunction.!® All the CASSCF calculations were performed by the
OpenMolcas package with the ANO-L-VDZP basis set.!!> 12 To characterize the main
local feature of the low-lying singlet excited states, a localized molecular orbital set
was built from the CASSCF natural orbitals based on the Pipek-Mezey method (Fig.
S26 and S27). We then projected the adiabatic excited states onto the space spanned
by various local diabatic states using the constructed local molecular orbital set, e.g.,
local excitation (LE) states, charge transfer (CT) states, triplet pair (TT) states and so
on. The calculated and analysis results are shown in Fig. S28, S29. Besides, 10 triplet
states were also calculated by the SA-CASSCF method to gain into more insights into
the triplets in these two systems. The energies of the lowest two triplet states are
shown in Table S7.

The energies of the diabatic states and their electronic couplings are calculated by

the equation:

&= <W1|H|lp1>= Zlclilei
i (S10)
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V= (LP1|H|W1> = ch*ic]iEi

B (S11)

where |LP1) are the constructed local diabatic states, €1i (CDI |lp1) is the overlap

between the adiabatic states |Lpi) and local diabatic state |lP1 ) with E; being the energy

of |lpi). The calculated diabatic electronic Hamiltonians of 2T-DPP and 2T-DOP are

shown in Table S4 and S5.

The role of CT states was estimated by calculating the indirect coupling Vigireet:

2(VSISO,CAVCA,TT_ VSISO,ACVCA,TT)/

v {[E(CT) - E(TT)] + [E(CT) - E(SD]} (S11)

indirect = -

HOMO-2 HOMO-1 HOMO LUMO HOMO+1 LUMO+2

Figure S24. Hartree-Fock molecular orbitals of 2T-DPP.

HOMO-2 HOMO-1 HOMO LUMO HOMO+1 LUMO+2

Figure S25. Hartree-Fock molecular orbitals of 2T-DOP.
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HOMO (A) LUMO (A) HOMO (L) LUMO (L) HOMO (B) LUMO (B)

Figure S26. Localized molecular orbitals of 2T-DPP. A and B represent TIPS-TC
units. L represents bridge unit.

HOMO (A) LUMO (A) HOMO (L) LUMO (L) HOMO (B) LUMO (B)

Figure S27. Localized molecular orbitals of 2T-DOP.

Excitation energy (eV) Electron density difference Main components (Weight)
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Figure S28. Excitation energy of the lowest-lying singlet excited states and the plots
of the electron density difference between the excited states and the ground state for
2T-DPP. Red: electron. Blue: hole.
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Excitation energy (eV)  Electron density difference Main components (Weight)

S, 3.692 W““-‘ s ATLBT (0.93752)

S, 3.737 . D ;: ALTBT (0.94069)

S; 3.748 qu""g i ATL'B (0.93152)
' k &"N:,t-mb

S, 4.244 b T ALB” (-0.95475)

A'LB (-0.95647)

Ss 4.259 *"’L é‘ Seoq
Se 4.506 ‘ ~."~.?C.' *g"‘.?.’i.a\,',:

AL'B (-0.92691)

Figure S29. Excitation energy of the lowest-lying singlet excited states and the plots
of the electron density difference between the excited states and the ground state for
2T-DOP. Red: electron. Blue: hole.

Table S4. Electronic Hamiltonian elements of 2T-DPP (unit: eV).

A'LB  AL'B  ALB" AL'B ALB* ALB* ALB AL‘B- A'LB- A'L'B AL'™BT ATLBT

ALB 30471 00103 00019 00994 -0.0002 -0.0006 0.1339 -0.0001 -0.0011 -0.0005 0.0000 -3.2x107
AL'B -0.0103 4.6680 -0.0103 -0.1483 -0.1184 -0.0002 -0.1184 -0.1483 0.0002 -0.0002 0.0002  0.0000
ALB" 00019 -0.0103 39471 -0.0001 0.1339 00011 -0.0002 0.0994 0.0006 0.0000 0.0005 3.2x107
AL'B 00994 -0.1483 -0.0001 6.0887 -0.0020 0.1002 0.0051 0.0002 0.0000 -02110 0.0000 0.0000
ALB* -0.0002 -0.1184 0.1339 -0.0020 6.3315 0.1373 -0.0019 0.0051 0.0001 0.0000 -0.1763 0.0000
ALB" 00006 -0.0002 00011 01002 0.1373 6.1870 -0.0001 0.0000 0.0000 -0.0001 -0.0003 -0.0034
ATLB 01339 .0.1184 -0.0002 0.0051 -0.0019 -0.0001 63314 -0.0020 -0.1373 0.1763 0.0000  0.0000
AL'B -0.0001 -0.1483 0.0994 0.0002 0.0051 0.0000 -0.0020 6.0887 -0.1002 0.0000 0.2110  0.0000
ALB 00011 0.0002 00006 0.0000 0.0001 00000 -0.1373 -0.1002 6.1870 -0.0003 -0.0001 -0.0034
ATL'B -0.0005 -0.0002 0.0000 -0.2110 0.0000 -0.0001 0.1763 0.0000 -0.0003 3.4229 0.0000 0.0017
ALTBT 0.0000 0.0002 0.0005 0.0000 -0.1763 -0.0003 0.0000 0.2110 -0.0001 0.0000 3.4229 0.0017
A'LBT 0000 0.0000 _0.0000 0.0000 _0.0000 -0.0034 _0.0000 _0.0000 -0.0034 0.0017 _0.0017 _ 3.1899

Table S5. Electronic Hamiltonian elements of 2T-DOP (unit: eV).
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A'LB AL'B  ALB° ALB ALB" ALB" ALB ALB- A'LB- A'L'B AL'™BT ATLBT

A'LB 40335 -0.0098 00016 -0.0920 -0.0003 00004 -0.1476 -0.0002 00026 0.0007 0.0000 -85x107
AL'B  0.0098 43995 -0.0053 0.1634 -0.1535 00006 0.1146 -0.1511 -0.0005 0.0006 0.0001  0.0000
ALB" 00016 -0.0053 40222 00001 01283 -0.0027 00003 01465 -0.0004 0.0000 -0.0018 7.6x107
ALB  .0.0920 01634 00001 65719 00024 0.1458 0.0059 -0.0018 0.0000 -0.2787 0.0001  0.0000
ALB* -0.0003 -0.1535 01283 00024 52734 -0.1516 0.0017 00078 00000 -0.0001 02006 0.0000
ALB"  0.0004 0.0006 -0.0027 0.1458 -0.1516 6.0296 -0.0001 0.0000 0.0000 -0.0004 -0.0005 -0.0032
A'L'B .0.1476 0.1146  0.0003 0.0059 0.0017 -0.0001 5.4326 0.0031 -0.1337 0.1480 -0.0001  0.0000
AL'B" -0.0002 -0.1511 0.1465 -0.0018 0.0078 0.0000 0.0031 6.7273 0.0933 0.0001 -0.2677  0.0000
A'LB" 0.0026 -0.0005 -0.0004 0.0000 0.0000 0.0000 -0.1337 0.0933 6.4691 -0.0002 -0.0001 -0.0043
ATLTB  0.0007 0.0006 0.0000 -02787 -0.0001 -0.0004 0.1480 0.0001 -0.0002 32936 0.0000 0.0029
AL'BT  0.0000 0.0001 -0.0018 0.0001 0.2006 -0.0005 -0.0001 -0.2677 -0.0001 0.0000 3.2990  0.0021
ATLBT  0.0000 0.0000 0.0000 0.0000 0.0000 -0.0032 0.0000 0.0000 -0.0043 0.0029 0.0021 3.2272

Table S6. Direct and indirect coupling (eV) of the lowest lying absorbing singlet
states A"LB and ALB* to ATLBT for 2T-DOP and 2T-DPP.

Dimer State Direct Indirect
A'LB -3.2 x 107 6.4 x 107
2T-DPP
ALB* -3.2 x 107 -1.9 x 10
A'LB -8.5 x 107 3.1 x 10°¢
2T-DOP
ALB" -7.6 x 107 8.6 x 10

Table S7. The energy levels of S;, Ty and T, for 2T-DPP and 2T-DOP.

Compound Method S, (eV) T, (eV) T, (eV) Eg;-2Eq (V) Ep,-2Eq(eV)
TDDFT 2.47 1.22 2.54 0.03 0.10
2T-DPP
CASCI 3.95 1.82 1.82 0.31 -1.83
TDDFT 2.44 1.21 2.53 0.02 0.11
2T-DOP
CASCI 4.02 1.84 1.85 0.34 -1.83

The adiabatic excited sates of 2T-DPP and 2T-DOP have been studied with
TDDFT and CASCI method. The AE (Es; - 2 Ery) is positive for both two dimers,
suggesting that both systems fulfill the energy requirement for SF.

To estimate whether the bond between phenyl ring and bridge core has a partial
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double bond property, the bond lengths are carefully compared in the two dimers. The
bond length is 1.464 A for 2T-DPP and 1.459 A for 2T-DPP, which are almost
identical, suggesting that the specific bond of 2T-DOP does not show stronger double
bond property than that of 2T-DPP. Therefore, based on the above analysis, the planar

structure of 2T-DOP is mainly attributed to the steric effect.
Vs ; 7 p o r ) =
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Figure S30. Two main NTOs of S; are delocalized in two tetracene chromophores of

2T-DPP at preferential conformation.
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Figure S31. Two main NTOs of S; are localized on one side of 2T-DOP at
preferential conformation. 2T-DPP has two NTOs with similar weight. One NTO
(48.35 %) contains the entire DPP bridge, while the other (43.58 %) does not involve
the bridge. For 2T-DOP, both NTOs involve the DOP bridge. The NTO analysis
shows the different roles of the DPP and DOP bridges in S; transition for the two

dimers.
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Figure S32. The main NTOs of Sy, S, and S;3 for 2T-DPP.
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Figure S33. The main NTOs of Sy, S, and S;3 for 2T-DOP.
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Figure S36. Some specific dihedral angles are set as 0° to break the symmetry of 2T-

DPP because the dihedral angle of 90° is inexistent in ambient condition. The dihedral

angles with red arrow are 0°. Conformation 1 (a) and 3 (c) have symmetric structure

and Conformation 2 (b) has asymmetric structure.
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Figure S37. The NTOs of three conformations in Fig. S36. The symmetric structures

(Conformation 1 and 3) have delocalized singlet while that of asymmetric

Conformation 2 is localized
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Figure S38. The NTOs of pentacene homodimer Pn and tetracene homodimer Tn
(‘n’ represents the number of benzene). All the heterodimers reported by Sanders et al.
are delocalized because the S; state contains both the GSB of tetracene and pentacene.
The difference is the extend of delocalization, which is dependent on the bridge length.
Furthermore, the NTOs of homodimers show that all dimers have delocalized exciton,

regardless of the bridges and chromophores.

Synthetic information

Compound 1, DPP'* and ((8-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)tetracene-
5,12-diyl)bis(ethyne-2,1-diyl))bis(triisopropylsilane) (TIPS-Tc-Bpin)'s were

synthesized according to the previously literature procedures.

Compound 2 and Compound 3

In a round bottomed flask were added compound 1 (880 mg, 1.97 mmol), CsCO;
(1.70 g, 5.21 mmol), 1-Iodohexane (1.24 mL, 8.36 mmol) and MeCN (100 mL). The
mixture was heated to reflux and stirred for 12h. After then, the mixture was cooled to
room temperature and extracted with DCM and H,O for 3 times. The organic phase

was collected and dried over Na,SO,4. The crude product was obtained by removing
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the solvent then subjected to column chromatography (silica gel, ethyl
acetate/petroleum ether = 30/1 to 5/1 v/v). Compound 2 and compound 3 was red
soild and orange solid, respectively. Yield: 520 mg, 43 % and 133 mg, 11%.
Compound 2

'"H NMR (400 MHz, CDCl3): 8 7.70 - 7.65 (m, H), 3.74 - 3.70 (m, 4H), 1.56 (s, 4H),
1.26 - 1.20 (m, 12H), 0.86 - 0.80 (m, 6H).

3C NMR (150 MHz, CDCl;): 6 162.43 147.43 132.25 130.09 126.96 125.81 109.93
41.8931.18 29.39 26.35 22.45 13.93

MALDI-MS for C3gH34BroN>O,. m/z calculated: 614.42; found: 613.996

Compound 3

'"H NMR (400 MHz, CDCl;): 4 8.32 (d, J = 16.0 Hz, 2H), 7.62 - 7.60 (m, 2H), 7.58 -
7.48 (m, 4H), 4.45 (s, 2H), 3.64 (t, ] = 8 Hz, 2H), 1.69 - 1.64 (m, 2H), 1.51 (s, 2H),
1.32 - 1.15 (m, 12H), 0.86 - 0.75 (m, 6H).

3C NMR (150 MHz, CDCl;): 6 161.54 131.17 130.78 129.37 129.30 126.04 125.27
124.63 40.93 30.34 30.17 27.74 25.34 24.55 21.57 21.44

MALDI-MS for C3oH34Br;N>O,. m/z calculated: 614.42; found: 614.003

Compound 2T-DPP

In a round bottomed flask were added TIPS-Tc-Bpin (466 mg, 0.65 mmol),
Compound 2 (184 mg, 0.30 mmol), Pd(dppf)Cl, (10 mg, 0.25 mmol), K,CO; (450 mg,
3.25 mmol) and THF/H,O = 54 mL/6 mL. The reaction mixture was bubbled by
nitrogen for 30 min then heated at 65 °C with stirring for 12 h. The mixture was

cooled to room temperature and extracted with DCM and H,O for 3 times. The

S31



organic phase was collected and dried over Na,SO,4. The crude product was obtained
by removing the solvent then subjected to column chromatography (silica gel,
DCM/petroleum ether = 1/5 v/v). Compound 2T-DPP was red solid. Yield: 121 mg,
25 %.

"H NMR (400 MHz, CDCl3): 6 9.36 (d, J = 10.0 Hz, 4H), 8.67 - 8.63 (m, 4H), 8.29 (s,
2H), 8.14 (d, J = 4.0 Hz, 2H), 8.07 - 7.99 (m, 8H), 7.88 (d, J = 4.0 Hz, 2H), 7.58 -
7.56 (m, 4H), 3.90 (d, J = 8.0 Hz, 4H), 1.74 (s, 4H), 1.63 (s, 4H), 1.42 - 1.26 (m, 92H),
0.87 (d, J =4.0 Hz, 6H).

13C NMR (150 MHz, CDCl;): 6 162.92 148.06 163.46 137.08 132.86 132.77 132.15
131.44 130.67 129.63 129.45 127.67 127.47 127.44 127.01 126.87 126.50 126.28
125.47 118.76 110.15 106.22 106.03 103.85 31.29 29.56 23.50 22.54 19.01 18.98
14.01 11.64

MALDI-MS for Cy;0H36N20,S14. m/z calculated: 1630.65; found: 1630.748
Compound 2T-DOP

In a round bottomed flask were added TIPS-Tc-Bpin (466 mg, 0.65 mmol),
Compound 3 (184 mg, 0.30 mmol), Pd(dppf)Cl, (10 mg, 0.25 mmol), K,CO; (450 mg,
3.25 mmol) and THF/H,O = 54 mL/6 mL. The reaction mixture was bubbled by
nitrogen for 30 min then heated at 65 °C with stirring for 12 h. The mixture was
cooled to room temperature and extracted with DCM and H,O for 3 times. The
organic phase was collected and dried over Na,SO,4. The crude product was obtained
by removing the solvent then subjected to column chromatography (silica gel,

DCM/petroleum ether = 1/5 v/v). Compound 2T-DOP was red solid. Yield: 135 mg,
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28 %.
'H NMR (400 MHz, CDCl): & 9.40 - 9.33 (m, 4H), 8.75 (d, J = 8.0 Hz, 8H), 8.66 -
8.63 (m, 4H), 8.29 (s, 2H), 8.17 - 8.11 (m, 2H), 7.99 - 7.91 (m, 6H), 7.86 - 7.80 (m,
2H), 7.75 - 7.55 (m, 4H), 4.62 (s, 2H), 3.88 (d, J = 8.0 Hz, 2H), 1.84 (d, J = 8.0 Hz,
2H), 1.74 (s, 2H), 1.39 - 1.32 (m, 96H), 0.96 - 0.86 (m, GH).

13C NMR (150 MHz, CDCl3): 8 132.75 131.49 131.42 130.77 130.63 129.84 129.75
127.45 127.34 126.97 126.77 126.37 118.70 31.40 31.34 31.28 29.75 28.88 26.50
26.48 25.63 22.65 22.62 22.54 22.51 19.00 18.98 14.01 13.99 13.98 11.62

MALDI-MS for Cy0H36N20,S14. m/z calculated: 1630.65; found: 1630.754

TH and *C NMR spectra
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Figure S39. '"H NMR spectrum of Compound 2 in CDCl;.
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Figure S41. MALDI-MS of Compound 2.
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13C NMR spectrum of Compound 3 in CDCl;.
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Figure S45. "H NMR spectrum of compound 2T-DPP in CDCl;.
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Figure S47. MALDI-MS of 2T-DPP.
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Figure S48. "H NMR spectrum of compound 2T-DOP in CDCls.
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Figure S50. MALDI-MS of 2T-DOP.

Cartesian coordinates

DPP-Br Cartesian Coordinates:
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H -15.11488 3.19455
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H -16.43212 -1.62043
C 15.39852 -2.16027
H 15.10315 -3.20737
C 16.152 0.54387
H 16.44051 1.59287
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2T-DOP Cartesian Coordinates:
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C -11.86553 3.9417 1.78976
H -11.4708 4.88167 2.13296
C 12.62356 -2.65682 0.97405
C 12.33028 -3.80687 1.22126
H 12.07271 -4.82802 1.44059
C 13.97203 2.76574 -0.19818
C 14.25186 3.91874 -0.44709
H 14.50162 4.94159 -0.66754
O 0.92855 2.27275 -1.10357
C 0.31544 3.52977 -1.36525
H -0.29866 3.4721 -2.27334
H -0.32354 3.82467 -0.52265
H 1.13177 4.24563 -1.49725
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