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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. 1H NMR spectra 

were measured in CDCl3 on 400MHz Liquid State NMR Spectrometer (AVANCE III 

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 10-4. 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.1-3 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), Ssolv is replaced by Ssolv'.

In Fig. S1a, the population of S1, Ssolv and TT can be described using the 

following kinetic equations.

 (S1)

𝑑[𝑆1]
𝑑𝑡

=  ‒ 𝑘𝑠𝑜𝑙𝑣[𝑆1]

(S2)

𝑑[𝑆𝑠𝑜𝑙𝑣]
𝑑𝑡

=  𝑘𝑠𝑜𝑙𝑣[𝑆1] + 𝑘𝑇𝑇𝐴[𝑇𝑇] ‒ (𝑘𝑆0 + 𝑘𝑆𝐹)[𝑆𝑠𝑜𝑙𝑣]

(S3)

𝑑[𝑇𝑇]
𝑑𝑡

=  𝑘𝑆𝐹[𝑆𝑠𝑜𝑙𝑣] ‒ (𝑘𝑇𝑇𝐴 + 𝑘𝑅𝐸𝐶)[𝑇𝑇]

In Fig. S1b, the population of S1 and Ssolv can be described using the following 

kinetic equations.

(S4)

𝑑[𝑆1]
𝑑𝑡

=  ‒ 𝑘𝑠𝑜𝑙𝑣[𝑆1]

(S5)

𝑑[𝑆𝑠𝑜𝑙𝑣]
𝑑𝑡

=  𝑘𝑠𝑜𝑙𝑣[𝑆1] ‒ 𝑘𝑆0[𝑆𝑠𝑜𝑙𝑣]
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2. Experimental section

Steady-state spectra

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,O-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. (c) Fluorescence spectra of DPP-Br and DPP in DCM. 
The fluorescence spectrum of DOP-Br was not obtained due to the extremely low 
fluorescence quantum yield.   

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 polarity4 and solvent-dependent steady-state optical parameters of 
2T-DPP and 2T-DOP. 

aλ0-0 is the wavelength of 0-0 absorption peak. bλem is the maximum emission 
wavelength.

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 
μM to 200 μM.
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Figure S5. 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.

Figure S6. Fluorescence decay profiles of 2T-DPP (a, b, c 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.

aCalculated by using fluorescence decay profiles. bCalculated by using fs-TA for 2T-
DPP, τ1 = 1/ksolv + 1/kSF and τTTA = 1/kTTA. cCalculated by using fs-TA for 2T-DOP, τ1 
= 1/ksolv + 1/kS0.

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 (τ1) is below the 

resolution limit of the instrument, so that is meaningless. Therefore, the values of τ1 

were calculated by using fs-TA data.5 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 (τ3 = 13.9 

ns). It can be seen that 2T-DPP had long-lived fluorescent species in all solvents 

compared with monomer TIPS-TC (τ = 8.1 ns), indicating the reverse process from 

TT to S1. In contrast, 2T-DOP did not show long-lived fluorescent specie. 

Transient absorption spectroscopy

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, i and l) 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 S1 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 
the raw data well, suggesting the accuracy of fitting.

Figure S11. Respective population dynamics of 2T-DPP in DCM (a), toluene (b), 
DCM (c) and THF (d) from target analysis. 

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

and TT state is calculated by kTTA:kSF. As an example, the relative ratio between Ssolv 

and TT populations of 2T-DPP is about 1:5 with the decay of TT states in toluene.

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.

aCalculated by using fluorescence lifetime of TIPS-TC. bCalculated by using the fs-
TA.
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Figure S13. Solvent-dependent SF rate constants for 2T-DPP.

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, e and h) and 
respective population dynamics (c, f and i) 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).

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 (λem = 659 

nm) shows an obvious red-shift compared to that in PE, toluene and THF (λem ≈ 630 

nm). The fitting to the fluorescence decay profiles suggests that the lifetime of this 

state (τ1 = 1.2 ns) is longer than that of Ssolv state (τ1 = 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 Ssolv' state. The exact nature of the Ssolv' 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.

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 (c), 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 × 1012 pulse-1 

using the following expression.

(S6)

𝑝ℎ𝑜𝑡𝑜𝑛𝑠
𝑝𝑢𝑙𝑠𝑒

=
𝑝𝑜𝑤𝑒𝑟

(𝑝𝑒𝑟 𝑟𝑎𝑡𝑒)(𝑒𝑛𝑒𝑟𝑔𝑦 𝑝𝑒𝑟 𝑝ℎ𝑜𝑡𝑜𝑛)

The concentration of sensitized dimer was then calculated using the population 

from the expression above along with the pump spot size (d = 245 μm) and cuvette 

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

(S7)
𝑉 = 𝐴𝑟𝑒𝑎 ∗ 𝑑 = 𝜋(

𝑑
2

)2 ∗ 𝐿

The intersystem crossing yield of PtOEP was 100 % and the triplet transfer 

efficiency (ΦTransfer) was measured in relation to pure PtOEP (a lifetime of 16.32 μs (τ) 

in degassed DCM). The following expression were used.

(S8)

𝑁𝑡𝑟𝑖𝑝𝑙𝑒𝑡 = (1 ‒ 10 ‒ 𝐴𝑏𝑠.)
𝐸𝑝𝑢𝑚𝑝

𝐸𝑝ℎ𝑜𝑡𝑜𝑛
∗ 100 % ∗

1
𝜏𝑠𝑒𝑛𝑠

1
𝜏𝑠𝑒𝑛𝑠

+ 1
𝜏

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

using the following expression.
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(S9)

Δ𝜀 =
Δ𝐴𝑏𝑠.

(𝑁𝑡𝑟𝑖𝑝𝑙𝑒𝑡

𝑉 ) ∗ 𝐿

The calculated delta epsilon T1 spectra for TIPS-TC and DPP are shown below.

Figure S20. (a) Nanosecond transient absorption spectra of PtOEP. Sensitized 
nanosecond transient absorption spectra of TIPS-TC (b) and DPP (c).

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.

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.6 We evaluated the weight of excited state through 

NTO analysis by Multiwfn program.7, 8 The simulated vibronic spectra were 

calculated with FCHT approximation using Gaussian 16 program.9

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 1TT, while 2T-DOP does not. 

Because the 1TT state is a spin-singlet state, we focused on S1 and 1TT states of 2T-

DPP in the CASSCF calculation. The subsequent evolution from 1TT 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, 6o) 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-

CASSCF level of theory, a large number of states (20) are included in the average to 

calculate the wavefunction.10 All the CASSCF calculations were performed by the 

OpenMolcas package with the ANO-L-VDZP basis set.11, 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:

(S10)
𝜀𝐼 = 〈Ψ𝐼|�̂�|Ψ𝐼〉 =  ∑

𝑖
|𝑐𝐼𝑖|2𝐸𝑖
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(S11)
𝑉𝐼𝐽 = 〈Ψ𝐼|�̂�|Ψ𝐽〉 =  ∑

𝑖

𝑐 ∗
𝐼𝑖𝑐𝐽𝑖𝐸𝑖

where  are the constructed local diabatic states,  is the overlap | �Ψ𝐼⟩� 𝑐𝐼𝑖 =  〈Φ𝐼|Ψ𝐼�〉

between the adiabatic states  and local diabatic state  with Ei being the energy | �Ψ𝑖⟩� | �Ψ𝐼⟩�

of . The calculated diabatic electronic Hamiltonians of 2T-DPP and 2T-DOP are | �Ψ𝑖⟩�

shown in Table S4 and S5.

The role of CT states was estimated by calculating the indirect coupling Vindirect
13: 

 = - (S11)𝑉𝑖𝑛𝑑𝑖𝑟𝑒𝑐𝑡

2(𝑉𝑆1𝑆0,𝐶𝐴𝑉𝐶𝐴,𝑇𝑇 ‒  𝑉𝑆1𝑆0,𝐴𝐶𝑉𝐶𝐴,𝑇𝑇)

{[𝐸(𝐶𝑇) ‒ 𝐸(𝑇𝑇)] +  [𝐸(𝐶𝑇) ‒ 𝐸(𝑆1)]}

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

Figure S25. Hartree-Fock molecular orbitals of 2T-DOP.
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Figure S26. Localized molecular orbitals of 2T-DPP. A and B represent TIPS-TC 
units. L represents bridge unit.

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

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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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).

Table S5. Electronic Hamiltonian elements of 2T-DOP (unit: eV).
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Table S6. Direct and indirect coupling (eV) of the lowest lying absorbing singlet 
states *LB and LB* to TLBT for 2T-DOP and 2T-DPP. A A A

Table S7. The energy levels of S1, T1 and T2 for 2T-DPP and 2T-DOP.

The adiabatic excited sates of 2T-DPP and 2T-DOP have been studied with 

TDDFT and CASCI method. The ΔE (ES1 - 2 ET1) 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 Å for 2T-DPP and 1.459 Å 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.

Figure S30. Two main NTOs of S1 are delocalized in two tetracene chromophores of 
2T-DPP at preferential conformation. 

Figure S31. Two main NTOs of S1 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 S1 transition for the two 
dimers.
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Figure S32. The main NTOs of S1, S2 and S3 for 2T-DPP.

Figure S33. The main NTOs of S1, S2 and S3 for 2T-DOP.

Figure S34. The change of the NTOs with different α angles of 2T-DPP. The 
delocalized NTOs are highlighted by orange line.
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Figure S35. The change of the NTOs with different α angles of 2T-DOP.

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.

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 S1 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, DPP14 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)15 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), CsCO3 

(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 H2O for 3 times. The organic phase 

was collected and dried over Na2SO4. 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

1H NMR (400 MHz, CDCl3): δ 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).

13C NMR (150 MHz, CDCl3): δ 162.43 147.43 132.25 130.09 126.96 125.81 109.93 

41.89 31.18 29.39 26.35 22.45 13.93

MALDI-MS for C30H34Br2N2O2. m/z calculated: 614.42; found: 613.996

Compound 3 

1H NMR (400 MHz, CDCl3): δ 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, J = 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).   

13C NMR (150 MHz, CDCl3): δ 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 C30H34Br2N2O2. 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)Cl2 (10 mg, 0.25 mmol), K2CO3 (450 mg, 

3.25 mmol) and THF/H2O = 54 mL/6 mL. The reaction mixture was bubbled by 

nitrogen for 30 min then heated at 65 ℃ with stirring for 12 h. The mixture was 

cooled to room temperature and extracted with DCM and H2O for 3 times. The 
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organic phase was collected and dried over Na2SO4. 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 %. 

1H NMR (400 MHz, CDCl3): δ 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, CDCl3): δ 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 C110H136N2O2Si4. 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)Cl2 (10 mg, 0.25 mmol), K2CO3 (450 mg, 

3.25 mmol) and THF/H2O = 54 mL/6 mL. The reaction mixture was bubbled by 

nitrogen for 30 min then heated at 65 ℃ with stirring for 12 h. The mixture was 

cooled to room temperature and extracted with DCM and H2O for 3 times. The 

organic phase was collected and dried over Na2SO4. 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 %. 

1H NMR (400 MHz, CDCl3): δ 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, 6H).   

13C NMR (150 MHz, CDCl3): δ 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 C110H136N2O2Si4. m/z calculated: 1630.65; found: 1630.754

1H and 13C NMR spectra

 

Figure S39. 1H NMR spectrum of Compound 2 in CDCl3.
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Figure S40. 13C NMR spectrum of Compound 2 in CDCl3.

Figure S41. MALDI-MS of Compound 2.
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Figure S42. 1H NMR spectrum of Compound 3 in CDCl3.

Figure S43. 13C NMR spectrum of Compound 3 in CDCl3.
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Figure S44. MALDI-MS of Compound 3.

Figure S45. 1H NMR spectrum of compound 2T-DPP in CDCl3.
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Figure S46. 13C NMR spectrum of compound 2T-DPP in CDCl3.

 

Figure S47. MALDI-MS of 2T-DPP.
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Figure S48. 1H NMR spectrum of compound 2T-DOP in CDCl3.

 

Figure S49. 13C NMR spectrum of compound 2T-DOP in CDCl3.
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Figure S50. MALDI-MS of 2T-DOP.

Cartesian coordinates

DPP-Br Cartesian Coordinates:

O -1.2035 2.69371 0.18658
C -0.44152 1.75116 0.124
N 0.9738 1.89481 0.15444
C 1.61109 0.66676 0.07076
C -0.64255 0.31152 0.00611
C 1.5604 3.19554 0.40891
H 2.42181 3.09976 1.0805
H 0.78976 3.80985 0.88851
C 3.06606 0.48655 0.05577
C 3.94153 1.43797 -0.49191
C 5.31341 1.20767 -0.52056
C 4.96593 -0.94954 0.53882
H 5.37147 -1.8796 0.93653
H 5.98688 1.94671 -0.95378
H 3.55957 2.35761 -0.93167
C 3.59627 -0.71415 0.55755
H 2.92605 -1.47557 0.95711
C -1.61109 -0.66674 -0.07081
N -0.9738 -1.8948 -0.15448
C 0.64256 -0.3115 -0.00618
C 0.44153 -1.75114 -0.1241
O 1.2035 -2.69369 -0.18664
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C -1.5604 -3.19553 -0.4089
H -2.42184 -3.09976 -1.08046
H -0.78979 -3.80984 -0.88851
C -3.06606 -0.48653 -0.0558
C -3.94151 -1.43796 0.4919
C -5.31339 -1.20767 0.52057
C -4.96595 0.94954 -0.53881
H -5.3715 1.87959 -0.93652
H -5.98685 -1.94672 0.95381
H -3.55953 -2.3576 0.93165
C -3.59629 0.71415 -0.55756
H -2.92608 1.47558 -0.95714
H -1.87034 -3.69725 0.51882
H 1.87037 3.69728 -0.51879
C -5.81591 -0.01804 -0.00355
C 5.81591 0.01803 0.00358

Br -7.68118 0.29367 0.02077
Br 7.68118 -0.29369 -0.02071

DOP-Br Cartesian Coordinates:

O 1.17909 -2.93397 0.22547
C 0.46629 -1.95581 0.18418
N -0.96648 -2.05717 0.14643
C -1.54876 -0.81364 0.13204
C 0.72216 -0.52205 0.18236
C -1.60795 -3.34962 0.28917
H -2.50959 -3.25929 0.90639
H -0.89146 -4.01603 0.78295
C -2.99338 -0.58083 0.06584
C -3.85796 -1.43031 -0.64249
C -5.2188 -1.15274 -0.71483
C -4.87763 0.84101 0.63321
H -5.28327 1.72217 1.1298
H -5.88617 -1.80795 -1.27395
H -3.47115 -2.29982 -1.17227
C -3.51733 0.56215 0.69129
H -2.85031 1.23549 1.23025
C 1.68751 0.4752 0.09373
N 1.0911 1.72582 0.0458
C -0.54096 0.13866 0.17402
C -0.21135 1.53761 0.08345
C 3.14167 0.34725 0.04017
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C 3.94586 1.4913 -0.08059
C 5.33106 1.38218 -0.13537
C 5.13669 -1.03511 0.05372
H 5.61098 -2.01505 0.10641
H 5.95523 2.27082 -0.22965
H 3.46587 2.46838 -0.13145
C 3.75208 -0.91634 0.10828
H 3.13447 -1.81216 0.20395
H -1.86965 -3.78712 -0.68445
O -1.10056 2.5128 0.06393
C -0.59519 3.83996 -0.03308
H 0.05095 4.06417 0.82557
H -0.01422 3.95915 -0.95683
H -1.46829 4.49853 -0.04056
C 5.91461 0.11687 -0.06841
C -5.71884 -0.02278 -0.0684

Br -7.57026 0.34778 -0.14912
Br 7.80075 -0.04064 -0.14479

2T-DPP Cartesian Coordinates:

O -1.00576 -2.76565 -0.0563
C -0.31341 -1.76958 -0.03331
N 1.10977 -1.80989 -0.03257
C 1.65578 -0.5348 -0.00974
C -0.6177 -0.34505 -0.00399
C 1.79437 -3.07505 -0.2064
H 2.66217 -2.95086 -0.86504
H 1.08136 -3.76859 -0.66702
C 3.09196 -0.24883 0.02095
C 4.02681 -1.10167 0.6316
C 5.37326 -0.76185 0.66854
C 5.83617 0.43268 0.09473
C 4.89482 1.29091 -0.49608
H 5.22279 2.22323 -0.95775
H 6.07423 -1.42363 1.17909
H 3.70312 -2.01917 1.12018
C 3.5466 0.96079 -0.53073
H 2.83168 1.64591 -0.98691
C -1.65691 0.55726 0.02363
N -1.11647 1.83207 0.06323
C 0.61717 0.37331 -0.00793
C 0.30532 1.79812 0.04465
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O 0.991 2.79995 0.06672
C -1.81914 3.0894 0.21371
H -2.69687 2.9571 0.85763
H -1.12515 3.7979 0.68048
C -3.09471 0.27348 0.04687
C -4.02177 1.04675 -0.67023
C -5.36735 0.70158 -0.68039
C -5.83166 -0.42214 0.02161
C -4.89552 -1.20514 0.71559
H -5.22729 -2.08106 1.27472
H -6.06584 1.29665 -1.2703
H -3.68818 1.90522 -1.25307
C -3.54765 -0.86919 0.72434
H -2.83217 -1.49515 1.25873
H -2.13536 3.5033 -0.75459
H 2.11945 -3.50417 0.75213
C -7.2717 -0.77726 0.02433
C -7.66792 -2.16486 0.06473
C -8.24185 0.19038 -0.00727
C -8.97978 -2.52601 0.06675
H -6.89588 -2.93554 0.06698
C -9.6366 -0.14441 -0.00274
H -7.96919 1.24779 -0.01188
C -10.01917 -1.53392 0.03493
H -9.26464 -3.57954 0.08345
C -10.62497 0.83406 -0.03034
C -11.36602 -1.87328 0.03694
C -11.99431 0.50103 -0.02876
H -10.33672 1.8861 -0.0563
C -12.37549 -0.88931 0.00511
H -11.65327 -2.92553 0.06365
C -13.009 1.50371 -0.0611
C -13.75883 -1.23594 0.00573
C -14.36964 1.15031 -0.06091
C -14.7501 -0.2395 -0.02705
C 7.27743 0.78109 0.1127
C 7.67984 2.16428 0.20816
C 8.24367 -0.18778 0.03173
C 8.9931 2.51985 0.21957
H 6.91183 2.93364 0.29816
C 9.63966 0.14156 0.03718
H 7.96661 -1.23938 -0.06707
C 10.02816 1.52674 0.131
H 9.28263 3.56881 0.30469
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C 10.62375 -0.83769 -0.05162
C 11.37623 1.86099 0.13442
C 11.99435 -0.50986 -0.04902
H 10.33104 -1.88632 -0.12427
C 12.38141 0.87603 0.04576
H 11.66785 2.90993 0.20634
C 13.00466 -1.51352 -0.1379
C 13.76598 1.21756 0.04658
C 14.36664 -1.16527 -0.13554
C 14.75293 0.22022 -0.04275
C -15.40586 2.14422 -0.0942
H -15.11488 3.19455 -0.11977
C -16.14801 -0.56823 -0.02817
H -16.43212 -1.62043 -0.00258
C 15.39852 -2.16027 -0.22418
H 15.10315 -3.20737 -0.29397
C 16.152 0.54387 -0.04405
H 16.44051 1.59287 0.0258
C -17.09931 0.40792 -0.06063
H -18.15655 0.13992 -0.06113
C -16.72179 1.78748 -0.09417
H -17.49545 2.55584 -0.11994
C 16.71578 -1.80849 -0.2216
H 17.48612 -2.57762 -0.28974
C 17.09906 -0.43315 -0.13016
H 18.15728 -0.16906 -0.12969
C -14.13615 -2.61905 0.03987
C -14.44965 -3.78977 0.06889
H -14.72961 -4.82809 0.09451
C -12.62918 2.88602 -0.09475
C -12.30224 4.05311 -0.12316
H -12.01417 5.08923 -0.14817
C 12.61905 -2.89154 -0.23023
C 12.28732 -4.05504 -0.30757
H 11.99501 -5.08798 -0.37623
C 14.14911 2.59637 0.13931
C 14.46746 3.76351 0.21745
H 14.75161 4.7987 0.28659

2T-DOP Cartesian Coordinates:

O -0.9203 -3.21148 0.08326
C -0.28633 -2.19727 -0.11009
N 1.14569 -2.16147 -0.00056
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C 1.63367 -0.91098 -0.29389
C -0.64887 -0.83976 -0.4913
C 1.88736 -3.38723 0.22027
H 2.80522 -3.38871 -0.37942
H 1.24381 -4.21744 -0.09239
C 3.05057 -0.54819 -0.25213
C 3.95053 -1.11939 0.66312
C 5.27783 -0.71236 0.69044
C 5.75435 0.26593 -0.1971
C 4.84654 0.8439 -1.09926
H 5.19039 1.59726 -1.80916
H 5.95096 -1.14129 1.43378
H 3.60806 -1.85503 1.3895
C 3.51605 0.44822 -1.12582
H 2.82581 0.90487 -1.83549
C -1.69184 0.05822 -0.69977
N -1.1933 1.32607 -0.95895
C 0.55868 -0.09235 -0.61399
C 0.11959 1.24829 -0.90147
C -3.13178 -0.17747 -0.66814
C -4.02822 0.88133 -0.88727
C -5.39865 0.66115 -0.86096
C -5.92063 -0.61988 -0.61356
C -5.01814 -1.67577 -0.40115
H -5.39583 -2.67762 -0.19095
H -6.07903 1.49075 -1.05999
H -3.62636 1.87435 -1.08792
C -3.64561 -1.46232 -0.4245
H -2.95917 -2.29329 -0.24841
H 2.13993 -3.52844 1.28055
C -7.38441 -0.85273 -0.57308
C -7.92303 -2.11346 -1.02693
C -8.24652 0.10616 -0.10712
C -9.26042 -2.36265 -1.00445
H -7.24016 -2.86851 -1.41878
C -9.66298 -0.11424 -0.06182
H -7.86491 1.05853 0.26678
C -10.18723 -1.37691 -0.51985
H -9.65324 -3.31567 -1.36355
C -10.54039 0.85398 0.4158
C -11.55687 -1.60413 -0.48272
C -11.93172 0.63415 0.45831
H -10.14496 1.80897 0.76537
C -12.4547 -0.62801 -0.00358
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H -11.95069 -2.56008 -0.83148
C -12.83264 1.62776 0.94526
C -13.86133 -0.85919 0.03519
C -14.21761 1.38901 0.97848
C -14.73971 0.1274 0.51676
C 7.17847 0.67822 -0.18374
C 7.53377 2.0443 -0.48622
C 8.17287 -0.22021 0.10349
C 8.83148 2.45338 -0.48669
H 6.74044 2.76424 -0.69208
C 9.55406 0.166 0.10778
H 7.9332 -1.26535 0.31025
C 9.89631 1.5337 -0.19335
H 9.08491 3.49266 -0.70343
C 10.56732 -0.74448 0.38884
C 11.22992 1.92182 -0.19136
C 11.92356 -0.36203 0.39159
H 10.3094 -1.78045 0.61408
C 12.26457 1.00738 0.09483
H 11.48641 2.95796 -0.41743
C 12.96364 -1.29519 0.68011
C 13.63462 1.40339 0.09613
C 14.31073 -0.8937 0.67797
C 14.65132 0.47527 0.38181
C -15.14056 2.37634 1.46438
H -14.74254 3.32954 1.81303
C -16.15907 -0.08587 0.56309
H -16.55044 -1.04127 0.21299
C 15.37203 -1.81759 0.96557
H 15.11126 -2.85225 1.18911
C 16.0365 0.85411 0.38751
H 16.29049 1.89023 0.16289
C -16.99974 0.87958 1.0323
H -18.07523 0.70037 1.06026
C -16.48162 2.13187 1.49069
H -17.1679 2.89344 1.86305
C 16.67455 -1.41491 0.96022
H 17.46778 -2.13017 1.18102
C 17.01254 -0.05616 0.66619
H 18.05962 0.2491 0.66604
C -14.37954 -2.11516 -0.42377
C -14.81283 -3.17871 -0.81213
H -15.19889 -4.12176 -1.15676
C -12.31213 2.88268 1.40397
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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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