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Scheme S1. Synthetic routes for BDT-Dimers.

Materials and Synthesis procedure

Compound 1. Dissolved 2-cyanoacetic acid (360 mg, 4.24 mmol) and hexane-1,6-diol (250 mg, 2.12
mmol) in dichloromethane, added N,N-dimethylpyridin-4-amine (25.8 mg, 0.21 mmol) to the solution
and stirred for 5 minutes at room temperature. Dissolved (E)-1,2-dicyclohexyldiazene (1091 mg, 5.29
mmol) in dichloromethane, added it dropwise to the reaction solution and stirred for 6 hours. Filtered
the solution and removed the solvent by rotary evaporation. The crude product was further purified by
silica gel column chromatography (petroleum ether: DCM = 1:4) to afford compound 2 as light yellow
solid. (430 mg, 80.6%). 'H NMR (400 MHz, CDCl;) & = 4.22 (t, J=6.5, 4H), 3.46 (s, 4H), 1.74-1.66

(m, 4H), 1.45-1.38 (m, 4H).

Compound 2. Dissolved hexane-1,6-diamine (426 mg, 3.67 mmol) in acetonitrile, added triethylamine

(1.22 mL, 8.81 mmol) to the solution and stirred for 5 minutes at room temperature. Dissolved ethyl
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(2-chloroacetyl)carbamate (1216 mg, 7.34 mmol) in acetonitrile and added to the reaction solution,
then CS, (0.44 mL, 7.34 mmol) was added and stirred for 30 minutes. The reaction mixture was poured
into water and extracted with DCM three times. The crude product was further purified by silica gel
column chromatography (petroleum ether: DCM = 1:2) to afford compound 1 as light yellow solid.
(1128 mg, 88.3%). 'H NMR (400 MHz, CDCl;) 6 = 4.48 (s, 4H), 3.97 (t, J=6.8, 4H), 1.68-1.59 (m,

4H), 1.39-1.29 (m, 4H).

Compound 3. Dissolved 1,3-phenylenedimethanamine (500 mg, 3.67 mmol) in acetonitrile, added
triethylamine (1.22 mL, 8.81 mmol) to the solution and stirred for 5 minutes at room temperature.
Dissolved ethyl (2-chloroacetyl)carbamate (1216 mg, 7.34 mmol) in acetonitrile and added to the
reaction solution, then CS; (0.44 mL, 7.34 mmol) was added and stirred for 30 minutes. The reaction
mixture was poured into water and extracted with DCM three times. The crude product was further
purified by silica gel column chromatography (petroleum ether: DCM = 1:2) to afford compound 3 as
light yellow solid. (1157 mg, 85.5%). '"H NMR (400 MHz, CDCl3) & 7.49 (s, 1H), 7.36-7.32 (m, 3H),

7.28 (s,1H), 5.15 (s, 4H), 3.9 (s, 4H).

Compound 4. Compound 4 was synthesized follow the routes of literature!.

Compound 5. Compound 4 (400 mg, 0.26 mmol) and 3-(2-ethylhexyl)-2-thioxothiazolidin-4-one (77
mg, 0.31 mmol) were added to a three-necked flask and dissolved in chloroform, then piperidine (0.51
mL, 5.21 mmol) was added dropwise to the reactant. The reaction mixture was heated to 50 °C and
stirred for 6 hours. After cooling to room temperature, the reaction mixture was poured into water and
extracted with DCM three times. The crude product was further purified by silica gel column
chromatography (petroleum ether: DCM = 1:1) to afford compound 5 as a purplish-red solid. (260 mg,
56.6%)."H NMR (400 MHz, CDCl3) 8 =9.92 (s, 1H), 7.86 (s, 1H), 7.74 (s, 1H), 7.54 (s, 1H), 7.39 (d,
J=3.6, 2H), 7.24 (d, J=2.8, 2H), 7.17 (s, 2H), 7.06 (s, 2H), 4.06 (d, J=7.2, 2H), 2.98-2.63 (m, 12H),
1.89-1.65 (m, 9H), 1.55-1.23 (m, 50H), 1.12—0.84 (m, 30H).



BDT-Dimer1. Compound 5 (150 mg, 0.09 mmol) and compound 2 (8.6 mg, 0.03 mmol) were added
to a three-necked flask and dissolved in chloroform, then piperidine (0.25 mL, 2.55 mmol) was added
dropwise to the reactant. The reaction mixture was heated to 65 °C and stirred overnight. After cooling
to room temperature, the reaction mixture was poured into water and extracted with chloroform for
three times. The crude product was further purified by silica gel column chromatography (petroleum
ether: chloroform = 1:4) to afford BDT-Dimer2 as a purple solid (68.9 mg, 47.2%). 'H NMR (400
MHz, CDCls) 6 = 8.27 (s, 2H), 7.82 (s, 2H), 7.78 (s, 2H), 7.54 (s, 2H), 7.34 (s, 6H), 7.20 (s, 4H), 7.09
(s,2H), 7.02 (s, 4H), 4.36 (t, J=6.2, 4H), 4.05 (d, J/=7.2, 4H), 2.97-2.60 (m, 24H), 1.96—1.64 (m, 30H),

1.58-1.36 (m, 90H), 1.28 (s, 24H), 1.06-1.01 (m, 14H), 0.97-0.80 (m, 28H).

BDT-Dimer2. Compound 5 (150 mg, 0.09 mmol) and compound 1 (11.9 mg, 0.03 mmol) were added
to a three-necked flask and dissolved in chloroform, then piperidine (0.25 mL, 2.55 mmol) was added
dropwise to the reactant. The reaction mixture was heated to 65 °C and stirred overnight. After cooling
to room temperature, the reaction mixture was poured into water and extracted with chloroform for
three times. The crude product was further purified by silica gel column chromatography (petroleum
ether: chloroform = 1:3) to afford BDT-Dimerl as a purple solid (64.0 mg, 43.9%). '"H NMR (400
MHz, CDCl;) & = 7.82 (s, 4H), 7.41-7.30 (m, 12H), 7.18 (s, 4H), 7.11 (s, 2H), 7.01 (s, 2H), 4.12 (t,
J=1.5,4H), 4.03 (d, J/=7.3, 4H), 2.85-2.75 (m, 24H), 1.82—1.64 (m, 26H), 1.49—1.31 (m, 84H), 1.30—
1.21 (m, 20H), 1.03—0.98 (m, 12H), 0.95-0.84 (m, 44H).

BDT-Dimer3. Compound 5 (200 mg, 0.11 mmol) and compound 3 (16.7 mg, 0.05 mmol) were added
to a three-necked flask and dissolved in chloroform, then piperidine (0.34 mL, 3.40 mmol) was added
dropwise to the reactant. The reaction mixture was heated to 65 °C and stirred overnight. After cooling
to room temperature, the reaction mixture was poured into water and extracted with chloroform for
three times. The crude product was further purified by silica gel column chromatography (petroleum
ether: chloroform = 1:3) to afford BDT-Dimer3 as a purple solid (125.2 mg, 64.4%). '"H NMR (400
MHz, CDCl;) 6 =7.82 (s, 2H), 7.78 (s, 2H), 7.40-7.31 (m, 12H), 7.14 (s, 4H), 7.06-6.94 (m, 8H), 5.29



(s, 4H), 4.02 (d, J=7.3, 4H), 2.98-2.62 (m, 24H), 1.80-1.61 (m, 20H), 1.51-1.30 (m, 88H), 1.31-1.20

(m, 8H), 1.05-0.95 (m, 30H), 0.92-0.83 (m, 32H).

Characterization methods

Structure characterization

'"H NMR (400 MHz) spectra were obtained from a Bruker DMX-400 NMR Spectrometer, and TMS
was used as an internal standard. All samples were dissolved in CDClj; and tested at room temperature.
MALDI-TOF-MS spectra were obtained from a Micromass GCT-MS spectrometer.

DFT calculation

The optimized molecular structure and the electron density of the frontier energy levels were calculated
by the density functional theory (DFT) method at the B3LYP/6-31G(d,p) level with Gaussian 09
program, and alkyl groups were replaced by methyl to simplify the calculations.

UV-vis absorption spectra and the measurement of 7,

The absorption spectra were tested on Perkin Elmer Lambda950 spectrophotometer. For film testing,
the samples to be tested were prepared by spin coating on the quartz sheets. The samples were
dissolved in CF with a concentration of ca. 12 mg mL"!, and then spin-coated at a speed of 1500 rpm
for 30 seconds. The measured thickness of films is approximately 65 nm. The glass transition
temperature (7,) was characterized by a change in the slope of the deviation metric (the sum of the
squared deviation in absorbance between as-cast and annealed films) versus temperature,
corresponding to the onset of the formation of photophysical aggregates due to molecular-scale
rearrangement. And it was obtained by measuring the absorption spectra of the films during continuous
annealing. All the test films were annealed at the corresponding temperature for ten minutes, and their
absorption spectra were tested and collected at intervals of ten degrees Celsius. Then linear fitting was
performed on the deviation metrics before and after glass transition, and the intersection of the two
lines was the 7, value.

CV test

The cyclic voltammetry (CV) measurement was carried out by an electrochemical workstation (VMP3

Biologic, France) with Pt electrode coated with target films, Pt plate and Ag/Ag" electrode acting as



the working, counter, and reference electrodes, respectively, in a 0.1 mol L™! tetrabutylammonium
phosphorus hexafluoride (BuyNPF) acetonitrile solution. Redox potentials were calibrated using the
ferrocene/ferrocenium (Fc/Fc*) redox couple (—4.8 eV).
Fluorescence spectra
The fluorescence spectra were tested on FluoroMax. For the solution, samples were dissolved in CF
with a concentration of 1 ug mL-! and the excited wavelength was 500 nm. The films were prepared
through spin-coating with the thickness of ca. 65 and 100 nm for pure and blend films, respectively.
And 530 nm and 650 nm were selected to excite the donor and acceptor in the film, respectively.
Contact angle measurement
Contact angles were measured with a contact angle meter (GBX DIGIDROP). The solution of each
organic material was spin-coated on cleaned ITO substrates. Droplets of water, diiodomethane, and
glycerol were dripped onto the different films. According to Owens-Wendt method, surface energy
could be divided into dispersive and polar components.

y=v'+7
Furthermore, the dispersive and polar surface energy can be calculated through the formula below

based on the contact angles obtained by two solvents.
(1+ cos@)y, =2 ygy‘z+2m

where @is the contact angle of a specific solvent, is the surface energy of the solvent, and refers to the
dispersive and polar surface energy of the solid, respectively, and and refers to the dispersive and polar
surface energy of the solvent, respectively. Thus, the unknown value and can be solved though
combining two equations obtained by contact angle measurement of two different solvents. Solubility
parameter (0') can be calculated from the surface energy,

§=K.\ly
where yis the surface energy, K is the proportionality constant (K = 116 x 10°> m''2). And Flory—

Huggins interaction parameter ( ;) can be written as a function of two solubility parameter,
VO

= (6
RT

2
iT 5}')

Xij
where y;; is the Flory—Huggins interaction parameter between the material i and j, V} is the geometric

mean of the polymer segment molar volume, R is the gas constant, T is the absolute temperature, and
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and are the solubility parameter of material 1 and j, respectively. To simplify, we define the parameter
k= K?V/RT, then the Flory—Huggins interaction parameter can be written as the formula below,

Xy =K (i= Jrp?

where and are the surface energy of material i and j, respectively.

Spin-coating in-situ UV—-visible-NIR spectroscopy

A specially designed spin coater, which allows the detective beam to pass through the center of the
fabricating devices, was applied to measure the in-situ UV—vis spectrum. An F-20 spectrometer from
filmetrics was used to record the spectrum, and the time resolution of the spectrum is 5 ms. All data
presented and analyzed was processed using savgol-filter from a scipy kit to remove the periodic
change in the spectrum brought by the spinning of ITO stripe during fabrication?.

Device fabrication and characterization

The photovoltaic devices were fabricated with a conventional structure of ITO/PEDOT:PSS/Active
layer /PNDIT-F3N/Ag. The ITO-coated glass substrates with a sheet resistance of =15 Q were
sonicated in detergent, deionized water, alcohol, and isopropanol for 30 min each sequentially. After
drying, the substrates were treated with UV-ozone for 15 min. The PEDOT:PSS layer was prepared
through spin coating at 3500 rpm for 30s. Then, the PEDOT:PSS substrates were subsequently baked
in air at 150 °C for 15 min. An additive, 1-bromo-3,5-dichlorobenzene (DCBB) was dissolved in
chloroform to prepare a solution with a concentration of 12 mg/mL. The donor and acceptor (D/A
1.5:1) were dissolved in above chloroform solution of DCBB with a total concentration of 15 mg mL-!.
And then, the blend solution was stirred at 50 °C for 1.5 hours. The active layer was spin-coated at a
speed of 1400 rpm for 30 seconds from the blend solution. After TA treatment, PNDIT-F3N methanol

solution (0.5 mg mL-") was spin-coated at 3000 rpm for 30 s on the active layer. Finally, a layer of ca.

160 nm Ag layer was evaporated onto the active layer under high vacuum (<1 X 10-4Pa).

Device J-V characterization was conducted under AM 1.5 G (100 mW cm™2) using a Newport
Thermal Oriel 91159A solar simulator in a glovebox of nitrogen atmosphere. Light intensity is
calibrated with a Newport Oriel PN 91150V Si-based solar cell. J-V characteristics were recorded
using a Keithley 2400 source-measure unit. Typical cells have device areas of 4 mm?, and we also
confirmed the device performance with a mask of 2.56 mm?.
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EQE spectrum was measured through the Solar Cell Spectral Response Measurement System
FETOS-QE-3011 (Enli Technology Co., Ltd., Taiwan).

Transient photocurrent (TPC) were measured by applying a 488 nm solid state laser (Coherent OBIS
CORE 488LS) with a pulse width of ca. 30 ns. The current traces were recorded using a mixed domain
oscilloscope (Tektronix MDO3032) by measuring the voltage drop across a 2 Q resistor load connected
in series with the solar cell.

Photocurrent density (J,,) and effective voltage (V) test was used to characterize the utilization
efficiency of photons. Vg equals the the applied bias minus the voltage where photocurrent is zero,
and Jy, represents the current density differences between illumination and dark. At a sufficiently high
Ve, it 1s assumed that all excitons are dissociated into free charges, and the photogenerated current
reaches the maximum saturation (Jg,). The exciton dissociation efficiency (Pgiss) and charge collection
efficiency (Pcn) of the device can be calculated from the J,u/Js values under short-circuit and

maximum power output conditions, respectively.

Power index o in supplementary Fig. 14 fitted from the function of J o< (Pjign )%, in which Piigy

represents the light intensity; ideal factor n in Fig. Se fitted from the function of Voc o< nkTlog(Piign),

where k is the Boltzmann constant, T is the temperature in Kelvin.

Charge carrier mobility characterization

The mobility of hole and electron was tested by fitting the current-bias characteristics in the dark
utilizing a field-independent space charge limited current (SCLC) model following the Mott-Gurney

law:

2
B 9egeuVs V-V,

)

8L
The structures of hole-only and electron-only devices are ITO/PEDOT:PSS/Active layer/MoOs/Ag
and ITO/ZnO/Active layer/PNDIT-F3N/Ag, respectively. The active layers for these two devices were
spin-coated under the same conditions as those of solar cells. J~V curves in the range of 0 to 5 V were
gained by Keithley 2400 source-measure unit in the dark condition.

Energy loss measurement



Fourier-transform Photocurrent spectroscopy external quantum efficiency (FTPS-EQE) and
Electroluminescence quantum efficiency (EQEg;) measurements. FTPS-EQE was conducted by an
integrated system with Fourier transform Photocurrent meter (PECT-600, Enlitech). EQEgp
measurement was performed by applying external voltage/current sources through the devices (REPS,
Enlitech).

Morphology and crystallization characterization

Transmission electron microscopy (TEM) characterization was performed by Tecnai G2 F20 U-TWIN
TEM instrument. AFM measurements were performed on Multimode 8 with ScanAsyst mode. Grazing
incidence wide angle X-ray scattering (GIWAXS) measurement was conducted at XEUSS WAXS

equipment.



Supplementary Figures

BDT-Dimerl BDT-Dimer2 BDT-Dimer3

Figure S1. DFT-calculated electron density distribution in the frontier energy levels of BDT-Dimers.

Figure S2. DFT-calculated NBO analyses for hyperconjugation effect in linker of BDT-Dimer3.
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Figure S7. Contact angles of BDT-Dimers and Y6.
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Figure S14. TEM images based on BDT-Dimers/Y 6 blends without TA.
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Figure S15. TEM images based on optimized BDT-Dimers/Y 6 blends.
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Supplementary Tables

Supplementary Tables
Table S1. Detailed data extracted from DSC of pure donors and blends.

Materials T (°C) Tin,mix (°C) AH,, (J/g) Tc(°C) AGy(J/g) %
BDT-Dimerl 194.3 189.9 —15.7 175.8 —1.49 2.14
BDT-Dimer2 211.5 202.4 —16.4 193.5 —1.40 1.71
BDT-Dimer3 2283 218.9 —22.8 203.2 —2.51 1.46

Table S2. Surface tension (Y') and calculated Flory—Huggins interaction parameter (y) calculated from
contact angle.

Materials BDT-Dimerl BDT-Dimer2 BDT-Dimer3 Y6
Y'(mN m) 12.40 12.90 13.65 16.84
% (Y6) 0.34 0.26 0.17 /

Table S3. Detailed data of GIWAXS for pristine donors with/without TA.

OOP direction IP direction
peak d-spacing CCL peak d-spacing CCL
-1 -1
A) A) A) A) A) A
0.364 17.2 99.3 0.352 17.8 61.0
wo TA
1.71 3.67 12.5 1.69 3.72 25.8
BDT-Dimerl
TA 0.353 17.8 131.6 0.351 17.9 96.3
1.66 3.78 12.4 1.69 3.72 27.7
0.369 17.0 85.3 0.347 18.1 72.5
wo TA
1.64 3.82 19.1 1.64 3.83 18.6
BDT-Dimer2
0.349 17.9 118.3 0.347 18.1 113.3
1.68 3.74 234 1.67 3.76 24.0
0.314 20.0 448 0.327 19.2 49.6
wo TA
1.68 3.74 15.8 1.63 3.85 16.9
BDT-Dimer3
0.331 19.0 154.4 0.343 18.3 99.7
1.69 3.72 24.6 1.68 3.74 26.6
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Table S4. Detailed data of GIWAXS for blend films with/without TA

OOP direction

IP direction

peak d-spacing CCL peak d-spacing CCL
-1 -1
A) A A A) A A
0.368 17.1 47.8 0.312 20.1 42.5
wo TA
/ / / 1.70 3.69 25.3
BDT-Dimer1/Y6
TA 0.342 18.4 133.5 0.325 19.3 53.5
1.70 3.69 15.4 1.69 3.72 28.3
0.340 18.5 63.2 0.327 19.2 58.5
wo TA
1.69 3.72 22.1 1.64 3.82 17.2
BDT-Dimer2/Y6
TA 0.323 19.4 74.3 0.338 18.6 91.7
1.70 3.69 25.6 1.66 3.78 19.9
/ / / 0.321 19.6 54.7
wo TA
1.68 3.74 21.0 1.63 3.85 16.4
BDT-Dimer3/Y6
TA 0.318 19.7 65.0 0.331 19.0 105.4
1.70 3.69 31.1 1.65 3.81 21.6
Table S5. Device optimization of the ratios between donor and acceptor.

Active layer D:A Voe) J . (mA/cm?) FF(%) PCE (%)
BDT-Dimer1/Y6 1.7:1 0.751 22.40 65.53 11.03
BDT-Dimer1/Y6 1.5:1 0.760 22.57 65.00 11.15
BDT-Dimer1/Y6 1.2:1 0.759 22.01 64.03 10.69
BDT-Dimer2/Y6 1.7:1 0.794 25.10 67.29 13.41
BDT-Dimer2/Y6 1.5:1 0.776 26.41 66.20 13.57
BDT-Dimer2/Y6 1.2:1 0.753 27.30 64.19 13.20
BDT-Dimer3/Y6 1.7:1 0.794 25.51 73.87 14.96
BDT-Dimer3/Y6 1.5:1 0.797 26.28 73.30 15.36
BDT-Dimer3/Y6 1.2:1 0.798 26.34 71.75 15.08
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Table S6. Device optimization of TA temperature.

Active layer tempi:lture Voc V) Iy (mA/cm?) FF(%) PCE (%)
BDT-Dimer1/Y6 115°C 0.765 2232 63.62 10.87
BDT-Dimer1/Y6 120°C 0.755 2271 65.33 11.20
BDT-Dimer1/Y6 125°C 0.749 22.34 60.25 10.08
BDT-Dimer2/Y6 125°C 0.780 26.55 65.28 13.52
BDT-Dimer2/Y6 135°C 0.778 26.40 66.30 13.63
BDT-Dimer2/Y6 145°C 0.753 27.30 64.19 13.20
BDT-Dimer3/Y6 140°C 0.807 25.38 73.93 15.15
BDT-Dimer3/Y6 145°C 0.798 25.72 74.07 15.21
BDT-Dimer3/Y6 150°C 0.795 26.69 69.57 14.75
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Table S7. Device optimization of DCBB concentration.

Active layer DCBB Voe) J . (mA/cm?) FF(%) PCE (%)
BDT-Dimer1/Y6 14mg/ml 0.751 22.40 65.53 11.03
BDT-Dimer1/Y6 12mg/ml 0.758 23.13 65.21 11.44
BDT-Dimer1/Y6 10mg/ml 0.750 22.85 64.32 11.02
BDT-Dimer1/Y6 / 0.752 22.03 63.89 10.58
BDT-Dimer2/Y6 14mg/ml 0.764 26.88 66.33 13.63
BDT-Dimer2/Y6 12mg/ml 0.794 26.34 68.87 14.40
BDT-Dimer2/Y6 10mg/ml 0.780 26.55 65.28 13.52
BDT-Dimer2/Y6 / 0.791 25.67 65.10 13.22
BDT-Dimer3/Y6 14mg/ml 0.798 25.80 73.45 15.12
BDT-Dimer3/Y6 12mg/ml 0.800 27.39 71.56 15.68
BDT-Dimer3/Y6 10mg/ml 0.801 26.73 71.22 15.25
BDT-Dimer3/Y6 / 0.795 25.99 68.56 14.17
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Table S8. Voltage loss of optimized devices.

Devi Veloe  E*Y EQEpL  qV%c  qV™oc  Eoss AE, AE, AE; Voc
evices

V) (V) (%) (eV) (eV) (eV) (eV) (eV) (V) V)
BDT-

0.756 1.416 5.78E-04 1.154 1.068 0.660 0.262 0.086 0312 0.758
Dimer1/Y6
BDT-

0.791 1.383 4.17E-03 1.123 1.052 0.592 0.260 0.071 0.261 0.789
Dimer2/Y6
BDT-

0.796 1.384 4.74E-03 1.125 1.053 0.589 0.259 0.072 0.258 0.798
Dimer3/Y6
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Table S9. Optimization of SM-CA-Reh/Y6 and SM-Reh/Y 6 based devices.

Active layer Condition Voc (V) Jsc (mA/cm?) FF(%) PCE (%)
SM-CA-Reh/Y6 SVA CS, 0.832 20.69 75.66 13.02
SM-CA-Reh/Y6 SVA THF 0.827 20.71 68.34 11.71
SM-CA-Reh/Y6 SVA CF 0.802 19.51 71.06 11.12

SM-Reh/Y6 SVA CS, 0.833 21.60 74.04 13.33

SM-Reh/Y6 SVA THF 0.791 19.42 71.01 10.91

SM-Reh/Y6 SVA CF 0.823 21.99 71.96 13.02
SM-CA-Reh/Y6 TA 80°C 0.843 20.73 53.84 9.41
SM-CA-Reh/Y6 TA 90°C 0.841 21.68 64.77 11.81
SM-CA-Reh/Y6 TA 100°C 0.836 22.93 77.38 14.83
SM-CA-Reh/Y6 TA 110°C 0.818 21.32 72.98 12.73

SM-Reh/Y6 TA 80°C 0.838 20.47 55.27 9.48

SM-Reh/Y6 TA 90°C 0.834 21.17 69.58 12.28

SM-Reh/Y6 TA 100°C 0.830 22.06 77.30 14.16

SM-Reh/Y6 TA 110°C 0.820 22.30 71.40 13.06
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Table S10. Optimized device parameters of SM-CA-Reh/Y6 and SM-Reh/Y6 based devices. The
average values and standard deviations were obtained from 6 devices, which were expressed as mean

+SD,n=6
Jsc, cal
Active Layer Voc (V) Jsc(mA/cm?) FF (%) PCE (%)
(mA/cm?)
SM-CA- 0.836 22.93 77.38 14.83
21.89
Reh/Y6 (0.834+0.009) (22.17+0.44) (75.80+1.56) (14.01+0.36)
0.830 22.06 77.30 14.16
SM-Reh/Y6 21.05
(0.831+0.005) (22.23+0.22) (74.79+1.27) (13.81+0.16)

Table S11. Devices parameters of OSCs based on SMDs reported by previous literatures.

Donor Acceptor Voc (V) (m::mz) FF (%)  PCE(%) Ref.
BM-CIEH BO-4Cl 0.846 2438 72.7 15.0 3
BM-Cl BO-4Cl 0.806 26.23 72.9 15.4 3
ZR2-C3 Y6 0.854 24.69 70.06 14.78 4
SW2 Y6 0.835 25.10 74.0 15.51 s
M-PhS BTP-eC9 0.84 25.4 75.6 16.2 6
M-PhS-C2 BTP-eC9 0.873 26.62 72.38 17.11 7
BTR-CI Y6 0.85 23.9 65.1 13.81 s
BTR-CI-C8 Y6 0.84 24.9 69.3 14.43 s
BTTZR Y6 0.88 232 68.0 13.9 9
DAPor-DPP 6TIC 0.845 25.61 76.8 16.62 10
W2-CA Y6 0.830 25.19 76.8 16.06 i
W2-Reh Y6 0.826 2531 74.8 15.63 1
HD-1 ¢OD 0.865 23.41 74.75 15.13 12
SM-CA N3 0.838 2433 75.62 15.41 !
SM-CA-Reh N3 0.842 25.06 77.50 16.34 1
SM-Reh N3 0.834 25.42 69.64 14.76 1
G-Dimer-D1 DY 0.858 23.47 70.06 14.12 13
G-Dimer-D2 DY 0.858 24.40 75.00 15.70 13
G-Dimer-D3 DY 0.859 24.36 76.64 16.05 13
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Table S12. Properties and performance based on different monomers and linkers of dimeric donors.



Monomer /\/)/;
Linkers &l‘:@\ﬁ% 7@"@53@0 {'\%_@S‘z\::lo
semi-flexible semi-flexible semi-flexible flexible flexible
Positions staircase perpendicular perpendicular staircase line
AGs (J/g) -8.86 -5.72 -2.51 -1.40 -1.49
Ycontact angle 0.44 0.52 0.17 0.26 0.34
HOMO (eV) -5.39 -5.42 -5.32 -5.33 -5.31
FF (%) / 75.14 71.56 68.87 65.21
Jsc (mA/cm?) / 24.11 27.39 26.34 23.13
Voc (V) / 0.844 0.800 0.794 0.758
E\s (€V) / 0.552 0.589 0.592 0.660
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Table S13. Devices parameters of OSCs based on BDT-Dimer3/DY.

condition Voc (V) FF(%) Jsc (mA/cm?) PCE (%)
8mg/mL 0.834 66.55 22.38 12.42
Donor concentration 9mg/mL 0.828 6791 23.07 12.97
10mg/mL 0.833 67.47 21.86 12.28
130°C 0.853 69.15 22.89 13.50
TA temperaure 140°C 0.846 67.33 24.51 13.95
150°C 0.813 69.56 23.82 13.47
10mg/mL 0.820 67.00 24.82 13.64
DCBB concentration 11mg/mL 0.832 69.48 24.63 14.24
12mg/mL 0.829 68.91 24.27 13.87
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