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1. Materials and Synthesis

Reagents and Materials

All chemicals were obtained from commercially available sources and used without further
purification. D18 and Y6 were purchased from Hyper, Inc. PNDIT-F3N were purchased from
eFlexPV. PEDOT:PSS (CleviosTM P VP Al 4083) was purchased from Heraeus.

Synthesis of AQI2 and AQI4
Note: Compound 1, 6, 9 and 10 were purchased from commercial companies and used without further

purifications. Compound 5 were synthesized according to the literature.!
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Scheme S1. The synthetic routes of AQI2 and AQIA4.

Synthesis of compound 7: Under nitrogen protection, zinc powder (490 mg, 4.5 mmol) was added
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in the solution of compound 6 (500 mg, 0.3 mmol) in acetic acid (25 mL). Then the mixture solution
was heated to 80°C and stirred for overnight. After the solution was cooled to room temperature, the
solid was removed by filtration. Transfer the filtrate to a two-neck flask containing compound 5 (97
mg, 0.27 mmol), then the mixture solution was heated to 60°C for 6 h. After cooling to room
temperature, washed with saturated salt water and dichloromethane. The solvent was removed under
reduced pressure. The crude product was subsequently purified by column chromatography on silica
gel to afford compound 7 as green solid (259 mg, 74% yield). 'H NMR (400 MHz, Chloroform-d) &
8.65 (d, J=7.3 Hz, 2H), 8.55 (d, J=7.3 Hz, 2H), 7.06 (s, 2H), 4.67 (d, J= 7.8 Hz, 4H), 4.26-4.14 (m,
2H), 2.89 (t, J = 7.6 Hz, 4H), 2.23-2.13 (m, 2H), 1.92 (p, J = 7.5 Hz, 4H), 1.77 (p, J = 7.6 Hz, 2H),
1.35-1.24 (m, 35H), 1.01-0.78 (m, 40H), 0.64 (td, J= 7.5, 2.9 Hz, 12H).

Synthesis of compound 8: Under the protection of nitrogen, 2 mL DMF was added into the two-
neck flask. Then, POCl; (0.1 mL, 1.9 mmol) was injected at 0°C. After being stirred at 0°C for 1 h,
the mixture of compound 7 (259 mg, 0.19 mmol) and 1, 2-dichloroethane (5 mL) was directly injected
into the two-neck flask. Next, the mixture was stirred at room temperature for overnight, then was
cooled to 0 °C (50 mL), neutralized with aqueous NaHCO; for another 4 h. Washed with NaHCO;3;
aqueous solution and dichloromethane. The solvent was removed under reduced pressure. The crude
product was subsequently purified by column chromatography on silica gel to afford compound 8 as
green solid (192 mg, 72% yield). '"H NMR (400 MHz, Chloroform-d) & 10.18 (s, 2H), 8.68 (dd, J =
11.3, 7.3 Hz, 2H), 8.58 (dd, /= 19.7, 7.3 Hz, 2H), 4.71 (d, /= 7.7 Hz, 4H), 4.22 (q, J = 7.6, 6.5 Hz,
2H), 3.27 (q, J = 7.6, 6.6 Hz, 4H), 2.15 (d, J = 4.9 Hz, 2H), 1.97 (q, J = 8.3, 7.7 Hz, 4H), 1.83-1.71
(m, 2H), 1.49-1.23 (m, 35H), 1.13-0.82 (m, 40H), 0.64 (q, /= 7.0 Hz, 12H).

Synthesis of AQI2: Compound 8 (85 mg, 0.06 mmol) and compound 9 (53 mg, 0.25 mmol) were
dissolved into dry chloroform (10 mL) in a two-neck flask. The solution was flushed with nitrogen for
5 min. After 0.3 mL pyridine were added, the mixture was stirred at 65°C overnight. After cooling to
room temperature, the reaction mixture was poured into water and extracted several times with
chloroform. Then the solvent was removed under reduced pressure, and the crude product was purified
by column chromatography on silica gel to yield AQI2 as red solid (85 mg, 78% yield). '"H NMR (400

MHz, Chloroform-d) 6 9.09 (d, /= 10.1 Hz, 2H), 8.66 (d, /= 12.9 Hz, 1H), 8.45 (d, /= 7.2 Hz, 2H),
S3



8.29 (d, J= 9.0 Hz, 1H), 8.15 (d, J = 7.2 Hz, 2H), 8.01-7.95 (m, 1H), 7.59 (s, 1H), 7.48-7.38 (m, 2H),
4.90 (d, J = 8.0 Hz, 4H), 4.22 (s, 2H), 3.20 (d, J = 8.8 Hz, 4H), 2.34 (s, 2H), 1.81 (d, J = 32.8 Hz, 6H),
1.40-0.99 (m, 63H), 0.84 (t, J= 6.8 Hz, 12H), 0.71 (d, J = 30.3 Hz, 12H).

Synthesis of AQI4: Compound 8 (91 mg, 0.07 mmol) and compound 10 (61 mg, 0.28 mmol) were
dissolved into dry chloroform (15 mL) in a two-neck flask. The solution was flushed with nitrogen for
5 min. After 0.3 mL pyridine were added, the mixture was stirred at 65°C overnight. After cooling to
room temperature, the reaction mixture was poured into water and extracted several times with
chloroform. Then the solvent was removed under reduced pressure, and the crude product was purified
by column chromatography on silica gel to yield AQI4 as red solid (84 mg, 71% yield). "H NMR (400
MHz, Chloroform-d) 6 9.07 (s, 2H), 8.52 (d, /= 7.2 Hz, 2H), 8.46 (dd, J=9.9, 6.4 Hz, 2H), 8.30 (d, J
=17.2 Hz, 2H), 7.71 (t, J=7.5 Hz, 2H), 4.90 (d, J = 8.1 Hz, 4H), 4.21 (t, J= 7.7 Hz, 2H), 3.19 (t, J =
7.8 Hz, 4H), 2.33 (s, 2H), 1.91-1.72 (m, 6H), 1.44-1.06 (m, 63H), 0.87 (d, J = 19.5 Hz, 12H), 0.77-
0.66 (m, 12H).

2. Measurements and Characterizations

Materials Characterization

Thermo gravimetric analysis (TGA) was recorded on Diamond TG/DTA under the protection of
nitrogen at a heating rate of 10 °C min-!. UV-vis spectra were tested with UV-3600i PLUS (Shimadzu
Corporation). Grazing incidence wide-angle X-ray scattering (GIWAXS) analyses were investigated
at the XEUSS SAXS/WAXS equipment. The data were obtained with an area Pilatus 100k detector
with a resolution of 195 x 487 pixels (0.172 mm x 0.172 mm). The X-ray wavelength was 1.54 A, and
the incidence angle was 0.2°. The samples were spin-coated onto the Si substrate.
Electrochemical Characterizations

Cyclic voltammetry (CV) was recorded on a CH instruments electrochemical workstation using
glassy carbon discs as the working electrode, Pt wire as the counter electrode, Ag/AgCl electrode as
the reference electrode. 0.1 mol L! tetrabutylammonium-hexafluorophosphate (Bu4NPF6) dissolved
in methanol was employed as the supporting electrolyte, which was calibrated by the
ferrocene/ferrocenium (Fc/Fc+) as the redox couple. Thin films were formed by drop-casting of

solutions in chloroform on the working electrode and then dried in air. The HOMO and LUMO energy
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level can be calculated by the equations:

Enomo = — € (4.8 + Eox — EMpeipe) V

Erumo =—€ (4.8 + Ereg — E"peispe) V
Device Fabrication

OPVs were fabricated with a conventional structure of ITO/PEDOT:PSS/active layers/PNDIT-

F3N/Ag. The ITO-coated glass substrates were sequentially cleaned in detergent deionized water and
ethanol for 15 min each at room temperature. A 20 nm thick PEDOT:PSS layer was firstly spin-casted
on top of the ITO substrates at 3000 rpm for 30 s and then annealed at 150°C for 10 min under ambient
atmosphere. The solution for D18:Y6 (1:1.6, w/w, 10.92 mg mL"! in total), D18:AQI2 (1:1.2, w/w,
9.24 mg mL"! in total), and D18:AQI4 (1:1.5, w/w, 10.5 mg mL-! in total) with was prepared in
chloroform and was stirred at 80 C° for 2 hours. After cooling down for one minute, the active layer
solutions was spin-coated on the top of PEDOT:PSS at a speed of 4000 rpm for 30 s and then CF
solvent vapor annealing was last for 8 min in an N,-filled glove box. Then, the methanol solution of
PNDIT-F3N (1 mg mL"") was spin-coated on the top of active layer at a speed of 3000 rpm for 30 s.
Finally, a 100 nm-thick metal silver electrode was thermally deposited under vacuum conditions of

3x10* Pa. The active area of device is 5 mm? and mask area is 3.14 mm?.
Device Characterization

The J-V curves were measured using a Zolix Solar IV-150A-ZZU system, all the devices are not
encapsulated and they are performed in a glovebox filled with N,. The photocurrent was tested under
AM 1.5 G illumination at 100 mW c¢m using a Zolix HPS-300XA solar simulator. Light intensity was
calibrated with a Zolix QE-B1 Si-based solar cell. The EQE spectrum was carried out by using a Zolix
SCS10-X150-DSSC-ZZU system.

Highly sensitive EQE, EQEg; and EL measurements

Highly sensitive EQE was measured using an integrated system (PECT-600, Enlitech), where the
photocurrent was amplified and modulated by a lock-in instrument. Electroluminescence quantum
efficiency (EQEg. ) and electroluminescence (EL) measurements were performed by applying external

voltage/current sources through the devices (ELCT-3010, Enlitech).
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Transient Absorption Spectroscopy

TA spectroscopy was tested by a regenerative amplified Ti:sapphire laser system (Coherent) as the
laser source and EOS spectrometer (Ultrafast Systems LLC) as the spectrometer, pump beam

excitation intensity at 15.9 uJ cm™.
Exciton diffusion length Measurements

TA spectroscopy is employed to measure exciton lifetimes as a function of excitation density. When
exciton annihilation occurs in the film, the exciton decay is accelerated with increasing excitation
fluence. The excitation fluences are 1.59 and 15.9 puJ cm™2. The exciton decay can be globally fit to a
rate equation accounting for exciton annihilation and first-order recombination of the excitons:

_dn(t)

= kn(t) + yn?(¢t)
(1

which has the following solution:

n(t) =
)

where, n(t) is the exciton density at a decay time of ¢, k is the monomolecular decay rate and v is the
singlet—singlet bimolecular exciton annihilation rate. Here, the intrinsic k, was extracted from the
dilute solution where diffusion and annihilation does not occur. The y are obtained by fitting Equation

2. Then, the diffusion coefficient D can be obtained through the following equation:

p=_1_
8mR (3)

where R is the annihilation radius of singlet excitons. R is assumed to be 1 nm. Then Ly, are calculated

based on the
_ 1/2

Here, the intrinsic exciton lifetime, t, is obtained from the dilute solution measurement.

Fluorescence Measurement

PL, TRPL and PLQY measurements were detected by Edinburgh Fluorescence Spectrometer (FLS
980).
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AFM and TEM Measurements

AFM was tested by Bruker Dimension Icon. TEM was tested bu JEOL JEM-2100Plus. The samples

prepared with the optimized device fabrication conditions.
Mobility Measurements

The electron-only and hole-only devices were fabricated by using the device structure of
ITO/TIPD/active layer/PNDIT-F3N/Ag and ITO/PEDOT:PSS/active layer/Au, respectively. The
electron mobilities were approximated by the Mott-Gurney equation:

9 v

]:_gog U—
8" "3

where J stands for current density, g, is the permittivity of free space (8.85x10°12C V-1 m™), &, is the
relative permittivity of the transport medium (assuming that of 3.0), « is the charge mobility, V is the

internal potential in the device, and L is the thickness of the active layer.

Supplementary Figures
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Figure S2. '"H NMR spectrum of Compound 3.
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Figure S17. The time-resolved photoluminescence spectroscopy of Y6, AQI2, and AQI4 pure films.

— Fc/Fc*

Current (mA)
;
%3

|
>
Qo
o

— AQI4

3
&

1.5 1.0 -0.5 0.0 0.5 1.0 1.5
Potential (V)

Figure S18. Cyclic voltammetry curves of D18, Y6, AQI2 and AQI4.

S16



AJ:

S R
o

(b) 5 c d
S T« TR []
E o0 £ 0 € 0

3 — D18:AQI2 6 — D18:AQI2 G —_D1g:AQI2

E 5. —D18:AQI4 E 5 —D18:AQl4 E 5 —D18:AQl4

= Device area = 0.05 cm? = Device area = 0.15 cm? = Device area = 1.44 cm?

2 10+ Mask area = 0.0314 cm? 2 104 Mask area = 0.08 cm? 2 10 Mask area = 1.00 cm?

8 154 8 154 g

c = c

g -20 g -20 - g

3 25 3 251 3

00 02 04 06 08 10 00 02 04 06 08 1.0 00 02 04 06 08 10
Voltage (V) Voltage (V) Voltage (V)

Figure S19. (a) The photos of devices with active areas of 0.05, 0.15 and 1.44 cm™, respectively.

(b)-(c) J-V curves of D18:AQI2 and D18:AQI4 with different device areas and mask areas.

Time (ns)

450 500 550 600 650 700 750
Wavelength (nm)
2
(c)
0
_— -2 T
[=]
(o]
£ -4 {4 Pump@750 nm
: D18:AQl2
—0.1ps
< -6 ——1ps
——10 ps
-84 ——100 ps
1ns
——10 ns
-10 T T T T T
450 500 550 600 650 700 750

Wavelength (nm)

550
Wavelength (nm)

600 650

AA (mOD)

-10

700 750

n

450 500
(d) *
0-
_— -2 )
o
£ -4{pump@750
< D18:AQl4
< g {—0.1ps
—1 ps
——10 ps
-8{—— 100 ps
1ns
10 4—=10uns
450 500

550 600 650
Wavelength (nm)

700 750

Figure S20. The TA image and the corresponding TA spectra of (a) and (c) D18:AQI2 film with

S17



various decay times under 750 nm excitation. (b) and (d) D18:AQI4 film with various decay times

under 750 nm excitation.
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Figure S22. The dependence of the (a) Jsc and (b) Vo on the light intensity for the optimum devices.
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Figure S23. The TA image of (a) AQI2 film, (b) AQI4 film, (c) AQI2 solution, and (d) AQI4 solution

under 750 nm excitation at different densities.
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Figure S24. Blends' peak deconvolution of (010) peak in the OOP direction.
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Figure S25. Space-charge limited current (SCLC) of (a) electron-only devices and (b) hole-only

devices based on AQI2, and AQI4.

Supplementary Tables

Table S1. Photovoltaic performance of the reported binary OSCs with V5=0.8-0.9 V, PCE > 18%;

o D18:AQI2 4,=6.2x10% cm?2 8" V-

EN

o D18:AQM4 4,=9.4x10%cm? S V1

e
Oooao
o ]
* o
@ 9
° o
o
o
° n-—'2
2
O/ ")
;/—O)
n=1
0.1

Voc=0.9-1.0 V, PCE > 16%, and so on until the V¢ reaches 1.3V.

1
Voltage (V)

Donor:Acceptor Voc Jsc FF PCE Ref.(S)
V) | (mAcm?)

PBDB-T:PN-Se 0.907 24.82 71.80 16.16 2
PBDB-T:PYT 0.910 23.07 77.00 16.05 3
PM6:PY-HD 0.937 24.05 72.80 16.41 3
PM6:PY-OD 0.943 23.95 73.20 16.53 3
PM6:Y6 0.853 26.79 80.20 18.33 4
PM6:BTP-eC9 0.852 27.60 78.30 18.40 3
PM6:M36 0.90 24.63 72.09 16.00 6
PM6:BTP-4F-P2EH 0.880 25.85 80.08 18.22 7
PM6:BTP-4F-C5-16 0.844 27.78 77.68 18.20 8
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PM6:EH-HD-4F 0.840 27.50 79.30 18.38 ?
PM6:CH6 0.875 26.62 78.40 18.33 10
PM6:YCF3 0.861 27.56 76.80 18.21 1
PM6:BTP-4F-P2EH 0.880 25.85 80.00 18.22 12
PM6:eC9 0.871 26.75 79.00 18.43 13
PM6:Y6-BO 0.840 27.90 76.90 18.00 14
PM6:AYT9Sel1-Cl 0.843 27.40 78.43 18.12 15
PM6:L8-BO 0.883 26.94 81.3 19.4 16
PM6:BTP-4F-C5-16 0.834 27.65 80.2 18.5 16
PM6:L8-BO-F 0.934 23.42 76.9 16.82 17
PM6:Se46 0.879 26.22 80.10 18.46 18
PM6:BO-4Cl 0.871 27.26 76.4 18.14 19
PM6:eC9 0.861 27.88 80.39 19.31 20
PM6:CH-BBQ 0.881 26.25 78.9 18.19 2
PM6:CH-FC 0.886 26.31 77.66 18.1 2
PM6:CH-FB 0.889 26.38 77.86 18.26 2
PM6:CH6 0.875 26.62 78.4 18.33 23
PM6:CHS8-2 0.928 24.24 74.9 16.84 24
PM6:CH21 0.873 26.57 78.13 18.12 %
PM6:CH22 0.884 26.74 80.62 19.06 %
PM6:CH23 0.876 26.64 80.45 18.77 26
PM6:TDY-a 0.864 26.9 78.0 18.1 2
PM6:BTP-S2 0.945 24.07 72.02 16.37 2
PM6:BTP10-4C1-C10 0.90 23.42 77.6 16.4 2
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PM6:BTP10-4C1-C12 0.910 23.85 78.80 17.10 2
PM6:Y6-O 0.950 22.40 78.00 16.60 30
PM6:QX-THF 0.902 24.49 78.99 17.45 31
PM6:BTSi-4F 0.900 24.00 77.00 16.60 32
PM6:BTP-H2 0.932 25.33 78.50 18.50 33
PM6:NQF 0.921 25.79 73.96 17.57 34
PM6:Qx-1 0.911 26.10 75.50 17.90 35
PM6:Qx-2 0.934 26.50 73.70 18.20 35
PM6:MYT 0.917 24.29 74.00 16.44 36
PM6:DYT 0.942 24.89 74.00 17.29 36
PM6:TYT 0.964 25.07 75.00 18.15 36
PM6:BTP-y-Ar3F 0.904 25.72 74.92 17.42 37
PM6:BTP-20 0.965 22.00 75.60 16.10 38
PM6:BTP-O-S 0.912 24.50 77.50 17.30 38
PM6:L8-BO-F 0.934 23.42 76.90 16.82 39
PM6:BTP-CIBr 0.906 23.48 79.00 16.82 40
PM6:BTP-F 0.900 24.05 75.00 16.20 4l
PM6:Y6-O2BO 0.963 21.50 78.10 16.20 42
PM6:QM1 0.910 25.23 74.00 17.05 43
PM6:QM2 0.910 25.42 70.50 16.36 43
PM6:Qx-Br 0.915 24.27 78.47 17.42 M
PM6:Qx-C1 0.913 24.13 78.32 17.25 M
PM6:BTP-ICBCF3 0.925 25.90 74.00 17.80 4
PM6:Y6-10BO 0.930 25.13 77.10 18.02 46
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PM6:Y6-10 0.900 25.51 73.50 16.81 46
PM6:LC301 0.911 24.21 78.10 17.21 47
PM6:PY-V-y 0.912 24.80 75.80 17.10 48
PM6:PY-T-y 0.929 24.10 71.90 16.10 48
PM6:2BTP-2F-T 0.911 25.50 78.28 18.19 4
PM6:PY-82 0.950 23.82 75.80 17.15 46
PM6:PYT-1S1Se 0.926 24.10 73.00 16.30 >0
PM6:BTP-O-S 0.912 245 77.5 17.3 >
PM6:L15 0.93 25.95 77.26 18.72 32
PM6:DY-P2EH 0.905 24.03 78.58 17.09 33
PM6:PY-CI11 0.937 24.92 78.6 18.35 >4
PM6:PY-DT 0.952 24.00 77.6 17.73 >4
PM6:PY-IT 0.945 26.37 76.48 19.06 33
PM6:01-Br 1.04 20.00 74.40 15.50 36
PM6:BTP-S9 0.849 27.9 79.2 18.8 37
PM6:BTP-S11 0.878 27.1 79.3 18.9 37
PM6:BTP-S16 0.887 26.60 79.09 18.67 >8
PM6:Tri-Y6-OD 0.916 253 77.8 18.03 39
PM6:DIBP3F-Se 0.917 25.92 76.1 18.09 60
PM6:Tet-0 0914 23.95 76.0 16.63 61
PM6:Tet-1 0.919 24.53 76.8 17.32 61
PM6:Tet-3 0.921 24.21 75.9 16.92 61
PM6:0C8-4F 0.89 253 80.2 18.0 62
PM6:PQx3 0.934 25.21 76.72 18.06 63
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PM6:A-C10ch 0.887 25.8 78.1 18.4 64
PM6:Qx-0-4F 0.928 23.64 75.46 16.55 65
PM6:Qx-p-4Cl 0.882 27.05 78.74 18.78 65
PM6:G-Trimer-C6C8 0.899 25.32 79.34 18.07 66
PM6:G-Trimer-C8C10 0.896 26.75 79.30 19.01 66
PM6:PZC2 0.936 24.61 74.93 17.30 67
PM6:M3 0.91 24.03 76.22 16.66 68
PM6:M36 0.91 23.93 78.40 17.0 69
PM6:EV-i 0.897 26.60 76.56 18.27 0
PM6:BTP-4F-P2EH 0.88 25.85 80.08 18.22 &
PBDB-TFCLPY-IT 0.944 24.2 77.1 17.6 72
PM1:BTP-PhC6-Cl11 0.871 26.62 79.05 18.33 73
PM1:BTP-3Cl 0.844 27.8 76.7 18.0 4
PM1:L8-BO 0.893 26.20 79.13 18.51 75
PM1:BTP-2F2Cl 0.861 27.35 78.16 18.40 73
PM1:A-OSeF 0.880 27.2 77.3 18.5 76
DI18:Y6 0.859 27.70 76.60 18.22 7
D18:N3 0.821 28.14 78.94 18.23 8
DI18:L8-BO 0.918 26.86 77.25 19.05 7
DI&8:DYA-I 0.938 25.67 0.78 18.83 80
DI8:DYA-IO 0.948 24.29 0.76 17.54 80
D18:DYA-O 0.961 23.32 0.73 16.45 80
D18:3-CITh 0.856 27.80 78.90 18.80 81
D18:BS3TSe-4F 0.828 29.40 75.94 18.48 82
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D18:AsymSSe-2F 0.840 27.44 79.46 18.31 2
D18:BTP-eC9-4F 0.868 27.7 79.8 19.3 83
DI18:AQx-6 0.892 26.8 77.8 18.6 84
DI18:AQx-8 0.913 24.7 75.7 17.1 84
DI8:AQx-16 0.936 23.9 77.6 17.4 85
DI18:AQx-18 0.938 25.0 77.8 18.2 85
DI18:BTIC-CN 0.926 22.54 76.76 16.03 86
D18:FCC-CI-4Ph 1.10 15.87 75.44 13.12 73
D18:DTY6 0.876 26.6 78.6 18.3 87
DI&:DTCI11 0.858 27.5 80.5 19.0 87
D18:CHS8F 0.899 26.01 80.38 18.80 88
D18:729 0.894 25.9 80.2 18.6 89
D18:BTP-Cy-4F 0.937 24.86 79.51 18.52 %
DI18:BTP-Th 0.891 26.77 79.71 19.02 ol
D18-fu:L8-BO 0.886 26.0 79.8 18.4 922
HW-D18:L8-BO 0.91 26.48 80.65 19.65 93
HW-D18:Y6 0.85 28.10 79.01 19.00 93
HW-D18:BTP-eC9-4F 0.87 27.65 79.23 19.17 %3
D18:CI-BTAS 1.16 15.17 67.96 12.00 o4
D18-Cl:BTP-4F-T3EH 0.873 26.84 77.85 18.25 93
D18-CL:N3 0.859 27.85 75.70 18.13 %
D18-CL:L8-BO 0.922 26.60 75.60 18.70 34
DI18-CL:PY-IT 0.970 23.6 75.7 17.3 2
D18-Cl:BTP-eC9 0.917 25.42 78.29 18.25 o7
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D18-Cl:L8-BO-X 0.893 26.78 79.6 19.04 9%
PTQ10:0-BTP-C6Ph 0.924 22.80 76.20 16.00 9
PTQ10:T2EH 0.872 26.57 80.05 18.55 100
PTQ10:Cl-BTA33 1.13 14.39 74.52 12.16 101
PTQ10:4T-2F-2Cl 0.94 22.93 75.64 16.31 102
PB2:F-BTA3 1.22 13.50 0.69 11.40 103
PB2:FTCC-Br 1.05 17.90 78.80 14.80 104
PB2:FTCC-Br 1.05 17.66 77.91 14.46 105
PB3:FTCC-Br 1.06 17.95 79.07 15.01 105
PB4:FTCC-Br 1.09 17.90 76.14 14.79 105
PBQ6:m-THE 0.880 26.61 79.03 18.51 104
PQB-2:PY-IT 0.942 24.2 79.5 18.1 106
PBQx-H-TF:dBTICy-EH 0.910 23.41 75.50 16.06 107
PBQx-H-TF:dBTIC-yV-BO |  0.91 24.52 76.58 17.14 108
PBQx-TF:PY-IT 0.917 23.6 79.6 17.2 106
PBQx-TF:eC9-2Cl 0.879 27.20 80.40 19.20 109
PBQx-TCI:PYIT1 0.925 23.88 78.05 17.24 110
PBQx-TCI:PYIT?2 0.938 24.61 79.66 18.39 110
PBQx-TCL:PYIT3 0.931 24.18 76.04 17.12 110
PBQx-TCI:BTA3 1.24 13.30 74.20 12.20 i
PNB-1:L8-BO 0.903 26.21 78.04 18.47 12
PNB-3:L8-BO 0.907 26.59 78.86 19.02 1
PNB-5:L8-BO 0.914 25.53 76.20 17.78 12
PF2:Y6-BO-4Cl 0.86 26.87 78 18.02 13
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PF3:Y6-BO-4Cl 0.86 26.91 78 18.05 113
PF7:Y6-BO-4Cl 0.86 26.95 79 18.31 13
PF8:Y6-BO-4Cl 0.86 26.86 78 18.01 13
PF9:Y6-BO-4C1 0.86 26.92 78 18.06 13
PBTz-F:L8-BO 0.896 26.71 77.59 18.57 14
PBTz-CL:L8-BO 0.922 26.39 74.35 18.09 14
PTzBI-dF:BTP-TBr 0.845 27.50 78.80 18.30 11s
PNTB-2T:N3 0.854 26.88 79.00 18.15 16
PFNT-CI:N3 0.853 26.56 0.799 18.10 "7
OPz11:Y6 0.865 27.02 78.71 18.42 i
PBTTZz3CL:L8-BO 0.888 26.60 77.81 18.38 I8
PMT-CT-10:Y6 0.832 28.12 77.90 18.21 34
PL1:BTP-eC9-4F 0.904 25.91 69.39 16.25 19
PTF5:Y6-BO 0.84 28.0 77.2 18.2 120
PTTB:L8-BO 0.882 26.56 77.08 18.06 121
PQM-CLPY-IT 0.92 243 80.7 18.0 122
PTO2:m-DTC-CI-2 1.05 18.40 73.10 14.10 123
PBDTS-TDZ:ITIC 1.10 17.78 65.4 12.80 124
TTC-Cl:HCI-BTA3 1.20 13.42 69.60 11.20 125
J52-Cl:BTA3 1.24 13.16 66.62 10.50 126
E18:BTA3-4F 1.30 11.22 68.98 10.03 127
D18:AQI2 1.00 23.03 71.55 16.48 | This work
D18:AQl4 0.95 24.56 76.91 18.02 | This work
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Table S2. The photoelectric parameters of Y6, AQI2, AQI4.
Asol Afilm AMilm Stoke’s

NFAs max max onest E(Z]i;f)g shift (f\t}) H(Oe\l\//I)O LEEI/I)O
(nm) (nm) (nm) (nm)

Y6 732 831 919 1.35 92 0.44 -5.69 -3.90

AQI2 730 785 847 1.45 45 0.37 -5.60 -3.78

AQI4 735 789 859 1.43 53 0.42 -5.66 -3.81

Table S3. The photovoltaic parameters of devices based on DI8:AQI2 with different device

optimization condition.

Donor
Active layer | D:A | concentration (| SyA Vo Jse o PeE
(V) | (mAcem?) | (%) (%)
mg mL1)
1:1.5 4.2 w/0 0.956 23.76 74.47 16.91
1:1.4 4.2 CF 0.950 24 .47 76.40 17.76
1:1.5 4.2 CF 0.965 24.74 75.80 18.10
D18:AQI4
1:1.6 4.2 CF 0.941 24.54 74.41 17.18
1:1.5 3.7 CF 0.942 24.36 74.48 17.09
1:1.5 47 CF 0.940 24.29 71.47 16.32

Table S4. The photovoltaic parameters of devices based on DI8:AQI4 with different device

optimization condition.

Donor
Active layer D:A concentration (| SVA Voc Jsc FF PeE
(V) [ (mAcem?) | (%) (%)

mg mL1)
1:1.2 4.2 w/o 1.003 22.95 68.84 15.85
1:1 4.2 CF 0.988 22.67 69.71 15.61

DI18:AQI2

1:1.2 4.2 CF 1.009 23.10 70.39 16.41
1:1.4 4.2 CF 0.998 22.94 70.03 16.06
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1:1.2 3.7 CF 0.986 22.35 69.89 15.40

1:1.2 47 CF 0.982 23.57 70.48 16.31

Table SS5. The detailed photovoltaic parameters of the optimal devices based on D18:AQI2, and
D18:AQI4 with different active area.

Active layer Active area Voc I Fr PCE
(cm?) (V) (mA cm?) (%) (%)
0.05 1.00 23.03 71.55 16.48
D18:AQI2 0.15 1.00 2291 71.61 16.41
1.44 0.989 22.73 67.25 15.11
0.05 0.954 24.56 76.91 18.02
D18:AQI4 0.15 0.951 24.49 76.93 17.92
1.44 0.943 2427 71.17 16.29

Table S6. Summary of diffusion length (Lp) values for three acceptors.

K Y T D Lp
Acceptors
(x1010 1) (108 cm3ST) (ps) (x103 cm? s) (nm)
AQI2 1.7 0.86 743 6.8 22.48
AQI4 1.3 1.38 994 11.0 33.17

Table S7. Detailed GIWAXS data of AQI2 and AQI4 pure films and D18:AQI2 and D18:AQI4 blend

films.

OOP P
(010) (100)

Compound
q d-spacing | FWHM | CCL q d-spacing | FWHM | CCL

(A1) (A) (A1) (A) | (A (A) A | @A)
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AQI2 1.71 3.67 0.40 14.61 0.34 18.48 0.23 2541
AQIl4 1.74 3.61 0.39 14.98 0.36 17.45 0.16 36.52
D18:AQI2 1.70 3.70 0.29 20.15 0.30 20.94 0.10 5843
D18:AQI4 1.71 3.67 0.35 16.70 0.31 20.27 0.12 48.69
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