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Supplementary Methods
Synthesis of INMB-F
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Supplementary Fig. 1. Synthesis routes of conjugated molecule INMB-F.

The characterization of these intermediates was reported in previous work as well [!l, To a mixed
solution of 1-(4-fluoro-2-methylphenyl)ethan-1-one (1.24 g, 10 mmol),1H-indene-1, 3(2H)-dione
(1.46 g, 10mmol) in absolute ethyl alcohol (50 ml) was added piperidine (85.15 mg, 1 mmol). The
mixture was allowed to stir and reflux at 60 °C for 3 h. After cooling down to room temperature, the
precipitate was filtered and washed with EtOH. The residue was further purified using column
chromatography on silica gel employing CH>Cl: as an eluent to afford a pure red solid (1.35 g, 55%)
'"H NMR (500 MHz, CDCI3) 8.73 (1 H, s), 8.15 (1 H, s), 8.04 - 7.96 (2 H, m), 7.82 (2 H, d, J 8.6),
7.00 (2 H, d, J 14.6), 2.56 (3 H, s). 3C NMR (126 MHz, CDCI3) & 190.17, 188.92, 166.23, 164.19,
144.56, 144.49, 142.74, 142.46, 140.01, 135.44, 135.28, 128.69, 127.81, 123.35, 123.33, 117.62,
117.45,113.37, 113.20, 20.54. 'F NMR (471 MHz, CDCI3) 8 -104.96 -105.05 (m).
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Supplementary Figures
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Supplementary Fig. 2. 'H NMR of INMB-F.
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Supplementary Fig. 3. 3C NMR of INMB-F.
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Supplementary Fig. 4. ’F NMR of INMB-F.
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Supplementary Fig. 5. High-resolution mass spectrum of INMB-F.
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Supplementary Fig. 6. (a) Thickness of pure INMB-F films after heating at different temperatures
for 10 min and (b) Thickness of pure INMB-F films upon heating at 120 °C for different time.
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Supplementary Fig. 7. 2D GIWAXS pattern of INMB-F.
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Supplementary Fig. 8. Contact angle images of (a, g) C5-16, (b, h) L8-BO, (c, i) PM6, (d, j)
D18-Cl, (e, k) PTB7-Th and (f, 1) INMB-F neat films with water or ethylene glycol droplet on top.
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Supplementary Fig. 9. Raman spectra of pure INMB-F film, PM6 film with and without the
addition of INMB-F, (a) in the range of 450-3200 cm. (b) in the range of 1400-1600 cm™.
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Supplementary Fig. 10. (a) Molecular structure of PTQ-10 and P3HT. Absorption spectra of (b)
PTQ-10 and (c) P3HT with the addition of INMB-F.
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Supplementary Fig. 11. AFM images of (a, d) PM6 with and without INMB-F, (b, e¢) D18-ClI with
and without INMB-F, and (c, f) PTB7-Th with and without INMB-F.
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Supplementary Fig. 12. UV-Vis absorption of PM6 film with different amount INMB-F.
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Supplementary Fig. 13. (a, b, d, e) 2D GIWAXS patterns and (c) 1D profiles of PM6 films with

different amount of INMB-F upon different TA temperatures.

Supplementary Fig. 14. AFM images of PM6 films (a) without and with (b) 10% or (c) 20 % of

INMB-F.
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Supplementary Fig. 15. Quasi-pole figure and image plots of the (100) lattice plane of PM6
without and with INMB-F.
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Supplementary Fig. 16. Hole mobilities of (a) PM6 with and without INMB-F, (b) D18-Cl with
and without INMB-F and (c) PTB7-Th with and without INMB-F.
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Supplementary Fig. 17. (a) J-V curves and (b) EQE spectra of PM6/C5-16 devices with different

amounts of INMB-F.
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Supplementary Fig. 18. Efficiency variation of PM6/C5-16 OSCs with and without INMB-F under

different thermal annealing temperatures.
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Test Report No. AGXB123W00327

Subject unit Organic Solar Cells-2
Manufacturer Wuhan University of Technology
Commission unit Tao Wang
Inspection category Commissioned inspection

Inspectlon & Testing Center




Chengdu Institute of Product Quality Inspection Co., Ltd.
National Photovoltaic Product Quality Inspection & Testing Center

TEST REPORT
Test Report No. AGXB123W00327 Pagel of 2
Product Name Organic solar cells-2 Trade Mark /
Manufacture Date 14/08/2023 Model /Type 0.0404cm?
Sample No. AGXBI123W00327 Sample Grade /
Sample Quantity One piece Sample State /
Delivery Date 15/08/2023 Sample Delivered Tao Wang
personnel

Commission unit Tao Wang Manufacturer Wuhan University of Technology

School of Materials Science and

Commission unit Engineering, Wuhan University of No. 122 Luoshi Road, Wuhan
address Technology, No. 122 Luoshi Road, ABSERcimEs Address 430070, P. R_ China
Wuhan 430070, P. R China

Commission unit 430070 Manufacturer Zip code 430070

Zip code

Commussion unit 18507131726 Manufacturer Tel. 18507131726
Tel.

No. 355, 2* Tengfei Road, Southwest
Center Address Airport  Economic  Development Measurement Date 15/08/2023

Zone, Chengdu, Sichuan, P. R. China.

IEC 60904-1:2020 Photovoltaic devices-Part 1: Measurement of Photovoltaic Current-Voltage

Methods
o Characteristics.

Test conclusion This column blank.

Approved by ] g\% ﬂ@ Reviewed by mﬁ— Measured by #ﬁ-?, 3{{




Chengdu Institute of Product Quality Inspection Co., Ltd.
National Photovoltaic Product Quality Inspection & Testing Center

TEST REPORT
Test Report No. AGXB123W00327 Page2 of 2
Test Results:
No. Test item(s) Unit Results
1 Current-voltage characteristics . .
measurement
1.1 Open-circuit voltage, Voc v 0.877
12 Short-circuit current, Isc mA 1.099
13 Maximum-power, Py mW 0.766
14 Maximum-power voltage, Vp-mx v 0.749
1.5 Maximum-power current, Ipmay mA 1.023
1.6 Fill factor, FF % 79.50
1.7 Conversion efficiency, 1 % 18.96
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Remark: Sample was tested under the irradiation with a steady-state class calibrated AAA solar simulator (AM1.5-G 1000.0
W/m? basted on mono-Si reference cell) at 25+ 1 °C. Designated area defined by thin metal aperture mask.

Blank

Supplementary Fig. 19. Certification by the National Photovoltaic Product Quality Inspection &

Testing Center (China). The device was measured with a mask of 4.04 mm? and gave a PCE of
18.96%.
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Supplementary Fig. 20. Hole and electron mobilities of (a-b) PM6/C5-16 with and without
INMB-F, (c-d) PM6/L8-BO with and without INMB-F, (e-f) D18-CI/L8-BO with and without
INMB-F and (g-h) PTB7-Th/C5-16 with and without INMB-F.
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Supplementary Fig. 21. Photocurrent density (Jpn) versus effective voltage (Verr) curves of (a)
PM6/C5-16 with and without INMB-F, (b) PM6/L8-BO with and without INMB-F, (c)
D18-CI/L8-BO with and without INMB-F and (d) PTB7-Th/C5-16 with and without INMB-F.
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Supplementary Fig. 22. Voc and Jsc vs light intensity of (a-b) PM6/C5-16 with and without
INMB-F, (c-d) PM6/L8-BO with and without INMB-F, (e-f) D18-CI/L8-BO with and without
INMB-F and (g-h) PTB7-Th/C5-16 with and without INMB-F.
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Supplementary Fig. 23. Normalized TPC and TPV of (a-b) PM6/C5-16 with and without INMB-F,
(c-d) PM6/L8-BO with and without INMB-F, (e-f) D18-CI/L8-BO with and without INMB-F and
(g-h) PTB7-Th/C5-16 with and without INMB-F.



¥ J 5nm

PM6:+10%INMB-F/L8-BO!

* IR0

-5 nm

Supplementary Fig. 24. AFM images of (a) PM6/L8-BO and (b) PM6+10% INMB-F/L8-BO

films.
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Supplementary Fig. 25. (a, ¢c) 2D GIWAXS patterns and (b) 1D profiles of PM6/L8-BO films.
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Supplementary Fig. 26. (a,b) 2D GISAXS patterns and (c)1D profiles of PM6/L8-BO films.
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Supplementary Fig. 27. Absorption spectra of (a) INMB-F/C5-16 and (b) INMB-F/L8-BO films
by spin-coating INMB-F on substrate that is followed by the casting of NFA on INMB-F.
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Supplementary Fig. 28. Normalized (a) PCE, (b) FF, (c) Voc, and (d) Jsc of the PM6/L8-BO
device processed without/with INMB-F for continuous light illumination over 1300 h.



Supplementary Tables

Supplementary Table 1. Summary of contact angles (0), and surface tensions (y) of C5-16, L8-BO,
PM6, D18-Cl, PTB7-Th, and INMB-F neat films, and compatibility (») of C5-16, L§-BO, PM6,
D18-Cl, PTB7-Th with INMB-F.

Contact Angle (°) Contact Angle (°)

Materials (Water) EG) y  (mN/m) X
C5-16 96.3 70.0 25.8
L8-BO 95.1 69.5 253
PM6 105.7 774 26.6
D18-Cl 104.6 76.7 255
PTB7-Th 98.6 71.6 26.1
INMB-F 66.7 28.3 431
C5-16+INMB-F - - - 2.2
L8-BO+INMB-F - - - 2.3
PM6+INMB-F - - - 2.0
D18-CI+INMB-F - - - 2.3
PTB7-Th+INMB-F - - - 2.1

Supplementary Table 2. Hole mobilities of PM6, D18-Cl and PTB7-Th with/without INMB-F.

Active layer un (104 em'V-igh) He (104 em'V-1gh)
PM6 5.6 /
PM6+INMB-F 8.2 /
D18-Cl 53 /
D18-CI+INMB-F 6.6 /
PTB7-Th 4.6 /

PTB7-Th+INMB-F 6.0 /




Supplementary Table 3. Photovoltaic performance of PM6/C5-16 devices with different amount of
INMB-F.

PCE FF Jsc Jsc Voc

System (%) (%) (mA cm?) (mA cm?) V)

PM6/C5-16 17.8(17.6+0.2)  78.5(77.8+0.8)  27.18(26.99+0.17) 26.21 0.835(0.834+0.002)

PM6+10%

18.5(18.2+0. 2(79.5+0.6) 27.65(27.45+0.1 26.58 0.834(0.833+0.001
INMB.E/Cs.1g  [85(18.2£03)  802(79.5+0.6) 27.65(27.45+0.17) 6 ( )

PM6+20%

13.5(13.2+0.3)  69.1(68.7£0.4)  24.26(23.59+0.61) 23.13 0.807(0.805=0.002)
INMB-F/C5-16

Note: Average values with standard deviation were obtained from 16 individual devices.

Supplementary Table 4. Photovoltaic performance of PM6/C5-16 devices with and without
INMB-F upon different TA temperatures.

PCE FF Jsc Jsc! Voc
System treatment
(%) (%) (mA cm™) (mA cm™) W)

Ascast 17.6(17.5£0.1) 78.0(77.5£0.5) 26.89(26.72+0.14)  25.85  0.842(0.84+0.003)

80°CTA 17.8(17.6+£0.2) 78.5(77.8+£0.8) 27.18(26.99+0.17)  26.21  0.835(0.834+0.002)

PM6/C516  100°C TA 17.5(17.1+£0.3) 78.3(77.8+£0.5) 26.9(26.61+0.28) 25.61  0.830(0.827+0.002)

120°C TA 17.1(16.9+0.2) 77.9(77.5+0.5) 26.69(26.34+0.22) 2573 0.822(0.819+0.002)

150 °C TA 16.3(16.2+0.1) 77.6(77.4+£0.2) 26.23(26.01+0.2) 25.08  0.806(0.803+0.003)

Ascast 18.2(18.1+0.1) 79.3(79.1+£0.2) 27.23(27.11+£0.11)  26.14  0.843(0.841+0.002)

80°CTA 18.5(18.2+0.3) 80.2(79.5+£0.6) 27.65(27.45+0.17)  26.58  0.834(0.833+0.001)

PM6+10%

INMBL.E/CS16 100°CTA 17.8(17.6£02) 79.1(78.920.2) 26.87(26.52£0.26) 2576 0.831(0.82920.003)

120°CTA 17.2(17+£0.2) 78.2(78.1£0.2) 26.78(26.47+0.33)  25.67  0.822(0.819+0.002)

150 °C TA 16.4(16.2+0.2) 78.3(78+0.4)  26.0(25.81£0.19)  24.94  0.805(0.8030.002)

Note: Average values with standard deviation were obtained from 16 individual devices.



Supplementary Table 5. Summary of recently reported high-performance PM6/L8-BO binary

OSCs.

Devices l()oil;: (l; /f) (mZiCln'z) 1/\(;; Reference
PM6:L8-BO 18.32 81.5 25.72 0.87 [2]
PM6:L8-BO 18.60 80.0 26.03 0.893 [3]
PM6:L8-BO 18.77 79.94 26.37 0.89 [4]
PM6:L8-BO 18.74 80.6 26.11 0.89 [5]
PM6:L8-BO 18.5 80.3 26.32 0.877 [6]
PM6/L8-BO 18.86 80.39 26.61 0.883 [7]
PM6:L8-BO 18.85 79.32 26.73 0.889 [8]
PM6:L8-BO 18.82 79.65 26.64 0.886 [9]
PM6:L8-BO 19.0 80.6 26.2 0.90 [10]
PM6:L8-BO 18.69 80.1 25.81 0.904 [11]
PM6:L8-BO 18.31 79.2 26.27 0.880 [12]
PM6:L8-BO 18.39 77.51 26.54 0.899 [13]
PM6/L8-BO 19.02 80.5 26.68 0.88 [14]
PM6:L8-BO 18.42 80.2 25.81 0.89 [15]
PM6:L8-BO 18.36 79.68 25.62 0.899 [16]

PM6/L8-BO 194 81.3 26.94 0.883 This work




Supplementary Table 6. Hole mobilities and electron mobilities of four system OSCs.

Active layer an (104 em'VisY) 4 (104 em'V-1sT) Me/pn
PMG6/C5-16 3.52 428 1.22
PM6+INMB-F/C5-16 4.10 4.61 1.12
PMG6/L8-BO 423 5.30 1.25
PM6+INMB-F/L8-BO 5.03 5.61 1.11
D18-CI/L8-BO 3.41 4.01 1.18
D18-CI+INMB-F/L8-BO 4.03 433 1.07
PTB7-Th/C5-16 3.23 3.50 1.08
PTB7-Th+INMB-F/C5-16 3.75 3.82 1.02

Supplementary Table 7. Exciton dissociation (Paiss) and charge collection (Peon) efficiencies of

OSCs.
System Puiss (%) Peon (%)
PM6/C5-16 98.9 84.7
PM6-+INMB-F/C5-16 99.1 87.1
PM6/L8-BO 98.9 90.3
PM6+INMB-F/L8-BO 99.3 94.2
D18-CI/L8-BO 98.6 84.4
D18-CI+INMB-F/L8-BO 98.7 90.4
PTB7-Th/C5-16 98.3 80.3
PTB7-Th+INMB-F/C5-16 98.4 85.3

Supplementary Table 8. Fitting parameters of 1D GISAXS profiles of PM6/L8-BO films
with/without INMB-F, where the correlation length & refers to the domain size of the PM6-rich
phase, n and D represent the correlation length and fractal dimension of acceptors, and 2Rg is

regarded as the domain size of acceptor domain ),

& (nm) 7 (nm) D 2R, (nm)

PM6/L8-BO 15.6 2.8 3 13.7
PM6+10% INMB-F/L8-BO 18.3 4.1 3 20.6
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