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Experimental Section

Materials

PTzBI-dF, D18, L8-BO, and PFN-Br were procured from Volt-Amp Optoelectronics
Tech. Co., Ltd. PBDB-T, PM6, and ITIC were purchased from Nanjing Zhiyan
Technology Inc. Ltd. Chloroform (CF), chlorobenzene (CB), o-dichlorobenzene (o-
DCB), methanol, 1-chloronaphthalene (1-CN), 1,8-diiodooctane (DIO), and dibenzyl
ether (DBE) were sourced from Sigma-Aldrich. All materials were used as received

without further purification.

Fabrication and characterizations of OPVs

Indium tin oxide (ITO)-coated transparent glasses were sequentially cleaned with
deionized water, isopropanol, and ethanol in an ultrasonic cleaner, then dried at 60 °C
before use. The ITO glass substrates were treated with oxygen plasma for 3 minutes
and then spin-coated with a PEDOT:PSS solution (Clevios PVP Al 4083) at 3000 rpm
for 30 seconds. The coated substrates were subsequently annealed at 150 °C for 15
minutes on a hot plate. Following this, the PEDOT:PSS-coated ITO glasses were
transferred to a glove box with a nitrogen environment. For D18:PTzBI-dF:L8-BO
active layers, the total concentration of mixture solution was 9.5 mg mL™!. The active
layers were prepared by spin-coating the solutions in chloroform (CF) with 0.5 vol%
I-chloronaphthalene (CN) at 3000 rpm for 20 seconds. For PM6:PTzBI-dF:L8-BO
active layers, the total concentration was 10 mg mL™!, also using the CF and CN
solution as processing solvent and additive, respectively. For PBDB-T:PTzBI-dF:ITIC
active layers, the total concentration is 16 mg mL™! in chlorobenzene (CB) with 0.5
vol% 1,8-diiodooctane (DIO). The thickness of these active layers was about 100 nm.
The resulting active layers were then thermally annealed at 100 °C for 5 minutes,
followed by the spin-coating of a PFN-Br interfacial layer (dissolved in methanol) at
2000 rpm for 30 seconds. Finally, a 100 nm thick silver electrode was deposited on
PFN-Br using vacuum thermal evaporation at a pressure of 1x1074 Pa. The active area

of devices was 0.0516 cm?. The illuminated area of device was further defined as 0.04
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cm? using a square metal aperture. The J-V curves were measured using a Keithley
2450 source meter under an AM 1.5 G solar simulator (Zolix Instruments, Sirius-
SS150A, 150W AAA grade). The EQE curves were measured using a custom-built
EQE system (Zolix, China), equipped with a standard Si diode. The measurements were
conducted over a wavelength range of 300-1000 nm, with a step size of 5 nm.
Transient photovoltage (TPV) curves of OPV devices under different light
intensities were measured using the PAIOS platform (FLUXiM, Switzerland). The
illumination was provided by a white LED light source, with a pulse length of 500 us
and a settling time of 5.00 ms. The light intensity was varied over a range of relative
sweep light intensities (1.00%, 1.67%, 2.78%, 4.64%, 7.74%, 12.9%, 21.5%, 35.9%,
59.9%, 100%), enabling the differentiation of resultant device voltage. The illuminated
device area was 0.0516 cm?. The achieved TPV curves and corresponding voltage
values at each light intensity are summarized in Fig. S8. Specifically, the fitted lifetimes
(7) as a function of device voltage (Voc) are shown in Fig. S8d. The extracted charge
carrier density (n) was measured by charge extraction (CE) method, with the same LED

light source and relative sweep light intensity. The extraction duration was 50.0 us. The

L
N . =)
7-n relationship was analyzed using the equation of “n’  The exponent factor A

was obtained by linear fitting of the double-logarithmic plot with log(z) = -Alog(n) +

Mog(nyp). For this, the recombination order (R) was calculated by R = A + 1, while the

k(n) =
recombination rate coefficient (k()) was determined by ) T(n) Xn,

Impedance spectra of OPV devices were measured in the dark at room temperature
with a -0.5 V bias and AC current applied to the device, using the Interface 1010E
electrochemical workstation (Gamry Instrument, US) at a frequency range of 0.01 Hz

to 100 kHz.

Fabrication of flexible OPVs
The ITO-coated polyethylene glycol terephthalate (PET) flexible substrate was cleaned
by wiping with ethanol, and then pre-treated by exposing to oxygen plasma for 3

minutes. PEDOT:PSS (Clevios PVP Al 4083) was spin-coated onto ITO at 3000 rpm
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for 30 seconds. After thermal annealled at 80 °C for 15 min, the substrates were
transferred into a glove box with a nitrogen environment. For the D18:PTzBI-dF:L8-
BO active layers, the total concentration was 9.5 mg mL™!. The active layers were
deposited by spin-coating the solutions in CF with 0.5 vol% CN, resulting in a film
thickness of about 100 nm. The resulting active layers were then thermally annealed at
100°C for 5 minutes, followed by the spin-coating of a PFN-Br interfacial layer.
Finally, a 100 nm thick silver electrode was deposited on PFN-Br using vacuum thermal

evaporation at a vacuum level of 1x107 Pa.

Fabrication and characterization of charge-only devices

Hole and electron mobilities were measured using hole- and electron-only devices, with
the structures of ITO/PEDOT:PSS/active layer/Ag and 1TO/ZnO/active layer/PFN-
Br/Ag, respectively. The dark J-V curves were obtained by a Keithley 2450 source
meter. Mobilities were extracted using the space-charge-limited current (SCLC)
method through the Mott-Gurney relationship J = 9¢,ouV?/8L3, where J is the current
density, ¢, is the relative dielectric constant, &, is the vacuum permittivity, u is the
mobility, V' is the effective voltage, and L is the thickness of active layer.! Here, we

used applied volatage as V for the calculation.

Thin film characterizations
The UV-vis-NIR absorption and photoluminescence (PL) spectra were measured using
an absorption PL spectral analysis system (APL-AS,IIBiaoQi Optoelectronics). The
thin films (~100 nm) were prepared by spin-coating chloroform solutions onto quartz
plates for the measurements. The raw data of the absorption spectra were normalized
by setting the baseline (~1000 nm) to 0 and the absorption maximum to 1 to eliminate
the impact of film thickness.

Time resolved photoluminescence (TRPL) was measured with a Fluorescence
lifetime spectrometer (Picoquant, Germany). The thin films (~100 nm) were prepared

by spin-coating chloroform solutions onto quartz plates (1 cm x lcm) for the
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measurements. The excitation wavelength was set to 637.4 nm, with a bandpass of 2.4
nm, using a PDL 820 pulsed laser source. The excitation intensity was calibrated to
53% of the maximum power. The detection system used a UV-red PMT detector, with
a detection wavelength of 740 nm. The polarization of the detection system was set to
54.7°, and the lens position was at 9.5 mm. The measurements were carried out at a
resolution of 25 ps per bin, with a total measurement time of 5.1 seconds. The
measurement stopped once the signal reached 10000 counts. The time synchronization
was provided by the PDL 820 source with a sync frequency of 10 MHz. The signals
were processed using a TimeHarp 260 photon counter with specific signal processing
settings, including CFD level of =130 mV and a sync CFD level of -150 mV.

For transient absorption spectroscopy (TA), the output of the Yb:KGW laser (1030
nm, 220 fs Gaussian pulse, 100 kHz, Light Conversion Ltd.) was split into two beams.
One beam was directed into the NOPA (ORPHEUS-N, Light Conversion Ltd.) to
generate pump light at specific wavelengths (520 nm and 800 nm, with a pulse duration
of 30 fs), while the other beam was focused onto a YAG plate to produce a white light
continuum as the probe beam. The pump and probe beams were overlapped on the
sample at a small angle (<10°). The transmitted probe light was collected using a linear
CCD array. The exciton diffusion length (Lp) was estimated using the method outlined
in a previous study.>3

Grazing incidence wide angle X-ray scattering (GIWAXS) was conducted using a
Xenocs Xeuss 2.0 system equipped with an Excillum Metallet-D2 X-ray source,
operated at 70.0 kV and 2.8570 mA. The incident X-ray had a wavelength of 1.341 A.
All thin films were spin-coated on PEDOT:PSS-coated silicon wafers using the same
processing conditions as those for OPV device fabrication. The X-ray beam was
directed at an incidence angle of 0.20° to probe the bulk structures. The sample-to-
detector distance was set to 210.78 mm, and the scattering pattern was recorded using
a DECTRIS PILATUS3 R 1M area detector with exposure time of 30 min. Data

reduction and analysis were conducted using the Igor-based Nika package, with in-
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plane (IP) and out-of-plane (OOP) I-q curves averaged within sectors at azimuthal
angles of 10° and 80°, respectively, each with an angular width of 10°.4

Resonant soft X-ray scattering (RSoXS) was conducted at beamline 11.0.1.2 of the
Advanced Light Source (ALS), Lawrence Berkeley National Laboratory (LBNL). The
thin films were spin-coated on PEDOT:PSS-coated silicon wafers with the same
processing conditions used for OPV fabrication. The films were floated on deionized
water to dissolve the PEDOT:PSS layer and then transferred onto silicon nitride
windows for scattering experiments conducted in transmission mode. The C K-edge
NEXAFS spectra of neat films were measured with total electron yield (TEY) mode,
with X-ray electric field horizontally polarized to the film surface. Then, the complex
refractive indices, absorptive component 3, was calcuated by B = w/2k, where p denotes
the attenuation coefficient and k is the wave vector. The dispersive component 6 was
then obtained via Kramers-Kronig transformation with . The resultant d and  of neat
materials were used to calculate the contrast funciton E*(45° + A8%). For scattering, the
X-ray energy was scanned at C K-edge (280.0, 283.8, 284.2,284.4, 285.0, 285.2, 285 .4,
285.6, 286.0 eV). The X-ray electric field was kept horizontally polarized. Each
scattering image was captured using a Princeton Instrument PI-MTE CCD camera with
a pixel size of 0.027 mm x 0.027 mm and an exposure time of 5 seconds. The high-q
range data (0.004-0.075 A-') and low-q range data (0.001-0.02 A-') were collected with
sample-to-detector distance of 150 mm and 50 mm, respectively. RSoXS data reduction
was carried out using the Igor-based Nika package, with the I-q curves averaged
circularly. The final I-q curves were obtained by combining the high-q and low-q data.

Transmission Electron Microscopy (TEM) images were collected using a JEM-
2100F transmission electron microscope operated at 200 kV. The thin films were spin-
coated onto PEDOT:PSS-coated silicon wafers using the same processing conditions
as those for OPV fabrication. The films were then floated on deionized water to dissolve
the PEDOT:PSS layer and transferred onto a 300 mesh copper grid.

The Contact angle tests were conducted with a Dataphysics OCA40 Micro surface

contact angle analyzer, to determine the water and oil (glycerol) contact angles (6) for
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D18, PTzBI-dF and L8-BO neat films. The thin films (~100 nm) were prepared by spin-

coating chloroform solutions onto PEDOT:PSS-coated ITO glasses (1.5 cm x 1.5 cm)

for the measurements.

IR spectra and AFM-IR images were measured by Anasys nanolR3 (Bruker). All

films were prepared by spin-coating chloroform solutions onto silicon wafers (1 cm %

1 cm) for the measurements. The IR measurements covered a wavelength range of 780-

1800 cm™!, with a spectral resolution of 2 cm™!. AFM-IR images of the D18:L8-BO and

D18:PTzBI-dF:L8-BO films were probed at 1430 cm™!.

Additional Figures and Tables
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Fig. S1. (a) OPV Device structure used in this work. Chemical structures of (b)

PEDOT:PSS and (c¢) PFN-Br.
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Fig. S2. J-V curves of D18:PTzBI-dF:L8-BO (0.5:0.5:1) (a) 1 cm? large-area and (b)

flexible OPV devices.
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Fig. S4. (a) Normalized PCE as a function of storage time for D18:L8-BO (1:1) and
D18:PTzBI-dF:L.8-BO (0.5:0.5:1) devices in dark conditions. (b) Normalized PCE as a
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(0.5:0.5:1) devices under LED illumination. (¢) Normalized PCE as a function of
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at 80 °C.
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dF:L8-BO blend films: (a, c) height images (2 um x 2 um) and (b, d) IR amplitude
images (2 um % 2 um). (¢) Magnitude image corresponding to (d), with a size of 1 um
x 1 um. The color bar for the height images is in nanometers, while the color bar for

the AFM-IR images represents amplitude.
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Fig. S18. (a) Refractive indices and (b) scattering contrast functions at C K-edge of
D18, PTzBI-dF, and L8-BO.
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Fig. S19. (a) RSoXS Ig2-q curves at 285.2 eV and (b) fitted results with log-normal
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functions of D18:L8-BO (1:1), PTzBI-dF:L8-BO (1:1), and D18:PTzBI-dF:L8-BO
(0.5:0.5:1) blend films.

(a) D18 6,.:= 96.3° (b) PTzBI-dF 6,,:= 99.1° (c)L8-BO e =77.1°
(d) D18 6, = 37. 6° (e) PTzBI- dF O = 38 4° (f) L8 BO 6,;=11.2°

A ‘{ —

Fig. S20. Images of surface contact angle measurements for (a, d) neat D18, (b, e) neat

PTzBI-dF, and (c, f) neat L8-BO films.
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Fig. S21. The TA kinetics of the excitons in the neat films at indicated excitation
fluences: (a) D18 (520 nm excited); (b) PTzBI-dF (520 nm excited); (c¢) L8-BO (800

nm excited).
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Fig. S22. Light-intensity dependence of (a) Voc and (b) Jsc characteristics for devices

based on PM6:L8-BO and PBDB-T:ITIC blends with and without PTzBI-dF.

S21



Table S1. Photovoltaic parameters of D18:PTzBI-dF:L8-BO devices with different

donor blend ratios.

Jsc
Blend ratio Voc FF PCE
Active layer (mA
(Wt:wt:wt) (V) (%) (%)
cm?)
1:0:1 0.89 27.14 70.24 16.97

0.75:0.25:1 0.89 27.28 71.02 17.24

D18:PTzBI-dF:L8-BO ¢ 0.5:0.5:1 0.89 27.76 71.85 17.75
0.25:0.75:1 0.89 27.64 70.36 17.31

0:1:1 0.89 27.59 69.53 17.07

@ The blend films were processed by CF without solvent additive and post-treated with

100 °C for 5 min.

Table S2. Photovoltaic parameters of D18:PTzBI-dF:L8-BO devices with different L8-

BO addition.
Blend
Voc Jsc FF PCE
Active layer ratio
(V)  (mAcm?) (%) (%)
(Wt:wt:wt)

0.5:0.5:0.8  0.89 27.02 72.33 17.39

0.5:0.5:1 0.89 27.76 71.85 17.75
D18:PTzBI-dF:L8-BO ¢

0.5:0.5:1.2  0.89 27.98 71.01 17.68

0.5:0.5:1.5  0.89 28.15 69.12 17.32

@The blend films were processed by CF without solvent additive and post-treated with

100 °C for 5 min.
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Table S3. Photovoltaic parameters of D18:PTzBI-dF:L8-BO (0.5:0.5:1) devices with

the active layers processed by various solvents.

Voc Jsc FF PCE
Active layer Solvent
(V) (mAcem?) (%) (%)
CF 0.89 27.76 71.85 17.75
D18:PTzBI-dF:L8-BO ¢ CB 0.89 22.35 72.96 14.51
0-DCB 0.89 21.22 72.67 13.72

@The blend films were post-treated with 100 °C for 5 min.

Table S4. Photovoltaic parameters of CF processed D18:PTzBI-dF:L8-BO (0.5:0.5:1)

devices with various solvent additives.

Jsc

Solvent Voc FF PCE

Active layer (mA
additive V) (%) (%)

cm™?)
N/A 0.89 27.76 71.85 17.75
0.3% CN 0.90 27.82 75.36 18.94
D18:PTzBI-dF:L8-BO ¢ 0.5% CN 0.90 27.84 7842 19.64
1% CN 0.89 27.88 78.89 19.57
0.5% DBE 0.89 28.44 76.13 19.27
0.5% DIO 0.89 28.26 77.05 19.38

¢ The blend films were post-treated with 100 °C for 5 min.
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Table SS. Photovoltaic parameters of D18:PTzBI-dF:L8-BO (0.5:0.5:1) devices with

active layer thermal annealed at different temperatures.

Jsc

Thermal Voc FF PCE

Active layer (mA
annealing V) (%) (%)

cm?)
As-cast 0.89 27.63 68.16 16.76
90 °C /Smin  0.90 27.69 77.63 19.35

D18:PTzBI-dF:L8-BO ¢

100 °C /Smin  0.90 27.84 78.42 19.64
110 °C /5min  0.90 27.47 78.11 19.31
120 °C /5min  0.90 27.30 77.67 19.08

@The blend films were processed by CF with 0.5 vol% CN.

Table S6. Photovoltaic parameters of single-junction OPVs with efficiency over 19%

reported in the literature.

Voc Jsc FF PCE
Active layer Ref.
(V) (mAcm?) (%) (o)
D18:AQx-18:L8-BO 0.928 25.90 79.20 19.10 5
BTP-FTh:IDIC (0.8:0.2) 0.870 27.17 80.60 19.05 6
PBQx-TF:eC9-2Cl:F-BTA  0.879 26.70 80.9 19.00 7
PM6:BTP-eC9:PC7 BM 0.860 27.62 80.00 19.03 8
PBDB-TF:BTP-eCl11 0.832 13.40 77.06 19.75 9
PM6:PY-IT 0.898 26.17 80.87 19.01 10
PM6:L8-BO:Tet-1 (10%)  0.887 26.98 80.70 19.31 11
D18:PM6:7Z9 0.896 26.50 80.10 19.00 12
PM6:L8-BO 0.862 28.50 78.06 19.18 13
PM6:BTP-eC9:BTP-BO-3FO 0.857 28.13 79.80 19.24 14
PM6:Dimer-2CF 0.900 26.39 80.03 19.02 15
PM6:L8-BO+0.2% T-20EH 0.888 26.90 80.40 19.20 16
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PM6:L8-BO+BDT
D18:N3:DP-BTP
PBTz-F:PM6:L8-BO
DLI1:Y6
D18-Cl:L8-BO-X
L8-BO:HW-D18
BTIC-C9-4C1:L8-BO
PM6:D18:CH-FB
PM6:L8-BO
PBDB-T:ITIC:PC;,BM
PM6 + 10% INMB-F/L8-BO
D18:BTP-eC9-4F:2TT
PM6:L8-BO
D18:D18-Cl:CH8F
PM6:BTP-eC9:PC,;BM
DI18:DTC11
PM6:BTP-eC9:L8-BO/FPA
PM6:Y6:SF-BTALI
PM6:PM6-PA:L8-BO
PM6:L8-BO:bi-asy-YC12
PM6:PY-IT
PM6:L8-BO:BTP-ThMeCl
D18:AQx-18:L8-BO
PM6:BTP-eC9:L8-BO-X
PB2:FTCC-Br:BTP-eC9
PB2:HLG:BTP-eC9
D18:L8-BO(DIB)
PM6:L8-BO(PyMCS)

0.893
0.870
0.888
0.869
0.893
0.910
0.870
0.888
0.902
0.846
0.883
0.880
0.890
0.909
0.860
0.858
0.884
0.870
0.880
0.897
0.945
0.870
0.928
0.883
0.888
0.883
0.907
0.904

26.59
27.95
27.30
27.82
26.78
26.48
26.98
26.69
26.98
28.10
26.94
27.29
26.65
26.81
27.62
27.50
26.96
27.30
27.00
27.17
26.37
26.70
25.90
27.70
26.90
27.30
26.00
27.25

80.03
78.50
79.50
78.94
79.60
80.65
80.67
80.03
79.41
80.40
81.30
79.67
80.92
79.10
80.00
80.50
80.45
80.50
80.80
78.90
76.48
82.20
79.20
80.10
81.60
80.80
78.7
79.10

19.01
19.07
19.43
19.10
19.04
19.65
19.01
18.97
19.32
19.11
19.40
19.39
19.25
19.28
19.03
19.00
19.20
19.10
19.30
19.23
19.06
19.10
19.10
19.60
19.50
19.50
19.60
19.52

17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
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Table S7. Photovoltaic parameters of 1 cm? single-junction OPVs reported in the

literatures.
Device area Voc Jsc FF PCE
Ref.
(cm?) V) (mAcm?) (%) (%)
0.890 19.22 62.19  10.65 [45]
0.881 21.26 62.00 11.61 [46]
0.797 22.61 71.05 12.80 [47]
0.831 26.72 68.19  15.13 [48]
0.869 27.83 66.60 16.10 [49]
0.846 26.80 7290  16.50 [50]
1 cm? 0.821 26.75 75.30  16.54 [51]
0.850 27.57 74.13  17.37 [52]
0.857 27.01 75.70  17.52 [53]
0.890 25.73 76.68  17.55 [54]
0.869 28.71 71.18  17.76 [55]
This work
0916 27.06 73.97 1835
(Certified)

Table S8. Photovoltaic parameters of D18:L8-BO (1:1) and D18:PTzBI-dF:L8-BO

(0.5:0.5:1) devices stored in dark conditions for various durations.

Storage time  Voc Jsc FF PCE
Active layer
(hours) (V) (mAcm?) (%) (%)
D18:L8-BO 0 0.89 27.2 78.2 18.9
24 0.89 27.1 72.5 17.5
48 0.89 27.0 69.4 16.7
72 0.88 26.8 68.2 16.1
96 0.88 26.4 66.7 15.5
120 0.88 26.2 64.3 14.8
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D18:PTzBI-dF:L8-BO

144

24

48

72

96

120
144

0.88
0.89
0.89

0.89

0.88

0.88

0.88
0.88

26.0
28.0
27.9

27.8

27.8

27.7

27.6
27.7

63.5
79.1
76.9

73.8

71.8

70.2

69.4
68.7

14.5
19.7
19.1

18.3

17.8

17.3

17.1
16.9
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Table S9. Photovoltaic parameters for D18:L.8-BO (1:1) and D18:PTzBI-dF:L8-BO

(0.5:0.5:1) devices continuously illuminated by white LED for different durations.

I1lumination Jsc

Voc FF  PCE

Active layer time (mA
V) %) (%)

(hours) cm?)
D18:L8-BO 0 0.89 27.2 78.2 189
24 0.89 26.3 70.8  16.6
48 0.89 25.6 67.1 15.3
72 0.89 25.2 66.0 14.8
96 0.88 25.0 652 143
120 0.88 249 64.7 142
144 0.88 24.7 64.1 13.9
D18:PTzBI-dF:L8-BO 0 0.89 28.0 79.1 19.7
24 0.89 27.4 75.7  18.5
48 0.89 27.0 722 173
72 0.88 26.8 70.3  16.6
96 0.88 26.7 69.0 16.2
120 0.88 26.7 68.1 16.0
144 0.88 26.6 67.8 159
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Table S10. Photovoltaic parameters for D18:L8-BO (1:1) and D18:PTzBI-dF:L8-BO

(0.5:0.5:1) devices thermal-aged at 80 °C for different durations.

Thermal-aged time Voc Jsc FF PCE
Device
(hours) (V) (@mAcm?) (%) (%)
D18:L8-BO 0 0.89 27.2 78.2 18.9
24 0.88 26.7 72.8 17.1
48 0.88 26.2 68.4 15.8
72 0.88 25.7 63.8 144
96 0.88 24.9 61.4 135
120 0.88 24.5 60.6 13.1
144 0.88 242 60.1 12.8
D18:PTzBI-dF:L8-BO 0 0.89 28.0 79.1 19.7
24 0.89 27.6 749 18.4
48 0.88 27.5 714 173
72 0.88 27.1 68.3 16.3
96 0.88 26.6 679 159
120 0.88 26.3 67.1 15.5
144 0.88 26.1 66.2 15.2
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Table S11. Results of Jyp-Vegr curves for D18:L8-BO (1:1), PTzBI-dF:L8-BO (1:1), and
D18:PTzBI-dF:L8-BO (0.5:0.5:1) OPV devices.

Jph Jsat Gmax
Active layer PE, T)
(mA cm?) (mA cm™?) (m3sh
D18:L8-BO 25.76 28.33 1.77x10%8 0.909
D18:PTzBI-dF:L8-BO 27.52 28.46 1.78x10%8 0.968
PTzBI-dF:L8-BO 25.51 27.14 1.70x10%8 0.939

Table S12. SCLC electron and hole mobilities extracted from DI18:L8-BO (1:1),
PTzBI-dF:L8-BO (1:1) and D18:PTzBI-dF:L8-BO (0.5:0.5:1) charge-only devices.

m Ue Thickness
Active layer
(cm? V1) (cm?2V-1g (nm)
D18:L8-BO 0.95x1073 0.44x1073 ~100
D18:PTzBI-dF:L8-BO 1.62x1073 0.91x1073 ~100
PTzBI-dF:L8-BO 0.67x1073 0.79x1073 ~100
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Table S13. Surface contact angle, surface energy, interfacial tension, wetting

coefficient, and Flory-Huggins interaction parameters of D18, PTzBI-dF and L8-BO.

Flory-
Wetting
va %y Interfacial Huggins
Owar  Ooil coefficient
Film ¢ (mN (mN (mN tension ¢ interaction
©  © d
m') m') m') (7aB) parameter
(w)
“(0
D18 96.3 37.6 42.87 0.21 43.08 y,p=0.01 / xag= 0.01

PTzBI-dF 99.1 384 43.16 0.62 43.78 yc=0.58 awp=0.78 ypc=0.67

L8-BO 77.1 11.2 4871 1.10 49.81 yac=0.73 / xac=0.84

@« A =D18, B = PTzBI-dF, C = L8-BO; ?y, and y, represent the surface free energies
generated from the dispersion forces and the polar forces, respectively; ¢ Calculated
from Neumann's equation yap = ya + y8 — 2(ya78)"2e”~B(ys—y8)?, where f = 0.000115
m* m J2; ¢ The wetting coefficient component B in the blends of A and C can be
expressed according to the Young’s equation: wg = (ysc— YaB )/Vac: ¢ xap Was obtained
from the equation yap = Vo(Kya'? — Kyg?)*/(RT), where K stands for the proportional
constant (K = 116 x 103> m™'2), V, stands for the geometric average molar volume, y
stands for the surface energies of materials A and B, R stands for the gas constant and

T stands for the absolute temperature.
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Table S14. Photovoltaic parameters of OPV devices based on PM6:L8-BO and PBDB-
T:ITIC blends with and without PTzBI-dF.

Active layer Voc? Jsc @ FF ¢ PCE ¢
(wt:wt) V) (mA cm™2) (%) (%)
PM6:L8-BO 0.90 27.1 75.7 18.4
(1:1) (0.89+0.01) (26.8+0.3) (75.0+0.7) (18.1£0.3)
PM6:PTzBI-dF:L8-BO 0.90 27.8 78.0 19.6
(0.5:0.5:1) (0.89+0.01) (27.3£0.5) (77.1£0.9) (19.2+0.4)
PBDB-T:ITIC 0.88 17.1 69.5 10.4
(1:1) (0.87+0.01) (16.9£0.2) (69.1+0.4) (10.1+0.3)
PBDB-T:PTzBI-
0.90 18.4 70.9 11.7
dF:ITIC
(0.89+0.01) (17.8+0.6) (70.6+0.3) (11.5+0.2)
(0.5:0.5:1)

@The statistical parameters were calculated from 10 devices.
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