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1. Experimental Section
1.1 Materials

All reagents and solvents, unless otherwise specified, were purchased from Energy
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Chemical, Tansoole, J&K, energy chemical or Sigma-Aldrich and were used without
further purification. Column chromatography was carried out with 300-400 nm mesh

silica. The synthetic routes of DCB-4F and CB-4F are shown in Scheme S1.
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Scheme S1. Synthetic routes of CB-4F.

2,7-Dibromo-9-octyl-9H-carbazole (5): The synthesis of compound 5 was similar to
7-octyl-7H-dibenzo[c,g]carbazole. The residue was purified by silica gel column
chromatography with petroleum ether to obtain a colorless oil (90% yield). '"H NMR
(500 MHz, CDCI3, 6): 7.89 (d, 2H), 7.53 (s, 2H), 7.34 (d, 2H), 4.19 (t, 2H), 1.88-1.80
(m, 2H), 1.42-1.21 (m, 10H), 0.88 (t, 3H). 13C NMR (125 MHz, CDCl;) & 141.55,
122.71,121.68,121.46,119.88, 112.20, 43.54,31.98, 29.50,29.37,28.97,27.37,22.82,
14.29.

2,7-Bis(4-hexylthiophen-2-yl)-9-octyl-9H-carbazole (6): The synthesis of
compound 6 was similar to  5,9-bis(4-hexylthiophen-2-yl)-7-octyl-7H-
dibenzo[c,g]carbazole. The residue was purified by silica gel column chromatography
with petroleum ether/dichloromethane (9:1, v/v) to obtain a colorless oil (86% yield).
'H NMR (500 MHz, CDCl;, 6):8.02 (d, 2H), 7.57 (s, 2H), 7.50 (d, 2H), 7.28 (s, 2H),
6.92 (s, 2H), 4.34 (t, 2H), 2.68 (t, 4H), 1.92 (m, 2H), 1.72 (m, 4H), 1.47-1.26 (m, 22H),
0.95 (m, 6H), 0.89 (m, 3H). 13C NMR (125 MHz, CDCl;, d): 145.38, 144.55, 141.62,
132.60, 124.68, 122.30, 120.73, 119.44, 117.83, 105.91, 43.16, 32.05, 31.94, 30.94,
30.68, 29.55, 29.39, 29.29, 29.12, 27.43, 22.86, 22.84, 14.34, 14.29.

5,5'-(9-Octyl-9H-carbazole-2,7-diyl) bis(3-hexylthiophene-2-carbaldehyde)  (7):
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The synthesis of compound 7 was similar to 5,5'-(7-octyl-7H-dibenzo|[c,g]carbazole-
5,9-diyl)bis(3-hexylthiophene-2-carbaldehyde). The residue was purified by silica gel
column chromatography with petroleum ether/dichloromethane (1:3, v/v) to obtain a
yellow solid (76% yield). 'H NMR (500 MHz, CDCls, 3): 10.01 (s, 2H), 7.97 (d, 2H),
7.54 (d, 2H), 7.47 (d, 2H), 7.27 (s, 2H), 4.22 (t, 2H), 2.94 (t, 4H), 1.91 - 1.78 (m, 2H),
1.77 - 1.64 (m, 4H), 1.49 - 1.11 (m, 22H), 1.00 — 0.75 (m, 9H). 3C NMR (125 MHz,
CDCl;, 9): 181.80, 154.22, 154.15, 141.51, 136.44, 131.20, 126.50, 123.38, 121.14,
117.97, 106.53, 43.16, 31.93, 31.72, 31.62, 29.84, 29.44, 29.30, 29.20, 29.06, 28.81,
27.34,22.74,22.71, 14.21.

CB-4F: 2-(5-Fluoro-3-0x0-2,3-dihydro-1H-inden-1-ylidene) malononitrile
(310.1mg, 0.135 mmol) was added into the solution of compound 7 (150mg, 224.6
umol) in chloroform (15 mL) with pyridine (0.1 mL), the mixture was deoxygenated
with nitrogen for 20 min and then refluxed for 4 h. After cooling to room temperature
and removal of the solvent under vacuum, the residue was then washed with methanol
and hexane. The dark solid was obtained without further purification (117.7 mg, 48%
yield). "TH NMR (500 MHz, CDCl;, 8): 9.02 (s, 2H), 8.55 (d, 2H), 8.13 (d, 2H), 7.82 -
7.64 (m, 6H), 7.53 (s, 2H), 4.46 (s, 2H), 3.10 - 2.99 (m, 4H), 2.27 - 2.18 (m, 2H), 1.99
(d, 4H), 1.31 (d, 22H), 0.87 (m, 9H). 3C NMR (175 MHz, pyridine-d5, 3): 204.57,
186.34, 185.51, 181.75, 174.89, 162.60, 159.96, 159.22, 154.73, 153.81, 142.35,
136.77, 131.95, 131.75, 130.01, 127.88, 124.54, 119.10, 115.20, 114.93, 114.47,
112.52, 107.69, 79.18, 78.99, 78.80, 43.19, 36.01, 31.67, 30.31, 29.67, 29.25, 28.64,
27.08, 25.85, 22.49, 13.82. MALDI-TOF MS: m/z = 1091.3888 [M]", calcd. for
Cs6Hs7Ns0,S,F4, 1091.3890.

1.2 Instruments and general methods

Most 'TH NMR and 3C NMR spectra were recorded on Bruker AVANCE III (500
MHz) nuclear magnetic resonance (NMR) spectroscope with tetramethylsilane (TMS)
as internal standard. Specifically, the *C NMR spectrum for CB-4F was collected on
Bruker AVANCE NEO (700 MHz) NMR spectroscopy with TMS as standard. UV-vis

absorption spectra were recorded on Evolution 220, Thermo Fisher spectrophotometer.
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Thermogravimetric analysis (TGA) was conducted on TGA/SDTAS8S1E (Mettler
Toledo) under nitrogen atmosphere at a heating rate of 20 °C min~! from 50 °C to 800
°C. The electrochemical Cyclic voltammetry (CV) measurements were carried out on
an electrochemical workstation (CHI760D Chenhua, Shanghai) with Pt plate as
working electrode, Pt slice as counter electrode, and Ag/AgCl electrode as reference
electrode in tetrabutylammonium hexafluorophosphate (n-Buy,NPFs, 0.1 M)
dichloromethane solutions at a scan rate of 50 mV s'!. The CV curves were recorded
and calibrated by the ferrocene-ferrocenium (Fc/Fc+) redox couple (-4.8 eV versus
vacuum level). The materials were measured by coating a film on the surface of
working electrode. The HOMO and LUMO levels are calculated by the formula: Eyop0
= -[Eox + (4.8-Ercirc+))s Erumo = -[Erep + (4.8- Ercrc+)], where Eox/Ergp means the
potential from the first oxidation or reduction peak and Er.r.+ means the half-wave

potential of the external standard.

1.3 Space-Charge Limited Current (SCLC) Measurement

The hole and electron mobility were measured using the space charge limited current
(SCLC) method, employing a diode configuration of ITO/PEDOT:PSS/active
layer/MoOs/Ag for hole and ITO/ZnO/active layer/PDINO/Al for electron,
respectively. The charge mobility can be determined based on the Mott-Gurney

equation with Poole-Frenkel correction:

9v?2 089y [V/D)
J(V)= 808 HoC
8L

Here, ¢, is dielectric constant of organic materials, & is the free space permittivity, L
is the thickness of active layer, u is the charge carrier mobility, and V is the applied

voltage.

1.4 Solubility measurement
To 10 mL chloroform was added 50 mg DCB-4F or CB-4F. The solutions were
sonicated at 25°C for 2 h. Then extra DCB-4F or CB-4F (25 mg) was added to the

solution per hour until solid precipitate could be observed. For DCB-4F, two times
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addition was needed while CB-4F only needed once. After that, the solutions were
centrifuged and the supernatant was used for solubility measurement. The solution (100
puL) was pipetted onto the hot petri dish. Then the film mass was weighed after the

solvent was completely evaporated to calculate the solubility of two acceptors.

2. Comparison of as-cast OSCs’ PCEs and sidechain weight ratio for best-

performing UFAs

Table S1 Comparison of as-cast PCE and side chain weight ratio of the best-performing UF As for high-
performance OSCs in literature.

NFA Eor HOMO/ Donor Voe Jse FF  As-cast  Sidechain Ref
(eV) LUMO (eV) (V) (mAcm? (%) PCE (%) (wt%)
DCB-4F 1.55 -5.50/-3.86 PMé6 1.00 16.42 58.23 9.56 23.78 ::::;
HC-PCIC 1.48 -5.54/-3.87  PTQI0 0.94 15.99 67.96 4.35 30.98 [1
HC-PCIC 1.48 -5.54/-3.87 PM6 0.88 17.54 72.69 6.29 30.98 [1]
BT2F-IC4F 1.38 -5.98/-4.31 PBDB-T  0.67 19.43 64.7 7.04 31.15 [2]
BT-IC4F 1.37 -5.89/-4.27 PBDB-T  0.69 21.4 66.4 7.85 31.94 [2]
HF-PCIC 1.5 -5.53/-3.83  PM6 0.91 17.81 70.77 9.23 32.44 [1
DF-PCIC 1.59 -5.49/-3.77 PBDB-T  0.91 15.66 72 6.21 34.21 [3]
BDTC-4Cl1 1.42 -5.35/-3.75 PBDB-T  0.86 18.56 59.5 5.57 35.26 [4]
CTIC-4F 1.3 -5.4/-4.0 PTB7-Th 0.7 23.4 64 8.68 35.61 [5]
CO1-4F 1.2 -5.3/-4.1 PTB7-Th  0.64 24.8 64 8.51 36.41 [5]
COTIC-4F 1.1 -5.2/-4.1 PTB7-Th  0.57 20.7 61 5.59 37.19 [5]
X-PCIC 1.37 -5.37/-3.79 PBDB-T  0.84 21.8 62.51 6.29 37.95 [6]
X1-PCIC 1.39 -5.35/-3.77 PBDB-T  0.85 17.97 66.82 6.64 39.38 [6]
PTICH 1.6 -5.62/-3.80  PM6 0.92 8.22 54 4.08 40.12 [7]
NOCG6F-1 1.58 -5.55/-3.77 PBDB-T  0.95 17.08 65.79  10.62 40.79 [8]
BTOR-IC4F 1.37 -5.92/-4.23  PBDB-T 0.8 20.57 69.6 10.18 42.48 [2]
Ph-IC 1.62 -5.72/-3.79  PBFTZ 0.89 12.37 51.5 4.45 42.67 [9]
DOC6-IC 1.43 -5.33/-3.72 PBDB-T 091 19.21 60.11 8.72 44.03 [10]

PTIC 1.53 -5.59/-3.81 PM6 0.93 16.73 66 10.27 47.61 [7]



PTICO 1.56 -5.48/-3.66  PM6 1.01 12.6 52 6.62 48.81 [7]

The chemical structures for the UFAs in Table S1 are listed as below. The weight ratio of side

chain is also calculated according to equation inside.

DF-PCIC, X=H BT-IC4F, X=H

Hc-PCIC, X=CI BT2F-IC4F, X=

CN
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3. NMR and mass spectra

KO U
26701
€601
LT}
LT
62711
LE LT
A%
€711
6€71 o

P

ov'L-

16°1
Nm._‘w
6L

144

9z'41
951
15711
6521
691
LA
€11
vLL-
9L
YR
26°L1
v6°L]
608

or'y
hv..vv

_—

c_‘.w._
626
L6

—~

E 60°F

~L6°)

- G6'C |
[s001

= 00C |

4.0

=00¢C |

5.0

86°L T

86°L |

= 00°¢

1.0 0.0

2.0

3.0

f1 (ppm)
Fig. S1 'H NMR spectrum of compound 1.

8.0 7.0 6.0

9.0



580
980
180
9z’
8¢’L
€e’l
Sel
9g’L
8¢l
6271
Wi
vl
12"
§9°L
1671
26’
v6'L
S6°L
L6°)

mv.v
hﬁ.vv
8v'y

oz'L
09°L
V'L
£9'L
69'L
oL'L
2L
vogd
18
av's

L6
€L'6

L L

o1z

=10 |

8101

€1 L

= ¥0°C

=107 |
- c0z |

=007

=00z |

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

f1 (ppm)
Fig. S2 'H NMR spectrum of compound 2.

£8'0
¥8'0
98'0
Z6'0
£6'0
560
£z’
9z'L
7'
'L
£g'L
el
ge'L
9¢'L
11
181
62l
ot'L
(RAR
£PL
A
9t" L1
i
5L

3.;_
vl
SIL
LL'L
56°L
€L
51T
¥4
Z5'v
€61
G5p
80°L,
0g'L=
A
05°L
5L
€6°L
19'2
69°L
0LL
6L°L
ov'8

[A4]
€26
§C6

|&T 10°¢

—
—

[\ ¢
0z
e

co'y
- 01T

——ee— 06

—— QF.N

— 3 0671

Irr

!

86}
vo'e
4 x4
L6}

=t ()0°Z

4.0 3.0 2.0 1.0 0.0
f1 (ppm)

5.0
Fig. S3 'H NMR spectrum of compound 3.

8.0 7.0 6.0

9.0



VYo U
16701
£6°0 1
6°0
€211
TAR
9¢"| 1
L1871
LS
61~
8yl

5
2;%
08'L
18°L

i

80°¢
60°¢
e

(AR 4
nm.wv
1404

9¢L
0eL
psL
95,
L5°L
bLL
Ll
vLL
Nm.h.\
Ge'8
€78

(44

ve'6

SL0L—

f
~
© 0
T I
S P —
97
= )
T
[=-]
-2 -
[0
L
S 2
o]
N I
_ —_— ]
- —

=90% [

=e0C [

< 00°¢

S0 |

= 07T

“80C |

=v0z |

= $0°2

=002 |

7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
f1 (ppm)
Fig. S4 '"H NMR spectrum of compound 4.

8.0

9.0

10.5

9z'L
05°L7

.

09°L~y
L1970
hh_hﬂ
4

6¢'8—~

90°6
606

§C'6

- v0°'¢

[ 00°C

g0z [

00}

20z |

F00C T

4.0 3.0 2.0 1.0 0.0
f1 (ppm)

Fig. S5 '"H NMR spectrum of DCB-4F.

8.0 7.0 6.0 5.0

9.0

i



8Ly
mv.vw
ey

WN.N./.
ge L
e5s/
88'L
06'2

fevol

—m]

I

8.0 75

902

= ¥0'C

= 66}

1.0 0.5

= 66°L [

=002 |

0.0

1.5

2.0

7.0

Fig. S6 'H NMR spectrum of compound 5.

[-1-
680 |
€60 |
60 1
96°0 |
62'}
L2711
LEL
8EL
0%'L
LA
el

vl

oLt
L'l
€Ll
99°¢ \

89°C
69°C /

—

Nn..v/
Sy

269+
9z'.

6v'L
E.NW
1572
108~
€08

\ﬂ& 8¢
™ 509 |

s

\IMFN.NN

= 80

L6’}

If

|l soC |
(K4

=00C |

) L €Ty
B 7 502

= 00°C

6|

7.0

8.0 75

f1 (ppm)
Fig. S7 '"H NMR spectrum of compound 6.

10



ey —

yXAY)
ww.h./.
vs'L
96°L
86°L

ool —

©
o I
HG
T 0
O/,

P

L

(o]

o-=Z
O
g o
o %

%)

- GL'T

- 1671

Il

14 X4

(114

- 106 |
log"1z |

e S0°Y |

chc.m I

- 90°¢C |

00C

4.0 3.0 2.0 1.0 0.0

5.0
f1 (ppm)

8.0 7.0 6.0
Fig. S8 'H NMR spectrum of compound 7.

9.0

w,

'y —

€5°L
WL
L
wp.h.\
(4%
143 ]
G658
958
206 —

L

i 1 IJIIJL

= 80°¢

il (414

= v6'L

806 |

F00°¢¢

= €6'€ [

- €6'C [

4.0
f1 (ppm)

Fig. S9 'H NMR spectrum of CB

= €6°} |

¢6's |

20z |

= 00 [

0.0

1.0

2.0

3.0

5.0

7.0 6.0

8.0

9.0

4F.

11



9aTrL—

6.°2¢
6812
qn.muw
2562
oroc 4
96'LE

seer—

mm.wh
mw.hhw.
8¥'LL

g
8¢'scl
1§°SCL
65921
Le'621
Sv'621
v8'6Cl

[4AVAY

80

L W

20

65

f1 (ppm)
Fig. S10 3C NMR spectrum of Compound 1.

120 95

145

Lyl —

z9'z72
282z
9£'62
6¥'6¢C
mc.onm
66°L¢

L9°EY —

86'9. \

£e'LE
8¥'LL

ceesLL
vILLL
20'1Z1 /
08921
cn.mka
9v'9z1 -t
617121
85821 /|
¥8'6Z1
0081 —

20

40

80 éﬂ
f1 (ppm)
Fig. S11 3C NMR spectrum of Compound 2.

105

130

w,

e]

12



18'cl
ve'vl
05°LL
[%: 44
88'77
66'9¢
ve'le
6¥'8¢
S€'6¢
8¥'6¢c
S1°0¢€
GL0¢
96°0¢
96°LE

wm.oh
mm.hhw
8¥'LL

40 20

80 6l0
f1 (ppm)
Fig. S12 3C NMR spectrum of Compound 3.

105

130

W

|«

mm.mh
mw.hhw.
8¥'LL

el
vo'gLlL
0s'vel
vs'scl
61921
¥8'9Z1
vz =

9,621
cN.on_‘M
09°LEL
€6'9€1
wm.hm_.

I AATEN
15€5L

leesl—

50 40 30 20

OHC™™s

90 80 70 60

f1 (ppm)
Fig. S13 13C NMR spectrum of Compound 4.

10

110

130

150

170

90

13



Sl
(11 4 %
18'¢¢
LE°LE
12°6T
[4 414
67°6Z
62°0¢
65°0¢
G8°LE
96°1€
[LATAS
e9'er—

68'69

mm.ﬁw
obretf
SSFLL
18vLL
19°8LL
L6°7T)
99°5Z1
15°92)
09°22}
18°62)
zZe'ogk
£2TEIE
LESEV—
szeL’

19°€51n
10°6G)
8651
ol

Le'sLy
65°GL)

Zvesl—
AN

05661~
00102+
98502

110

140

170

200

20

40

60

80

f1 (ppm)

Fig. S14 13C NMR spectrum of DCB-4F.

62'vlL—
[A: K44
FARA
16'82
LE'6C
05°6¢
86°LE

vs'evr—

ww.wh
mw.hhw
8Ll

0Z¢CLL—

88611
vzl
89°1LCL
F...NN_..\.

SSLYL—

30

60

75
f1 (ppm)

115 90

140

Fig. S15 3C NMR spectrum of Compound 5.

14



621,
basd
ww.ww%
62762
mm.mwk
89°0¢
¥6°0€ 7
g._‘&
§0'2¢

9l'ey —

86'9.
nw.th
8¥'LL

16°501 —

I
PreLL
£L0ZL -
S.NN%
89vC 1L

09°¢el —
(AN ARN

SSPPL -
8¢'S¥L

75
f1 (ppm)

130

30

60

920

110

150

Fig. S16 3C NMR spectrum of Compound 6.

m.ﬁ
wh.NN”’.
1882
02'62
9o'le
cl'le

9lL'ey—

mm.mh
nN.t.W
8v'LL

€5°901—

1611 -
PLIzLY
mn_nﬁw
05921

oz'1eL s
ProsL -
LS by b~

SISl
ccrsl

08’18l —

©
o I
HG
T ©
(R,
= ()
I
[--]
o-=2
T
g ¢
o %
)

| H_l_____.__l__l_._._

50 40 30 20

90 80 70 60

f1 (ppm)
Fig. S17 3C NMR spectrum of Compound 7.

150 130

170

190

10

110

15



Intens. [au]

3000

2000

1000

~ Srwe coamfur~n okt o
s S~ o qm_qr-_ﬂt-’gh:cg SHREERETHS
= sued Nooddacdrtonlawssain
o~ rrrr rrrrfrrrhecllEeee e e
| SR ERSGAS R 4 B aa

o

(== =] =l el el B == "y =
o 00 o MO~ O~ NM

200 190 180 170 160 150 140 130 120 110 100
fl (ppm)

80 70 60 S0 40 30 20 10

Fig. S18 3C NMR spectrum of CB-4F (from Bruker AVANCE NEO 700 MHz).

1191.4192

Intens. [a.u]

8000

4000

2000

=
1000

.1050 1100 150 1200 1250 1300 1350 1400 miz 950

1091.3888

1100 1150 1200 1250

1050

1000

Fig. S19 The MALDI-TOF MS plots of DCB-4F and CB-4F.

miz

16



4. TGA analysis

——CB-4F
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Fig. S20 TGA measurements of (a) DCB-4F and (b) CB-4F with a ramping rate of 20
°C/min.

5. Calculation of CB-4F
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Fig. S21 Molecular conformations and frontier orbitals of CB-4F calculated by DFT.

6. OSCs chacterization
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Fig. S22 J-V curves of the PM6:DCB-4F based devices with different D/A ratios.

Table S2. Optimization process of the PM6:DCB-4F as-cast devices.

Voc Jsc FF ¢ PCE «
PM6:DCB-4F
V) (mA cm?) (%) (%)

08 1.01 15.71 54.76 8.69
o (1.010.01) (15.16+0.52) (54.1240.61) (8.510.14)
. 1.00 16.42 58.23 9.56
' (1.00+£0.01) (15.96+0.43) (57.65+0.57) (9.46+0.08)
12 1.00 15.47 49.35 7.63
o (1.00+£0.01) (14.97+0.48) (48.87+0.46) (7.5120.11)

a Statistical results are obtained from over 12 devices and listed in parentheses.

Table S3. The optimized photovoltaic parameters of PM6:DCB-4F (1:1) devices with
different additives

N FF (%) PCE (%)*
Additive Voc (V) 4 Jsc (mA cm'z) “a
1.00 16.42 58.23 9.56
none
(1.00+0.01) (15.96+0.43) (57.65+0.57) (9.4620.08)
1.00 17.28 62.52 10.80
0.5% DIO

(1.00+0.01) (16.69+0.56) (61.89+0.60) (10.52£0.24)
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1.0% DIO

0.5% CN

0.96
(0.95+0.01)
1.00
(1.01£0.01)

10.80
(10.31£0.47)
15.21
(14.86+0.34)

60.19
(59.7240.43)
62.46
(61.8840.55)

6.24
(6.07+0.15)
9.50
(9.39+0.09)

@ The average values were obtained from over 12 devices.

Table S4. The photovoltaic parameters of 0.5 vol% DIO processed PM6:DCB-4F (1:1)
devices at different thermal annealing temperature (TAT) for 10 min

FF (%) PCE (%)
TAT (C) Voc (V)* Jsc (mA em?)“
1.00 17.28 62.52 10.80
none (1.00£0.01) (16.69:0.56) (61.89:£0.60) (10.52:0.24)
0 0.95 16.42 70.35 10.97
(0.96:0.01) (16.0120.39) (69.90+0.42) (10.8120.14)
100 0.94 16.66 70.79 11.08
(0.950.01) (16.0920.43) (70.0720.68) (10.8320.19)
120 0.94 15.47 70.54 10.26
(0.93+0.01) (14.97:0.43) (69.9320.57) (10.0620.18)

=z

Current Density (mA cm2)

@ The average values were obtained from over 12 devices.

(b)
[y |
PM6:DCB-4F=1:1 11 e, PM6:DCB-4F=1:1 /
(]
—a—none < —a&—none f
—e—0.5% vol DIO £ —a—80°C [ ¢
—a—1.0% vol DIO = -51 —o—100 °C f’i
—v—0.5% vol CN =y —v—120°C
(7]
" " o =104
[]
o
© 154
- . 4
:
=
o 20t
00 02 04 06 08 1.0 00 02 04 08 1.0
Voltage (V) Voltage (V)

Fig. S23 J-V curves of PM6:DCB-4F (1:1) devices (a) with different additive and (b)
at different thermal annealing temperature with 0.5 vol% DIO as processing additive.

Table S5. Device photovoltaic parameters of PM6:DCB-4F:PC7BM as-cast OSCs

Voc ® Jsc @

(mA cm?)

J cacl b
(mA cm?)

FF @
(%)

PCE “

PM6:DCB-4F:PC;,BM
(%)
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10 1.00 16.42 1575 58.23 9.56
o (1.01£0.01)  (15.96+0.43) ' (57.65£0.57)  (9.46+0.08)
1.00 16.79 66.53 11.17
1:1:0.1 16.09
(1.00£0.01)  (16.19+0.58) (65.83£0.64)  (11.06+0.06)
0.99 16.51 63.91 10.45
1:1:0.2 15.83
(1.00£0.01)  (16.020.39) (63.27+0.61)  (10.27+0.15)

“Statistical results obtained from over 12 devices and listed in parentheses. ’Calculated
J, values integrated from external quantum efficiency (EQE) spectra.

7. SCLC mobility, Voc vs. light intensity and contact angle measurement

(a) (b)
i e I
754 . ectron - only
Hole - only —=—PM6:CB-4F
. —m— PM6:CB-4F —~ | ~e—Pme:DCB4F
~_ 601 —e—PM6:DCB-4F %_ 601 —a—PM6:DCB-4F:PC71BM
E —A— PM6: DCB-4F:PC71BM £
o 7}
w45 0
S S |
< < 40
E 30 E
w0 2 L
> "] > M
0 T T T T T T T 0 T T T T T
25 30 35 40 45 50 55 6.0 6.5 25 3.0 3.5 4.0 4.5 5.0
Vapp (V) Vapp (V)

5.5

Fig. S24 J°3-V characteristics were acquired from (a) hole-only and (b) electron-only devices based
on PM6:CB-4F, PM6:DCB-4F and PM6:DCB-4F:PC;BM.
Table S6. Electron and hole mobilities of the optimized PM6:DCB-4F and PM6:CB-

4F as-cast devices.

Blend Film p, (cm? Vs g, (em? Vs 1,
PM6:DCB-4F (1:1) 3.75%10 1.33x10 2.82
PM6:CB-4F (1:1) 1.64x10 0.32x10"* 4.56
PM6:DCB-4F:PCBM (1:1:0.1) 3.91x10" 2.56x10" 1.53
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Fig. S25 Light intensity dependence of Voc of the optimized PM6:DCB-4F and
PM6:CB-4F based devices.

Table S7. Surface tension and interaction parameters of PM6 and acceptors.

. eWater eGL Y .
Pure Film Blend Film X
(deg) (deg) (mN m)
PM6 98.0 93.1 20.21 -—- -—-
DCB-4F 78.9 64.9 35.07 PM6:DCB-4F 2.0347
CB-4F 59.9 22.8 61.13 PM6:CB-4F 11.0424
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