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Scheme S1 Synthetic routes of target molecule DPT



9.°0
8.0
080
080
280

807
8T'T
6T'T
12T
€z'T
2T
ST
ST
YA
8z'T
0gT
€T
/ST
1T
6LT
08T
Z8'T
€8T
8T
S8'T
98'T
T2
ozez
(XA
€z¢
szz
9z'z
8z'¢
ST'S]
IT'S
zes
ze's
ze's

ceL
mm.ﬁk
LE°L
VLT
9\.#\
8v'L
P8\
9187,
NN.m.\.
858
ow.ww

€9'8

——

Fogve]

J Fesvo
N ~ F 1vs
AN & Fors

-hmu—l 90|

\ ¥ 20T
N 00'9
h W 20’9

10°¢]
W 20|

~ Fseor

1.0

1.5

2.0

25

T
4.0

50 5 4.5

55

7.0

7.5

8.5

9.0

0.0

0.5

3.0

3.5

6.0

6.5

8.0

(ppm)

Figure S1 *H NMR spectrum of DPT with dichloromethane-d, as solvent
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Figure S2 *C NMR spectrum of DPT with dichloromethane-d- as solvent
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Fig S3 UPS spectrum of DPT film. HOMO energy level is calculated according to the following
equation: HOMO (vs. vacuum conditions) = - (Epnoton - Width of UPS spectra), where Epnoton denotes
the excitation energy of He I (21.22 eV)
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Fig. S4 a) The PCE distributions of perovskite solar cells with PCs1BM and DPT as ETMs. b-d) The
corresponding photovoltaic parameters statistic



Table S1. Photovoltaic parameters of inverted PSCs

Sample  Voc (V) Jsc (MA/cm?) FF (%) PCE (%)
1.10

DPT 22.33(22.09+0.21)  81.7(79.3+1.4)  20.07 (19.23+0.52)
(1.10£0.01)
1.09

PC¢1BM 21.45(21.25+0.19)  78.6 (76.9+1.1)  18.38 (17.71%0.36)
(1.08+0.01)

The data in parentheses are the average values based on 20 devices.

Table S2 Summary of photovoltaic parameters of PSCs based on DPT with different concentrations
and corresponding thickness

Sample Thickness (nm)  Voc (V) Jsc (MA/cm?) FF (%) PCE (%)
DPT (8 mg/mL) 28.7 1.03 20.75 72.0 15.38
DPT (10 mg/mL) 35.1 1.09 21.97 77.1 18.47
DPT (12 mg/mL) 44.6 1.10 22.33 81.7 20.07
DPT (15 mg/mL) 53.2 1.10 2221 80.0 19.54

Table S3 Photovoltaic parameters of PSCs based on PDI derivative as ETMs

ETL Electron mobility Fabrication  Voc Jsc FF PCE  Published Ref
(cm?V-1ts?) (V) (mA/cm?) (%) (%)  year

SFX-PDI4 1.80 x 104 Inverted 1.08 19.9 714 153 2017 [1]
hPDI2-Pyr- —— Inverted 0.93 21.17 79 149 2017 [2]
hPDI2

hPDI3-Pyr- —— Inverted 0.93 22.68 78 159 2017 [2]
hPDI3

TPE-PDI4 1x 103 Inverted 1.01 21.68 74 16.29 2018 [3]
PDI-Cgo 8.76 x 10* Inverted 1.06 221 79.2 186 2019 [4]
TCI-PDI 2.75x 10 Conventional 1.07 17.86 76.77 14.73 2019 [5]
Tr-PDI3 1.21x10° Inverted 1.03 21.47 79 17.45 2019 [6]
Tr-PDI3-C  1.00 x 107 1.05 20.92 77 16.9 2019 [6]
Bis-PDI-T- —— Inverted 0.96 20.84 7445 1496 2020 [7]
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Fig S5 Molecular structures of PDI derivatives as ETMs in PSCs
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Fig S6 Storage stability of devices under an atmosphere of nitrogen with DPT or PCe1BM as the

electron transporting material



Fig S7 Water contact angles of (a) perovskite film, (b) PCe1BM covered perovskite film, and (c) DPT

covered perovskite film, respectively

Fig S8 Photoluminescence of PMMA film doped with a) DPT or b) PDI with different mass fraction.
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