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Theoretical calculations
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Figure S1. Chemical structures of PTB7-Th (a) and DACH-PPDIs (b). Optimized geometries of
DACH-PPDI by DFT at the ®B97XD/6-31G(d) level (¢, d) and APFD/6-31G(d) level (e, f).!

Optical, electrochemical and thermal Properties of DACH-PPDIs
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Figure S2. a) UV-Vis absorption spectra of 2 and 3 in chloroform solution (10> M). Normalized
UV-Vis absorption spectra of b) 2a in solution, 2a and PTB7-Th in film on quartz substrate,
PTB7-Th:2a blend film. c¢) 2b in solution, 2b and PTB7-Th in film on quartz substrate, PTB7-
Th:2b blend film. d) 2¢ in solution, 2¢ and PTB7-Th in film on quartz substrate, PTB7-Th:2¢
blend film. e) 3a in solution, 3a and PTB7-Th in film on quartz substrate, PTB7-Th:3a blend film.
f) 3b in solution, 3b and PTB7-Th in film on quartz substrate, PTB7-Th:3b blend film. g) 3¢ in
solution, 3¢ and PTB7-Th in film on quartz substrate, PTB7-Th:3¢ blend film.
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Figure S3. CVs of DACH-PPDIs in solution (a) and film (b). CVs were calibrated by the Fc/Fc*

as the redox couple and oxidation were from the reference compound ferrocene.

{a) (b)

H* Al

PTB?-

e PTB7-Th:DACH-PPDIs

Energy level (eV)

ITO

Figure S4 a) Energy levels of ITO, ZnO, DACH-PPDIs, PTB7-Th, MoO;, and Al. b) The device
architecture of non-fullerene OSCs.
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Figure S5. TGAs of DACH-PPDIs under nitrogen flow.
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Figure S6. CD spectra of DACH-PPDIs in chloroform solution (107> M)

Photovoltaic performances

P
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Figure S7. Tapping mode AFM height images (top) and phase images (bottom) of the active
layers based on PTB7-Th:DACH-PPDIs, all images are 3 pm X 3 um
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Figure S8. J-V curves of non-fullerene OSCs based on PTB7-Th with 2 and 3 by different ratio
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Figure S9. J-V curves of non-fullerene OSCs based on PTB7-Th with 2¢ and 3a-3c, respectively.
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Figure 10. Measured space-charge-limited J—V characteristics of PTB7-Th:DACH-PPDIs blend
films under dark conditions for electron-only devices and hole-only devices
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Table S1. Photophysical, electrochemical and thermal properties of DACH-PPDIs

Al £ Amaxlm E, Eonset™ Eiumo Efone Teq

[nm] @ [Mem~] 2 [nm] ® [eV]© [v1 [eV]® [eVl"  [c]e
2a 526 132703 494 2.28 -0.92 -3.88 -6.16 397
2b 526 137768 496 2.28 -0.92 -3.88 -6.16 398
2c 526 140160 494 2.28 -0.92 -3.88 -6.16 392
3a 526 135399 494 2.27 -0.92 -3.88 -6.15 401
3b 526 138677 494 2.27 -0.92 -3.88 -6.15 403
3c 526 128232 492 2.27 -0.92 -3.88 -6.15 401

@ Measured in dilute CHCIl; solution (1.0 x 105 M). » Measured in spin-coating film from CHCI; solution. ¢
Calculated by the onset of absorption in CHCl; solution according to E, (eV) = (1240//gnser). ¢ In CH,Cl, solution
vs. Fc/Fe*. ¢ LUMO (eV) estimated by the onset of the reduction peaks and calculated according to Eyymo = -(4.8
+ Eonset™®) V. / HOMO (eV) calculated according to Eyomo = (ELumo - Eg) V. ¢ Decomposition temperature

determined by TGA corresponding to 5% weight loss at 10 °C/min under nitrogen flow.

Table S2. The performances of PTB7-Th:2¢ blend based devices (1:2, w/w) under different

annealing temperature

Annealing

D/A Voc JIsc FF PCE
. temperature P 0 /e
ratio c) (V) (mAcm") (%) (%)
1:2 -- 0.79 £ 0.007 7.19+0.19 51.80 £ 1.67 2.95 + 0.05 (3.00)
1:2 70 0.80 + 0.006 10.63 £ 0.39 51.40 £ 1.56 4.34 £ 0.20 (4.68)
1:2 90 0.77 £0.014 9.81£0.46 4515+ 0.94 3.40 £ 0.10 (3.48)

2 Tested under the illumination of AM 1.5 G 100 mW/cm?. The values in parentheses refer to the max PCEs obtained from over

five devices.

Table S3. The detailed photovoltaic values of the non-fullerene devices with an inverted structure
based on PTB7-Th:DACH-PPDIs 2 and 3 by different ratios (w/w), under the annealing

temperature of 70 °C

D/A D/A VOC Jsc FF PCE
ratio (\) (mA cm?) (%) (%)2
0.76 £
1:1 9.73%+0.24 41.12 £ 1.47 3.05+0.11 (3.25)
0.017
0.78 £
PTB7-Th/2a 1:1.5 0.014 9.63 + 0.36 49.48 + 1.65 3.70 £ 0.10 (3.81)
0.77 £
1:2 0.006 10.52 £ 0.37 50.40 £ 1.63 4.09 +0.15 (4.36)
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0.77 £

1:2.5 8.54 £ 0.43 44.28 +1.42 2.92 £0.11 (3.05)
0.007
D/A Voc I FF PCE
D/A
ratio (V) (mA cm?) (%) (%)
0.78 +
1:1 9.54 + 0.34 49.20 *2.00 3.66 +0.14 (3.91)
0.008
0.78 +
1:1.5 0.012 9.64 + 0.49 50.20 £1.25 3.79 £ 0.19 (4.01)
PTB7-Th/2b
0.79 %
1:2 10.47 £ 0.34 51.47 £ 0.56 4.25+0.11 (4.42)
0.003
0.79 %
1:2.5 8.30 ¥ 0.19 45.85 * 1.26 3.00 £ 0.13 (3.24)
0.008
D/A V. J, FF PCE
DIA oc sC
ratio V) (mA cm?) (%) (%)
0.77
1:1 10.92 £ 0.43 42.20 +1.30 3.54 £ 0.21 (3.81)
0.012
0.79
1:1.5 9.60 * 0.51 52.00 £1.07 3.95+0.19 (4.29)
0.005
PTB7-Th/2c
0.80
1:2 10.63 £ 0.39 51.40 £ 1.56 4.34 + 0.20 (4.68)
0.006
0.77
1:2.5 7.74 £0.30 35.26 + 1.56 2.10 £ 0.16 (2.38)
0.009
o D/A Voc Jhs FF PCE
ratio (V) (mA cm?) (%) (%)
1:1 0.67 £ 0.052 3.18 £ 0.38 41.60 * 0.92 0.89 + 0.17 (1.09)
1:1.5 0.79 £ 0.002 7.27 £ 0.61 47.48 £ 1.92 2.73 £0.20 (2.95)
PTB7-Th/3a
1:2 0.79 £ 0.010 9.56 + 0.33 50.03 £ 1.12 3.78 £ 0.05 (3.87)
1:2.5 0.79 £ 0.004 7.82+0.25 45.04 £1.49 2.79 £ 0.05 (2.84)
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DIA D/A Voc Jsc FF PCE
ratio V) (mA cm?) (%) (%)
1:1 0.79 + 0.005 5.04 £ 0.48 45.06 + 1.59 1.79 £ 0.12 (1.92)
1:1.5 0.80 + 0.008 6.53 + 0.68 46.20 +1.70 2.40 £ 0.23 (2.69)
PTB7-Th/3b
1:2 0.80 + 0.006 9.51£0.15 49.78 £1.15 3.80 + 0.06 (3.85)
1:2.5 0.80 + 0.007 7.37+0.45 51.44 £ 1.62 3.03+£0.09 (3.17)
D/A D/A VOC Jsc FF PCE
ratio (V) (mA cm?) (%) (%)
1:1 0.78 + 0.009 5.35+0.22 43.48 +1.78 1.81 £0.16 (1.97)
1:1.5 0.79 + 0.008 7.46 £ 0.31 44.06 + 1.31 2.59 + 0.06 (2.66)
PTB7-Th/3c
1:2 0.81 +0.007 9.55+0.23 50.55 + 1.47 3.90 + 0.06 (3.97)
1:2.5 0.79 + 0.006 6.91 £ 0.55 34.55 +0.97 1.87 £ 0.16 (2.07)

2 Tested under the illumination of AM 1.5 G 100 mW/cm?. The values in parentheses refer to the max PCEs obtained from over

five devices.
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'H NMR spectrum of 2a in CDCl; (400 MHz, 25 °C).
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13C NMR spectrum of 2a in CDCl; (100 MHz, 25 °C).
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MALDI(N),6fr,20141121

Analysis Info Acquisition Date  11/21/2014 6:38:02 PM
Analysis Name  D:\Data\MALDI\2014\1121\6fr_0_L9_000001.d

Method MALDI_P_100-3000 Operator

Sample Name Instrument solariX

Comment

Acquisition Parameter

Acquisition Mode Single MS Acquired Scans 6 Calibration Date Fri Nov 21 06:21:04 2014
Polarity Negative No. of Cell Fills 1 Data Acquisition Size 1048576
Broadband Low Mass 404.2 m/z No. of Laser Shots 10 Data Processing Size 2097152
Broadband High Mass  2000.0 m/z Laser Power 18.0Ip Apodization Sine-Bell Multiplication
Source Accumulation 0.001 sec Laser Shot Frequency 0.020 sec
lon Accumulation Time  0.300 sec
Intens. | -MS]
x108
~
1 @
| a
n
i 3
2.0 : fe)
] N
| ="
1.5 o
] o
1 [}
W, ©
1.01 N
° @
i °
N
0.57 0 \%
o‘c I:. L T bl || Troe :.l " lll r A ¢ -
600 800 1000 1201 1400 1600 1800 miz
Intens. | -Mg
x108] g
@
8
201 = 3
B
@D
@
1.5 =
1.0 ]
' 2 o
s 8 3
0.5 E & =3
T T T - T T } T ‘r T T T T
1162 1164 1166 1168 1170 1172 174 1176 1178 m/z
|[— 6fr_0_L9_000001.d: -MS
Meas.m/z # lonFormula Score miz err[ppm] Mean err [ppm] mSigma rdb e Conf N-Rule
1168.535875 1 C76H72N408 100.00 1168.535564 -0.3 -0.4 1676 430 odd ok

HRMS spectrum of 2b.
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Analysis Info
Analysis Name
Method

Sample Name
Comment

D:\Data\MALDIN2014\1 121\6fs_0_L11_000003.d
MALDI_P_100-3000

MALDI(N),6fs,20141121

Acquisition Date

Operator
Instrument

11/21/2014 6:42:06 PM

solariX

Acquisition Parameter

Aoqui.silion Mode Single MS Acquired Scans 6 Calibration Date Fri Nov 21 06:21:04 2014
Polarity Negative No. of Cell Fills 1 Data Acquisition Size 1048576
Broadband Low Mass 404.2 m/z No. of Laser Shots 10 Data Processing Size 2097152
Broadband High N!355 2000.0 m/z Laser Power 18.01p Apodization Sine-Bell Multiplication
Source Accumulation 0.001 sec Laser Shot Frequency 0.020 sec
lon Accumulation Time  0.300 sec
Intens., -MS|
x1084
3- ?’; ‘\%\ 0
8 N
g o Q
I §
N
2 [e]
o
i N
0L ’
0.
11 N @
o
0 —t T T Al T T l.' A — L T r v -
600 800 1000 1200 1400 1600 1800 miz
Intens. ] -Ms|
x10°9] é
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1 o
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] o 8
1 D
m
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©
29 =
1 = 2 8
| [ ] g
4 - b o
4 hus ~
] | § =
0 T T T — T T T r
1164 1168 1170 172 1174 1176 1178 mlz
[— 6fs_0_L11_000003.d: -MS |
Meas.miz # lonFormula Score m/z err[ppm] Meanerr[ppm] mSigma rdb e Conf N-Rule
1168.535841 1 C76H72N408 100.00 1168.535564 -0.2 -06 1147 43.0 odd ok
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HRMS spectrum of 2c.

Analysis Info
Analysis Name

MALDI(N),6f, 20141121

D:AData\MALDIN2014\1121\6f_0_L7_000002.d

Acquisition Date  11/21/2014 6:35:48 PM

Method MALDI_P_100-3000 Operator
Sample Name Instrument solariX
Comment
Acquisition Parameter
Acqu[sition Mode Single_ MS Acquired Scans 6 Calibration Date Fri Nov 21 06:21:04 2014
Polarity Negative No. of Cell Fills 1 Data Acquisition Size 1048576
Broadband Low Mass 404.2 m/z No. of Laser Shots 10 Data Processing Size 2097152
Broadband High M_ass 2000.0 m/z Laser Power 18.0Ip Apodization Sine-Bell Multiplication
Source Accumulation 0.001 sec Laser Shot Frequency  0.020 sec
lon Accumulation Time  0.300 sec
Intens, M3
x108
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o 0
0.5
0.0 T - T hplal r T L‘ hidestir rd v t Y
600 800 1000 1200 1400 1600 1800 miz
Intens. ] Mg
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2 o
2.5 8 &
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=]
2,09 &
1.51
B
g =
1.01
o B IS
E 8 3
0.57 T F o
- =
00 . , . ; . l LT . , .
1162 1164 1166 1168 1170 1172 1174 1176 m/z
[— &f_0_L7_000002.d: -MS ]
Meas. m/z # lonFormula Score m/z err[ppm] Meanerr[ppm] mSigma rdb e Conf N-Rule
1168.535758 1 C76H72N408 100.00 1168.535564 02 -0.5 80.8 43.0 odd ok
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HRMS spectrum of 3a.

Analysis Info
Analysis Name
Method
Sample Name
Comment

MALDI(N),6-C7R,20150819

Acquisition Date 8/19/2015 3:52:45 PM

D:\Data\MALDN2015\0819\6-C7R_0_G6_000001.d
MALDI_N_100-900

Operator
Instrument

solariX

Acquisition Parameter

Acquisition Mode Single MS Acquired Scans 5 Calibration Date Wed Aug 19 03:46:07
Polarity Negative No. of Cell Fills 1 Data Acquisition Size 2048576
Broadband Low Mass ~ 202.1 m/z No. of Laser Shots 10 Data Processing Size 2097152
Broadband High Mass  2500.0 m/z Laser Power 2461p Apodization Sine-Bell Multiplication
Source Accumulation 0.001 sec Laser Shot Frequency  0.020 sec
lon Accumulation Time  0.300 sec
Intens. “MS|
x1
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= o
0.8 § N
i G ol
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o
0.4 o l
LT
N
0.24 o
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"~ 250 500 750 1000 1250 1500 1750 2000 2250 miz
Intenss. 0 -MS
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0.6 8
o
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0.4 = 3
> (=]
g 3
O ~
0.2 15 ©
l P
(]
0.0 - R o oAby — v y
1276 1278 1280 1282 1284 1286 1288 miz
[ 6-C7R_0_G6_000001.d: -MS |
Meas. m/z # lonFormula Score miz err[ppm] Meanerr[ppm] mSigma rdb e Conf N-Rule
1280.660514 1 CB84H88N408 100.00 1280.660764 -0.2 -0.2 416 43.0 odd ok
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HRMS spectrum of 3b.

Analysis Info
Analysis Name

MALDI(N),6-C7S,20150819

Acquisition Date 8/19/2015 3:55:29 PM

D:\Data\MALDI\2015\0819\6-C7S_0_G7_000002.d

Method MALDI_N_100-900 Operator
Sample Name Instrument solariX
Comment

Acquisition Parameter

Acquisition Mode
Polarity

Broadband Low Mass
Broadband High Mass
Source Accumulation
lon Accumulation Time

Single MS
Negative
202.1 miz
2500.0 miz
0.001 sec

Acquired Scans
No. of Cell Fills
No. of Laser Shots
Laser Power

Laser Shot Frequency

10
24.01p
0.020 sec

Calibration Date
Data Acquisition Size
Data Processing Size
Apodization

Wed Aug 19 03:46:07
2048576
2097152
Sine-Bell Multiplication

0.300 sec

Intens 4
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~ 1284.67491
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1290miz

[—e-C7S_0_G7_000002.d: -MS

Meas. m/iz #
1280660290 1

Score
100.00

lon Formula
C84H88N408

Mean err [ppm] mSigma

miz  err [ppm]
.4 -0.1 35.1

1280.660764 0

HRMS spectrum of 3c.
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rdb e Conf N-Rule
43.0 odd
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MALDI(N),6-C7,20150819

Analysis Info
Analysis Name
Method
Sample Name
Comment

D:\Data\MALDIN\2015\0819\6-C7_0_G5_000003.d
MALDI_N_100-900

Acquisition Date 8/19/2015 3:50:00 PM

Operator

Instrument solariX

Acquisition Parameter

Acquisition Mode Single MS Acquired Scans 5 Calibration Date Wed Aug 19 03:46:07
Polarity Negative No. of Cell Fills 1 Data Acquisition Size 2048576
Broadband Low Mass ~ 202.1 m/z No. of Laser Shots 10 Data Processing Size 2097152
Broadband High Mass  2500.0 m/z Laser Power 2541p Apodization Sine-Bell Multiplication
Source Accumulation  0.001 sec Laser Shot Frequency  0.020 sec
lon Accumulation Time  0.300 sec
Intens. { MS|
x108
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o 0
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N Q Q N‘m
1 o 0
14
[ s — T L it A tapy b T r y
250 500 750 1000 1250 1500 1750 2000 2250 m/z
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x108 e g "5
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3 = 8
Y ©
2
o
©
24 8
N
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4 o«
1 g 5
i o
l &
ok : SRS L S : ,
1274 1276 1278 1280 1282 1284 1286 1288 1290 miz
[—8-c7_0_G5_000003.d: -MS |
Meas.m/z # lonFormula Score m/z err[ppm] Meanerr [ppm] mSigma rdb e Conf N-Rule
1280.661022 1 C84H8BN40O8 100.00 1280.660764 0.2 -0. 55.8 43.0 odd ok
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