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Fig. S1 a) Absorption spectra of PTB7-Th:EP-PDI, PTB7-Th:C6-PDI2 and PTB7-Th:BG-
PDI2 blend films without (w/0) and with (w/) DIO. b) Absorptance (1-T) spectra of PTB7-
Th:EP-PDI, PTB7-Th:C6-PDI2 and PTB7-Th:BG-PDI2 blend films with (w/) DIO.
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Fig. S2 PL quenching spectra of the PTB7-Th:EP-PDI, PTB7-Th:C6-PDI2 and PTB7-Th:BG
-PDI2 blend films with and without DIO w.r.t. pristine film (a-c) EP-PDI, C6-PDI2 and BG-P
DI2, and (d-f) PTB7-Th, respectively, where all the films were excited at (a-c) 535 nm and (d

-f) 631nm wavelength.

Table S2 Photovoltaic performances of solar cells based on PTB7-Th:EP-PDI, PTB7-Th:C6-
PDI2 and PTB7-Th:BG-PDI2 photoactive layers, with different concentration of DIO additive
content (simulated solar illumination conditions AM 1.5G illumination, 100 mW cm™?). The P

Wavelength (nm)

Wavelength (nm)

CE_, values correspond to averaged PCE as obtained from six devices.

2

System Ve (V) Jo.(mAcm") FF (%) PCEaV_(max) (%)
PTB7-Th:EP-PDI 0.82+0.01 6.68 +0.08 447+£1.12 2.54 (2.62)
PTB7-Th:EP-PDI + 0.5% DIO" 0.81+0.01 8.04+0.18 55.5+1.08 3.54 (3.65)
PTB7-Th:C6-PDI2 0.78 £0.01 11.17+0.12 50.1+0.63 4.56 (4.78)
PTB7-Th:C6-PDI2 + 1.0% DIO" 0.76 = 0.005 12.47+0.16 55.8+0.79 5.25 (5.36)
PTB7-Th:BG-PDI2 0.90+0.01 7.84+£0.07 40.7 £1.01 2.82 (3.04)
PTB7-Th:BG-PDI2 + 2% DIO 0.89 +0.07 8.27+0.15 46.3 £0.98 3.29 (3.42)
PTB7-Th:BG-PDI2 + 3% DIO 0.88 +£0.06 8.46 +0.09 47.8+1.01 3.46 (3.62)
PTB7-Th:BG-PDI2 + 4% DIO 0.88 +0.01 8.63+0.18 48.6+1.13 3.84 (4.12)
PTB7-Th:BG-PDI2 + 5% DIO 0.88 +0.009 8.52+0.11 45.5+0.86 3.41 (3.56)

*Optimum concentration of DIO was used from reported optimized recipes; ref-1', ref-2? and ref-3°.
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Fig. S3 Light intensity (I) dependent short-circuit current density (Jsc) of devices illuminated
with simulated solar light (AM 1.5G). Scattered symbols represent experimental data points
for devices of PTB7-Th:EP-PDI (squares), PTB7-Th:C6-PDI2 (circles), PTB7-Th:BG-PDI2
(triangles), while the dashed lines demonstrate fits on the data based on the functional Jg,
1. For each system, the value of a as obtained from the fit is reported in the legend.
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Fig. S4 Dark current density versus voltage (J— V) characteristics of (a-c) electron-only devices
and (d-f) hole-only devices. The dotted lines are fits based on a modified Mott-Gurney equation
that considered the Poole—Frenkel effect. 4

Table S2. Electron and hole mobility (u. and wun) extracted from the fitted dark J-V
characteristics dsiplayed in Figure S3.

System

He(em? Vg

un(em? Vs

PTB7-Th:EP-PDI

PTB7-Th:EP-PDI2 w/ DIO

PTB7-Th:C6-PDI2

PTB7-Th:C6-PDI2 w/ DIO

PTB7-Th:BG-PDI2

PTB7-Th:BG-PDI2 w/ DIO

1.83 x 10 £7.32 x 107

3.67 x 108 +1.74 x 107

2.19 x 10%+1.41 x 10°®

7.05 x 10%+3.61 x 10°¢

439 x 106+ 1.57 x 10°¢

9.57 x 10 +3.08 x 10°¢

3.06 x 106+9.89x 107

2.54x10°£2.91 x 10°°

478 x 10°+1.54 x 10

6.85x10° £2.86 x 10°®

3.66 x 10°+5.53 x 10°®

4.15x10° +£3.51 x 107




C6-PDI2 BG-PDI2

EP-PDI

1.04 10 10 10 1.0 1.0
© 0.8 08 > © 08 08 > © 0.8 0.8
o = o = (%)
= (%] = (%] =
< c < c I}
2 0.6 06 X 2 o6 06 8 2 o6 0.6
2 £ 3 £ 3
Q . o | o
<C 0.4 04 O < 04 04 O < 04 0.4
E E E E E
O 0.2+ 02 O O 02 02 © O 02 0.2
2 z z z =z
0.0+ +0.0 0.0 0.0 0.0 0.0
350 460 4%0 560 5%0 660 6%0 7[’)0 750 350 Al’)O A%D 560 5%0 Sl')D 6%0 7(']0 7%0 8(!)0 850 350 4[’)0 4%0 560 5%0 660 6%0 7(30 7%0 Bl’]O B%D 900
Wavelength / nm Wavelength / nm Wavelength / nm
12 T T T T T T T 12 12 T T T T T T T T T 12 12 T T T T T T T T T T 12
1.0 1.0 1.0 F1.0 1.0
8 z 8 z 8
& 0.8 08 ‘% c 08 L08 ‘¢ & o. 0.8
I = < c <
Qo Q o Q Q
5] IS S IS S
a 0.64 06 .= @ 0.6 06 .= o 0.6
Qo - Qo - o
< o < o <
: 044 04 : 0.4 Lo4 . 0. 0.4
E E E E E
o o o ] [=}
Z o024 02 Z Z 02 Loz Z Zo. 0.2
0. T T o - T T T 0.0 0.1 T T T T " T T T T 0.0 0.0 L L L L L L L L 0.0
350 400 450 500 550 600 650 700 750 350 400 450 500 550 600 650 700 750 800 850 350 400 450 500 550 600 650 700 750 800 850 900
Wavelength / nm Wavelength / nm Wavelength / nm
T T T T T T T 12 T T T T T T T T T 12 12 T T T T T T T T T T 12
1.04 1.0
10 10 1.0 1.0
[} g (o] [}
(%) 08 08 ‘? (%) 'é‘ %)
c 7} c 08 08 ‘¢ & 08 0.8
I} c I c
_8 0.64 0.6 Q _E 2 'E
3 £ g os 06 £ g os 06
< & < z %
0.4 0.4
: : : 04 04 - 04 0.4
IS € IS E E
£ £ £ E £
[=} o [=} ] [=}
Z 029 02 Z Z o2 02 Z Z 02 0.2
0.0+ Se—eet 00 0.0 +———————————— T ————————+00 0.0 +————————————————————————+0.
350 400 450 500 550 600 650 700 750 350 400 450 500 550 600 650 700 750 800 850 350 400 450 500 550 600 650 700 750 800 850 900
Wavelength / nm Wavelength / nm Wavelength / nm

Fig. S5 Comparison of the normalized UV-Vis (blue lines) and PL (red lines) spectra of the
three PDI derivatives when measured as dilute solutions in toluene (TOL), chloroform (CLF)
and chlorobenzene (CLB), and as thin films developed from toluene solutions (black lines).
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Fig. S6 SEM image of the PTB7-Th neat film.
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Fig. S7 2D GIWAXS images of the EP-PDI, C6-PDI2, BG-PDI2 and PTB7-Th pristine films.
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Table S3. GIWAXS results for the in-plane scan of the pristine (EP-PDI, C6-PDI2, BG-PDI2
and PTB7-Th) and blend films (PTB7-Th:EP-PDI, PTB7-Th:C6-PDI and PTB7-Th:BG-PDI2

w/ DI10).
in-plane in-plane
p][:ls:]ze q (A'l) d (A) F\(/l\gl-:;\/l Igr?gter:e(r;ﬁ) ?ille r:g q (A'l) d (A) F\(/;h')M coherence length (nm)
0.37 |17.10| 0.03 |[18.20+0.40 0.27 |23.15 0.08 7.25+0.10
0.40 |15.75| 2.88 | 0.20+0.10 0.36 [17.40| 0.08 6.80 + 0.20
0.61 {10.25| 0.05 |[12.10+0.20 0.60 [10.40[ 0.09 6.30 + 0.20
075 |840| 003 |16.20+2.65| oo | 0.61 |10.25| 0.03 18.40 + 0.25
S0 [ 085 [750] 003 [1680+4.70 Thiep- | 083 [760] 010 5.55 + 0.40
1.02 [6.15| 0.08 |7.15+0.25 1.03 |6.10| 0.08 7.25+0.15
122 |515| 006 [10.30+0.85 1.22 |5.15| 0.06 9.95 + 0.45
171 |3.70| 013 | 450+0.30 169 [3.70| 0.13 4.25+0.25
1.82 |3.45| 008 |7.25+0.85 144 |4.40| 012 4.60 +1.20
0.35 |17.80] 0.13 | 4.50 £0.05 0.28 |22.20| 0.06 9.10 +0.10
136 |470| 034 | 1.70+0.20 0.32 |19.40| 0.14 4.00 +0.02
ce- | 158 [4.00| 030 |[1.90+035]| PTB7- | 084 |750| 0.17 3.30+0.15
PDI2 T;]b(fg | 131 |480] 024 2.35+0.35
1.44 |435| 0.15 3.75+1.15
1.60 [3.95| 0.23 2.50 + 0.30
0.30 [21.15] 0.13 | 4.45+0.02 0.27 |23.10| 0.06 8.70 + 0.05
0.60 [10.50] 0.13 | 4.40+0.15 0.32 |19.85 0.12 4.60 +0.02
BG- | 1.27 |495| 053 | 110+0.15| PTB7- | 063 [9.90| 0.10 5.95 + 0.30
PDI2Z | 159 |395| 041 | 1.40+0.15 TQ;JE:? 0.84 [7.45| 0.10 5.40 + 0.35
1.38 |455| 0.42 1.35+0.05
1.66 [3.80| 0.21 2.70+0.15
0.28 [22.75| 0.10 | 5.90+0.05
pTR7-| 0.85 |7.40| 0.13 | 4.30+0.45
TH | 121 [520| 030 | 1.85+1.70
141 |445| 048 | 1.20+0.60
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Table S4. GIWAXS results for the out-of-plane scan of the pristine (EP-PDI, C6-PDI2, BG-P
DI2 and PTB7-Th) and blend films (PTB7-Th:EP-PDI, PTB7-Th:C6-PDI, PTB7-Th:BG-PDI
2 w/ DIO).

out-of-plane out-of-plane
Pl (A [d (A) Fgg;\ﬂ |gﬁgfr:e(ﬁ) l13-i||e r:g q(AH[dA) F\(//\Qj)M Igr?gfr:e(rrﬁ)
0.35 [17.95| 0.03 |[17.25+0.30 0.30 (21.00| 0.03 17.45 +2.00
0.38 |16.70| 0.01 |38.45+1.70 0.37 |17.20| 0.04 13.00 +0.10
040 [15.90] 0.03 |[18.35+2.05 0.64 [9.85| 0.05 10.40 £ 1.15
064 [9.80| 006 [10.15+0.65 0.77 |8.15| 0.05 11.80 +3.60
0.66 |9.60| 002 |33.45+1.00 0.87 [7.25| 0.05 11.30 £1.10
Ep. | 067 |9.35| 001 |39.80+1.25 %T_E;—_ 1.07 [5.90| 0.07 8.50 +0.10
PDI' | 077 |8.20| 0.06 | 925+06 | pp; | 1.25 |5.00| 0.09 6.55+0.15
0.86 |7.30| 007 | 845+0.45 147 |425| 017 3.25+0.25
1.06 |590| 007 |845+0.15 1.69 |3.70| 0.26 2.20 £ 0.35
1.26 |550| 0.08 | 7.10+0.05 1.87 |3.40| 0.15 3.80£1.10
1.69 |3.70| 010 | 5.90+0.30
1.84 |3.40| 019 | 3.00+0.20
0.30 [20.95| 0.08 | 7.30+0.20 0.29 (21.85| 0.04 15.65 + 0.90
c6- | 146 |430| 052 | 1.10+0.01 ;T_'(B:é-_ 092 |6.85| 0.32 1.80+0.20
PDI2 pDI2 | 1.47 |4.30| 0.52 1.10 + 0.20
1.66 |3.80| 0.41 1.35+0.30
0.30 [20.90| 0.09 | 6.60=0.30 0.30 (21.20| 0.06 9.00 =+ 0.40
BG- | 154 |410| 062 | 0.90+0.01 TPJSZB-_ 0.65 |9.70| 0.14 3.90 +0.50
PDI2 pDI2 | 1.24 |5.05| 0.44 1.30 +0.04
1.63 |3.85| 0.40 1.40 +0.02
pTR7-| 048 [13.05| 0.09 | 6.35+0.30
Th | 160 [3.95| 039 | 1.45+0.01
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Fig. S8 Overview of the mobility dependence on temperature, both for electrons and holes, for
all three device systems studied. The dependence is illustrated as dependence on i) T, ii) T,
when the GDM model is used, and iii) T"' when the Arrhenius model is used. a) — c) hole
mobilities (open symbols), and d) — f) electron mobilities (filled symbols) of PTB7-Th:EP-PDI
(black squares), PTB7-Th:C6-PDI2 (red circles) and PTB7-Th:BG-PDI2 (blue triangles). The
point arrows in b) and e) indicate the turnover temperature T4 =240 K, where a transition from

dispersive to non-dispersive transport takes place. The GDM formalism was applied for
temperatures higher than Ta.
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