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1.'H and 3C NMR spectra

4-Bromo-7-(3,5'-dihexyl-[2,2'-bithiophen]-5-yl)-5-fluorobenzo[c][1,2,5]thiadiazole (3) (in CDCls)
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CPDT(FBTTh2)2(in CDCly)
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DTP(FBTTh2)2(in CDCly)
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DTP(FBTThz)2-pure (in CSzCDCls 3:1)

P60
mm.o/

£6'0—

mo_ﬁmw
pO'T
S0'T k_\

—

vz |
T
oLt
26T —
T

S9'Z
hw.NW
B69'Z
08'e~
£8'C
BE'E:
OF'E

F'E
PPE
SP'E

89'9
699>
06'9

T6'9

Eraas
AN
Bb'L—

6LL—

99'8—

reeen
> s0€

—EBLP

AR

-ore

I ese
= ooor

I ozot

661
st

Eosst

oot

—oBeR'T

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
Chemical hift (ppm)

8.5

9.0

TT(FBTTh,)2 (in CSz:CDCls 3:1)
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2. MALDI-TOF mass spectra
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DTP(FBTThz)2-pure
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TT(FBTThz):
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3. Cyclic voltammograms
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Figure S1: Cyclic voltammograms of the three small molecules in film (CPDT(FBTThy),: Ex®™e =
0.47 V, Ered®™* = —1.56 V; DTP(FBTThy)2: Eox®* = 0.38 V, Ered®* = —1.54 V; TT(FBTThy)2: Eox®™*

= 0.67 V, Erec®™t = ~1.58 V).
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4. Solar cell optimization tables

Table S1: Optimization of the solar cell devices based on CPDT(FBTThy)..

Acceptor  Ratio Solvent? (m A];émz) (\@3 (';':) P(;gb

PC¢:BM 1:2 CF 4.79 0.81 30 1.17 (1.22)
PC¢:BM 1:2 CF 4.88 0.86 30 1.28 (1.33)°
PCe1BM 1:3 CF 5.12 0.79 32 1.29 (1.33)
PC¢:BM 1:3 CF 5.47 0.84 32 1.40 (1.46)°
PCinBM  1:2 CB 8.44 0.85 38 2.77 (3.00)
PC#1BM 1:3 CB 8.39 0.85 40 2.83 (3.10)
PC#1BM 1:2 oDCB 7.74 0.83 41 2.61 (2.74)
PC;BM 13 oDCB 7.63 0.82 39 2.46 (2.53)
PC#1BM 1:3 CB +0.1% DIO 8.02 0.83 36 2.38 (2.58)
PC#1BM 1:3 CB +0.3% DIO 7.90 0.83 37 2.42 (2.52)
PC:1BM 1:3 CB+0.1%CN 8.40 0.84 39 2.72 (2.93)
PC,BM  1:3  CB+0.3%CN 8.31 0.83 38 2.64 (2.70)

2 CF = chloroform, CB = chlorobenzene, oDCB = ortho-dichlorobenzene, DIO = 1,8-diiodooctane, CN = 1-
chloronaphthalene. ® Averaged over at least 3 devices. The best device performance is shown in parentheses. ©

Post-annealed at 100 °C.

Table S2: Optimization of the solar cell devices based on DTP(FBTThy)..

Acceptor  Ratio Solvent? (m A]/S(C:mz) (\G; (';';) P(SA)E)b

PCe1BM 1:2 CF 3.96 0.45 42 0.75 (0.80)
PCaBM  1:3 CF 2.72 0.43 45 0.52 (0.53)
PC#1BM 11 CB 5.52 0.59 33 1.08 (1.11)
PC#1BM 1:2 CB 6.75 0.50 40 1.34 (1.37)

3 CF = chloroform, CB = chlorobenzene. ® Averaged over at least 3 devices. The best device performance is shown

in parentheses.
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Table S3: Optimization of the solar cell devices based on TT(FBTThy)..

Acceptor  Ratio Solvent? (m A]/S(C:mz) X;; (';';) P(;gb

PCuBM 11 TCE® 4.36 0.80 36 1.26 (1.32)
PCuBM 12 TCE® 5.28 0.71 38 1.42 (1.74)
PCuBM 12 CB? 6.25 0.77 33 1.60 (1.68)
PCuBM 13 CB! 4.45 0.76 34 1.14 (1.37)
PCaBM 1.2 CB+0.1% CN 5.35 0.76 32 1.28 (1.60)
PCuBM 12 CB+0.3% CN 5.53 0.69 31 1.16 (1.56)
PC/BM  1:2 CB¢ 8.75 0.72 32 1.97 (2.19)
PC.BM 12 B 8;,2% 9.13 0.79 36 2,63 (2.96)
PCHBM 12 0DCB? 8.11 0.65 34 1.79 (2.22)

a TCE = 1,1,2,2-tetrachloroethane, CB = chlorobenzene, oDCB

ortho-dichlorobenzene, CN

= 1-

chloronaphthalene, DIO = 1,8-diiodooctane. ® Averaged over at least 3 devices. The best device performance is
shown in parentheses. ¢ Processed at 85 °C. ¢ Processed at 95 °C.

5. EQE spectra
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Figure S2: EQE spectra of the optimal devices prepared from the three small molecules.
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6. FET mobility measurements
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Figure S3: FET transfer characteristics for CPDT(FBTThy), (a), DTP(FBTTh,).-pure (b), and
TT(FBTThy)2 (c). The lines used to fit the mobilities in the saturation regime (Vps = —40 V) are shown
in red.
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7. Purification of DTP(FBTThz)2 via prep-SEC

‘\‘u

Collection 1

Figure S4: Prep-SEC trace for the purification of DTP(FBTThy),. DTP(FBTTh,).-homo can be
separated as the first collection.

8. UV-Vis absorption spectra for the impure and purified DTP(FBTThz)2 samples
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Figure S5: UV-Vis absorption spectra (normalized) for DTP(FBTThy),, DTP(FBTThy).-pure and
DTP(FBTTh,),-homo in CHCIs.
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9. FTPS fitting parameters

Table S4: Fitting parameters for the obtained FTPS signals according to equation 1.

Blend Ecr A f Voc Ect-qVoc
ev) (eVv) (eV?) V) (eV)
CPDT(FBTTh,).:PC7:BM 1.43 0.25 4.3E-1 0.85 0.58
TT(FBTThy)2:PC71.BM 1.33 0.24 1.6E-1 0.79 0.54
DTP(FBTTh,),:PC7:BM 1.20 0.30 1.5E-1 0.50 0.70
DTP(FBTThy)-pure:PC71.BM 1.22 0.25 2.1E-1 0.67 0.55
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