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1. Synthesis

All starting materials, reagents and the donor polymer PTB7-Th were purchased from
commercial sources and used without further purification. The synthesis of the donor polymer
PBDTTS-FTAZ was described in our previous work.! Monomer 3,6-bis(5-bromopyridin-2-yl)-
2,5-bis(2-hexyldecyl)-2,5-dihydropyrrolo[3,4-c]pyrrole-1,4-dione (M1) and monomer 2,5-
bis(2-hexyldecyl)-3,6-bis(5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)thiophen-2-yl)-2,5-
dihydropyrrolo[3,4-c]pyrrole-1,4-dione (M2) were prepared according to literature procedures
and were recrystallized twice to high purity.? 3 The synthesis of the monomer (E)-1,1'-bis(2-
hexyldecyl)-6,6'-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-[3,3'-biindolinylidene]-2,2'-
dione (M3) was described in our previous work.*

Synthesis of PTDPP-PyDPP: Monomer M1 (134.5 mg, 0.15 mmol), M2 (150.2 mg, 0.15
mmol), tri(dibenzylideneacetone)dipalladium(0) (Pd,(dba)s;) (3 mg) and tri(o-tolyl)phosphine
(P(o-tol)3) (5 mg) were dissolved in toluene (12 mL) under nitrogen atmosphere. Then 2M
K,COj3 aqueous solution (2 mL) and Aliquat 336 (2 drops) were added to the mixture. The
reaction mixture was heated at 80 °C with vigorous stirring for 12 h. After cooling to room
temperature, chloroform (100 mL) was added to the reaction mixture and then the polymer
was precipitated by pouring the diluted reaction mixture into acetone (250 mL) and was
collected by filtration through a 0.45 um Teflon filter. Then the polymer was subjected to
Soxhlet extraction with acetone, diethyl ether and chloroform. The chloroform fraction was
purified by passing through a short silica gel column and then precipitated from acetone.
Finally, the polymer was obtained by filtrating through 0.45 um Teflon filter and dried in the
vacuum oven at 40 “C overnight. Yield: 140 mg (90%).

Synthesis of PIID-PyDPP: The polymer was prepared starting from M1 (134.5 mg, 0.15
mmol) and M3 (144.5 mg, 0.15 mmol) following a procedure similar to the one described

above. Yield: 177 mg (80%).
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Scheme S2 Synthetic routes of the acceptor polymers.
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2. Optical and electrochemical properties
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Fig. S1 (a) Normalized UV-Vis-NIR absorption spectra of the polymers in solution. (b)

Absorption coefficients of the polymers in chlorobenzene solution and (c) thin films. (d)

Normalized UV-Vis-NIR absorption spectra of the polymer:polymer blends (2.5:1, w:w).
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Fig. S2 SWV measurements of the polymers and PC;;BM.

S4



3. All-PSCs Optimization

Table S1 (a) Photovoltaic parameters of the PIID-PyDPP:PC;;BM, PTDPP-PyDPP:PC;;BM
and PTB7-Th: PTDPP-PyDPP solar cells

donor:acceptor DSA Ve Jse ) FF PEE Thickness
(W:w) V) (mA/cm?) (%) (nm)
PIID-PyDPP:PC7 BM 1:2 0.35 0.26 023  0.02 102
PTDPP-PyDPP:PC;BM 1:2 0.68 0.95 0.47 0.3 105
PTB7-Th:PTDPP-PyDPP 2.5:1 0.91 0.05 032 0.02 85

(b) Photovoltaic parameters of the PTDPP-PyDPP:PC;,BM solar cells with different D:A
ratio

donor:acceptor DEA Ve Jse , FF PEE Thickness
(W:w) (V) (mA/cm?) (%) (nm)
1:1.5 0.66 0.96 0.45 0.28 98
PTDPP-PyDPP:PC;,BM 1:2 0.68 0.95 0.47 0.3 105
1:2.5 0.66 0.83 0.45 0.24 100

(c) Photovoltaic parameters of the PTB7-Th:PIID-PyDPP solar cells with different D:A ratios

Jdonor-accentor D:A Ve Jse FF PCE Thickness
-aceep w:w) (V)  (mAlem?) (%) (nm)
3:1 1.02 5.5 0.34 1.9 96
2.5:1 1.02 59 0.39 2.3 85
PTB7-Th:PIID-PyDPP
2:1 1.02 4.0 0.34 1.4 84
1.5:1 1.01 3.1 0.31 1.0 80

(d) Photovoltaic parameters of the PBDTTS-FTAZ:PIID-PyDPP solar cells with different
D:A ratios

donor:acceptor D:A Voo Jic FF  PCE  Thickness
aceep (W:w) V) (mA/cm?) (%) (nm)
3:1 1.07 8.3 039 3.5 84
PBDTTS-FTAZ: '
PIID-PyDPP 251 1.07 9.1 043 42 85
2:1 1.07 7.8 041 3.4 78
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4. Energy loss (E\) characteristics

Table S2 PCE, V., EQEna, £, and Ejo for various all-PSCs

PCE

VOC

Active layer (%) V) EQE ax (e\g/) (eV) Reference
J51:N2200 8.27 0.83 0.75 1.48 0.65 5
PTB7-Th:PNDIS-HD 7.73  0.81 0.85 1.59 0.78 6
PTB7-Th:P(NDI2DT-FT2) 6.71 0.81 0.66 1.59 0.78 7
PBDTTPD:PNDIT-HD 6.64 1.06 0.70 1.85 0.79 8
PBDT-TS1:PPDIODT 6.58 0.76 0.75 1.55 0.79 9
PBDTTT-C-T:30PDI 6.29 0.79 0.91 1.55 0.76 10
PTB7-Th:P-BNBP-fBT 6.26 1.07 0.60 1.58 0.51 11
PTB7-Th:PNDIT-HD 596 0.79 0.70 1.59 0.80 12
PBDTBDD-T:N2200 5.8 0.87 0.55 1.48 0.60 13
PTB7-Th:N2200 5.73 0.79 0.60 1.48 0.69 14
J51:P(IDT-NDI) 5.33 0.93 0.55 1.51 0.58 15
l;ﬁzczl};og II\EST' 527 079 061 152 073 16
PPDT2FBT:N2200 5.1 0.85 0.59 1.48 0.63 17
Ptb7-Th:P-BN-1ID 4.95 0.92 0.53 1.59 0.67 18
PSEHTT:PNDIS-HD 4.81 0.76 0.61 1.65 0.89 19
TQ1:N2200 4.4 0.82 0.54 1.48 0.66 20
PTP8:N2200 435 0098 0.46 1.48 0.50 21
Pil-2T-PS5:P(TP) 4.21 1.04 0.46 ~1.65 0.61 22
TTV7:PC-NDI 3.68 0.88 0.40 ~1.72  0.84 23
PTB7-Th:PDICS-EB 358 0.70 0.49 1.59 0.89 24
PBDTTT-C-T:P(PDI-DTT) 345 0.75 0.43 1.46 0.71 25
PSEHTT:PNDIS-HD 326 0.76 0.47 1.65 0.89 26
PBDTTT-C-T:PNDIBTOVS 3.14 090 0.33 1.46 0.56 27
PTB7-Th:PQP 3.08 0.70 0.40 1.59 0.89 28
PDPP5T:PDPP2TzZT 2.9 0.81 0.29 1.44 0.63 29
PTB7:N2200 2.66 0.80 0.27 1.44 0.64 30
PTB7:PCPDT-PDI 2.13 0.7 0.34 1.46 0.76 31
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PTB7-Th: PIID-PyDPP 2.3 1.02 0.27 1.59 0.57 This work
PBDTTS-FTAZ: PIID-PyDPP 4.2 1.07 0.58 1.69 0.62 This work
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Fig. S3 (a) Plots of V. against £, and (b) EQE . against Ej, in various all-PSCs. The red

line corresponds to Ejss= 0.6 €V.

5. Space charge limited current (SCLC) mobilities
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6. EQE characteristics under bias light
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7. Time resolved photoluminescence (TRPL) parameters

Table S3 Amplitude (A) and lifetime (7) of the neat polymer and blend films.

Polymer Ay 71 (ps) A 7, (ps)
PTB7-Th 1 138.7

PBDTTS-FTAZ 1 310

PIID-PyDPP 1 102
PTB7-Th:PIID-PyDPP ¢ 0.92 3.6 0.52 69.5
PBDTTS-FTAZ:PIID-PyDPP ¢ 0.40 8.7 0.75 70.0

@ Bi-exponential fit: I(f)=A4,exp(—t/t;)+A, exp(-t/t,).

8. Absolute fluorescence quenching yield measurements

Table S4 Summary of absolute fluorescence quantum yield and quenching efficiency

fluorescence quantum yield exciton quenching efficiency

Polymer (@) (n)
PTB7-Th 1.53%

PBDTTS-FTAZ 4.74%

PIID-PyDPP 0.39%

PTB7-Th:PIID-PyDPP 0.34%

E}I?IIDDI;I"I;FS—F TAZ:PIID- 0.38%

n (PTB7-Th)« >70%
n (PBDTTS-FTAZ)¢ >91%

77 1s the exciton quenching efficiency of the donor polymer in the blend films.

Absolute fluorescence quantum yield (®) is calculated by using the Equation (1),

@ZEC_EII
La_Lc

(1)

Where E,, is the integrated luminescence from the blank sample, E. is the integrated luminescence
from the samples with direct excitation, L, is the integrated excitation profile from the blank sample,

L. is the integrated excitation profile when the sample is directly excited by the incident beam.
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PL quenching efficiency (7) is calculated by using the Equation (2),

(¥

1— blend

@, xR ®

ndonor >

donor donor

Where @y, 1s the absolute fluorescence quantum yield of the blend film. @, is the absolute

fluorescence quantum yield of the neat donor film. R, is the absorption contribution of the donor to

the blend film at the excitation wavelength.

9. Internal quantum efficiency (IQE) parameters
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Fig. S6 The optical parameters k and n curves of the PBDTTS-FTAZ:PIID-PyDPP blend.

Using the transfer matrix formalism (TMF), the fraction of absorbed photons in the active
layer was calculated based on a device configuration of glass/Si0,(20 nm)/ITO(170
nm)/Zn0O(40 nm)/active layer (85 nm)/MoO;(10 nm)/Ag(100 nm). The » and k values of the
glass substrate, ITO, charge transporting layers and electrodes were included as input to

simulate the absorption distribution in the all-PSC.
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