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Materials

All materials were purchased from Aldrich Chemicals and used as received. Polymer PTB7-Th
was purchased from One-Material and used as received. The energy levels of PTB7-Th were

estimated in house, in an identical fashion to tPDI-Hex, using solution cyclic voltammetry.

Equipment

UV-vis absorption measurements were carried out on an Agilent Technologies Cary 60 UV-vis
spectrometer at room temperature. The photoluminescence spectra measurements were
recorded using an Agilent Technologies Cary Eclipse fluorescence spectrophotometer at room
temperature. Atomic force microscopy (AFM) images were obtained using a TT2-AFM (AFM

workshop) in the tapping mode and a WSxM software.

Experimental Section

Solar Cells Fabrication and Testing: Solar cells were fabricated on ITO-coated glass substrates,
which were first cleaned by sequentially ultra-sonicating detergent and de-ionized water,
acetone, and then isopropanol before use. ITO substrates were first pretreated UV-ozone for 30
minutes, then, ZnO precursor solution was spin-cast onto the ITO substrate at a speed of 4000
rom and then annealed at 200 °C in air for 1 hour. Active layer solutions (PTB7-Th:tPDI-Hex
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weight ratios 2:3 or 3:7) were prepared in chloroform (CF), 2-methyl tetrahydrofuran (2Me-THF),
o-Xylene, or 1,2,4-trimethylbenzene (TMB) without any additives. The total concentration of
mixed PTB7-Th:tPDI-Hex is 10 mg ml* was for CF, 2Me-THF, and o-Xylene solvents and 15 mg 10
mg ml* for TMB. For CF, 2Me-THF, and TMB solvents, the films giving best device PCE were spin-
coated at room temperature at 1500 rpm in air. Active layers from o-Xylene with best device PCE
were spin-coated at 600 rpm. The substrates were then kept in an N2 atmosphere glovebox
overnight before evaporating MoOx and Ag. The evaporation of 10 nm of MoOx followed by
100 nm of Ag were thermally deposited under vacuum (4x10°® Torr). Current density-voltage (J-
V) characteristics were measured using a Keithley 2420 Source Measure Unit. Solar cell
performance used an Air Mass 1.5 Global (AM 1.5G) Solar Simulator (Newport, Model 92251A-
1000) with an irradiation intensity of 100 mW cm?, which was measured by a calibrated silicon
solar cell and a readout meter (Newport, Model 91150V). EQE spectra were measured by using
a QEX7 Solar Cell Spectral Response/QE/IPCE Measurement System (PV Measurement, Model
QEX7) with an optical lens to focus the light into an area about 0.04 cm?, smaller than the dot
cell. The silicon photodiode was used to calibration of the EQE measurement system in the

wavelength range from 300 to 1100 nm.
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Supporting Figures
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Figure 1Sl. a) Absorption spectra of PTB7-Th and tPDI-Hex films obtained from CF, b) 2Me-THF
and c) o-Xylene (the arrows indicate the length of the excitation waves 530 and 630 nm).
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Figure 2SI. a) The normalized photoluminescence spectra of tPDI-Hex, PTB7-Th and BHJ films
with 2:3 and 3:7 ratios obtained from CF, b) 2Me-THF and c) o-Xylene at excitation wavelength
630 nm. d) The normalized photoluminescence spectra of tPDI-Hex, PTB7-Th and BHJ films with
2:3 and 3:7 ratios obtained from CF, e) 2Me-THF and f) o-Xylene at excitation wavelength 530

nm.
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Table S1. Solvent Comparison Table.
. aBoiling bDipole aSpecific aVapor . . aToxicity aAt:lvantages aDisadvantages
Solvent Chemical . . List Price
Point Moment Gravity Pressure . (LD50,
Structure ° (Aldrich
°0) (Debye) | (Water= | (@20C, Cat. No. mg/kg,
1) kPa) $ CAD) rat)
Canonical use, Volatile,
Chloroform H 61 1.01 1.48 21.1 (C2432- 695 Dissolves many Halogenated
1L, 80 %) organic Solvent. Toxic,
cl cl .
cl compounds. Carcinogen,
Mutagen
©i High B.P, non- Flammable,
0O-Xylene 144 0.62 0.88 0.90 (294780 1364 halogenated, Carcinogen,
-2L, 199 Biodegradable Teratogen
$)
. Flammable
Derived from ’
2-Me-THF E}i 80 ¢1.38 0.86 207 | (414247 | 2000 Biomass Chronic Health
-1L, ) : effects.
211.5 %) Biodegradable
1,2,4- 169-171 High BP, non- Flammable,
Trimethyl d9.41 0.88 2.80 (T73601 3280 halogenated Toxic
Benzene 2L,
116.50
$)

@ Data used in table taken from Materials Safety Data Sheets (MSDS) provided by chemical
vendors. * = data @ 25C.
b Data taken from: CRC Handbook of Chemistry and Physics (85th Edition).

¢ Data taken from: Organic Process Research & Development 2007 11 (1), 156-159.
dData taken from: Phys. Chem., 1953, 57 (5), pp 538-540.

Note: Halogenated solvents have known impacts on the ozone layer and can be difficult to

dispose of, due to the formation of halo-acids upon burning. -3
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Start With 10 g

Figure 3SI: Synthetic route towards tPDI-Hex (compound 7). Yields are assumed from a previous
report for the purpose of performing a rough ‘cost analysis’ for the acceptor tPDI-Hex (7).*
Starting with 10 g of the commercially available anhydride (1) and assuming the reported yields,
6.67 g of (7) can be obtained. Full synthetic details can be found in a previous publication from
our group. 4
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Table S2: Cost analysis for the synthesis of 1 g of tPDI-Hex (compound 7). All prices are in
Canadian dollars and were taken from the list price on the Sigma-Aldrich.ca web site
(http://www.sigmaaldrich.com/canada-english.html). In all cases, the largest quantity available
was used to obtain a price. Estimated cost does not include labor.

P11255-100G
792527-1KG
190195-25G
322415-20L-P2

270997-18L-P1
309079-500ML.
676853-4X4L
795429-2.5KG
322415-20L-P2

93092-1KG
227056-18L
676853-4X4L
227064-18L-P1

791776-12KG
227056-18L

676853-4X4L
322415-20L-P2

676853-4X4L
207888-500G
322415-20L-P2
227064-18L-P1

227994-50G

20199-U
676853-4X4L

362808-4L.

199443-20KG
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Figure 4Sl: A) Optical absorption profiles of thin films of tPDI-Hex spin-cast from different
solvents. All films were cast from 10 mg/mL solutions at 1500 rpm. The low energy shoulder that
appears when cast from chloroform is highlighted using a red box. This feature is only visible in
films of tPDI-Hex cast from chloroform, leading to the assertion that a different film morphology
is attained when using this solvent. B) X-ray diffraction patterns of tPDI-Hex films. Films were
drop- cast onto clean glass slides from different solvents as 10 mg/ml solutions and dried in air.
The solvents used were: chloroform, o-Xylene, 2-Me-THF. All X-ray diffraction experiments were
performed on a PROTO AXRD Benchtop Powder Diffractometer using 8-20 scans and Cu K-a
radiation. Predicted powder pattern was generated from the previously reported crystal
structure of tPDI-Hex.* It has been previously reported in the literature that the light absorptive
properties of PDI molecules may become dramatically changed upon aggregation.>® Taken
together, the X-Ray data and UV-Visible absorption profiles of thin films provide qualitative
evidence of a difference in morphology for films of tPDI-Hex cast from chloroform.
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Figure 5SI: A) J-V characteristics of OSCs with an inverted structure based on PTB7-Th:tPDI-Hex
blend films obtained from 1,2,4-Trimethyl Benzene (TMB) at 3:7 donor/acceptor ratios. Active
layers were applied from the TMB at a total concentration of 10 and 15 mg/ml and at spin speeds
of 600 and 800 or 1000rpm, respectively. OSC parameters are shown in the Table S3. The PTB7-
Th:tPDI-Hex solar cell showed PCE of 4.6%, obtained at a concentration of 15 mg/ml, and 800
rpm. B) EQE spectrum of the best OSC with an inverted structure based on PTB7-Th:tPDI-Hex
blend films obtained from chloroform TMB at 3:7 donor/acceptor ratios.
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Table S3. Summary of device parameters of OSCs with an inverted structure based on PTB7

Th:tPDI Hex blend films obtained from TMB without additive or annealing at 3:7
donor/acceptor ratios under AM 1.5G illumination at 100 mW cm™.

Parameters Voc [V]  |[Jsc[MAecm™?] |FF[%] |PCE[%] |Rs[Qcm?] |Rsh[Q cm?]
10mg/ml, 600rpm [0.82 7.20 46.3 2.69 33.3 625.2
15mg/ml, 800rpm [0.95 10.78 44.6 4.58 16.6 392.9
15mg/ml, 1000rpm |[0.95 10.08 45.2 4.35 18.9 411.8
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Figure 6SI: Optical absorption spectra of the PTB7-Th donor, the tPDI-Hex acceptor and the PTB7-
Th:tPDI-Hex active layer obtained from TMB at 3:7 donor/acceptor ratios (15mg/ml, 800rpm,
device PCE = 4.6%)
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Figure 7SI: A) The photoluminescence spectra of tPDI-Hex, PTB7-Th and BHJ films with 3:7 ratios
(15mg/ml, 800rpm, device PCE = 4.6%) obtained from TMB at excitation wavelength 630 nm. B)
The photoluminescence spectra of tPDI-Hex, PTB7-Th and BHJ films with 3:7 ratios obtained from
TMB at excitation wavelength 530 nm.
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Figure 8Sl: The non-contact AFM surface scan (size: 10x10 um) of the PTB7-Th:tPDI-Hex film with
3:7 ratio obtained from the TMB (15mg/ml, 800rpm, device PCE = 4.6%) (RMS = 1.44 nm).
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Table S4. Summary of device parameters of OSCs with an inverted structure based on PTB7
Th:tPDI Hex blend films obtained from CF, 2Me-THF and o-Xylene without additive or annealing
at different donor/acceptor ratios under AM 1.5G illumination at 100 mW cm. This table is

different from Table 1 as it includes the calculated series and shunt resistance data.

Solvent PTB7-Th:tPDI-Hex | Voc[V] | J«c [MA cm™?] | FF [%] | PCE [%] | Rs [Q cm?] | Rs» [Q cm?]
[wt/wt]
CF 2:3 0.98 11.29 43.1 475 19.3 296.7
CF 3.7 0.97 10.83 42.2 4.44 19.9 286.0
2Me-THF 2:3 0.91 12.30 41.2 4.65 16.4 222.5
2Me-THF 3.7 0.94 11.63 43.7 4.78 15.3 313.8
o-Xylene 2:3 0.93 10.88 46.8 473 13.1 345.1
o-Xylene 3.7 0.95 10.61 50.0 4.81 12.4 391.9
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