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General Methods:

UV-visible spectra were acquired on a Shimadzu UV-2600 spectrophotometer. The thin films for

UV-visible measurement were coated from o-dichlorobenzene (ODCB) solution on pre-cleaned
glass slides.

Cyclic voltammetry measurements were carried out using a Bioanalytical Systems (BAS)

Epsilon potentiostat equipped with a standard three-electrode configuration. Typically, a three-
electrode cell equipped with a glassy carbon working electrode, a Ag/AgNO3 (0.01 M in
anhydrous acetonitrile) reference electrode, and a Pt wire counter electrode were employed. The
measurements were done in anhydrous acetonitrile with tetrabutylammonium
hexafluorophosphate (0.1 M) as the supporting electrolyte under an argon atmosphere at a scan
rate of 100 mV/s. Polymer films were drop cast onto the glassy carbon working electrode from a
2.5 mg/mL chloroform solution and dried under house nitrogen stream prior to measurements.
The potential of Ag/AgNOs reference electrode was internally calibrated by using the
ferrocene/ferrocenium redox couple (Fc/Fc"). The electrochemical onsets were determined at the
position where the current starts to differ from the baseline. The HOMO in electron volts was
calculated from the onset of the oxidation potential (Eox) according to the following equation:
HOMO = —[4.8eV + e(Eyy — Ee/pet)]

Gel permeation chromatography (GPC) measurements were performed on a Polymer

Laboratories PL-GPC 220 instrument, using 1,2,4-trichlorobenzene as the eluent (stabilized with
125 ppm BHT) at135 °C. The obtained molecular weight is relative to polystyrene standards.

'H nuclear magnetic resonance (NMR) spectra were obtained at 400 or 300 MHz as solutions in

CDClIs. Chemical shifts are reported in parts per million (ppm, 8) and referenced from

tetramethylsilane.
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SCLC hole mobility was acquired through the hole-only devices with a configuration of

ITO/PEDOT:PSS/polymer:PCBM/Mo00O3/Ag whereas the SCLC electron mobility was measured

in the electron only devices with a configuration of ITO/PEIE/polymer:PCBM/Ca/Al.
Polyethylenimine ethoxylated (PEIE) was used to prepare low work function electrode. [Zhou,
Y., Fuentes-Hernandez, C., Shim, J., Meyer, J., Giordano, A. J., Li, H., Kippelen, B. Science,
2012, 336(6079), 327-332. doi:10.1126/science.1218829] For the hole-only devices, the dark
current densities J of polymer-PCBM blends were measured by applying a voltage between 0
and 10 V. These data were analyzed according to the Mott-Gurneys law using a Poole-Frenkel-

type field-dependence of mobility:

9 V2
J= gé‘ré‘o ;l’loexp(g\/ V/d),

where ¢ is the permittivity of free space, ¢ is the dielectric constant of the polymer which is
assumed to be around 3 for the conjugated polymers, wo is the zero field mobility, V' is the
voltage drop across the device, and d is the film thickness of active layer. A weak Poole-Frenkel
factor of g =1:10* (cm/V)!""? was used without correcting the applied voltage for the built-in field
or series resistance. For electron only devices, the applied voltage V was corrected from the
built-in voltage Vi and contact resistance Vr, which was found to be around 35 Q from a
reference device without the polymer layer. For electron only devices, dark current densities of
polymer-PCBM blends were measured by applying a voltage from 0 to 6 V. The electron
mobility was then calculated from the SCLC regime by fitting the J %> vs. V curve according to

Mott-Gurneys law:

9 V2
] = &réott
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The synthesis of polymers started with the synthesis and purification of monomers (dibromo

FTAZ , dibromo HTAZ and bistrimethyltin BnDT) and the purification of catalyst Pd2(dba)s
were as described in the previous publications. [Li, W.; Yang, L.Q.; Tumbleston, J. R.; Yan, L.;
Ade, H.; You, W. Adv. Mater., 2014 doi: 10.1002/adma.201305251] Polymerizations were
conducted in a microwave reaction tube equipped with a stir bar, where the dibromo FTAZ and
dibromo HTAZ with corresponding ratio, calculated amount of bistrimethyltin BnDT, P(o-tol)3

and Pdx(dba); * CHCIs were added. After three vacuum-argon refilling cycles, anhydrous o-

xylene was added via syringe. The tube was then planted in a CEM Discover microwave reactor
to allow the polymerization for 10 minutes (300 W, 200 °C, 100 psi, 10 minutes of heating time).
The resulted gel was then dissolved in hot chlorobenzene and precipitated in methanol. The
collected precipitation was extracted in a Soxhlet extractor by ethyl acetate, hexane, THF and
chloroform subsequently. The chloroform portion was concentrated and precipitated in methanol
again to yield a metallic-looking golden solid. The polymer yield: FOO (PBnDT-HTAZ): 84%,

F25: 82%, F50: 81%, F75: 73%, and F100 (PBnDT-FTAZ): 83%.
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Figure S1. UV-Vis Absorption (Thin Film)
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Figure S2. Cyclic Voltammograms

Table S1. Estimated HOMO Energy Levels

Polymer

P3HT F00 F25 F50

F75

F100

HOMO (eV)

-5.20 —5.38 -5.45 -5.39

-5.39

-5.45
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Table S2. Detailed Device Data

PBNnDT-FTAZ- Polymer Processing Thickness Voc Jsc FF (%)
FXX : PCBM Solvent (nm) V) (mA/cm?) (%) TV
0.731 11.27 46.6 3.84
% .
Foo 12 TCB 347 £0.004 +0.48 £0.9 +0.16
) 0.742 12.27 543 494
F25 12 TCB 354 £0.001 +0.25 107 +0.16
. 0.764 12.44 62.3 592
F30 12 TCB 340 £0.002 +037 £1.0  +0.22
. 0.780 12.21 64.9 6.18
F75 12 TCB 356 £0.004 +0.36 £13 £0.25
0.797  12.75 70.6  7.17
% .

F100 12 TCB 340 £0.004 +0.44 £13 £0.32
The thickness of the active layer is the average value from 3 measurements, with a typical error
of £10 nm.

Table S3. Estimated electron mobility via SCLC
Polymer F00 F25 F50 F75 F100
e (1028 cm?/V:s) 54422 3.2+1.5 6.742.9 3.4+0.9 2.9+0.8
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Figure S4. Field dependent EQE. EQE for different applied voltages ranging from +0.5V to -
3V as indicated in the left plot.
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Figure S5. BMR coefficient. Time delay dependent charges extracted from TDCF measured at
0.7 V pre-bias for each blend with BMR fits as indicated by the dashed lines. Qpre is the charge

that can be extracted at the low internal field of the pre-bias. Qcon is the charge that can be
collected after the delay time and Qwt is the sum of both.

S10



. 1 —
0.0 ]
-0.5- ) Q
g -1.0 ' 7 F100: 1§
= 1 0 / — V= 0V o
E -15_ “‘\.\\ ///'CI T 7VcoII: 15V | ] 8,
§ -2.01 t /,'//-/ V= -3:0V | E‘ e FE00 \,,,!,,\7’%
g 251 7/ s 1 3 . .
T 1 / Hast =5t 1 =1 F75
307 / e ] o F100
-3.51 = — T T T T T T T T T T T I
00 01 02 03 04 05 0 50 100 150 200 250 300 350
Time [us] EY [(V/em)*?]

Figure S6. Mobility extracted from TDCF transients. Left: TDCF transients for different
collection voltages. The Mobility of the faster type of carrier is determined from the
extrapolation of the initial decay of the photocurrent to zero as exemplary shown for F100
blends. Right: The field-dependent mobilities for all five blends with extrapolation to zero field
as shown in the left figure.
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Figure S7. Hole mobility derived from the hole only devices. Left: Space charge limited
currents of hole only devices with the fits according to Mott-Gurneys law using a Poole-Frenkel-
type field-dependence of mobility (equation indicated) with a weak Poole-Frenkel factor to be
g=1-10"* (cm/V)'"2. Right: Zero field hole mobilities xo deduced from the data in the left figure.
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Figure S8. Carrier density and effective extraction mobility measured with BACE. Left:
Carrier density measured with BACE with the intensity adjusted to give Jsc=14 mA/cm? for each
blend (full circles) and the charge density at the respective open circuit voltage for each intensity
(open circles) with linear fits for each blend. Right: effective extraction mobility as function of
bias determined from the data in the left plot as described in the main text of the paper.
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Figure S9. Molecular Miscibility. Scanning transmission X-ray microscopy scans of PCBM-
depleted matrix after prolonged solvent anneal toward equilibrium. This annealing procedure
results in large PCBM crystals formed by the PCBM (in the blends) that is in excess of the
thermodynamic limit. Measurements in between these crystals thus reveal that only a residual of
~4% PCBM remains miscible in FOO (left) and F100 (right) polymers after solvent anneal in
TCB. This indicates very low intrinsic miscibility between TAZ and PCBM with any level of
fluorination. The low miscibility for F100 is in agreement with previous measurements: Adv.
Funct. Mater. 23, 3463-3470 (2013).
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Figure S10. Scattering Anisotropy. Polarized soft X-ray scattering of FOO (left) and F100
(middle) blends as a function of incident photon energy from 270-290 eV (bottom to top). The
2D scattering data is reduced to circular, perpendicular (with respect to incident X-ray
polarization), and parallel integrations. The upturn in scattering at high q is due to X-ray
fluorescence and occurs for energies above the absorption energies of polymer and PCBM. The
perpendicular and parallel integrations are further reduced to an anisotropy ratio (right) as
described previously and is characteristic of these types of blends (Nat. Photon. 8, 385-391
(2014)). Both blends show face-on molecular orientation with respect to donor/acceptor
interfaces with the F100 blend showing a slightly higher degree of preferential orientation
compared to the FOO blend.
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Figure S12. Thermal Anneal Sequence of F100 blend. P-SoXS data at 284.1 eV for F100
blend films thermal annealed at 150 C for different times. The relative purity determined from
the TSI increases ~10% after 5 min of annealing indicating that the domains for the unannealed
films in devices are not far from the equilibrium miscibility value (Figure S9). The visible light
microscope image on the right shows micro-scale phase separation that begins between 20 and
40 min of annealing (as indicated from P-SoXS data).
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