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1. (Macro-)molecular characterizations.

NMR analysis. 'H, 3C NMR and °F NMR spectra were recorded on a Bruker 400
UltrashieldTM 400 MHz NMR spectrometer, with an internal lock on the 2H-signal of the

solvent (CDCls).

IH NMR spectra of polymers have been recorded at 60°C in the deuterated 1,1,2,2-

tetrachloroethane.
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Figure S1. 'H NMR spectrum of PX, in C,D,Cl, recorded at 60°C
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Figure S2. 'H NMR spectrum of PF; in C,D,Cl, recorded at 60°C
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Figure S3. 'H NMR spectrum of PF, in C,D,Cl, recorded at 60°C
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Figure S4. IH NMR spectrum of PCl, in C,D,Cl, recorded at 60°C
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Figure S5. IH NMR spectrum of PCl, in C,D,Cl, recorded at 60°C



Size exclusion chromatography. Size Exclusion Chromatography (SEC) measurements were
performed with Viscotek system, from Malvern Instruments, that
incorporates a differential refractive index, a dual light-scattering detector
and a viscosimeter. 1,2,4-Trichlorobenzene was used as the mobile phase at a flow rate of 1
mL/min at 150°C. It was stabilized with 2,6-di(tert-butyl)-4-methylphenol (200 mg L7!).
The polymer was injected at a concentration of 1 mg/mL. The separation was carried out on
three Agilent columns (PLgel Olexis from Agilent Technologies,
300 mm x 7.5 mm, 13um) protected by a guard column (PL gel 5 pum). Columns and
detectors were maintained at 150°C. The OmniSEC software version 5.2 was used
for data acquisition and analysis. The molar mass distributions were calculated with a
calibration curve based on narrow polystyrene standards (Polymer Standard Service, Mainz),

using only the refractometer detector.

2. Thermal properties.

TGA measurements were performed with TA Instruments Q50 from instrument.
DSC measurements were performed with TA Instruments Q1000 instrument, operated at scan

rate of 5°C/min on heating and on cooling.
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Figure S6. TGA curves of the polymer series (conditions: 5°C/min, air). Weight loss from
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degradation becomes significant above ca. 230°C and reaches 5% at T5% = 324°C (PX,), 295°C

(PF,), 303°C (PF,), 292°C (PCl), 312°C (PCl,).
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Figure S7. TGA curves of the same polymers under nitrogen. Weight loss from degradation
starts slowly in the 210-260°C range, becomes rapid above ca. 350°C and reaches 5% at

following temperatures: T5% = 378°C (PX,), 390°C (PF,), 388°C (PF,), 396°C (PCl,), 400°C (PCl,).

3. Small- and Wide-Angle X-ray Scattering measurements.

The SWAXS patterns were obtained with a transmission Guinier-like geometry. A linear
focalized monochromatic Cu Kal beam (A = 1.5405 A) was obtained using a sealed-tube
generator (600 W) equipped with a bent quartz monochromator. In all cases, samples
consisted in 0.6 to 0.8 mm thick polymer pastilles. The diffraction patterns were recorded with
a curved Inel CPS120 gas-filled detector linked to a data acquisition computer (periodicities
up to 90 A) and on image plates scanned by Amersham Typhoon IP with 25 um resolution
(periodicities up to 120 A). The sample temperature was controlled within +0.01 °C, and

exposure times were varied from 2 to 6 h.
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Figure S8. SWAXS patterns of bulk polymers at 20°C and expansions of the mid- and wide-
angle ranges, displaying the reflections series (h00) of a lamellar periodicity, the broad
scattering signal from molten chains hg, the signal from n-stacking of backbones h, and, for

PF, and PF,, reflections (00/) from in-plane periodicity along backbones.

4. UV-visible measurements.

Both in-situ UV-vis temperature dependent experiments in solution and measurements of
polymers and blends in thin films were performed using an Agilent Cary Spectrophotometer.
For solutions, polymers were dissolved in 0-DCB solutions at relatively low concentrations
(0.01-0.015 mg/mL for both) to ensure transparency. Optical analyzes in thin films were
executed on as-deposited samples by spincoating of polymers and blends from o-DCB

solutions (6-8 mg/mL) at 600 rpm during 180 s under nitrogen ambient on ITO/PEIE pre-coated

class substrates.
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Figure S9. UV-Visible absorption spectra in 0-DCB solution at 95°C

5. Electrochemical measurements.

Oxidation and reduction potentials were determined by cyclic voltammetry with a

conventional 3-electrode system using a Biologic potentiostat equipped with a platinum

micro disk (2 mm?) working electrode and a platinum wire counter electrode. Potentials were

calibrated versus the saturated calomel electrode (SCE) at a conventional scan rate of 100

mV/s. Recrystallized tetrabutylammonium hexafluorophosphate (BusNPFg) was used as the

supporting electrolyte (0.1 M) in distilled and anhydrous acetonitrile. Acetonitrile was distilled

from CaH, under a nitrogen atmosphere. The ferrocene/ferricenium couple was used as an

internal reference.
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Figure S10. CV measurement of polymers. Scan speed: 150 mV/s, scan direction: from 0
V to reduction to oxidation.

6. DFT calculations.

Figure S11. Optimized DFT structures for (a) PX,, (b) PF4, (c) PF,, (d) PCl; and (e) PCl,.



6. Space-charge limited current (SCLC) devices elaboration.

For PX,, PCl; and PCl, polymers, the solution concentrations were fixed to 14 mg/mL in o-DCB

For PF, and PF, the concentrations were defined to 9 mg/ml in 0o-DCB. No additives were used

for polymer-only solutions. The active-layer thicknesses for different layers were ranged from

140 to 160 nm (measured by profilometry). All solutions were left for about 20-24h stirring on

a hotplate at 70°C in a nitrogen filled glove boxes.

ITO coated glass was utilized as a substrate. A thin poly(ethylenedioxythiophene):polystyrene

sulfonate (PEDOT:PSS) layer was spin-coated onto pre-cleaned ITO and used as a bottom

electrode. Polymer and polymer:PC;;PM layers were spin-coated from hot (=100°C) solutions

onto pre-heated (=100°C) substrates (to maintain identical conditions as for OPV elaboration).

Devices were left overnight under high vacuum (=5x10”7 mbar) and were completed by

thermally evaporated MoO; (7nm)/Ag (120 nm) layer. SCLC diode (surface area: 1 and 0.64

mm?Z). Current-voltage characteristics were measured using a Keithley 4200 semiconductor

characterization system.
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Figure S12. Thickness-scaled current-voltage characteristics of hole-only SCLC devices.

7. Organic field-effect transistor (OFET) devices.

Bottom contact bottom gate OFET structures were fabricated using commercially available
silicon substrates. Lithographically defined Au (30 nm)/ITO (10 nm) bilayers were used as
source and drain electrodes and 230 nm thick SiO; layer as a gate dielectric. Channel length
and width were L =20 um and W = 1 mm, respectively. Substrates were cleaned consecutively
in ultrasonic baths at 45°C for 15 min each step using soapsuds, acetone, and isopropanol and
followed by 15 min UV-ozone treatment. Then substrates were transferred into a nitrogen
filled glove box where hexamethyldisilazane (HMDS) was spin coated on top of the SiO,
followed by annealing at 135°C for 10 min. Finally, pre-heated (=100°C) 5 mg/mL solutions of

pure polymers were spin coated on hot (=100°C) substrates to complete the FET devices. Prior



to characterization, completed devices were dried under high vacuum (=10°-10® mbar).

Transistor output and transfer characteristics were measured using a Keithley 4200

semiconductor characterization system. Hole mobilities were extracted in saturation regime

using a standard device model.

Table S1. OFET hole mobility extracted in the saturation regime.

PXo
PF,
PF,
PCl,
PCl,

OFET hole mobility (cm?/Vs)

(1.5 + 0.4)x10*
(1.9 £ 0.5)x10°
(1.3 £0.2)x10?
(1.4 £ 0.3)x10°
(1.4 £0.2)x10%
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Figure S13. Output characteristics of an OFET including PXg as organic semiconducting layer.

The source-drain current (lgs) is measured as a function of the source-drain voltage (Vys) for

different gate voltages (V).
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Figure S14. Output characteristics of an OFET including PF; as organic semiconducting layer.

The source-drain current (lg) is measured as a function of the source-drain voltage (Vys) for

different gate voltages (V).

Ve, =010 -80V
(step -20 V)

w
o
I

0 20 40 60 80
'Vds (V)

Figure S15. Output characteristics of an OFET including PF, as organic semiconducting layer.

The source-drain current (lgs) is measured as a function of the source-drain voltage (Vys) for

different gate voltages (V).
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Figure S16. Output characteristics of an OFET including PCl; as organic semiconducting layer.
The source-drain current (lg) is measured as a function of the source-drain voltage (Vys) for

different gate voltages (V).
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Figure S17. Output characteristics of an OFET including PCl, as organic semiconducting layer.
The source-drain current (lgs) is measured as a function of the source-drain voltage (Vys) for

different gate voltages (V).



8. Fabrication and characterization of lab-scale solar cell devices

(PXo, PF; and PF,): PC;;BM mass ratio were optimized and kept constant at 1:1.5 with a total
concentration of 25, 20 and 15 mg/mL in 0-DCB, respectively. (PCl, and PCl,) : PC;:BM mass
ratio were optimized at 1/1.2 with a total concentration of 18 and 22 mg/ml in 0-DCB. All
solutions were left for about 20-24h stirring on a hotplate at 70°C in a nitrogen filled glove
boxes. Respective additives were added to the corresponding solutions (3% in volume) about
15-20 minutes prior deposition by spin-coating. To keep similar processing conditions all
active layers were deposited from hot (=100°C) solutions onto pre-heated (=100°C)
substrates. In addition to that PF, : PC;;BM layers were also spincoated from warm (=70°C)
solution.

Inverted device architecture: ITO-coated glass was utilized as a substrate. ZnO layer (= 20 nm)
was spin-coated onto pre-cleaned ITO and thermally annealed at 110°C for 15 min and used
as an electron extracting contact. After the spincoating of active layers, top electrodes
consisting of MoO3; (7 nm)/Ag (120 nm) were thermally evaporated under 5x107 mbar
vacuum.

Standard device architecture: ITO-coated glass was utilized as a substrate. PEDOT:PSS layer (=
30 nm) was spin-coated onto pre-cleaned ITO and thermally annealed at 140°C for 30 min at
N2 inert atmosphere and used as a hole extracting contact. After the spincoating of active
layers, top electrodes consisting of Ca (20 nm)/Al (120 nm) were thermally evaporated under
5x1077 mbar vacuum. Four diodes with a 12 mm? active area were elaborated per substrate.
All the characterizations were done in nitrogen atmosphere under dark and simulated

AM1.5G irradiation (100 mW/cm?, Lot Oriel Sun 3000 solar simulator).
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Figure S$18. J-V curves for few conditions using PCl; and PCl, as electron donor materials
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Figure S19. J-V curves for few conditions using PX,, PF; and PF, as electron donor materials



9. Grazing Incidence Wide Angle X-ray Scattering measurements (GIWAXS).

GIWAXS measurements were conducted at PLS-1l 9A U-SAXS beamline of Pohang Accelerator
Laboratory (PAL) in Korea. Samples consisted in layers on silicon wafer of thirty to sixty
nanometers thickness. The X-rays coming from the vacuum undulator (IVU) were
monochromated using Si(111) double crystals and focused on the detector using K-B type
mirrors. Patterns were recorded with a 2D CCD detector (Rayonix SX165). The sample-to-

detector distance was about 225 mm for energy of 11.015 keV (1.1256 A).
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Figure $20. GIWAXS patterns of thin films deposited with solvent, bottom layer and conditions
of OPV device fabrication: PC;;BM, neat PF;, PF;:PC;;BM blend (1:1.5 ratio) , neat PCl,
PCl;:PC;:BM blend (1:1.2 ratio). Two major populations of domain orientation can be
distinguished, namely red (h00) and h, spots for face-on, and blue (h00) and h spots for edge-
on. Polymer domains show similar structures in neat film and in blend. The blending affects
the quality of the domain orientation and the population ratios; the overall proportions of
face-on domains are listed in table 7, together with the data from PF, and PCl, patterns of

Figures 4; radial and azimuthal profiles for quantitative analysis are plotted in Figures S11 and
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Figures S21. Radial profiles of the neat halogenated polymers (bottom, black curves), neat
PC,:BM (middle, blue curves) and their blends (top, red curves), with expansions of the mid-
angle ranges to visualize the higher-order (h00) reflections. These profiles represent the
scattering contribution of face-on domains, defined as those whose m-stacking direction is
tilted by less than 45° from film normal. They were obtained from GIWAXS patterns in Figures
4 and S10, by azimuthal integration, in the 45°-90° sector at small-angles (up to 0.9 A1) and in

the 0-45° sector at wide-angles.
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Figure S22. Integrated domain frequency as a function of tilt angle ¢ between n-stacking
direction and film normal, for the GIWAXS patterns in Figures X3 and ESI-X3. These curves
were obtained from the ring profile of the h, scattering, after subtraction of background and
normalization.>! They were used to determine the proportion of face-on domains, defined as

those whose m-stacking direction is tilted by less than 45° from film normal.

2~ m-20000 2 gg- 12000
| !4000 N =" | !3000
40 h,

30

a, (A
q, (A"

-
s

i <PC,,BM ] <PC,,BM
] (100) ]
R . - ..
MR T A A T A A MR AR
) ) ay (A1) ) )

ay (A
Figures $23. GIWAXS patterns of thin films deposited in same conditions as those in figures

ESI-X3, except that solvents were used without additives: PF;:PC;,BM blend at 1:1.5 ratio from
oDCB solution (left), PCl;:PC;1BM blend at 1:1.2 ratio from CB solution (right). For the PF,
blend, the domain orientation is of low quality comparatively to that in figures ESI-X3 and
face-on proportion is reduced to 56%. For the PCl; blend, the structure of polymers domains

vanishes, leaving the small-angle upturn of an amorphous state.
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