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EXPERIMENTAL METHODS
Materials

Phenyl C61 butyric acid methyl ester (PC61BM) and phenyl C71 butyric acid methyl ester (PC71BM) were purchased from Solenne BV (Netherlands). Anhydrous chloroform and sodium dodecyl sulfate (SDS) were purchased from Sigma Aldrich. PDPP-TNT was synthesised as described by Sonar et al.[1] P3HT was synthesised as described by Holmes et al.[2]
For the molecular weight characterisation of PDPP-TNT, high temperature gel-permeation chromatography (HT-GPC) measurements were performed on a Polymer Labs GPC-220 equipped with a refractive index detector, a 500 μm injection loop, two PLgel Olexis columns (300 mm×7.5 mm, particle size: 13 μm) and one PLgel Olexis 13 μm guard column (50 mm × 7.5 mm) at 160 °C using 1,2,4-trichlorobenzene (TCB) stabilized with 0.0125 g/L BHT as the eluent. Polymer solutions were prepared at a concentration of 0.3 mg/ml using a Polymer Labs SP260 sample preparation system at 160 °C for 1 min, which resulted in complete dissolution of the polymers, followed by transfer to the GPC vials. The measured data were analysed with Cirrus software, using narrow molecular weight distribution (MWD) polystyrene (PS) standards as a reference (PL EasiVial PS, range of calibration: 103 to 6×106 g mol-1). The number average molecular weight (Mn), weight average molecular weight (Mw) and polydispersity (PDI) for PDPP-TNT are listed in Table SI.
Table SI. GPC molecular weight characterisation data for PDPP-TNT polymer: number average molecular weight (Mn), weight average molecular weight (Mw) and polydispersity (PDI).

	Mn (g mol-1)
	Mw (g mol-1)
	PDI

	9,700
	18,900
	1.95


As the PDPP-TNT polymer was synthesised and characterised (via GPC) at the Institute of Materials Research and Engineering (Singapore) and the P3HT polymer was synthesised at the Centre for Organic Electronics (Australia), for logistical reasons it was difficult to obtain GPC measurement data on the same instrument for both polymers. The molecular weight and PDI of P3HT were measured on a Waters GPC 1515 pump system equipped with Empower software, at the Australian National Fabrication Facility Queensland node (ANFF-Q). The instrument was equipped with refractive index (R.I.), ultraviolet (UV) and Shimadzu multi-angle light scattering (MALS) detectors. The running solvent was tetrahydrofuran (THF) and the column temperature was 40 °C with a flow rate of 1 ml/min. Polymer solutions were prepared at a concentration of 1 mg ml-1 in THF and filtered through a 0.45 μm PTFE (poly(tetrafluoroethylene)) filters prior to measurement. Two types of columns Styragel HT-6E and Styragel HT-3 were used to analyse the polymer samples. Polystyrene narrow standards (range: 1.35 x 103 to 1.3 x 106 g mol-1) were used to create a calibration curve to determine the molecular weights of the polymer samples. Due to the difference in measurement conditions and hence the difficulty in comparing the molecular weight characterisation of the two polymer samples, the Mn, Mw and PDI are listed in a separate table, Table SII. The molecular weight difference between P3HT and PDPP-TNT is inconsequential to the focus of this study.

Table SII. GPC molecular weight characterisation data for P3HT polymer.

	Mn (g mol-1)
	Mw (g mol-1)
	PDI

	16,770
	22,270
	1.33


Nanoparticle fabrication

The miniemulsion organic phase (‘oil’ phase) was prepared by dissolving 10 mg of PDPP-TNT and 20 mg of PC71BM in 1.8 ml chloroform. The miniemulsion aqueous phase was prepared by dissolving 1 mg of sodium dodecyl sulfate (SDS) surfactant in 2.8 ml of milliQ filtered water. The surfactant concentration was purposely low so as to achieve a broad distribution in NP sizes for STXM imaging. A macroemulsion was generated by combining the organic and aqueous phases and stirring at 1100 rpm, 33 °C for 1 hour. A miniemulsion was generated using ultrasonication via a Branson Sonifier 450 system equipped with a microtip. Sonication was for 2 min. at 30 Watts, with an ice bath in place to prevent overheating. Following sonication, the miniemulsion was then transferred immediately to a hotplate for chloroform evaporation at 60 °C with rapid stirring. This evaporation was performed for a minimum of 3 hours to ensure complete removal of chloroform. Importantly, in future large-scale NP fabrication, the harmful organic solvents that are required in the initial fabrication steps can be reused in a closed synthesis cycle. Centrifugal dialysis was used to reduce the total volume of the NP ink to 0.5 ml with a concentrated solids content of 6 wt%.
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FIG. S1. (a) SEM showing a disperse film of 1:2 PDPP-TNT:PC71BM NPs, (b) circle identification using a Hough transform and (c) the NP size distribution from the analysis, performed on a total of 1489 particles. Scale bars are 1 μm.
For a comparative study, P3HT:PC61BM 1:1 NPs were also prepared. The miniemulsion organic phase (‘oil’ phase) was prepared by dissolving 15 mg of P3HT and 15 mg of PC61BM in 1.8 ml chloroform. The miniemulsion aqueous phase was prepared by dissolving 1 mg of sodium dodecyl sulfate (SDS) surfactant in 2.8 ml of milliQ filtered water. The other steps of the procedure are the same as described above. The P3HT:PC61BM NP system has been well characterised in our previous papers,[2,3] where NPs are reported to have a core-shell morphology with P3HT-rich shells and PC61BM-rich cores.

NEXAFS measurements

Samples were prepared for NEXAFS by spin casting pristine material films of PDPP-TNT and PC71BM from chloroform onto PEDOT:PSS (Clevios P VP Al 4083, purchased from H.C. Starck) coated glass substrates. Approximately 2 x 2 mm2 sections were scored on the films using a metal scalpel, followed by floating off the film sections onto water, which is made possible by the PEDOT:PSS sacrificial layer under the pristine film. 2 x 2 mm2 film sections were subsequently collected onto 300 mesh copper grids (20 μm bar, 63 μm hole, 3 mm diameter) (purchased from ProSciTech Pty Ltd, Australia) for NEXAFS measurements. NEXAFS measurements were performed on beamline 5.3.2.2 at the Advanced Light Source. Additional 2 x 2 mm2 film sections were collected on glass slides for film thickness measurements using a KLA-Tencor Alpha-step 500 surface profilometer. Film thicknesses were 129 ± 9 nm for PDPP-TNT and 78 ± 4 nm for PC71BM.
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FIG. S2. Near edge X-ray absorption fine structure (NEXAFS) spectra of PDPP-TNT (red) and PC71BM (black). With the chemical structure of these materials shown as insets.

Nanoparticle characterisation

Samples were prepared for scanning transmission X-ray microscopy (STXM) by spin coating 2.5 μl of NP dispersion/ink onto low stress silicon nitride (Si3N4) windows with silicon dioxide coating (window dimensions 0.25 x 0.25 mm2, window thickness 15 nm, frame 5 x 5 mm2) (purchased from Norcada, Canada) at 3000 rpm, 1 min., low acceleration of 112 rpm/s. Unannealed (or ‘as cast’) samples were air dried. Annealing conditions were 130 °C for 10 min. or 60 min., and 150 °C for 10 min. STXM measurements were performed on beamline 5.3.2.2 at the Advanced Light Source.[4] The samples deposited on silicon nitride were mounted in the sample chamber, which is backfilled with helium (0.33 atm), and rastered with respect to the X-ray beam. The transmitted X-ray beam is detected by a scintillator and a PMT. The energy of the X-ray beam was varied between 270 and 340 eV, covering the C K-edge region at a resolution of 0.1 eV. Singular value decomposition was used to fit a sum of the pristine PDPP-TNT and PC71BM NEXAFS spectra to the measured blend spectrum, at each pixel in the STXM images. Image analysis was performed with the aXis2000 package (http://unicorn.mcmaster.ca/aXis2000.html). Further details of STXM experiment and data analysis can be found elsewhere.[5] NP core and shell compositions were determined by first taking a radial composition profile of each particle from STXM fractional composition maps, then rotating this profile to average the composition over the particle.[2] Shell thicknesses were estimated from the percentage composition maps.
The silicon nitride substrates with deposited NPs were transported back to the University of Sydney (Australia) where transmission electron microscopy (TEM) was used to re-image the same particles where possible for matching. TEM was performed on a Jeol JEM-1011 at an accelerating voltage of 80 kV at varying magnification ranges. 
Samples were prepared for SEM by spin coating 2.5 l of the NP suspension/ink (3000 rpm, 1 min., low acceleration of 112 rpm/s) onto a conductive silicon substrate. SEM was performed on a Zeiss Sigma ZP FESEM at accelerating voltage of 2 kV, and magnification ranges of 10,000 to 100,000X.

UV-vis transmission study
The thermal stability study of PDPP-TNT:PC71BM NP film, PDPP-TNT:PC71BM BHJ film, P3HT:PC61BM NP film and P3HT:PC61BM BHJ film was carried out using UV-vis spectroscopy by monitoring transmission according to the method reported by Lindqvist et al.[6] For the PDPP-TNT:PC71BM BHJ film, PDPP-TNT was dissolved in a 1:2 stoichiometry with PC71BM in chloroform, with a total concentration of 12 mg ml-1 and filtered through a 0.2 (m PTFE filter prior to spin-coating on cleaned glass slides (sonication in water + surfactant, water, isopropanol and acetone, followed by rinsing with chloroform, acetone and isopropanol). For the P3HT:PC61BM BHJ film, P3HT was dissolved in a 1:1 stoichiometry with PC61BM in chloroform, with a total concentration of 20 mg ml-1 and filtered through a 0.2 (m PTFE filter prior to spin-coating on cleaned glass slides. The PDPP-TNT:PC71BM NP film and the P3HT:PC61BM NP film were spin coated at the original 6 wt% solids content onto cleaned glass slides. Spin-coated films were air dried for at least 24 hr in the dark. Annealing was carried out under a nitrogen atmosphere with light protection on a heating plate (calibrated with K-type beaded thermocouple from OneTemp that was kept in place by thermally resistant adhesive tape; estimated error ± 0.1 °C, time allowed to reach stable temperature ≈ 5 min.). UV-vis transmittance spectra were recorded with a Cary 300 Bio spectrophotometer relative to a reference glass substrate, using a wavelength of 850 nm. The samples were placed with the spin-coated sample facing the incident light beam. The samples were annealed at each temperature interval for 5 min.
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FIG. S3. UV-Visible spectra of (a) PDPP-TNT:PC71BM NP film following thermal treatment at 40 °C (dotted line) and following repeated thermal treatments at 5 °C increments up to 160 °C (solid line), (b) PDPP-TNT:PC71BM BHJ film (spin-cast from chloroform) following thermal treatment at 45 °C (dotted line) and following repeated thermal treatments at 5 °C increments up to 160 °C (solid line), (c) P3HT:PC61BM NP film following thermal treatment at 40 °C (dotted line) and following repeated thermal treatments at 5 °C increments up to 160 °C (solid line), and (d) P3HT:PC61BM BHJ film (spin-cast from chloroform) following thermal treatment at 40 °C (dotted line) and following repeated thermal treatments at 5 °C increments up to 160 °C (solid line). Absorbance is a result of material absorption and film morphology (scattering), but also film thickness. Film thicknesses were (a) 130 nm, (b) 225-230 nm, (c) 100 nm and (d) 100 nm.
AFM of BHJ films
Atomic force microscopy (AFM) images of BHJ films were collected using an Asylum Research Cypher in AC mode. Films were prepared by spin casting a PDPP-TNT:PC71BM blend solution (1:2, 12 mg ml-1 in chloroform) and a P3HT:PC61BM blend solution (1:1, 20 mg ml-1 in chloroform) at 2000 rpm for 1 minute on glass substrates.
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