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General Methods

The 1H NMR spectra were measured on a Bruker AV-500 spectrometer using ~1 wt% polymer solutions in deuterated chloroform (Cambridge). Molecular weights and polydispersities were determined by size exclusion chromatography (SEC) collected on a Viscotek TDA 302 SEC with four Viscotek T-columns (one T-6000, T-5000, T-4000, and T-3000 column) and calibrated with polystyrene standards. The response was measured using a refractive index (RI) detector. Tetrahydrofuran (THF) at 35 °C was used as the mobile phase at a flow rate of 1 mL min-1. Differential scanning calorimetry (DSC) measurements were acquired using a Thermal Advantage Q20 calorimeter at a scan rate of 10 °C min-1. An indium standard was used to calibrate the instrument and nitrogen was used as the purge gas. Melting transitions were taken as the peak temperature of the second heating scan. 

Structural Characterization
Bulk wide angle X-ray scattering (WAXS) samples were prepared by melt pressing polymer into 1 mm thick aluminum washers and thermally annealed under argon at 20°C below the melting transition for 10 minutes. Room temperature WAXS experiments were conducted at beamline 1-4 of the Stanford Synchrotron Radiation Laboratory (SSRL) equipped with a Rayonix165 CCD detector. Two-dimensional diffraction images were radially averaged calibrated using a silver behenate (AgB) standard. Crystal-crystal transitions were not observed upon heating samples through the melting transition.

Detailed Synthetic Procedure
Materials. All reagents and solvents were used as received from Sigma-Aldrich unless otherwise noted. Degassed tetrahydrofuran (THF) was purified by passage through an activated alumina column (Advanced Specialty Gas Equipment, 7x12 mesh) and was collected in flame-dried, air-free flask. Poly(3-alkylthiophenes) (P3ATs) were synthesized according to the GRIM procedure established in the literature. 
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Scheme S1. Synthesis of P3EHT:P3HT-x random copolymers by GRIM polymerization
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Figure S1: 1H NMR of spectra of (a) P3HT, (b) P3EHT, (c) P3EHT:P3HT-19, (d) P3EHT:P3HT-35, (e) P3EHT:P3HT-48, (f) P3EHT:P3HT-63, and (g) P3EHT:P3HT-70. Random copolymer composition was determined from the relative peak areas of resonances in the aromatic proton region.
Ultraviolet-Visible (UV-Vis) Spectroscopy Measurements

Sample Preparation. UV-Vis measurements were made with Varian Cary 50 instrument between 300 and 900 nm. Thin films were prepared by spin coating at 1500 rpm from 1 wt% polymer solutions in chlorobenzene on either glass or silicon substrates. Films were annealed at 20°C below the melting transition under argon for 1 minute.

Spano Model. The Spano model has been used to describe the aggregate absorption in thin films. The absorption data was fit with Equation 1, where S is the Huang-Rhys factor (which has been set to 1 for this study), m and n are vibrational states, W is the excitonic bandwidth, Ep is the energy of the C=C stretching mode, E0-0 is the energy of the 0-0 transition, and σ is the Gaussian line width which can be related to the electronic disorder. It should be noted that in this form, E0-0 combines both the energy of the 0-0 transition in the gas phase and the gas-crystal shift factor, D. The final term of the equation represents the vibronic progression by the summation of Gaussians with line widths, σ. The vibronic transitions are offset by integer multiples of Ep and a correction which addresses the fact that transitions in H-aggregates are only allowed to the top of the vibronic band. The oscillator strengths of individual transitions are modified by terms which account for Franck-Condon intensities of a single molecule (the first term) and mixing between excitons of different vibronic bands (the second term).
 ADDIN EN.CITE 

 4-7 It should be noted that high energy deviations from the experimental data represent absorbance by unaggregated regions and higher energy electronic transitions while those at low energy may be due to aggregate absorption to lower energy vibronic transitions of the 0-0 band. The model was fit to the collected absorption data in the regime dominated by aggregate absorption (1.93 to 2.25 or 2.03 to 2.35 for P3HT- or P3EHT-like aggregates).
Table S1: Fitting parameters to UV-vis spectra of thin films
	Sample
	W (meV)
	E0-0 (eV)
	Ep (meV)
	σ (meV)

	P3HT
	55 
	2.03
	176
	73

	P3EHT:P3HT-19
	57
	2.03
	169
	73

	P3EHT:P3HT-35
	90 
	2.02 
	185
	80

	P3EHT:P3HT-48
	102 
	2.03
	179
	79

	P3EHT:P3HT-63
	118
	2.12
	178
	80

	P3EHT:P3HT-70
	129 
	2.12 
	190
	87

	P3EHT
	157 
	2.13 
	205
	94
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Figure S2: Representative UV-vis absorption profiles for (a) P3HT, (b) P3EHT:P3HT-19, (c) P3EHT:P3HT-35, (d) P3EHT:P3HT-48, (e) P3EHT, (f) P3EHT:P3HT-70, and (g) P3EHT:P3HT-63 with fits to Equation S1. Individual vibronic transitions are presented as green, red, teal, purple, and yellow curves the summation of which shown as a gray curve. Parameters for fits are collected in Table S1 as average and standard deviation of three thin films.
Table S2: Monomer feed ratios and polymer compositions
	Sample
	Feed P3EHT mol% 
	P3EHT mol%a

	P3EHT:P3HT-19
	18.7
	18.5

	P3EHT:P3HT-35
	37.0
	34.7

	P3EHT:P3HT-48
	46.9
	47.7

	P3EHT:P3HT-63
	68.2
	62.7

	P3EHT:P3HT-70
	75.0
	69.5


a As determined by 1H NMR spectroscopy
Table S3: Crystalline reflections

	Sample
	100

(nm-1)
	010

(nm-1)a
	020

(nm-1) a
	200

(nm-1)

	P3HT
	3.6
	-
	15.9
	7.2

	P3EHT:P3HT-19
	3.7
	-
	16.0
	7.3

	P3EHT:P3HT-35
	3.5
	-
	15.5
	7.1

	P3EHT:P3HT-48
	3.6
	-
	15.3
	7.2

	P3EHT:P3HT-63
	4.0
	5.5
	-
	8.0

	P3EHT:P3HT-70
	4.1
	6.5
	-
	8.2

	P3EHT
	4.1
	6.3
	-
	8.3


a Empty values are either disallowed by symmetry (orthorhombic unit cell) or difficult to assign due to large peak widths from disorder within polymer crystallites. 
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