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1 Experiment section
1.1 Solution preparation
Polymers were dissolved in filtered solvents and heated up to 80°C overnight to ensure fully
dissolved.
1.2 dn/dc measurement
20 mg CPs were dissolved in 1.0 ml solvents to obtain 20 mg/ml concentrated solution.
Solution refractive index was measured by Abbe refractometry (Mettler Toledo Easy R40) at
2040.1°C and the differential refractive index was determined by the following equation.
dn _ Msolution ~ Msolvent
dc c

1.3 HSP prediction

Eq.1

HSP values for CPs and solvents are obtained from prediction in HSPiP software v5.4.07
shown in Figure S6 and Table S4. Note that the predicted HSP value of P3HT does not match
with the experimental value'. And no other P3ATs’ HSP value has been measured and reported
to the best of our knowledge.

1.4 DSC measurement

Differential scanning calorimetry (DSC) was performed in the Mettler Toledo 3+ DSC

instrument. About 3 mg samples were sealed into an aluminum pan and the heating and cooling

rate was 10 °C/min under N, flow.

2 Supporting figures and table
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Figure S2 DLS result of P3ATs at 20°C. (a, b) in THF and (c, d) in CF. The autocorrelation

function and size distribution curve are shown in (a,c) and (b,d) respectively. The solution
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Figure S3 UV-Vis absorption spectrum of all CPs in CB (a) and in Tol (b) at 20°C. The
spectrum of P3HT, P3OT, P3DT, and P3DDT are overlapped together.

Table S1 Wavelength at maximum absorption of all solutions at 20°C.

Name Mnax abs, cp/Mm A abs, To/ MM
P3BT 449 446
P3HT 454 450
P30T 453 449
P3DT 454 450
P3DDT 450 446
PQT-12 476 474
PBTTT-12 483 533
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Figure S4 UV-Vis absorption spectrum of P3BT and P3HT in Tol (a, b) and CB (c, d) at various

temperatures. Solution concentration is 0.1 mg/ml.

Table S2 Wavelength at maximum absorption of P3BT and P3HT Tol/CB solutions at various

temperatures.
Polymer Tempf(rjature/ )\'max abs, T01/ nm )‘max abs, CB/ nm
20 447 450
P3BT 80 438 442
120 431 438
20 450 454
P3HT 80 442 447
120 437 441
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Figure S5 UV-Vis absorption spectrum of drop cast thin films of P3BT and P3HT from Tol and
CB diluted solutions (0.1 mg/ml). The thin film was dried at room temperature overnight without
thermal annealing.

Table S3 dn/dc value (at Na D line) and absorption coefficient (at 633nm) value of P3ATs in
various solvents. *PQT-12 and PBTTT-12 are assumed to be the same as P3HT due to the

difficulties of their measurement.

Polymer/ dn/dc (ml/g)

Solvent CB Toluene THF Chloroform
P3BT 0.280 0.225 0.465 0.365
P3HT 0.225 0.195 0.320 0.305
P30T 0.175 0.200 0.420 0.295
P3DT 0.150 0.180 0.315 0.235

P3DDT 0.125 0.155 0.335 0.210

PQT-12%* 0.225 0.195 0.320 0.305
PBTTT-12* 0.225 0.195 0.320 0.305

Table S4 HSP value of P3HT, PQT-12, and PBTTT-12, based on HSP prediction from HSPiP
software v5.4.07.

Polymer Name P3HT PQT-C12 PBTTT-C12
FOl‘mula (C4OH5684)n (C40H56S4)n (C38H5GS4)H
oD 15.9 16.8 15.9
Prediction
by HISPiP oP 1.2 1.2 1.5
oH 2.1 2.1 1.8
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Figure S6 HSP value of solvent and P3HT. The arrow indicates the trend for increasing

sidechain volume. Measured HSP values of P3HT are adapted from ref’-2.
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Figure S7 Debye plot of P3ATs in THF (a) and CF (b) at 20°C.
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Figure S8 DSC result of P3HT, PQT-12 and PBTTT-12. Curves are from the second heating

scan with a heating rate of 10K/min.
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Figure S9 DLS evolution of P3HT solution 1.0 mg/ml after aging at r.t. for 10 days under dark
conditions. Autocorrelation curve of P3HT in CB (a) and Tol (b), and particle size distribution in

CB (c) and Tol (d) by NNLS fitting.

Figure S10 Sideview of an incidence laser beam (left) passing through a toluene solvent (a) and
0.04 mg/ml PffBT4T-C9C13 chlorobenzene solutions (b). (c) Photos of transmission laser

projected on an A4 paper 1.5m away after passing through solution described in (b).
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Figure S11 (a) Polymer architectures of type V and VI. (b-c) Reduced R, of polymer chain as a
function of solvent quality for type V to VI, respectively.

S10



@& ——————— () ——————————
2t %Nbb:“o 2 %Nbb:“o
O~y = 80 a8, O~ Ny, = 80
o A 0Ny, = 160 e, O Ny = 160
~15f AL Ny = 320 —~15 ‘ 5 Npp = 320
I A | I
= 1 Z
o ! . 3
AERRR LS :
'
0.5 SPOPOPH« \ 0.5
Ag=092 'Y : Ag=0.89
) fuuxafm- | ¥
0 N " " s A 1. 0 M. ] L@ L A A | A
0 02 04 06 08 1 0 0.2 0.4 0.6 0.8 1
Solvent quality parameter A Solvént quality parameter A

21 0Ny, = 40 2 ~0-Nyp, = 40
~O-Ny, = 80 ) ~O-Ny, = 80
S ~Nyp = 160 T ~0~Npp = 160
—~1.5¢ T, 5 Ny = 320 =15 TN 5 Ny = 320
I I I |
| I
é 1 AN E 1 N\
= | ~ N,
P | 5 FERY Q|
o5 Sobebed - \
5r E > Fg
TLTL 2=005 1% K %090
ol— . . . . I ol— . . . A
0 02 04 06 08 1 0 02 04 06 08 1
Solvent quality parameter A Solvent quality parameter A
e — () ——
2r =Ny = 40 2 ~0-Npp = 40
0Ny, = 80 A —0-Ny, = 80
oo Ny = 160 M‘L\a‘ ~0~Ngp = 160
—~1.5F D, - Nyp = 320 ~15 2Ny = 320
N | X I
| |
2, -\L\ 1 =z |
=1 o = !
o » 9 1 o
R AR
0.5F ™ _ ) 0.5
Ag=095 2 ,,:,- toss 4A0=0.90
0 M N N N " 1 M 0 M n { 1 L " L
0 02 04 06 08 1 0% 020 04 06 08 1
Solvent quality parameter A % Solw%nt quality parameter A

Figure S12 Normalized squared radius of gyration R,*> / (N - 1) as a function of solvent quality A
for polymer models I to VI, respectively, at higher temperatures. The location of the 6 point is

indicated by the black dashed line.
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Figure S13 The persistence length L, as a function of varying solvent quality A for polymer
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Figure S14 Normalized squared end-to-end distance R..2 / (N - 1) as a function of solvent quality

A for polymer models type I to VI, respectively.
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Figure S15 The shape descriptor x* as a function of varying solvent quality A for polymer

models type I to VI, respectively.
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Figure S16 Molecular mass dependence of radius of gyration R, for solvent qualities ranging
from an ideal good solvent, 0 solvent, to a poor solvent for seven types of polymer architectures.
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