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Figure S1: 2D images from solution SANS of PNDI-Cx polymers at (a) 25 °C and (b) 85 °C for sample to detector distances of 1 m
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Figure S2: a) 1D scattering profile obtained at 85 °C in deuterated chlorobenzene b-c) SANS scattering profile at 25 and 85 °C
with absolute intensity.
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Table S1: SANS fitting parameters and goodness of fitting obtained from SasView modeling

Contour length (&)  Kuhn length (A) Radius (A) X2 (Goodness of fitting)
NDI_CO (25C) 476 521 14 4
NDI_CO (85C) 310 196 12 2
NDI_C3 (25C) 271 85 13 4
NDI_C3 (85C) 276 84 13 2
NDI_C4 (25C) 447 86 13 2
NDI_C4 (85C) 449 88 13 2
NDI_C5 (25C) 21 86 10 2
NDI_C5 (85C) 233 58 10 2
NDI_C6 (25C) 180 36 9 2
NDI_C6 (85C) 180 45 8 2
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Figure S3: DSC thermogram of 2" heat cycle for polymers C3-C7.
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Figure S4: Raw tensile data (a) post two-day isotherm at room temperature under nitrogen atmosphere, (b) post two day annealing at

30 °C undercooling under nitrogen atmosphere (PNDI-CO was annealed at 200 °C for eight hours)
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Figure S5: Master curves of PNDI-C4-7 obtained from oscillating melt shear rheology
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Figure S6: Raw PNDI-C4 molecular weight dependent tensile data post two-day isotherm at room temperature under nitrogen
atmosphere
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Figure S7: 2D GIWAXS scattering profiles of PNDI-CO, PNDI-C3, PNDI-C4, and PNDI-C7 under tensile strain for both parallel and
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perpendicular exposures relative to strain direction.

S7

d/z8z805Auswa|ddns-ajoiue/xgowew/Bi1o soe'sqnd woly papeojumoq

0 'S”68800°0BW/P

920z 1890300 8z Uo Jasn AINN INA¥N A4 /10



PNDI-CO

= As cast — As cast
100 In plane 110% Out of plane 1110%
001 1/ 20% 1 20%
—//50% —// 50%
L10% 110%
L 1 20% -~ L20%
= \__A__/—\_ﬂ z e
> =
= =
@ a
(= f=4
2 2
= ’\—\,’-’/\ )
I-\
'
- " - N
i e L e
05 10 15 20 05 10 15 20
Qvector (A") Q vector (A”)
PNDI-C3
| | —As cast O f | ——Ascast
n plane 1/10% ut of plane 1110%
100 P 1/ 20% p 1/20%
— 1/ 50% —1/50%
\/ 001 L 10% \ 110%
= 120% = 120%
z —--150% i
z : z
v » v
c =
i \/ ]
- Wl N
- \\ S
1 1 1 Pl 1 1 1
05 10 15 20 05 10 15 20
Q vector (A”) Quector (A”)
PNDI-C4
—— As cast = As cast
In plane 110% Out of plane 1/10%
//50% // 50%
—//300% —//300%
1001 | 001 i L10%
v w/) L5086 = 1 50%
PN — 3 i
z £
7 7
c : =
O [
2 2
k= =
l 4
h oA
£l i &
Y X S
g e s - el Srmmas L S
i il C PRt PG i ;
0.5 10 15 20 05 1.0 15 20
Qvector (A™) Qvector (A™)
PNDI-C7
—As cast — A cast
il In plane o Qut of plane ’Zm
1150% I50%
(100) & (001) —am R
L110% L110%
- 1 50% - 1.50%
=3 - -~ 1300% = = = =1 300%
&, &
E =)
3 7
= c
2 / 2
£ £
/i e
i .
ey (o
1 H“”“’J ____ T 1 —--‘]N_—— g e
05 10 15 20 05 10 15 20
Quector (A7) Qvector (A™)

Figure S8: 1D in-plane and out of plane GIWAXS scattering profiles of PNDI-CO, PNDI-C3, PNDI-C4, and PNDI-C7 under tensile

strain for both parallel and perpendicular exposures relative to strain direction.
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Table S2: Fitting results for in-plane 1D GIWAXS profiles

q (A q (A1) q (A1) D-spacing (A)  D-spacing (A)  D-spacing (A)

[100] [001] [010] [100] [001] [001]
NDI-CO 0.258 0.470 1.791 24.329 13.358 3.509
NDI-C3 0.284 0.395 NA 22.155 15.919 NA
NDI-C4 0.289 0.371 NA 21.734 16.939 NA
NDI-C5 0.301 0.355 1.551 20.847 17.680 4.051
NDI-C6 0.337 1.454 18.628 4321
NDI-C7 0.332 1.439 18.927 4.365

Table S3: Fitting results for in-plane 1D GIWAXS profiles post tensile strain

Parallel Exposure

Perpendicular Exposure

q (A1) q (A1) D-spacing (A)  D-spacing (A) q (A q (A1) D-spacing (A)  D-spacing (A)
[100] [001] [100] [001] [100] [001] [100] [001]
NDI-CO 0.258 0.470 24.329 13.358 0.258 0.470 24.329 13.358
10% 0.261 0.485 24.034 12.948 0.252 0.465 24.969 13.525
20% 0.261 0.499 24.086 12.589 0.252 0.465 24.948 13.499
50% 0.263 0.511 23.862 12.290 0.251 0.462 25.043 13.612
NDI-C3 0.284 0.395 22.155 15.919 0.284 0.395 22.155 15.919
10% 0.293 0.394 21.425 15.947 0.292 0.394 21.492 15.945
20% 0.295 0.394 21.292 15.935 0.294 0.394 21.387 15.967
50% 0.296 0.395 21.257 15.916 0.294 0.441 21.360 14.235
NDI-C4 0.289 0.371 21.734 16.939 0.289 0.371 21.734 16.939
10% 0.312 0.368 20.135 17.080 0.301 0.364 20.888 17.253
50% 0.316 0.370 19.855 16.983 NA 0.368 NA 17.087
300% 0.304 NA 20.702 NA NA 0.366 NA 17.184
NDI-C5 0.301 0.355 20.847 17.680 0.301 0.355 20.847 17.680
NDI-C6 0.337 18.628 0.337 18.628
NDI-C7 0.332 18.927 0.332 18.927
10% 0.330 19.023 0.328 19.147
50% 0.331 18.959 0.328 19.180
300% 0.334 18.821 0.318 19.745
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Table S4: Circle gathering analysis of (100) peak for transmission WAXS of PNDI-C4 under tensile strain

Strain Q vector D-spacing FWHM Area Normalized area

0% 0.304 20.691 0.068 0.419 0.419

10% 0.304 20.664 0.071 0.457 0.470

50% 0.306 20.51 0.083 0.350 0.412
150% 0.299 21.048 0.090 0.323 0.492
300% 0.314 19.983 0.106 0.363 0.583

Table S5: Circle gathering analysis of (001) peak for transmission WAXS of PNDI-C4 under tensile strain

Strain Q vector D-spacing FWHM Area Normalized area

0% 0.367 17.105 0.077 0.601 0.601

10% 0.366 17.148 0.076 0.578 0.595

50% 0.366 17.163 0.069 0.528 0.621
150% 0.369 17.032 0.063 0.554 0.846
300% 0.369 17.031 0.049 0.400 0.642
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Figure S9: Atomic force microscopy of PNDI-C4 under tensile strain
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Figure S10: High-temperature size exclusion chromatography of PNDI polymers in 1,2,4-trichlorobenzene at 160 °C. a) SEC
curves for all lengths of CBS incorporation. b) SEC curves of PNDI-C4 of varying molecular weight. c) SEC curves of PNDI-CO of
two molecular weights. All molecular weights shown are weight average molecular weight.
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