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Appendix A Statistical weight matrices U;’s (j, bond number) of PCL

U =C®R; (A1)
U, =C|®R, (A2)
Us;=C®R;3 (A3)
Us=15®R; (A4)
Us=1y®R3 (AS5)
Us =17 ®R;3 (A6)
U; =131 ®R3 (AT)
g Mgt U O 0 0
0 0 0 Ugugtt  Uuugter  Uughe
Us = (A8)
Ugg-g-g-gt  Ugggogg* Ugggggg
U, =C38131®R, (A9)
Up=C3®131 ®R;3 (A10)
U.=Us=U.=Us =Uy (A11)
U, = Ug (A12)
Up = U, (A13)
and
U, = Uy (Al14)
where ® stands for the direct product,
C = (1)] (A15)
0
i
=11 (A16)
1
R, = (1 0 0) (A17)
R; = (1 1 1) (A18)

I; stands for the identity matrix of size i (i = 3, 9, 27, or 81), and, for example,
Unteg+t = CXP(—AGnttg+t/RT) (A19)

is the statistical weight of the ttttg*t conformation with R and T being the gas constant and absolute tem-
perature, respectively. The size of Ug — U,, is 243x243.
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Appendix B

(a) Stiffness (C') and compliance (S) tensors of PES

[ 21.864 12.391
19.514
C pr—
[ 73.0488 —41.3600
90.1182

14.756  0.000
17.097  0.000
64.645  0.000
15.018

—5.7355  0.0000
—14.3937  0.0000
20.5852  0.0000
66.5860

0.000
0.000
0.000
0.000
5.700

0.0000
0.0000
0.0000
0.0000
175.4493

Stiffness (C') and compliance (S) tensors of PES and PBS

0.000
0.000
0.000
0.000
0.000
17.299

0.0000
0.0000
0.0000
0.0000
0.0000
57.8069

(GPa)

(TPa™!)

(B1)

(B2)

The above S tensor yields the crystalline moduli in the a-, b-, and c-axis directions as E, = 13.69, £, = 11.10, and

FE. =48.58 GPa.

(b) Stiffness and compliance tensors of PBS

[ 26.115 11.761
22.132
C =
[ 133.2536 —39.4397
70.1819

29.132  0.000
13.127  0.000
50.815  0.000
10.266
—53.8006  0.0000
—6.0408  0.0000
57.9558  0.0000
98.5341

—11.669  0.000
0.311  0.000
—~16.395  0.000
0.000 —0.832 | (GPa) (B3)
7.818  0.000
5.915
38.4527 0.0000 ]
—32.6114  0.0000
18.1985  0.0000
0.0000 13.8623 | (TPa™}) (B4)
98.6212  0.0000
171.0094

The above S tensor yields the crystalline moduli in the a-, b-, and c-axis directions as E, = 7.51, £}, = 14.25, and

E. = 67.24 GPa.
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Table S1 Gibbs free energies of MAH

AGy (kcal mol™!)

AGy (kcal mol™")

Conformation Gas Benzene DMSO

Conformation“ Gas Benzene DMSO

tgtgtgtgteg™  0.366 0.536 0.781
ttttt 0.000 0.000  0.000 tgtgtgtet 1.102 1.418 1.718
tttg*t -0.152  -0.005 0.175 tgtgtgtegTgm  1.116 1.330  1.656
ttttgtg* 0.130 0.085 0.067 tgtgtgtt 1.903 2.040 2.197
tttgttt 0.550 0.569 0.573 tgtgtgtg” 1.972 2.026 2.161
titg* gt 0.283 0415  0.552 tgtgte gt 2.206 2647 3206
titg*gtg* 0.066 0.135  0.274 tgtgtg gt 1.285 1.536  1.807
titg* gt 0.692 0.828  0.980 tgtgtegTet  1.692 2308  2.934
tttgtg~ g™ 1.304 1.330 1.438 tgtgtg g g 1.584 2.129 2.735
ttgtttt 0.378 0.388 0.377 tgt gttt 0.727 0.853 0.970
ttgttg*t 0.590 0.734  0.849 tgte gt 0.982 1221 1465
ttg*tgtg* 0.893 0.883  0.950 tgtgtgtgt 0.976 1.032  1.126
ttg* gt 0.599 0.746  0.964 tgtg gt 0.514 0.734  0.981
ttgttgT g 0.954 0.938 0.994 tgtgTtg g 0.916 0.972 1.096
ttgtg*tt 0.877 0.889 0.854 tgtg gttgt 1.959 2.128 2.317
ttgtgttg” 1.383 1.298 1.254 tgtg gtg” 3.114 3.626 4.219
ttgtgtgtt 1.060 1203 1372 tgtg~gtgtt  2.549 2795  3.044
ttgtgtgtg” 1.285 1354  1.485 tg*g gttt 2.558 2853  3.162
ttgtetgt 1.253 1473 1.694 tgtg gt 1.070 1.540  2.071
ttg*etg g 1.574 1.685  1.869 tgtgTgte” 1.081 1272 1518
ttgtgtt 2.568 2.643 2.720 tgtg g gt 2.329 2.821 3.390
ttgtg gt 2.528 3.247  4.007 tgtg g gtgt  2.692 2968  3.250
ttgtg gt 1.894 2132 2427 tgtg g gt 1.122 1413 1.739
tgttttt -0.025 0.037  0.112 tgtgTgTgTg” 0.824 1.098 1.434
tgtttg*t —-0.500 -0.303 -0.044 gttt 0.206 0.327 0.465
tetttgt et 0.204 0218  0.290 gtittg™t 0.294 0.502  0.655
tgttgt -0.377 -0.234 -0.103 ghttgt gt 0.673 0.768 0.960
tgtttgg" 0014 0012  0.061 grtttgt 0.137 0407  0.809
tgttgTtt 0.253 0.316  0.393 ghtitgTg” 0.516 0.600  0.800
tgttgtgtt 0.439 0.582  0.721 gritgtt 0.574 0.700  0.840
tg*tgtgtgt 0.161 0213  0.248 gHtgtgtt 0.775 1.033  1.368
tgttgtgt 0.207 0.441 0.737 ghttgtgtet 0.872 1.081 1.426
tg*tgt e g 1.232 1329  1.456 ghttgtgt 1.362 1572 1.776
tgttg it 0.254 0317  0.359 ghitgtg g 1.347 1.502  1.765
tgttg g*t 0.707 0.917 1.168 ghttgTtt 0.504 0.646  0.852
tettg gt gt 1.127 1263 1.487 gritg gt 0.983 1244  1.587
tgttgTgt 0.238 0.398 0.561 ghttg gt gt 1.719 1.795 1.830
tgttg g g 0.222 0396  0.667 gritg gt 0.574 0.839  1.148
tgtgtttt 0.082 0.154 0.213 ghttgTg g 0.993 1.015 0.950
tgtgtttg*t 0.594 0.587  0.645 grtgtit 0.843 0.952  0.969
tgtgttgTt -0.341 -0.107 0.091 ghtgtttg” 1.139 1.186 1.296
tgtgttgtgt 0.585 0.589 0.629 ghtgttg™t 0.299 0.602 1.047
tg*gttgt 0.047 0261  0.544 ghtgttgtet 1.026 1.136  1.350
tg*gttg g 0.477 0510  0.606 ghtgttgTt 0.833 1.086 1335
tgtgt ettt 0.783 0.846  0.865 ghtgttgTg 1.029 1124 1.304
tgtgtgtegtt 0.612 0.794 0.963
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AG (kcal mol™h)

Conformation Gas Benzene DMSO
grtgtetit 0625 0942  1.300
ghtgtgttgt 1.212 1.407 1.670
ghtgtgtegtt 0.917 1.335 1.818
ghtgtgtgte® 0.519 0.861 1.223
ghtgtgteg g" 1.778 2.645 3.489
ghtgtgteg g 2.178 2.802 3.475
ortgtett 2086 2448 2813
ghttgtg gtg” 4.187 4.898  5.591
ghtgtg gt 1.582 2.115 2.702
ghtgtgTg g 2.147 2.834 3.647
gttt 0831 0973 1176
otgttg* 1244 1297 1458
ghtgTtgtt 0.881 1.123 1.441
ghtgTtgtgt 1.256 1.332 1.447
ghtgTtgt 1.009 1.277 1.628
ghtgTtg g 1.149 1.238 1.400
grtg gttt 2815 2964  3.147
gttgTgtgtt 2.679 2989  3.358
ghtg gtgtg” 3.195 3549  4.027
ghtgTgtet 3.509 3.907  4.393
gt gt 1.631 1782 1.941
gt g tg” 1.848 1.924  2.105
gttg g gt 1.090  1.500  2.026
gttg g gtg” 1.721 1.977  2.356
ghtgTg gt 1.280 1.515 1.756
gitg g g g 1.684 1.844 2.055
ottt 0.116 0255 0354
gt etttgtt ~0409  -0.144 0215
grgtttgtgt 0.569 0.660 0.801
ghretttgt 0.010 0.267  0.551
ghgtttgTg 0.202 0.280  0.387
grgttgttt 0.464 0.615 0.780
grgttgt gt 0677 0910  1.157
ghgttgtgtg® 0.577 1.110 1.659
gtgttgtet 0.685 0.999 1.377
gtgttgteT g 1.326 2.235 3.209
grgttgtt 0.708 0.857  0.994
otettg gt 1224 1470 1.680
ghgttg gtg” 1.446 1.690 2.055
gtgttgTgt 0.811 1.067 1.341
gtgttg g g 0.190 0.485 0.901
grgtgtttt 0.417 0.598  0.843
grgtgttgtt -0.153 0.050 0.163
gtgtgttgte® 0.826 0.938 1.106
ghgtgttgt 0.119 0.412 0.769
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AGy (kcal mol™h)

gttt 2.931 3581 4.295
ggt 3.201 3539 3.966
gttt 3.134 3504 3.872

~gtgtgt 3472 4004  4.620
gt
g
g

+

gt 1.040 1.666 2413

Conformation Gas Benzene DMSO
tetgttgTg” 0.619 0.744 0.940
tagtgtotit 1.030 1.186 1.303
tgtgtattgt 1.139 1.245 1.425
tagtotattg” 1.075 1.227 1.345
tgtotatott 1.228 1.484 1.727
tgtgtgtete” 0.943 1.171 1.420
TetgtegteTt 1.229 1.725 2.346
tgtgtgteTg” 1.512 1.759 2.073
tatgtoTtt 2.020 2.303 2.622
tgtgteTtg” 2.770 2.973 3.297
tgtgteT gt 2.951 3.430 4.030
TgtgtgTgtg” 3.925 4.326 4.847
tetgtoTet 2.669 2.988 3.351
tgtgteTgTg 2.880 3.210 3.556
gttt 1.103 1.390 1.716
tetgTtg™t 1.093 1.404 1.732
tgtgTtgtet 1.816 1.982 2.220
tetoTtgTt 0.867 1.191 1.528
tgtoTtgT g 0.873 1.000 1.177

g

g

g

g

g
tgtoTgTtg” 1.411 1.733 2.143
tgtgTgT gt 1.954 2.923 4.001
tgto g gt 1.316 1.637  1.976
tetgTgT g 1.145 1.387 1.594

toTttgTt -0.290 -0.038 0.273

toTtgTgte” 0.980 1.241 1.583

teTtgTgT g 1.132 1.390 1.630

tgmgttgte" 0.720 1210 1.774

TgTgTttt 0.436 0.734 1.048

teTgTttg” 1.039 1.217 1.362
“gtgtt 0.208 0.683 1.276
“gtgtgt 0.753 1.052 1.464
~gtg gt 1.662  2.028 2226
“otg g 0.264 1.068  1.903

tgmg gttt 2962 3363 3778

tgTgTg g 3.028 3.278 3.649

tgTgTgtet 2.858 3.695 4.642
“ggtgt 1.418 1.592 1.789

tgmg g gt 1.531 2095  2.602

tgTgmg gtet 1172 1493 1.847

tgTgTgTgt 1.204 1.561 1.941

tgTgTgT g 1.248 1.671 2.204

“Under the rotational isomeric state approximation,
729 (=3%) conformers are conceivable for MAH, and
the molecular symmetry decreases the number of ir-
reducible conformers to 365. As a result of the geo-
metrical optimization at the B3LYP/6-311++G(2d,p)
level for all the 365 conformers, 181 remained. From
left to right, the conformations of bonds 3—6 are writ-
ten.



Table S2 Geometrical parameters of PCL, used in the RIS calcu-

lations ¢
Conformation

J=1 0 g+l LY jaGEDC ¢
Bond a

t t t 1.350 116.2 0.0
gt t t 1.352 115.7 0.6
g t t 1.352 115.7 -0.6
t t gt 1.351 117.0 0.2
gt t gt 1.351 117.0 0.2
g t gt 1.351 117.0 0.2
t t g 1.351 117.0 -0.2
gt t g 1.351 117.0 -0.2
g t g 1.351 117.0 -0.2
Bond b

t t t 1.447 107.9 0.0
t gt ot 1.448 111.5 91.3
t gt 1.448 111.5 -91.3
t t gt 1.449 108.3 0.3
t gt g* 1.450 112.0 89.8
t g g 0.000 0.0 0.0
t t g 1.449 108.3 -0.3
t gt g 0.000 0.0 0.0
t g g 1.450 112.0 -89.8
Bond ¢

t t t 1.517 112.0 0.0
t gt ot 1.517 114.2 114.6
t g t 1.517 1142 -114.6
gt t t 1.521 111.9 34
gt gt ot 1.521 114.1 118.1
gt g ot 1.521 1142 -111.9
g t t 1.521 111.9 -34
g gt ot 1.521 114.2 111.9
g g t 1.521 114.1 -118.1
t t gt 1.518 113.3 3.2
t gt g* 1.518 1154 117.0
t g g 1.519 116.3 -105.5
gt t gt 1.523 1134 9.1
gt gt g 1.523 115.3 120.6
gt g gt 1.519 1140 -115.7
g~ t gt 1.523 113.3 0.9
g gt g* 1.523 115.5 111.1
g g g 1.524 116.2 -111.9
t t g 1.518 113.3 -3.2
t gt g 1.519 116.3 105.5
t g g 1.518 115.4 -117
gt t g 1.523 113.3 -0.9
gt gt g 1.524 116.2 111.9
gt g g 1.523 1155 -111.1
g t g 1.523 1134 -9.1
g gt g 1.519 114.0 115.7
g g g 1.523 1153 -120.6
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Bond d
t t
t g"
t g
gt
gt g
g g
g t
g g
g g
t t
t gt
t g
gt
gt g
g g
g t
g g
g g
t t
t g"
t g
gh ot
gr g
g g
g t
g g
g g
Bond e

+

+

+

L+ o+ +

OQGQUQUQUQOQ”””UQUQOQUQUQ+UQ+”””UQUQUQOQOQ+UO”””

+

+

+

+

+

+

+

+

+

gQ 0@ —0Q O O O —O0Q g —0Q U9 O3 O —O0Q O —0Q O — O3 O —

TF Y O+ O+ o+ o o+

gQ 0Q 0Q OQ U9 O O3 O3 09 O OQ UQ OQ OQ O OQ O O —+ — —+ —+ —+ — —+ =& =

T Y O+ O+ o+ o o+

UgQ 0Q 0Q 09 09 O3 O3 O3 O O OQ OQ 09 OQ OQ O O O —+ —+ —+ — — — =+ =& =

1.531
1.535
1.535
1.531
1.535
1.536
1.531
1.536
1.535
1.533
1.536
1.537
1.532
1.537
1.562
1.533
1.538
1.537
1.533
1.537
1.536
1.533
1.537
1.538
1.532
1.562
1.537

1.530
1.534
1.534
1.532
1.536
1.541
1.532
1.541
1.536
1.531
1.535
1.535
1.533
1.537
1.539
1.533
1.537
1.537
1.531
1.535
1.535
1.533
1.537
1.537
1.533
1.539
1.537

112.8
114.5
114.5
112.7
114.4
115.6
112.7
115.6
114.4
114.5
116.4
116.5
114.6
116.2
117.8
114.5
117.1
116.2
114.5
116.5
116.4
114.5
116.2
117.1
114.6
117.8
116.2

112.5
113.8
113.8
112.2
113.7
114.6
112.2
114.6
113.7
113.6
115.1
114.9
1134
114.9
117.0
113.2
116.2
114.9
113.6
114.9
115.1
113.2
114.9
116.2
1134
117.0
114.9

0.0
112.2
-112.2
0.7
113.3
-109.8
-0.7
109.8
-113.3
3.7
114.9
-114.5
4.2
117.8
-106.8
2.7
119.9
-117.5
-3.7
114.5
-114.9
=27
117.5
-119.9
-4.2
106.8
-117.8

0.0
113.7
-113.7
3.1
116.1
-90.3
=3.1
90.3
116.1
-0.1
1134
116.5
4.7
117.0
109.8
-4.4
118.3
-114
0.1
116.5
1134
44
114.0
118.3
-4.7
109.8
-117



Bond f

t t t 1526 1136 0.0
t gt t 1529 1137 1087
t gt 1529 1137 -108.7
gttt 1528 1133 3.8
gt gt t 1531 1137 1112
gt gt 1534 1143  -958
g t t 1528 1133 -3.8
g gt t 1534 1143 95.8
g gt 1531 1137 -1112
t ot gt 1540 1113 29
t gt gt 1537 1142 1172
t g gt 1544 1125 -1003
gt t gt 1540 1120 6.8
gt gt gt 1542 1130  121.0
gt g gt 1532 1138 -1123
gt gt 1541 1118 0.8
g gt gt 1539 1166 1056
g g gt 1532 1138 -1123
t ot g 1540 1113 -29
t gt g 1544 1125 1003
t g g 1537 1142 -1172
gt t g 1541 1118 -0.8
gt gt go 1532 1138 1123
gt g g 1539 1166 -105.6
g t g 1540 1120 -6.8
g gt g 1532 1138 1123
g g g 1542 1130  -121
Bond g

t t t 1512 1109 0.0
t gt t 1511 1116 1211
t gt 1511 1116 -121.1
gttt 1514 1111 -192
gt gt t 1513 1115 1214
gt gt 1512 1122 =937
gt t 1514 1111 19.2
g gt t 1512 1122 93.7
g gt 1513 1115 -1214

“Optimized at the B3LYP/6-311++G(2d,p) level. j denotes the
current bond. ”Length of bond j. “Angle formed between bonds
jand j + 1. “Dihedral angle of bond j, defined according to the
convention in polymer science: t, ¢; = 0°; g*, ¢; = £120°.
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Table S3 Optimized and experimental crystal structures of PES¢

Optimized ”

Experimental®

7.42

x/a
0.721
0.806
0.799
0.731
0.929
0.760
0.575
0.944
0.772

esijeriiesiiceBONONONON@

Lattice Constant (1&)

b c a b
10.08 8.48 7.60 10.75
ALC = 23% d

Fractional Coordinates
y/ib  z/c x/a y/b
-0.027 0.664 0.719 -0.013
0.083 0.569 0.787 0.094
0.201 0.328 0.798 0.198
0.094 0.425 0.724  0.099
0.153 0.614 0.903 0.161
-0.122 0.609 0.760 —-0.097
-0.021 0.651 0.575 -0.013
0.191 0.311 0.939 0.190
0.295 0.386 0.765 0.282
ACHO =0.016°

c
8.33

z/c
0.663
0.571
0.331
0.422
0.615
0.600
0.665
0.316
0.396

¢Orthorhombic, space group Pbnb. bAt 0 K. “Ueda, A. S.; Chatani, Y.; Tadokoro, H.

Polym. J. 1971, 2,

1
dALC:E[(

387-397. At room temperature.

2 2
Acalc — aexpt) n (bcalc - bexpt) + (Ccalc — Cexpt

Aexpt bexpt Cexpt

)2

12

e e I A

which was calculated for carbon, oxygen, and hydrogen atoms.

S7

Z

Cc

x 100 (%)

N



Table S4 Optimized and experimental crystal structures of @ form of PBS®

Optimized * Experimental®

Lattice Constant (A, %)

a b c B a b c B
5.21 8.71 10.88 125.7 5.23 9.12 1090 1239
ALC = 12% d

Fractional Coordinates

x/a y/b z/c x/a y/b z/c
C 0.1351 0.0571 0.5489 0.0839  0.0711 0.5389
C 0.0890  0.1524 0.6513 -0.0117  0.1387 0.6360
C 0.0074  0.0964 0.8420 -0.0195 0.0832 0.8352
C 0.0634 —-0.0237 0.9551 0.0690 -0.0216 0.9564
0] 0.1262  0.0508 0.7670 0.0696  0.0351 0.7495
0] -0.1270  0.2189 0.8202 -0.1536  0.1964 0.8164
H 0.1556  0.1359 0.4765 0.0392  0.1534 0.4566
H 0.3600 —-0.0048 0.6175 0.3308 0.0504 0.6104
H 0.2639  0.2440 0.7082 0.1104  0.2419 0.6821
H -0.1473  0.2021 0.5889 -0.2591 0.1590 0.5696
H 0.3171 -0.0467 1.0308 0.3190 -0.0237 1.0322
H —-0.0486 -0.1293 0.8911 -0.0138 —-0.1308 0.9106

ACHO = 0068 ¢

“Monoclinic, space group P2;/n. bAt 0 K. “Ichikawa, Y.; Kondo, H.; Igarashi, Y.; Noguchi, K.; Okuyama, K.;
Washiyama, J. Polymer 2000, 41, 4719-4727; 2001, 42, 847—-847.

d ALc = l l(acalc — dexpt )2 + (bcalc - bexpt )2 + (Ccalc — Cexpt )2 + (ﬁcalc _Bexpt )2

4 Qexpt bexpt Cexpt IBexpt

1/2
x 100 (%)

2
+

(-0

1 x o oy y
"o = (=Gl ()
CHO Natom ;ﬂ{[ a/calc a /expt b /caic b expt

which was calculated for carbon, oxygen, and hydrogen atoms.

S8



Fig. S1 Crystal structure optimized by the periodic DFT at the B3LYP-D/6-31G(d,p)
level: (a) PES; (b) a-form of PBS.
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(a) (b)

Fig. S2 Young’s modulus distributions on the plane perpendicular to the fiber axis:
(a) PES; (b) a-form of PBS. The grid spacing corresponds to 10 GPa.
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