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Supplementary Tables

Table S1. The property matrices (MP).

Note

MP Note
noe: number of outermost
MP, . = [noej]
electrons
MP = I:ionj] ion: ionization energy/10
MP, . = I:wei j] wei: atom weight

[T (wei,)
fivel = Z(weij)

rad: atomic radius

bd: branched

degree

aro: aromaticity
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Table S2. Statistical parameters.

Parameters Definition

Z((yi,exp _ycxp)>< (yi,cal _ycal)j
2 i=1

Squared correlation coefficient (R?) R == — - —
Z (yi,cxp - yexp)2 x Z (yi,cal - ycal)2
i=1 i=1
yi exp yi cal
Mean absolute error (AAE Z A2 g
( ) AAE ==
n
n )
Root mean squared error (RMSE) Zl o fexp ’?C“’)
RMSE =\/-=
n
Squared correlation coefficient for Z (( Viexp — ;exp) X(Vica = ;cal )j
2 i=
Qoo = nm,i,,] — = —
leave-one-out cross validation(Q? o0) Z Do — yexp)2 X Z Vil = ycal)z
i=1 i=1
Leverage value (%) h=x(X"X)"x/
« 3(ng, +1)
Leverage value threshold (4*) h = "

cal.

Note: x; is the descriptor row-vector of the i-th compound, x;T is the transpose of x;, X is the
descriptor matrix, and XT is the transpose of X. n, i, and 7, are the numbers of data points, data

points in the training set, and objects used to calculate the model, respectively.

Table S3. Norm descriptors (/) and coefficients (b) for the e-QSPR model.
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i H-suppressed 1 b

1 no MS - XMP,. 0.3936
2 yes MS 5 - xMP, |, 6.2901
3 yes MS - XMP,. 0.6117
4 yes M5 xMEy|. 1.3301
5 yes HMSbond ‘M fwei M])f\zel 237.6102
6 no V8 g X[ 1P - —MP,||. 4.6332
7 no |8, | MP,, ~MEL | 17601
8 yes HMSABC XMP| -1.0878
9 yes HMSAB <MP,q|, 1.2742
10 no |aas,, |nap,, - mEL || 0.3697
11 ves MS,p0g -X|MP,, = MP,,| 265.5382
12 no ‘MSAB \Ml”mn —MP,,||. 22814
13 yes MS 5 ~><\MPbd —MPbE\ \ -5.1375
14 no MS, i -><\MPbd —MRL\ . -11.3024
15 no M8, [P, — ME, i -0.0248
16 yes |MS, - xMP,|, -0.3824
17 1o HMS \M o ~MPy || -23.8595
18 ves M8,y x| MR, —MR,EHL -17.0902
19 ves HMSbond%\Mwael MPy||. -35.5794

Table S4. Statistical results of the e-QSPR model.
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Method Variable Data points Values
R?iraining 1013 0.9754
Resting 243 0.9821
AAE gaining 1013 0.1175
External validation

AT 243 0.1138
RMSE 4ining 1013 0.1652
RMSE ¢sting 243 0.1653
R? 1256 0.9768
Overall data set AAE 1256 0.1168
RMSE 1256 0.1652
Q’Loo 1013 0.9654
LOPO-CV AAE; o0 1013 0.1424
RMSE| 00 1013 0.1960
R’ 10000(times) 0.0151

Y-random validation L
£ 10000(times) 0.0331

Supplementary Figures
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Fig. S1. Summary of the dataset used in this work. a Distribution of € dataset; b The applied ¢ values

are plotted in ascending order.
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Fig. S2. a Examples of endpoint and connective atoms and their binding chemical bond types in the

atomic adjacent group (AAG) representation rule; b the core atom, connective atoms and bond type in

AAGs and AAG examples.
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Fig. S3. a William plot and b Ry vs. Oy of the 10000 Y-randomization tests for PI-¢ model.
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Fig. S4. Analysis of the 20 atomic adjacent group (AAG) of polyimides (PIs) in the modelled

dataset with carbon (C) atom as the core atom.
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Fig. S5. Analysis of the 19 atomic adjacent group (AAG) of polyimides (PIs) in the modelled

dataset with carbon (C) atom as the core atom.
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Fig. S6. Analysis of the 16 atomic adjacent group (AAG) of polyimides (PIs) in the modelled

dataset with nitrogen (N), oxygen (O), sulfur (S) or silicon (Si) Atoms as the core atom.
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Fig. S7. All-atom molecular dynamics simulation results of PI_CD24351. a MD amorphous cell; b

energy fluctuation in the 500 ps NVT dynamic equilibrium process; ¢ density fluctuation in the 800 ps

NPT.
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Fig. S8. All-atom molecular dynamics simulation results of PI_CD24416. a MD amorphous cell; b
energy fluctuation in the 500 ps NVT dynamic equilibrium process; ¢ density fluctuation in the 800 ps
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Fig. S10. All-atom molecular dynamics simulation results of PI_CD24719. a MD amorphous cell;

b energy fluctuation in the 500 ps NVT dynamic equilibrium process; ¢ density fluctuation in the 800

ps NPT.

SI 15



Forcite Dynamics Energies

24000
22000
20000

18000 K,

14000

12000
10000
8000 4

6000

rgy (kcal/mol

Ene

4000

2000

0

2000

-4000
0 o S0 100 150 200 250 300 350 400 50 500

Time ([;)5)

~@- Potential energy ~@- Kinetic energy Non-bond energy ~@- Total energy

Forcite Dynamics Density

- i

glem”3
i

Density (.

1.16 F
1.14
1.1 {
11
1.08
-100 0 100 200 300 400 500 600 200 800 900
Time (ps)
~@-Densit

Fig. S11. All-atom molecular dynamics simulation results of PI_CD24529. a MD amorphous cell;
b energy fluctuation in the 500 ps NVT dynamic equilibrium process; ¢ density fluctuation in the 800
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Fig. S12. All-atom molecular dynamics simulation results of PI_CD24352. a MD amorphous cell;

b energy fluctuation in the 500 ps NVT dynamic equilibrium process; ¢ density fluctuation in the 800
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Fig. S13. All-atom molecular dynamics simulation results of PI_CD24603. a MD amorphous cell;

b energy fluctuation in the 500 ps NVT dynamic equilibrium process; ¢ density fluctuation in the 800

ps NPT.
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Fig. S14. All-atom molecular dynamics simulation results of PI_CD24495. a MD amorphous cell;

b energy fluctuation in the 500 ps NVT dynamic equilibrium process; ¢ density fluctuation in the 800

ps NPT.
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Fig. S15. All-atom molecular dynamics simulation results of PI_CD24378. a MD amorphous cell;
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ps NPT.

SI 20



Supplementary Texts

Gaussian input coordinates and connectivity of PI_CD24351:
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Gaussian input coordinates and connectivity of PI_CD24416:
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-0.81760000
-3.58140000
0.24940000
-1.40620000
-3.64000000
-2.72700000
-2.02490000
-1.23110000
-1.18590000
-1.88450000
-2.67060000
-0.55220000
-0.71570000
-1.56740000
-2.00230000
0.17160000
-0.08990000
-4.91250000
-3.38080000

SI23

-4.07830000
-4.73920000
-5.26940000
-5.07630000
-4.41330000
-3.89450000
-3.72220000
-4.04430000
-4.67870000
-3.11810000
-5.17660000
-3.80410000
-4.16340000
-2.84910000
-2.99750000
-1.98490000
-0.80930000
-0.64530000
-1.63980000
0.37760000
1.38200000
0.61540000
1.03440000
0.52970000
2.55090000
-3.59910000
-5.31560000



I IO DI IZI OO IS @D IO IICD @D O IZZoOoOoooo0ooonaoaonnan

121561571.0

231591.0
3415431.0
4515441.0
5615131.0
6451.0
781.0102.0
891.0121.0
9112.0

2.18350000
1.92410000
1.65040000
1.64730000
1.91480000
1.27230000
1.91670000
1.42550000
-0.43170000
-1.26910000
-2.65180000
-3.22550000
-2.40670000
-1.02110000
-0.30810000
-1.06900000
0.98080000
-1.28650000
-6.19660000
-6.15140000
-6.49120000
3.91890000
4.87040000
0.47620000
2.37830000
1.91590000
1.42330000
1.89960000
-0.86000000
-3.29320000
-4.31880000
-2.86730000
0.70110000
-0.86670000

-0.81980000
-0.16370000
1.20570000
1.94660000
1.28120000
3.63590000
4.14990000
4.11770000
3.68330000
2.73130000
2.76220000
3.76550000
4.72890000
4.68740000
5.65520000
0.24430000
-1.13310000
-4.24470000
-1.87920000
-0.32190000
-1.86930000
-2.07090000
-0.67790000
-3.19540000
-1.90560000
-0.73390000
1.68700000
1.81870000
1.93710000
2.00230000
3.80120000
5.52540000
5.62020000
6.32030000

SI 24

3.73960000
4.94330000
4.95190000
3.76330000
2.56040000
3.78900000
4.95990000
2.44900000
4.07860000
3.48120000
3.67070000
4.45050000
5.03960000
4.85740000
5.46130000
-5.78090000
-5.45400000
-3.35140000
-2.83920000
-3.74740000
-4.62880000
-3.94930000
-2.11920000
-1.47590000
3.73210000
5.88760000
5.91840000
1.59760000
2.83490000
3.19270000
4.59310000
5.64900000
5.34450000
5.99250000



10
11

12461.0471.048 1.0
13141.0262.0272.0

1415151915
15161.5491.0
16171.5501.0
17181.5201.0
18191.5221.0
19511.0
20211.0242.0
21221.0251.0
222320

23

24
2528153215
26

27
282915521.0
29301.5531.0
30311.5541.0
31321.5331.0
32551.0

33342.0352.0361.0

34
35

36371.541 1.5
37381.556 1.0
38391.557 1.0
39401.558 1.0
40411.559 1.0
4142 1.0
42601.0 61 1.0
43

44

45

46

47

48

49

50

51

52

53

SI25



54
55
56
57
58
59
60
61

Gaussian input coordinates and connectivity of PI CD24366:

0
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-3.66840000
-3.51500000
-2.27790000
-1.19190000
-1.32980000
-2.59970000
-5.01020000
-5.83300000
-4.78710000
-5.46950000
-4.98640000
-7.24230000
0.09300000
0.93880000
2.24920000
2.99900000
2.35230000
1.05080000
0.30310000
2.70550000
1.80560000
0.81510000
-0.25010000
3.82360000
1.97720000
-0.31130000
0.84050000
1.84240000
2.03620000
2.37380000
2.49800000
2.30650000
2.63930000

-2.39140000
-1.19500000
-0.70560000
-1.50740000
-2.71780000
-3.19130000
-2.48410000
-1.49400000
-0.75640000
-3.43860000
0.28070000
-1.31240000
-3.61730000
-2.51870000
-2.09830000
-1.23830000
-0.82660000
-1.22960000
-2.07710000
-0.03880000
0.16950000
-0.62210000
-0.81080000
0.43110000
0.62870000
-4.69000000
-3.70810000
-0.24700000
0.21250000
1.54860000
2.41910000
1.96520000
2.12080000

SI 26

-4.60180000
-5.31130000
-5.69700000
-5.31620000
-4.60350000
-4.22520000
-4.43710000
-4.94180000
-5.46300000
-3.84960000
-6.05610000
-4.94080000
-4.19610000
-3.15660000
-3.46830000
-2.65130000
-1.49700000
-1.17760000
-1.98120000
-0.45310000
0.59060000
0.01050000
0.55910000
-0.42900000
1.84330000
-3.33840000
-5.41360000
2.92180000
4.22530000
4.47160000
3.38090000
2.07340000
6.08280000



T IO DI IIO DI I D@D IO IIZI @D TODITZOOOO000nao o0

121561571.0
231591.0
3415431.0
4515441.0
5615131.0

6451.0
781.0102.0
891.0121.0

9112.0

10

11

12461.0471.048 1.0
13141.0262.0272.0
1415151915
15161.5491.0

2.40860000
3.82890000
1.32780000
0.05360000
-1.02600000
-0.85020000
0.40810000
1.48830000
2.66610000
-2.15420000
-0.18690000
-2.76260000
-7.68910000
-7.49760000
-7.68380000
2.74360000
4.02710000
-0.71520000
1.59330000
1.92440000
2.75780000
2.42180000
-0.13200000
-2.02160000
-1.70260000
0.53970000
3.45560000
2.63970000

1.01780000
2.91450000
3.20560000
2.92270000
3.77320000
4.91920000
5.20190000
4.35130000
4.69420000
0.23720000
-1.15040000
-4.12790000
-1.74670000
-0.22890000
-1.81700000
-2.45660000
-0.92760000
-2.38720000
-1.30840000
-0.51220000
3.48040000
2.66360000
2.01470000
3.53430000
5.59040000
6.10300000
4.08370000
5.54890000

SI27

6.96660000
6.00420000
6.38160000
5.87240000
6.11680000
6.89180000
7.42330000
7.17140000
7.72360000
-6.25510000
-5.59940000
-3.66710000
-4.01770000
-4.97620000
-5.82940000
-4.38640000
-2.90070000
-1.69240000
2.75210000
5.04870000
3.53470000
1.22710000
5.27440000
5.70670000
7.09270000
8.04610000
7.53030000
8.27630000



16171.5501.0
17181.5201.0
18191.5221.0
19511.0
20211.0242.0
21221.0251.0
222320

23

24
2528153215
26

27
282915521.0
29301.5531.0
30311.5331.0
31321.5541.0
32551.0

33342.0352.0361.0

34
35
3637154115
37381556 1.0
38391557 1.0
3940 1.558 1.0
40411.559 1.0
414210
42601.0 61 1.0
43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

SI 28



60
61

Gaussian input coordinates and connectivity of PI CD24719:

0
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-3.53300000
-3.38460000
-2.14700000
-1.05500000
-1.18770000
-2.45810000
-4.87710000
-5.70950000
-4.66010000
-5.32500000
-4.86970000
-6.98060000
0.23750000
1.19820000
2.56310000
3.39360000
2.76940000
1.41950000
0.59350000
3.18150000
2.27960000
1.22300000
0.11540000
4.33060000
2.35560000
-0.13820000
0.89250000
3.03770000
3.12040000
2.51500000
1.83760000
1.74490000
1.09200000
0.55190000
-2.02900000
-0.05100000
-2.61450000
-7.35980000
3.02880000

-1.16960000
0.21740000
0.83400000

-0.04600000

-1.44580000

-2.04580000

-1.33540000

-0.22730000
0.67190000

-2.45780000
1.86280000

-0.07560000

-2.42930000

-1.67140000

-1.39870000

-0.77140000

-0.44010000

-0.71640000

-1.33820000
0.16310000
0.35640000

-0.23860000

-0.32610000
0.54360000
1.01400000

-3.68990000

-2.18570000
0.42480000
1.09570000
2.34490000
2.91860000
2.27030000
2.79640000
3.97290000
1.92640000
0.40590000

-3.13370000
0.78490000

-1.67880000

SI 29

-2.61800000
-2.72630000
-2.81240000
-2.77900000
-2.65860000
-2.58370000
-2.56790000
-2.62540000
-2.72240000
-2.47200000
-2.80090000
-2.58030000
-2.61250000
-1.38630000
-1.61610000
-0.67460000
0.51740000
0.76360000
-0.16030000
1.65820000
2.70190000
2.01600000
2.50270000
1.73600000
3.87140000
-2.04720000
-3.86190000
4.93730000
6.15710000
6.29280000
5.21480000
3.97590000
2.90000000
2.88090000
-2.90210000
-2.84850000
-2.50190000
-2.62410000
-2.57560000



anjianiijaniiasiianiianiianiian

121561571.0
231591.0
3415351.0
4515361.0
5615131.0
6371.0
781.0102.0
891.0121.0
9112.0

10

11

1238 1.0

13141.0262.0272.0

1415151915
15161.5391.0
16171.5401.0
17181.5201.0
18191.5221.0
19411.0
20211.0242.0
21221.0251.0
222320

23

24
2528153215
26

27
282915421.0
29301.5431.0
30311.5441.0
31321.5451.0
3233 1.0

3334 1.0

3446 1.047 1.0
35

4.45710000
-0.46670000
3.50550000
3.65280000
2.56790000
1.36620000
0.26870000
0.85790000

-0.55720000

-1.53990000

-0.56770000
0.63930000
2.87780000
3.90380000
4.41550000
4.71870000

SI 30

-0.87040000
0.06690000
4.82230000

7.00860000
7.25730000
5.36240000
2.00820000
3.50300000



36
37
38
39
40
41
42
43
44
45
46
47

Gaussian input coordinates and connectivity of PI_CD24529:

0

OO0 o0oaczooooooaoooca»nwoonOo0czooOooo0o000 .~

-3.32980000
-3.22700000
-2.01130000
-0.89270000
-0.98060000
-2.22930000
-4.66630000
-5.53030000
-4.51640000
-6.94680000
-5.08580000
-4.75770000
0.47430000
1.37800000
2.77690000
3.58310000
2.89690000
1.51090000
0.70860000
0.13030000
1.17390000
3.27440000
2.31500000
1.26130000
0.10980000
4.45130000
2.40210000
3.31540000
3.45630000

-1.18410000
0.18360000
0.81890000

-0.02130000

-1.40090000

-2.02130000

-1.37860000

-0.31230000
0.59720000

-0.20590000

-2.48910000
1.76350000

-2.33190000

-1.53570000

-1.40060000

-0.79480000

-0.33810000

-0.46690000

-1.06870000

-3.59820000

-2.08460000
0.28090000
0.61030000
0.09500000
0.15650000
0.53230000
1.14890000
0.58650000
1.12080000

SI 31

-2.72730000
-3.00540000
-3.20070000
-3.09570000
-2.81090000
-2.62210000
-2.61720000
-2.78360000
-3.01850000
-2.74580000
-2.37710000
-3.24010000
-2.69680000
-1.45130000
-1.57550000
-0.60000000
0.51380000
0.65330000
-0.30490000
-2.12420000
-3.92160000
1.65780000
2.61490000
1.86120000
2.23670000
1.81210000
3.84530000
4.74130000
6.02130000



DT I IO I I IO I DI DOD D EID D OZ00O0

121561571.0
231591.0
3415351.0
4515361.0
5615131.0
6371.0
781.0112.0
891.0101.0
91220
10381.0391.0401.0
11

12
13141.0202.0212.0
1415151915
15161.5411.0
16171.5421.0
17181.5221.0
18191.5241.0
1943 1.0

20

21

2.68590000
1.75900000
1.61940000
0.71410000
0.92940000
-1.92870000
0.09600000
-2.35280000
-7.34230000
-7.26550000
-7.38110000
3.29170000
4.67630000
-0.37860000
3.93130000
4.17790000
2.81400000
0.59160000
0.20270000
-0.15510000
1.16300000
1.11580000

2.21870000
2.79160000
2.24380000
2.79830000
3.97390000
1.89600000
0.44540000
-3.09490000
-0.70090000
0.86100000
-0.70150000
-1.79190000
-0.69910000
-1.17310000
-0.28090000
0.67710000
2.62900000
2.34280000
3.58370000
3.72140000
4.29030000
4.85050000

SI 32

6.40400000
5.52560000
4.24050000
3.41130000
5.97100000
-3.42160000
-3.24480000
-2.40440000
-1.82980000
-2.73610000
-3.64360000
-2.46910000
-0.70780000
-0.15290000
4.44970000
6.72850000
7.41920000
2.51070000
3.80770000
5.93780000
7.01290000
5.30930000



22231.0262.0
23241.0271.0
24252.0

25

26
2728153215
282915441.0
29301.5451.0
30311.5461.0
31321.5341.0
3233 1.0
33471.048 1.0

34491.0501.0511.0

35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51

Gaussian input coordinates and connectivity of PI_CD24352:

0

ocooazooaoooaoo -~

-3.45670000
-3.33100000
-2.11190000
-1.01380000
-1.12410000
-2.37650000
-4.78820000
-5.62820000
-4.60550000
-5.22500000
-4.82650000

-0.98160000
0.34500000
0.91250000
0.04920000

-1.29150000

-1.84260000

-1.11370000

-0.03800000
0.80240000

-2.17800000
1.94620000

SI33

-2.49630000
-2.92370000
-3.25720000
-3.12640000
-2.69900000
-2.37080000
-2.28240000
-2.50350000
-2.90090000
-1.90300000
-3.23260000



T I I OD T D DI TN TN DI DI DN TZO0O000000000a0zaononoannaannQn

121561571.0

231591.0
3415341.0
4515351.0
5615131.0
6361.0

-7.03420000
0.30970000
1.22740000
2.61110000
3.41860000
2.75160000
1.38120000
0.57740000
3.13490000
2.19410000
1.14540000
0.01500000
4.29890000
2.27360000
-0.05850000
1.00470000
3.14050000
3.22110000
2.43770000
1.57190000
1.48480000
0.81630000
-2.01170000
-0.02210000
-2.51800000
-7.40150000
-7.30050000
-7.54100000
3.11320000
4.49960000
-0.49640000
3.76050000
3.90290000
2.50470000
0.79840000
0.21000000
0.94050000

0.13010000
-2.25470000
-1.43130000
-1.21820000
-0.57410000
-0.16320000
-0.37380000
-1.01120000

0.46790000

0.73680000

0.16350000

0.12410000

0.78710000

1.30000000
-3.49540000
-2.06280000

0.76650000

1.34760000

2.46060000

2.98820000

2.41180000

4.05830000

1.95790000

0.46610000
-2.88110000
-0.36080000

1.21040000
-0.32930000
-1.57320000
-0.41720000
-1.17450000
-0.11490000

0.92420000

2.91450000

2.83390000

4.38000000

4.41610000

SI 34

-2.38310000
-2.57030000
-1.35280000
-1.52730000
-0.57740000
0.56570000
0.75540000
-0.17780000
1.70160000
2.69380000
1.97700000
2.41490000
1.82250000
3.91180000
-1.95840000
-3.80750000
4.86890000
6.13620000
6.44850000
5.48850000
4.21940000
5.79060000
-3.59360000
-3.37200000
-2.02990000
-1.45350000
-2.33690000
-3.26160000
-2.44290000
-0.72640000
0.01150000
4.63290000
6.89330000
7.45170000
3.46530000
5.03920000
6.73530000



781.0102.0
891.0121.0
9112.0

10

11

12371.038 1.039 1.0
1314 1.0 26 2.0 27 2.0
14151519 1.5
1516 1.540 1.0
16171541 1.0
17181.520 1.0
18191522 1.0
1942 1.0
20211.0242.0
21221.0251.0
222320

23

24
2528153215
26

27

2829 1.543 1.0
2930 1.544 1.0
3031 1.545 1.0
31321533 1.0
3246 1.0

3347 1.048 1.0
34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

Gaussian input coordinates and connectivity of PI_ CD24603:

SI 35
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-3.62910000
-3.49790000
-2.27530000
-1.17960000
-1.29540000
-2.55080000
-4.96290000
-5.79990000
-4.77210000
-7.20820000
-5.40450000
-4.98850000
0.13460000
1.06880000
2.45530000
3.27870000
2.62390000
1.24990000
0.43090000
-0.23310000
0.81810000
3.02320000
2.09110000
1.02920000
-0.10090000
4.19290000
2.18210000
2.95030000
3.04800000
2.37720000
1.60630000
1.50800000
2.47370000
-2.17140000
-0.18620000
-2.69580000
-7.58850000
-7.48070000
-7.70010000
2.94680000
4.36200000
-0.64520000
3.47990000

-0.90330000
0.43110000
1.00300000
0.13500000

-1.21300000

-1.76740000

-1.03830000
0.04160000
0.88930000
0.20510000

-2.10910000
2.03960000

-2.18280000

-1.36460000

-1.17700000

-0.54220000

-0.10990000

-0.29150000

-0.92270000

-3.42230000

-1.99190000
0.52440000
0.82240000
0.26310000
0.25920000
0.82350000

1.43360000
0.86020000
1.49620000
2.70210000
3.27430000
2.63760000
3.31730000
2.05380000
0.55230000

-2.81250000

-0.28940000
1.28390000

-0.25400000

-1.54540000

-0.40580000

-1.06340000

-0.09240000

SI 36

-2.52590000
-2.92610000
-3.23840000
-3.11950000
-2.71750000
-2.40650000
-2.32880000
-2.53990000
-2.90770000
-2.44010000
-1.97420000
-3.21950000
-2.60370000
-1.39550000
-1.57840000
-0.63580000
0.50610000
0.70230000
-0.22180000
-1.98900000
-3.84730000
1.63460000
2.62590000
1.91880000
2.35970000
1.75080000
3.81940000
4.83550000
6.07490000
6.28910000
5.27530000
4.03620000
7.48050000
-3.55560000
-3.35710000
-2.08760000
-1.51770000
-2.39590000
-3.32730000
-2.49400000
-0.78970000
-0.02640000
4.66510000



anjiasiijaniianiian

121561571.0
231591.0
3415341.0
4515351.0
5615131.0
6361.0
781.0112.0
891.0101.0
91220

10371.0381.0391.0

11
12

13141.0202.0212.0

1415151915
15161.5401.0
16171.5411.0
17181.5221.0
18191524 1.0
1942 1.0

20

21
22231.0262.0
23241.0271.0
24252.0

25

26
2728153215
282915431.0
29301.5441.0
30311.5331.0
31321.5451.0
3246 1.0
33471.048 1.0
34

35

36

37

38

3.65510000
1.07670000
0.90230000
1.95570000
3.05540000

1.04360000
4.22690000
3.09140000
4.19050000
2.83720000

SI 37

6.87720000
5.44590000
3.23350000
7.55340000
8.16390000



39
40
41
42
43
44
45
46
47
48

Gaussian input coordinates and connectivity of PI_CD24495:

0

OO0 0O000nOZaOo0oo0onOnnOn0n0n0»no0oo0onOnOzonon0n0nnn -~

4.60270240
5.17528405
4.55542046
3.30768324
2.71770476
3.37039207
5.52426852
6.68810725
6.34992486
7.81403350
5.31147289
7.08900832
1.17930000
1.60120000
1.70160000
1.98290000
2.16170000
2.07580000
1.79030000
0.39221006
0.84569985
2.42140000
2.51300000
2.29860000
2.28990000
2.55300000
2.68000000
3.92070000
4.15650000
3.14080000
1.90450000

0.57847246
-0.35638123
-1.55136815
-1.74936742
-0.81688443

0.39018242

1.57066548

1.45529298

0.22010867

2.30390322

2.54395689
-0.36232062
-1.14130000
-1.12880000
-2.33600000
-2.39090000
-1.15600000

0.05010000

0.11150000

0.02675914
-2.50055426
-0.76280000

0.59510000

0.98790000

2.15810000
-1.61040000

1.26230000

1.14770000

1.80330000

2.56790000

2.67550000

SI 38

-4.66489704
-5.53355937
-5.86073607
-5.25004511
-4.37043471
-4.05797328
-4.62518406
-5.36262542
-5.88234345
-5.53869303
-3.93610872
-6.64503648
-3.64060000
-1.95980000
-1.23600000
0.13720000
0.73810000
0.03320000
-1.32200000
-3.89583817
-3.94107164
2.00750000
2.30480000
0.98580000
0.66600000
2.86530000
3.45940000
4.09260000
5.30070000
5.87340000
5.23440000
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121561571.0

231591.0
3415411.0
4515421.0
5615131.0
6431.0
781.0112.0
891.0101.0
91220

1.64350000
0.29040000
-0.15810000
0.69490000
0.32890000
-0.91630000
-1.78820000
-1.41170000
-2.29870000
5.00683224
2.78947972
2.95156164
7.97060587
8.73450371
7.65033910
1.53520000
2.03920000
1.69770000
4.72290000
5.13670000
3.31780000
1.12390000
0.29190000
-0.43130000
1.68170000
1.02480000
-1.21120000
-2.77350000
-1.99690000
-3.17920000

10441.0451.0461.0

11
12

13141.0202.0212.0

2.02260000
2.20380000
3.63900000
4.54970000
5.88470000
6.33300000
5.43630000
4.10380000
3.29510000
-2.28860987
-2.69236371
1.14622425
2.94019121
1.69930939
2.96112936
-3.30260000
-3.33940000
1.08060000
0.53790000
1.71670000
3.09180000
3.29770000
1.75830000
1.60330000
4.21270000
6.58580000
7.38690000
5.78960000
2.33600000
3.73680000

SI 39

4.02200000
3.36250000
3.19200000
2.55590000
2.37530000
2.81580000
3.43310000
3.61890000
4.22600000
-6.54503133
-5.49028299
-3.37308511
-4.63841785
-5.70366834
-6.42253767
-1.73910000
0.69640000
-1.84000000
3.64290000
5.79920000
6.82800000
5.70280000
2.34100000
3.95840000
2.19690000
1.88500000
2.67690000
3.77920000
4.37550000
4.48300000



1415151915
15161.5471.0
16171548 1.0
17181.5221.0
18191.5241.0
1949 1.0

20

21
22231.0262.0
23241.0271.0
242520

25

26
2728153215
282915501.0
29301.5511.0
30311.5521.0
31321.5531.0
3233 1.0

33341.0541.0551.0

3435153915
3536 1.556 1.0
36371557 1.0
37381558 1.0
38391559 1.0
3940 1.0

40 60 1.0 61 1.0
41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

SI40



58
59
60
61

Gaussian input coordinates and connectivity of PI CD24378:

0
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-3.15870000
-3.06340000
-1.85220000
-0.72970000
-0.80820000
-2.05330000
-4.49340000
-5.36220000
-4.35410000
-6.77750000
-4.90770000
-4.60210000
0.65570000
1.50380000
2.75290000
3.48130000
2.87980000
1.64410000
0.91730000
0.31550000
1.35460000
3.22460000
2.37560000
1.43270000
0.41580000
4.27310000
2.45270000
3.23910000
3.34310000
2.65820000
1.86360000
1.76500000
1.16380000
0.37900000
0.28810000
0.98000000
1.21400000

-1.58020000
-0.24400000
0.37470000
-0.44800000
-1.79710000
-2.40020000
-1.76630000
-0.72100000
0.16360000
-0.60740000
-2.85030000
1.30290000
-2.70600000
-1.78850000
-1.20010000
-0.43750000
-0.30520000
-0.88780000
-1.64000000
-3.93610000
-2.53510000
0.32490000
0.26510000
-0.52120000
-0.88800000
0.93320000
0.75340000
0.06000000
0.53250000
1.68860000
2.38990000
1.91760000
3.54800000
4.23570000
3.76920000
2.61720000
4.04560000

SI41

-3.11790000
-3.52280000
-3.78610000
-3.61050000
-3.20350000
-2.94580000
-2.97560000
-3.22820000
-3.56110000
-3.17320000
-2.62860000
-3.88970000
-3.02270000
-1.82180000
-2.11310000
-1.18730000
0.05390000
0.35910000
-0.55120000
-2.37430000
-4.26010000
1.20220000
2.30430000
1.64630000
2.19670000
1.24300000
3.55400000
4.47490000
5.78170000
6.15780000
5.24170000
3.92200000
5.60810000
4.68070000
3.37060000
2.99690000
6.85710000
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121561571.0

231591.0
3415381.0
4515391.0
5615131.0
6401.0
781.0112.0
891.0101.0
91220

10411.0421.0431.0

11
12

13141.0202.0212.0
1415151915
15161544 1.0
16171.5451.0
17181.5221.0
18191.5241.0

1946 1.0
20
21

22231.0262.0
23241.0271.0

24252.0
25
26

-1.77530000
0.25520000
-2.17090000
-7.16390000
-7.08900000
-7.22860000
3.20750000
4.45580000
-0.05580000
3.77590000
3.96340000
2.76610000
-0.16970000
-0.32890000
0.88780000
0.66070000
1.79130000

1.42730000
0.00900000
-3.44870000
-1.08820000
0.46170000
-1.11000000
-1.32650000
0.01840000
-2.08220000
-0.85690000
-0.00890000
2.02600000
5.14700000
4.30980000
2.27890000
4.88810000
3.52800000

SI42

-4.10530000
-3.80650000
-2.62670000
-2.24600000
-3.16900000
-4.05860000
-3.10970000
-1.42840000
-0.27920000
4.17800000
6.51640000
7.20120000
4.97390000
2.63280000
1.95180000
6.99970000
7.51460000



27281.532 1.5
28291.547 1.0
29301.548 1.0
30311.549 1.0
31321.533 1.5
3236 1.5
33341.537 1.0
34351.550 1.0
35361.551 1.0
3652 1.0
37531.054 1.0
38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

Supplementary Equations

Norm indexes are defined as follows:
1
el -4l |
J
1
EFp»)
j 1

= x| o
J

SI43

(S1)

(82)

(S3)



M) = [ Y m| (s4)
o] = s S| =
] s o | 5

where, A; is the eigenvalue of matrix, the MY is the Hermite matrix.

The seven MS (containing MSg, MSa, MSag, MSasc, MSvonds MSponda, MSapcaro) are defined as

follows:
Ms, =[ a, | a, =% %O (S7)
’ Y 0 otherwise
S, s. =1
MS =| a.. a. = y ij (SS)
A ': ’J:' ij { O Otherwise
s, s, =lor 2
MS =| a.. a.. = i ij (S9)
v [ U] ! {0 otherwise
s, S.=lor 2or3
MS =|a, a. =40 ij (510)
ABC [ ’J:I ij {0 Otherwise
MSyona = I:aif:l a,; = b; s, =1b,=1or2or3orl5 S11)
» 0 otherwise
b.. s. =1.b =1
MS = d.. a.. = i ij > “ij (Slz)
bondA I: ‘J:I ij {O Otherwise
MS \pcare = [%:I L= s; s; =1or 2 or 3,andatom j is on the benzene ring (S13)
0 otherwise

where s; is the step between atoms i and j and bj; is the type of chemical bond between atoms i and ;.
Specifically, for by, single, double, and triple bonds are denoted as 1.0, 2.0, and 3.0, while bonds

between aromatic atoms are denoted as 1.5.

ST 44



