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Table S1 0 K enthalpies of formation for reference species in isodesmic reactions from ATcT (kcal/mol)

Species AH{O0K) Species AH{O0K)
Anisole -11.42 Propylene 8.34
Styrene 40.53 Ethylene 14.54
Methylbenzene 17.51 Ethane -16.33
Formic acid -88.66 Methane -15.90
Methanol -45.39
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Table S 2 Thermochemistry comparison of monosubstituted aromatics against Sabbe et al.

3-phenylpropene

Speci R AH{298.15K) S(298.15K) Cp [cal/mol/K]
i esource
peeles [kcal/mol] [cal/mol/K] | 300K | 400K | 500K | 600K | 800K | 1000K | 1500K
This work 72.9 89.1 31.9 41.3 49.5 56.2 65.7 72.6 82.6
_— CH
G
~
c
2
Sabbe et al. 73.5 88.8 31.8 41.5 49.5 56.1 65.8 72.6
3-phenyl-1-propyne
This work 27.8 90.1 34.1 443 533 60.9 71.7 79.6 91.3
CH,
|(|:/
CH, Sabbe et al. 27.9 90.3 33.9 44 .4 53.3 60.7 71.7 79.5
alpha-methyl-styrene
This work 32.1 93.0 33.6 43.9 53.1 60.8 71.7 79.6 91.3
8
(|_3|/ \CHZ
2 Sabbe et al. 325 93.2 33.7 44.2 53.2 60.6 71.7 79.5




This work 0.3 93.1 36.3 47.4 57.4 65.8 77.9 86.7 100.0
CHj
(I-:i/
CH, Sabbe et al. 0.7 923 36.6 47.9 57.7 65.8 78.0 86.7
2-phenylpropane
CH,
| This work 92.1 92.6 35.7 45.9 54.6 61.6 71.4 78.3 88.5
_c
c
wZ
Sabbe et al. 92.7 92.8 359 46.3 54.9 61.6 71.4 78.2
3-phenyl-3-buten-1-yne
This work 50.5 95.5 38.7 49.6 59.0 66.8 77.7 85.6 97.2
H
c
(‘]/ \CHZ
ot Sabbe et al. 50.8 93.5 38.5 50.0 59.4 66.9 77.9 85.6
2-phenyl-1,3-butadiene
//CH This work 66.1 97.0 38.7 49.4 58.7 66.4 77.3 85.2 97.0
c
~

CHs

3-phenyl-1-butyne




Sabbe et al. 66.8 97.1 38.7 49.7 58.8 66.3 77.3 85.2
] This work 25.8 100.7 39.9 51.3 61.7 70.5 83.0 92.1 105.6
C
N,
H
CHa Sabbe et al. 26.1 102.2 39.0 51.0 61.3 69.8 82.6 91.6
3-phenyl-1-butene
O\ This work 427 85.6 30.1 39.4 477 54.7 64.6 71.8 82.2
CHs
S/
1-phenyl-1-cthyl Sabbe et al. 43.7 85.8 29.8 39.3 475 542 64.3 71.4
This work 100.8 87.3 32.4 41.6 493 55.6 64.3 70.5 79.3
CH
/C//
c
Sabbe et al. 101.5 87.7 32.7 41.9 49.5 55.4 64.2 70.2
3-phenyl-1-propyn-3-yl
This work 58.8 88.7 33.9 44.6 53.9 61.5 71.7 78.8 88.8

H
C
©\C/ \CHQ

H

3-phenyl-1-propen-3-yl




Sabbe et al. 59.3 88.8 334 43.9 52.7 59.8 70.3 77.7
This work 35.6 93.4 35.0 454 55.0 63.1 74.9 83.4 95.9
CHj3
C/
CHs Sabbe et al. 35.9 93.8 344 45.2 54.8 62.6 74.6 83.1
2-phenyl-2-propyl
CHs
This work 92.9 95.8 38.0 48.2 57.0 64.4 74.9 82.3 93.2
C
= C/ .
HeZ
Sabbe et al. 93.8 96.1 38.0 48.4 57.0 64.1 74.6 82.1
3-phenyl-1-butyn-3-yl
This work 53.0 98.1 38.8 50.4 60.7 69.2 81.3 89.8 102.2
H
C
é/ \CHz
CHs Sabbe et al. 53.2 96.2 383 50.0 60.2 68.4 80.7 89.4

3-phenyl-1-buten-3-yl




HC§C g
N Ny This work 112.2 99.7 41.3 53.0 62.8 70.6 81.2 88.7 99.4
2
Sabbe et al. 113.0 100.0 41.1 52.6 62.0 69.6 80.6 88.3
3-phenyl-1-penten-4-yn-3-yl
This work 72.8 101.5 44.4 56.9 67.7 76.4 88.2 96.6 108.5
H,C c CH,
X TN\ Sabbe et al. 75.4 98.5 418 54.6 65.4 74.1 86.8 95.8
H H
3-phenyl-1-4-pentadien-3-yl
Table S 3 Thermochemistry of monosubstituted aromatics.
, AH{298.15K) | S(298.15K) Cp [cal/imol/K]
No. Species Oext Oint Nt teal/mol Vmol/K
[keal/mol} [calmoVKT | 300k | 400k | 500K | 600K | 800K | 1000K | 1500 K




@ 12 | none 20.1 64.2 19.6 265 328 38.0 45.0 50.1 575
©/ 1 6 11.9 76.5 247 32.9 403 46.6 55.5 62.0 71.5
O\/ 1 6 6.9 86.3 30.3 399 48.6 56.1 66.6 743 85.7
)\@ 1 18 03 93.1 363 47.4 574 65.8 77.9 86.7 100.0
X
| 1 2 354 82.0 283 374 454 52.1 613 67.8 774
/ \/
| -
- | 6 278 90.1 34.1 443 533 60.9 717 79.6 912

:<
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A\

:
13 92.1 103.7 415 530 | 628 | 709 | 822 90.4 102.5
\ /
14 i 136.4 99.3 39.2 498 | 587 | 660 | 760 832 038
15 O\C P N 50.5 95.5 38.7 496 | 590 | 668 | 777 85.6 97.2
I
CH,
CH,
g
16 o \@ 92.1 92.6 357 459 | 546 | 616 | 714 78.3 88.5
HC
17 O 4.1 92.7 39.3 525 | 640 | 735 | 865 95.6 108.7
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O

C
25 \OH -71.0 84.5 29.9 38.5 46.0 52.2 60.9 67.2 75.6
0
26 / -20.2 87.9 32.3 414 49.5 56.3 65.9 72.7 82.6
C/C
27 \© 5.9 93.3 353 45.6 54.4 61.7 71.7 78.6 88.5
| _H
28 \OH -22.7 86.4 29.6 37.9 453 51.5 60.3 66.7 76.2
OH
29 CHj -32.6 93.7 36.9 46.5 54.9 61.9 72.1 79.5 90.6
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N\
CH
/
C—H
34 @ \C 48.4 102.0 40.7 50.8 59.4 66.3 76.2 83.2 93.4
N\
\CH
(0]
\}
/CH
35 @70\—H 7.3 105.3 42.7 53.5 62.9 70.8 82.0 90.1 102.0
CH
/)
2HC/
CHO
|
_C
36 HzC/ 7.7 94.2 35.8 455 54.1 61.2 71.3 78.3 88.4
37 C/OOH -55 95.7 332 42.0 49.8 56.4 65.6 72.1 81.6
Ho
OOH
38 -15.4 102.4 40.7 50.7 59.6 67.1 77.6 85.1 96.2

I
O




3
| OOH
c
39 ©/ CHs 18 241 106.4 47.6 59.5 69.7 78.1 89.8 98.3 110.8
H
©\‘/C
40 <|> CHy 6 53.0 98.1 38.8 50.4 60.7 69.2 81.3 89.8 102.1
CHs
H //CH
Y
o ¢
41 2 71.6 99.1 38.7 49.0 57.7 64.8 74.5 81.2 90.4
CH,
|
¢
42 6 92.9 95.8 38.0 482 57.0 64.4 74.9 82.4 93.2




43 33.4 102.0 41.1 52.1 61.6 69.6 80.7 88.4 99.3
NI N
H H
44 72.8 101.5 44.4 56.9 67.7 76.4 88.2 96.6 108.5
HZC\C/Q\C/CHZ
H H
HC§C C//CH
~o
45 154.9 96.7 40.0 50.1 58.5 65.1 74.4 80.9 90.3
HC
e 8
T
46 112.2 99.7 413 53.0 62.8 70.6 81.2 88.7 99.4
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47
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50

51




Cc
52 | mge \O 6 0.7 93.9 342 43.9 524 59.4 69.3 76.4 86.9
©\_/CH3
53 T 18 35.6 934 35.0 45.4 55.0 63.1 74.9 83.4 95.9
/CH
54 ©\¢/C/ 2 100.8 87.3 324 41.6 493 55.6 64.3 70.5 79.3
H
55 (j\c/E - 2 58.8 88.7 339 44.6 53.9 61.5 71.7 78.8 88.8
H
H
O\-/C\
56 c o 6 11.4 97.4 36.4 46.6 55.6 63.3 74.1 81.8 92.9

CHj




57

2 none

)

68.9

19.1

25.5

31.1

35.8

421

46.6

53.0

58

2 none

1 13.8

74.2

23.0

29.9

359

40.8

47.5

52.1

58.8

Table S 4 Thermochemistry comparison with hindered rotor potentials calculated at M06-X/6-31G and M06-X/6-311++G(d,p) level of theory.

. AH{298.15K) S(298.15K) Cp [cal/mol/K]
Species Methods
[kcal/mol] [cal/mol/K] 300 K 400 K 500 K 600 K 800K | 1000K | 1500 K
©/ MO06-X/6-31G -21.94 75.19 24.80 32.19 38.47 43.53 50.43 55.29 62.42
Phenol M06-X/6-311++G(d,p) -21.92 75.33 24.81 32.14 38.38 43.42 50.33 55.21 62.38
©/ MO06-X/6-31G -9.20 79.49 26.36 34.17 41.12 46.92 55.08 60.80 68.82
Benzaldehyde M06-X/6-311++G(d,p) -9.18 79.70 26.37 34.19 41.15 46.95 55.08 60.75 68.68
©/CH2 MO06-X/6-31G 50.18 75.72 25.81 33.84 40.78 46.47 54.39 60.04 68.24
Benzyl radical MO06-X/6-311++G(d,p) 50.18 75.75 25.83 33.85 40.79 46.47 54.39 60.04 68.22
©\ MO06-X/6-31G -17.13 82.49 29.42 38.14 45.78 52.10 60.92 67.26 76.60
o




Anisole MO06-X/6-31 l++G(d,p) -17.14 82.46 29.41 38.14 45.78 52.10 60.93 67.28 76.63
Table S 5 The total symmetry number (Giota1 sysm) and optical isomer number (n,) of disubstituted aromatics
Species Gext Gint Nopt Species Gext Gint Nopt Species Gext Gint Nopt
OH HO OH OH
OH HO
O-dihydroxybenzene M-dihydroxybenzene P-dihydroxybenzene
OH OH OH
O-methylphenol M-methylphenol P-methylphenol
CHO OHC CHO CHO
@i 2 1 1 \©/ 2 1 1 /©/ 4 1 1
CHO OHC
O-phthaldialdehyde M-phthaldialdehyde P-phthaldialdehyde
CHO CHO CHO




O-
methylbenzaldehyde

M-methylbenzaldehyde

P-methylbenzaldehyde

O-xylene

M-xylene

P-xylene




Table S 6 Thermochemistry of dicyclic aromatics.

, AH{(298.15K) | S(298.15K) Cp [cal/mol/K]
No. Species Gext Gint | Dopt
[kcal/mol] [cal/mol/K] | 300K | 400K | 500K | 600K | 800 K | 1000 K | 1500 K
/ ——O
59 ‘ 1 none | 1 23.3 76.2 25.1 333 | 406 | 46.6 | 549 60.6 68.8
X
O
60 1 none | 1 -12.9 81.4 29.3 392 | 481 | 556 | 65.9 73.2 83.6
(0]
61 @j 1 none | 1 221 86.2 33.8 454 | 558 | 64.6 | 77.0 85.8 98.5
(@]
62 / 1 none | 1 2.8 78.2 27.2 36.5 | 444 | 509 | 59.7 65.7 74.2
(6]
63 ©ij 1 none | 1 3.8 85.7 32.3 43.0 | 524 | 60.1 | 70.9 78.4 89.2




o
64 1 none 4.8 84.5 323 43.0 52.3 60.1 70.8 78.4 89.2
=
65 “ 4 none 35.0 79.6 31.5 42.5 52.0 59.9 70.7 78.3 89.1
o
66 1 2 9.3 86.7 30.8 40.6 493 56.4 66.1 73.0 83.0
o
67 1 2 2.6 94.2 34.2 45.7 56.2 64.9 76.9 85.5 97.8
0
68 @—O 1 2 -21.0 97.5 38.8 52.2 64.2 74.3 88.3 98.3 112.7
X
69 H 2 none 47.7 76.5 26.9 36.2 44.6 51.6 61.3 68.2 78.1
P
2(Cyy)
70 1(CY) none 14.0 80.8 309 41.9 52.0 60.4 72.2 80.7 93.0




e

71 none 52 85.9 354 48.1 59.6 69.4 83.3 93.2 107.8

72 H ‘ none 97.8 74.9 25.7 34.1 41.3 47.2 55.2 60.8 68.8

73 none 38.2 79.9 294 39.6 48.5 56.0 66.1 733 83.6

74 “ none 29.7 85.3 33.8 45.6 56.1 64.8 77.1 85.8 98.5

75 “ none 32.8 86.7 34.0 45.6 56.0 64.7 77.0 85.8 98.5
O

76 X 2 55.3 89.1 30.6 39.7 479 54.7 63.9 70.3 79.2




77 2 333 92.6 34.7 45.6 554 63.6 74.9 82.9 94.2
O

78 @—'O 2 7.6 96.4 38.7 51.4 62.8 72.5 85.9 95.5 109.2
/

79 ‘ ‘ none 88.8 78.9 27.1 36.0 43.8 50.1 58.8 64.9 73.7
\

80 ©i> none 49.7 86.1 31.1 41.7 51.1 58.9 69.8 71.5 88.5

81 ©i> none 58.2 83.5 31.7 42.1 51.4 59.2 69.9 77.6 88.6

82 @O none 39.2 88.3 355 47.7 58.7 67.9 80.8 90.0 103.4




83 @O none 50.5 90.7 36.3 483 59.1 68.2 81.0 90.2 103.5
84 none 66.1 79.2 29.0 38.9 47.3 54.2 63.5 69.9 79.1
85 “ none 57.7 87.3 33.7 45.1 55.0 63.2 74.6 82.6 94.1
86 “ none 62.3 86.6 33.8 45.2 55.1 63.2 74.6 82.6 94.1




Table S 7 The comparison of GAVs against THERM data. The table provides the GAVs calculated in this work and the deviations from THERM.
Relevant aromatic species are also provided.

Cp [cal/mol/K]
Group AH{298.15K) [kcal/mol] | S§(298.15K) [cal/mol/K]
300K | 400K | 500K | 600 K | 800K | 1000 K | 1500 K
——CH
3.36 11.53 327 | 442 | 546 | 633 7.51 8.35 9.58
CB/H 3.30 11.53 324 | 444 | 546 | 630 | 7.54 8.41 9.73
CHs
7 e 10.15 30.13 586 | 7.57 | 9.35 | 10.96 | 12.86 | 14.48 16.85
| - . . . . . . . B .
X
C/CB/H3 -10.01 30.29 622 | 774 | 9.24 | 10.62 | 12.84 | 14.59 17.35
-5.11 9.56 524 | 6.81 8.41 9.78 | 11.09 | 12.21 13.71
_CHs
C
Ha
C/CB/C/H2 -4.86 9.34 584 | 7.61 898 | 10.01 | 11.49 | 12.54 13.76
O\ -1.70 -11.73 504 | 660 | 794 | 893 | 9.56 10.07 10.63
-t
C
L,
-0.98 -12.15 488 | 6.66 | 790 | 875 | 9.73 10.25 10.68
C/C2/CB/H
| N 7.27 6.27 320 | 477 | 6.21 7.39 | 831 9.03 9.95
PN
H2c4HC
CD/CB/H




6.78 6.38 446 | 579 | 675 | 742 | 835 | 9.11 | 10.09
10.07 1733 428 | 6.02 | 741 | 844 | 913 | 965 | 10.19
_CHy
I
otz 8.64 -14.60 440 | 537 | 593 | 618 | 650 | 662 | 6.72
CD/C/CB
|\ 26.93 512 242 | 331 | 407 | 463 | 489 | 513 | 541
C/C /
"
24.67 6.43 257 | 354 | 350 | 492 | 534 | 550 | 5.80
CT/CB
©\ ] -5.08 12.64 388 | 5.07 | 630 | 741 | 831 | 915 | 1021
e,
Hy
CCBICDI -4.29 2.00 451 | 676 | 861 | 1001 | 1197 | 13.40 | 1547
©\ﬁ A -1.39 -9.16 397 | 477 | 567 | 648 | 680 | 7.09 | 721
|
CHs
-1.56 1177 450 | 657 | 807 | 889 | 988 | 1039 | 10.79

C/C/CB/CD/H




CH -3.57 9.43 4.66 6.49 8.20 9.63 11.02 | 12.22 12.81
O\/C//
o
C/CB/CT/H2 -4.29 9.84 4.28 6.43 8.16 9.50 | 11.36 | 12.74 13.70
©\ C//C” -0.37 -12.16 5.22 6.88 8.19 9.16 9.76 10.27 9.81
ﬁ/
|
CHs
C/C/CBICT/H -1.55 -11.65 4.33 6.27 7.58 8.48 9.52 10.10 10.63
-0.80 -2.38 4.12 4.20 4.32 4.53 4.18 4.08 3.70
HZC\C /CH\C /CHZ
H A -1.39 -11.39 4.12 6.51 8.24 9.00 | 10.03 | 10.53 10.89
C/CB/CD2/H
O\ H 941 -14.09 3.86 4.63 5.36 5.99 6.17 6.43 6.61
C/ \CHz
|
CH,
CD/CB/CD 7.18 -16.50 4.70 6.13 6.87 7.10 7.20 7.16 7.06
CH,
8.81 -14.22 2.69 3.77 5.42 5.18 5.64 6.07 6.37

)
-0




CD/CB/CT 6.70 -17.04 2.22 3.14 4.54 4.11 5.06 5.79 6.71
4.57 -9.21 3.47 4.04 4.69 5.23 5.53 5.75 5.70
/ |c
AN 4.96 -8.64 333 4.22 4.89 5.27 5.76 5.95 6.05
CB/CB
_OH
~c -37.54 29.12 4.70 4.69 4.97 5.43 5.83 6.34 6.70
S
O/CB/H -37.90 29.10 430 | 450 | 482 | 523 | 6.02 | 6.61 7.44
0.58 11.04 2.60 | 222 | 233 | 2.62 | 3.03 3.39 3.26
_OH
(o)
O/CB/O -1.98 10.70 2.85 | 292 | 3.02 | 3.09 | 3.48 | 3.66 | 3.23
@\ -22.73 8.19 3.13 2.80 2.88 3.21 3.29 3.54 3.30
CH3
0/
O/CB/C -22.60 9.70 3.40 3.70 3.70 3.80 4.40 4.60 U




o]
Il

c -36.39 13.72 692 | 7.61 | 845 | 943 | 1050 | 11.22 0
[: ] OH
-36.60 14.78 597 | 670 | 7.40 | 8.02 | 887 | 936 0
CO/CB/O
H
o -6.45 -14.47 729 | 880 | 9.76 | 1027 | 10.16 | 10.15 | 9.35
©/ CH3
-6.00 -11.10 447 | 682 | 845 | 9.17 | 1024 | 1080 | 11.02
C/CB/C/H/O
CH3
| _OH
©/C\CH3 -5.34 36.11 578 | 772 | 892 | 944 | 876 | 822 | 639
CICBICYO -6.60 -32.56 463 | 679 | 795 | 840 | 880 | 8.44 0
AN
| -6.96 7.06 479 | 563 | 730 | 820 | 9.55 | 10.60 0
C OOH
/\ﬁ/
CIOO/CBD -6.41 4.68 431 | 566 | 7.64 | 8.62 | 1038 | 11.40 0
<\_ >C. 113.47 1.09 050 | -1.08 | -1.67 | -2.19 | -2.94 | 353 | -4.48
PH 113.00 148 041 | -1.18 | <193 | -2.69 | -3.75 | 448 | -5.24




Oé 87.85 -0.98 -1.81 | -2.26 | -2.54 | -2.71 | -2.93 -3.14 -3.66
PHENOXY 86.50 1.30 158 | -2.24 | 2.67 | 293 | -3.21 | -3.41 | -3.81
CH
= |c/ ’ 90.42 -1.62 1.08 0.93 044 | -0.14 | -1.13 -1.93 -3.24
X
BENZYLP 89.00 -3.36 0.75 0.60 0.13 | -0.42 | -1.41 -2.18 -3.37
O\ 87.95 -0.69 -0.20 | -0.49 | -091 | -1.32 | -1.94 | -2.49 -3.52
CH,
S/
86.50 -3.67 0.87 0.09 | -0.62 | -1.21 | -2.07 | -2.69 -3.65
BENZYLS
O\ 87.41 1.75 -1.36 | -2.00 | -2.41 | -2.68 | -3.03 | -3.35 -4.08
T/CH3
CHs 84.20 -3.96 026 | -0.78 | -1.54 | -2.06 | -2.73 -3.19 -3.91
BENZYLT
Table S 8 The GAVs of new groups. Relevant aromatic species are also provided.
AH(298.15K) S(298.15K) Cp [cal/mol/K]
Group
[keal/mol] | [cal/molK] | 300K | 400K | 500K | 600K | 800K | 1000K | 1500K
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©/ -6.63 7.69 6.19 7.94 9.40 10.47 11.21 11.96 12.25
C/CB/O/H2
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-4.82

9.70

5.02

6.76

8.35

9.50

10.73

11.71

27.30

HC  H C/CB/CO/

-1.85

-13.61

7.23

8.49

9.17

9.43

9.64

9.81

24.33
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2HC C/CB/CO/
CD/H

-0.52

-10.83

6.25

6.98

7.39

7.49

7.13

6.97

20.91
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CHC/CB/CO/C

T/H

1.28

-13.47

6.68

8.29

9.33

9.83

9.99

10.16
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-6.76 -15.70 6.09 6.59 7.84 8.28 8.72 9.00
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-5.51 -38.46 6.73 7.64 8.69 8.64 8.10 7.54
C/O0/CB/C
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o \CHZDSUBE 78.81 -4.29 0.23 0.65 0.78 0.67 -0.04 -0.80 -2.44
H
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T CHy 79.31 -1.20 -1.19 -0.90 -1.00 -1.25 -1.77 -2.32 -3.48
CH, DSUBE
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73.36 -6.85 -0.34 0.36 0.73 0.74 -0.08 -0.92 -2.69
HQC\C /Q\C /CHZ
H H TSUBEN

ZYLT




/CH
PN
o C
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C
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PHCJCO
: ‘T/ o 72.09 -1.42 -1.90 -3.01 -3.90 -4.36 -3.92 -3.11 -1.76
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79.93
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0.50
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-0.16
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-1.46

-2.14
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-0.14

-2.67
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-2.67
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