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1 Characterization of Functional Groups
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Figure 1: Functional groups assigned to furan and related methyl, ethyl and vinyl
derivatives.
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Figure 2: Functional groups assigned to furan and related alkoxy and methoxy deriva-
tives.
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Figure 3: Functional groups assigned to furan and related formyl and acetyl derivatives.
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Figure 4: Functional groups assigned to furan and related hydroxymethyl derivatives.
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Figure 5: Functional groups assigned to furan and related furoic acid derivatives.



(0} (0]

R N Ry Rs
\ /" \ /
C gy
R R3 R
o o)
Ry \C/CHZ' Ry \C/Rs
\ / F2CcH2) \ / F3CH2J
R, Rs R, CHy’
o |
R4 \C/CH’
\ / F2CHICH3
Ry Rs
0 0
R1 \C/O. R1 \C/R3
F20J
\ / \ / F30J
R2 R3 R 0
o)
o Il
R4 \C/C
\ y F2CJO
R2 R3
/O' F2CH20J
o
Ry \C/CH2
R, Rs

Figure 6: Bond dissociation groups optimized as part of this work. Ry, R, and R3 can
refer to a range of differing substituents (—H, —CHj3, C;Hs, —-OH, —CHO, etc.).



2 Comparison of Theoretical and Final Group Additiv-
ity Values



Table 1: Comparison of theoretical thermochemical functions (Detailed) with optimized group additivity values (GA) for stable and radical
species. AfH® (kcal mol™'), S° and C,, (cal mol™' K™).

Cp
Species A¢H® S 300 400 500 600 800 1000 1500
Detailed -832  63.68 1545 20.87 2542 29.00 34.11 3758 42.68
Furan GA -845 6382 1546 20.86 2537 2892 3399 3748 42.60

% Difference 1.59 022 006 -005 -020 -0.28 -035 -0.27 -0.19

Detailed 60.21  66.38 15.14 19.88 23.80 26.87 31.19 34.06 38.19
Furan-2-yl GA 5942 66,50 15.00 19.72 23.63 26.68 3098 33.89 38.07
% Difference -1.31 018 -092 -0.80 -071 -0.71 -0.67 -0.50 -0.31

Detailed 60.30 66.23 1497 19.71 23.65 26773 31.08 33.98 38.14
Furan-3-yl GA 5942 66,50 15.00 19.72 23.63 26.68 3098 33.89 38.07
% Difference -1.46 041 020 005 -008 -0.19 -032 -0.26 -0.18

Detailed  -19.19  73.78 21.03 27.44 33.05 37.66 4455 49.39 56.65
2-methylfuran GA  -1943 73,62 21.02 2744 33.06 37.67 4454 4940 56.65
% Difference 1.24 -022  -005 000 003 0.03 -002 0.02 0.00

Detailed 1484 7239 2122 27777 33.07 3721 43.13 47.18 53.22
2-furanylmethyl GA 13.57 7234 21.12 2770 33.03 37.18 43.10 47.18 53.22
% Difference -8.56 -0.07 -047 -025 -0.12 -0.08 -0.07 0.00 0.00

Detailed 49.16  75.09 2043 26.18 31.20 3533 4147 4576 52.10
2-methylfuran-3-yl GA 4844 7492 2056 2630 3132 3543 4153 4581 52.12
% Difference -1.46 -023 064 046 038 028 0.14 0.11 0.04



Table 1: Comparison of theoretical thermochemical functions (Detailed) with optimized group additivity values (GA) for stable and radical
species. AfH® (kcal mol™'), S° and C,, (cal mol™' K™).

Cp
Species A¢H® S 300 400 500 600 800 1000 1500

Detailed 4897 7499 2047 2624 3126 3539 4152 4578 52.11
2-methylfuran-4-yl GA 4844 7492 2056 2630 3132 3543 4153 4581 52.12
% Difference -1.08 -0.09 044 023 019 0.11 0.02  0.07 0.02

Detailed 4897  75.13 20.79 2648 31.46 3555 41.62 4587 52.16
2-methylfuran-5-yl GA 4844 7492 2056 2630 3132 3543 4153 4581 52.12
% Difference -1.08 -0.28 -1.11 -0.68 -045 -034 -022 -0.13 -0.08

Detailed -16.50  73.80 21.04 27.41 33.00 37.61 4450 49.35 56.63
3-methylfuran GA  -16.68 73.88 21.03 2740 3299 3758 4445 4932 56.59
% Difference 1.09 0.11 -0.05 -0.04 -0.03 -0.08 -0.11 -0.06 -0.07

Detailed 5194 7533 2051 2623 3124 3536 4149 4578 52.11
3-methylfuran-2-yl GA 51.19  75.18 2057 2626 31.25 3534 4144 4573 52.06
% Difference -1.44 -020 029  0.11 0.03 -0.06 -0.12 -0.11 -0.10

Detailed 21.61 72773 21.51 2793 33.13 3722 4311 47.16 53.21
3-furanylmethyl GA 2043 7281 2150 2793 33.13 3720 43.07 47.13 53.17
% Difference -5.46 0.11 -0.05 000 000 -0.05 -0.09 -0.06 -0.08

Detailed 51.70 7499 2054 2622 3120 3532 4145 45.73 52.07
3-methylfuran-4-yl GA 51.19  75.18 2057 2626 31.25 3534 4144 4573 52.06



Table 1: Comparison of theoretical thermochemical functions (Detailed) with optimized group additivity values (GA) for stable and radical
species. AfH® (kcal mol™'), S° and C,, (cal mol™' K™).

Cp
Species A¢H® S 300 400 500 600 800 1000 1500

% Difference -0.99 025 015 015 016 006 -0.02 0.00 -0.02

Detailed 5136  75.07 20.81 2650 3145 3553 41.61 4585 52.14
3-methylfuran-5-yl GA 51.19  75.18 2057 2626 31.25 3534 4144 4573 52.06
% Difference -0.33 0.15 -1.15 -091 -0.64 -053 -041 -0.26 -0.15

oI

Detailed  -29.78  80.99 26.71 34.06 40.72 4635 55.00 61.22 70.62
2,5-dimethylfuran GA  -3041 80.66 2658 34.02 40.75 4642 55.09 6132 70.70
% Difference 2.12 -041 -049 -0.12 0.07 015 0.16 0.16 0.11

Detailed 277  81.04 2682 3432 40.69 4586 5355 59.00 67.19
2-methyl-5-furanylmethylfuran GA 259 80.76 26.68 3428 40.72 4593 53.65 59.10 67.27
% Difference -6.50 -0.35 -052 -0.12 007 015 0.19 0.17 0.12

Detailed 37.57 8379 26.03 3274 3883 4399 5190 57.57 66.06
2,5-dimethylfuran-3-yl GA 3746 8333 26.12 3288 39.01 44.18 52.08 57.73 66.17
% Difference -0.29 -055 035 043 046 043 035 0.28 0.17

Detailed  -27.02  82.51 26.19 33.66 4042 46.12 54.84 61.11 70.56
2,3-dimethylfuran GA  -27.66 8229 2659 3398 40.68 4633 5500 61.24 70.64
% Difference 2.35 -0.27 153 095 064 046 029 021 0.11

Detailed 531 8131 2632 3396 4040 45.63 5342 5890 67.14
3-methyl-2-furanylmethylfuran



Table 1: Comparison of theoretical thermochemical functions (Detailed) with optimized group additivity values (GA) for stable and radical
species. AfH® (kcal mol™'), S° and C,, (cal mol™' K™).

Cp
Species A¢H® S 300 400 500 600 800 1000 1500

I1

GA 534  81.02 26.69 3424 4065 4584 5356 59.02 67.21
% Difference 0.56 -0.36 141 082 062 046 026 020 0.10

Detailed 9.63  81.65 2655 34.10 4049 45.68 53.42 58.90 67.14
2-methyl-3-furanylmethylfuran GA 945 81.23 27.06 3451 40.82 4595 53.62 59.05 67.22
% Difference -1.87 -0.51 192 120 082 059 037 025 0.12

Detailed 40.20  83.80 25.58 3241 3859 4380 51.78 57.48 66.00
2,3-dimethylfuran-4-yl GA 40.21 83.59 26.13 32.84 3894 44.09 5199 57.65 66.11
% Difference 0.02 -025 215 133 091 066 041 030 0.17

Detailed 40.06 8394 2599 3273 38.85 44.01 5193 57.59 66.07
2,3-dimethylfuran-5-yl GA 40.21 83.59 26.13 32.84 3894 44.09 5199 57.65 66.11
% Difference 0.37 -042 054 034 023 018 0.12 0.10 0.06

Detailed  -27.26 8240 26.66 34.00 40.65 4628 5493 61.18 70.59
2,4-dimethylfuran GA  -27.66 8229 2659 3398 40.68 4633 5500 61.24 70.64
% Difference 1.48 -0.13  -026 -0.06 0.07 0.11 0.13  0.10 0.07

Detailed 5.81 8122 26.61 34.16 4056 4575 5348 58.93 67.16
4-methyl-2-furanylmethylfuran GA 534  81.02 26.69 3424 4065 4584 5356 59.02 67.21
% Difference -8.09 -025 030 023 022 020 0.15 0.15 0.07



Table 1: Comparison of theoretical thermochemical functions (Detailed) with optimized group additivity values (GA) for stable and radical
species. AfH® (kcal mol™'), S° and C,, (cal mol™' K™).

Cl

Cp
Species AfH® S* 300 400 500 600 800 1000 1500
Detailed 40.08 83.78 26.05 3271 38.78 4391 51.83 5749 65.99
2,4-dimethylfuran-3-yl GA 4021 83,59 26.13 3284 3894 4409 5199 57.65 66.11

% Difference 0.32 -0.23 031 040 041 0.41 0.31 0.28 0.18

Detailed 9.56 8126 27.21 3458 40.84 4594 5358 59.00 67.18
2-methyl-4-furanylmethylfuran GA 945 81.23 27.06 3451 40.82 4595 53.62 59.05 67.22
% Difference -1.15 -0.04 -055 -020 -0.05 0.02 007 008 0.06

Detailed 40.27  84.05 26.19 3283 38.89 44.02 5193 57.59 66.08
2,4-dimethylfuran-5-yl GA 40.21 83.59 26.13 32.84 3894 44.09 5199 57.65 66.11
% Difference -0.15 -055 -023 003 013 016 0.12 0.10 0.05

Detailed  -24.87  80.79 2693 34.15 40.75 4633 5496 61.18 70.59
3,4-dimethylfuran GA  -2491 81.18 26.60 3394 40.61 4624 5491 61.16 70.58
% Difference 0.15 048 -123 -061 -034 -0.19 -0.09 -0.03 -0.01

Detailed 4240 83770 2646 33.03 39.03 44.12 5197 57.62 66.08
3,4-dimethylfuran-2-yl GA 4296  83.85 26.14 3280 38.87 44.00 5190 57.57 66.05
% Difference 1.32 0.18 -121 -070 -041 -027 -0.13 -0.09 -0.05

Detailed 12.00 80.96 27.44 3472 4091 4599 5359 59.00 67.18
3-methyl-4-furanylmethylfuran GA 1220 8149 27.07 3447 40.75 4586 53.53 58.97 67.16
% Difference 1.67 065 -135 -072 -039 -028 -0.11 -0.05 -0.03



Table 1: Comparison of theoretical thermochemical functions (Detailed) with optimized group additivity values (GA) for stable and radical
species. AfH® (kcal mol™'), S° and C,, (cal mol™' K™).

Cp
Species A¢H® S 300 400 500 600 800 1000 1500

Detailed  -24.23  83.85 26.72 34.65 41.55 4722 5574 61.80 70.94
2-ethylfuran GA  -2415 8394 2674 3472 4154 47.19 5576 61.79 70.93
% Difference -0.33 0.11 0.07 020 -0.02 -0.06 0.04 -0.02 -0.01

Detailed 777 8192 2589 33.64 4025 4559 5349 59.02 67.27
2-ethylfuran-2-yl (Allylic) GA 7.65 82.13 2593 33.66 4025 4557 53.46 59.00 67.25
% Difference -1.54 026 015 006 000 -0.04 -0.06 -0.03 -0.03

el

Detailed  -35.05 9245 3235 4138 4921 5591 6634 73.69 84.97
2-methyl-5-ethylfuran GA  -35.13 9235 3230 4130 4923 5594 6631 73.71 84.98
% Difference 0.23 -0.11  -0.15 -0.19 004 005 -0.05 0.03 0.01

Detailed -3.44  90.76 3156 4026 4794 5431 6399 70.89 81.28
2-methyl-5-ethylfuran-5-yl (Allylic) GA -333 9054 3149 4024 4794 5432 64.01 7092 81.30
% Difference -3.20 -024 -022 -005 000 002 0.03 0.04 0.02

Detailed 5.12 7795 25.89 3321 3933 4423 5134 56.18 63.21
2-vinylfuran GA 5.18 7798 2598 3329 3938 4426 5133 56.18 63.21
% Difference 1.17 004 035 024 013 007 -002 0.00 0.00

Detailed 5773 8644 31.65 3995 47.12 53.03 61.89 68.10 77.26
2-methyl-5-vinylfuran GA -5.80 8640 3154 39.87 47.07 5301 6188 68.10 77.26



Table 1: Comparison of theoretical thermochemical functions (Detailed) with optimized group additivity values (GA) for stable and radical
species. AfH® (kcal mol™'), S° and C,, (cal mol™' K™).

Cp
Species A¢H® S 300 400 500 600 800 1000 1500

% Difference 1.22 -0.05 -035 -020 -0.11 -0.04 -0.02 0.00 0.00

14!

Detailed  -50.00 7240 20.58 2599 3043 3394 3895 4236 47.44
2-furanol GA 4929 7257 20.67 2605 3046 3393 3890 4232 47.40
% Difference -1.42 023 043 024 008 -0.02 -0.13 -0.10 -0.07

Detailed -34.94  71.08 18.70 24.03 2831 31.64 3632 3943 43.86
2-Furanyloxy GA  -3423 7125 1879 24.09 2834 31.63 36.27 3939 43.82
% Difference -2.04 024 048 025 0.11 -0.03 -0.14 -0.10 -0.09

Detailed -44.89  71.68 20.84 2638 30.82 3428 3920 42.54 47.52
3-furanol GA 4511 7197 20.80 2634 30.79 3426 39.18 4254 47.52
% Difference 0.50 040 -020 -0.17 -0.11 -0.06 -0.04 0.00 0.00

Detailed -16.82 7128 18.86 2420 2850 31.83 3649 39.58 43.95
3-furanyloxy GA  -17.04 7157 1882 24.16 2847 3181 3647 39.58 43.95
% Difference 1.31 041 -021 -0.17 -0.11 -0.06 -0.05 0.00 0.00

Detailed  -60.28  81.25 26.28 3259 38.10 42.63 4943 54.22 61.44
5-methyl-2-furanol GA  -60.27 80.99 2623 32.63 38.15 4268 4945 54.24 61.45
% Difference -0.01 -032  -0.17  0.11 0.14  0.11 0.05 0.04 0.01

Detailed  -55.59  80.60 26.41 3297 3851 43.01 49.70 5441 61.53
5-methyl-3-furanol



Table 1: Comparison of theoretical thermochemical functions (Detailed) with optimized group additivity values (GA) for stable and radical
species. AfH® (kcal mol™'), S° and C,, (cal mol™' K™).

Cp
Species A¢H® S 300 400 500 600 800 1000 1500

GA  -56.09 80.39 2636 3292 3848 43.01 49.73 54.46 61.57
% Difference 0.89 -026 -0.19 -0.15 -0.08 0.00 0.06 0.09 0.07

Sl

Detailed  -44.62  81.52 25.57 3257 3843 43.13 50.00 54.78 61.88
2-methoxyfuran GA 4474  81.62 2548 3247 3838 43.11 50.01 54.82 61.91
% Difference 0.26 0.13 -035 -030 -0.14 -0.04 001 0.08 0.05

Detailed  -41.09  81.12 2555 32.67 38.64 43.40 5032 55.07 62.06
3-methoxyfuran GA 4056  81.02 25.61 32776 38.71 4344 5029 55.04 62.03
% Difference -1.28 -0.13 024 028 0.19 009 -0.05 -0.05 -0.05

Detailed  -37.57  75.83 2227 2855 33.87 38.14 4435 48.53 54.35
2-formylfuran GA  -37.11 7630 22.18 28.48 3379 38.07 4424 4843 54.22
% Difference -1.23 0.61 -039 -024 -023 -0.19 -025 -0.22 -0.23

Detailed 1.32 76.76  21.65 27.28 3195 35.64 4090 44.39 49.31
2-formylfuran-2-yl GA 1.78 7723 2156 2721 31.87 3557 40.79 44.29 49.18
% Difference 34.85 0.61 -042 -026 -025 -020 -027 -0.23 -0.26

Detailed  -36.78  76.13 2236 28.61 3390 38.17 4437 48.53 54.24
3-formylfuran GA  -3729 7635 2238 28.65 3395 3821 4435 48.49 54.17
% Difference 1.38 029 008 013 0.14 0.11 -0.04 -0.07 -0.14



Table 1: Comparison of theoretical thermochemical functions (Detailed) with optimized group additivity values (GA) for stable and radical
species. AfH® (kcal mol™'), S° and C,, (cal mol™' K™).

91

Cp
Species AfH® S* 300 400 500 600 800 1000 1500
Detailed  -48.80  84.67 27.80 3510 4152 46.84 5483 60.39 68.35
5-methyl-2-formylfuran GA  -48.09 8472 2774 35.06 4148 46.82 5479 60.35 68.27

% Difference -1.46 0.06 -021 -0.12 -0.10 -0.04 -0.06 -0.06 -0.11

Detailed  -47.97 8493 28.12 3536 41.75 47.04 5492 60.31 67.95
5-methyl-3-formylfuran GA 4827 84.77 2794 3523 41.64 4696 5490 6041 68.22
% Difference 0.63 -0.18 -0.63 -038 -026 -0.17 -0.04 0.16 0.39

Detailed -56.96  93.70 3283 4130 4890 5533 65.17 72.15 82.29
4,5-dimethyl-2-formylfuran GA  -5632 9339 3331 41.60 49.10 5548 6525 72.19 82.26
% Difference -1.12 -0.33 145 073 040 028 0.12 0.06 -0.04

Detailed  -65.20 86.73 29.15 36.25 4233 4729 5458 5943 65.83
2,5-diformylfuran GA  -65.77 86.02 2890 36.10 4221 4722 5449 5938 65.84
% Difference 0.87 -081 -085 -042 -029 -0.16 -0.16 -0.09 0.01

Detailed  -50.26 ~ 85.55 28.02 3542 41.70 46.79 5430 59.51 67.19
2-acetylfuran GA 4946  86.00 2797 3541 41.72 46.83 5436 59.61 67.31
% Difference -1.60 053 -0.19 -002 006 010 0.12 0.17 0.17

Detailed  -48.88  87.10 28.10 3551 41.79 46.86 5435 59.54 67.21
3-acetylfuran GA  -49.64 86.05 28.17 3558 41.88 4697 5447 59.67 67.26
% Difference 1.56 -1.21 026 020 022 023 023 021 0.08



Table 1: Comparison of theoretical thermochemical functions (Detailed) with optimized group additivity values (GA) for stable and radical
species. AfH® (kcal mol™'), S° and C,, (cal mol™' K™).

Cp
Species A¢H® S 300 400 500 600 800 1000 1500

L1

Detailed -61.42 9438 3355 4199 4938 5552 6481 71.39 81.20
5-methyl-2-acetylfuran GA  -60.44 9441 3353 4199 4941 5558 6491 7153 81.36
% Difference -1.60 0.03 -0.06 001 006 0.11 0.16  0.20 0.19

Detailed  -60.04 9459 3372 4207 4940 5551 6477 71.35 81.18
5-methyl-3-acetylfuran GA  -60.62 9446 33773 42.16 49.57 5572 65.02 71.59 81.31
% Difference 0.97 -0.14 003 0.21 034 038 039 033 0.16

Detailed  -71.13 102.18 3937 4890 57.55 6490 76.14 84.09 95.82
2,5-dimethyl-3-acetylfuran GA  -71.60 102.88 3929 4874 5726 6447 7557 8351 95.36
% Difference 0.66 068 -020 -032 -051 -066 -0.74 -0.69 -0.48

Detailed  -52.58  83.03 25.03 31.75 37.56 4229 4926 54.11 61.37
2-hydroxymethylfuran GA  -53.03 81.70 25.09 31.78 37.58 4229 49.22 54.09 61.36
% Difference 0.85 -1.60 025 0.10 004 0.00 -0.08 -0.04 -0.02

Detailed 1.81 82.03 24.19 3097 3658 41.03 4743 51.80 58.15
2-furylmethanoxy GA 1.36 80.70 24.25 31.00 36.60 41.03 4739 51.78 58.14
% Difference  -24.86 -1.62 025 010 005 0.00 -0.08 -0.04 -0.02

Detailed  -63.65  89.59 30.77 3845 4532 51.07 59.79 66.00 75.39
5-methyl-2-hydroxymethylfuran GA  -64.01 90.12 30.65 3836 4527 51.04 59.77 66.01 75.41



Table 1: Comparison of theoretical thermochemical functions (Detailed) with optimized group additivity values (GA) for stable and radical
species. AfH® (kcal mol™'), S° and C,, (cal mol™' K™).

Cp
Species A¢H® S 300 400 500 600 800 1000 1500

81

% Difference 0.57 059 -040 -024 -0.12 -0.06 -0.03 0.01 0.03

Detailed  -61.90 90.72 30.87 3854 4538 51.10 59.80 66.01 75.40
5-methyl-3-hydroxymethylfuran GA  -6126 90.38 30.66 3832 4520 5095 59.68 6593 75.35
% Difference -1.04 -037 -066 -056 -039 -030 -021 -0.12 -0.06

Detailed  -81.86 91.68 31.59 39.15 45.76 5122 5932 6492 72.93
5-hydroxymethyl-2-formylfuran GA  -81.69 9280 3181 3940 46.00 5144 5947 65.04 72.98
% Difference -0.21 122 071 065 052 044 025 0.19 0.07

Detailed  -98.49  80.86 25.85 3295 38.79 4340 4991 54.16 59.82
2-furoic acid GA  -9847 8142 2584 3294 38.76 4334 49.78 54.01 0.00
% Difference -0.02 070 -0.03 -004 -008 -0.13 -026 -0.27 -100.00

Detailed  -99.31 81.15 2598 33.07 3889 4347 4991 54.08 59.66
3-furoic acid GA  -98.65 8147 2604 33.11 3892 4348 49.89 54.07 0.00
% Difference -0.66 039 025 012 008 003 -0.04 -0.03 -100.00

Detailed -109.75  89.72 3143 3956 4650 52.14 6041 65.99 73.75
5-methyl-2-furoic acid GA -10945 89.84 31.40 3952 4645 52.09 6033 6593 0.00
% Difference -0.27 0.13 -0.09 -009 -0.10 -0.09 -0.13 -0.10 -100.00

Detailed -110.37  89.85 31.63 39.70 46.59 52.19 6036 65.87 73.61
5-methyl-3-furoic acid



Table 1: Comparison of theoretical thermochemical functions (Detailed) with optimized group additivity values (GA) for stable and radical
species. AfH® (kcal mol™'), S° and C,, (cal mol™' K™).

Cp
Species A¢H® S 300 400 500 600 800 1000 1500

61

GA -109.63  89.89 31.60 39.69 46.61 5223 6044 6599 0.00
% Difference -0.67 004 -009 -002 003 008 0.14 017 -100.00

Detailed -121.80 98.29 37.15 46.23 5423 6088 70.86 77.77 87.65
2,5-dimethyl-3-furoic acid GA -120.61 98.30 37.16 4627 5430 6098 7099 7791 0.00
% Difference -0.97 001 004 009 014 017 0.19 0.18 -100.00

Detailed -187.05  96.80 36.28 45.04 52.17 57.78 65.61 70.54 76.70
2,5-difuroic acid GA -188.49  96.26 36.22 4502 52.15 57776 6557 70.54 0.00
% Difference 0.77 -056 -0.16 -0.05 -0.04 -003 -0.06 0.00 -100.00




3 Optimized Group Contributions
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Table 2: Optimized group contributions to the A¢H® (kcal mol™"), S° and C,, (cal mol™! K™") of stable validation targets. Groups in italics
were not optimized as part of this work.

Cp
Group AcH® S 300 400 500 600 800 1000 1500
CF/H 6.19 1219 250 339 416 478 570 631 723
CF/C 8.67 543 479 586 685 7770 9.00 985 11.21

CF/H/O 5.59 1285 136 220 289 342 417 472 534
CF/C/O 5.32 5.83 364 471 565 643 756 834 938
CF/CD/O 2408 -098 339 416 473 517 576 611 6.39
CF/CO/O -1.28 691 447 533 604 663 741 791 10.00
CF/O/O 1130 563 262 297 322 339 3.6l 3776  3.80

CF/O 16.08 437 389 445 482 508 542 557 581
CF/CO -086 630 581 6.69 747 813 9.05 956 11.84
C/CFH3  -10.71 17.62 328 407 493 574 7.16 830 10.01
C/CF/C/H2 -540 -248 274 349 405 458 550 577 7.10
C/CF/C3 0.60 N/A° NA NA NA NA NA NA NA
C/CF/H2/O -6.24 -6.68 286 388 469 517 550 581 526
CD/CFH -11.14 -098 339 416 473 517 576 611 6.39
CO/CFH -21.79 17.04 361 449 527 594 701 7.6 696
CO/CF/C -2396 -149 321 358 380 391 411 417 247
CO/CF/O  -25.05 -234 347 395 444 491 535 554 1241
O/CF2 -3201 1512 7.74 9.68 11.27 1252 1425 1542 1746
O/CFH -46.55 1459 395 442 476 504 547 580 634
O/CF/C -32.00 -459 257 3.00 328 343 355 353 327

C/COH3 -10.18 3041 6.19 7.84 940 1079 13.02 1477 17.58
O/C/H -38.07 3020 449 453 476 519 634 7.18 946
C/H3/0 -10.00 3041 6.19 7.84 940 1079 13.03 1477 17.58
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Table 2: Optimized group contributions to the A¢H® (kcal mol™"), S° and C,, (cal mol™! K™") of stable validation targets. Groups in italics

were not optimized as part of this work.

Cp
Group AcH® S 300 400 500 600 800 1000 1500
O/CO/H -58.10 2450 380 500 580 630 720 7.80
C/C/H3 -10.03 3042 626 786 936 1068 12.88 1492 17.19
CD/H2 628 2759 5.10 631 744 842 999 1120 13.17
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Table 3: Optimized bond dissociation group contributions to the AfH*® (kcal mol™'), S* and C,, (cal mol™' K™') of validation targets.

Cp
Group AfH® S* 300 400 500 600 800 1000 1500
FJ 11997 136 -046 -1.14 -1.74 -224 -301 -3.59 -4.53
F2CH2J 85.10 -346 0.10 026 -003 -049 -144 -222 -343
F3CH2J 89.21 -325 047 053 014 -038 -138 -219 -342
F2CHICH3 8390 -1.81 -0.81 -1.06 -1.29 -1.62 -230 -2.79 -3.68
F20] 67.16 -132 -1.88 -196 -2.12 -230 -2.63 -293 -3.58
F30] 80.17 -0.40 -198 -2.18 -232 -245 -271 -296 -3.57
F2CJO 9099 093 -0.62 -127 -192 -250 -345 -414 -504
F2CH20J 10698 025 053 024 -027 -076 -1.54 -2.13 -3.15




4 THERM SOFTWARE PACKAGE INPUT FOR THE CALCULATION OF
THERMODYNAMICS PROPERTIES via GROUP ADDITIVITY
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Table 4: Group contributions, symmetry numbers, number of rotors and unpaired electrons for molecules used to develop rules are provided
below. Bond dissociation (BD) groups are emboldened.

Species

Molecular Formula

Group

Quantity Symmetry Rotors

Unpaired Electrons

Furan

Furan-2-yl

Furan-3-yl

2-methylfuran

2-furanylmethyl

C4H40

C4H30

C4H30

C5H60

C5H50

O/CF2
CF/H/O
CF/H

O/CF2
CF/H/O
CF/H
FJ

O/CF2
CF/H/O
CF/H
FJ

O/CF2
CF/H/O
CF/H
CF/C/O
C/CF/H3

O/CF2
CF/H/O
CF/H
CF/C/O

1
2
2

i \ e —_— N N = —_ N N =

—_ N = =

2

0

0
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Table 4: Group contributions, symmetry numbers, number of rotors and unpaired electrons for molecules used to develop rules are provided
below. Bond dissociation (BD) groups are emboldened.

Species

Molecular Formula

Group

Quantity Symmetry Rotors

Unpaired Electrons

2-methylfuran-3-yl

2-methylfuran-4-yl

2-methylfuran-5-yl

C5H50

C5H50

C5H50

C/CF/H3
F2CH2J

O/CF2
CF/H/O
CF/H
CF/C/O
C/CF/H3
FJ

O/CF2
CF/H/O
CF/H
CF/C/O
C/CF/H3
FJ

O/CF2
CF/H/O
CF/H
CF/C/O
C/CF/H3
FJ

1
1

e i N e = N =

= = DD =
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Table 4: Group contributions, symmetry numbers, number of rotors and unpaired electrons for molecules used to develop rules are provided
below. Bond dissociation (BD) groups are emboldened.

Species

Molecular Formula

Group

Quantity Symmetry Rotors

Unpaired Electrons

3-methylfuran

3-methylfuran-2-yl

3-furanylmethyl

3-methylfuran-4-yl

C5H60

C5H50

C5H50

C5H50

O/CF2
CF/H/O
CF/C
C/CF/H3
CF/H

O/CF2
CF/H/O
CF/C
C/CF/H3
CF/H
FJ

O/CF2
CF/H/O
CF/C
C/CF/H3
CF/H
F3CH2J

O/CF2
CF/H/O
CF/C
C/CF/H3

1

2
1
1
1

= = DN = = N

—_—— N =

3

1

0
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Table 4: Group contributions, symmetry numbers, number of rotors and unpaired electrons for molecules used to develop rules are provided
below. Bond dissociation (BD) groups are emboldened.

Species

Molecular Formula

Group

Quantity Symmetry Rotors

Unpaired Electrons

3-methylfuran-5-yl

2,5-dimethylfuran

2-methyl-5-furanylmethylfuran

2,5-dimethylfuran-3-yl

C5H50

C6HS8O

C6H70

C6H70

CF/H
FJ

O/CF2
CF/H/O
CF/C
C/CF/H3
CF/H
FJ

O/CF2
CF/C/O
C/CF/H3
CF/H

O/CF2
CF/C/O
C/CF/H3
CF/H
F2CH2J

O/CF2
CF/C/O
C/CF/H3

1
1

= = DN

[l ST NS NS I NN~

—
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Table 4: Group contributions, symmetry numbers, number of rotors and unpaired electrons for molecules used to develop rules are provided
below. Bond dissociation (BD) groups are emboldened.

Species Molecular Formula Group Quantity Symmetry Rotors Unpaired Electrons

0¢

CF/H 2
FJ 1

O/CF2
CF/C/O
CF/C
CFH
CF/H/O
C/CF/H3

2,3-dimethylfuran C6H8O

DN = DN = = =

O/CF2
CF/C/O
CF/C
3-methyl-2-furanylmethylfuran C6H70 CFH
CF/H/O
C/CF/H3
F2CH2J

—_ DN = DN = = =

O/CF2
CF/C/O
CF/C
2-methyl-3-furanylmethylfuran C6H70 CFH
CF/H/O
C/CF/H3

DN = DN = = =
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Table 4: Group contributions, symmetry numbers, number of rotors and unpaired electrons for molecules used to develop rules are provided
below. Bond dissociation (BD) groups are emboldened.

Species

Molecular Formula

Group

Quantity Symmetry Rotors

Unpaired Electrons

2,3-dimethylfuran-4-yl

2,3-dimethylfuran-5-yl

2,4-dimethylfuran

C6H70

C6H70

C6HS8O

F3CH2J

O/CF2
CF/C/O
CF/C
CF/H
CF/H/O
C/CF/H3
FJ

O/CF2
CF/C/O
CF/C
CF/H
CF/H/O
C/CF/H3
FJ

O/CF2
CF/C/O
CF/H
CF/C
CF/H/O
C/CF/H3

1

—_ DN = DN = = = —_ N = DN = = =

N = = = = =
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Table 4: Group contributions, symmetry numbers, number of rotors and unpaired electrons for molecules used to develop rules are provided

below. Bond dissociation (BD) groups are emboldened.

Species Molecular Formula

Group

Quantity Symmetry Rotors

Unpaired Electrons

4-methyl-2-furanylmethylfuran C6H70

2,4-dimethylfuran-3-yl C6H70

2-methyl-4-furanylmethylfuran C6H70

O/CF2
CF/C/O
CF/H
CF/C
CF/H/O
C/CF/H3
F2CH2J

O/CF2
CF/C/O
CF/H
CF/C
CF/H/O
C/CF/H3
FJ

O/CF2
CF/C/O
CF/H
CF/C
CF/H/O
C/CF/H3
F3CH2J

— DD = = = = = — DD = = = = =

— DD = = = = =
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Table 4: Group contributions, symmetry numbers, number of rotors and unpaired electrons for molecules used to develop rules are provided
below. Bond dissociation (BD) groups are emboldened.

Species

Molecular Formula

Group

Quantity Symmetry Rotors

Unpaired Electrons

2,4-dimethylfuran-5-yl

3,4-dimethylfuran

3,4-dimethylfuran-2-yl

3-methyl-4-furanylmethylfuran

C6H70

C6HS8O

C6H70

C6H70

O/CF2
CF/C/O
CF/H
CF/C
CF/H/O
C/CF/H3
FJ

O/CF2
CF/H/O
CF/C
C/CF/H3

O/CF2
CF/H/O
CF/C
C/CF/H3
FJ

O/CF2
CF/H/O
CF/C
C/CF/H3

N NN — N NN~ e e N e e e

[NS2 NS NS R
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Table 4: Group contributions, symmetry numbers, number of rotors and unpaired electrons for molecules used to develop rules are provided
below. Bond dissociation (BD) groups are emboldened.

Species

Molecular Formula Group

Quantity Symmetry Rotors

Unpaired Electrons

2-ethylfuran

2-ethylfuran-2-yl (allylic)

2-methyl-5-ethylfuran

F3CH2J

O/CF2
CF/C/O
C/CF/C/H2
C/C/H3
CFH
CF/H/O

C6HS8O

O/CF2
CF/C/O
C/CF/C/H2
C6H70 C/C/H3
CFH
CF/H/O
F2CHJCH3

O/CF2
CF/C/O
C/CF/H3
CF/H
C/CF/C/H2
C/C/H3

C7H100

—_— = DN = = = = —_ DN = = =

—_—= N = N



Table 4: Group contributions, symmetry numbers, number of rotors and unpaired electrons for molecules used to develop rules are provided
below. Bond dissociation (BD) groups are emboldened.

Species Molecular Formula Group Quantity Symmetry Rotors Unpaired Electrons

93

O/CF2 1 9 2 1
CF/C/O
C/CF/H3
2-methyl-5-ethylfuran-5-yl (secondary allylic) C7H90 CFH
C/CF/C/H2
C/C/H3
F2CHJCH3

—_— = N = N

O/CF2
CF/H/O
CF/H
CF/CD/O
CD/CFH
CD/H2

2-vinylfuran C6H60

—_— = = N =

O/CF2
CF/C/O
C/CF/H3
2-methyl-5-vinylfuran C7H8O CFH
CF/CD/O
CD/CF/H
CD/H2

— = DN = e

O/CF2 1 1 1 0

2-furanol C4H402
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Table 4: Group contributions, symmetry numbers, number of rotors and unpaired electrons for molecules used to develop rules are provided
below. Bond dissociation (BD) groups are emboldened.

Species

Molecular Formula

Group

Quantity Symmetry Rotors

Unpaired Electrons

2-furanyloxy

3-furanol

3-furanyloxy

C4H302

C4H402

C4H302

CF/H/O
CFH
CF/0/O
O/CFH

O/CF2
CF/H/O
CFH
CF/0/O
O/CF/H
F20]

O/CF2
CF/H/O
CFH
CF/O
O/CF/H

O/CF2
CF/H/O
CFH
CF/O
O/CFH
F30J

1

— = DN e i N e —_— N

= = N
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Table 4: Group contributions, symmetry numbers, number of rotors and unpaired electrons for molecules used to develop rules are provided
below. Bond dissociation (BD) groups are emboldened.

Species

Molecular Formula

Group

Quantity Symmetry Rotors

Unpaired Electrons

5-methyl-2-furanol

5-methyl-3-furanol

2-formylfuran

2-formylfuran-2-yl

C5H602

C5H602

C5H402

C5H402

O/CF2
CF/O/O
O/CFH

CF/H
CF/C/O
C/CF/H3

O/CF2
CF/H/O
CF/O
O/CFH
CFH
CF/C/O
C/CF/H3

O/CF2
CF/CO/O
CO/CF/H
CFH
CF/H/O

O/CF2
CF/CO/O

—

—_— N = = =

2

0
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Table 4: Group contributions, symmetry numbers, number of rotors and unpaired electrons for molecules used to develop rules are provided
below. Bond dissociation (BD) groups are emboldened.

Species

Molecular Formula

Group

Quantity Symmetry Rotors

Unpaired Electrons

3-formylfuran

5-methyl-2-formylfuran

5-methyl-3-formylfuran

C5H402

C6H602

C6H602

CO/CE/H
CFH
CF/H/O
F2CJO

O/CF2
CF/H/O
CF/CO

CO/CF/H

CFH

O/CF2
CF/CO/O
CO/CF/H

CF/H
CF/C/O
C/CF/H3

O/CF2
CF/H/O
CF/CO

CO/CF/H

CFH

1

—_— = DN = = e i ° Bl —— N

—
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Table 4: Group contributions, symmetry numbers, number of rotors and unpaired electrons for molecules used to develop rules are provided
below. Bond dissociation (BD) groups are emboldened.

Species

Molecular Formula

Group

Quantity Symmetry Rotors

Unpaired Electrons

4,5-dimethyl-2-formylfuran

2,5-diformylfuran

2-acetylfuran

C7H802

C6H402

C6H602

CF/C/O
C/CF/H3

O/CF2
CF/CO/O
CO/CF/H

CF/H
CF/C
C/CF/H3
CF/C/O
C/CF/H3

O/CF2
CF/CO/O
CO/CF/H

CF/H

O/CF2
CF/CO/O
CO/CF/C
C/CO/H3

CF/H
CF/H/O

1
1

e e e

NI NS N Iy

—_ DN = = =
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Table 4: Group contributions, symmetry numbers, number of rotors and unpaired electrons for molecules used to develop rules are provided
below. Bond dissociation (BD) groups are emboldened.

Species

Molecular Formula

Group

Quantity Symmetry Rotors

Unpaired Electrons

3-acetylfuran

5-methyl-2-acetylfuran

5-methyl-3-acetylfuran

C6H602

C7H802

C7H802

O/CF2
CF/H/O
CF/CO

CO/CF/C

C/CO/H3
CF/H/O

O/CF2
CF/CO/O
CO/CF/C
C/CO/H3

CF/H
CF/C/O
C/CF/H3

O/CF2
CF/H/O
CF/CO
CO/CF/C
C/CO/H3
CF/H
CF/C/O
C/CF/H3

—

—_ = = N

el \® B e e

b ke

3

2

0
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Table 4: Group contributions, symmetry numbers, number of rotors and unpaired electrons for molecules used to develop rules are provided
below. Bond dissociation (BD) groups are emboldened.

Species

Molecular Formula

Group

Quantity Symmetry Rotors

Unpaired Electrons

2,5-dimethyl-3-acetylfuran

2-hydroxymethylfuran

2-furylmethanoxy

5-methyl-2-hydroxymethylfuran

C8H1002

C5H602

C5H602

C6H802

O/CF2
CF/C/O
C/CF/H3
CF/H
CF/CO
CO/CF/C
C/CO/H3

O/CF2
CF/C/O
C/CF/H2/O
O/C/H
CFH
CF/H/O

O/CF2
CF/C/O
C/CF/H2/O
O/C/H
CFH
CF/H/O
F2CH20J

O/CF2

1

—_ N = = = = —_ === NN

e N e e e

27

4

0
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Table 4: Group contributions, symmetry numbers, number of rotors and unpaired electrons for molecules used to develop rules are provided
below. Bond dissociation (BD) groups are emboldened.

Species

Molecular Formula Group

Quantity Symmetry Rotors

Unpaired Electrons

5-methyl-3-hydroxymethylfuran

5-hydroxymethyl-2-formylfuran

CF/C/O
C/CF/H2/O
O/C/H
CFH
CF/C/O
C/CF/H3

O/CF2
CF/H/O
CF/C
C/CF/H2/O
O/C/H
CFH
CF/C/O
C/CF/H3

C6H802

O/CF2
CF/CO/O
CO/CF/H
C6H603 CF/H
CF/C/O
C/CF/H2/O
O/C/H

—

e e e e e ) — = DN =

— = DN = = =
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Table 4: Group contributions, symmetry numbers, number of rotors and unpaired electrons for molecules used to develop rules are provided
below. Bond dissociation (BD) groups are emboldened.

Species

Molecular Formula

Group

Quantity Symmetry Rotors

Unpaired Electrons

2-methoxyfuran

3-methoxyfuran

2-furoic acid

3-furoic acid

C5H602

C5H602

C5H403

C5H403

O/CF2
CF/0/O
O/CF/C
C/H3/0

CF/H
CF/H/O

O/CF2
CF/H/O
CF/O
O/CF/C
C/H3/0
CF/H/O

O/CF2
CF/CO/O
CO/CF/O
O/CO/M
CFH
CF/H/O

O/CF2
CF/H/O
CF/CO

1

—_ DN = = =

— = = N

—_ DN = = = =

N =

3

2

0
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Table 4: Group contributions, symmetry numbers, number of rotors and unpaired electrons for molecules used to develop rules are provided
below. Bond dissociation (BD) groups are emboldened.

Species

Molecular Formula

Group

Quantity Symmetry Rotors

Unpaired Electrons

5-methyl-2-furoic acid

5-methyl-3-furoic acid

2,5-dimethyl-3-furoic acid

C6H603

C6H603

C7H80O3

CO/CF/O
O/CO/M
CF/H/O

O/CF2
CF/CO/O
CO/CF/O

O/COH
CF/H
CF/C/O
C/CF/H3

O/CF2
CF/H/O
CF/CO

CO/CF/O
O/CO/M

CFH
CF/C/O
C/CF/H3

O/CF2
CF/C/O
C/CF/H3

1
1
1

—_— = DN = = = =

b et
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Table 4: Group contributions, symmetry numbers, number of rotors and unpaired electrons for molecules used to develop rules are provided
below. Bond dissociation (BD) groups are emboldened.

Species

Molecular Formula

Group

Quantity Symmetry Rotors

Unpaired Electrons

2,5-difuroic acid

C6H405

CF/CO

CO/CF/O

O/COH
CF/H

O/CF2
CF/CO/O
CO/CF/O

O/CO/H
CF/H

1

—

NN NN~
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