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Table s1. ΔHf of polyenes predicted using parametrized additivity method, and AE 
and GE schemes with semiempirical theories, and theories with minimum basis sets. 
Values for the test set molecules are in deviations from G3 with atomization scheme.  

 

 AE 

n m 2 4 2 6C H    C H  +  C Hn m→  

GE 

1 1
n m 4 2 4 2 62 2C H +  CH   (3 - - ) C H  + ( - 2 2 ) C Hl n m l m n l→ +

   Leala HFb MP2b B3LYPb AM1 PM3 HFb MP2b B3LYPb AM1 PM3 

P2 -0.64 15.55 9.44 12.83 1.90 2.75 0.40 0.15 0.14 0.09 0.17 

P3 -0.47 12.21 6.63 10.26 0.61 1.35 0.23 0.20 0.37 -0.82 -0.69 

P4 -0.08 8.94 3.74 7.48 1.50 2.23 0.13 0.18 0.39 0.45 0.74 

P5 0.48 5.79 0.92 4.70 0.99 1.48 0.16 0.23 0.41 0.32 0.52 

P6 1.03 2.62 -1.95 1.83 0.62 0.88 0.17 0.23 0.34 0.32 0.46 

P7 1.50 -0.63 -4.91 -1.16 0.07 0.09 0.10 0.14 0.14 0.16 0.21 

P8 1.97 -3.88 -7.87 -4.16 -0.61 -0.77 0.03 0.05 -0.06 -0.14 -0.11 

P9 2.58 -6.99 -10.70 -7.05 -1.12 -1.53 0.09 0.09 -0.15 -0.27 -0.33 

C5H8 -0.55 7.97 3.82 6.81 -0.69 0.35 -1.19 -0.95 -1.10 -1.78 -1.21 

C5H10 0.76 -0.46 -2.13 -0.18 0.46 -0.26 -0.79 -0.74 -1.33 0.42 -0.31 

C6H12 0.61 -3.20 -3.15 -0.94 -0.89 0.91 2.47 2.76 2.69 -0.22 1.88 

C6H10 -1.19 2.68 -0.42 2.54 2.45 0.38 -0.48 -0.68 -0.59 2.08 -0.16 

C10H16 -1.34 -13.38 -13.27 -10.33 -2.12 -3.31 -1.35 -1.63 -1.10 -0.69 -1.26 

 AAD 0.97 7.38 5.30 5.41 1.07 1.25 0.58 0.62 0.68 0.59 0.61 

Cε /
4CHε c  -37.40164 -37.46600 -37.64021 -4.71122 -4.35643 -39.69763 -39.75137 -40.00415 -6.71680 -6.61369

Hε /
2 4C Hε  c  -0.580174 -0.57553 -0.59636 -0.50213 -0.56537 -77.09477 -77.21474 -77.64120 -11.42749 -10.96936

2 6C Hε  c 
 

  -78.26918 -78.37563 -78.84472 -12.43343 -12.10249

lycopene d 87.26 -9.78 4.66 13.44 74.24 65.95 94.04 90.17 98.46 86.62 83.61 

a Empirical parameters from ref. 36. b Using the STO-3G basis set. c In hartrees. d In 
kcal/mol. 
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Table s2. ΔHf of small molecules predicted using atomization scheme, the results in 
parentheses are the deviations from experimental values. 

 Expt. G3 G2 G3MP2B3 

CH4 -17.9 ± 0.1 -18.13 (-0.2) -18.60 (-0.7) -17.59 (0.3) 

C2H4 12.5 ± 0.1 12.33 (-0.2) 12.77 (0.3) 11.80 (-0.7) 
C2H6 -20.08 ± 0.04 -20.39 (-0.31) -20.58 (-0.50) -19.47 (0.61) 

C4H6 26.3 ± 0.2 26.65 (0.4) 28.03 (1.7) 25.30 (-1.0) 
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Figure s1. Geometrical parameters of Pn (n =1~9) optimized at MP2(Full) and DFT using 6-31G(d). The first to seventh entries are results 
obtained from MP2, B3LYP, BLYP, BPW91, MPWPW91, PBEPBE, and BB95 methods, respectively. 
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Figure s2. Geometrical parameters of alkenes optimized at MP2(Full) and DFT using 6-31G(d). The first to seventh entries are results obtained 
from MP2, B3LYP, BLYP, BPW91, MPWPW91, PBEPBE, and BB95 methods, respectively. 
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Figure s3. Geometrical parameters of carotenes optimized at DFT using 6-31G(d). The first to sixth entries are results obtained from MP2, 
B3LYP, BLYP, BPW91, MPWPW91, PBEPBE, and BB95 methods, respectively. 
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1.385

1.435
1.434
1.429
1.449
1.427
1.427

1.365
1.383
1.381
1.380
1.380
1.380

1.443
1.444
1.437
1.436
1.435
1.435

1.373
1.394
1.392
1.391
1.391
1.391

H

H H

H

H H

H

H H

H H H

H

H H

H

H

H

H

H

H

H

1.430
1.426
1.422
1.421
1.421
1.420

1.368
1.388
1.386
1.385
1.385
1.385

1.426
1.429
1.423
1.422
1.421
1.421

1.373
1.394
1.391
1.390
1.390
1.390

1.364
1.383
1.380
1.379
1.379
1.379

1.444
1.441
1.438
1.437
1.436
1.436

1.437
1.443
1.431
1.430
1.430
1.430

1.367
1.387
1.382
1.381
1.382
1.381

1.458
1.455
1.455
1.454
1.453
1.452

1.348
1.371
1.361
1.360
1.360
1.360

1.511
1.477
1.513
1.511
1.510
1.510

1.538
1.559
1.542
1.540
1.539
1.538

1.543
1.561
1.546
1.545
1.544
1.543

1.526
1.537
1.535
1.534
1.533
1.533

1.529
1.541
1.506
1.505
1.504
1.504

1.518
1.528
1.539
1.537
1.536
1.534

1.512
1.521
1.512
1.511
1.510
1.510

1.357
1.373
1.350
1.349
1.350
1.349

1.548
1.563
1.578
1.576
1.575
1.574

127.5°
127.5°
127.3°
127.3°
127.4°
127.6°

118.3°
118.3°
118.3°
118.3°
118.3°
118.4°

123.0°
123.2°
123.2°
123.2°
123.2°
123.6°

118.3°
118.4°
118.3°
118.4°
118.8°
118.5°

123.6°
123.8°
123.7°
123.7°
123.7°
124.0°

128.3°
128.5°
128.4°
128.3°
128.3°
128.4°

1.510
1.521
1.513
1.512
1.511

126.7°
126.9°
126.7°
126.6°
126.6°
126.5°

128.5°
128.5°
128.4°
128.3°
128.2°
128.4°

126.4°
126.3°
126.9°
126.7°
126.7°
124.7° 112.5°

112.2°
112.2°
112.3°
112.3°
112.0°

1.376
1.373
1.371
1.370
1.371
1.370

1.512
1.521
1.513
1.512
1.511
1.511

1.518
1.527
1.520
1.518
1.517
1.517

1.529
1.541
1.533
1.532
1.531
1.531

1.526
1.537
1.529
1.529
1.528
1.527

1.546
1.559
1.550
1.548
1.547
1.545

1.549
1.563
1.553
1.551
1.550
1.548

1.549
1.561
1.552
1.551
1.549
1.548

1.546
1.559
1.550
1.549
1.547
1.547

1.510
1.520
1.512
1.511
1.510
1.510

1.509
1.520
1.511
1.510
1.509
1.509

1.545
1.558
1.549
1.547
1.546
1.545

H
H

H

1.510
1.521
1.513
1.512
1.511
1.511

α−carotene
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CH3

CH3CH3

CH3
H3C CH3

H3C

CH3H3C

CH3

H

H

H

H

H H

H

H H

H

H

H H

H

H H

H

H

H

H

1.549
1.559
1.553
1.551
1.549
1.546

1.546
1.561
1.549
1.548
1.547
1.549

1.546
1.559
1.550
1.549
1.548
1.545

1.526
1.537
1.530
1.529
1.528
1.527

1.529
1.540
1.533
1.532
1.531
1.530

1.518
1.528
1.520
1.518
1.517
1.516

1.516
1.516
1.513
1.512
1.509
1.513

1.358
1.373
1.371
1.370
1.371
1.371

1.475
1.477
1.471
1.468
1.467
1.466

1.354
1.371
1.370
1.369
1.370
1.370

1.454
1.455
1.450
1.448
1.448
1.447

126.6°
127.5°
127.2°
127.5°
127.6°
127.7°

118.2°
118.3°
118.2°
118.3°
118.3°
118.3°

1.369
1.387
1.386
1.385
1.385
1.385

1.509
1.520
1.512
1.511
1.510
1.510

1.435
1.433
1.429
1.428
1.427
1.427

123.0°
123.2°
123.2°
123.2°
123.2°
123.4°

1.365
1.383
1.381
1.381
1.381
1.380

1.443
1.441
1.437
1.425
1.435
1.434

118.3°
118.4°
118.3°
118.3°
118.4°
118.4°

1.510
1.521
1.513
1.512
1.511
1.511

1.374
1.394
1.392
1.391
1.392
1.391

1.429
1.426
1.422
1.421
1.421
1.420

1.369
1.388
1.386
1.385
1.386
1.385

1.549
1.563
1.553
1.551
1.551
1.549

β−carotene

 

CH3

CH3

H
C

C
H

CH

H
C

C
H

C
H2

CH3

H2
C

CH3

H3C

H3C
CH3

CH3

H2
C

C
H2

CH3

CH3

H H

H

H

H H

H

H

H

H

H
H

H

1.510
1.520
1.512
1.510
1.509
1.509

1.342
1.354
1.352
1.352
1.352
1.351

1.505
1.513
1.507
1.505
1.504
1.504

1.554
1.570
1.560
1.559
1.557
1.557

120.7°
120.7°
120.6°
120.7°
120.7°
120.6°

1.513
1.522
1.515
1.513
1.512
1.512

111.0°
112.1°
112.0°
112.0°
112.0°
112.0°

131.0°
131.0°
131.0°
130.9°
130.9°
131.1°

1.358
1.373
1.371
1.370
1.371
1.370

1.447
1.449
1.443
1.442
1.442
1.4421.365

1.382
1.380
1.380
1.380
1.379

1.451
1.450
1.445
1.444
1.444
1.443

1.512
1.522
1.514
1.513
1.512
1.512

117.6°
117.3°
117.4°
117.4°
117.4°
117.4°

1.374
1.394
1.392
1.393
1.391
1.391

1.435
1.434
1.429
1.428
1.428
1.427

1.365
1.384
1.382
1.380
1.381
1.381

1.443
1.441
1.436
1.435
1.435
1.420

1.374
1.394
1.392
1.391
1.392
1.392

1.429
1.426
1.422
1.421
1.420
1.420

1.369
1.389
1.387
1.386
1.386
1.386

1.511
1.522
1.514
1.512
1.511
1.511

122.7°
122.9°
122.8°
122.8°
122.8°
122.7°

118.4°
118.4°
118.3°
118.3°
118.4°
118.3°

123.6°
123.8°
123.7°
123.7°
123.7°
123.7°

1.508
1.517
1.510
1.508
1.507
1.507

119.7°
119.6°
119.6°
119.7°
119.6°
119.6°

prolycopene
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C
H

C
H

H
C

C
H

H
C

H
C

CH3

CH3

H
C

C
H

H
C

C
H

CH3

C
H

H
C

CH3

C
H

H
C

H
C

C
H

C
H2

CH3

H2
C

C
H2

H
C CH3

CH3

CH3

H2
C

C
H

CH3

H3C

1.537
1.519
1.512
1.511
1.510
1.510

1.346
1.354
1.353
1.352
1.352
1.352

120.7°
120.7°
120.7°
120.6°
120.6°
120.5°

1.533
1.513
1.506
1.505
1.504
1.503 111.4°

112.3°
112.2°
112.1°
112.1°
112.1°

1.577
1.569
1.560
1.558
1.556
1.557

1.543
1.522
1.515
1.513
1.512
1.511

120.0°
119.9°
119.9°
119.9°
119.8°
119.8°

1.361
1.371
1.369
1.368
1.369
1.368

1.535
1.517
1.510
1.508
1.507
1.507

1.472
1.446
1.441
1.440
1.440
1.439

1.365
1.377
1.375
1.374
1.375
1.374

1.477
1.447
1.442
1.441
1.425
1.440

1.378
1.390
1.388
1.388
1.388
1.387

1.538
1.521
1.513
1.512
1.511
1.510

122.8°
123.2°
123.2°
123.2°
123.2°
123.2°

118.6°
118.5°
118.4°
118.4°
118.5°
118.3°

1.460
1.431
1.427
1.426
1.425
1.424

1.472
1.440
1.435
1.434
1.434
1.433122.8°

123.2°
123.2°
123.2°
123.2°
123.1°

118.6°
118.6°
118.3°
118.3°
118.4°
118.2°

1.381
1.395
1.393
1.392
1.393
1.392

1.371
1.385
1.383
1.382
1.382
1.382

1.456
1.425
1.421
1.420
1.420
1.419

1.375
1.389
1.388
1.420
1.387
1.386

123.2°
123.8°
123.7°
123.8°
123.7°

1.538
1.538
1.514
1.512
1.511
1.511

123.6°

lycopene

 
 


	Chern-Yi Tu, Wen-Hsin Guo, Ching-Han Hu*
	Department of Chemistry, National Changhua University of Education, Changhua 50058, Taiwan


