
Electronic Supplementary Material 
 

High-precision standard enthalpy of formation for 

polycyclic aromatic hydrocarbons predicting from 

general connectivity based hierarchy with discrete 

correction of atomization energy 
 

Zihan Xu1, Huajie Xu1, Lu Liu1, Rongpei Jiang2, Haisheng Ren ()1,3, Xiangyuan Li1,3 
1 School of Chemical Engineering, Sichuan University, Chengdu 610065, China 

2 Beijing Institute of Aerospace Testing Technology, Beijing 100074, China 

3 Engineering Research Center of Combustion and Cooling for Aerospace Power 

Ministry of Education, Chengdu 610065, China 

E-mail: renhs@scu.edu.cn 
 
 
Table S1 The experimental values of the standard enthalpy of formation for 30 reference species 

No. Species Smiles Chemical Name 
Expt. 

/(kcal ∙ mol−1) 
1 CH4 C Methane -17.89[1] 
2 C2H4 C=C Ethylene 12.54[2] 
3 C2H6 CC Ethane -20.08[2] 
4 C3H6 CC=C Propene 4.88[3] 
5 C3H8 CCC Propane -25.02[4] 
6 C4H6 C=CC=C 1,3-Butadiene 26.00[5] 
7 C4H8 CC(=C)C 1-Propene, 2-methyl- -4.28[5] 
8 C4H8 C/C=C/C 2-Butene, (E)- -2.58[5] 
9 C4H8 CCC=C 1-Butene -0.15[5] 
10 C4H10 CC(C)C Isobutane -32.40[5] 
11 C4H10 CCCC Butane -30.34[5] 
12 C5H8 CC(=C)C=C Isoprene 18.09[6] 
13 C5H8 C/C=C/C=C 1,3-Pentadiene, (E)- 18.11[6] 
14 C5H8 C=CCC=C 1,4-Pentadiene 25.41[6] 
15 C5H10 CC=C(C)C 2-Butene, 2-methyl- -9.92[7] 
16 C5H10 CCCC=C 1-Pentene -5.19[8] 

17 C5H10 CC/C=C/C 2-Pentene, (E)- -7.67[9] 

18 C5H10 CCC(=C)C 2-Methyl-1-butene -8.39[7] 
19 C5H10 CC(C)C=C 1-Butene, 3-methyl- -6.09[10] 
20 C5H12 CCC(C)C Butane, 2-methyl- -36.74[12] 



21 C5H12 CC(C)(C)C Neopentane -40.13[12] 
22 C6H6 C1=CC=CC=C1 Benzene 19.81[13] 
23 C6H12 C1CCCCC1 Cyclohexane -29.78[14] 
24 C6H12 CC(=C(C)C)C 2-Butene, 2,3-dimethyl- -16.73[17] 

25 C10H8 
C1=CC=C2C=CC=C

C2=C1 
Naphthalene 35.85[14] 

26 C14H10 
C1=CC=C2C=C3C= 
CC=CC3=CC2=C1 

Anthracene 54.83[14] 

27 C14H10 
C1=CC=C2C(=C1)C= 

CC3=CC=CC=C32 
Phenanthrene 48.09[15] 

28 C16H10 
C1=CC=C2C(=C1)C3
=CC=CC4=C3C2=CC

=C4 
Fluoranthene 69.65[14] 

29 C20H12 
C1=CC2=C3C(=C1)C
4=CC=CC5=C4C(=C

C=C5)C3=CC=C2 
Perylene 76.08[14] 

30 C24H12 

C1=CC2=C3C4=C1C
=CC5=C4C6=C(C=C
5)C=CC7=C6C3=C(C

=C2)C=C7 

Coronene 70.51[14] 



Figure S1 Chemical structures for 50 aromatic molecules. 



TABLE S2 Details of fragments in CBH-4 scheme at CCSD(T) and M06-2X 
Production Reactant 

Structure Molecule 
Energy/a.u. 

Structure Molecule 
Energy/a.u. 

CCSD(T) M06-2X CCSD(T) M06-2X 

 
C5H8 -195.2529 -195.0339 

 
C4H8 -157.1771 -157.0074 

 C6H10 -234.5603 -234.2991 
 

C4H6 -155.9464 -155.7708 

 C6H10 -234.5615 -234.2997 
 

C5H10 -196.4852 -196.2727 

 C6H10 -234.5573 -234.2955  C5H8 -195.2596 -195.0411 

 
C7H12 -273.8699 -273.565 

 
C6H12 -235.7883 -235.5335 

 C8H12 -311.9476 -311.5946  C6H10 -234.5666 -234.3054 

 C8H14 -313.1678 -312.8209  C4H8 -157.1749 -157.005 

 
C8H12 -311.9424 -311.5898  C5H10 -196.4808 -196.2679 

 
C9H14 -351.2544 -350.8589     

 
C9H14 -351.2524 -350.8571     

 
C10H16 -390.5577 -390.1191     

 
References 
1. Chase Jr M W. NIST-JANAF thermochemical tables. Journal of Physical 

and Chemical Reference Data, Monograph, 1998, 9. 

2. Manion J A. Evaluated enthalpies of formation of the stable closed shell C1 

and C2 chlorinated hydrocarbons. Journal of Physical and Chemical 

Reference Data, 2002, 31(1): 123-172. 

3. Furuyama S, Golden D M, Benson S W. Thermochemistry of the gas phase 

equilibria i-C3H7I = C3H6 + HI, n-C3H7I + i-C3H7I, and C3H6+ 2HI = C3H8 

+ I2. The Journal of Chemical Thermodynamics, 1969, 1(4): 363-375. 

4. Pittam D A, Pilcher G. Measurements of heats of combustion by flame 

calorimetry. Part 8. Methane, ethane, propane, n-butane and 

2-methylpropane. Journal of the Chemical Society, Faraday Transactions 1: 

Physical Chemistry in Condensed Phases, 1972, 68: 2224-2229. 



5. Prosen E J, Maron F W, Rossini F D. Heats of combustion, formation, and 

insomerization of 10 C-4 hydrocarbons. Journal of Research of the National 

Bureau of Standards, 1951, 46(2): 106-112. 

6. Fraser F M, Prosen E J. Six Pentadienes and Spiropentane. Journal of 

Research of the National Bureau of Standards, 1955, 54: 143. 

7. Wiberg K B, Hao S. Enthalpies of hydration of alkenes. 4. Formation of 

acyclic tert-alcohols. The Journal of Organic Chemistry, 1991, 56(17): 

5108-5110. 

8. Molnar A, Rachford R, Smith G V, et al. Heats of hydrogenation by a 

simple and rapid flow calorimetric method. Applied catalysis, 1984, 9(2): 

219-223. 

9. Wiberg K B, Wasserman D J, Martin E. Enthalpies of hydration of alkenes. 

2. The n-heptenes and n-pentenes. The Journal of Physical Chemistry, 1984, 

88(16): 3684-3688. 

10. Good W D, Smith N K. The enthalpies of combustion of the isomeric 

pentenes in the liquid state. A warning to combustion calorimetrists about 

sample drying. The Journal of Chemical Thermodynamics, 1979, 11(2): 

111-118. 

11. Good W D. The enthalpies of combustion and formation of the isomeric 

pentanes. The Journal of Chemical Thermodynamics, 1970, 2(2): 237-244. 

12. Prosen E J, Gilmont R, Rossini F D. Heats of combustion of benzene, 

toluene, ethylbenzene, ortho-xylene, meta-xylene, para-xylene, 

normal-propylbenzene, and styrene. Journal of Research of the National 

Bureau of Standards, 1945, 34(1): 65-71. 

13. Spitzer R, Huffman H M. The heats of combustion of cyclopentane, 

cyclohexane, cycloheptane and cyclooctane. Journal of the American 

Chemical Society, 1947, 69(2): 211-213. 

14. Roux M V, Temprado M, Chickos J S, et al. Critically evaluated 

thermochemical properties of polycyclic aromatic hydrocarbons. Journal of 

Physical and Chemical Reference Data, 2008, 37(4): 1855-1996. 

 


