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Partial Bond Contributions for the Estimation ofép, S°, and A¢f1of Gas-Phase Species at 298K, 1 bar

Bond ¢,(298K) - J/mol K $°- J/mol K A 1(298K) - kJ/mol
C-H 7.28 53.97 -16.0
CC 8.28 —68.62 11.4
C-F 13.97 70.71 -219.7
C-Cl 19.41 82.42 -31.0
C-0 11.30 ~16.74 -50.2
O-H 11.30 100.42 ~113.0
0-0 20.50 38.07 90.0
0-Cl 23.00 135.98 38.1
C-N 8.79 -53.56 38.9
N-H 9.62 74.06 -10.9
C-S 14.23 -6.28 28.0
S-H 13.39 112.97 33

Data from Thermochemical Kinetics, 2nd Edition, S. W. Benson, John Wiley, 1976.
To illustrate the use of this table, let us calculate A¢H (298K) and ¢, (298K) for chloroform
(trichloromethane), CHCl;. The bond structure of chloroform is
H

|
Cl=C ~Cl

l

Cl

Hence, the molecule contains 3 C-Cl bonds and 1 C-H bond. It follows from the bond
additivity model that,

AcF(298K) = (3) AcH (C—CI) + (1) A¢H (C-H)
= (3)(=31.0 kJ/mol) + (1)(=16.0 kJ/mol) = —109.0 kJ/mol

&(298K) = (3) &(C—Cl) + (1) &(C-H)
= (3)(19.41 J/mol K) + (1)(7.28 J/mol K) = 65.51 J/mol K
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Representative Group Contributions to AFI(298K) and ¢,(300K)

Group AFI(298K) - kJ/mol ¢:(300K) - J/mol K
C-(H):(C) -42.68 25.90
C-(H)(C), -20.63 23.01
C-(H)(C)s -7.95 19.00

C(C)s 2.09 18.28

Co-(H), 26.19 21.34
C4-(H)(C) 35.94 17.41

Ce-(C), 43.26 17.15

C-(H) 112.68 22.05

C-(C) 115.27 13.10
C-(N)(H), -42.17 25.90

C-(N)(C)(H), -27.61 21.97
N-(N)(H), 47.70 25.52
C-(F)3(C) -662.75 53.14
C-(Cs(C) -86.61 68.20

C-(CDy(H)(C) -79.08 50.63

C-(CIH(H)(C) -69.04 37.24

C-(CH(H)(C), -61.92 37.66
C-(H»(0) —-42.17 25.90
O-(H)(C) —158.57 17.99

Data from Thermochemical Kinetics, 2nd Edition, S. W. Benson, John Wiley, 1976.
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TABLE 1.1. Enthalpy of Formation of Various Substances at 25°C

~
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Substance Formula State A¢H® (kJ/mol)
Carbon monoxide CcO g -110.53
Carbon dioxide CcO, g -393.52
Hydrogen - : H,* g 0
Methane CH, g - 74.87
Ethane C,Hs g - 84.67
Propane CsHg g -103.80
n-Butane C4Hyo g -124.73
i-Butane Cy4Hyo g -131.59
n-Pentane CsHy g —146.44
n-Hexane CeH 4 g -166.94
n-Heptane C;H6 g ~187.86
n-Octane CgHs 1 -250.37
n-Octane CsHys g -208.40
i-Octane CgHig g -224.14
Acetylene (Ethyne) CH, g 226.73
Ethylene (Ethene) C,Hy g 52.47
Benzene CeHe g 82.93
Methandl CH,;0H 1 -238.57
Methanol CH;OH g ~200.58
Ethanol C,HsO 1 -277.65
Oxygen 0O,* g 0
Nitrogen N,* g 0
Carbon (graphite) Cc* crystalline 0
Water H,0 g -241.83
Water H,0 1 —-285.83
Chlorine Cl,* g 0
Hydrogen chloride HCl g —~92.31
Carbon tetrachloride CCly g - 9598
Dichioromethane CH,Cl, g — 95.52
Nitric oxide NO g 90.29
Nitrogen dioxide NO, g 33.10
Nitrous oxide N,O g 82.05
Ammonia NH; g - 4590
Hydroxyl radical OH g 38.99
Sulfur (orthorhombic) S* crystalline 0
Sulfur monoxide SO g 5.01
Sulfur dioxide SO, g -296.84
Sulfur trioxide SO, g -395.76
Ozone Os g 142.67
Carbon (atom) C g 716.67
Oxygen (atom) O g 249.17
Nitrogen (atom) N g 472.68
Hydrogen (atom) H g 218.00
Chlorine (atom) Cl g 121.30
Sulfur (atom) S g 276.98

* JANAF-NIST reference species



