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Study on the thermodynamic properties of nitrogen at high temperature
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2. Institute of Atomic and Molecular Physics, Sichuan University, Chengdu 610064, China)

Abstract; Considering the interaction between the nitrogen molecular vibration and rotation as well as
the anharmonicity of vibration, together with the precise spectral constants of nitrogen molecules, which
allows us to establish the exact partition function and the thermodynamic functions of nitrogen molecules
by using the vibration rotor and the non-harmonic oscillator approximation. In the range of 100~6000
K, the author made a groundbreaking effort to systematically probe into the contribution of the transla-
tion, vibration and rotation of nitrogen molecules to the molar internal energy, relative molar enthalpy,
isobaric molar heat capacity, standard molar entropy and standard molar Gibbs free energy. The calcu-
lated results agree well with that of the experiment and theory. It indicates that the calculated thermo-
dynamic parameters of the nitrogen are accurate and credible in the range of 100~6000 K, and also pro-
vides a method for calculating the thermodynamic parameters accurately.
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Fig. 1 The dependence of nitrogen internal en-
ergy on temperature
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perature
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heat capacity on temperature
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Fig. 4 The dependence of nitrogen entropy on tem-
perature
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Tab.1 The vibration constant pressure heat capacity and vibration entropy of nitrogen within 1000~2400 K range
/K
1000 1200 1500 1600 1800 2000 2100 2200 2400
Coon/Uemol L e K 1) A3 3.528 4.537 5.312 5.628 5.904 6.358 6.712 6.859 6.991 7.216
k(8] 3.440  4.532  5.308 5.623 5.899 6.353 6.710 6.858 6.990 7.214
S0/(J « mol~! « K—1) ¥ N'e 1.310  2.047 2.807 3.185 3.557 4.280 4.969 5.2996 5.622 6.240
pal 1.205 2.047 2.807 3.185 3.557 4.280 4.968 5.2990 5.622  6.240
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Tab. 2 Thermodynamic function values of nitrogen within 100~6000 K range

)i AEX T TR B IR A i HATH A hBE
?jﬂ‘%/% E/(cal/mol)  AH/(cal/mol) Cpm/(J s K71 e mol™!) SY/(J/mol) AG/ (cal/mol)
WHEE HEE Sakl7] HEE SoEk(18] saik(19] A SaERC7 SalkC1o] HHAEE SCHkL7]
100 494. 9 693. 6 29.1 159. 7 3121.76
200 991. 7 1389.1  1389.4 29.1 179.87  179.87 7205. 49 7208.78
298 1478.6  2070.8  2072.3  29.11 29.12 191.47  191.50 11 561. 51 11 573. 74
300 1488.6  2084.7 2085.2  29.12 29.12 191.67  191.68 11 653. 05 11 658. 45
400 1986.8  2781.7 2782.5  29.23 29.25 200.06  200.07 16 337.03 16 344. 68
500 2490.3  3483.9  3485.0  29.56 29.58 206.61  206. 63 21 197.55 21 207. 60
600 3004.0  4196.3  4198.0  30.08 30. 11 212.04  212.07 26 200. 29 26 212. 86
700 3531.6  4922.7  4925.2  30.72 30. 76 216.73  216.75 31 323. 36 31 338. 65
800 4075. 1 5664.8  5668.3  31.39 31.43 220.87  220.90 36 551. 58 36 569. 68
900 4634.4  6422.7  6427.4  32.03 32.10 224.61 224,64 41 873.75 41 894. 82
1000 5208.4  7195.6  7201.6  32.63 32.70 32.67  228.01 228.06  227.85 47 281.08 47 305. 40
1500  8253.2  11234.0 11250.0 34.73 241.69  241.76 75 381. 62 75 424. 35
2000 11481.3 15455.7 15486.5 35.81 35.96  251.84  251.95 251.75 104 884.96 104 950. 80
3000 18 187.8 24 149.4 24 224.6  36.78 37.04  266.58  266.76  266.56 166 924.42 167 049. 90
4000 25 046.6 32 995.1 37.19 37.57  277.22 277.29 231 943.71
5000 31973.6 41 909.5 37.37 37.94  285.54 288.85[17) 285,71 299 206.55 299 600L17]
6000 38 923.5 50 846.6 37. 38 292. 36 368 266. 71
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