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Abstract: The partition function of the air and its calculation method are studied in this paper. Statistical
method and the quantum method which is based on the density functional theory (DFT) are used to calculate
the partition functions of the oxygen molecule and nitrogen molecule. Further approximation and simplifica-
tion was made here on the basis of the partition function decomposition theorem, the linear expressions of the
total internal partition functions of the oxygen and nitrogen molecules were obtained. The results showed that
the calculation results of these two methods were very consistent. The results of the simplified linear expres-
sions were compared with the HITRAN database and existing results at home and abroad, the value of error
was about 1%. Finally the calculation result of the partition function of the air was given.
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Table 1. Thevibrational partition functions of O,
and N, (200 K~400 K)

1. O, H N, 4> FHRBhAEC 5 & (200 K~400 K)

/K a(0,) a(N,)
200 1.0000138 1.0000001
270 1.0002507 1.0000041
290 1.0004441 1.0000095
292 1.0004683 1.0000103
294 1.0004933 1.0000112
296 1.0005194 1.0000121
298 1.0005465 1.000013
300 1.0005745 1.000014
350 1.0016703 1.0000692
400 1.0037232 1.0002292
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Figure 1. Rotational partition functions of oxygen
and nitrogen molecules
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Table 2. The approximate calculation results and comparison of the

total internal partition functions of oxygen and nitrogen molecule

2.0, M N, 5 FRBE S BRAEINT HER SR

L Qin(oz) Qin(Nz)
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A [10] [13] [14] A [10] [13] [14]

294 212.17 214.26 460.47.
296 213.62 215.77 215.73 463.60 465.98 467.14
298 215.06 466.74 470.28

300 216.51 218.65 218.675 469.86
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Table 3. Geometry parameters, experimental values!™
and thevibration frequency

3 LIRS, SRECRIRAE

Vet KA SEGH A i em™!
0, 12172 1.207 2047(s = 3)
Na 1.1127 1.098 2790(s = 1)

Figure 2. Molecular structure of oxygen
2. EPTFEH

Figure 3. Molecular structure of nitrogen
3. o FHEN

Table4. Theresults of quantum computing
x4 BFHEGR

ki g RF iR
dr 71.684 51.869
v 1.0005 1
Ce 3 1
On 1 9
Gin 215.160 466.821

Table5. The comparison between the values of quantum comput-
ing and the values of statistical calculationsfor the partition func-
tion of oxygen molecule

®5 S TFERARKETHEESHITEMELR

K PN S 2 R 5 iR
BE7itEE LgeitHEE E7FiHEE s EE

273.15 197.28 197.08 6.79E+32 6.78E+31
292 210.93 210.72 8.57E+32 8.57E+32
294 212.37 212.17 8.78E+32 8.77E+32
296 213.82 213.62 8.99E+32 8.98E+32
298 215.27 215.06 9.21E+32 9.20E+32
300 216.72 216.51 9.43E+32 9.42E+32
320 231.23 231.03 1.18E+33 1.18E+33

Table 6. The comparison between the values of quantum comput-
ing and the values of statistical calculationsfor the partition func-
tion of nitrogen molecule

=6 AN FROSENEFHEESH T EMELR

EREK P S E 2 BR B el o
EritEE  AanitEE  BriSE Sk EE
273.15 425.88 427.82 1.20E+33 1.21E+33
292 455.27 457.34 1.52E+33 1.52E+33
294 458.39 460.47 1.55E+33 1.56E+33
296 461.51 463.60 1.59E+33 1.60E+33
298 464.63 466.74 1.63E+33 1.635E+33
300 467.75 469.87 1.67E+33 1.67E+33
320 498.93 501.20 2.09E+33 2.10E+33
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