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Table 1. Vibrational spectral constants of SO in the ground

electronic state obtained by different methods (in cm?).

wo We  WeTe Wele We Ze Wete
SR 1148.19 6.12
CCAFisJ 1161.80 6.50
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VAM 0.751147.71 5.99 -1.55x102% 7.59x10* -1.30x10°
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Fig. 1. Comparisons of the potential energy curves construc-
ted based on the VAM and RKR method with those experi-

mentally.
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£ 2 RREIBERBES A MRE (P 2 (2) ANFBE/RMESIEARRE (B0
J-mol K1) Jmol K1)

Table 2. Errors between different molar heat capa- Table 2 (continued). Errors between different mol-
cities and observed experimentally (in J-mol LK). ar heat capacities and observed experimentally (in
T/K C5™* ACH P A0 ¢ ACH, ¢ AT © Jmol PR

300 30.197 -0.025  -0.024 0.071 0.006 /K CT" ACHhu " AT A aar *ACH, o
400 31.560 —0.041 ~0.040 0.092 0.009 4400 41.986 —4.241 —4.047 -3.419 -3.221
500 32.826 —0.057  —0.056 0.080 0.011 4500 42.042 4303 4079 3453  -3.224
600 33.838 —0.073 ~0.072 0.054 0.011 4600  42.098 -4.367  —4.111 -3.490  -3.226
700 34.612 —0.088  —0.087 0.027 0.011 4700 42.156 4437 4144 3533 -3.229
800 35.206 —0.108 ~0.108 ~0.001 0.005 4800 42.217  -4.512 —4.181 -3.581 -3.235
900 35.672 -0.135 —0.136 ~0.032 ~0.008 4900 42.282 -4.593 —4.221 -3.637 -3.244
1000 36.053 -0.177  -0.177  -0.071 -0.035 5000 42.352  -4.682  -4.266  -3.702  -3.258
1100 36.379 -0.235  —0.235  —0.123 -0.079 5100 42429 4781 4318 3778  -3.279
1200 36.672 -0.313  -0.314  -0.192 -0.143 5200 42.514  -4.891 4377 -3.865  -3.307
1300 36.946 -0.412  —0.413  —0.280 -0.228 5300 42.608  -5.012 4445  -3.966 -3.344
1400 37.210 -0.532  -0.533  -0.386 -0.333 5400  42.712  -5.146  -4.523  -4.080  -3.392
1500 37.469 -0.670  —0.670  —0.508 -0.455 5500 42.829  -5.295 —4.614 4211  -3.453
1600 37.725 -0.822  -0.823 -0.645 -0.593 5600 42.959 5459  -4.718 4359  -3.527
1700 37.980 -0.989  —0.989  —0.795 -0.743 5700 43.104  -5.641 4837 4526  -3.617
1800 38.232 -1.163  -1.164  -0.952 -0.902 5800 43.265  -5.841 4971 4714  -3.724
1900 38.482 -1.345  -1.346  —1.116 ~1.068 5900 43.444  -6.061  -5.123 4923  -3.849
2000 38.727 -1.530  -1.530 ~1.282 ~1.236 6000 43.620  -6.280 5273  -5.133  -3.973
2100 38.967 -1.715  -1.716  -1.449 ~1.404 ACayer ! 2.896 2.721 2.363 2.084
9900 39.200 -1.899  -1.900  —1.614 15T T a. SBOHES; b BT SRR S REYGE HTI S T 41

A SR ATIRDE; c. FTVAMSELIRSNRES 2 T
2300 39.425 -2.079  -2.079 ~1.775 -1.733 R TS A 5 SR AR 22 d. HET SR IRFERE TS
WA GRS e, LT 2 IR RES TR S

2400 30.641 2.254 2254 1920  1.889 S N i S
2500 30.847 2422 2421 2077 2038 S w tl, WAZ

2600 40.043 ~2.582 2581 2217 2.180

2700 40.220 2.735 2733 2.349  2.313 SCHR [34] $R LAY LIS RKR #qe ih 242 5 i iout
2800 40.404 -2.879  -2.876  —2.472 -2.436 B EANSEEE AL R X, TR, ij“r,m
2000 40568 3.014  3.009 2585 2549 TET IR IR T 5 52 00 A5 ACS e 2
o e sl
3200 40.996 3.367 3352  2.869  2.830 $@§§E@%%§§é‘ﬁﬁ&lﬂé€ﬁﬂ%@§E’J%%?Eﬁ:%fé&)ﬂﬂ
3300 41.119 3469 3449 2946 2904 FRHh 58 RKR SERZ AL, IS4G
3400 41232 3.562 3536  3.015  2.969 s work TEIRIR ST (300—1100 K) I HANAAT
3500 41.336 3.649  3.615  3.076  3.025 BIHREF, 522 ACH yon IFAE 10 3—10 2 J-mol -
3600 41432 3.720  3.686  3.130  3.072 KK BEVE Rl Z 8], HAE T A AR R,
3700 41520 3.804  3.749 3178 3.111 2% FRRACH 3.973 J-mol VK1, /T HA LA
3800 41.601 3874  -3.806 3220  -3.143 OB ES WA AR ZE, TE] Ol yon AR BN
3000 41.676 ~3.940  3.857 3250  3.168 RS SR AT AT 4

4000 41.745 —-4.002 -3.902 -3.293 -3.187 F{q 2 j’\j SO /_:MZ[:@;J—(fm:gz: Iﬁlﬁﬁ/}ﬁﬂﬂ@ﬁ‘
s aew  am aan CHTSRMUOREHRIR . RS, 5
4300 41.929 4180 4014  3.387 3217 THIPYAS SIS, MARGE ) T

-t 50 R PR Y. P P 2 PT LA Y, g A B A o
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Abstract

Sulfur oxide (SO) is a kind of well-known diatomic molecule which becomes one of the major pollutants in
the atmosphere. Control of the heat capacity of SO molecule is of great significance for elucidating its macro-
scopic evolution process. In the research of macroscopic systems composed of many particles as well as several
matters, it is an important approach to obtain macroscopic thermodynamic quantities of the system by
constructing a partition function from the microscopic information of molecule. For diatomic molecules in a
certain electronic state, the partition function can directly be obtained by calculating the rovibrational energy of
the system to acquire the macroscopic molar heat capacities.

In this work, the contribution of rotational behavior to molar heat capacity is further considered. The
potential energy function for the ground electronic state of SO is constructed by the variational algebraic
method (VAM) and RKR (Rydberg-Klein-Rees) method, in which the former one can determine the complete
vibrational energy levels of an electronic state of a molecule. The rovibrational energy level of the system is
obtained by analytical solution, and then the molar heat capacity of SO macroscopic gas in the temperature
range of 300—-6000 K is calculated by quantum statistical ensemble theory The above calculation depends only
on the experimental vibrational energy, experimental rotational spectral constant and the dissociation energy of
SO molecule. Fortunately, through comparison between theoretical calculation results and experimental data,
we find that the molar heat capacity of gaseous SO molecule can be well predicted by employing the full set of
rovibrational energy to describe the internal vibration and rotation of SO molecule. The idea of calculating the
molar heat capacity by using the full set of rovibrational energy makes up for the shortcomings of previous work
where molar heat capacity is calculated by using the approximate model characterizing the molecular rotational
behavior, and also provides a new research paradigm for solving macro thermodynamic quantities based on
micro statistical processes .

Keywords: SO, variational algebraic method, rovibrational energies, molar heat capacities
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