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Table 1. Experimental spectral constants and adjustable

parameter A of the ground electronic states of H, and HD

molecules.
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Fig. 1. Potential energy curves of the ground electronic states for Hy, and HD molecules: (a) Comparison of different potential

energy curves for the Hy molecule; (b) comparison of different potential energy curves for the HD molecule.
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Fig. 2. EIMPET potential energy curves for (a) Hy and (b)

HD molecules with various A values.
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Fig. 3. Comparison of molar heat capacity of H, and HD
molecules with NIST experimental data (AE represents
absolute error): (a) Molar heat capacity of H, molecule;
(b) molar heat capacity of HD molecule.
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2 Hy 0 TR T BB IR A L R 4 )R 22

Table 2. Molar heat capacity of Hy molecule at different temperatures and absolute errors.
7K CNIST ClHH CIMPET CEIMPET ACNIST-IHH ACNISTMPET - A ONIST-EIMPET
/(JK'mol') /(JK'mol!) /(JK'mol') /(JK'mol!') /(JK!'mol!) /(JK'mol') /(J-K'moll)

100 28.154 29.521 29.520 29.520 1.367 1.366 1.366
300 28.849 29.210 29.212 29.212 0.361 0.363 0.363
500 29.260 29.265 29.270 29.270 0.005 0.010 0.010
700 29.441 29.432 29.452 29.452 0.009 0.011 0.011
900 29.881 29.857 29.910 29.908 0.024 0.029 0.027
1100 30.581 30.535 30.629 30.626 0.046 0.048 0.045
1300 31.423 31.354 31.491 31.487 0.069 0.068 0.064
1500 32.298 32.204 32.384 32.378 0.094 0.086 0.080
1700 33.139 33.017 33.243 33.236 0.122 0.104 0.097
1900 33.917 33.763 34.040 34.031 0.154 0.123 0.114
2100 34.624 34.432 34.768 34.757 0.192 0.144 0.133
2300 35.263 35.029 35.430 35.416 0.234 0.167 0.153
2500 35.842 35.560 36.036 36.018 0.282 0.194 0.176
2700 36.370 36.036 36.595 36.573 0.334 0.225 0.203
2900 36.856 36.464 37.119 37.091 0.392 0.263 0.235
3100 37.311 36.856 37.616 37.581 0.455 0.305 0.270
3300 37.740 37.218 38.096 38.051 0.522 0.356 0.311
3500 38.149 37.558 38.565 38.508 0.591 0.416 0.359
3700 38.544 37.882 39.029 38.958 0.662 0.485 0.414
3900 38.928 38.196 39.491 39.405 0.732 0.563 0.477
4100 39.301 38.502 39.952 39.849 0.799 0.651 0.548
4300 39.665 38.803 40.412 40.292 0.862 0.747 0.627
4500 40.017 39.099 40.868 40.732 0.918 0.851 0.715
4700 40.355 39.388 41.316 41.164 0.967 0.961 0.809
4900 40.676 39.671 41.750 41.585 1.005 1.074 0.909
5100 40.976 39.942 42.163 41.988 1.034 1.187 1.012
5300 41.252 40.199 42.548 42.369 1.053 1.296 1.117
5500 41.498 40.439 42.900 42.721 1.059 1.402 1.223
5700 41.712 40.656 43.211 43.038 1.056 1.499 1.326
5900 41.890 40.849 43.476 43.315 1.041 1.586 1.425
6000 41.965 40.934 43.590 43.436 1.031 1.625 1.471
MAE — — — — 0.564 0.587 0.519

* ACNIST-model — | ONIST _ Gmodel| - \[AF: mean absolute error

PIFRRZE TN, BRTE = IR AR X AC, 3
K, {H H, A1 HD 4 EIMPET #-F-344 5%
/N, 435154 0.519 F10.236 J-K Lmol *, At fiff
FHZATE O (T) ST U BEFE.

&8 (13) 2—(16) =X, #F—H1HH T T 1
Su(T), H(T)FG(T), N3 3 F3, L EIMPET
e RO HE A 1 TR 2 Hy A HD
I3 F 1 Sn(T) I IR 250 0.3824 J-K “mol ! Al

0.1443 J-K mol !, AH, (T) 4354 0.9586 kJ-mol !
F10.4863 kJ-mol 1, G,(T) 5%~ 0.1754 J-K L-mol *
#10.0495 J-K tmol t. %f T b i& PUAS Ty 2 i
EIMPET # 15 H, 4> F 154 2 19 7 ¥ iR 2
BN THH M IMPET #5815 45 8, it 1
HD 7311 G(T) 1M & , H4K8 THH (1% 22 i /N T
EIMPET #4553, (A5 E A5 5] 785 S
THAE.
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# 3 H, I HD 437 ARG R A& 5 NIST £fii ity 77 B i 22
Table 3. Root mean square error of predicted data for Hy and HD molecules under different potential energy models com-
pared to NIST data.

I3 H,PIMPET H,MPET M HDEMPET HDMPET HDHH
Cp/(J- K tmol 1) 0.6894 0.7750 0.7019 0.3431 0.6338 0.4055
S/ (J- K tmol ) 0.3824 0.4096 0.4591 0.1443 0.2732 0.1575
AH,/(kJ-mol™) 0.9586 1.1052 1.2110 0.4863 0.9749 0.5946
G./(J- K tmol?) 0.1754 0.1805 0.2005 0.0495 0.0859 0.0452

240 F 260
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Fig. 4. Comparison of the molar entropy of H, (a) and HD molecules (b) with NIST experimental data.
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Fig. 6. (a) The reduced molar Gibbs free energy of the Hy molecule; (b) the reduced molar Gibbs free energy of the HD molecule.
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Abstract

H, molecule and their isotopes represent one of the modern clean energy sources. It is imperative to
understand their thermodynamic properties for comprehending their behaviors under various conditions.
Thereby promoting their more in-depth applications. In this paper, an extended improved multiparameter
exponential-type potential (EIMPET) combined with the quantum statistical ensemble theory is used to
investigate and analyze the thermodynamic properties of Hy and HD molecules. Firstly, reliable energy level
data for molecules are obtained using the EIMPET potential. Subsequently, the one-dimensional Schrodinger
equation is solved with the LEVEL program to determine the rovibrational energy levels of the molecules.
Finally, the quantum statistical ensemble theory is integrated to determine the partition functions, molar heat
capacity, molar entropy, molar enthalpy, and reduced molar Gibbs free energy of Hy and HD in a temperature
range of 100-6000 K. The calculation results indicate that compared with IHH potential and IMPET potential,
the EIMPET potential is closer to RKR data. A comparison of the calculated thermodynamic properties of the
molecules reveals that the results from the EIMPET potential-based method accord well with those from the
NIST database. Specifically, for H,, the root mean square (RMS) errors for Cw(T), Sm(T), G:(T), and
AH, (T)are 0.6894 J-Kl-mol!, 0.3824 J-K l-mol!, 0.1754 J-K -mol !, and 0.9586 kJ-mol !, respectively, while
for HD, the RMS errors are 0.3431 J-K'mol™?, 0.1443 J-K ' mol™?, 0.0495 J-K'mol™?, and 0.4863 kJ-mol™,
respectively. All of these results are superior to those obtained using IMPET potential, and to those obtained
using IHH potential as a whole. These findings demonstrate the advantages and practical applications of the
EIMPET potential in calculating the thermodynamic properties of diatomic gas molecules, providing a

foundation for subsequently studying the thermodynamic properties of triatomic molecules.
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