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Highly Accurate Measurement and Molecular Dynamic Simulation on Capitally
Constant for Environmentally Benign Next Generation Refrigerants
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Surface tension of new refrigerants R1224yd(Z) and R1123 with very small
global warming potentials are measured. Those data are now availa%le in open literatures.
Liquid-vapor systems of those substances are simulated by a molecular dynamic simulation to predict
saturated density and surface tension. Ethylene is first simulated because adequate measurement data
sets are reported. Among the parameters of molecular structure, the partial charges assigned on
atoms affect the liquid density most. The obtained liquid density changes by 10 to 20 % relatively
by the variation of partial charges. However, the results obviously deviated at reduced temperatures
above 0.9. To get better accuracy in surface tension and density both, intermolecular parameters
are also adjusted. On the other hand, the simulated liquid-vapor systems for R1234yf and R1123,
fluorinated ethylene derivatives, show better agreement with the measurement results rather than
ethylene even at reduced temperatures above 0.9.
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Fig. 1 Liquid-vapor equilibrium simulation model.
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H F 6-31G**
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Fig. 2 Determined dipole moment and
partial charge of each atom with
B3LYP/6-31G** for HFO1123

Table 1 MO simulation results on partial charges

MO method Dipole | Charge[C] P’
(Mulliken) [debye] | H F ﬁgiﬂg
HF/3-21G 1.76 |0.280e|-0.368e
HF/6-31G 2.07 |0.247e|-0.407e
HF/6-31G* 1.44 10.223e|-0.353e
HF/6-31G** 1.43 |0.173e|-0.357e| 1355
B3LY P/6-31G* 1.17 |0.168e|-0.23%
B3LYP/6-31G** | 1.19 |0.125e|-0.266e| 1093
Raabe ¥ (ESP approach) at 283 K
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Fig. 4 MD simulation results for R1123
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