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Fig. 1. Physical model.
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Fig. 2. Range of simulation parameters.
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Table 1. Force field model parameter.
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Fig. 3. Specific heat of CO, under constant pressure at dif-

ferent temperatures.
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Fig. 4. Density time series curve.
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Fig. 5. Coefficient of variation of density time series curve.
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Table 2. Density time series standard deviation.
FrifEzE
J&J1 /MPa 300 K 305 K 310 K 315 K 320 K 330 K 340 K 350 K

5.5 0.013109 0.011901 0.01103 0.010102 0.009666 0.008618 — —
6.5 0.021126 0.018254 0.016068 0.01389 0.013573 0.011374 —

7.5 0.044269* 0.035315 0.024742 0.021213 0.018383 0.015038 0.02127 —
8.5 0.034966 0.052095* 0.069753* 0.034734 0.026997 0.019459 0.026351 0.026077
9.5 0.029418 0.038274 0.060415 0.089464* 0.045076 0.02814 0.034613 0.031747
10.5 0.028961 0.032362 0.041841 0.061074 0.076358* 0.039398 0.040408 0.035494
11.5 0.026782 0.030041 0.035246 0.045652 0.063877 0.052485 0.045546 0.041854
12.5 0.025495 0.028665 0.032302 0.036694 0.046283 0.055389* 0.045615 0.041477
13.5 0.024154 0.025742 0.02983 0.033077 0.039802 0.051153 0.046138* 0.042967*
14.5 0.023595 0.025523 0.0279 0.030757 0.035307 0.044592 0.042004 0.038225
15.5 0.022976 0.024029 0.025872 0.027699 0.030845 0.037294 0.037411 0.037828

* BRI EZE IO (H.
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Fig. 7. NIST results were compared with coefficient of vari-
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F 3 BRI 2
Table 3. Skewness of density time series curve.
{(]ES
J% 41 /MPa 300 K 305 K 310 K 315 K 320 K 330 K 340 K 350 K
5.5 0.210666 0.19667 0.222613 0.199038 0.177194 0.122592 — —
6.5 0.317677 0.387051 0.331934 0.171015 0.203137 0.149934 — —
7.5 -0.58527 0.978992 0.539219 0.271725 0.196513 0.247196 0.331706 —
8.5 -0.35354 -0.75044 1.678176 0.55835 0.445696 0.302657 0.340462 0.269658
9.5 -0.25597 —0.34136 -0.61173 0.571848 0.76617 0.322709 0.42415 0.291239
10.5 -0.21121 -0.17076 -0.31933 -0.39196 0.31758 0.471969 0.332677 0.223912
11.5 -0.18831 —0.06063 -0.36301 -0.41968 -0.27132 0.386004 0.199494 0.269035
12.5 -0.07006 -0.15883 -0.14411 —0.15565 -0.27415 0.227356 -0.03969 0.180661
13.5 -0.09053 -0.1045 -0.1583 -0.15022 -0.20128 -0.06513 0.000758 0.104961
14.5 —0.11188 -0.24015 —0.18414 -0.20055 -0.16249 -0.153 -0.03519 0.102933
15.5 -0.16482 -0.09686 -0.16086 -0.07727 -0.0917 -0.19393 -0.00103 0.02764
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Abstract

Supercritical carbon dioxide has gradually been becoming an important research subject in the academic
field due to the fact that it has a promising application prospect in the field of extraction, precipitation,
thermodynamic cycle and chemical reaction. In recent years, the interest in studying the region near the critical
point was aroused and a large variation of the physical properties could be detected due to the change of
temperature and pressure. The rapid development of molecular simulation technology benefits the traditional
experimental methods to study the variations of relevant physical properties in the near-critical region. In order
to find out the Widom line range of supercritical carbon dioxide in the near-critical region and the molecular
structure characteristics of the liquid-like gas region, both the molecular dynamics simulation technology and
the cluster analysis are used to investigate the relation between variation coefficient and skewness of CO,
density time series with Widom line and liquid-gas-like interval, under the condition of the temperature and
pressure range of 300-350 K and 5.5-18.5 MPa, respectively. The results show that the Widom line of
supercritical carbon dioxide in the near-critical region can be determined by connecting the maximum
coefficient of variation of the density time series curve. The Widom line begins to extend along with the critical
point until it stops at 350 K. The molecular distribution structure of supercritical carbon dioxide liquid-like
region and gas-like region can be differentiated by the skewness of the number density distributions. The
skewness is positive in the gas-like region, but negative in the liquid-like region, and reaches the maximum at
the Widom line.

Keywords: molecular dynamics, supercritical carbon dioxide, widom line, liquid-gas like region
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