Table S1 : Low pressures Monte Carlo simulation results on 400 molecules of methane
after a run of 107 iterations. The subscripts give the statistical accuracies of the last

decimal(s).

| T/K | P/Pa | p/kgm? | cie*/Imol"'K~1 | ap/K~! | pr/Pa?

| paT/KMPa-1

294.25

1
103
5.10%
10%
5.10°
106

6.567 10~
6.561 1073
0.328;
0.6571
3.309;
6.6731

5.42 10~2
4.83 10~%
2.97 1072
9.92 1072
0.453
0.908

3.41 1073
3.39 10~3
3.40 10~3
3.42 1073
3.50 1073
3.61 1073

1.004
9.98 104
1.99 1075
1.001 1073
2.02 10~
1.02 10-6

3.004 10°
-140.51
-0.656
4.071
4.149
4.121




Table S2 : Monte Carlo simulation results on 400 molecules of methane after a run of
107 iterations except those signalled with a superscript. The subscripts give the statistical
accuracies of the last decimal(s).

| T/K | cid/Imol"'K~! | P/MPa | p/kgm~? | c#*/Imol"'K~! | ap/K! gr/Pa~! | pyr/KMPa-!

294.25 35.53 1 6.6735 0.9113 3.615 1073 1.01614 1076 4.1297
1.7 11.65211 1.6713 3.79746 1073 | 5.99968 10~ 7 4.3549
3.4 24.054 3.5134 4.2113 1072 | 3.07393 10~7 4.1g
5.2 37.20912 5.5436 4.6611 1073 | 2.09944 1077 3.9232
6.9 51.145 8.1356 5.2318 1073 | 1.62953 1077 3.8934
8.6 66.015158 11.869 6.0628 1073 1.38¢ 1077 4.0334
10.3 81.5613 14.189¢ 6.3325 1073 | 1.10441 10~ 7 3.4323
15 123.9717 23.124 7.7458 1073 7.7¢ 1078 2.8255
20 164.074s 22.829 6.583 1073 4.34 1078 1.5724
30 219.6249 17.817 4.3599 1073 1.7; 1078 0.4;
40 253.16 17.826 3.7436 1072 | 1.11196 10~8 0.2;
50 278.134s 14.516 2.8621 1073 7.0348 1079 —0.189
60 296.6546 14.117 2.5719 1073 5.41 10~° —0.2711
80 323.5344 139 2.0724 1073 3.5519 10~° —0.40154
100 344.63 129 1.7814 1073 2.6316 10~° —0.475




Table S2 (continued)

| T/K | cid/Jmol"'K-1 | P/MPa | p/kgm~? | cie*/Jmol"'K~ | ap/K~! | pr/Pa~! | jyr/KMPa!
310.95 36.18 1.7 10.9533 1.4217 3.53¢ 103 5.91 10~7 3.87
3.4 22.485 2.8416 3.826 1073 3.024 1077 3.53
5.2 34.535 5.14 4.3; 1073 2.126 10~7 3.94
6.9 47.093 6.5939 4.61 1073 1.574 1077 3.43
8.6 60.51 8.9871 5.15 1073 1.295 10—7 3.43
10.3 73.9716 10.96 5.32 1073 1.075 1077 3.0721
327.55 36.89 1.7 10.362 1.3714 3.355 1073 | 6.002g4 10~7 3.9963
3.4 21.114 2.7199 3.617 10~3 3.056 107 3.54
5.2 32.325 3.9635 3.8; 1073 2.035 10~7 3.17
6.9 43.871 5.7936 4.29 1073 1.564 1077 3.23
8.6 55.821 7.6132 4.519 103 1.275 10~7 3.1y
10.3 67.873 9.4973 4.85 1073 1.074 1077 2.93
344.25 37.67 1.7 9.8154 1.1512 3.134 103 5.947 10~7 3.35
3.4 19.9465 2.1822 3.317 103 2.98¢ 10~7 2.85
5.2 30.361 3.5719 3.575 1073 2.033 10~7 2.95
6.9 41.055 4.7838 3.8; 1073 1.524 1077 2.73
8.6 52.065 5.9945 3.9512 1073 | 1.224 1077 2.53
10.3 63.0411 7.9655 4.3; 1073 1.053 10—7 2.7
360.95 38.51 1.7¢ 9.332; 0.879 2.913 103 5.81¢ 10~7 2.1545
3.4 18.899s 2.0522 3.14¢ 103 2.995 1077 2.74
5.2 28.661 3.0724 3.317 103 2.014 1077 2.63
6.9 36.565 4.0327 3.447 1073 1.493 10~7 2.3
8.6 48.825 5.44 3.71 1073 1.223 10~7 2.49
10.3 58.99871 6.0232 3.695 10~3 9.8 10~8 1.9916

a - 9717300 iterations




Table S2 (continued)

| T/K | cid/Jmol"'K~1 | P/MPa | p/kgm~? | cie*/Jmol"'K~1 | ap/K~1 | fp/Pa~! | yyr/KMPa~!

377.55 39.39 1.7 8.891; 0.8113 2.774 1073 | 5.83g 1077 2.1
3.4 17.971 1.7697 2.938 1073 | 2.957 10~7 2.4¢
5.2 27.245 2.6828 3.085 1073 | 1.984 107 2.34
6.9 36.565 3.99 3.30145 1073 | 1.532 10~7 2.5
8.6 46.065 4.7343 3.4; 1073 1.194 107 2.23
10.3 55.543 5.44 3.431; 1073 9.83 10~8 1.92
15 81.197 7.7258 3.6513 1072 | 6.62 1078 1.62
20 107.53 102 3.8724 1073 4.83 10~8 1.49
300 153.41 129 3.6626 1073 2.75 1078 0.82
40 189.3537 121 3.0714 1073 1.66 1078 0.26g
50 217.44 122 2.7917 1073 | 1.157 108 0.089
60 239.55 11.47 2.389 1073 8.23 10~° —0.135
80¢ 273.1g 9.9 1.89g 1073 5.19 1079 —0.344
100 298.64 99 1.61 1073 3.65 10~° —0.425

b - 9543600 iterations and c¢ - 9845800 iterations




Table S3 : Monte Carlo simulation results on 200 molecules of ethane after a run of
107 iterations except those signalled with a superscript. The subscripts give the statistical
accuracies of the last decimal(s).

| T/K | cid/Imol"'K~! | P/MPa | p/kgm~® | c#*/Imol"'K~* | ap/K~' | Br/Pa! | yyr/KMPa-l
377.55 62.74 1.7 17.55; 3.23 3.247 103 6.29 10~7 5.28
3.4¢ 37.595 7.43 3.978 1073 | 3.301g2 10~ 7 5.83
5.2 60.93 14.49 5.25 1073 2.479 10~7 6.35
6.9 88.995 245 6.92 1073 2.056 107 6.33
8.6¢ 1234 379 8.95 1073 1.749 1077 5.83
10.3 1623 506 1.041; 10~2 1.42 1077 4.84

d - 2.107 iterations and e - 2.6.107 iterations




Table S4 : Monte Carlo simulation results on 400 molecules of 75% methane-25%
ethane mixture after a Tun of 107 iterations except those signalled with a superscript.
The subscripts give the statistical accuracies of the last decimal(s).

| T/K | cid/Imol"'K-! | P/MPa | p/kgm~?® | c#*/Imol"'K* | ap/K~! | fr/Pa=! | uyr/KMPa~l

377.55 45.23 1.77 10.933; 1.2 2.853 1073 | 5.88¢ 10~7 2.95
3.4 22.30116 2.7 3.135 1073 | 3.044 107 3.33
5.2 34.074 4.13 3.346 103 | 2.043 107 3.0326
6.9 46.213 5.54 3.549 1073 | 1.534 107 2.83
8.6 58.82 7.45 3.8; 1073 1.245 10~7 2.83
10.3 71.467 8.97 4.0316 1073 | 1.044 1077 2.73

f - 2.107 iterations



Table S5 : Monte Carlo simulation results on 400 molecules of n-butane after a run of
107 iterations except those signalled with a superscript. The subscripts give the statistical

accuracies of the last decimal(s).

| T/K | cid/Jmol 'K~ | P/MPa | p/kgm~# | e1#*/Jmol 'K~ | ap/K~' | fr/Pa=! | uyr/KMPa! |

380 120.28 0.59 9.82; 3.94 3.27 1073 2.167 10~ 11y
0.8" 16.416g 7.15 3.7, 1073 1.415 10~6 12
1 21.247 9.5498 4.2 1073 1.195 10~6 12
1.4 32.414 195 5.74 1073 9.96 1077 159
2 4685 7313 4.9593 1073 1.63 10~8 0.5721
2.6 4693 60s 4.0556 1073 1.35 1078 0.3714
3.2h 473, 597 3.94 1073 1.25 1078 0.3119
4 4764 5914 3.99 1073 | 1.1526 1078 0.32
5h 482.45 58 3.6845 1073 | 1.0414 10~8 0.2711

g - 2.6.107 iterations and h - 2.107 iterations



