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The loss function, Eq. (S.1), used to train the FE-ANN EoS includes information from
first-order derivative properties (Z and U*) and second-order derivative properties (C}, 71,
P RY, af, v and pp). In the main article, the effect of different relative weights, Eq. (S.2),
for the second-order derivative properties was discussed for w; =, 0, 1/20, 1/10 and 1. Other
values of relative weights (1/50 and 1/5) were also studied. The results of these models are

found in Table S1.
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Table S1: Trained FE-ANN EoS results® °.

100x MSE
Input Features — w;® A U~ Cy v PR ap v Wy
Train  0.42 1092 17.82 437 0.66 3.83 2495 11.30
Test 0.32 11.20 17.38 3.12 1.18 386 27.78 8.11
Train 199 343 2.07 1458 0.37 1.08 136 6.64
Test 198 3.27 201 1343 035 093 155 7.26
Train 255 556 1.52 1558 0.39 090 1.63 7.39
Test 249 519 145 1456 036 082 2.09 782
Train 2.01 478 090 11.32 029 082 130 5.78
Test 2.05 476 0.82 12.73 028 0.70 1.48 6.09
Train 534 646 046 1649 0.23 0.54 147 4.77

1/50

1/20

Ooydw ;0*7 T
1/10

U5 "Test 601 647 046 1899 0.26 0.64 193 4.56

| Train 3144 2053 065 6045 051 068 301 505

Test 3463 31.74 0.72 71.85 053 095 3.63 4.67

o Tain 020 216 1194 233 002 247 2658 1173

Test 0.16 197 11.54 140 3.10 290 2811 10.99

/50 Train  1.99 744 285 557 049 137 1.62 7.24

Test 252 802 277 673 048 129 1.78 7.52

120 Train  0.18 055 035 079 015 062 089 550

s Test 0.14 0.32 033 1.05 015 057 1.03 572
dur, P75 1/T Lo Taim 026 083 032 083 011 049 088 461
/ Test 026 0.64 0.28 137 0.12 0.56 121 4.51

s Train 043 130 027 120 010 043 1.09 4.44

Test 042 1.03 025 213 0.13 0.65 1.73 4.07
Train 7.87 9.02 037 722 027 0.55 215 4.82

Test 803 857 034 1026 029 076 2.72 4.20

@ All the models consider a 4-layered neural network, activated using the tanh activation

function and 45 neurons each. All models were trained for 20000 epoch using a learning
rate of & = 107% and the ADAM optimiser. * Smallest test MSE deviations are highlighted

in bold. ¢ w; is the relative weight used for the second-order derivative properties in the
loss function. This relative weight is set to 1 for the compressibility factor (Z) and internal
energy (U*). See Eq. (S.2) for further details.
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1 FE-ANN EoS results for selected Mie Fluids

The main article presents the results of the FE-ANN EoS using v, p* and 1/T* as input
features and trained using a relative weight of w; = 1/20 for second-order properties for the
Lennard-Jones fluid (A, = 12 and A\, = 6). This section complements those results for other
Mie fluids: A, = 16, 20, 24 and 30 and A\, = 6.

In Figures S1, S3, S5 and S7, the pressure isotherms for the mentioned Mie Fluids are
shown. Similarly, in Figures S2, S4, S6 and S8, a list of second-order derivative properties are
shown: (a) Isochoric Heat Capacity, (b) Isothermal Compressibility, (¢) Thermal Expansion
Coefficient, (d) Isobaric Heat Capacity, (e) Joule-Thomson Coefficient, (f) Thermal Pressure
Coefficient.

For simplicity, all the figures shown below share the same nomenclature for symbols and

lines. This is:
e Solid lines are FE-ANN EoS calculations
e Dashed lines are SAFT-VR-Mie EoS calculations

e Molecular dynamics data: (@) 7% = 0.9, (o) 7% = 1.0, (m) T* = 1.3, (1) T* = 2.8, (O)
7" =6.0.
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1.1 N =16and A\, =6
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Figure S2: Second-order derivative properties isotherms for the Mie fluid (A, = 16 and
A, = 6).
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1.2 N =20and \, =6
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Figure S4: Second-order derivative properties isotherms for the Mie fluid (A, = 20 and
A, = 6).
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1.3 N =24 and \,=6
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Figure S6: Second-order derivative properties isotherms for the Mie fluid (A, = 24 and
A, = 6).
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1.4 )N =30and \,=6
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Figure S8: Second-order derivative properties isotherms for the Mie fluid (A, = 30 and
A, = 6).
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