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SAFT Parameters used in this Study

Table S1: PC-SAFT Parameters used for the substances in this study

CAS Substance Molar Weight / gmol™ m o/ AN €/k/K Ky ew/k/K DM/D
74840 ethane 30.07 1.6069 3.5206 191.42 0 0 0
74986 propane 44.096 2.002 3.6184 208.11 0 0 0

110543 hexane 86.177 3.0576 3.7983 236.77 0 0 0
111842 nonane 128.25 4.2079 3.8448 24451 O 0 0
106989 1-butene 56.107 2.2864 3.6431 222 0 0 0
592767 1-heptene 98.1861 3.2863 3.8138 243.756 0 0 0.6296
115106  dimethylether 46.069 2.2634 3.2723 21029 0 0 1.3
75070 ethanal 44.0526 2.1188 3.246 229.851 O 0 2.6891
123728 butanal 72.107 2.8825 3.4698 247.09 O 0 2.72
111717 heptanal 114.185 3.8527 3.66 260.698 0 0 2.5782
67641 acetone 58.08 2.7447 32742 23299 0 0 2.88
78933 butanone 72.107 2.9835 3.4239 24499 0 0 2.78




Parameters of the TAMie force field

Tables [S2|to[S5| provide the parameters of the TAMie force field as described in the Molecular

Model section in the main text. The parameters were all published in previous work™ =<

except for the bond constant k; in Table [S3], which was specified by the authors of this study.

Table S2: Pair potential parameters of UA-groups used in this study: Energy parameter €;;,
size parameter o;;, repulsive exponent n;;, and point charge ¢; for the TAMie force field

United atom ¢ M;/(gmol™") e;/kp/K o5/A  ny q/e
CH, 15.035 136.318 3.6034 14 0.175 (next to ether O)
CH; (ethane) 15.035 130.780 3.6463 14 —
CH, 14.027 52.913  4.0400 14 —
CH, (olefins) 14.027 100.681  3.6005 14 —
CH (olefins) 13.019 53.951 3.8234 14 —
O (dimethyl ether) 15.999 54.36 3.213 12 —0.35
O (aldehydes) 15.999 100.58  3.0276 12 0.422
CH, (neighbor ald.) —0.038
CH (aldehydes) 13.019 68.934  3.4941 12 0.46
O (ketones) 15.999 65.55 3.093 12 —0.49
C (ketones) 12.011 32,775 3.919 12 0.49
O (acetone) 15.999 69.184  3.112 12 —0.49
C (acetone) 12.011 34.592  3.942 12 0.49

Table S3: Bond lengths and constants of the TAMie force field used in this study (z,y €
{1,2})

Bond ro/A  k/K A2
CH,;—CH, (ethane) 1.94 100644
CH,—CH, 174 100644
CH,—CH, 1.54 100644
CH=CH, 1.33 100644
CH,—CH[=0,,] 174 100644
CH,—CH[=0,,] 1.54 100644
CH=0,, 1.217 100644
CH,—C[=0,,] 174 100644
CH,—C[=0,,,] 1.54 100644
C=0,, 1.229 100 644
CHy—O, 1.61 100644



Table S4: Bending angles and constants of the TAMie force field used in this study (z,y €
{2,3} and z € {1,2})

Bending sites 0p/deg ko/kp/K

CH,~CH,~CH, 1140 62500
CH,=CH-CH,  119.7 70420
CH,~Ogpe—CH, 1120 60400
CH,~Cy.—CH,  117.2 62500
Co—CH,—CH,  114.0 62500
CH,—C. =0, 1214 62500
CH,—CH=0,, 1214 62500

Table S5: Torsion potential constants of the TAMie force field used in this study (z,y € {2, 3}
and z € {1,2})

Torsion sites co/kp/K c1/kg/K co/kg/K c3/kp/K
CH,—CH,—CH,—CH, 0.0 355.03 —68.19 791.32
CH,—CH,— O, —CH, 0.0 72535 —163.75  558.2
CH,—-CH,—CH,—CH, 0.0 176.62 —53.34 769.93
CH,=CH—CH,—CH, 688.5  86.36  —109.77 —282.24
C—-CH,—-CH,—-CH, 0.0 355.03 —68.19 791.32
CH,—CH,—C=0,,, 2035.58 —736.90 57.84  —293.23
CHx—C—CHQ—CHy —17.26 752.60 14.89 282.10
CH,—CH,~CH,~CH[=0,,,] 11.81  467.80 —274.10 846.80
CH,—CH,—CH=0, 1182.0  —225.60 302.20 —339.30



Correlation Parameters from Simulation

Tables [SG| to summarize the parameters of the entropy correlations for each transport
property adjusted to the simulation results. The corresponding correlation functions can
be found in Table 3 in the main text. Additional to the parameters, the AAD of each
correlation to all available experiments is given for each substance, along with the number of

experimental data points available. The sources of the experiments are given in the column

Lit.
Table S6: Entropy Scaling Parameters of the TAMie force field for viscosity
CAS Substance A, B, Cy D, Nexp. AAD.y, Lit.
74840 ethane —0.58482 —1.597 —0.11957 —0.015513 2606 5.93% 4
74986 propane —0.73904 —1.9377 —-0.31713 —0.051261 1752 9.47% 4
110543 hexane —1.3007  —2.6303 —0.50842 —0.090849 1804 9.90% 4
111842 nonane —1.5238 —3.0059 —0.63805 —0.13635 382 1445% *“
106989 1-butene —-0.8661  —2.207 —0.44046 —-0.071512 22 5.59 % 4
592767 1-heptene —1.1781 —2.5061 —-0.48927 —0.10139 163 6.79 % 4
115106 dimethylether = —0.8927 —2.0926 —0.37523 —0.070398 211  6.31% 4
75070 ethanal —0.97854 —1.8377 —0.2819 —0.072213 28 11.61% *“
123728 butanal —1.084  —2.388 —0.55646 —0.13242 233 15.12% 4
111717 heptanal —1.4179  —2.843 —-0.55104 —0.13302 12 30.16 % 4
67641 acetone —1.1162 —2.3125 —0.53579 —0.14713 512 15.28% 4
78933 butanone —1.2108 —2.4107 —0.47133 —0.12334 246 22.00% *“




Table S7: Entropy Scaling Parameters of the TAMie force field for thermal conductivity

CAS Substance A/\ B)\ C)\ D)\ Nexp. AADeXp. Lit.
74840 ethane —0.41697 —1.3177 053818 —0.12065 1629 16.43% d
74986 propane —0.3735  —0.74596 1.2519  —0.027495 3154 13.35% 4

110543 hexane —0.12834 —0.83516 1.0578  —0.077646 646 11.23% 2
111842 nonane —0.043518 —0.38023 1.7543 0.03192 524 6.00% 2
106989 1-butene —0.12792 —1.06 0.44367 —0.075675 31 11.03 % 4
592767 1-heptene —0.063358 —0.65059  1.226 —0.033603 415 7.69 % 4
115106 dimethylether —0.52864 —0.73268 1.4949  —0.026342 347 15.94% 4
75070 ethanal —0.54935  —1.1198 0.82421 —0.078127 96 11.57% 2
123728 butanal —0.24726  0.18717  2.4271 0.124 88 82 10.35% 2
111717 heptanal —0.162 0.30738  2.7413 0.14491 12 1.98 % 4
67641 acetone —0.56802  —0.7099  1.3292 —0.0017086 386 9.44 % 4
78933 butanone —0.42298 —0.13237 2.0665 0.0883 347 7.99 % d
Table S8: Entropy Scaling Parameters of the TAMie force field for diffusion

CAS Substance Ap_ Bp.., Cp.s Nexp. AADey,, Lit.

74840 ethane —0.37369 0.14859 2.4814 x 10713 154  14.40% o
74986 propane —0.53649 0.15984 9.9011 x 107'* 75  20.66 % s
110543 hexane —0.70772 0.26865 4.8284 x 107! 185 21.16% sl
111842 nonane —0.90991 0.39224 7.1876 x 10713 104 18.72% HULSALT
106989 1-butene —0.68283 0.14248 8.2794 x 1073 0 — —

592767 1-heptene —0.79056 0.28369 1.9320 x 104 0 - -
115106 dimethylether —0.55305 0.20344 3.0468 x 10713 40 7.98% 2

75070 ethanal —0.4574 0.22717 1.3107 x 10713 0 - -
123728 butanal —0.6685 0.30023 7.3716 x 10~ 0 - -
111717 heptanal —0.85365 0.43313 1.3380 x 103 0 - -

67641 acetone —0.66809 0.31903 1.6004 x 10713 48 24.86 % 2
78933 butanone —0.69477 0.33519 1.0136 x 10713 0 - -




Simulation Results of each Substance

This section contains tables summarizing temperatures 7', pressures p, reduced entropies
s*, viscosities 7, self-diffusion coefficients Dser, and thermal conductivities A for all investi-
gated substances. The first part of each table describes the simulated state points with the
corresponding reduced entropy, calculated using PC-SAFT. The second part provides the
simulation results for the transport properties. The respective state points can be assigned
via s*.

Table S9: Results of ethane

p/kg/m3? T/K p/bar s*

598.62  135.55(4)  8.4677(130000) —3.3338
540.97  184.27(3)  7.9153(82000)  —2.4914
450.66  247.380(47) 11.396(4200)  —1.6576
308.42  310.470(61) 61.119(1100)  —0.91227
16.067  246.960(46) 9.3787(510) —0.064 591

s* n/mPas AMWmK™ Dyge/mms™!

~3.3338  0.38815(1300)  0.22294(1200)  1.8987(163) x 1075
—2.4914  0.17562(530) 0.17301(600)  5.2744(447) x 105
~1.6576  0.082168(1700)  0.11782(860)  1.3650(96) x 10~*
(
(

—0.91227  0.035334(980)  0.061351(2000) 3.6130(305) x 10~
—0.064591 0.0081869(8200) 0.015338(2200) 6.6563(388) x 103




Table S10: Results of propane

p/kg/m? T/K p/bar s*

721.87 94.076(17)  2.8624(110000)  —4.5467

671.06 143.09(3) —4.5537(54000) —3.4475

592,59 220.060(44) 18.218(2700)  —2.3164

432.67  334.470(59) 23.536(1100)  —1.1917

1.1256 220.060(28) 0.46198(360) —0.0054946
s* n/mPas AMWm™ K™ Dyge/mms™!
45467 3.1202(1500) 0.21945(850)  1.5769(230) x 10°
3.4475 0.57641(2100)  0.18193(530)  1.1712(104) x 107
~2.3164 0.20268(840)  0.13454(360)  4.8891(474) x 1077
—1.1917 0.062 521(1200) 0.076 826(4400) 1.9923(191) x 1074
—0.0054946  0.0063189(8300) 0.010204(1200) 7.4363(914) x 10~2

Table S11: Results of hexane

p/kg/m3 T/K p/bar s*

72312 207.730(36) 46.542(2100) —2.7989
668.69  276.560(43) 47.847(1400) —2.1205
575.01  383.300(84) 50.235(960)  —1.4148
(55) (
(54)

401.83 510.880 48.334(340)  —0.746 57
7.4016 383.300 2.4913(76) —0.020003

s* n/mPas A/Wm™ K™ Dyge/mms!

—2.7980  0.8528(420) 0.12325(780)  1.1487(124) x 1075
—2.1205  0.33426(2700)  0.11266(620)  3.4334(340) x 10~°
—1.4148  0.14119(750)  0.093022(9600) 9.8579(909) x 10~°
—0.74657  0.050907(1200) 0.064095(5500) 3.0435(304) x 104
—0.020003 0.007597(600)  0.019846(2200) 1.5610(150) x 10~2




Table S12: Results of nonane

p/kg/m? T/K p/bar s*

761.68  219.700(36) 2.0632(28000) —2.7275
709.08  291.540(48) 8.9105(14000) —2.0749
616.51  409.07(6)  8.4399(6900) —1.3849
4377 563.990(72) 13.847(300)  —0.72324
2.0972  409.100(52) 0.52846(260) —0.005 734

s* n/mPas AMWmK™ Dygye/mms™!

—2.7275  1.973(110) 0.15877(1200)  4.2517(492) x 10~
—2.0749  0.5737(220) 0.13282(770)  1.9450(153) x 105
—1.3849  0.19707(550) 0.10663(670)  6.8291(520) x 105
—0.72324  0.062104(1900)  0.072336(3700) 2.4024(168) x 10~
—0.005734 0.0073079(7800) 0.017784(3800) 4.5883(674) x 10~2

Table S13: Results of 1-butene

p/kg/m3 T/K p/bar s*

799.96  96.575(20)  20.791(2000) —4.6778

749.86 147.330(25) 1.3977(24000) —3.5791

669.04 229.440(37) 9.9527(15000) —2.4138

496 367.170(56) 19.509(610)  —1.2184

042344 229.440(22) 0.14055(100) —0.0020042
s* n/mPas AWm™ K™ Dyge/mms™!
46778 7.7496(7000) 0.18984(550)  6.3405(941) x 107
35791 0.94702(4200)  0.17615(1400)  7.2819(674) x 10~°
24138 0.2834(100) 0.13518(920)  3.6013(260) x 10~
—1.2184 0.080721(2700)  0.076 723(4400) 1.7151(120) x 10~
—0.0020042 0.0062143(8600) 0.011827(3400) 1.6299(350) x 1071




Table S14: Results of 1-heptene

pfkg/m® T/K

p/bar

*

S

—0.003 6

795.34 169.730(26) 8.0275(25000) —3.3766

74548 232.640(39) 11.203(920)  —2.5909

657.07  337.540(46) 9.5980(6700) —1.7376

47621 497.05(8)  17.963(400)  —0.89039

1.1139 337.550(27) 0.30733(100) —0.0036254
s* n/mPas AMWmK™1 Dy /mms™!
33766 3.3615(3300)  0.13287(480)  2.3048(287) x 10-°
25909 0.74797(4200)  0.12341(570)  1.3433(144) x 10~
17376 0.23209(740)  0.10167(380)  5.3644(340) x 10~
_0.89039  0.071884(3500) 0.070874(4500) 2.1462(188) x 10~

(

254 0.007 649(940)

0.015 153(1600)

7.9637(1088) x 1072

Table S15: Results of dimethylether

p/kg/m3 T/K p/bar s*

851.18  144.840(23) 9.2192(47000) —3.4617

782.33 202.410(41) 14.712(2600) —2.6175

670.6 286.67(5) 7.5628(21000) —1.7364

469.54  380.660(69) 52.462(750)  —0.9114

6.9791 286.670(28) 3.3524(150) —0.020621
s* n/mPas AWmK™ Dyge/mms™!
34617 1.2459(930) 0.24626(1100)  6.2692(747) x 10~
_26175  0.3906(200) 0.20402(370)  2.5581(237) x 107
17364 0.15226(750)  0.14048(520)  8.3276(715) x 1075
_0.9114  0.058587(3000)  0.080419(5800) 2.7345(259) x 10~

(112)

—0.020621 0.008 953 3(6500

)

0.014 683(1300)

1.7419(112) x 1072
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Table S16: Results of ethanal

p/kg/m* T/K p/bar s*

867.78 240.500(59) 11.111(4300) —2.7034

767.93 321.960(58) 2.847(2300) —2.0673

620.33  412.070(87) 23.247(1800) —1.4241

42498 483.030(88) 69.886(590) —0.82771

28.14 412.06(5) 17.683(72) —0.090 534
s* n/mPas AMWmK™ Dyy/mms™!

—2.7034 0.48334(1500)  0.25121(1300

2.4264(182) x 1075

)
—2.0673  0.20761(490)  0.19695(1400)  6.9555(513) x 10~°
)

—1.4241 0.103 72(290) 0.13334(1100

)

)
1.6866(132) x 10~

)

)

(

(
—0.82771  0.046 199(1400) 0.076 707(4500) 4.0455(412) x 104
—0.090534 0.012409(1400) 0.023682(2600) 5.8509(579) x 1073

Table S17: Results of butanal

p/kg/m3 T/K p/bar s*

887.6 194.480(39) 3.9302(31000) —3.2082

816.6 270.560(39) 5.4477(18000) —2.4432

700.87 382.520(79) 5.9733(13000) —1.6255

49126 519.630(89) 40.601(630)  —0.85256

5.1518 382.520(36) 2.1243(65) —0.014 342
5* n/mPas A/Wm—tK™! Dyepp/mms™!

—3.2082  2.7232(1400)  0.16809(1500)  3.4614(314) x 10~°
—2.4432  0.56526(2000)  0.14787(680) 1.9936(205) x 1077

—0.85256  0.067213(4400) 0.085947(12000) 2.6619(278) x 104

)
(205)
~1.6255  0.20144(1300)  0.11326(690)  7.4787(753) x 1075
(278)
(231)

—0.014342 0.010027(1100) 0.019798(2100)  2.4747(231) x 1072

11



Table S18: Results of heptanal

ofkg/m® T/K

p/bar

*

S

840.85 252.130(36) 11.371(1500) —2.5729

776.89  332.03(5)  10.004(1100) —1.9492

666.84  455.240(69) 9.449(690)  —1.3006

47079 604.82(8)  30.874(430) —0.69529

5.3559 455.220(41) 1.6501(57) —0.012129
s* n/mPas AMWmK™ Dygye/mms™!
25729 1.9113(1200) 0.1404(60) 5.3695(512) x 10~

~1.9492  0.55395(4600)
—1.3006  0.19292(720)
—0.69529  0.064829(2500)
—0.012129  0.009 236 8(9400)

0.128 85(620)
0.102 34(390)
0.079916(7100)
0.020 528(1700)

)
2.3664(192) x 1075
8.0727(427) x 107°
2.6343(194) x 1074
2.2672(221) x 1072

Table S19: Results of acetone

p/kg/m3 T/K p/bar s*

867.62  196.340(36) 3.6394(40000) —2.877

78530 279.09(5)  6.8071(28000) —2.1969

660.67 389.350(57) 9.1299(14000) —1.4677

458.77 508.55(10)  58.237(540) —0.80093

8.7917 389.320(34) 4.4061(80) —0.02545
s* n/mPas AWm™ K™ Dyge/mms™!

—2.877  1.5422(570)
—2.1969  0.39805(1400)
—1.4677  0.15458(860)
—0.80093 0.057889(2100)
—0.02545 0.010419(1300)

0.205 21(1200)
0.168 46(950)
0.118 94(400)
0.072 404(3900)
0.018 319(2100)

6.0940(641) x 10~
2.9230(228) x 1075
0.8146(844) x 10~
3.0273(155) x 10~
1.4738(103) x 1072

12



Table S20: Results of butanone

p/kg/m® T/K

p/bar

*

S

8482  205.160(42
77585  281.70(6)

657.08  393.700(55
43171 527.400(71
6.0661  393.710(44

)

)
)
)

8.6126(19000)
10.668(2000)
5.8554(8300)
43.736(400)
2.5430(69)

—2.8524
—2.167
—1.4307
—0.70843
—0.016 154

*

s n/mPas

A/Wm—HK™!

Dyeit/mm s~

—2.8524  1.7406(810)
—2.167 0.454 37(1800)
~1.4307  0.1593(42)
—0.70343  0.051395(1400)
—0.016154  0.009 358 4(7300)

0.162 44(1100)
0.1351(130)
0.10249(710)
0.066 298(5900)
0.017 866(1700)

5.6837(614) x 10
2.6547(263) x 1075
9.1637(928) x 1075
3.2439(255) x 10~
2.0597(213) x 102

13



Verification of the Nose-Hoover thermostat

We repeated the simulations of hexane with a switched off thermostat in production to check
the consistency with the results we obtained with the Nose-Hover thermostat. Figure
shows the results for all transport properties in the entropy scaled depiction. The results are
equivalent within statistical uncertainties, wether the thermostat is switched on or not.

The results are summarized in table form in Table [S21]

1 I NVE —0.54
o

h I NVE ] I Nv
3 NV 3 NvT 258 N

In(DZy)

(b)

Figure S1: Logarithmic depiction of reduced viscosity n* @, self-diffusion D7 (]EI), and
thermal conductivity \* over residual entropy s* for hexane. The figure compares the
results of simulations with an Nose-Hoover thermostat (NVE) and simulations without any
thermostat (NVE)

Table S21: Results of hexane (NVE)

p/kg/m3 T/K p/bar s*

72312 208.160(66) 52.036(2200) —2.796

668.69 275.410(35) 36.59(110) —2.1252

575.01 384.620(17) 56.929(810) —1.4124

401.83  504.480(20) 38.499(410) —0.75066

74016 386.47(11) 2.5158(83)  —0.019807
s* n/mPas AMWmK™ Dyge/mms™!
2796 0.81781(4600)  0.12482(500)  1.1598(126) x 10~
21252 0.331(13) 0.11118(560)  3.4336(312) x 10~
14124 0.1433(90) 0.085467(2000) 9.8678(711) x 10~
—0.75066  0.051185(1700)  0.063 674(4600) 2.9936(253) x 10~
—0.019807 0.0081651(5100) 0.018118(1700) 1.5940(158) x 102

14
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