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Ancillary equations

For computer calculations, it is helpful to use ancillary equations to generate starting values
for density iterations. Therefore ancillary equations for vapor pressure, saturated liquid
density, and saturated vapor density were developed. The equations and parameters are given
below. These ancillary equations are no reference equations, so that the fundamental equation
of state for octamethylcyclotetrasiloxane must be used to calculate accurate saturation
properties.

Vapor pressure, Eq. (1):
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Saturated liquid density, Eq. (2):

Saturated vapor density, Eq. (3):
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Table S6. Parameter values of the ancillary equations for vapor pressure, saturated liquid
density, and saturated vapor density.

pv Eq. (1) p': Eq. (2) p'":Eq.(3)

i n; t; n; t; n; t;

1 -0.928420-10"" 1.00 0.272160-10" 0.380  -0.374500-10"" 0.416
2 0.381730-10"" 1.50  —0.157540-10"" 0.890  —0.920750-10"" 1.350
3 -0.444150-10"" 2.10 0.398870-10"" 1.440  -0.717860-107 3.800
4 —0.776280-10"" 15.0 -0.376830-10"" 2.060 0.108850-10" 4.800
5 -0.692890:10"" 3.90 0.194450-10™" 2.780  —0.141610-107 5.800
6 -0.227190:10" 14.00
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Figure S15. Relative deviations between the ancillary equations and the present fundamental
equation of state for octamethylcyclotetrasiloxane.
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Table S7. Test values for Computer implementation



Table S8. Information for the sample used in the present speed of sound measurements.

Source Analysis method | Fraction Chemical name

Wacker GC-PV20182 | 99.58% Octamethylcyclotetrasiloxane (D4)
0.21% Hexamethylcyclotrisiloxane (D3)
0.16% Decamethylcyclopentasiloxane (D5)




Table S9. Experimental results for the speed of sound w at temperature 7 and pressure p of
liquid Octamethylcyclotetrasiloxane. u denotes the standard uncertainty. The standard
uncertainty for the pressure was 0.07 MPa throughout.

T/K ur/K p/MPa w/ms? u,/ms'| T/K u;/K p/ MPa w/ms? wu,/ms’!
299.79 0.04 0.13  911.09 0.51 449.64 0.12 0.13  461.18 1.31
299.80 0.04 0.52 913.77 0.50 449.64 0.12 0.50 467.67 1.28
299.81 0.04 0.98 916.96 0.50 449.63 0.12 0.96 475.36 1.24
299.81 0.04 1.50  920.51 0.50 449.70  0.12 1.49  484.22 1.19
299.82 0.04 1.98 923.90 0.49 449.69 0.12 1.96 491.86 1.16
299.83 0.04 3.44  933.79 0.48 449.77 0.12  3.60  516.36 1.06
299.85 0.04 6.01 950.89 0.46 44987 0.12 590 54745 0.95
300.15 0.04 10.24 978.63 0.45 450.000 0.12 10.04 596.17 0.81
299.67 0.04 1492 1006.82  0.45 450.19 0.12 15.08 646.97 0.70
450.23 0.12 1642 659.13 0.68

350.07 0.07 0.12  747.75 0.68
350.06 0.07  0.53 751.64 0.68 499.92 0.14 033 321.35 2.08
350.05 0.07 096  755.62 0.67 49994 0.14 052 329.04 2.02
350.05 0.07 1.48  760.43 0.66 499.92  0.14 1.49  354.75 1.76
350.04 0.07 1.96  764.80 0.65 49991 0.14  2.03 367.40 1.65
350.04 0.07  3.53 778.49 0.63 49988 0.14 348 398.42 1.43
350.03 0.07  6.21 800.86 0.59 499.88 0.14  6.03 444.06 1.18
350.00 0.07 10.20 832.31 0.55 |500.000 0.14 10.65 509.56 0.93
349.98 0.07 1497 866.97 0.51 49993 0.14 11.15 51595 091
350.35 0.07 22.66 915.86 0.46
349.97 0.07 26.23  939.02 0.44 549.61 0.17  3.88 300.55 1.90
549.56 0.17  4.55 317.10 1.74
399.71 0.09  0.12  600.99 0.92 549.55 0.17  5.07  329.01 1.64
399.71 0.09  0.51 605.91 0.91 549.54 0.17 5.5l 338.90 1.56
399.70 0.09 1.03 612.25 0.89 54997 0.17 6.64  364.29 1.41
399.70  0.09 1.46  617.43 0.88
399.70 0.09  2.04  624.18 0.86
399.68 0.09  3.61 641.86 0.81
399.64 0.09 6.07 667.98 0.75
399.64 0.09 10.12  706.83 0.67
399.64 0.09 15.10 749.46 0.60
399.69 0.09 19.29  782.02 0.56
399.62 0.09 19.68 784.97 0.55




Simulation details

Simulations were carried out with the molecular simulation tool ms2!. The statistical
uncertainty of all simulation results was estimated with the method of Flyvbjerg and
Petersen’.

The Helmholtz energy derivatives 4",, and the speed of sound w (as combination of 4",,)
were obtained directly from NVT ensemble MC simulations with 864 molecules using
300 000 production steps after sufficient equilibration using the formalism proposed by
Lustig3. A'oo was calculated by Widom’s test particle method”.

The Grand Equilibrium Monte Carlo (MC) method® was used for vapor-liquid equilibrium
calculations, for which the liquid NpT ensemble runs had 400 000 production steps. The
chemical potential was determined by inserting 3 456 virtual molecules into the simulation
volume using Widom’s test particle method*. The pseudo-uV'T ensemble vapor simulations,
that correspond to the liquid runs, continued with an average of 500 molecules using 200 000
production steps.

To calculate shear viscosity # and thermal conductivity A data, first NpT molecular dynamics
simulations were carried out at specified temperature and pressure to obtain the corresponding
density (500 000 production time steps). In the second step, NV MD simulations were
carried out at the corresponding temperature and density to calculate the transport properties
using 3 500 000 to 7 000 000 time steps for production runs. The simulation length was
chosen to obtain at least 20 000 independent time origins of the autocorrelation functions. The
sampling length of the autocorrelation functions was chosen to be between 6 und 24 ps,
depending on the long-time behaviour of the shear viscosity autocorrelation function.

Table S10. Simulation results for 4',,, at temperature 7 and density p of liquid and gaseous
Octamethylcyclotetrasiloxane. A denotes the uncertainty calculated by the method of
Flyvbjerg and Petersen’

The content is provided as a
separate file due to its size.

! Glass, C. W.; Reiser, S.; Rutkai, G.; Deublein, S.; Koster, A.; Guevara-Carrion, G.;Wafai, A.; Horsch, M.;
Bernreuther, M.; Windmann, T.; Hasse, H.; Vrabec, J. Comput. Phys. Commun. 2014, 185, 3302-3306.

? Flyvbjerg, H.; Petersen, H. G. J. Chem. Phys. 1989, 91, 461-466.

3 Lustig, R. Mol. Phys. 2012, 110, 3041-3052.

* Widom, B. J. Chem. Phys. 1963, 39, 2808-2812.

3 J. Vrabec and H. Hasse, Mol. Phys., vol. 100, pp. 3375-3383, 2002.



Table S11. Simulation results for the speed of sound w at temperature 7 and pressure p of
liquid Octamethylcyclotetrasiloxane. A denotes the uncertainty calculated by the method of
Flyvbjerg and Petersen”.

T/K p/MPa A,/MPa w/ms' A,/m-s"
350 073 0.10  775.04  22.63
350 380  0.10 78024  23.03
350 670  0.11 82535  25.04
350 9.98 011  861.58  22.14
350 11.07  0.11  867.02  22.42
350 13.01  0.12  873.11  24.63
350 1630  0.11  897.34 2553
350 1929 0.13  913.55  24.11
350 2222 0.14  919.68  26.92
400  2.87 0.06  649.81  17.79
400 594 006  668.13  18.70
400 9.04 007 71399 1712
400 10.13 007  719.86  18.08
400 12.11 008 73459  19.94
400 1531 008 76492 1811
400 1812  0.08  801.58  18.65
400 2111 009 80031  20.08
450  2.68 0.04 50819  17.75
450 564 005  569.83  15.26
450  8.76 0.05  596.67  15.51
450  9.82 0.05 60103 1678
450 11.80  0.05 62423 1627
450 1470 005  643.03  16.80
450 17.89  0.06  670.02  15.73
450 2094 006 71590  15.61
500 256  0.03 39637  18.20
500 5.69 0.04 45674  17.73
500  8.76 0.04 48486  17.11
500 9.81 0.04  503.03 1631
500 11.86  0.03  533.17 1551
500 14.81  0.04 57551  14.76
500 17.96  0.05  600.95  13.15
500 2094  0.04 62226  14.89
550 2.64  0.02 28236  16.99
550 578 0.03  360.55  14.39
550  8.89 0.03 41229 1441
550 995 0.03 42127  15.01
550 11.96  0.03  456.09  14.30
550 1498  0.03  509.50  13.80
550 18.05  0.04 53571  13.56
550 21.04 004 57421 12.78




Table S12. Simulation results for vapour pressure py, saturated liquid densityo', saturated
vapour density p'", and enthalpy of vaporization 4, for Octamethylcyclotetrasiloxane.
Numbers in parentheses denote uncertainties in the last digit calculated by the method of
Flyvbjerg and Petersen”.

T/K pv/ MPa P /mol-dm™  p'/mol-dm™ A, /kJ-mol’

320 0.0005 (1) 3.1276 (6)  0.00017 (3) 52.22(2)
330 0.0008 (1) 3.082 (1) 0.0003 (4) 51.02 (2)
335 0.0017 (3) 3.058 (1)  0.0006 (1) 50.4 (3)
435 0.064 (2) 2.651 (1) 0.0187 (5) 40.77 (2)
450 0.098 (2) 2.584(2)  0.0282 (6) 39.16 (2)
500 0.301 (8) 2.334(3) 0.086 (2) 33.06 (3)
525 0.47 (1) 2.178 (7) 0.136 (3) 29.33(7)
550 0.759 (9) 2.015 (8) 0.241 (3) 24.46 (8)

Table S13. Simulation results for the thermal conductivity 4 and the shear viscosity # at
temperature 7 and pressure p for liquid Octamethylcyclotetrasiloxane. Numbers in
parentheses denote uncertainties in the last digit calculated by the method of Flyvbjerg and

Petersen’.

T/K p/MPa L/Wm'K'|T/K p/MPa 1n/mPas
290 0.1 0.091 (9)| 300 0.1 3.0(2)
340 0.1 0.09(1)| 310 0.1 2.0 (3)
390 0.1 0.071(8)| 330 0.1 1.4 (2)
440 0.1 0.07 (1)| 340 0.1 1.3(2)

360 0.1 0.9 (1)
370 0.1 0.8 (1)
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Figure S16. Relative deviation of simulated residual reduced Helmholtz energy data from the
present equation of state.
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Figure S17. Relative deviation of simulated first derivative of the residual Helmholtz energy
with respect to density data from the present equation of state.
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Figure S18. Relative deviation of simulated first derivative of the residual Helmholtz energy
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with respect to inverse temperature data from the present equation of state.
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Figure S19. Relative deviation of simulated second derivative of the residual Helmholtz
energy with respect to density data from the present equation of state.



T=475K T=525K
50 T T T T 50 T T T T
25+ - 251+ -
0 0
25l ] 250 ]
* ] i PC
-50 | | w | -50 | L * |
T=575K T=625K
50 T T T T 50- T T T T
2sf . 25t .
* I
0 _ 0 & . _
-25F P B -25F LA N T T
s _50- I I I ] _50- I I I ]
-8 T=700K T=800K
= 50 T T T T T ] 50_ T T T T T
g 25¢ . 251 .
< o ]
| * & %
= -25¢ * A 25+ o4
;_% -50 ! L L -50 I I L
N
o T=900 K T=1000 K
S 50 T T T T 50 T T T T
25l . 25l .
WEEE B oa oy %
0 " 0 ®
25l *oaoy ] sl *owow ]
_50- L | L | L | | _50- L | L | L |
T=1100 K T=1200 K
50_ T T T T T T ] 50_ T T T T T T
i L2 i
25t o ., 251 » -
0 P 0 e
* ]
251 *ow ] 25f *ow
-50 1 1 1 ] -50 1 1 1
1 2 3 1 2 3
p / mol -dm~3 p / mol -dm~3

Figure S20. Relative deviation of simulated second derivative of the residual Helmholtz
energy with respect to inverse temperature data from the present equation of state.
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Figure S21. Relative deviation of simulated mixed derivative of the residual Helmholtz
energy with respect to density and temperature data from the present equation of state.
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Figure S22. Representation of vapor pressure data.
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Figure S24. Representation of heat of vaporization data.



