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Appendix II. Calculation of physical properties from MD 

A.II.1. Bulk Density ρ 

The average bulk density <ρ> (g/cm3) is a test of the R0 of the van der Waals parameters in the 
forcefield and is calculated3 from 5 1ns windows over the entire production dynamics from the 
window averaged volume <V> according to 

512 512

0.6023
liquid liquid

a

M M

N V V


 
 

 
    (A.II.1a) 

The fluctuation in the density is then obtained from the variance: 

〈ߩ〉ߜ ൌ 〈ߩ〉
〈ܸ〉ߜ
〈ܸ〉

 (A.II.1b) 

A.II.2. Self-diffusion constant D 

The self-diffusion constant D was obtained using two complementary approaches: 

1. From the center of mass (COM) mean squared displacement r2 (Einstein’s relation4): 

〈ଶݎ〉 ൌ  (A.II.2a) ݐܦ6

2. From the Green-Kubo VAC formulism4 in linear response theory: 

ܦ ൌ
1
ܰ
෍න ሻݐ௜ሺݒ〉 ∙ 〈௜ሺ0ሻݒ ݐ݀

ஶ

଴

ே

ଵ

 (A.II.2b) 

where t is time, vi is the axial COM velocity of molecule i and the brackets denote an 
autocorrelation that is summed over all molecules. 

Self diffusion constants are calculated by 5 additional runs of 100 ps, using the NVT ensemble, 
with the atomic coordinates saved every 1ps. 

A.II.3. Static dielectric constant ε0 

For isotropic systems in the canonical ensemble, the frequency dependent dielectric constant is 
given by5, 6 

߳ሺ߱ሻ െ ߳ஶ
߳଴ െ ߳ஶ

ൌ 1 െ ݅߱න ݁ି௜ఠ௧ߔሺݐሻ݀ݐ
ஶ

଴
 (A.II.3a) 

where 

ሻݐሺߔ ൌ
൫〈ܯሬሬറሺݐሻ ∙ 〈ሬሬറሺ0ሻܯ െ ଶ൯〈ሬሬറܯ〉

ଶ〈ܯ∆〉
 (A.II.3b) 

is the dielectric decay function and  
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ܯ∆ ൌ ൫〈ܯ〉ଶ െ  ଶ൯ (A.II.3c)〈ሬሬറܯ〉

is the total dipole moment fluctuations. 

The static dielectric constant is a test of the accuracy in the atomic charges used in the forcefield 
and defined in linear response theory to be 

߳଴ െ ߳ஶ ൌ
〈ଶܯ∆〉ߨ4

3ܸ݇஻ܶ
 (A.II.4a) 

Under Ewald boundary conditions, Neumann and Steinhauser6 showed that the equation A.II.4a 
has to be modified to 

߳଴
௖௢௥௥௘௖௧ ൌ

ሺܳ ൅ 2ሻሺ߳଴ െ 1ሻ ൅ 3
ሺܳ െ 1ሻሺ߳଴ െ 1ሻ ൅ 3

 (A.II.4b) 

where Q is determined from the real space Ewald cutoff rc and the Ewald parameter η 

ܳ ൌ න ݎଶ݀ݎߨ4 ൬
ߟ

ߨ√
൰

௥೎
ଶ

଴

ଷ

݁ିఎ
మ௥మ ൌ ௖ሻݎߟሺ݂ݎ݁ െ

2

ߨ√
௖݁ିఎݎ

మ௥మ (A.II.4c) 

In our calculations, Q = 0.9994, leading to a negligible change in ε0. We note that effects due to 
charge polarization are neglected, as none of the forcefields considered here are polarizable. 

A.II.4. Isothermal compressibility κT 

Under isothermal conditions, the relative volume change in response to pressure is the 
compressibility. This is a test of the curvature of the van der Waals parameters. From classical 
statistic mechanics, it is defined to be: 

்ߢ ൌ െ
1
ܸ
൬
߲ܸ
݌߲
൰
்
 (A.II.5a) 

This quantity can be obtained during MD by the volume fluctuation formula3: 

்ߢ ൌ
〈ܸଶ〉 െ 〈ܸ〉ଶ

݇஻〈ܶ〉〈ܸ〉
 (A.II.5b) 

A.II.5. Coefficient of thermal expansion αp 

The coefficient of thermal expansion αp is a test of the balance between the electrostatic and van 
der Waals nonbond parameters and is defined as 

௉ߙ ൌ
1
ܸ
൬
߲ܸ
߲ܶ
൰
௉

 (A.II.6a) 

It can be calculated from MD simulations by the enthalpy-volume fluctuation formula 

௉ߙ ൌ
〈ܪܸ〉 െ 〈ܪ〉〈ܸ〉

݇஻〈ܶ〉ଶ〈ܸ〉
 (A.II.6b) 
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Table S2: Comparison of calculated heat of vaporization ΔHvap (kcal/mol) for all 15 liquids and 4 
forcefields 

  Expa  AMBER 2003  Dreiding   GAFF   OPLS AA/L 

acetic acid  12.49    5.6 ± 0.10 11.66  ± 0.01 
acetone  7.39  7.37  ± 0.01 6.71 ± 0.02 7.28 ± 0.01 6.70  ± 0.01 
acetonitrile  7.86  7.60  ± 0.01 7.69 ± 0.01 7.20 ± 0.01 6.37  ± 0.00 
benzene  8.09  6.67  ± 0.02 7.13 ± 0.02 6.27 ± 0.04 7.13  ± 0.02 
chloroform  7.46  6.02  ± 0.01 6.24 ± 0.02 6.29 ± 0.01 6.69  ± 0.02 
dioxane  9.23  10.90  ± 0.01 7.98 ± 0.01 10.84 ± 0.02 8.27  ± 0.02 
DMSO  11.26  12.29  ± 0.03 11.18 ± 0.12 12.11 ± 0.02 13.05  ± 0.01 
ethanol  10.11  10.23  ± 0.01 11.50 ± 0.03 11.03 ± 0.02 9.87  ± 0.01 
ethylene glycol  15.27  19.99  ± 0.01 26.86 ± 0.04 20.90 ± 0.02 20.72  ± 0.04 
furan  6.56  6.51  ± 0.02 6.22 ± 0.01 6.66 ± 0.02 6.46  ± 0.03 
methanol  8.95  9.33  ± 0.01 16.43 ± 0.07 10.04 ± 0.01 8.85  ± 0.00 
NMA  13.30b  14.54  ± 0.01 17.17 ± 0.08 14.30 ± 0.02 13.88  ± 0.02 
THF  7.65  9.06  ± 0.02 10.10 ± 0.05 8.96 ± 0.01 5.77  ± 0.02 
toluene  9.08  7.45  ± 0.01 7.83 ± 0.03 7.51 ± 0.02 8.21  ± 0.01 
TFE  10.51c  10.87  ± 0.04 11.10 ± 0.02 11.81 ± 0.02 12.44  ± 0.02 

a Reference9 
b Reference10 
c Reference11 
 

Table S3: Comparison of calculated coefficients of thermal expansion αp (x104  K-1) for all 15 liquids and 
4 forcefields 

  AMBER 2003  Dreiding GAFF OPLS AA/L 

acetic acid    5.440 ± 0.880     7.000  ± 0.918 
acetone  15.241  ± 0.837  16.743 ± 3.286 15.332 ± 1.759 12.703  ± 1.303 
acetonitrile  17.813  ± 1.953  15.105 ± 1.057 17.953 ± 1.244 31.648  ± 4.758 
benzene  14.729  ± 2.929  10.788 ± 4.202 19.717 ± 1.976 10.740  ± 0.537 

chloroform  16.310  ± 0.966  12.099 ± 1.959 15.464 ± 0.571 16.146  ± 2.376 
1,4 dioxane  10.098  ± 1.682  11.572 ± 2.771 10.917 ± 1.340 13.565  ± 1.025 
DMSO  12.065  ± 0.607  10.066 ± 0.733 9.355 ± 1.443 10.751  ± 0.801 
ethanol  15.372  ± 1.900  26.081 ± 4.856 17.386 ± 2.995 11.898  ± 1.911 
ethylene glycol  6.332  ± 0.468  3.689 ± 1.665 4.650 ± 1.753 9.041  ± 1.754 
furan  12.000  ± 1.030  11.511 ± 1.135 10.634 ± 0.998 14.011  ± 1.077 

methanol  12.803  ± 1.146  16.938 ± 4.128 11.029 ± 1.139 13.629  ± 1.333 
NMA  8.515  ± 1.028  11.156 ± 1.207 10.229 ± 1.154 9.069  ± 0.620 
THF  13.164  ± 2.593  9.399 ± 1.003 11.277 ± 2.310 19.680  ± 1.379 
toluene  13.297  ± 1.188  9.258 ± 1.009 11.928 ± 0.712 13.273  ± 0.973 
TFE  15.698  ± 2.074  12.695 ± 2.731 11.602 ± 1.570 17.269  ± 1.492 
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Table S4: Comparison of calculated isothermal compressibilities κT (x106 atm-1) for all 15 liquids and 4 
forcefields 

  AMBER 2003  Dreiding GAFF OPLS AA/L 

acetic acid    51.20 ± 5.01     55.60  ± 5.34 
acetone  119.00  ± 5.54  186.00 ± 22.40 124.00 ± 11.20 130.00  ± 8.71 
acetonitrile  133.00  ± 6.90  118.00 ± 10.40 144.00 ± 11.60 398.00  ± 51.00 
benzene  123.00  ± 22.90  81.10 ± 32.00 164.00 ± 29.80 79.70  ± 5.76 
chloroform  169.00  ± 7.29  132.00 ± 12.50 154.00 ± 4.11 139.00  ± 27.30 
1,4 dioxane  47.20  ± 6.60  98.00 ± 15.70 61.70 ± 7.93 87.30  ± 6.67 
DMSO  58.30  ± 1.87  57.60 ± 5.38 52.10 ± 5.97 47.20  ± 3.12 
ethanol  121.00  ± 4.86  319.00 ± 50.40 146.00 ± 20.50 97.40  ± 3.98 
ethylene glycol  23.40  ± 0.87  53.90 ± 13.00 31.70 ± 9.22 44.10  ± 4.85 
furan  106.00  ± 10.10  100.00 ± 9.02 81.50 ± 5.00 104.00  ± 12.00 
methanol  105.00  ± 7.20  265.00 ± 38.80 91.30 ± 5.08 119.00  ± 10.40 
NMA  52.50  ± 5.17  104.00 ± 13.50 55.80 ± 3.76 58.40  ± 2.89 
TFE  145.00  ± 10.60  87.90 ± 14.90 93.50 ± 8.24 165.00  ± 14.80 
THF  79.30  ± 12.80  56.70 ± 4.15 60.40 ± 14.30 202.00  ± 23.10 
toluene  121.00  ± 13.20  80.40 ± 4.52 105.00 ± 10.30 110.00  ± 8.50 

 

Table S5: ΔCv (cal/mol/K) corrections to Cv to obtain Cp according to equation (1) 

  AMBER 2003  Dreiding GAFF OPLS

acetic acid  0.10   0.08

acetone  0.23  0.19 0.22 0.14

acetonitrile  0.20  0.16 0.20 0.22

benzene  0.25  0.21 0.35 0.20

chloroform  0.21  0.21 0.20 0.23

dioxane  0.27  0.21 0.24 0.29

DMSO  0.27  0.19 0.18 0.27

ethanol  0.17  0.23 0.18 0.13

ethlyne glycol  0.14  0.02 0.06 0.16

furan  0.13  0.16 0.15 0.21

methanol  0.09  0.08 0.08 0.10

NMA  0.16  0.16 0.22 0.16

TFE  0.20  0.21 0.17 0.20

THF  0.26  0.21 0.26 0.27

toulene  0.25  0.19 0.23 0.26
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