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Table 1. 12-6 Lennard-Jones parameters of non-bonded interactions for alkanethiol-passivated 

gold nanoparticles in supercritical ethane. 

Atom  

Types 

ε σ Refs. 

(kJ mol−1) (Å)  

Au 3.2288 2.737 (S1, S2) 

SH 1.6629 4.450 (S1, S2) 

CH2 0.3825 3.950 (S3) 

CH3 0.8148 3.750 (S3) 

 

Table 2. Bonded interaction parameters of alkanethiol. Intermolecular bonds are modeled using 

the harmonic stretching potential; 𝑈(𝑟) =
𝑘𝑟

2
(𝑟 − 𝑟0)2, where 𝑘𝑟 is the force constant and 𝑟0 is the 

equilibrium bond length. Bond angles are modeled using the harmonic bending potential; 𝑈(𝜃) =

𝑘𝜃

2
(𝜃 − 𝜃0)2, where 𝑘𝜃  is the force constant and 𝜃0 is the equilibrium bond angle. The triple cosine 

potential; 𝑈(𝜑) =
𝐴1

2
(1 + cos(𝜑)) +

𝐴2

2
(1 − cos(2𝜑)) +

𝐴3

2
(1 + cos(3𝜑)), is employed for 1-4 

torsional interactions, where 𝐴1, 𝐴2, and 𝐴3 are constants. The gold-sulfur (Au – SH) interaction 

is modeled using the switched and shifted version (at 6.2 Å) of pairwise additive 𝑚 − 𝑛 potential; 

𝑈(𝑟) =
𝐸0

(𝑛−𝑚)
(𝑚 (

𝑟0

𝑟
)

𝑛

− 𝑛 (
𝑟0

𝑟
)

𝑚

); where 𝐸0 is the well depth, 𝑟0 is the equilibrium distance, m 

and n are the constants. 

Interaction type Interacting group Potential parameters𝑎 Refs. 

Bond CH2-CHx 𝑘𝑟 = 2250, 𝑟0 = 1.54 (S3, S4) 

 CH2-SH 𝑘𝑟 = 2250, 𝑟0 = 1.82 (S1, S4) 

Angle CH2-CH2-CHx; 𝑘𝜃 = 519.6543 (S3) 

 CH2-CH2-SH 𝜃0 = 114  

Torsion CH2-CH2-CH2-CHx; 𝐴1 =     5.9038 (S3) 

 CHx-CH2-CH2-SH 𝐴2 = −1.1339 

𝐴3 = 13.1588 

 

 Au-SH 𝐸0 = 38.6 

𝑟0  =  2.9 

𝑚 =  4 

𝑛  =   8 

(S2) 

aThe units of distance are in Angstrom, angles in degree and energy in kJ/mol. 
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Figure 1. The comparison of two-body PMF of Au38(SC10)24 nanoparticles computed in vacuum 

with the literature.S5 

 

 

Table 3. Fitting parameters of pair 𝑉𝑃𝑀𝐹 curves of two-body and three-body systems at different 

densities along isotherm, 𝑇𝑟 = 1.02 for Au38(SC10)24 and Au140(SC10)62 nanoparticles. The 𝑉𝑃𝑀𝐹 

curves for densities, 𝜌𝑟 ≤ 1.0 are fitted with Morse function, 𝐷𝑒 = ((1 − exp(−𝑎(𝑟 − 𝑟𝑒)))
2

− 1) 

with 𝑎 = 𝛼 𝑟𝑒⁄ , where 𝐷𝑒 denotes the energy well depth and 𝑟𝑒 represents the equilibrium pair 

separation. The 𝑉𝑃𝑀𝐹 curves at density, 𝜌𝑟 = 3.0 are fitted to a function, 𝐵exp (−𝑏(𝑟 − 𝑟𝑑)) with 

𝑏 = 𝛽 𝑟𝑑⁄ , where 𝐵 is the pre-exponential factor, 𝑏 characterizes the softness of the PMF curves, 

and 𝑟𝑑 is the onset of repulsion. Both 𝛼 and 𝛽 are dimensionless range parameters. 

 

No. of  

Particles 𝜌𝑟 
Au38(SC10)24  Au140(SC10)62 

𝐷𝑒,𝐵 𝑎, b 𝑟𝑒 , 𝑟𝑑  𝐷𝑒,𝐵 𝑎, b 𝑟𝑒 , 𝑟𝑑 

(𝑘𝐵𝑇) (Å−1) (Å)  (𝑘𝐵𝑇) (Å−1) (Å) 

Two 0.0 54.64 0.186 15.46  72.61 0.185 25.01 

0.1 45.49 0.164 15.85  58.03 0.165 25.48 

0.5 21.60 0.142 17.15  23.11 0.157 27.82 

1.0 12.98 0.178 17.96  12.15 0.188 28.79 

3.0  2.33 0.398 20.38    2.36 0.367 31.68 

Three 
0.0 32.86 0.178 17.81  46.98 0.158 26.88 

0.1 28.10 0.164 18.23  38.96 0.155 28.05 

0.5 14.25 0.142 20.14  17.82 0.112 30.97 

1.0  6.48 0.143 21.71    6.71 0.115 33.44 

3.0  1.28 0.328 24.79    1.31 0.319 36.47 
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Figure 2. The comparison of 𝑉𝑃𝑀𝐹(𝑟) obtained from two- and three-body interactions at different 

𝜌𝑟 for Au38(SC10)24 (left column) and Au140(SC10)62 (right column) nanoparticles. 
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Figure 3. The number density distributions, 𝜌𝑁, of ligand shells in three-body interaction along  

pair separation, 𝑟31, at (a) 𝜌𝑟 = 3.0, and (b) 𝜌𝑟 = 0.0, for Au38(SC10)24 nanoparticles. (c) The visual 

of deflected phase of ligands at closet separation, i.e., at 𝑟31 = 1.2 nm. 
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Figure 4. Tow-dimensional density map of ligand shells at intermediate separation as a function 

of solvent density, 𝜌𝑟, for Au38(SC10)24 (upper row) and Au140(SC10)62 (lower row) nanoparticles. 
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