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Gold Gold nanoparticlesnanoparticles



MD simulation with EAM potential

The common form of EAM potential has the form

tot
( ) ( ), ( ),i ij i ij

i i j i j

E F n V r n n r
< ≠

= + =∑ ∑ ∑
110 10

2 2 2 2 2

1 1

( ) ( ) 1 ( ) ,m m

m c m c

m m

n r a r r b r r

−
+

= =

 
 = − + −
  

∑ ∑

11

2
11

2

[( 1) ( 1) ]
( ) ,

1 [( 1) ( 1) ]

m m

mm

m m

mm

c n
F n

d n

=

=

− − −
=
+ − − −
∑
∑

( )( ) ( ) ( )

( )

22 28
12 62 2 2 2 2 2 6

1 0 2 8
2 21

1

( ) .

1

m

m c

c c
m

m
m c

m

e r r
V r v r r r r r r v r

f r r

+

− −

=

=

− = − − − + +  
+ −

∑
∑

Zhukhovitskii D.I. and Zhakhovsky V.V. // J. Chem. Phys., 2020, vol.152, no.22, p.224705.

p
a

ir
 p

o
te

n
ti

a
l 

V
 (

k
J

/m
o
l)

em
b

ed
d

in
g
 e

n
er

g
y

 F
 (

k
J
/m

o
l)

0 0.2 0.4 0.6

interatomic distance r (nm)

0

0.2

0.4

0.6

0.8

1 EAM ver.1

EAM ver.2







MD simulation procedure







Cluster number density vs. cluster size



Compressibility factor of gold vapor at saturation



Cluster size distribution and the Tolman length

In the virtual chain approximation, the partition function of a “hot” cluster of atoms 
interacting via the pair additive potential is represented as
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Thus,

and the size distribution of the lightest clusters is

ln ( ) ( ),k kT p AT k B Tµ = + +

The case of the lightest clusters and of a macroscopic droplet are unified by a 
linear interpolation of the cluster chemical potential. Then 
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where                                                           is the number 

of surface atoms. The parameters δ (reduced Tolman length) and λ  and define 
the two-parameter model. They conform to the relationship that ensures correct 
microscopic and macroscopic extremes so that only one parameter remains (δ):
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In the widely used self-consistent classical nucleation theory with the Tolman 
correction
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For a macroscopic drop, both approaches are identical if
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Vapor compressibility factor (ideal mixture of clusters)
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Fractals and fractal dimensionality
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Cluster structure and reduced structure parameter
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Cluster bond length distributions



Interatomic potential for the dimer Au2



The lightest clusters are liable to the structural transition, whose temperature T
0

can be estimated from the equation

Assessment of the structural transition temperature
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For the saturating metallic interatomic interaction, the estimation is obtained. For 
Au,
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Then, from the solution  τ = 5.68, we derive the transition temperature
T

0
= 3500 K.



� The wide-range EAM potential for gold is constructed. It can be used for 
simulation of different dynamic processes including vapor nucleation and 
liquid cavitation. 

� The dense gold vapor includes clusters. As temperature is increased, the 
clusters undergo a structural transition from a compact to chainlike 
structure. The lightest clusters are quasifractals with the fractal 
dimensionality close to two.

� The model of an ideal mixture of different clusters is applicable for gold 
vapor.

� Even the lightest gold clusters conform to the classical thermodynamics of 
a macroscopic medium due to a special value of the Tolman length. 

� Calculated compressibility factor, cluster size distribution, and 
characteristic temperature of the structural transition are consistent with 
both MD simulation and independent data.

Conclusion



Thank you for your attention!

For more details, visit

http://oivtran.ru/dmr


