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ABSTRACT The lattice parameters and cohesive energies of spherical and cubic Pd nanoparticles
are studied by molecular dynamics method. It is shown that the lattice parameter and the cohesive
energy decrease with decreasing the particle size for the specific particle shape. Both variation quanti-
ties of lattice parameter and cohesive energy for the spherical particles are higher than these for cubic
ones. By fitting the simulation results, it is found that the shape effect can lead to 7% of total lattice
parameter variation and 25% of total cohesive energy variation. The present results again confirmed
that the lattice parameter of Pd nanoparticles with free surface contracted a little, which is consistent
with the corresponding experimental results.
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Table 1 Simulated lattice parameters and cohesive energies of Pd nanopaticles with different sizes

Cubic nanoparticle

Spherical nanoparticle

Number Size Lattice Cohesive Number Size Lattice Cohesive
of atom nm parameter energy of atom nm parameter energy
nm eV nm eV
108 1.4479 0.38294 3.52403 79 1.3046 0.38387 3.57663
256 1.9305 0.38604 3.6322 135 1.5597 0.38587 3.60709
500 2.4132 0.38713 3.69273 321 2.0818 0.38742 3.68861
864 2.8958 0.38813 3.72914 531 2.4620 0.38759 3.71665
1372 3.3784 0.38885 3.75854 767 2.7831 0.38812 3.74108
2048 3.8611 0.38913 3.77857 1157 3.1918 0.3889 3.76916
2916 4.3437 0.38946 3.79417 1601 3.5568 0.38937 3.79219
4000 4.8263 0.38965 3.80766 2123 3.9076 0.38944 3.80285
- - 3043 4.4059 0.38994 3.81626
- - 3997 4.8251 0.39023 3.82473

1) size: denote the diameter of sphere having identical volume with the cubic nanoparticle
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Fig.1 Pair correlation functions of cubic nanoparticles with
atom numbers 108 (a), 256 (b) and 4000 (c)
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Fig.2 Pair correlation functions of spherical nanoparticles
with atom numbers 79 (a), 135 (b) and 3997 (c)
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Fig.3 Lattice parameters of cubic (a=1.24) and spherical
(a=1) Pd nanoparticles as the function of particle
size. The solid lines denote the results of CEM
modell*?], The symbols “®” and “M” denote
the present simulation values of spherical and cubic
nanoparticles, respectively. The symbols* A ” denote

the experimental results given by Lamber et all?]
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Fig.4 Absolute values of cohesive energy of cubic (a=1.24)
and spherical (a=1) Pd nanoparticles as the function
of particle size. The solid lines denote the results of
SAD modell22:23]. The symbols “®” and “B” de-
note the present simulation values of spherical and

cubic nanoparticles, respectively
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Fig.5 Fitted lines of the simulated lattice parameter of Pd
nanoparticles. The lines S and C denote the curves of
spherical and cubic nanoparticles, and the symbols
“®” and “B@” denote the present simulation values

of spherical and cubic nanoparticles, respectively
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Fig.6 Fitted lines of the simulated cohesive energy of Pd

nanoparticles
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~0.0013 A1 -0.0017 nm. [E#FLESREMITFHEA LLIE
g5, 1 nm HEIEMIL A ARTE Pd 3ok, K& &8 00
3.4519 01 3.3480 eV, #XH FEeik(l (3.9272 eV) A {k
13435104 —0.4753 #1 —0.5792 eV; %F 5 nm BIERIE AL
FRIE Pd ik, HEEEEm 50 3.8233 F1 3.8136 eV,
FEA R A A b 4 5 -0.1039 11 -0.1136 eV.
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Geub = (@eup — 0.389815) = —0.0126223 x (1/D), X &
B asph M acup 43 AICRERIE A 3L I S K BOR H F
M8, D IEHERIRST (AR nm). FEMERTT, B
A D BURRIAE, TR T S S5 L
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KakB) 7%. AU, KEVE Pd BoRg 4 S sE A b i
FLNERIE N AFgpn = Fpn — 3.91665 = —0.464757 x
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RZRIAT] 25%. HRILET L, G9KESR B TR AL A T 6y
WERME SRR EEEMEW. HT4ESiEMARESH
BiEEEEMYESH, MRS 1% EE MR
TERRFL AR R A R, SR, 4URRURAY R T FIF ket

® 2 Pd 2ORBOR GBS ELS SRR RIS R

Table 2 Fitted constants for the linear relations of lattice parameter (Fig.5) and cohesive energy

(Fig.6) to size D of Pd nanoparticles

Constant Lattice parameter (a) Cohesive energy (E)
a(1/D)y = A+ B(1/D) E(1/D) = A+ B(1/D)
Spherical Cubic Spherical Cubic
A 0.390007 nm 0.389815 nm 3.91665 eV 3.93005 eV
B —0.0118232 nm? -0.0126223 nm? —0.464757 eV-nm —0.582058 eV-nm
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