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Abstract: The unique mechanical properties of nanoparticles orNano alloys allow for novel applications in wide fields. In this paper,
we calculate the mechanical properties of nanoparticles. We performed atomistic simulations to study the structure and Elastic constants
for Au-Cu Nano-Alloy. We used approaches to compute the bulk modulus and lattice constant, one based on a definition in terms of the
lattice parameter derivative of the total energy and another in terms of the volume derivative of the pressure often used in simulations.

Both give quantitatively similar results.
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1. Introduction

Nanoparticles or Nano-alloys are microscopic objects having
at least one dimension less than 100 nm [1, 2]. When the
particle size reaches the nanoscale, the crystal boundary is
destroyed or the atomic density changes[2, 3]. Due to this
change in physical properties, the use of nanomaterials
varies considerably in many fields of science andtechnology
[4, 5]. Gold-copper (Au-Cu) nanoparticles have been
regarded as valuable tools in a variety of disciplines[6]such
as the communications[7], renewable energy [8], molecular
sensing [9], and medical imaging[10, 11].Some mechanical
properties of Nano alloys, such as strain, tensor, the shear
constant, the hardness and the bulk modulus will aid a lot in
the proper design of particles in specific applications.This
paper aims at the calculation of the mechanical properties of
Au-Cu nanoparticles or Nano alloys, from the calculation of
the lattice constant and bulk modulus by computational
method.

Computational method [12] are usually considered as very
useful complementary tools to experimental studies, for
instance, of the mechanical properties [13]. Therefore, in
this work, we use the first-principle calculations to predict
the lattice structure and bulk modulus of Au-Cu
nanoparticles (hereafter referred to as Nano-alloys) with size
~ 1 nm per Nano-alloy.These calculations were performed
using Quantum espresso code[14].

2. Computational Methods

The first-principles calculations carried out in this study
were based on density functional theory using the Quantum
Espresso package [14] . We used the generalized gradient
approximation (GGA)[15] for the exchange-correlation
functional. The first-principles calculations were performed
under pressure-volume and lattice parameter- total energy
conditions.

The first stage concerned with the optimization of the lattice
constants for Au, Cu, and Au-Cu bulk materials. For this
purpose we used the full-potential code called Exciting [16].
After optimizing the lattice constants we then used the
optimized lattice constants with the Atomic Simulation
Environment (ASE)[17] to generate the nanoparticle with 13
atoms by employing the Woulff-construction method
incorporated with ASE. The generated Au nanoparticle is
shown in Figure 1. Where the cubic box (dashed lines) has a
lattice defined by the atomic sites for the 13 Au atoms
nanoparticle placed in a corner of large empty box with a
sidea~10A.

The structures energies were calculated using the first-
principle Quantum Espresso [14] , the uniform grid k-points
were (2 X 2 X 2).

The total energy calculations and lattice parameter were
performed using density functional theory (DFT) as
implemented in the Quantum espresso code [18].
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3. Results and discussion

We first present the results for structural properties. In order
to obtain the equilibrium volume, we calculated the total
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Figure 1: (a) Au NPs, (b) Cu NPs and (c) Au-Cu NPs with 13 atoms generated with ASE Program using the WUIff-

constrction method

relaxation of the ions. The resultsare shown in Figure 2.The
equilibrium lattice parameter was found using the GGA
functional. The calculated results for equilibrium lattice are
summarized in the Table 1.
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Table 1: First principles structural and bulk modulus of Au,
Cu and Au-Cu NPs

Materials ay(Ang) K, (GPa)

Au NPs 11.32277 11.3

Cu NPS 9.80072 12.0
Au-Cu NPs 11.00800 135

We now turn the attention to the bulk modulus calculation.
In order to obtain the equilibrium volume we calculated the
pressurefor the Au, Cu and Au-Cu NPs. The resultsare
shown in Figure 3.The bulk modulus K, was determined
from the results of total energy change with respect to the
hydrostatic variation of volume and fitted to the fourth-order
Birch-Murnaghan equation of state. These resultsin bulk
modulusas summarized in the Table 1.
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Figure 3: Compression data of ( Au, Cu and Au-Cu ) NPs at zero temperature. The solid curve is a least squares fit of the
first-principles calculations data

4. Conclusion

In summary, we have presented first principles calculations
of the lattice constant and bulk modulus of Au, Cu and Au-
Cu NPs. Using DFT with Quantum Espresso package, one
based on a definition in terms of the lattice parameter
derivative of the total energy and another in terms of the
volume derivative of the pressure often used in simulations.
Both give quantitatively similar results

5. Acknowledgement

The authors would like thank friends for generous support
and for valuable discussions and comments. The authors
supported this research privately. Furthermore, the funding
which they received not lead to any conflict of interest
regarding the publication of this manuscript.

Volume 7 Issue 5, May 2018

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: ART20182100

DOI: 10.21275/ART20182100 96


www.ijsr.net
http://creativecommons.org/licenses/by/4.0/

International Journal of Science and Research (1JSR)
ISSN (Online): 2319-7064
Index Copernicus Value (2016): 79.57 | Impact Factor (2017): 7.296

References

[1] J. Diao, K. Gall, M.L. Dunn, Atomistic simulation of
the structure and elastic properties of gold nanowires,
Journal of the Mechanics and Physics of Solids 52
(2004) 1935-1962.

[2] D. Guo, G. Xie, J. Luo, Mechanical properties of
nanoparticles: basics and applications, Journal of
Physics D: Applied Physics 47 (2013) 013001.

[3] Y. Pan, S. Neuss, A. Leifert, M. Fischler, F. Wen, U.
Simon, G. Schmid, W. Brandau, W. Jahnen-Dechent,
Size-dependent cytotoxicity of gold nanoparticles,
Small 3 (2007) 1941-1949.

[4] V. Mohanraj, Y. Chen, Nanoparticles-a review, Tropical
journal of pharmaceutical research 5 (2006) 561-573.

[5] AS. Manmode, D.M. Sakarkar, N.M. Mahajan,
Nanoparticles-tremendous therapeutic potential: a
review, International Journal of PharmTech Research 1
(2009) 1020-1027.

[6] A. Reverberi, N. Kuznetsov, V. Meshalkin, M. Salerno,
B. Fabiano, Systematical analysis of chemical methods
in  metal nanoparticles  synthesis,  Theoretical
Foundations of Chemical Engineering 50 (2016) 59-66.

[7] S. Maier, M. Brongersma, P. Kik, S. Meltzer, A.
Requicha, B. Koel, H. Atwater, Plasmonics—A Route
to Nanoscale Optical Devices (Advanced Materials,
2001, 13, 1501), Advanced Materials 15 (2003) 562-
562.

[8] Y. Alivov, Z. Fan, Efficiency of dye sensitized solar
cells based on TiO 2 nanotubes filled with
nanoparticles, Applied Physics Letters 95 (2009)
063504.

[9] K. Kneipp, Y. Wang, H. Kneipp, L.T. Perelman, I.
Itzkan, R.R. Dasari, M.S. Feld, Single molecule
detection using surface-enhanced Raman scattering
(SERS), Physical review letters 78 (1997) 1667.

[10]S. Lal, N.K. Grady, J. Kundu, C.S. Levin, J.B. Lassiter,
N.J. Halas, Tailoring plasmonic substrates for surface
enhanced spectroscopies, Chemical Society Reviews 37
(2008) 898-911.

[11]C.S. Kumar, F. Mohammad, Magnetic nanomaterials
for hyperthermia-based therapy and controlled drug
delivery, Advanced drug delivery reviews 63 (2011)
789-808.

[12]V.Y. Bodryakov, A. Bashkatov, Heat capacity of
tantalum in the normal and superconducting states:
Identification of the contributions, Russian Metallurgy
(Metally) 2013 (2013) 671-675.

[13]1K. Cooper, A. Gupta, S. Beaudoin, Simulation of the
adhesion of particles to surfaces, Journal of colloid and
interface science 234 (2001) 284-292.

[14]P. Giannozzi, S. Baroni, N. Bonini, M. Calandra, R.
Car, C. Cavazzoni, D. Ceresoli, G.L. Chiarotti, M.
Cococcioni, I. Dabo, QUANTUM ESPRESSO: a
modular and open-source software project for quantum
simulations of materials, Journal of physics: Condensed
matter 21 (2009) 395502.

[15]J.P. Perdew, K. Burke, M. Ernzerhof, Generalized
gradient approximation made simple, Physical review
letters 77 (1996) 3865.

[16]A. Gulans, S. Kontur, C. Meisenbichler, D. Nabok, P.
Pavone, S. Rigamonti, S. Sagmeister, U. Werner, C.
Draxl, Exciting: a full-potential all-electron package

implementing density-functional theory and many-body
perturbation theory, Journal of Physics: Condensed
Matter 26 (2014) 363202.

[17]A.H. Larsen, J.J. Mortensen, J. Blomgvist, I.E. Castelli,
R. Christensen, M. Dutak, J. Friis, M.N. Groves, B.
Hammer, C. Hargus, The atomic simulation
environment—a Python library for working with atoms,
Journal of Physics: Condensed Matter 29 (2017)
273002.

[18]A.D. Becke, Density-functional exchange-energy
approximation with correct asymptotic behavior,
Physical review A 38 (1988) 3098.

Volume 7 Issue 5, May 2018

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: ART20182100

DOI: 10.21275/ART20182100 97


www.ijsr.net
http://creativecommons.org/licenses/by/4.0/



