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ABSTRACT

Using Gupta potential gold nanostructures have bstelied. Gold nanowire icosa structure is foundoeomost
stable structure. The value of cohesive energyny'sunodulus and shear modulus has been compua@lathe
values (except poisson ratio) are more than thatbafk gold. Another striking observation about gold
nanostructures is that Young's modulus increas#s tube radius whereas shear modulus decreases.
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INTRODUCTION

Intense interest has, over the last decade, bersdd on metal nanoparticles due to their potefdgrabdvanced
applications in a variety of fields such as catalysensors, diagnostics, imaging, therapeutics,Téte assembly of
nanoparticles into well-defined two-dimensional ahdee-dimensional super lattices has attractedsiderable
attention especially of metal nanoparticles forliaagions in optoelectronic devices. Metal nanowih&ve become
one of the significant research topics in recerdryebecause of their potential applications as rgérmiilding

blocks in logic and memory circuits, nano-actugteery-high-frequency (VHF) nano-electromechaniggdtems
(NEMSSs), structural reinforcement in composite miate, and sensors to detect airborne biological ememical

toxins.

Nano crystals have quite different physical prapsrfrom their corresponding bulk materials maibhgcause of
their large surface-to-volume ratio. Among nobleta® gold nano particles have already shown fhreimise for a
wide range of applications such as nanolithografjy catalysts [2], nano bioelectronic devices [@hd ion
detection [4]. Thus knowledge of the structure atadility of gold nano crystals is of great impoxta. Mechanical
properties of metal nano-wires are very importamtdesign and fabrication of nano-electromecharsgatems.
Understanding the mechanical properties of nandsires is essential for the atomic-scale manipuatnd
modification of materials, whose behaviour is guadiNvely different at the nano scale than at lardienensions.
Harris and others [5] have synthesized micron-sa@tbidal crystals comprised of gold nanosphetiesctly from
colloid by application of a laser. An array of @itlal crystals can be created by translation ofglass substrate
under the laser beam. Extracellular synthesis dfl gmanoparticles using Pseudomonas denitrificand an
comprehending its stability has been studied by htiawet.al. [6]
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Huang and others [7] have reported the fabricaibmovel gold nano dog-bones (GDBs) using a singaed
mediated growth (SMG) method. The GDBs were detegthiby x-ray diffraction (XRD) to be single-cryditaé
with a face-centered cubic (fcc) structure. Whildklgold has an fcc crystal structure, the comimetibetween bulk
and surface energies in nanometer-sized gold dlitesacan result in several different competingustures [8, 9].
Bulk gold (Z=79, Xe 4f*5d'° 6s*) has nearest a neighbour distance equal to 2.§Ba#)fand cohesive energy 3.81
eV/A (electron volt per atom).

The Gupta potential is a many body potential dgvedoon the basis of second moment approximatigheofight

binding or linear combination of atomic orbital (RO) scheme. This is a very ‘chemical’ point of vies it is

related in a natural way to yield metallic charactEcohesive energy. The range of interaction been extended
up to fifth neighbor shell and the potential partere have been adjusted to reproduce cohesive yerea@mic

volume, and elastic constants of the real systdris@® K, though ensuring the stability of the agmiate crystal
structure. The potential reproduces the latticaadyical ( phonon dispersion curves ) and high tzatpre

properties like specific heat, linear thermal cmédht, Gruneisen constant, latent heat enthalpyZeit].

2. Structure of Armchair (or Zigzag) AuNTS:

We considered two different nano structures of gafdhchair AUNTs and icosahedral gold nanowire (MNThe
former structures are hollow tubes, and only thesonith small diameters are expected to be stabie whe latter
has pentagonal cross-section locally, and has glesatom chain running through the axis of the wiFer
generation of the coordinates of armchair (n, monaube of gold, we considered the two dimensidriahgular
lattice of gold atoms as shown in figure 1. Themitive vectors are shown as and a and nearest neighbour
distance is taken as bond length b of gold. Fifsdll we generated the 2-d gold sheet in two d#fife ways, the
square sheet and the triangular sheet as shovguirefl.

b=2.884A
Figure 1. 2-d square (a) and triangular lattice (b)of gold

Using the above lattice AUNTSs of different diamstare generated.

Figure 2. Gold nanowire Icosa structure

67
Scholars Research Library



Dinesh Kumar et al Arch. Phy. Res,, 2014, 5 (3):66-75

Gold Nanowire Icosa Structure

We also tried our hands on icosa structure of galdowire as shown in figure 2. Unit cell of thisusture consists
of two regular pentagons one above the other, bpertagons rotated through 180 °© and one gold atdretween.
So there are total 13 atoms and 20 triangleselnseto be a stable structure with cohesive enesg?.8381 eV/A..

3. The Gupta Potential
To model the gold clusters we used Gupta Poteritied potential energy between two atoms is given by

E = Epair + Eembed (1)

= Z(ﬂ(rij )+ Z F(o, )rij

i<j |

where ¢(r) is a short range pair potential akd ©) is a many body embedding or glue function
P, = p(r;) (1)
j

p(r) is a atomic density function.

@)=Y 2A% expl-p(- 1) (1b)

r
F(p)=-¢*sart), [exp{-2q( - 1)} (10)
j 0
the parameters of Gupta potential are:[11]
A=0.2061 eV, p=10.229 , q=4.03651.790 eV and,=2.884 A

the parameters p and g describe the short rangésiepinteraction and the hopping probabilitytleé d-electrons
to a neighboring site.

Gupta pot gold

24 ro=2.884
ro=2.76, A=0.2061, p=10.229,
q=4.036, zeta=1.790

UeVv
=
1

2.0 25 3.0 35 4.0 4.5 5.0

Figure 3. Gupta potential for gold, red curve (; =2.884 A) and navy curve (§=2.76 A)
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The average nearest-neighbor distances, calculageDFT-LDA [12] compare very well with those obtath
through a scalar relativistic all-electron densitgctional method [13] for the ordered structurétwm - 38, 55. For
example, for Au 38, the calculated average neareigibor distance of 2.77 A is in excellent agreenvath the
value of 2.78 A reported in Ref. [13]. So the Guptéential curve is also plotted for¥2.76 A

4. Generation of Coordinates of AUNTS:

First of all we generated the coordinates of gdtihe for triangular 2-d lattices and icosa strustligure 1 (b)
represents a triangular lattice of gold atoms. WReth lattice of gold is folded to forms AuNT of articular
diameter depending on the no of atoms on the cifexence and the chirality of the AUNT. To generatén, 0)
AUNT, gold sheet of figure 1 (b) is rolled into @inder of radius given by

_ 05*b
Sira

R @)

where b = 2.884 A ( Au-Au nearest neighbor distince

andSing = n
m
Although this distance is called ‘radius’, it istaally the center-to-atom distance. For this reasma of cross-
section of the wire is not equal 1%, especially for a small diameter. This fact wi# belevant when Young's
modulus will be calculated. For a triangular latiaunlike the hexagonal one, which is used for ¢hebon
nanotubes, there is no difference between zigzdgeanchair directions[14].

A zigzag AuNT is generated from 2-d triangularitattkeeping b same and second line of atoms isrgetkat a
distance of 2.5 A (sqrt (3)*b/2.).

4.1 Minimization of Energy

First we generate the coordinates of gold atoma AnNT. The nearest neighbours of each atom amedfeuithin a
range of 3.0 A and energy per atom is calculatédguthe potential in equation 1. The total enerfyhe tube is
given by

u :Zv(rij) ©))

Next, the coordinates of each atom are modifiedeiry small steps and energy is compared with ptevienergy.
The modified coordinate is accepted if this endsgymaller than the previous one, otherwise weicoatwith the
previous value of the coordinate. This is done sssively for all the8 Nacoordinates Na = total number of Au
atoms in the tube); and such a cycle is repeateeraletimes till the energy of the tube is minindz&his is the
process of relaxation under the given potentiahé&3ive energy of AUNTs are given in table I. Oualbfthe three
types of AUNT studied, Icosa AuUNW appears to be riwst stable. Using Gupta potential we computed the
cohesive energy for icosa gold NW and AuNTs fartgular lattice and value of cohesive energy obthby us for
icosa NW (25 atoms) is -2.0381 eV/A . Our valuesns¢o agree well with [15]. They have reported ¢hergy of

the disordered structure for Au75 as 272.3771 hadehergies for the icosahedral configurationsabd g¢s Au38:
235.9173, Au55: 252.5177, and Au75: 272.2021.

RESULTS

6.1 Cohesive Energy

The value of cohesive energy obtained by us fasdddW (25 atoms) is -2.0381 eV/A .the value of eaiim of

Icosa structure is same expect for middle thaf"igtém in each unit cell. In a dimer the 7th"kd 18 atoms

have slightly less (-1.5 eV) cohesive energy wheedhother atoms have energy of the order of X2 As shown
in table 1, the cohesive energy per atom for zigkalyTs decreases as the radius increases and lu@sveeem to
agree well with [15].
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The AuNW was compressed and the structure wasaglay changing the X, Y coordinates slightly in #araand
smaller steps but no buckling has been observidstitucture is very stable one.

Table I: Cohesive energy, Yy and G for various AUNTs

AUNT R (A) No of U (eV/A) Y (GPa) Y G (GPa)
atoms
Bulk gold - -3.81[10] 78[13] 0.44[13] 27[13]
130.9[16] 0.28[16]
110 [15]
Icosa NW 2.453 25 -2.0381 131.9 0.19 188
(4,0)AuNT 2.039 32 -2.0643 117.4 0.35 254.8
(5,0)AuNT 2.453 40 -2.0565 142 0.37 229.1
(6,0)AuNT 2.884 48 -2.0520 156 0.41 186.1
(7,0)AuNT 3.323 56 -2.0499 165 0.35 173.2

6.2 Young’s Modulus

By applying the pressure along the tube/nanowiis, & oung’s modulus has been calculated. The egitim of

elastic moduli requires the knowledge of the whitkness of the tubes if we consider it to be ddwolcylinder.

We have adopted the conventional thickness of421§8equal to the adjacent atomic separation in gtdana
After getting the final position coordinates of t#ie atoms on the surface of AuNW and AuNTs bfeg

chirality's (n,m) and length, we then consider gsne tube / nanowire under longitudinal stresss Bhiess is
simulated by keeping the mutual distance betweenetid rings fixed at slightly larger (elongatiorr) smaller
(compression) than normal. The coordinates of &3¢ of the atoms of the tube are varied till minimenergy is

obtained. The force which produces a certain eiten sayl —Io(orA| ), is obtained by the first derivative |at
since

ouU
F=——. (4)
ol
The standard expression for Young’s modulus is,
F/a
=— (4a)
Al
where| is the length of the tube and a is the crossaealttiarea. Since, around the minimum,
U =k(Al)?, (4b)
where Kk is a constang :}ﬂ , we obtain,
2017,
| 0°U
Y = — 4c
(a a7 ), )

The cohesive energy is plotted against length dfi\Wuand other AuNTs as shown in figure 4 and 5. fkaltow

AuNTSs the thickness of cylinder is taken as 2.74%s&e of (Au ion is 1.37 A) for calculating Yousghnodulus.

the computed values of Young’s modulii are listedable 1 for both AUNW and other AuNTSs.

For Au bulk, Y =78 GPa [13]
=130.91 GPa][16
= 60-110GPa [17]
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Figure 4. U in eV/A versus length of Dimer of AUNW
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Figure 5. U verses length of AuUNT triangular lattce
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6.3 Poisson Ratio
Another mechanical property of interest is the Baisratio,v, which is given by the variation of the radius of
SWNT resulting from applying the axial strain owe tibe.

. Ar rs=r
lateralstrain  _ /r, _ r,

longitudiral strain A%_ £

(®)

Al . .
&= —= axialstrain
where 0 ,

rs is the radius of the strained tube apdsrthe radius of the unstrained tube. We haveutatiedv for the tubes
under study values are tabulated in Table 1. Theevaf poisson ratio is found to be

0.19 for Aunuavire

0.35 for AUNTs

0.44.[13]28.[16] for bulk gold

6.4 Shear Modulus

A lateral force, in the form of a twist, is applitalthe nanotube and nanowire of figure 2, keeping of its ends
fixed. The total torsion that has to be given te &UNW has been distributed equally along its whetegth and
again the coordinates of the tube in minimum eneayfiguration are obtained. Based on the theorglasticity,

shear modulus at the macroscopic scale is given by

_ T )
at)

where T, }, 6 and J(t) stand for the torque acting at the enth@fAuNT / AUNW, the length , the total twist that
applied and the cross sectional polar momentegtienof the AUNT or AUNW respectively. The poliaertia J(t) is
a function of wall thickness and for a AUNT wittdias ¢, and wall thickness t is given by

) )
== r+=| -, -= 6
(t) 2_(% 2} (ro 2] (6a)

and for AUNW polar inertia J(t) is given by

T 4
J@) =— 6b
(t) 2r] (6b)

Here again taking Au nanowire as a solid cylinderaglius 4.11A (2.453A +1.66 A) where 1.66 A is \danwaals
radius. Using these equations, the shear modulliuvohanowire and AuNTs have been obtained and aéhges are
given in table 1.0ur value for AUNW comes out toll38 GPa where as for bulk gold it is 27 GPa [18] @9.92
GPa[16].
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Figure 6. U (eV/A) versus twist in radian for AUNW.
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Figure 7. U (eV/A) versus twist in radian for AuNTs(triangular lattice)

The shear modulus for AuNTs of smaller radii iggand it decreases with increase in radius Theevad shear
modulus is 188 (half =94) Gpa for icosa structurgaid.

73
Scholars Research Library



Dinesh Kumar et al Arch. Phy. Res,, 2014, 5 (3):66-75

260 |
240
e Shear modulus
220
200

180

160 -

Y and G (GPa)

140 * Young'modulus

1204 o

— 1 1 1T ~ T T - T - T * 1
2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4 3.6

(0]
R (A)
Figure 8. Variation of Y and G with radius of AUNT

CONCLUSION

In conclusion, using Gupta potential isolated go#hoclusters have been studied and we have fossehtally
equal structural stability for AUNTs and AuNW icostucture Various modulii of gold nanostructersvéndédeen
computed and results are encouraging Thereforesxpect further experimental and theoretical effartthe near
future, to confirm the above predictions and previdcomplete characterization of gold nanoclustétse possible
existence of novel physical and chemical properiesmall gold and other metal nanopatrticles prewvitbtivation
for further theoretical and experimental studiegh@se systems since they would be useful in theckion of new
materials based on these nanostructures.
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