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Abstract
The Ag-Ni system has drawn

significant attention in recent past owing to
its potential photonic, electronic, and
magnetic applications. It is worth noting
that the equilibrium phase diagram of the
Ag-Ni system exhibits extremely wide
immiscibility owing to a significant
difference in Ag and Ni atomic sizes
(~15%) and high positive enthalpy of
mixing (~23%). In this study, Ag-Ni
nanowires were prepared by adopting
electrodeposition  technique.  Nanowire
morphology was achieved using an anodisc
having pores of ~200nm diameter. The
present study provides a detailed
compositional and microstructural
characterization of different phases and
microstructures in the Ag-Ni nanowires
synthesized from adopting different
electrodeposition  conditions concerning
deposition time, deposition current, and
nanowire composition.

Keywords:
TEM, SEM

Ag-Ni system, Electrolyte,

Copyright © 2024 Authors

Authors

R. K. Rai

Malaviya National Institute of Technology
Jaipur

Rajasthan, India.

rajeshrai.bits@yahoo.in

C. Srivastava

Indian Institute of Science
Bangalore, Karnataka, India

Page | 8



Futuristic Trends in Chemical, Material Sciences & Nano Technology

e-1SBN: 978-93-5747-436-8

1P Series, Volume 3, Book 12, Part 1, Chapter 2

SYNTHESIS AND CHARACTERIZATION OF NON-EQUILIBRIUM Ag-Ni

NANOWIRES: EFFECT OF ELECTRODEPOSITION PARAMETERS ON THE MICROSTRUCTURE

I. INTRODUCTION

For devise applications, isolated nano-sized solids provide two necessary incentives:
(a) realization of unique microstructures and (b) realization of unique three-dimensional
morphologies. It should, however, be noted that the above two "incentives" are strongly
interdependent because of size and shape-sensitive phase stability within the nanoscale
regimen.

Designing solids at the nanoscale level thus requires optimization of the synthesis
process to obtain a specific combination of size morphology and microstructure required for
deriving particular functionalities. Due to their potential technological applications, single
and multi-component nanowires have gained attention among isolated nano-sized solids [1],
[2]. The microstructure and the physical properties of nanowires can be easily tuned by
altering the aspect ratio of the nanowires. The change in physical properties with nanowire
diameter can be emergent or monotonically varying in character[3].

Investigations of nano-sized solids have revealed unique size-dependent structures
and microstructures that cannot be realized in bulk systems with similar compositions and
environments[4], [5].

Fundamentally, phase stability at the nanoscale is guided by the same free energy
minimization criterion as valid for the bulk case[6], [7]. However, the difference(s) in
microstructure arises primarily due to the enormous energetic contribution from the specific
surfaces and heterophase interfaces in the nano-size systems compared to the bulk systems.

Furthermore, within the nanoscale regimen, the relative energetic contribution from
specific surfaces and interfaces changes radically with minor changes in size[8], [9]. One
exciting example is the increase in the propensity for solid solubility between immiscible
component atoms confined in nano-sized volumes [8]. Bulk immiscibility is primarily due to
a high positive enthalpy of mixing and strain effects arising from a significant difference in
component atom sizes.

This phenomenon is termed as the 'Miscibility Gap'[10]. The miscibility gap limits the
formation of many useful single-phase alloys. In the case of nano-sized particles, the
increased energetic contribution from the specific heterophase interfaces promotes miscibility
as per the Gibbs-Thompson effect[11].

Researchers have also shown that the nanowire morphology also promotes solid
solubility due to strain relaxation effects[12]. Strain relaxation is primarily due to the
possibility of unconstrained lateral expansion/contraction in nanowires. Achievement of
elemental miscibility in nanowires is highly relevant as it potentially can synergize with
morphology to produce usable devices.

As mentioned earlier, with respect to technological utility, one crucial challenge is the
synthesis of nano-sized systems with an approprate synergy of morphology, size, and
microstructure. A simple way to acquire such combination is by fixing two attributes
(morphology and size) and manipulating the third one (microstructure) either by systematic
variation of parameters during synthesis or by post-synthesis processing. For example, for the
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specific case of nanowire synthesis, size (aspect ratio) and morphology can be fixed using a
template-assisted synthesis route where nanowires are bound to nucleate and grow inside the
template pores, thus assuming the aspect ratio of the template pore. Therefore, The size
(nanowire diameter) and morphology get fixed. Under an assumption that the overall
composition of the nanowires remains the same, the microstructure (microstructural
component's (phases) volume fraction, size, arrangements, design, composition, and size
distribution, etc.) can be varied by treatments such as aging of initially deposited nanowires
with a non-equilibrium microstructure. The growth Kinetic can also be controlled during the
synthesis process to isolate specific microstructures.

One popular technique that utilizes a template for synthesizing nanowires is the
electrodeposition technique[13]. The electrodeposition route has been extensively used to
synthesize non-equilibrium structures. Researchers have shown that the electrodeposition
process can be use to synthesisze amorphous-films, which, upon following annealing, can
produce nano-crystalline microstructures. The controlled evolution of nanocrystalline
microstructure can facilitate size-dependent formation and stabilization of specific phases.
Furthermore, electrodeposition is a cost-effective and non-equipment intensive technique.

Therefore, this work Ag-Ni nanowires with varying compositions and microstructures
were produced using a cost-effective template-based electrodeposition method. The main
focus of the work is to address the miscibility of Ag and Ni atoms at the nanoscale and to
investigate the role of electrodeposition process variables on microstructural evolution.

Il. MATERIALS AND METHOD

1. Electrodeposition Process: Figure 1 illustrates the electrodeposition set-up used to
synthesize the nanowires. An electrolyte solution, working and counter electrodes, and a
power supply source are required in the Electrodeposition process. Details of the
electrodeposition process are discussed in the ensuing paragraphs. The Ag-Ni nanowires
were electrodeposited in an alumina template attached to the copper substrate, acting as a
cathode.

e Electrolyte Solution: In the present work, three types of electrolytic solutions were
used to prepare Ag-Ni nanowires of different compositions. These solutions were
prepared by dissolving salts in 100ml of distilled water. The different types of
electrolytes used are given in the tables.

Table 3-1Electrolyte, Composition of 50at% Ni

Bath Composition Concentration in g/100ml Operating parameters
AgNO; 0.169
NiNO3.6H,0 0.25 Current, | =3 and 1 mA,
H3;BO; 0.03 Temp (°C) = Room temp.
- pH = 3.6
Thio-Urea 0.35
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Table 3-2 Electrolyte, Composition of 70at % of Ni

Bath Composition Concentration in g/100ml Operating parameters
AgNO; 0.169
NiNOs.6H,0 0.68 Current; | =_3mA,
H3BOs 0.03 55293(60) = Room temp,
Thio-Urea 0.35 '

All the salts of analytical grade were used. pH of the electrolytic solution was
maintained at 3.66 by adding NaOH and HNOj3. Nanowires of compositions 50at % Ni,
70at % Ni and 85at % Ni were obtained from these three electrolytes, respectively.
AgNO3z and NiNO3.6H20 were used to supply Ag and Ni ions.

These salts are highly water soluble. Boric acid is used as a buffering agent, while
TU facilitates the co-deposition of Ag and Ni. TU forms complexes with silver which
results in a decrease in the reduction potential of silver.

e Working and Counter Electrodes: A platinum foil (2cm x 2cm x 0.3cm) and a
copper foil (4 cm x 3 cm x 0.3 cm) attached to the rear of the anodisc wer used as
anode and cathode. The copper cathode was polished and ultrasonically cleaned and
wiped using tissue paper before deposition

e Template: Commercial alumina membrane (Whatman) (pore size=200nm), a
nominal thickness (60-65um) was used as template to grow nanowires.
» Argon gas cylinder
» Magnetic stirrer
> Electrolyte cell
» Power source

Figure 1: A Schematic Diagram of The Electrodeposition Unit.
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2. Template Synthesis: To exploit the numerous interesting properties, various methods
have been developed over the years to synthesize single and multi-component nanowires.
Some of the popular synthesis methods are template-assisted synthesis[14], [15], the
vapor-liquid-solid mechanism of anisotropic crystal growth[16], and the bottom-up
synthesis approach[17]. Fundamentally, all the methods can be grouped under two
categories-

e Top-down approach
e Bottom-up approach

As mentioned, both categories have characteristics that define nanowires'
morphology and properties. The morphology and properties of nanowires depend on the
choice of technique used for their fabrication. In the Top-down approach, nanowires are
formed by removing materials from bulk, whereas the bottom-up approach involves the
growth of seeds along specific crystallography directions [17]. In either case, quantity and
quality should be balanced to achieve the preferred nanowires attributes.

A top-down approach involving a series of pattern writing and etching steps gives
excellent control over nanowires' shape and orientation and can be used several times. But
the quality of nanowires suffers during this process because the etching steps involved
cause surface roughness. On the contrary, this bottom-up technique produced high-quality
nanowires through strain relaxation. Out of all bottom-up strategies, the template-based
approach is one of the most simple, versatile, and intuitive ways to fabricate nanowires. It
is commonly used to prepare free-standing nonoriented, and oriented nanowires,
nanotubes, or nanorods. These templates contain tiny uniform cylindrical pores embedded
in the host matrix.

Desired materials are filled in the pores in various ways, which adopt the pore
morphology to form nanowires. The most commonly used and commercially available
templates include anodic alumina (Al,O3;) [18], ion track-etched polymers[19],
nanochannel glass[20], and mica films[21]. These templates have very high pore density
(up to 10° pores/cm?) and minimal interpore distance. Templates having pore sizes
ranging from 20-500 nm can be easily made.

Template materials should be compatible with the processing environments. It
should be chemically inert, thermally, and mechanically stable during the synthesis [22].
Porous alumina templates are produced by a two-step anodization process[23]. High-
purity alumina foil is used as the starting material. Alumina foils are anodized in various
acids for a long duration, followed by subsequent dissolution, which leads to the
formation of uniform hexagonal arrays of pores.

Template-Based Synthesis of Nanowires Has Many Advantages Over Other
Methods[24]

e This process does not require rigorous conditions, i.e., high temperature, high

vacuum, and sophisticated instruments.
e |t gives a high density of nanowires.
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e This method gives the flexibility to form nanowires of different diameters.
e It allows the formation of multilayered nanowires.

However, there are certain disadvantages of this method, like AAO templates are
not stable at a temperature above 50°C, careful handling of templates is required;
otherwise, extremely brittle templates can break, and even a very small crack are
undesirable that can cause failure of wire formation because deposition is centered in that
region.

A schematic outlining the Template process for creating patterned nanowires is
shown in Figure 2.

Steps Involved in Template-Based Synthesis of Nanowires

e Step 1: Anodic alumina template (anodic) or polycarbonate membrane is cleaned
with acetone to remove dust particles.

e Step 2: One side of the template is coated by a thick layer (approximately 200nm) of
gold/silver, which serves as a cathode.

e Step 3: Electrodeposition of chosen materials into the pores of the template by using
electrodeposition set-up.

e Step 4: Templates are dissolved to get free-standing nanowires for further
characterization.

Template Synthesis

IO N
JOED (A0

LI <= DOOOOC

e

i oo™

Figure 2: Schematic Diagram of The Template Synthesis Taken From Reference [25].

Thongmee et al. [26] have successfully synthesized metals (Ni, Co, Cu, and Fe)
by electrodeposition. They have shown that how electrode potential alter the
microstructure and magnetic behaviour. Leprince et al. [27] have prepared ZnO
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nanowires (130-150nm in diameter and 2-3um in length) by template (polycarbonate
membranes)-based electrochemical deposition technique. They observed that ZnO
nanowires were single crystals and had wurtzite structures. They have also reported that
the quality of nanowires prepared via the template method critically depends upon the
quality of pores. Kalska et al. [28] have synthesized iron nanowires by electrochemical
method (using anodisc). They tested the materials' stability by putting them in different
solutions, e.g., white wine, citric acid, 0.9% NaCl, distilled water, and ethanol, for 1-3
weeks. Funda et al. [25] have grown NiFe nanowires via template-based DC
electrodeposition for different deposition times and pH values. They have reported that
the length of NiFe nanowires increases with increasing deposition time. They have also
said that the hysteresis loop changes with deposition time and pH; hence magnetic
properties of wires can be improved by optimizing the deposition time and pH of the
solution. Atalay et al. [29] have reported the electrodeposition of cobalt + nickel + iron
nanowires in an aqueous sulfate solution via template-based synthesis. They have said
that the back electrode placed on the AAO template plays the leading role in obtaining
nanowires or nanorods. Sauer et al. [23] have synthesized highly ordered silver nanowires
of diameter ranging between 30 to 70 nm by pulse electrodeposition in alumina templates.
They reported that pulse electrodeposition was a very efficient method of synthesis of
silver nanowires, and almost 100% of pores were occupied by silver. Sarkar et al. [30]
have reviewed nanowires' physical and chemical properties and the most common
synthesis approach of nanowires, i.e., template-based electrodeposition. Cheng et al. [31]
successfully prepared pure Ni and Ni-Co using DC electrodeposition in conjunction with
anodic alumina oxide (AAOQO). They have reported that the resistivity of alloy nanowires
was increased with increasing Co content in Ni-Co nanowires.

3. Electrodeposition: The electrodeposition technique has gained considerable attention as
a promising alternative nanowire preparation tool. This technique has been used for a
long time to make thin films. It can be extended to fabricate 1D nanostructure, as
electrochemical growth can be easily controlled in the normal direction of the substrate.
In the electrochemical synthesis of nanowires, one side of the template is coated with a
thin conducting layer of metal, which serves as a cathode for electroplating.

Electrodeposition is a process in which an electric field moves metal ions in a
solution to deposit on an electrode[13]. The method uses DC current to reduce cations of
a desired material from a aquous or fused salt solution and alow them to deposit on a
cathode as a thin layer. An electrolyte solution, working and counter electrodes, and a
power supply source are required in the Electrodeposition process. Electrolytes contain
various metallic salts and other ions that fascilitate the electricity flow. A power supply
system supplies a DC current which causes dissolved metal ions to deposited at the
cathode.

The Nernst equation describes the electrode potential:
RT
E=Eo+— In(a;) (1)

Where Ej is the standard electrode potential, F and, R are Farady and gas constant
respectively. T denotes temperature.
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When deposition is confined inside the pores of templates, nanowires are
produced. On removal of templates, free nanowires are obtained. The template used in the
electrochemical deposition process should be compatible and stable in the electrolyte.
Track-etched mica films, or AAO, are commonly used as a template for
electrodeposition. This method has been used to synthesize a wide variety of
nanowires.This process has a significant advantage over others in fabricating a multilayer
structure.

Ag-Ni Electrodeposition: This section provides a brief review of Ag-Ni
electrodeposition. Liang et al. [33] have reported the electrodeposition of Ag-Ni thin
films on the copper substrate from a thio-urea-based acidic solution. They have reported
that the thiourea strongly tends to form complex with silver and bring down its reduction
potential closer to nickel. They have also reported that thiourea complexes dissociated
during nickel electrodeposition, which leads to sulfur incorporation into the films. The
deposition films were fine-grained and had multiple phases. They reported that these
phases were metastable and separated into two different elemental phases annealed at
600C.

Santhi et al. [34] successfully prepared nanocrystalline Ag-Ni thin films on
stainless steel substrate using the pulse electrodeposition technique. They have reported
that Ag-Ni films are metastable, and the amount of nickel in the film was increased with
increasing current density. They have also studied the magnetic properties of films and
observed that Ag-Ni films were ferromagnetic even at room temperature. In the same
study, they reported that the co-deposition of Ag and Ni is facilitated by adding TU,
which forms a complex with silver and reduces its reduction potential.

Bdikin et al. [35] have electrodeposited AgxNi;x (x=0 -1) thin films on a copper
substrate using a single electrolyte containing Ag and Ni ions. The researchers showed
that films were nanocrystalline mixtures of pure silver and nickel. They have also
reported that films were metastable and dissociated into a single elemental phase upon
annealing at 600C.

Eom et al. [36] have synthesized Ag-Ni thin film on the brass substrate. They
showed the effect of current density and electrolytic concentration on the crystallography
of Ag-Ni thin films. They have observed that Ni content increases with increasing current
density due to the mass transfer limitation of Ag ions. While morphology also changed
from dendrite to particle type when current density increased from low to high.

From these studies, it is found that the process variables for Ag-Ni
electrodeposition are current density, pH, temperature, and additive, which play a crucial
role in determining the film compositions, grain size, morphology, and phase fraction of
different phases. Some of these parameters are briefly described below:

e Effect of Current on the Solubility

Electro-crystallization theory relates over potential with a current density as follows

n=a+blogi (2)
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Equation (2) is the popular Tafel equation[37]. Wheren is over potential, a and
b are constants, and i is the current density.

According to equation (2), over potential increases with current density, at
high over potential current density would be high, which enhances the nucleation
process and results in fine grain deposits[36]. The nucleation rate J is given by eqn. 3

= Koo [ ©

Where Kj is the rate constant, b is the geometrical factor, s is the area
occupied by one atom on the surface of the cluster, € the specific edge energy, z is the
electronic charge of the ion, e is the electronic charge, k is the Boltzmann constant,
and n the overpotential.

From equation(3) and equation (2), it is clear that the nucleation rate increases
with current density, which leads to a finer particle size that promotes the extent of
solid solubility according to the Gibbs-Thompson effect.

e Effect of additives (TU): Since Ag and Ni have a big difference in their standard
potentials, co-deposition of Ag-Ni is very difficult. Silver is preferentially deposited
at the onset of nickel deposition. Schmidt et al. [38] have shown that the thiourea
(TU) has the strongest complexing capacity with silver. It has a tendency to form
coordinate bonds with many univalent and multivalent ions. When TU is added to the
electrolyte during the electrodeposition of Ag-Ni, it forms complexes with silver and
decreases the reduction potential of silver to a negative value without altering the
nickel deposition process. It also improves the morphology of the silver matrix and
favors the nickel incorporation into the deposit.

I1I.RESULTS AND DISCUSSION

1. Ag-Ni Nanowires with Average Composition of 50at %6Ag Deposited for 30 Minutes:
Ag-Ni nanowires were electrodeposited using constant current input of 3mA for 30
minutes. SEM & low magnification TEM micrographs of the electrodeposited mass
shown in figure 3(a) and 3(b). The diameter of the wires is approximately 200 nm. The
average composition of the deposited mass was ~50 at% Ag.

TEM-based analysis was used to characterize further the crystal structure,
microstructure, and composition of individual nanowires. Qualitative information about
the phase and/or compositional heterogeneity was also ascertained from Z-contrast
images using a HAADF- STEM mode [46]. Compositional inhomogenity, if present, will
exhibits a composition-dependent image contrast. The STEM-HAADF image of
nanowires of interest is dipicted in Figure 4. Fig. 4 reveals domains having varrying
contrast in the microstructure, ascertaining the compositional heterogeneity.
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@ (b)

Figure 4: STEM-HAADF Image.

STEM-HAADF images (Fig. 4) shows that the microstructure of the as-deposited
nanowire consists of spherical nanoparticles distributed in a matrix. Compositional line
profile analysis (Fig. 5) was conducted to investigate the compositional identity of the
microstructural components. Figure 5 (a) shows the STEM-HAADF micrograph (the
nanowire). Figure 5(b) and 5(c) plots AgiLandNik characteristic X-ray counts obtained
from different points along the line AC and KM. The line profile in Figure 5(b) shows
that the matrix contains fairly uniformly distributed Ni and Ag atoms. The profiles in the
Figure 5(c) indicate that the nanoparticles are basically Ag-rich.
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Figure 5: (a) STEM image (b) A plot of counts of Agand Ni characteristic X-ray signals
along the line AC denoted in the STEM image (c) A plot of counts of Ag and Ni along the
line KM.

High resolution TEM bright field image HRTEM of a representative region inside
a nanowire is shown in figure 6. The HRTEM micrograph shows image of two
nanoparticles and the embedding matrix. The presence of continuous lattice fringes along
particles indicated that the particles are crystalline in nature. However, these fringes are
missing in the matrix phase which indicates that it is amorphous. The d-spacing
calculated from the FFT is 2.28A. The value of d-spacing is not matching with the actual
d-spacing of pure Ag phase (for the (111) plan).

The observation indicated that the crystalline particles in the matrix contains Ag-
rich, Ag-Ni solid solution phase. Combining results obtained from compositional line
analysis and HRTEM analysis, it can be concluded that the as synthesized nanowire has
two phase microstructure.Matrix of nanowire is made-up with both silver and nickel and
is amorphous in nature whereas embedded particles are crystalline in nature containing
Ag-Ni solid solution phase.
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Crystalline particle 1

Figure 6: HRTEM image of Particle and The Matrix Phase.

2. Ag-Ni nanowires with An Average Composition of 50at %Ag Deposited For 1 Hour
and 45 Minutes: Ag-Ni nanowires were electrodeposited using constant current input of
1mA for 1 hour and 45 minutes. SEM & low magnification TEM micrograph of the
electrodeposited mass is shown in Figures 7 (a) and 7 (b). It can be shown from Figures
7(a) and 7(b) that experiment has produced a high yield of nanowires. The SEM-EDS-
based compositional analysis shows that the average composition of as-deposited
nanowires was 50at % Ag and 50at % Ni. A high-magnification TEM bright field image
of the representative nanowire is shown in Figure 8(a). It can be shown from Figure 8(a)
that the microstructure of the nanowire is composed of nearly spherical particles
embedded in a matrix.

The high-resolution TEM bright field (HRTEM) image of the representative area
is shown in Figure 8(b). The HRTEM image shows lattice fringes in the region of
nanoparticles, whereas no such fringes along the matrix of the nanowire. The HRTEM
image clearly indicates that the matrix of nanowires is an amorphous phase, while
embedded nanoparticles are crystalline in nature. The study of the TEM bright field
image and HRTEM image indicates that the microstructure of as-deposited nanowires is
almost similar to the previous result; the only difference, in this case, is the size of the
nanoparticles embedded in the matrix.
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(a) (b)

Figure 8: (a) TEM Bright Field and (b) HRTEM Image of the Nanowire.

3. Microstructure of Ag-Ni Nanowires of Composition 30at % Ag and 70at % Ni,
Electrodeposited for 30minutes: Ag-Ni nanowires were electrodeposited at constant
current input of 3mA for 30 minutes at RT and under inert atmosphere. SEM & low
magnification TEM micrograph of the electrodeposited mass shown in Figures 9 (a) and 9
(b). The SEM-EDS-based compositional analysis of deposited nanowires shows the
average composition of nanowires as 70at % Ni. Distinct diffraction contrasts were
observed across the nanowire diameter (Figure 9b), confirms a two-phase microstructure.
A representative STEM-HAADF image (Figure 10) also indicating the presence of
compositional heterogeneity.
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(a) (b)

Figure 10: A STEM-HAADF Image of the Representative Nanowire.

The result from compositional mapping is shown in Figure 11. Figures 11(a),
11(b), and 11(c) provide STEM-HAADF images, Ni compositional maps, and Ag
compositional maps, respectively. It can be seen from the compositional mapping images
that the Ni atoms are fairly distributed throughout the nanowire; however, Ag is primarily
present in the central region. A bright contrast along the axis of the nanowire is due to the
presence of higher Ag content in that region. Line compositional analysis was conducted
along the diameter of nanowires shown in Figure 11(d). Results from the compositional
line profile were provided in Figure 11(d), which provides the counts of the Ag-
characteristic X-ray signal along the nanowire diameter. Line profile analysis confirms
that Ag is primarily present in the central region.
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Figure 11: (a) STEM Image, (b) Ni Compositional Image, and (c) Ag Compositional Image
(d) A Plot of Counts of Ag-Characteristic X-ray Signals Along the Diameter of Nanowire.
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The magnetization curve of as-deposited nanowires is shown in Figure 12. The
absence of a diamagnetic component in the hysteresis loop clearly indicates the lack of a
pure Ag phase. The compositional mapping and line profile results showed that the
deposited nanowires adopted core-shell microstructure. The central region contains Ag-
rich, Ag-Ni solid solution, whereas the peripheral region is Ni-rich, Ag-Ni solid solution.

Microstructure of Ag-Ni Nanowires of Composition 30at % Ag and 70at % Ni,
Electrodeposited for 1 Hour 45 Minutes: Figures 13 (a) and (b) show the SEM and
TEM images of deposited nanowires. The SEM and TEM images reveal nanowires with
200nm diameter. The SEM-EDS-based compositional analysis of deposited nanowires
shows the average composition of nanowires was 70at % Ni.

TEM micrograph revealed distinct diffraction contrasts across the nanowire
diameter, which indicate a two-phase microstructure. TEM image provided in Figure 14
shows that the nanowire has a core-shell microstructure with a very thick central region,
which is greater than for nanowires grown for 30 minutes.

Figure 13: (a) SEM Micrograph and, (b) TEM Image of Nanowires.

Figure 14: High Magnification TEM Image of a Nanowire
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IV.CONCLUSIONS

The following conclusions are drawn from observation and analysis of results:

1. Ag-Ni nanowires with average composition 50at % Ag and 50at % Ni electrodeposited
for 30minutes:

Following key observations were made

e The microstructure of as-deposited nanowires contained nearly spherical
nanoparticles embedded in a matrix.

e Compositional and structural analysis shows that the matrix made up of Ag-Ni was
amorphous in nature, while the embedded nanoparticles were Ag-rich crystalline
phase.

2. Ag-Ni nanowires with average composition of 50at % Ag and 50at % Ni electrodeposited
for 1hour45minutes:

e Itis observed that the as-deposited Ag-Ni nanowires have a two-phase microstructure.
The microstructures of nanowires have relatively larger Ag-Ni nanoparticles
embedded in an amorphous matrix.

3. Ag-Ni nanowires with average composition 70at % Ni electrodeposited for 30minutes:

e As synthesized nanowires adopted a core-shell microstructure.

e The microstructure of deposited nanowires contains two solid solution phases.

e The central phase, which lies along the nanowires axis, contains a crystalline, Ag-rich
solid solution Ag-Ni phase. The peripheral region was polycrystalline, containing
nano-sized grains of predominantly Ni-rich, Ni-Ag solid solution phase.

4. Ag-Ni nanowires with an average composition of 70% Ni electrodeposited for lhour
45minutes:

e The Ag-Ni nanowires were prepared by electrodeposition technique. The nanowires
have a core-shell microstructure with a very thick Ag-rich central region, more
significant than the nanowires grown for 30 minutes.
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