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Abstract 

In this study, chemical reduction approach was used to successfully manufacture Ni@AgCl core-shell nanoparticles with 

molar ratios of 1:1 and 4:1. The crystalline nature and face-centered cubic structure of these materials were confirmed by X-

ray diffraction (XRD) investigation. Numerous characteristics, including crystallite size, dislocation density, lattice constants, 

volume of the unit cell, and lattice strain, were calculated using the Scherer formula and W-H plot. The findings showed that, 

in comparison to sample (B), which has a molar ratio of 4:1 sample (A) had a higher crystallite size and lower lattice strain. 

Both materials’ spherical shapes were validated by morphological analysis using EDAX, which also revealed their chemical 

composition. Indicating indirect band gap values of 2.53 eV and 2.45 eV, the UV-Vis absorption spectra of samples (A) and 

(B) revealed strong peaks at 237 nm and 239 nm, respectively, confirming their semiconducting characteristics. For samples 

(A) and (B), photoluminescence examination revealed emission wavelengths at 397 nm and 398 nm, respectively, falling in 

the UV zone. In light of these results, the synthesized Ni@AgCl core-shell nanoparticles are attractive candidates for Opto-

electronic applications. 
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Introduction 

By enabling unparalleled control over material properties at 

the nanoscale, nanotechnology has transformed a number of 

scientific disciplines [1]. In this setting, the intriguing class 

of materials known as Ni@AgCl core-shell nanoparticles 

has gained attention. These materials have potential uses in 

Opto-electronics, including those related to the military, 

telecommunications, automatic access control systems and 

acoustic devices [2]. Nickel has a wide range of uses in 

electronic devices and catalysis due to its magnetic 

characteristics and strong electrical conductivity [3]. On the 

other hand, silver is highly prized in optical systems and 

sensors due to its remarkable optical qualities, which also 

include high electrical conductivity and potent plasmonic 

effects. This core-shell nanoparticle is an appealing option 

for Opto-electronic applications due to the broad bandgap 

of silver chloride, which provides semiconductor-like 

properties to it [4]. This work aims to analyze the structural, 

morphological, and optical characteristics of core-shell 

nanoparticles made of nickel, silver, and silver chloride and 

to investigate their potential in opto-electronic devices. 

Additionally, modifying the nanoparticles for particular 

opto-electronic applications requires an understanding of 

the link between structural properties and optical responses 

[5]. 

Material Synthesis 

Synthesis of Ni@AgCl Core-Shell Nanoparticles 

In the synthesis process, 0.003M of Nickel chloride 

hexahydrate is dissolved in 50 ml of distilled water. 0.002M 

of sodium borohydride is dissolved in 50ml of distilled 

water. Then 10 ml of sodium borohydride is added drop by 

drop to the above solution, and stirred again for 24 hrs, 

continuously. Black colour precipitation ensures the 

formation of nickel nanoparticles. 0.001M of silver nitrate 

is dissolved in 50 ml of distilled water, and added to the 

above solution. Grey colour is precipitated, and the solution 

is allowed to stir 24 hrs continuously at room temperature. 

The solution is filtered and dried at 900 °C to get the fine 

Ni@AgCl nanoparticles. The same procedure is followed 

for molar ratio 4:1. 

Results and Discussion 

X-ray Diffraction Analysis 
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The XRD patterns of the synthesized Ni@AgCl core-shell 

nanoparticles of molar ratio 1:1 and 4:1 is reported in figure 

1(A) and 1(B). From the XRD pattern, it is clear that 

majority of the peaks in samples (molar ratio 1:1, 4:1) are 

sharp indicating that it is highly crystalline in nature. Major 

peaks belong to AgCl and some of the peaks represent Ag. 

Figure 1(A) shows eleven distinct diffraction peaks which 

were clearly observed at 2θ values of 28°, 32°4ˈ, 38°3ˈ, 

44°5ˈ, 46°3ˈ, 54°9ˈ, 57°6ˈ, 64°5ˈ, 67°5ˈ, 74°5ˈ, 76°8ˈ. The 

major characteristic peak corresponds to the (111), (200), 

(220), (311), (222), (400), (331) crystal planes of the face 

centered cubic structure of AgCl with space group Fm3m 

and lattice parameters of 𝑎 = 𝑏 = 𝑐 = 5.549 Å according 

to the JCPDS Ref. No: 851355. The crystal planes (111), 

(200), (222), (311) belong to the face centered cubic 

structure of Ag with space group Fm3m according to the 

JCPDS Ref. No: 893722 [6]. Figure 1(B) shows eleven 

distinct diffraction peaks at 2θ values 27°8ˈ, 32°2ˈ, 38°, 

44°3ˈ, 46°1ˈ, 54°7ˈ, 57°4’, 64°3ˈ, 67°4ˈ, 74°4ˈ, 76°7ˈ which 

corresponds to the (111), (200), (220), (311), (222), (400), 

(331) crystal planes of AgCl. Similarly, the crystal planes 

(111), (200), (220), (311) belong to the Ag crystal structure. 

Finally, comparing the XRD patterns of the synthesized 

samples (molar ratio 1:1, 4:1), we identify that the major 

characteristic peak of the crystal plane (111) of sample (B) 

which belongs to the AgCl peak, has higher intensity than 

the sample (A). No typical diffraction peaks of Ni are 

observed, this may be due to the fact that Ni nanoparticles 

are covered by AgCl nanoparticles [7]. Table -1 display the 

structural parameters of Ni@AgCl nanoparticles of both 

molar ratios. 

 

Table 1: Structural parameters of Ni@AgCl core-shell nanoparticles 

 

Samples 

 

Ni@AgCl (A) 

 

Ni@AgCl (B) 

Structure Face centered cubic Face centered cubic 

Lattice parameter  a=5.5315Å  a=5.5515Å 

Crystallite size (D) (nm) 63.59 46.72 

Dislocation density(𝛿)(1015 m-2) 0.2472 0.4725 

Volume of unit cell (V)(Å)3 169.25 171.09 

Lattice strain (ε) (scherrer )           0.0397 0.0637 

Lattice strain (ε) (W-H plot) 0.0422 0.0563 
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FESEM Analysis 

The surface morphology of the synthesized of Ni@AgCl 

core-shell nanoparticles of molar ratio 1:1 is reported in Fig 

2. From the SEM images, we can find that Ni@AgCl core-

shell nanoparticles are spherical in shape. The average sizes 

of the Ni@AgCl (A), Ni@AgCl (B) nanoparticles were 

calculated as 63.59 nm and 46.72 nm. 

 

Figure 3 shows EDAX spectra of the synthesized Ni@AgCl  

core shell nanoparticles of molar ratio 1:1 and 4:1. The 

elemental composition of the Ni@AgCl core-shell 

nanoparticles were confirmed by EDAX results. In this 

spectrum, it is seen that the major elements Ni and AgCl 

were present. Also, it is identified that the percentage of 

AgCl is higher than that of Ni element. 

Optical Studies 

UV-Visible Absorption Spectrum Analysis 

The UV-Vis absorption spectra of the synthesized 

Ni@AgCl core-shell nanoparticles of molar ratio 1:1 and 

4:1 are reported in figure 4. The maximum absorption peak 

of the sample Ni@AgCl (A) was observed at 237 nm. Also, 

it gets three additional peaks at 381 nm, 473nm, and 528 

nm. Reportedly, the highest absorption peak of 237 nm and 

381 nm was assigned to AgCl. 

From the absorption spectrum, the band gap energy was 

calculated by Tauc plot. The band gap energy was found to 

be an indirect band gap and the value is 2.53 eV. Similarly, 

the maximum absorption peak of the sample Ni@AgCl (B) 

was observed at 239 nm and the major peak is assigned to 

AgCl. The band gap energy was found to be an indirect band 

gap and the value is 2.45 eV. Though, the indirect band gap 

of AgCl value is 3.28 eV by reference, [8] when it is coated 

by the nickel element, the band gap reduces to 2.53 eV and 

2.45 eV for the sample A and B respectively. From this 

result, we infer that the synthesized sample may be a 

semiconducting material [9]. 

Photoluminescence Analysis 

Figure 5 shows the PL spectra of synthesized Ni@AgCl 

core-shell nanoparticles of molar ratio 1:1 and 4:1 [10]. The 

emission wavelength of synthesised Ni@AgCl (A) core-

shell nanoparticles of molar ratio 1:1 was identified at 397 

nm and sub bands on both sides of the major peak was 
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observed. The emission wavelength of synthesized 

Ni@AgCl (B) core shell nanoparticles of molar ratio 4:1 

was identified at 398 nm [11,12]. 

From the PL spectra of the samples A and B, it is clear that 

the emission of photons is observed at UV region [13]. The 

sub bands that are responsible for the surface states, play 

key role in detecting oxygen vacancies and defects on the 

surface. The synthesized samples Ni@AgCl (A) and 

Ni@AgCl (B) acting as a semiconducting material and 

emitting photons at UV region can be used for acoustic 

devices and optoelectronic applications [14]. 

Conclusion 

Ni@AgCl core-shell nanoparticles of molar ratio 1:1 and 

4:1 have been successfully synthesized by chemical 

reduction method. The XRD results indicate that the 

synthesized samples are crystalline in nature. The SEM 

images of the synthesized sample indicate that both the 

samples were spherical in shape. The UV-Vis absorption 

spectrum of the samples A and B indicates sharp absorption 

peak at 237 nm and 239 nm respectively and the indirect 

band gap energy was found to be 2.53 eV and 2.45 eV 

respectively. From the photoluminescence analysis, the 

emission wavelength is observed at 397 nm and 398 nm 

respectively for the samples A and B. The emission of light 

of both the samples falls on the ultraviolet region. From the 

above results, we infer that the synthesized sample 

Ni@AgCl (A) and Ni@AgCl (B) which gets excited at 237 

nm and 239 nm emits light at UV-region can be used in 

Opto-electronic applications such as in military services, 

telecommunications, automatic access control system, 

medical equipment and acoustic devices. 
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