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Abstract: 

Strontium doped Nickel hydroxide (Sr/Ni(OH2) nanoparticles, pure NiO were synthesized by co-

precipitation method with the use of NiCl2.6H2O, Sr(NO3)2  for Nickel and Strontium sources, 

respectively. NaOH used as a precipitating agent. The impact of Sr doping agent on both morphological 

and characteristics of nanoparticles was investigated using XRD, SEM, and FTIR methods. The co-

precipitation approach was the most efficient and cost-effective way to synthesize nanoparticles. 

Sr/Ni(OH)2 was synthesized at a low temperature and is employed in photo-degradation applications. 

The photo-catalytic degradation of dyes has been investigated all throughout the world, independent of 

national scientific standards. Common factors to mention for degradation investigations are dye 

content, oxidizing species concentration, catalyst employed, strength, and photon source. The 

synthesized NiO, Sr/Ni(OH)2 served as an effective catalyst for the photo-degradation of Fast green 

(FG) dye. Photo-catalytic degradation of rapid green dye used first-order kinetics, and dye degradation 

produced the greatest results. The photo-degradation efficiency of the rapid green dye was around 

50.64% for NiO and 95.2% for the produced Sr/Ni(OH)2 catalyst. The kinetic data collected during the 

decolorization of the fast-green dye were examined. 

 

Keywords: Strontium-doped Nickel hydroxide, Nanoparticles, Nickel oxide (NiO), Photo-catalysis, 

Photo-degradation, Dye degradation, Fast Green (FG) dye, Morphological characterization, 
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INTRODUCTION 

There are two primary techniques for nanoparticle synthesis: top-down and bottom-up.  

The Top-Down approach entails reducing bigger materials to nanoparticles by destructive procedures such as 

mechanical grinding, melt mixing, and laser ablation. Mechanical milling uses high-temperature steel balls to 

compress metal powders into nanoparticles, whereas melt mixing produces nanocrystals inside metallic 

glasses. Laser ablation uses laser beams in a liquid media to produce stable nanoparticles.   

          

The Bottom-Up approach generates nanoparticles from atomic or molecular precursors using techniques such 

as Physical Vapor Deposition (PVD), Sol-Gel, and Chemical Vapor Deposition (CVD). PVD regulates 

nanoparticle size by gas interactions in a vacuum chamber, Sol-Gel synthesis allows for low-temperature 

nanoparticle creation, and CVD distributes thin coatings onto a substrate through chemical reactions at 

regulated temperatures.  

 

Nanoparticles have several uses, including medicine delivery, genetic detection, and antibacterial therapies. 

Their unique qualities help to progress medicine, tissue engineering, and biotechnology. Nickel oxide (NiO) 

nanoparticles, which have a cubic lattice structure, are widely employed in catalysis, battery cathodes, gas 

sensors, and magnetic materials, with a particular emphasis on dye-sensitized photocathodes. Their defect 

structure makes them a strong p-type semiconductor, ideal for gas detection and phenol degradation.  

Nickel hydroxide (Ni(OH)₂) nanoparticles are white, spherical metal particles with a large surface area (130-
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150 m²/g). They are available in high purity and carbon-coated forms. They have two phases: α-Ni(OH)₂ 

(cubic structure) and β-Ni(OH)₂ (hexagonal structure)[4]. 

 

            A photo-catalyst is a material that induces a photo-catalytic reaction upon exposure to light without 

undergoing any permanent change. Photo-catalysis refers to a photo-induced reaction facilitated by a catalyst 

but does not directly accelerate the reaction rate [6]. 

It is classified into two types: 

• Homogeneous catalysis – The photo-catalyst and reactant exist in the same phase (e.g., dyes, coordination 

compounds, and natural pigments). 

• Heterogeneous catalysis – The photo-catalyst and reactant exist in different phases, with examples 

including transition metal chalcogenides, which exhibit unique properties [6] 

 

Photo-dye degradation is essential for removing toxic organic dyes from industrial wastewater, as dyes are 

highly visible, carcinogenic, and harmful to aquatic life. Conventional methods like adsorption and 

coagulation only transfer dyes into solid waste, causing secondary pollution [7-9]. Photo-catalysis has 

emerged as an effective and eco-friendly alternative for water purification, using semiconducting photo-

catalysts to break down organic molecules through oxidation-reduction reactions. Photo-catalysts exist in 

various forms, such as nanoparticles, nanowires, 2D and 3D structures, and their efficiency is enhanced due 

to high surface area [12-16] 

Fast green is also called as food green. The molecular formula of fast green is C37H34N2O10S3Na2, and its 

molar mass is 808.85 g/mol. The structure of fast green dye is given below in figure 1.7. In histology and 

cytology, fast green dye is commonly used. It has been shown to cause tumours in laboratory animals and to 

cause mutations in both experimental animals and humans. It also has the potential to irritate the pupils, scalp, 

digestive tract, and respiratory tract in its undiluted form [17].    

                     

 
Fig.1. Structure of Fast Green dye 

 

MATERIALS AND METHODS: 

Pure nickel oxide and strontium doped nickel hydroxide nanoparticles were prepared using the co-

precipitation process, and their material characteristics were examined.  

 

MATERIALS:  

All compounds used in this experiment were analytical grade and did not require additional purification. 

Merck supplied the nickel (II) chloride hexahydrate (NiCl2.6H2O), SRL supplied the sodium hydroxide pellets 

(NaOH), SRL supplied the strontium nitrate (Sr(NO3)2), SRL supplied the polyvinylpyrrolidone (PVP), and 

SRL supplied the ethanol and acetone. All of these solutions were made with deionized water. 

 

EXPERIMENTAL METHODS  

Synthesis of NiO: 

Nickel oxide nanoparticles were synthesized via the co-precipitation approach, which involves the thermal 

breakdown of nickel hydroxide (Ni(OH)2). In a 250ml beaker, place approximately 0.5M of Nickel (II) 
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chloride hexahydrate and add 50ml of deionized water. To that mixture, 1g of PVP is added, with the goal of 

reducing particle size and preventing agglomeration.  

The reaction mixture is agitated in a magnetic stirrer for nearly 2 hours at room temperature. The product is 

then completely rinsed with deionized water to eliminate any remaining residues, followed by an acetone 

wash. Finally, the sample is dried at 160°C in an air oven before being calcined to 450°C in a muffle furnace. 

When calcinated, the colour of the sample changes from green to black. The resultant thus obtained is the 

Nickel oxide nanoparticle. 

           
 

 
Fig.2. Flow diagram of synthesis of NiO 

 

SYNTHESIS OF STRONTIUM DOPED NICKEL HYDROXIDE NANOPARTICLE (Sr/Ni(OH)2 ): 

250ml beaker is taken with 50ml of deionized water and to that 0.5M of Nickel (II) chloride hexahydrate and 

1g of polyvinyl pyrrolidone are added. To that mixture, 5% of strontium nitrate is added and stirred for 30 

minutes in a magnetic stirrer. The temperature was maintained for about 80°C. Then 2M of sodium hydroxide 

pellets were weighed using a digital balance and was dissolved in 50ml deionized water and it is added drop 

by drop slowly into the mixture.  

As the solution is continuously stirred, the colour of the solution changes from dark green colour to light 

green. Stirring is continued for almost 2 hours. Then a green coloured precipitate appears at the bottom of the 

beaker. The precipitate is then washed thoroughly with deionized water and acetone a number of times. Then 

the precipitate was dried at 160°C in hot air oven. The finally obtained sample is the Strontium doped Nickel 

hydroxide nanoparticle (Sr/(Ni(OH)2) [16]. 

           
 

 

 
Fig.3. Synthesis of Sr/Ni(OH)2 

 

CHARACTERIZATION TECHNIQUES: 

The crystal structure, morphology, compositional information, organic functional groups on the surface, and 

photo-catalytic application of the produced nanoparticles were investigated utilizing the following equipment. 
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These include X-ray diffraction (XRD), scanning electron microscopy (SEM), and Fourier Transform Infrared 

spectroscopy (FTIR). This project work presents the approaches that have been emphasized. The next part 

contains a brief discussion of the techniques mentioned above [18]. 

X-ray Diffraction (XRD) is a widely used non-destructive technique for analyzing the structural properties of 

nanoparticles. It provides information on phase, crystallinity, chemical composition, unit cell symmetry, 

lattice constants, stress, strain, and growth orientation. Since 90% of solid materials are crystalline, XRD 

serves as a fingerprint for material identification [1-2]. 

 

The technique works by irradiating a material with monochromatic X-rays of a wavelength similar to the 

interatomic distance, causing diffraction based on Bragg’s equation (nλ = 2d sin θ) [42]. The intensity and 

pattern of scattered light depend on the atomic arrangement, making XRD a valuable tool for studying the 

structure and properties of nanoparticles. 

Scanning Electron Microscopy (SEM) is a high-resolution technique used to characterize the size and shape 

of nanoparticles. It provides 2D images with detailed structural information that can be modeled to recreate 

3D structures with high precision. SEM imaging is based on secondary electrons (SEs) and backscattered 

electrons (BSEs) generated when a sample is bombarded by a primary electron (PE) beam at an accelerating 

voltage of around 30 kV. SEs have a low escape depth (~a few nm) due to their low energy, while BSEs have 

a slightly higher escape depth. With the growing application of nanoparticles in commercial products, the 

demand for SEM in laboratories for nanoparticle characterization is increasing [20-21].  

            

Fourier Transform Infrared (FTIR) Spectroscopy is a non-destructive technique used for surface 

characterization of nanoparticles. It helps determine the chemical structure and surface reactive sites under 

specific conditions. FTIR reveals the bonds and structural composition of nanoparticles and can analyze 

various sample types, including liquids, solids, pastes, powders, and fibers. It is useful for both quantitative 

and qualitative analysis of materials [22-23].         

  

However, overlapping IR absorption bands pose a challenge in FTIR characterization, making it difficult to 

identify certain functional groups, despite the availability of computer-searchable databases for analysis. 

 

RESULTS AND DISCUSSION: 

The crystal structure, morphology, compositional information, organic functional groups on the surface, and 

photo-catalytic application of the produced nanoparticles were investigated utilizing the following equipment. 

These include X-ray diffraction (XRD), scanning electron microscopy (SEM), and Fourier Transform Infrared 

spectroscopy (FTIR). This project work presents the approaches that have been emphasized. Figure 5 (a) 

depicts a photocopy of NiO in black, whereas figure (b) depicts a green sample containing Ni(OH)2. The 

following section provides a quick overview of the strategies mentioned above. 

 
Figure 4(a) NiO Sample                                   4(b) Sr/Ni(OH)2 sample 

 

1) X-Ray Diffraction (XRD): 

When a material is irradiated with monochromatic light of wavelength about the material's interatomic 

distance, the light is scattered by the atoms and interferes, resulting in diffracted light of increased intensity. 
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The arrangement of atoms in the material influences the intensity of dispersed light. Bragg's equation states 

that if the incidence angle is θ and the wavelength of light is λ, constructive interference occurs at an angle of 

2θ from the incident beam Bragg’s equation is given by, 

         n λ = 2d sin θ  

Where, n is the diffraction order, d is the distance between the diffracting planes and θ is the Bragg’s angle.  

Generally, in XRD Cu- K  is the incident light for which the λ = 1.5405 nm. Distance between the diffracting 

planes is calculated according to Bragg’s equation and indexed by comparing it with the d spacing of the 

material from the Joint Committee on Powder Diffraction Standards (JCPDS) data.  

NiO spheres exhibits several well-defined diffraction reflections at 19.01°, 31.72°, 38.63°, 45.458°, 51.97°, 

59.21° and 75.18°. The XRD of bare Ni substrate, which shows peaks at 45°, 55° and 75°. The diffraction 

peaks for NiO are shown in planes of (111), (200), (220), (311) and (222) are shown in Figure 4.1. All these 

diffraction peaks can be perfectly indexed to the cubic (FCC) crystalline structure of NiO, and also their 

relative intensity of the characteristic peaks, which is in accordance with the standard spectrum (JCPDS, No. 

04-0835).  

The XRD pattern reveals that the samples are single phase, with no other diffraction peaks other than the 

characteristic peaks of the cubic lattice of NiO. This result indicates that the physical phases of NiO 

nanoparticles are pure, and were prepared and discussed in detail [24].  

Strontium doped nickel hydroxide shows peaks at (001), (100), (101), (110), (111), (200) planes. 

 

 
 

Figure 5. XRD peak for NiO and Sr/Ni(OH)2 

 

The crystallite size of the Strontium doped nickel hydroxide nanoparticle is found out using Debye-Scherrer’s 

formula,  

              D = kλ/β cos θ  

Where k is the empirical constant which is equal to 0.9, λ is the wavelength of X-ray radiation (1.5405 Å for 

Cu-Kα), β is the full width at half maximum of the diffraction peak and θ is the peak position [6].  

The crystallite sizes of Sr/Ni(OH)2 samples is found to be 8.7 nm which was calculated from the measured 

values from the data. 

2) Scanning Electron Microscope (SEM): 

A high-resolution scanning electron microscope (SEM) is ideal for determining the size and form of 

nanoparticles since sample preparation and image analysis are rapid and straightforward. [25] SEM pictures 

allowed for a comprehensive investigation of the nanoparticles' morphological structure [26]. The scanning 

electron microscope works similarly to an optical microscope, except rather than collecting photons, it detects 

electrons dispersed from the material. Electrons can have shorter wavelengths than photons because they can 

be accelerated by an electric field. As a result, the SEM can magnify images up to 200,000 times [27]The 

morphological changes in the synthesised sample nanoparticles were identified and analyzed. Nickel oxide 

analysed by SEM is shown in figure 6(a). Sr doped nickel hydroxide nanoparticles thus synthesised at low 

temperature was analysed and the images are displayed in Figure 6(b).  
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Figure 6(a) Scanning electron microscopy (SEM) image of pure NiO nanoparticles and 6(b) SEM 

image of Sr doped Ni(OH)2 nanoparticles. The SEM images were measured for both the powder 

samples (NiO and Sr doped Ni(OH)2. The powder samples were pasted on the carbon tape for 

measuring the SEM images 

 

Nickel oxide has a higher surface energy than strontium doped nickel hydroxide because it is agglomerated 

[28]. Compared to pure nickel oxide, strontium doped nickel hydroxide has limited structures. The results 

demonstrate that the synthesized NiO nanoparticles are smooth, spherical in form, and some are agglomerated 

due to their high surface area to volume ratio and lower cohesive energy than the bulk materials. SEM images 

of strontium-doped nickel hydroxide are spherical. Strontium doped nickel hydroxide is smaller in size than 

pure nickel oxide due to its strong dispersion  Nickel oxide can be de-agglomerated by calcining at a higher 

temperature of around 160°C According to SEM pictures, strontium doped nickel hydroxide may have a size 

of less than 10nm  

 

3) Fourier Transform Infra-Red Spectroscopy:  

The FTIR analysis of nickel oxide and strontium doped nickel hydroxide is shown in the figure 7 below. The 

formation of the nanoparticles can be observed from its colour change. The vibrational peak at 3488 cm-1 is 

due to the O-H stretch and the peak around 578 cm-1 is described as the Ni-O stretching vibration.  

The broad absorption band in the region 500-600 cm-1 is the Ni-O stretching vibration. The size of the samples 

used in this study is less than the bulk forms of NiO. The broad spectrum at 3450 cm-1 is due to the O-H 

stretching vibrations and a weak band at 1645 cm-1 is the H-O-H bending vibrations [31].  

The broad band at 3440 cm-1 is the stretching vibration of water molecules present in the nickel hydroxide 

nanoparticle. The figure 7(b) shows the peaks of FT-IR of strontium doped nickel hydroxide. 

 

 

https://www.ijirmps.org/


 Volume 13 Issue 4                             @ Jul - Aug 2025 IJIRMPS | ISSN: 2349-7300        

 

IJIRMPS2504232669          Website: www.ijirmps.org Email: editor@ijirmps.org 7 

 

 
Figure 7 (a) FT-IR peak of NiO and 7(b) FT-IR peak of Sr/Ni(OH)2 

 

4) Photo-catalytic Activity Test: 

Fast green (FG) was chosen as the model organic pollutants to test the photo-catalytic dye degradation analysis 

for the catalyst. Typically, a catalyst (20 mg) was added into the 50 ml of aqueous dye solution (20 mg L-1) 

then, the dye solution was kept in dark room to attain the adsorption and desorption equilibrium of dyes on 

surface of catalyst. Then, the dye solution was irradiated on sunlight for overall time period of 120 minutes. 

2 ml of solution was taken at appropriate interval of time. The collected solution was centrifuged and filtered 

using a 0.2 μm syringe filter. The degradation efficiency is determined by the degradation of organic dyes on 

UV-Vis spectrophotometer. The degradation efficiency is calculated by the formula,  

 

Degradation efficiency (%) = C-C0/C x100 ………… (1)  

 

where C and C0 are the initial and final concentrations of dye molecules.  

After 1st completed the photo-catalytic reaction, the catalyst was collected by centrifuge and washed with 

water and dried at 70oC. The regenerated catalyst was used to evaluate the stability and reusability of the 

catalyst by degradation the dye solution.  

The first order kinetic reaction value were used to determine the correct degradation rate of FG as follows;  

                                              ˗˗ ln(C/C0) = kt ……………… (2)  

where, k = rate of reaction constant and t is time 

The Photo-catalytic dye degradation activity were performed during the well sun shining between 11:00 AM 

to 2:00 PM in clear sky. The average solar light intensity was measured about 1.00 x 105 lux. Likewise, the 

effect of some other important operational parameters such as pH of dye solution and catalyst dosage study 

were performed. In the pH test, dye solution pH was adjusted by the addition of 0.1 M hydrochloric acid 

solution and 0.1M of sodium hydroxide solution. 

 

6) Photo-catalytic Activity: 

The photo-catalytic degradation efficiency of as prepared catalysts of NiO, and Sr/Ni(OH)2 nanoparticles 

were resolute by the deprivation of FG dye under irradiation of Sun light. When irradiating the FG dye 

solution, the concentration of the dye was noticeably reduced and it was confirmed by the significant color 

variation. 
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                             Figure 8(a)      Figure 8(b) 

 

 
                         

Figure 8(c)                 Figure 8(d) 

 

Figure 8 (a-b) represents the UV-visible spectra for the FG with occurrence of catalysts NiO, and Sr/ 

Ni(OH)2 were irradiated by sun light for 120 minutes. 8(c) C/C0 versus time interval plot of FG dye 

8(d) –ln (C/C0) versus time interval plot of FG dye 

 

For NiO catalyst, the catalyst influences the organic molecule to achieve the efficiency of about 50.64% within 

120 mins. The photo-catalyst experiment was further extended to doped samples. The degradation reaction of 

Sr/ Ni(OH)2 samples were performed by the same process. The rate of electron-hole pair recombination was 

delayed by doping the metal ions into the NiO structure results increased the degradation efficiency. 

Compared to NiO catalyst, Sr/Ni(OH)2 catalysts reached high efficiency of degradation of 95.2%, respectively 

[32].  

 

The significant improvement of the degradation efficiency is due to the doping effect of Sr ion at the Ni2+ 

lattice sites, it reduce recombination of excited charge carriers (electron-hole pair). Figure 8(c) depicts the 

changes in initial and final concentration of dye in the presence and absence of photo-catalyst against the light 

irradiation with respect to time (t) for the FG dye solution. The Sr/Ni(OH)2 catalyst shows highest degradation 

ability due to the fact that sub energy-level act as traps for recombination. Based on the sub energy level of 

the conduction band helps to produce a large number of reactive oxygen species (ROS). In addition the 

investigation of pseudo-first order kinetics studies shown in Figure 8(d) the degradation rates were 0.0112 

min-1 and 0.0375 min-1 for NiO, and Sr/ Ni(OH)2 nanoparticles against FG dye, respectively. From the 

studies rate constant value and R2 values are listed in Table.1. The Figure 8 shows schematic diagram 

illustrating the mechanism of charge separation, generation of reactive oxygen species (ROS) and 

photocatalytic activity of photocatalyst under sunlight irradiation [33].  
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The mechanism of FG dye degradation for the Sr/Ni(OH)2 catalyst is described as follows,  

(i) Formation of electron hole pair  

Sr/Ni(OH)2+ hν h+ (VB) + e– (CB)   (3)  

 

(ii) Formation of hydroxyl radicals  

OH– + h+  OH-      (4)  

H2O + h+  OH- + H+     (5)  

 

(iii) Formation of superoxide radicals  

O2 + e–  O2
–      (6)  

 

(iv) Photo-degradation of crystal violet and rhodamine B dye 

Dye + OH- + O2   Degradation Products  (7) 

 

Table 1 Photo-catalytic activity result of NiO, and Sr/ Ni(OH)2 nanoparticles 

Sr.No. Catalyst Band 

Gap (eV) 

Degradation 

efficiency 

(%) (120 

minutes)  

K (min-1)  

 

R2  

 

Fast green (20 ppm)  
 

1  NiO  3.21  50.64  0.012  0.920  

2  Sr/Ni(OH)2  2.82  95.2  0.054  0.820  

 

 
Figure 9.  Schematic diagram illustrating the mechanism of charge separation and photo-catalytic 

activity of photo-catalyst under the sunlight irradiation 

  

SUMMARY AND CONCLUSION: 

Nickel-based metal oxides have been gaining popularity due to their applications in catalysis, dye degradation, 

battery cathodes, antiferromagnetic layers, p-type transparent conducting films, and electro-chromic films. 

Polyvinylpyrrolidone has been used as a surfactant to decrease particle size. Here, a high temperature-based 

cubic phase of NiO nanoparticles was produced. Ni(OH)2 was initially synthesized using the chemical 

precipitation technique, and the wet sample was subsequently calcined at 450°C for 4 hours in an air 

environment.  
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Chemical precipitation was used to create Sr (5%) ion-doped Ni(OH)2 nanoparticles with a low temperature 

hexagonal configuration. The structure and dimensions were validated using XRD. The crystallite size was 

computed using the Debye Scherrer formula; the size was determined to be 14.3 nm and 8.7 nm for NiO and 

Sr doped Ni(OH)2 nanoparticles, respectively. The SEM microscopy revealed that the produced nanoparticles 

were in the nanoscale range and had a spherical form. The organic functional groups on the surface of the 

nanoparticles were identified using FT-IR spectroscopy. The photo-catalytic results indicated that Sr doped 

Ni(OH)2 had better dye degradation of Fast green (FG) than pure NiO nanoparticles due to efficient charge 

carrier generation followed by free radical synthesis during light irradiation. Thus, the generated cost-effective 

and low-temperature Sr doped Nickel hydroxide nanoparticle Sr/Ni(OH)2 may be a promising option for water 

purification by photo-catalysis. 
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