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Abstract: In this research, nickel sulfide (NiS) quantum dots (QDs) were prepared through the co-precipitation 

method and annealed at same temperature with different time. This study aimed to check the influence of 

annealing time on catalytic reduction of rhodamine B ( RhB ) and antibacterial efficacy against E. coli. The 

synthesized NiS were characterized thorough XRD, UV-Vis, SAED and TEM analysis to check the effect of 

annealing time on structural, optical and morphological of QDs. XRD spectra depicted that crystallinity of the 

NiS increased upon enhancing the annealing time.  Electronic transition spectroscopy exhibited the blue shift 

by increasing annealing time, leading to band gap energy enhancement. TEM images demonstrated that 

agglomeration of the QDs increased by increasing the annealing time. EDS spectra verified the formation of NiS 

QDs. SAED analysis confirmed the polycrystalline behavior of host and annealed NiS. The pure NiS 

demonstrated substantial catalytic reduction of RhB  dye in acidic medium comparison to other media. 

Moreover, host sample (NiS) exhibited maximum inhibition zone for E. coli at higher concentration. 

Keywords: NiS, Annealing; QDs, Co-precipitation. 

 

1. Introduction 

The fast expansion of industrial sector and the economy has resulted in the emergence of a number of 

significant problems on a worldwide scale. Polluted water poses a threat to both human health and the natural 

environment[1]. Approximately 4 million deaths a year worldwide are attributed to illnesses that are spread by 

water[2–4]. Wastewater from sectors such as paper, plastic, and mineral handling contain a broad diversity of 

artificial dyestuffs, which are the principal cause of pollution in aquatic environments[5]. Major health and 

environmental concerns for both people and animals include allergic reactions, skin sensitivity, and liver 

malfunction[6]. About forty percent of the colors used in industrial processes are carcinogenic and/or toxic. RhB  

is a cationic dye that is extremely hazardous to human health and considered one of the most damaging dyes 

overall. RhB  has widespread application across a variety of industrial sectors, particularly in the textile 

industry[7–10]. Recently, researchers have discovered that it has become progressively tough to eliminate colors 

from water that has been tainted[11]. Catalysis, carbon filtration, photocatalysis, chemical precipitation, and 

chlorination are just a few of the many processes utilized in removing colors from water[12–15]. Catalysis is a 

process that is both cost-effective and energy-efficient, in addition to being ecologically sustainable[16]. Infectious 

mastitis places a significant financial strain on the dairy industry. Mastitis is an infection that can be produced 

by a diversity of pathogens, including bacteria and fungi. This condition is associated with a variety of changes, 

including chemical, microbiological, and physical alterations in the milk, as well as clinical abnormalities in the
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tissues of the mammary gland[17,18] . The most common bacteria associated with mastitis are staphylococcus 

aureus, coliform, and E. coli [19,20] 

Among transition metal sulfides, nickel sulfide (NiS) has garnered extensive attention due to its affordable 

price, outstanding electrical conductivity, distinctive characteristics, high capability to recover light absorption, 

plentiful active site, broad applications in catalysis, and antimicrobial activity[21,22]. Recent studies have shown 

that combining Ni with a non-metal, such as sulfur, improves photocatalytic efficiency[23]. This is because the 

high electronegativity of sulfur results in a reduction in the recombination of electron-hole pairs, which in turn 

leads to improved efficiency. NiS nanomaterials with a variety of morphologies, such as QDs, nanoparticles, 

nanosheets, and nanorods, have been considered as suitable semiconducting materials for use in catalytic 

activities because to the fact that they are less poisonous and produce less cast[24–26]. S. Muninathan et al. 

synthesized NiS decorated GO amido black 10 B dye 90% under the visible light[23]. Subbiah Thirumaran et al. 

prepared iron-nickel sulfide for the degradation of methylene blue and rhodamine B[27]. Yuan et al. employed a 

hydrothermal method for the deposition of NiS2 on CdLa2S4 nanocrystals. The as-prepared NiS2/CdLa2S4 

photocatalyst achieved three times as high hydrogen evolution rate as the original CdLa2S4
[28]. Sajjad Haider 

used co-precipitation method for synthesis of NiS/CNTs for photocatalytic degradation of methylene blue above 

96%[29]. 

In order to evaluate the material's capacity to kill bacteria and to degrade organic dyes in contaminated 

water, the purpose of this research is to first synthesis NiS by making use of a co-precipitation approach that is 

kind to the environment, and then to evaluate the efficacy of the material in doing so. For a more in-depth look 

of the synthesized NiS, a variety of different approaches for characterizing them were used. Tests of catalytic 

activity (CA) were carried out for the purpose of RhB  dye degradation. In addition, pathogens such as 

Staphylococcus aureus Escherichia coli (E. coli) were utilized to investigate the possibility of antibacterial 

activity in the compound. 

2. Experimental section 

2.1 Materials 

Nickel nitrate hexahydrate [Ni(NO3)2·6H2O], sodium thiosulfate pentahydrate (Na2S2O3.5H2O) and NaOH 

were procured from Sigma Aldrich.  

2.2 Synthesis of annealed NiS 

For synthesis of NiS QDs, Ni(NO3)2·6H2O and Na2S2O3.5H2O with (2:1) molar ratio were prepared at 

vigorous agitation for 40 min.  1M precipitating agent (NaOH) was pipetted in above solution to conserve the 

pH~10. The solution was centrifuged at 8000 rpm  to eliminate the contaminants and dried at 160℃to attain 

powder (Figure 1). The prepared NiS was annealed at 300℃ for 12 and 24 h. The NiS named as S1, and annealed 

NiS at 12 and 24 h named as S2 and S2 in the whole manuscript.  

 

Figure 1  Synthesis of NiS QDs 
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2.3 Catalytic activity 

The ability of RhB  to degrade in the company of NaBH4 (reducing agent) and the newly manufactured 

nano-catalyst (NiS) was evaluated by CA measurements. In its reduced form, RhB  is colorless, but in its 

oxidized form, it is pink. A 0.1 M NaBH4 (reducing agent) solution was dissolved in 3 mL of RhB  by a quartz 

cell. In addition, an aqueous solution of RhB  had 400 microliters of NS solution that had been produced added 

to it. At room temperature, spectrophotometric tracking of the course of the absorption process was carried out. 

In the presence of NaBH4, RhB  transformed into L RhB , providing evidence that the dyes were degraded. 

The term “blank” is used to refer to samples that did not contain a nano-catalyst. 

2.3.1 Mechanism 

In Figure 2, incorporating a nano-catalyst (NiS) and reducing agent to the RhB  dye is the main catalysis 

mechanism component. The chemical component contributes one electron to the current reaction and is hence 

mentioned to as the reducing agent. An e −from the decreasing agent makes RhB  an oxidizing agent in a 

chemical process. During the course of CA, the redox reaction takes place, and it entails the movement of an 

electron from the acceptor of an oxidant to the reductant. This ultimately results in electron absorption in RhB , 

which in turn causes the synthetic dye to degrade. In addition, MB was examined when a reductant (NaBH4) was 

present; nevertheless, the oxidation reaction was extremely sluggish and laborious. The supplement of host and 

annealed NiS into redox reaction processes serves as an electron convey and enables the transportation of e− 

from the 4BH 
 to the RhB . This helps to circumvent the problems that have been identified. When NSs are used, 

the adsorption of 4BH 
 ions and dye molecules is enhanced, and a high number of active sites urge the ions 

and molecules to react with each other more quickly, which results in effective degradation of the dye. The 

effectiveness of the degradation process is improved by the co-existence of a nano-catalyst and a reducing agent. 

According to what was said before, the dye degradation process in this study utilized a catalytic approach that 

made use of reducing agents and nano-catalysts[30–32]. 

 

Figure 2  Catalytic mechanism of synthesized catalyst 

2.4 Segregation and identification of E. coli 

The raw milk samples were obtained from several nursing cows at veterinary facilities in Punjab, Pakistan, 

and placed straight into sterile glassware before being transported to the laboratory at a temperature of 4 degrees 

Celsius. MacConkey agar (MCA) was used to do an enumeration of the raw milk's associated microorganisms. 

Incubation took place at 37 degrees Celsius for forty-eight hours in each petri dish. 

2.5 Antimicrobial activity 

The agar well diffusion method was utilized in order for us to evaluate the antibacterial effectiveness of 

both bare and annealed NiS in relation to isolatd Gram-negative bacteria. After placing MCA on Petri plates, the 

plates were swabbed with G-negative  cultured bacteria (1.5×108 CFU mL-1), and a hole measuring 6 

millimeters in width was drilled into the cork using a cork borer that had been sanitized. We utilized host and 

annealed NiS QDs at various doses of 0.5 mg/50 μL and 1 mg/50 μL. These deliberations of NiS were chosen to 

act as –ve and +ve controls, in contrast to DI water and ciprofloxacin, respectively. The Petri plates were laden 
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with both minimal and maximal amount of the prepared NiS, and then put in the incubator for 24 hours at 37℃ 

to assess their bactericidal efficiency. A Vernier caliper was utilized to quantify the area of the inhibitory 

zones[33,34].  

3. Results and discussion 

The crystallinity of the samples were determined through XRD spectra in 2θ range from 20 to 65° (Figure 

3a). Diffraction peaks at 30.3° (101), 35.0° (021), 40.4° (211) and 48.8°(131) correspond to rhombohedral 

structure of NiS with space group P63/mmc (JCPDS card no. 012-0041). Peaks at 45.4° (102) and 53.0° (110) 

attributed tohexagonal phase of NiS (JCPDS card no. 065-0395). Additional peak at 22.0° (1̅10) assigned to 

anorthic structure of NiS2 described by JCPDS card no. 01-073-0574. Upon enhancing the annealing time of NiS, 

slight shifting of peaks to smaller angle was observed represents the decrement in lattice strain upon increasing 

the annealing times. As annealing time increased, crystallinity of the NiS increased as reported by literature[35]. 

Additionally, SAED analysis verified the polycrystalline behavior of NiS related to (101), (110), (021) and (102) 

planes of XRD (Figure3c-e). The optical features of bare and annealed NiS were determined through electronic 

transition spectroscopy (Figure 3b). The absorption peak of NiS detected at 273 nm assigned to n−σ* transition 

[36,37]. Upon increasing the annealing time, hypsochromic shift occurred led to enhancement in band gap energy 

of NiS. 

 

Figure 3 (a)  XRD, (b) UV-Vis, (c) SAED analysis of host and annealed NiS (samples S1, S2 and S3) 

The morphological and topological characteristics of host and annealed NiS were determined through TEM 

(Figure 4). Figure 4(a) verified the formation of NiS QDs with average particle size is 6.6 nm. Upon increasing 

the annealing time, QDs seems to be agglomerated and forming the network (with particle size 7.2 nm) that helps 

in movement of charge carrier (Figure 4b). The agglomeration of QDs was increased by further enhancing the 

annealing time (Figure 4c). Furthermore, the d-spacing of NiS was 0.29 nm and increased to 0.32 for sample S3 

with increasing the annealing time (Figure a΄-c΄).  
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Figure 4  TEM images of samples (a) S1, (b) S2 and (c) S3 and HRTEM images of (a΄) S1, (b΄) S2 and (c΄) S3 

The elemental mapping of S3 sample (annealed for 24 h) is shown in Figure 5 (a-f). The occurrence of Ni, 

S, O and confirmed the synthesis of NiS and sodium (Na) peak occurred due to usage of NaOH (precipitating 

agent) to conserve the pH during preparation of NiS. The elemental composition of host and annealed NiS were 

observed by EDS spectra Figure 5(aʹ -cʹ). Ni and S peak confirmed the NiS QDs existence.  

 

 

Figure 5(a-e)  Mapping of sample S3 (NiS annealed for 24 h) and (aʹ -cʹ) EDS spectra of S1, S2 and S3 
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A UV-Vis spectrophotometer was utilized in order to look at the decrease of RhB  that occurred during 

CA of annealed NiS2 QDs. The annealed showed a maximum de-colorization of RhB  that was 88.7, 60.1 and 

42 % in acidic, 59.1, 56.8 and 50.9 % in basic, and 78.7, 75.1 and 62.5 % in a neutral environment, respectively 

(Figure 7a-c). Due to the increase in the size of the QDs, which supplied a tiny surface area, the RhB  reduction 

was lowered as a result of an increase in the annealing time. The crystallinity, pH, and surface area of annealed 

QDs all have a role in determining the CA[38,39]. The considerable production of H+ ions on the surface of QDs 

is credited with being the cause of the highest de-colorization of RhB  that occurred in an acidic solution for 

sample S1. While under basic circumstances, due to interaction between cationic RhB  and anionically charged 

catalyst (NiS), the surface of produced QDs becomes negatively charged, demonstrating strong catalytic 

effects[40,41]. 

 

Figure 7  Catalytic activity of samples S1, S2 and S3 in (a) acidic, (b) basic and (c) neutral media 

Figure 8 illustrates the antibacterial activity of the produced NiS QDs, which can be found summarized in 

Table 1. When tested against E. coli, the inhibition zone was determined at (3.05-4.95 mm) and (4.45-5.65 mm) 

at both the minimum and maximum dosages. The findings were contrasted with those of ciprofloxacin (7.25 mm) 

and deionized water (0 mm). According to the published research[42], the antibacterial activity of NiS was able 

to be improved by lengthening the annealing process. Either the NiS2 QDs interacted with the membrane of the 

E. coli cell or they were transported inside the cell via a bacterial process. The presence of NiS results in the 

production of reactive oxygen species (ROS), which interface with the cell membrane. This makes it possible 

for O2 molecules to interact with iron and cysteine protein within the cell, which in turn causes damage to the 

DNA of E. coli as well as the cell walls[43]. 

Table. 1  Antibacterial results of pure and annealed NiS 

Samples 
E.coli Inhibition zone (mm) 

0.5 mg/50 µL 1.0 mg/50 µL 

S1 3.05 4.45 

S2 4.35 4.90 

S3 4.95 5.65 

Ciprofloxacin 7.25 7.25 

Deionized water (DI) 0.00 0.00 
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Figure 8  Antibacterial mechanism of synthesized NiS 

4. Conclusion 

In this work, annealed NiS QDs were effectively prepared through co-precipitation for catalytic de-

colorization of RhB  and antibacterial behavior against E. coli. TEM demonstrated that the particle size of NiS 

was 6.6 nm and enhanced to 7.1 nm after annealing. XRD spectra of NiS revealed that crystallinity was improved 

by annealing the QDs at 300 oC for 12 and 24 h. UV-Vis spectra depicted blue shift after annealing the NiS at 

300 oC. Pure NiS exhibited 88.7, 59.1 and 78.7% degradation of RhB  in acidic, basic and neutral media. While 

reduction of RhB  dye decreased from 88.7 to 40% in acidic medium by increasing the annealing time. NiS 

revealed 3.05 and 4.45 mm inhibition area for E. coli at minimal and high concentration. And this inhibition zone 

increased to 5.65 mm by enhancing the annealing time of NiS.  
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