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Silver selenide (Ag2Se) nanoparticles possess promising optoelectronic properties, 
making them attractive for applications in biomedical fields such as bioimaging and 
biosensing. In this study, Ag2Se NPs were successfully synthesized via the chemical co-
precipitation method. Field emission scanning electron microscopy (FE-SEM) images 
revealed that the nanoparticles exhibited a tightly packed lamellar-like morphology with 
particle sizes 48nm. X-ray diffraction (XRD) analysis confirmed the formation of an 
orthorhombic β-phase structure of Ag2Se. Energy-dispersive X-ray spectroscopy (EDX) 
confirmed the elemental composition, showing an atomic ratio of Ag to Se close to the 
ideal 2:1 stoichiometry. UV–visible spectroscopy showed a distinct absorption peak at 250 
nm. The optical dispersion behavior was analyzed using the Wemple–DiDomenico single 
effective oscillator model, through which the refractive index dispersion, average oscillator 
energy (Eₒ), and dispersion energy (Ed) were determined. Additionally, the first-order (M-
1) and third-order (M-3) spectral moments were calculated based on the extracted Eₒ and 
Ed values to further interpret the optical transitions. Beyond structural and optical 
characterization, the antibacterial activity of the synthesized Ag2Se NPs was also 
evaluated. The results demonstrated notable antibacterial efficacy, indicating the potential 

of Ag₂Se nanomaterials for applications in medical, and environmental. 
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1. Introduction 

Over the past 20 years, because of their distinct 

size and structure, semiconductor nanocrystals have 

garnered a lot of interest. Because of their smaller size 

and greater surface area, nanoparticles have 

considerably better biological, chemical, and physical 

properties than micro-particles [1]. They are between 

1 and 100 nm in size. Nanoparticles have several 

unique characteristics as a result of their enhanced 

surface reactivity [2]. Several important changes occur 

as microparticles migrate to nanoparticles. Surface 

area relative to volume has increased significantly, as 

have quantum phenomena [3]. The characteristics of 

the particle and its interactions with other materials 

are impacted by this process; the particles tend to 

accumulate since there are a lot more molecules or 

atoms on the surface than there are in the mass of the 

sample nanoparticles are naturally unstable due to 

enhanced van der Waals force on their surfaces, 

resulting in agglomeration [4-6]. Ag2Se, also known 

as nominate, is a semiconductor substance that is 

rarely found naturally as a metal.  It belongs to I-VI 

compounds [7]. Among semiconductor nano-

materials, Ag2Se nanoparticles are one of the most 

explored chalcogenide nano-materials due to their 

multiple uses, such as in the biomedical and 

electronics fields [8,9]. Ag2Se nanoparticles is a 

MWIR CQD that has recently expanded the family of 

intraband CQDs and it is uniquely free of heavy 

metals. Because of their distinct electrical and optical 

characteristics that set them apart from their 

counterparts, Ag2Se nanoparticles are among the most 

studied chalcogenide materials. They are perfect for 

use in thermoelectric circuits, semiconductors, and 

infrared detectors. In the realm of biomedicine, 

because of their high electrical conductivity and 

narrow band gap. Compared to other materials like 

CdSe or PbS, Ag2Se quantum dots have a lower 

toxicity and can be used for deep-tissue imaging with 

better tissue penetration and higher resolution due to 

their emission in the second infrared region (NIR-II: 

1000-1700nm) [10]. There are two different 

crystalline phases in which Ag2Se nanoparticles can 

be produced. The orthorhombic crystal phase of β-

Ag2Se exhibits semiconductor behavior at low 

temperatures (0K). The space group P212121 is 

associated with the lattice parameters a = 4.33, b = 

7.06, and c = 7.76 Å. It is a semiconductor that is n-

type and has a tiny band gap. In contrast, the body-

centered cubic (α-Ag2Se) phase at high temperatures 

around 135°C (409K) exhibits metal-like properties 

[11]. 

Silver chalcogenides, especially Ag2Se 

nanoparticles, are semiconductors with distinct 

physical properties [11-14]. Ag2Se nanoparticles are 

prepared by several methods, including high-

temperature heating of Ag and Se mixtures, 

microwave irradiation, and hydrothermal, 

electrochemical. Numerous investigations have looked 

at Ag2Se nanoparticles various properties at the size of 

bulk forms, quantum dots, nano-structures, and 

microstructures [15-19]. Agar diffusion screening. 
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The antimicrobial activity of test materials is 

frequently assessed utilizing low-cost agar diffusion 

techniques such as agar plug, agar spot, well diffusion, 

and disc diffusion experiments. These methods 

depend on the antimicrobial substances dispersing into 

the surrounding agar medium through paper discs, 

wells, or plugs. This stops the bacteria that were 

injected from growing on the agar surface [20-22]. 

This study aims to synthesize and characterize 

Ag2Se nanoparticles using the co-precipitation 

method. The proposed method offers a simple, cost-

effective, and environmentally friendly route for 

Ag2Se nanoparticles e synthesis, using Na2SO3 as a 

reducing agent for selenium. The process is important 

because it doesn't use toxic solvents or harsh reaction 

conditions. It also lets you control the size and 

distribution of the particles, making it a safer and 

more environmentally friendly alternative to 

traditional methods of synthesis. We used UV-visible 

spectroscopy, x-ray diffraction (XRD), field-emission 

scanning electron microscopy (FE-SEM), and energy-

dispersive x-ray spectroscopy (EDX) to study the 

synthesized nanoparticles. They also looked at how 

well they killed germs, which showed how useful they 

could be in medicine and the environment. 

 

2. Experimental Procedures 

The chemicals used for the synthesis of Ag2Se 

nanoparticles are sodium sulfite (Na2SO3) from 

Gainland Chemical (96% purity), silver nitrate 

(AgNO3) from Daejung Chemicals (99.8% purity), 

and selenium (Se) from HPLC Company Ltd. (India, 

99.7% purity). All of the chemicals used in this study 

are extremely pure and don't require any additional 

purification. The following are typical synthesis 

methods. The synthesis of Ag2Se nanoparticles was 

carried out in three main stages. In the first stage, 3.14 

g of Na2SO3 and 0.98 g of elemental selenium (Se) 

were dissolved in 50 mL of deionized water under 

constant stirring. The solution gradually changed in 

color from black to translucent, indicating the 

reduction of selenium (Se0) to selenide ions (Se2-) and 

the formation of sodium selenide (Na2Se). In the 

second stage, 0.8 g of AgNO3 was dissolved in 5 mL 

of deionized water to prepare the silver precursor 

solution. Subsequently, 5 mL portions of the 

previously prepared Na2Se solution were added 

dropwise to the AgNO3 solution under continuous 

stirring. This stepwise addition was repeated until the 

entire volume of Na2Se was consumed. The gradual 

mixing facilitated controlled reaction kinetics and 

promoted the homogeneous formation of Ag2Se 

nanoparticles. A distinct color change to black was 

observed, confirming the successful precipitation of 

Ag2Se nanoparticles. In the final stage, the reaction 

mixture was stirred for an additional 30 minutes to 

ensure completion of the synthesis process. The 

resulting Ag2Se nanoparticles were then separated by 

centrifugation at 3000 rpm for 15 minutes. The 

collected precipitate was washed six times with 

ethanol and deionized water to remove residual salts 

and impurities. Particle agglomeration was effectively 

reduced by careful stirring, the gradual addition of 

Na2Se to AgNO3, and repeated centrifugation with 

washing. These steps contributed to a homogeneous 

distribution of nanoparticles without the need for 

chemical stabilizers. Finally, the purified Ag2Se 

nanoparticles were dried in an oven at 80 °C for three 

hours. 

CuKα radiation was used to record XRD patterns 

using a Spectris Analytical X-ray diffractometer. FE-

SEM was used to introduce the sample's surface 

morphology, while the chemical constitution and 

purity of the prepared Ag2Se nanoparticles were 

examined by EDX. UV-visible spectroscopy was 

performed with a Shimadzu UV1800 

spectrophotometer. At room temperature, the 

measurements were made in the wavelength range of 

200-800 nm. To perform the analyses, the samples 

were placed in quartz cuvette cells of 1 cm path 

length. 

 

3. Results and Discussion 

XRD was used to examine the phases and crystal 

structures of the prepared nanoparticles and their 

patterns are shown in Fig. (1). They contain distinctive 

peaks that are similar to the orthorhombic Ag2Se β-

phase. This matches the JCPDS card no. 024-1041, 

which is the naumannite. 
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Fig. (1) XRD pattern of Ag2Se NPs 

 

The XRD pattern showed no undesirable phases 

corresponding to any secondary structures, confirming 

the purity of the products. The crystalline nature of the 

Ag2Se nanoparticles was verified by the presence of 

distinct diffraction peaks. The broadening of these 

XRD peaks can be attributed to two main factors: the 

small crystallite size and internal lattice strain. While 

the reduced size contributes to peak broadening, the 

strain within the crystal lattice leads to both peak 
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broadening and slight shifts in position. Consequently, 

the peak width reflects the combined influence of 

these two factors, as illustrated in Fig. (1). This 

broadening is generally categorized into two types: 

mechanical broadening and physical broadening. The 

following relation yields the revised instrumental 

broadening as shown in Eq. (1) [23,24]: 

(𝛽𝐷)2 = (𝛽𝑚)2 − (𝛽𝑖)
2   (1) 

where βi represents the instrumental broadening, βm 

represents the measured broadening, and βD represents 

the corrected broadening. FWHM is used to quantify 

the sample's physical and instrumental widening. The 

Scherrer’s equation can be used to determine the 

average crystallite size using modified physical 

broadening as shown in Eq. (2). 

𝐷 =
𝑘𝜆

𝛽𝑐𝑜𝑠𝛳
=

0.9𝜆

𝛽𝑐𝑜𝑠𝛳
   (2) 

where λ is the x-ray wavelength, β is the FWHM, and 

θ is the Bragg's angle. The lattice parameters were 

derived using the following relationship [25]: 
1

𝑑ℎ𝑘𝑙
2 =

ℎ2

𝑎2 +
𝑘2

𝑏2 +
𝐼2

𝑐2   (3) 

where hkl stands for the Miller indices and dhkl for the 

interplanar spacing. Table (1) lists all parameters that 

were calculated using the XRD data. Based on the 

Debye-Scherrer formula, the produced Ag2Se 

nanoparticles had an average crystallite size of 16.92 

nm, were several peaks are used to calculate the 

crystal size using the Scherrer’s equation, and the 

average is then taken. 

 
Table (1) Structural parameters of Ag2Se NPs 

 

D FWHM  Height [cts] d-spacing [Å] (hkl) Pos. [°2θ] 

14.53 0.5622 11.96 3.31546 (002) 231314 

14.17 0.5821 35.07 2.86856 (120) 31.1538 

9.14 0.9079 52.06 2.70358 (112) 33.9004 

24.12 0.3452 211.36 2,57194 (121) 34.8553 

18.40 0.5455 99.5 2.41466 (013) 37.206 

13.06 0.6482 134.2 2.23398 (031) 40.3403 

16.74 0.5099 103.72 2.108 (113) 42.8665 

13.22 0.6476 119.18 2.07152 (201) 43.6597 

13.74 0.6266 116.33 1.99711 (032) 45.3752 

18.85 0.4959 20.02 1.93305 (004) 46.9676 

13.55 0.6347 63.93 1.86896 (014) 48.6805 

19.15 0.5879 31.97 1.82093 (221) 50.0515 

33.40 0.2663 14.9 1.71322 (114) 53.4388 

26.56 0.3255 13.3 1.55782 (231) 57.6384 

18.49 0.5121 45.36 1.41566 (214) 65.93 

3.85 2.5235 31.95 1.33819 (004) 70.2872 

16.53  0.613 45.36 1.24048 (134) 76.7736 

 

The FE-SEM images of Ag2Se nanoparticles at 

different magnifications, shown in Fig. (2a–c), reveal 

that the sample consists of small nanoparticles less 

than 100 nm with a homogeneous and densely packed 

lamellar-like morphology. In particular, figure (2c) 

shows smaller nanoparticles surrounding larger ones, 

as indicated by the red circles, clearly illustrating the 

aggregation behavior. The particle size distribution 

was quantitatively analyzed using ImageJ software. 

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. (2) FE-SEM images (a, b, and c at different magnification), 

(d) histogram of particle size of Ag2Se NPs 

 

Figure (2d) shows a histogram of the particle size 

of Ag2Se nanoparticles. It was found that the mean 

particle size is 48 nm [26]. One of the primary 

challenges during the synthesis was preventing 

nanoparticle agglomeration. Agglomeration of Ag2Se 

nanoparticles was minimized by carefully controlling 

the stirring speed and duration, along with repeated 

centrifugation and washing with ethanol and deionized 

water (six cycles). This process effectively removed 

impurities and ensured a uniform particle distribution 

without the need for chemical stabilizing agents. 
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Another key challenge was maintaining the precise 

stoichiometric ratio of Ag+ to Se2- during synthesis to 

ensure the formation of pure-phase Ag2Se 

nanoparticles. 

The composition and purity of the synthesized 

Ag2Se nanoparticles were analyzed using EDX 

spectroscopy at certain regions of the SEM pictures as 

shown in Fig. (3). This image shows the characteristic 

peaks of Ag2Se nanoparticles, as well as their 

elemental compositions. The main emission energy 

line of Se was found in the 1.3–1.4 keV range, 

whereas that of Ag was discovered in the range of 2.8 

to 3.0 keV, which in both instances is equivalent to the 

L-α peak of these two elements. Furthermore, dividing 

the silver peak intensity by the selenium peak intensity 

gives a ratio of 2:1, indicating the chemical formula 

Ag2Se nanoparticles. 

 

 
 

 
 

  
 

Fig. (3) EDX spectrum mapping of the elemental distributions 

of Ag and Se in Ag2Se nanoparticle sample 

 

Based on the EDX results, the atomic ratio of Ag 

(64.7%) to Se (35.3%) closely matches the 

stoichiometry of silver selenide (Ag2Se), confirming 

the successful formation of the compound. The 

elemental color mapping of the Ag2Se nanoparticles 

shows the homogeneity of the particles, supporting the 

uniform distribution of silver and selenium. The EDX 

spectra of the as-produced formulations showed no 

nitrogen peaks. This indicates the absence of any 

detectable traces of AgNO3 ions. No other peaks 

associated with any impurities were observed in the 

EDX. This confirms the purity of the nanoparticles. 

These peaks observed in the spectrum are consistent 

with those previously identified [25,26]. 

The UV-visible spectra of Ag2Se nanoparticles are 

displayed in Fig. (4). The absorption band ranges from 

200 to 400 nm, with a maximum of approximately 250 

nm. The sharp absorption peak indicates strong 

absorption due to the band gap transition rather than 

impurities [27-32]. Additionally, by serving as 

electron acceptors, facilitating charge transfer, 

pressing the Fermi level into the conduction band, and 

enhancing charge separation, oxygen vacancies in 

nanoparticles enhance absorption. 

 

 
Fig. (4) UV–visible absorption spectrum of Ag2Se NPs 

 

The dispersion is a crucial component that must be 

taken into consideration when choosing materials for 

prospective uses or optoelectronic device designs that 

utilize spectral dispersion. The most effective model 

for examining these characteristics is the Single 

Effective Oscillator Model (EOM). The refractive 

index (n) to the effective single oscillator energies (Eo) 

and dispersion or strength energies (Ed) can be found 

using the following formula as shown in Eq. (4) [33-

36] 

(𝑛2 − 1) =
𝐸𝑑𝐸𝑜

[𝐸𝑜
2−(ℎ𝑣)2]

   (4) 

Rearranging this equation to get Eq. (5) [36]: 

(𝑛2 − 1)−1 =
𝐸𝑜

2−(ℎ𝑣)2

𝐸𝑑𝐸𝑜
=

𝐸𝑜

𝐸𝑑
−

(ℎ𝜆)2

𝐸𝑑𝐸𝑜
  (5) 

A plot of (n2-1)-1 versus (hν)2 shown in Fig. (5) 

produces a straight line in the linear region, from 

which the slope and y-intercept are extracted. In the 

fitted data, the slope was found to be 0.01, which 

corresponds to: 

Ed = 1/slope = 1/0.01 = 100 eV 

The y-intercept of the plot corresponds to 1/Eo
2, 

and was determined as 1/28, yielding as shown in: 

𝐸𝑜 = √28 ≈ 5.29 eV 

These values (Eo and Ed) were then used to 

calculate other important optical constants. For 
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example, the static refractive index (n0) was 

determined using Eq. (6) 

𝑛𝑜 = (1 +
𝐸𝑑

𝐸𝑜
)

1

2    (6) 

Additionally, Eo and Ed were verified using 

spectral moment calculations, as shown in equations 

(7) and (8): 

𝐸𝑜
2 =

𝑀−1

𝑀−3
    (7) 

𝐸𝑑
2 =

𝑀−1
3

𝑀−3
    (8) 

Thus, the slope extracted from the fitted line in the 

dispersion plot plays a foundational role in 

determining the dispersion energy (Ed), which, in turn, 

is critical for evaluating optical behavior, 

polarizability, and designing optoelectronic devices 

based on the material [34-35]. 

 

 
Fig. (5) Plot of (n2-1)-1 with (hν)2 for Ag2Se NPs 

 
Table (2) Some important optical characteristics that were 

estimated for the Ag2Se NPs 

 

Slope 0.01 

EoEd 100 

Eo
2 28 

Eo 5.291502622 

Eg 2.645751311 

Ed 18.89822365 

n2(0) 4.571428571 

no(0) 2.138089935 

ε 4.571428571 

M-1 3.571428571 

M-3 0.12755102 

 

Using the agar well diffusion method, the 

antibacterial activity of Ag2Se nanoparticles was 

assessed. To test the efficacy against P. aeruginosa 

and E. faecalis, Mueller-Hinton (MH) medium was 

distributed into sterile Petri dishes, and 20 mL of the 

medium was added to a liter of distilled water and 

heated with continuous stirring. Then, using sterile 

instruments, 6-mm-diameter wells were made in the 

agar medium, and various quantities of Ag2Se 

nanoparticles (12.5, 25, 50, 100 μg/mL) were 

introduced to the wells. After that, the plates with the 

samples and microbes were incubated for 24 hours at 

37°C. To ensure sterility, the MH medium was 

autoclaved at 121°C for 15 min. All the results of 

antibacterial activity at different concentrations are 

shown in figures (6) and (7), and in table (3). 

Manifested the inhibition zone in P. aeruginosa is 

higher than in E. faecalis, which shows an inhibition 

zone against P. aeruginosa was 24 mm, while it was 

13 mm against E. faecalis. The difference in the 

effectiveness of Ag2Se nanoparticles is attributed to 

the difference in cell wall composition between Gram-

positive and Gram-negative bacteria, with P. 

aeruginosa being more susceptible due to its thin wall. 

E. faecalis may also possess defense mechanisms that 

reduce the effectiveness of the particles. Therefore, it 

is likely that these biological and physiological 

differences between the two strains are what causes 

the disparity in inhibition zones. These activities 

increased with an increased concentration for both 

type of bacteria, therefore the Ag2Se nanoparticles are 

recommended as an Anti-bacterial material [37-39]. 

 

 
Fig. (6) Antimicrobial studies of various concentrations of Ag2Se 

NPs against P. aeruginosa (A) control, (B) 12.5 µg/mL, (C) 25 

µg/mL, (D) 50 µg/mL, and (E) 100 µg/mL 

 

 
Fig. (7) Antimicrobial studies of various concentrations of Ag2Se 

NPs against E. faecalis (A) control, (B) 12.5 µg/mL, (C) 25 

µg/mL, (D) 50 µg/mL, and (E) 100 µg/mL 

 
Table (3) The antimicrobial properties of Ag2Se NPs 

 

Antibacterial analysis (Zone of inhibition (mm) 

Sample A B C D E 

P. aeruginosa 6 24 28 30 36 

E. faecalis 6 13 16 18 22 

 

4. Conclusion 

Ag2Se nanoparticles were successfully synthesized 

using a simple and cost-effective co-precipitation 

method, yielding nanoparticles with good 

morphological and optical quality. This high quality 

can be attributed to the controlled reaction conditions 

of the co-precipitation process, which facilitated the 

formation of uniformly sized and well-dispersed 

nanoparticles. The moderate reaction rate, absence of 

secondary phases, and the purity of the precursors all 

contributed to producing highly crystalline and defect-

free nanoparticles, leading to enhanced optical 
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behavior and a homogeneous morphology. The high 

purity of the Ag2Se nanoparticles was confirmed, with 

no detectable impurities. These nanoparticles 

exhibited a homogeneous size distribution, with an 

average particle size of approximately 48 nm. The 

optical properties showed a strong absorption band 

around 250 nm. The Wemple-DiDomenico single-

oscillator model provided a good description of the 

refractive index dispersion. Finally, the synthesized 

Ag2Se nanoparticles demonstrated excellent 

antibacterial activity, indicating their potential for 

biomedical applications. 
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