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Abstract: Biocompatible Ag2Onanoparticles have been developed using L-Cysteine biomolecule as a 

capping molecule via the elementary co-precipitation method resulting in a stable, efficient, and pure 

crystal phase of silver oxide nanoparticles at room temperature. Optical, structural, morphological, and 

compositional measurements indicated that L-Cysteine plays a crucial role in the synthesis because of 

the better surface passivation and stability of Ag2O nanoparticles. The face-centered cubic phase 

structure is evident from the XRD pattern, and the particle size was calculated using the Scherrer 

formula, which is obtained in the range of 50 nm and 76 nm. The present synthetic approach is simple, 

eco-friendly (non-toxic), and as obtained, silver oxide nanoparticles can be used for photocatalytic and 

display applications. 
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1. Introduction 

Silver oxide (Ag2O) is a dark brown powder, the most thermodynamically stable and 

common oxide powder of silver [1]. Ag2O has a p-type semiconductor nature with a reported 

band gap of 1.46 eV [2, 3]. Silver oxide nanoparticles show good optical [4] and fluorescence 

[5] properties, presently a subject of great care due to their multiple applications, including 

materials for catalysis, gas sensors, solid oxide fuel cells, and battery applications. Nowadays, 

nanomaterials play a vital role in many applications due to their outstanding physical and 

chemical properties, significantly different from bulk materials. Silver oxide is used in different 

applications because of the low bandgap energy in Ag2O; this material has been examined in 

applications such as light-absorbing in photovoltaic cells [6], visible light photocatalyst [7] and 

has the potential to participate in data storage devices [8]. Numerous methods, including 

precipitation from solution [9], microwave-assisted method [10], hydrothermal synthesis [11], 

sol-gel [12], solvothermal method [13], and polyol method [14] have been used to prepare 

silver oxide nanoparticles with different morphologies and size such as nanobelts, nanospheres, 

nanofibres, nanoflowers, etc. The co-precipitation method has been an extensively proficient 

assembly of homogeneous high-purity and crystalline oxide at a low cost. Also, a simple 

procedure allows scaling up for mass production [15-26]. Surfactant addition during 
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nanoparticle synthesis helps prevent aggregation, regulating the growth and particle size [27, 

28].  

The synthesis of sheet shape Ag2O nanomaterials by an ultra-sonification method using 

urea as a reducing agent [29]. In the production of Ag2O nanoparticles, its optical and structural 

properties are changed by several factors, such as the pH of the electrolyte, type of current 

(direct current and pulsating direct current), and the annealing temperature by using 

Electrochemical Spark Process [30]. However, it is still a challenge to develop an efficient 

route for fabricating the Ag2O nanoparticles with preferred morphology. 

The present study investigates the synthesis of biocompatible, ecofriendly, efficient, 

and stable  Ag2O nanoparticles via the co-precipitation method. This simple procedure allows 

scaling up for mass production in open-air conditions. Using non-toxic, environmentally 

friendly Biomolecule L-Cysteine as a capping molecule to stabilize the Ag2O nanoparticles, 

particle size could be finely tuned. Prepared samples were further characterized by UV-Visible, 

photoluminescence, X-ray diffraction, FTIR, and SEM Studies to confirm their purity, 

morphology, and size tailored optoelectronic properties. 

2. Materials and Methods 

2.1. Sample preparation. 

The chemicals used in the preparation of L-Cysteine capped silver nanoparticles are as 

follows:  silver nitrate (Ag(NO3)3.6H2O), sodium hydroxide (NaOH), L-Cysteine and distilled 

water. All the chemicals are of AR grade and were used without further purification. 

The biocompatible silver oxide (Ag2O) nanoparticles of different sizes were 

synthesized by the co-precipitation method at room temperature. A solution of 0.05 M  of silver 

nitrate hexahydrate, 0.1 M of sodium hydroxide, and 5 mM and  50 mM of Biomolecule L-

Cysteine was prepared by dissolving a known amount of Ag(NO3)36H2O, NaOH pellet, and  

L-Cysteine in distilled water in separate beakers. Initially, 5 mM of 10 ml, 50 mM of 10 ml L-

Cysteine solution was added to 20 ml of aqueous silver nitrate solution taken in two separate 

flasks. Later,  and named S1 and S2, this mixture was stirred for about 30 minutes. Later, by 

adding 7 drops of aqueous NaOH solution slowly to the S1 and S2 mixture. This whole mixture 

was further stirred for about 20 minutes. The brown black-colored colloidal silver oxide 

nanoparticles were formed. Later, the material was washed with double distilled water and 

collected for further process.  

2.2. Sample characterization 

Structural and optical properties of developed samples were analyzed by various 

characterization techniques. Optical absorption measurements were carried out using V-760 

UV-Visible Spectrophotometer, Photoluminescence (PL) spectra were collected using Horiba 

fluromax-4 spectrofluorometer, FTIR spectra were recorded from Thermo Scientific, 

NICOLET iN10,  Phase and purity the sample was analyzed by X-ray diffraction studies from 

Bruker D8Advance X-ray diffractometer using Cu k Alpha radiation of wavelength 1.5418Ȧ 

with time per step of 0.3 seconds with an increment of 0.02 degree, morphological studies of 

the sample was analyzed by SEM characterization technique using EVO LS MODEL Carl 

Zeiss make SEM instrument. 
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3. Results and Discussion 

Ag2O nanoparticles are synthesized by co-precipitation method at room temperature to 

assess optical characteristics; a UV-Visible measurement of the samples was carried out. Figure 

1 shows the optical characteristics of as-synthesized Ag2O nanoparticles in the wavelength 

range of about 200 – 800 nm. The blue shift of absorption peak for the sample is a clear 

indication that the particles are in a quantum regime. 

 
Figure 1. The optical absorption spectrum of Ag2O nanoparticles. 

Figure 2 shows the photoluminescence spectrum of as-synthesized Ag2O nanoparticles 

in the 200-500 nm wavelength range. With an excitation wavelength of 290 nm. The emission 

peak at 369 nm for sample S1 can be attributed to the band edge emission. There is no trap 

emission peak, indicating that better passivation of the surface of Ag2O nanoparticles. 

Figure 3 shows the calculated energy band gap by plotting energy in eV v/s (αhν)2. The 

energy bandgap can be estimated by extrapolating the linear region of the absorption line using 

Tauc’s plot. The bandgap value is obtained as 3.88 eV. 

 
Figure 2. Photoluminescence spectrum of Ag2O nanoparticles. 

The characteristic transmission band at 534 cm-1 corresponds to the Ag-O stretching 

vibration mode. The band observed around 2900 cm-1 is due to C-H stretching vibrations. The 
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clear absence of the S-H stretching band at 2550 cm-1 indicates the binding of L-cysteine 

molecules to the Ag. The band at 1400 cm-1 is due to the stretching vibration of C-O. The band 

at 1590 cm-1 is due to the carboxylate group. Moreover, the lattice vibration mode appearing 

at the 534 cm-1 wavenumbers is recognized as the Ag-O vibration bond, which is the 

characteristic bond of cubic Ag2O. It indicates that L-Cysteine molecules are strongly bound 

to the Ag2O particles. All the vibration peaks assigned in the spectrum are in agreement with 

the pure material that has been used in the present study. 

 
Figure 3. Tauc plot of Ag2O nanoparticles. 

The purity and crystallinity of the as-synthesized Ag2O samples have been studied 

using X-ray powder analysis. Figure 5 illustrates the X-ray diffraction patterns of Ag2O 

particles prepared by varying molarity of the capping molecule L-Cysteine as 0.005 M, and 

0.05 M, respectively. 

 
Figure 4. FTIR spectrum of L-Cysteine capped Ag2O nanoparticles. 
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(a)      (b) 
Figure 5. XRD spectrum of Ag2O nanoparticles. 

It can be seen from Figure 5 the diffraction peaks at 28 o, 38o, 44.26o, 64.39o, and 77.39o 

are indexed to the (110), ( 111), (200), (220), (222),  and (311)  plane of the pure Ag2O which 

indicated that the pure Ag2O was the main phase of the nanoparticle. Here (h k l) values of all 

the peaks are mixed, and observing the peaks for any value of (h k l) values indicates that 

prepared silver oxide is a face-simple cubic crystal lattice (JCPDS(04–0783)). 

The sharp and strong diffraction peaks in Figure 5(a,b)  for the samples S1 and S2 reveal 

that the as-prepared samples are well crystallized. Also, the diffraction peaks from other species 

could not be identified. This elucidates the purity of the obtained samples. According to the X-

ray diffraction patterns, the crystallite diameters of samples S1and S2 have been respectively 

calculated as 76 nm and 50 nm using Debye Scherrer [31-33] equation.  

The surface morphology of the samples has been analyzed using SEM analysis, and the 

Scanning Electron Microscopy (SEM) images are shown in Figure 6 of the sample S2. The 

capping molecule environment (L-Cysteine) plays a vital role in its surface morphology when 

preparing Ag2O nanoparticles. Images also display that sample S2 is composed of small 

crystallites and shows the irregular particles with softness agglomeration. 

 
Figure 6. SEM images of Ag2O nanoparticles. 

When the environment of the solute is highly neutral, i.e., (ph=7), the small 

nanoparticles of Ag2O aggregate gradually evolve into the cotton fabric-like assembly, in 

which minimum energy is required to form the silver oxide particles. It may be due to the 
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nucleation effect of nanoparticles. It is described that the capping molecule used in the co-

precipitation method has an acute and significant impact on the final product. 

4. Conclusions 

An ecofriendly aqueous approach is used to develop highly crystalline silver oxide 

nanoparticles at room temperature using biomolecule L-cysteine as the capping agent. The 

optical and structural analysis confirmed that silver oxide nanoparticles of different sizes were 

obtained by changing the concentration of L-Cysteine during the synthesis process. XRD has 

been ascertained the face-centered cubic structure with crystallite sizes 76 nm and 50 nm of 

Ag2O. The functional group vibrations have been confirmed through FT-IR analysis. The 

aggregated irregular nanoparticles are evolved. The irregular morphology of nanoparticles is 

confirmed through SEM analysis. The band-to-band transition has been observed at 3.30 eV in 

the photoluminescence study. The optimized sample is believed to be suitable for 

photocatalytic and sensor applications from the above analyses. 
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