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The manufacturing of doped semiconductor Ag2O.La2O3 (Ag-La) nanoparticles (NPs) in an alkaline 
medium at 60–70 °C is described in this paper, utilising a straightforward wet chemical procedure. 
Numerous tools are used to characterise Ag-La NPs, such as ultraviolet/visible spectroscopy (UV/Vis.), 
field emission scanning electron microscopy (FE-SEM), Fourier transform infrared spectroscopy (FTIR), 
and powder X-ray diffractometer (XRD). An X-ray diffraction analysis revealed that the Ag-doped Nps 
are polycrystalline in nature and crystallise in a hexagonal phase with crystallites oriented in various 
directions. The morphology of the particles shows layers of aggregation of different sized and shaped 
nanosheets. Studies on their optical properties, however, have revealed that absorption takes place in 
the 270–291 nm range and that the transmission value, which ranges from 30 to 64%, is influenced by 
the temperature during annealing. An increase in annealing temperature results in a corresponding 
drop in band gap energy, from 4.27 to 4.10 eV. 
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1. Introduction 

Nano structuring have been a promising strategy due to realize factorial 
of their prestigious physiochemical properties such as thermal stability, 
optical property, crystal structure, electrical conductivity, magnetic 
properties, mechanical strength, catalytic activity, and these materials 
receive greater research attention due to their application probability in 
different zones of technology [1,2]. Nanocomposites have become more 
commercially used due to their multiple technological uses in the 
production of multiple technological applications and an extensive variety 
of consumer products in the field of biological, food industry, 
pharmaceutical industries, chemical industries, sensing, energy 
conversion and storage devices etc., [3,4]. The increased development of 
the nanomaterial properties paved the way for researchers to produce 
innovative and novel materials in the future for the improvement 
possibility of the quality of life. In the same way, advance research on 
nanomaterials are showed that doped metal oxide nanomaterial by doping 
or co‒doping with transition or semiconductor metal ions in different 
proportions into pure intrinsic semiconductor due to their excellent and 
enhanced physiochemical properties [5,6]. 

Additionally, doped semiconductor nanostructure materials can be 
employed in newly designed electrodes as electron mediators in order to 
apply electrochemical sensing devices to detect different toxic substances 
in our ecosystem [7]. As a result, numerous research using various 
electrochemical techniques to probe different toxic compounds as well as 
biomolecules have been described, involving the use of doped or un-doped 
nanomaterials [8,9]. Due to their varying valence states, rare earth (RE) 
metal oxides have promising optical, magnetic, and electrical conductivity 
properties [10,11]. Lanthanum oxide (La2O3) has aroused great research 
interests due to its remarkable electrical, thermal, optical, stability, non‒
toxicity, biocompatibility and chemical properties [4]. Application of 
lanthanum oxide nanoparticles with antibacterial properties was 
developed by Muthu Lakshmi et al. using extract from leaves of 
Andrographis paniculata [2]. Electrochemical vapor deposition was used 
by No et al. to produce lanthanum oxide thin films, and their electrical 
characteristics were examined [12]. Nieminen et al. prepared a lanthanum 
oxide thin film, which they then examined for chemical stability in the 

surrounding air [13]. A lot of interest has been shown recently in Rare 
earth (RE) metal oxide, which varies in composition, texture, and 4f 
electron presence [14]. 

Additionally, La2O3 thin films are getting more attentions due to their 
numerous uses in glass ceramic, gas sensors, and super capacitors. 
Depending on the methods of film deposition and heat treatment, La2O3 
thin films can exist in a variety of crystalline phases, including cubic (c‒
La2O3), hexagonal (h‒La2O3), amorphous (a‒La2O3), and a combination of 
the phases [15]. 

Different techniques, including electrospinning, electrodeposition, and 
acoustically controlled microbubble formation, have been used to 
generate porous materials, which have improved their super capacitive, 
catalytic, and sensing capabilities, and as a result of two different species 
coexisting, mixed transition metal oxides have demonstrated the potential 
to enhance specific capacitance by diversifying redox processes [16,17]. 
Usually, Ag nanostructures are typically superior to other precious metals 
in terms of their physical and chemical properties [18]. As a result, they 
have been extensively researched and used in a variety of applications, 
including optical sensors, biological diagnostics, catalysis, 
microelectronics, etc.,. Also, Ag has demonstrated excellent antibacterial 
and antifungal activities due to its high cytotoxicity against a wide variety 
of microorganisms [19]. The unique qualities of lanthanum and silver 
nanoparticles—including their optical, magnetic, thermal, catalytic, 
sensing, electrochemical, antibacterial, and antioxidant capabilities have 
drawn a great deal of interest and in addition to the magnetic as well as 
multilevel storage property as an application in electrochemical 
metallization memory (ECM) devices [20]. According to this paradigm, we 
believe a promising method for detecting toxic compounds is the Ag 
doping in La materials. As of right now, the silver composite lanthanum 
substance has not been the subject of any such reports. As a result, in this 
work, lanthanum and silver were combined to synthesized doped 
semiconductor nanostructure metal oxides Ag2O‒La2O3 with improved 
electrical performance through wet chemical methods [21].  

Herein the synthesized doped semiconductor nanomaterial Ag2O‒La2O3 
was highly sensitive to thiourea (CH4N2S) based on sensor by using 
reliable electrochemical technique. SC‒(NH2)2 is the molecular formula for 
thiourea, commonly referred to as thiocarbamide, which is an 
organosulfur chemical. Owing to its toxic qualities, it contributes to 
pollution, which damage the ecosystem's sustainability. Even though 
thiourea is toxic, its derivatives work well for the administration of 
medications. It has been demonstrated through research that thiourea 
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derivatives have antibacterial, antioxidant, and HIV therapeutic 
applications. Nanomaterials have therefore been used as sensors for the 
adsorption of well-known toxic gases and drug delivery [22,23]. 
Therefore, in this study, we report the successful use of the simple 
versatile, economical and cost effective wet chemical procedure to 
synthesis of Ag‒La NPs and study the effect of annealing temperature on 
the structural, optical, and morphological characteristics of the prepared 
NPs. 
 

2. Experimental Methods  

2.1 Materials and Methods 

All of the analytical-grade chemicals utilised in this experiment were 
bought from the Indian branch of Sigma-Aldrich Chemise. The 
manufacture of doped Ag2O.La2O3 NPs was accomplished using a simple 
wet chemical procedure. In this procedure, 250 mL of an Erlenmeyer flask 
were filled with equimolar (0.1 M) solutions of reactive species LaCl3.7H2O 
(99.99%) and AgNO3 (99.9%), and was to homogenise the mixture 
frequent stirring was used.  As a stabilising agent for the de-agglomeration 
of precursors and product (nanoparticles), 100 mL of the thiourea 
(CH4N2S) same concentration was added to the same flask as well, and the 
flask was well shaken following the addition of thiourea. (2.0 M) solution 
of NaOH was added slowly so as to shift the pH of the medium at alkaline 
side and adjusted at 10. After that, the reaction flask was heated at 60-70 
°C for 4 hours with continuous stirring on electric hot plate in order to get 
the precipitates of Ag-La at the end point it was formed as a co-
precipitation and then it was filtered and washed with the plenty of 
distilled water plus acetone to remove the undesired impurities if present. 
Afterward it was dried at 100 °C in an oven for 10 hours. It was ground to 
create homogeneity after drying. The powder is then split into four 
portions. The first part is un-annealed, and the subsequent sections are 
annealed at various temperatures (500, 700, and 900 °C). After that, the 
sample is put through testing. 

 
2.2 Characterization 

In order to evaluate the crystallite phase and phase purity of the 
particles Rigaku Ultima III (CuKα, 40 kV, 40 mA, 1.54 Å) x-ray diffraction 
(XRD) unit was used with scan step of 0.02° (θ) in scanning range between 
10° and 80°. The morphology of Ag-La nanoparticles was investigated by 
(SEM) FESEM‒JEOL JEM‒6360 Mira‒3, Tascan, Republic of Czech. for the 
substance's purity verification, Fourier transform infrared (FT-IR JASCO-
4600) spectra were analysed from 400 to 4000 cm-1, the transmittance 
mode was used for this examination at room temperature. Optical 
characterizations were performed in the wavelength range of 300–900 nm 
by Ultraviolet–visible spectrophotometer (Perkin Elmer 45 UV–VIS). 

 

3. Results and Discussion 

3.1 Structural Properties: X-Ray Diffraction (XRD) Analysis 

The XRD patterns of Ag- La NPs, both un-annealed and annealed at 
different temperatures (500, 700, and 900 °C), are shown in Fig. 1. Using 
powdered XRD analysis, we looked at the crystallinity of our synthesised 
Nps in the (2θ) range of 10–80°, all of the diffraction peaks in the pattern 
may be indexed as the hexagonal phase. Additionally, even though the XRD 
patterns show peak widening prior to annealing due to the tiny size of the 
crystallites, the crisp diffraction peaks show excellent crystallisation of Ag-
La NPs. It was observed that every sample generated had a polycrystalline 
structure. The principal peaks are at 2θ = 28.8°, 38°, and 44.3°, with some 
weak peaks appearing, dependent on annealing, temperature. and many 
peaks for un-annealed sample that fade after annealing process.  

The data obtained from the experiment indicate the existence of several 
distinct peaks at certain angles at 2θ= 28.8° (100), 30° (101) 
corresponding to AgO2.La2O3 NPs [24-27]. 33° (111), 38° (011), 44.3° 
(200), 45° (211), 64° (204), 77.4° (311) corresponding to AgO2 [6, 28,29] 
and 15.8° (101) [30,31]. 23.7° (021), 24.2° (021), 26° (100), 39.5° (102) 
are related to La2O3 [6, 24, 25]. 

It is significant to observe that the NPs' crystallinity has improved after 
annealing at various temperatures Fig. 1. In addition, a fresh 
rearrangement of the crystal lattice causes the XRD to move to a low angle 
and produce new peaks [32]. There are many peaks in case of un-annealed 
particles, but after annealing, many peaks disappeared, and some shifted 
the location. The existence of several diffraction peaks with different 
strengths suggests that Ag-La is growing on different crystallographic 
planes, which is indicative of anisotropic growth. Peak intensity is shown 
to increase and full width at half maximum (FWHM) values to decrease 

with increasing annealing temperature. These patterns imply the 
existence of bigger crystallite sizes, which would enhance the quality of 
the crystals of the synthetic NPs [33–35]. The study found that when 
temperature rose, crystallite size increased, dislocation density, and strain 
decreased, as shown in Fig. 2(a and b) and Table 1. Grain boundaries are 
reduced as a result of the expansion of the crystal phase, which is caused 
by the enlargement of crystals through the fusion of microcrystals. The 
annealing process is responsible for the observed phenomena of greater 
crystallinity and increased crystallite size. This is because there is enough 
energy available for atomic diffusion towards more ordered places. 
Generally speaking, one of the best ways to reduce internal stresses in NPs 
materials is to apply heat treatment after deposition [36,37]. The 
crystallite grain size (D) in the film microstructure was calculated using 
the Scherrer formula [38],  

 

            𝐷 =  
𝐾𝜆

𝛽𝐶𝑜𝑠𝜃
                                                                         (1)                 

 

where k is a constant taken to be 0.94, λ is the X-ray wavelength (λ = 
0.1540598 nm), and β is the full width at half maximum value (FWHM) of 
the peak in radians. The relationship between dislocation density and 
lattice strain, particularly at the micro level, is widely acknowledged to 
exhibit a reduction as the size of crystallites rises, the reduced occurrence 
of grain boundaries in the NPs to the decrease in lattice defects as the size 
of the crystallite grows at higher temperatures [39]. 
 

 
Fig. 1 X-ray diffraction patterns of Ag-La NPs un-annealing and after annealing at 
various temperatures (500, 700, 900 °C) 

 
The length of dislocation lines per unit volume is defined by the 

dislocation density (δ). It represents the number of defects in the NPs and 
is estimated as [40]: 

 

      𝛿 =
1

𝐷2
                                                                                                    (2) 

The strain (ε) in the NPs microstructure is evaluated as [40]: 

        𝜀 =  
𝛽

 4 𝑡𝑎𝑛𝜃
                                                                                           (3) 

and interlayer distance calculated from the Bragg's law [41]: 

𝑑 =
𝑛𝜆

2𝑆𝑖𝑛𝜃
                                                                                           (4) 

 
Table 1 Variation of crystallites size, dislocation density δ, and lattice strain of Ag-La 
NPs un-annealing and after annealing at various temperatures (500, 700, 900 °C) 
 

Parameters Un-annealed at 500 °C at 700 °C at 900 °C 

D (nm) 19.06 19.26 20.3 20.88 

d (nm) 0.248 0.283 0.262 0.229 

δ×10-3 (nm-2) 3.57 4.68 3.05 3.01 

ε×10-3 9.16 8.43 7.2 6.8 
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Fig. 2 a) Variation of (ε) and (D), b) Variation of (δ) and (ε) with temperature of Ag-
La NPs un-annealing and after annealing at various temperatures (500, 700, 900 °C) 

 
3.2 Fourier Transform Infrared (FTIR) Spectra 

FTIR studies are crucial to establish the development of the samples 
nanocrystals and to detect any substances that have been adsorbed onto 
the film's surface. FTIR spectrum products for un-annealed and after-
annealed NPs were performed to understand these materials' structure 
and composition better. Fig. 3 displays the Fourier transform infrared 
(FTIR) spectra at room temperature in the range of 400–4000 cm-1 of Ag-
La NPs before and after annealing at different temperatures. Significantly, 
the recorded data exhibited prominent peaks falling within the spectral 
region of 1330–1520 cm-1, indicating the likely existence of C-H, peak at 
850 cm-1 that of stretching bond of C-Cl [ 42], a weak peak at 650 cm-1 that 
belongs to Ag-O [43] and a peak at 470 [44,32], 416 cm-1 [45] that belongs 
to La-O in case of un-annealed sample [27,32, 44]. But after annealing, new 
peaks appear at wave numbers 594 cm-1 [27]. 1098, 1058 cm-1 [44] and 
1179 cm-1 are corresponding to La-O, C=O [46,32], and S=O respectively 
[42]. 

Annealing at different temperatures has been seen to result in a solution 
suitable for guaranteeing the effective integration of Ag and La atoms. The 
position and strength of the peak vary as a result of doping and annealing. 
This clearly shows that there is a difference in the binding strength of the 
doping substance. Due to their superior adsorption capabilities and 
attractive uniformity, these Nps hold tremendous promise for 
constructing innovative, which employed for many industrial and 
environmental applications [47]. 

 

 
Fig. 3 FTIR spectrum of Ag-La NPs un-annealing and after annealing at various 
temperatures (500, 700, 900 °C) 

 
3.3 Morphological Properties: Field Emission Scanning Electron Microscopy (FE-SEM) 

The particle morphology before and after annealing at various 
temperatures is as shown in Fig. 4. The Ag-La particles had a considerable 
propensity to aggregate; the morphology of the samples varies with 
temperature, as was noticed. Fig. 4(a) shows there are a variety of 
morphologies, with distinct agglomerations and varied shapes and sizes 
for the un-annealing sample [48]. Particles consist of aggregates with flat 
shapes and almost no visible crystalline surfaces. Particles with rough, 
complex surfaces are seen in high magnification micrographs (Fig. 4(b)). 
This data suggests that the created particles may have originated from the 
annealing aggregation of smaller individuals (of nonmetric dimensions) at 
500 °C [49]. 

 
Fig. 4 FE-SEM of Ag-La NPs, (a) un-annealing and after annealing at various 
temperatures (b) 500 °C, (c) 700 °C, and (d) 900 °C 

 
The particles are made up of tiny, irregularly formed particles that are 

only a few micrometres in size [50,51]. An increase in particle size results 
in a smoother surface when the annealing temperature rises to 700 °C. 
According to electron micrographs, the constituent particles seem larger 
in size, and the strength of the particle aggregates weakens, forming 
compact nanosheets at the greatest annealing temperature 900 °C [52]. 

The rise in temperature resulted in an observed increase in the average 
grain sizes of the Ag-La NPs this can be attributed to the enhanced mobility 
of surface atoms and increased cluster formation. Consequently, the 
coalescence of smaller grains was expedited during the thermal 
processing stage [53-54]. 
 
3.4 UV–Vis Spectroscopy: Optical Properties 

The absorbance curve from the UV-VIS spectrophotometer as a function 
of wavelengths is displayed in Fig. 5(a). The NPs all exhibited high 
absorption in the ultraviolet region, with absorption edges in the 
electromagnetic spectrum's range of 270–291 nm with the highest 
intensity of 1.30 for un-annealed sample. After annealing, the absorption 
edge decrees, reaching a minimum value of absorption at 700 °C (0.28) 
before rising again at 900 °C to 0.400, while the Nps' absorption in the 
visible region increased as wavelength increased. Annealing causes 
materials to crystallize; the electrical structure of the material can change 
as it gets more crystalline, which changes the band structure and its 
absorption characteristics, which shifts the absorption edge. The optical 
transmittance spectra of Ag-La Nps are shown in Fig. 5(b). According to 
the findings, Ag-La Nps exhibit strong transmittance in the UV spectrum 
between 200 and 300 nm and increase with annealing temperatures, 
Table 2. 
 
Table 2 The variation of absorption, transmission, and bandgap energy of Ag-La NPs 
un-annealing and after annealing at various temperatures (500, 700, 900 °C) 
 

Parameters Un-annealed 500 °C 700 °C 900 °C 

Absorption (nm) 270 291 285 291 

Transmission (%) 30-27 39-30 64-51 50-32 

Eg(eV) 4.63 3.66 4.22 4.17 

 
Conversely, following annealing, transmittance curves gradually 

indicate drops in the visible area. Because of certain existing imperfections 
in the particles which are mostly caused by the Ag-La NPs surface 
roughness the transmittance value comparatively drops [55]. Larger 
crystal sizes produced by higher annealing temperatures have an impact 
on the specific surface area of the nanomaterial, which in turn affects light 
scattering. Still, there is a significant influence of phase composition and 
crystal diameters on the bandgap. Lower bandgap energies (Eg) have been 
caused by structural modifications and decreased interatomic separation 
as the annealing temperature has increased, Table 2. 
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The bandgap energy is significantly influenced by the thermal stresses 
and the quantum size impact encountered in the annealing. The increase 
in grain size seen in SEM pictures and XRD results is confirmed by the 
lower bandgap energies at higher annealing temperatures [56]. 
 

 
Fig. 5 a) Absorption spectra, b) transmittance spectrum of Ag-La NPs un-annealing 
and after annealing at various temperatures (500, 700, 900 °C) 

 

 
Fig. 6 The optical band gap Eg of Ag-La NPs un-annealing and after annealing at 
various temperatures (500, 700, 900 °C) 

 

 
Fig. 7 Variation of (Eg) and (D) of Ag-La NPs with annealing temperature 

 
The Tauc model is used to compute the energy band gap (Eg) of NPs [57]. 

(𝛼ℎ𝜈)2 = 𝐴(ℎ𝜈 − 𝐸𝑔)                                                                                  (5) 
 

where α is the absorption coefficient, hv is the photon energy, A is a 
constant, and Eg is the optical bandgap. The quantum size effect is 

responsible for the observed rise in Eg from 3.78 to 4.10 eV when the 
annealing temperature rises from 500 to 900 °C, indicating that Eg is highly 
sensitive to the annealing temperature [58]. The findings are displayed in 
Fig. 6 and Table 2. 

The observed phenomenon of the valence band shifting upwards and 
the conduction band shifting downwards can be explained by the enlarged 
defect levels at these specific sites, leading to the narrowing of the band 
gap. Furthermore, it has been discovered that there is a reduction in the Eg 
value as the grain size are grows Fig. 7. The observed behaviour can be 
ascribed to fluctuations in crystallinity, distribution of dopants, the 
quantum size effect, and stresses present within the films [59-61]. 
 

4. Conclusion 

The synthesis of lanthanum oxide doped with Ag is synthesised and 
XRD, FESEM, FTIR, and UV/Vis were used to characterise the structural, 
morphological, and optical properties of Ag2O.La2O3 NPs. Every sample's 
generated Nps crystallites, according to X-ray diffraction examination, are 
polycrystalline in nature and crystallise in a hexagonal phase with 
crystallites oriented in different directions. The results of the FTIR 
spectroscopy research demonstrate the variation of Ag-La Nps that were 
both un-annealed and annealed in air for two hours at various 
temperatures. Conversely, changes in annealing temperatures result in 
variations in the values of the band gap energy, transmission, and 
absorption. The fact that these results were produced with a common, 
affordable, alkaline wet chemical method makes them quite fascinating 
technique which has been used to produce this kind of doped oxide 
establishing the path for the possible commercialization of Nps in a range 
of applications, including sensing and photocatalysis. 
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