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Abstract - Recently, the well grown level of nanotechnology in various fields, the synthesis of nanoparticles 

was effectively carried out on Yttrium orthovanadate (YVO4) using a microwave-assisted technique with 

suitable temperature. Various microscopic and spectroscopic methods, including XRD, SEM, FTIR, UV, and PL 

were employed to characterize physical, chemical and optical properties of synthesized YVO4. The XRD results 

revealed purity of nanostructured YVO4 material. The SEM study discovered a highly porous, rough and 

irregular agglomerated surface morphology, suggesting the formation of YVO4 nanoparticles. Also, FT-IR 

analysis verified the presence of Y-O and VO4, indicating the formation of YVO4. Also optical properties from 

photoluminescence spectrum and UV–vis-NIR studies were carried out for its potential of optical applications. 

Additionally, TGA was used to assess thermal properties for the determination of thermal stability. The 

antibacterial characteristics were assessed using the agar method with S. aureus, E. coli, and human fungal 

pathogens like C. albicans. The results were favourable owing to synergetic effect of vanadium and yttrium, 

with yttrium ions enhancing structural stability and surface properties, which further enhanced antibacterial 

and antifungal activities. These findings suggest that microwave-assisted synthesis of YVO4 nanoparticles is 

effective for antimicrobial purposes and can be utilized in the biological industry.  

Keywords: PXRD; SEM;FTIR; UV; PL; Anti-microbial activity. 

1. 

Introduction 

Recent research has extensively focused on novel 

nanomaterials, such as nanoparticles (NPs), using 

various methodologies for comprehensive 

applications [1]. Since NPs exhibit numerous 

physical properties, which are essential in the field 

of optoelectronics for the development of various 

devices including laser diodes, light-emitting 

diodes (LEDs), display panels and photodetectors. 

Different types of nanoparticles (NPs) demonstrate 

enhanced photoluminescence (PL) energy transfer 

efficiency and tunable spectral properties, which 

contribute to the advancement of materials in 

optoelectronic and photonic research. In another 

context, various types of NPs are utilized in 

biological research since their ability to facilitate 

the attachment of multiple biomolecules [2]. NPs 

are predominantly classified into several 

categories, including carbon-based materials, 

polymer-based composite NPs, biomolecule-

derived NPs, and inorganic metal or metal oxide-

based nanomaterials [3]. Inorganic metal-based 

NPs are particularly significant in various research 

sectors because of their exceptional stability, 

tunable optical properties, magnetic behavior, and 

biocompatibility [4]. Furthermore, these 
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nanoparticles exhibit significant potential 

foroptoelectronic and biomedical applications [5]. 

In the optoelectronic field, nanoparticles introduce 

surface defects and new electronic levels within 

the bandgap, thereby enhancing 

photoluminescence properties [6]. Additionally, 

their nanoscale size allows for strong interactions 

with photons, resulting in unique absorption, 

scattering, and emission characteristics [7]. This 

makes them excellent materials for the 

development of photodetectors, solar cells, and 

bio imaging applications [8]. 

In the biomedical industry, these nanoparticles 

demonstrate notable performance through 

multifaceted mechanisms of action, which includes 

membrane disruption, Reactive  

Oxygen Species (ROS) generation, and binding to 

intracellular components [9]. The biomedical 

application of NPs has garnered significant interest 

in the management of various bacterial and fungal 

infections. The increasing prevalence of microbial 

organisms that have developed resistance to 

several conventional antibiotics necessitates in the 

progress of unique bactericidal agents, as this 

resistance imposes a significant burden on 

healthcare economies [10]. 

Yttrium orthovanadate (YVO4) is an important rare 

earth material that has garnered significant 

attention owing to its crystalline structure and 

favourable luminescent nature of high chemical 

stability with low energy of phonon [11]. In 

addition, it is considered an important host 

materials in rare earth elements due to their 

excellent thermal, optical and electrical 

conductivities [12]. The excellent optical 

performance of YVO4 contributes to enhancing the 

antibacterial activity by reducing the band gap, 

which is capable of generating Reactive Oxygen 

Species (ROS) that easily damage cell wall proteins 

and DNA [13]. Recent research has concluded that 

YVO4 exhibits antibacterial properties, particularly 

in addressing the challenge of increasing the 

number of multidrug-resistant pathogens. 

Antibacterial activity is used to treat bacterial 

infections by killing or inhibiting the growth of 

bacteria and prevents infection on medical devices 

and wound dressings. Antibacterial activity is 

related to compounds that locally kill bacteria or 

slow down their growth, without being in general 

toxic to surrounding tissue [14]. 

In this paper, we have reported our investigation 

results of synthesized nanostructured YVO4 

material is shown. The characterization of YVO4 is 

a crucial component of this research, as it is 

essential for determining the morphological 

features, crystallinity, thermal stability and optical 

properties, including the band gap and 

transmittance using the techniques employed 

included XRD, SEM, EDAX, FT-IR, UV, PL 

spectroscopy and TG/DTA. Moreover, we assessed 

the biological activity of the materials in case of 

two bacterial strains, S. aureus and E. coli, and one 

fungal strain, C. albicans, using the standard agar 

diffusion method. 

2. Materials and Methods  

2.1 Materials 

Yttrium Nitrate hexahydrate [Y(NO3)36H2O, 99.9% 

pure], ammonium metavanadate [NH4VO3], and 

sodium hydroxide pellets [NaOH, 98% pure] was 

obtained from SRL (India) and used without further 

treatment or purification for the synthesis of YVO4. 

The entire synthesis procedure was conducted 

using distilled water as solvent.  

2.2 Synthesis of YVO4 

Microwave-assisted method is the best method. 

Also, the microwave-assisted synthesis method 

resulted in smaller nanoparticles compared to the 

conventional approach. This is attributed to the 

fact that microwave heating facilitates rapid 

nucleation, which is advantageous for producing 

smaller and more uniform nanostructures in the 

final product [15].Yttrium nitrate hexahydrate 

[Y(NO3)3·6H2O] and ammonium metavanadate 

[NH4VO3] were dissolved in 100 mL of distilled 

water in the concentrations of 1 molar ratio and 

was stirred continuously until a transparent 

solution was obtained. Subsequently, sodium 

hydroxide (NaOH) pellets were added to the 

solution with 1:1 ration of concentration. After 

vigorous stirring for one hour, a white precipitate 

was formed. The precipitate was then neutralized 

to pH of 10 using NaOH. The solution was 

subjected to microwave treatment at 700 W for 15 

m. The specimen was thoroughly dried and filtered 
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using Whatmann filter paper which was washed 

multiple times using distilled water. An annealing 

process of this white precipitate was conducted in 

the muffle furnace at 650 °C for two hrs. Finally, 

the resulting samples were ground using a mortar 

and were collected for further characterization 

studies. The image of synthesized nanostructured 

YVO4 material is shown in Fig.1 

       

Fig. 1 Image of YVO4powder sample 

3. Results and Discussions 

3.1 X – Ray Diffraction Analysis 

Powder X Ray Diffraction (PXRD) is ageneral non-

destructive characterisation technique. It provides 

an important information about the purity, phase 

nature and lattice parameters in the quantitative 

analysis [16]. The crystalline character of YVO4 was 

found using Powder X-ray diffraction spectroscopy 

(XRD, which was obtained from the instrument X’ 

Pert PRO – PANalytical of Cu Kαradiation with 

spectral range 10 ° to 80 ° at a speed of 5°/min. 

Fig.2 shows the X-Ray Diffraction of the 

synthesized YVO4, which reveals several sharp 

diffraction peaks at the angle of 18.5°, 24.7°, 33.3°, 

35.4°, 40.4°, 44.8°, 49.6° and 51.1° with 

corresponding (h k l) value of (1 0 1), (2 0 0), (1 1 

2), (2 2 0), (3 0 1), (1 0 3), (3 1 2) and (4 0 0) planes, 

respectively with the reference of JCPDS file 17-

0341 [17] and it is identified the tetragonal zircon 

crystalline phase of YVO4. 

                                               

 

                                            Fig. 2 XRD pattern of the 

synthesized YVO4 

3.2 Morphological Analyses  

3.2.1 Scanning Electron Microscope (SEM) studies 

Scanning electron microscopy is an effective 

imaging method, to produce surface details with 

high resolution images. This technique is an 

indispensable tool for exploring vast range of 

applications in nanomaterials [18]. Fig.3 shows the 

SEM image of the synthesized YVO4, it reveals that 

the uniform semi – cylindrical domains were 

observed. It is due to the cluster of nanoparticles 

with size 113 nm and the determined average 

particle surface area size was 120 nm. The 

formation of slight elongation in its size was seen 

between 113.0 nm to 138.8nm. These values 

suggest a moderately narrow size distribution of 

YVO4, which was influenced by the agglomerated 

NPs [19]. Since, the usage of NaOH not only 

maintains the pH but also provides less 

agglomerated Yttrium orthovanadate particles. 

The rough surface and permeable nature of NPs 

are advantageous for enhancing surface-active 

sites, which are useful for diverse applications, 

such as antibacterial and catalytic performance. 
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Fig. 3 SEM image of YVO4 

 

3.2.2 Energy - Dispersive X-ray Analysis (EDAX) 

analysis 

Energy - Dispersive X-rayAnalysis(EDAX) is an 

essential technique which establish the basic 

information about the elemental composition 

analysis [20].The Fig.4 shows the presence of 

required elements in YVO4 which were analysed 

using Energy-Dispersive X-ray Analysis (EDAX, 

Oxford Instrument). 

 

Fig. 4 EDAX analysis of YVO4 

The EDAX spectrum of YVO4 confirm that YVO4 is 

chemically composed of Y, V, and O, with no 

detectable impurities. The atomic weight 

compositions (%) of the elements in the K shell 

were 18.22, 23.47, and 58.31% for Y, V, and O, 

respectively. The results obtained confirm the 

stoichiometric ratio of YVO4 as 1:1:4. 

 

3.2.3 FTIR Analysis 

FT – Raman analysis provides the detailed 

information about the various functional groups 

present in the compound. It is a molecular 

spectrum, hence it reveals the molecular band 

structure of the micro and macro molecules [21]. 

The YVO4 was characterized using Fourier 

Transform Infrared Spectroscopy (FT-IR, Perkin 

Elmer, Spectrum Two) in spectral range of 400 - 

4000 cm-1, with a scan speed of 20 nm/min. The 

type and range of band intensities are critical 

factors, as they provide insights into whether the 

structure is crystalline or amorphous [22].The 

spectrum is shown in the Fig.5.The asymmetric 

(tetrahedral) and symmetric V-O stretching 

vibrations of VO4
3- were found at 1020 cm-1 and 

819 cm-1. In addition, the Y-O or VO4 bending 

vibration band (lattice mode) was observed at 492 

cm-1. The bands serve as evidence for the 

formation of YVO4 and the other vibrational modes 

of V-O and Y-O bonds within the perovskite 

structure, aiding in the identification of the 

material and confirming its composition or any 

structural alterations. Furthermore, the broad 

band at approximately 3428 cm-1 is indicative of O-

H stretching vibrations, while another broad band 

at 1639 cm-1 belongs to H-O-H bending vibrations. 

These findings are consistent with EDAX studies. 

                                

 

                                          Fig. 5 FT-IR spectrum of 

YVO4 

 

3.3. Optical Studies  

3.3.1 UV-Vis-NIR Analysis 

UV – Vis spectrum offers the information about 

the materials reaction to its absorption in a 

particular wavelength. This method is frequently 
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applied to discover the potency, identification and 

purity of different materials [23].The optical 

properties, including absorption and transmission 

behaviors, were determined using UV-Vis 

spectroscopy within the wavelength range of 200-

1200 nm range (Perkin-Elmer Lambda 35 

spectrophotometer, 100 nm/min-1 scan speed, 1 

nm spectral bandwidth). Fig. 6 (a) shows the UV-

absorbance spectrum of YVO4, which is 

characterized by a broad peak at ~ 372 nm. This 

peak is likely attributable to an electronic 

transition between d band and p band, specifically 

from vanadium and yttrium atoms [24]. 

Fig. 6 (b) shows the UV-Transmittance spectra of 

the materials. It demonstrates low transparency 

within the 400 nm range, confirming strong 

absorption between 200-400 nm due to the p-d 

electronic transition [25]. As the wavelength 

increased, the transmittance also increased in the 

visible-NIR region. Moreover, increased 

transparency results in stronger emissions, which 

consequently reduces the re-absorption of emitted 

light. This characteristic is advantageous for the 

development of optoelectronic devices [26]. These 

highly transparent materials are recognized as 

hosts for a range of luminescent converters. 

Furthermore, increased transparency contributes 

to enhanced antibacterial activity, as the material 

is clean and effectively inhibits bacterial growth 

[27]. 

Using UV absorbance and transmittance spectrum, 

the bandgap was calculated using a Tauc plot from 

the UV-Vis absorption spectrum [28]. The equation 

is  

 (αhν)¹/ⁿ = A (hν - Eg) (1) 

Here, hν is the photon energy, α is the absorption 

coefficient, Eg is the optical band gap, A is a 

proportionality constant, and n is Tauc exponent, 

which depends on the type of band gap:  

n = 1/2 for a direct band gap and n = 2 for an 

indirect band gap. The graph Fig.6 (c)was plotted 

against (αhν) versus energy and the obtained value 

was 3.2 eV is in consistent with earlier reported 

[29]. This direct band gap graph confirms the 

semiconducting nature of YVO4 [30]. The wide 

bandgap facilitates ultraviolet and visible light 

emission, rendering it suitable for applications in 

photo electronic devices [31]. Furthermore, the 

band gap is pertinent to antibacterial studies, as a 

higher band gap facilitates the formation of 

electron-hole pairs that readily react with oxygen 

to generate Reactive Oxygen Species (ROS), which 

eradicates bacteria on surfaces [32].  
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Fig. 6 (a) UV Absorbance of YVO4 

                                          

 

                                            Fig. 6 (b) Transmittance 

spectra of YVO4 

 

Fig. 6 (c) Band gap determination graph of YVO4 
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3.3.2 Photoluminescence (PL)  

Photoluminescence is a well-known effective 

technique used broadly to find the different 

impurities present in the substances and it has 

various applications in both optical science and 

technology. This emission spectrum is very much 

useful to identify the surface impurity level and 

interface roughness [33]. The PL spectrum of YVO4 

is presented in Fig.7. There are three emission 

peaks were identified at 409 (blue) nm, 573 

(yellow) nm, and 627 (red) nm. The first peak at 

409 nm reveals to the near-band-edge PL peak, 

which is attributed to charge transfer within the 

VO4
2- tetrahedral groups. This transition involves 

the movement from oxygen 2p orbital to 

vanadium 3p orbital through radiative 

recombination. Beyond 400 nm, the YVO4 

nanoparticles exhibits an intrinsic charge-transfer 

of emissions within (VO4
3-) groups, such exhibited 

energies being presented with the energy gap [34].  

This emission further substantiates the role of the 

host lattice in the PL response of YVO4. The yellow 

emission (573 nm) was associated with the oxygen 

vacancies present in VO4
2- . While the red emission 

at 627 nm signifies deep-level V-related defects. 

These PL spectra confirm that the material 

possesses optical properties which are suitable for 

OLED applications and also due to 409 nm near-

band edge and luminescence pathway, also 

beneficial for photocatalytic process and bio 

imaging applications [35].  
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         Fig. 7 Represents the PL spectrum of the YVO4 

3.4 Thermogravimetric and Differential Thermal 

Analyses (TG/DTA) 

In general TGA, is employed to examine the 

temperature degradation, content of absorbed 

moisture and decomposition state. In DTA, the 

temperature variation between the specimen and 

inner substances is analysed as the function of 

applied temperature [36]. The thermal stability of 

the material was analyzed using the TGA, SII 

Nanotechnology Inc., Japan, EXSTAR6200 TG/DTA, 

and Perkin Elmer, TGA 4000. The TGA and DTA 

curves of YVO4 are presented in Fig.8.In TGA curve 

there are three distinct stages of weight loss were 

observed at 101 °C, 350 °C and 585 °C temperature 

the initial stage, which occurred below 100 °C, 

indicated the desorption of water molecules and 

the next gradual weight loss, observed between 

100 °C to 350 °C, suggests the removal of 

additional impurities, such as nitrate or hydroxyl 

moieties. From the range of 350 °C to 500 °C, only 

a minor weight loss (5.2 %) was recorded [37] 

demonstrating the excellent thermal stability of 

YVO4. At 210°C, gradually weight loss was 

observed at 97 mg and then even at 600 °C, the 

material remained stable, confirming its suitability 

for high-temperature applications, such as 

photonics and antibacterial coatings. The DTA 

curve reveals the presence of minor endothermic 

peak between 51 °C to 55 °C is an indicative of the 

evaporation of absorbed water molecules in the 

synthesis process. Also above 100 °C corresponds 

to the decomposition of the initial material 

moieties, such as nitrate and carbonyl sources. 
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                                                      Fig. 8 TG/DTA curve 

of YVO4 
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The overall findings from the TGA and DTA 

analyses indicate that YVO4 exhibit excellent 

thermal stability, making it suitable for various 

applications. This is because thermal resistance is 

crucial in numerous fields of research. 

Furthermore, the enhanced thermal stability 

significantly improved the PL properties of YVO4. 

This is attributed to the stabilization of defect 

states, reduction of quenching, and preservation 

of both the surface and crystal structures [38]. 

 

3.5 Biological Evaluation 

Antibacterial activity is an essential tool in 

nanomaterial’s medicinal applications. It 

represents the chemical which limits or completely 

destroy the growth of bacteria in a particular level 

despite being non-toxic to the enclosing region. 

Also this activity, reveals the ability of the 

substances to the zone of inhibition [39]. The 

antibacterial and antifungal properties of YVO4 

were evaluated using the agar disk diffusion 

method [40].Before this experimental procedure, 

bacterial cultures were maintained on nutrient 

agar medium and fungal cultures were maintained 

on potato dextrose agar (PDA) medium. The YVO4 

samples were prepared at a concentration of 100 

µg mL − in methanol. The test microorganisms was 

inoculated inside the respective medium by the 

spread plate method, using 10 µL of a 10 cells/mL 

suspension, with 24-hour cultures of bacterial 

growth in nutrient broth. Subsequent to 

solidification, filter paper wells with a diameter of 

5 mm, impregnated with the extracts, was laid 

down on the plates inoculated with the test 

organisms. Amoxicillin (10 μg) was utilised as the 

standard antibacterial agent. The antibacterial 

assay plates was incubated at 37°C for 24 h. The 

diameters of the inhibition zones was measured in 

millimetres, and the antifungal properties was 

analysed. Potato dextrose agar plates was 

inoculated with each fungal culture, which was 10 

days old, using point inoculation. Filter paper 

wells, each with a diameter of 5 mm and 

impregnated with 100 μg of the synthesized YVO4 

NPs, was deposited in the plates seeded with the 

test organisms. Fluconazole, at a concentration of 

10 μg per well, served as the positive control. The 

antimicrobial activity was assessed after 72 h of 

incubation at 28°C, and the diameters of the 

inhibition zones were measured in millimetres 

[41,42]. 

In this study, we evaluated the antibacterial and 

antifungal properties against the Gram-positive 

bacterium S. aureus, the Gram-negative bacterium 

E. coli, and the fungus C. albicans using the agar 

well diffusion method. Fig.9 (a) and (b) represent 

the antibacterial study plates containing S. aureus 

and E. coli. At where, amoxicillin was used as the 

standard reference. Upon increasing the 

concentration of YVO4, an enhancement in the 

incubation zone was observed. Using these 

images, we calculated the Zone of Inhibition (ZOI), 

with the results depicted in the bar diagram in 

Fig.9 (c) and (d).At a maximum concentration of 30 

µL, the inhibition zones measured 16 mm and 18 

mm for S. aureus and E. coli, respectively, 

indicating effective results. Fig.10 (a) illustrates the 

antifungal study conducted on a plate with C. 

albicans present. The results indicated that 

increasing the concentration of the material 

enhanced the zone of inhibition, suggesting that 

the material is an optimal antifungal agent against 

C. albicans. Fluconazole was used as the reference 

drug in this study.  

Table 1. Antibacterial activity data of YVO4 

 

S.N

o 

 

Pathogenic 

bacteria 

 

Zone of 

inhibition 

(mm) 

 

Standard 

(Amoxicilli

n) 

1

0 

2

0 

3

0 

 

μ

g 

μ

g 

μ

g 

1. Staphylococc

us aureus 

0

5 

0

9 

1

6 

22 

2. E. coli 0

5 

1

1 

1

8 

22 

                                                                                  Table 2. Antifungal activity 

data of YVO4 
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S.No Pathogenic Fungi Zone of inhibition (mm) Standard (Fluconazole) 

10 μg 20 μg 30 μg  

1. Candida albicans 05 09 12 18 



 

291 

 

 

 

                 Fig. 9 Images of (a) S. aures and (b) E. 

coliand Zone of inhibition of  

                                                  (c) S. aures and (d) E. 

coli 

The experiment was conducted in triplicates (n=3). 

A zone of inhibition bar diagram is shown in Fig.10 

(b). The maximum Zone Of Inhibition (ZOI) of 12 

mm was observed when 30 µL of the material was 

used. This  mechanism involves photodynamic 

effects, wherein the materials generate Reactive 

Oxygen Species (ROS) upon exposure to light, 

which subsequently damage the cell wall and 

effectively kill bacteria and fungi, which 

significantly contribute to the antibacterial 

properties of the material by promoting the overall 

findings indicate that the synthesized material 

functions as an effective antibacterial and 

antifungal agent. 

 

Fig. 10Antifungal activity of  

(a) C. albicans (b) zone of inhibition 

 

 

 

4. Conclusion 

In this study, we successfully synthesized YVO4 

using a time-efficient and environmental friendly 

microwave-assisted method. The tetragonal 

crystallinity nature of the compound was retained 

and it was confirmed by powder XRD. The uniform 

semi cylindrical domain image were confirmed by 

SEM analysis.  The presence of VO4
2- functional 

groups in YVO4 was confirmed by FT-IR analysis. 

The presence of vanadium (V), yttrium (Y), and 

oxygen (O), along with their correct stoichiometric 

composition (1:1:4), was successfully assessed 

using EDAX. The UV-vis NIR spectrum of 

absorbance at 372 nm was observed in broad peak 

and the energy gap calculated value was 3.2 eV. 

The material demonstrated good thermal stability, 

even at elevated temperatures, as confirmed by 

TG/DTA studies. The biological evaluation of the 

compound illustrates that the increasing 

concentration of the material enhanced the zone 

of inhibition. It is concluded that the material is an 

optimal antifungal agent against Candida albicans. 

Moreover, the antibacterial and antifungal 

evaluation results showed an improved ZOI owing 

to the material's ability to readily interact with the 

bacterial cell wall, leading to the destruction of 

bacteria and fungi. With the continuous increase in 

bacterial resistance to existing antibiotics, it is 

crucial to discover new antimicrobial sources 

toaddress this global public health issue. The 

potential optical application of YVO4 is confirmed 

with PL studies for OLED device applications. 
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