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Abstract 

The Pyrochlore type Yttrium Titanate (Y2Ti2O7) nanoparticle (YTO) was successfully synthesized by microwave 

assisted method with the suitable temperature conditions. To analyze, several properties of physical, chemical, 

optical and biological nature, the synthesized Y2Ti2O7 (YTO) nanoparticle was employed to such studies 

including XRD, SEM, EDAX, FTIR, UV-vis-NIR, PL, TG/DTA and anti-microbial activities. The XRD results confirmed 

the lack of secondary phases associated with the Y - Ti - O complex structure. In the morphological result 

shows the uniform semi-cylindrical domains were eventually identified and distributed with the presence of 

Yttrium and Titanium oxides which suggesting the formation of Y2Ti2O7  (YTO) nanoparticles using SEM and 

EDAX analysis. Also, FTIR shows the Y – O stretching vibration and Ti4+ complex, in the synthesized Y2Ti2O7 (YTO) 

nanoparticle. For its potential optical applications, the optical studies were carried out from PL spectrum and 

UV-vis-NIR with Tauc plot analyses of straight energy transition in the range of band gap (3.2 eV). Moreover, 

TG/DTA was used to analyze the thermal nature of the nanoparticle, for the determination of its thermal 

stability. In addition, EDAX examination revealed that the synthesized Y2Ti2O7 (YTO) nanoparticle includes solely 

Y, Ti and O with no impurities. The biological application of Y2Ti2O7 (YTO) nanoparticle was confirmed with anti-

bacterial and anti-fungal activities including the zone of inhibition of organisms was dose dependently 

increased. 

Keyword: PXRD, SEM, EDAX, FTIR, UV, PL, TG/DTA, Anti-microbial activity. 

1. Introduction 

In recent years, rare earth elements gained 

significant interest due to their distinctive potential 

applications across various domains [1-4]. In these 

elements, Pyrochlore - structured nanomaterial 

Y2Ti2O7 (YTO) nanoparticle is recognized for their 

stability as complex oxides under rigorous 

conditions of irradiation, excessive temperatures 

and high pressure [5, 6]. These types of 

nanomaterials possess magnetic, catalytic, high 

melting points, less thermal conductivity and 

exhibit outstanding chemical stability and 

mechanical stability [7, 8]. Y2Ti2O7 (YTO) 

nanoparticle is prominent material for its 

effectiveness as a superior ionic conductor and 

exhibits exceptional microwave dielectric 

attributes [9, 10]. It is an insulator material with 

band gap energy of about 3.2 eV, characterized by 

electronic density of states emerging from the 

combination of O-2p states along with Ti-3d and Y-

4d states in Y2Ti2O7 (YTO) nanoparticle [11]. Y2Ti2O7 

(YTO) nanoparticle can be synthesized through 

various routes such as sol gel method, pechini 

approach, co-precipiation and solvothermal 

method [12-14]. Among these methods, the 

microwave – assisted precipitation route provides 

several benefits such as rapid, consistent heating 

with negligible loss of energy and production of 
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high-purity materials with reduced structural flaws 

[15]. Microwaves can permeate into the 

nanomaterials and engage directly with the 

internal atoms to produce heat, in contrast to 

traditional conventional heating which occurs from 

the exterior to the interior [16]. 

Several researchers have attempted with Y2Ti2O7 

(YTO) nanoparticle as dopants, nanocomposites for 

various photocatalytic, Oxide Dispersion 

Strengthened (ODS) steels and photovoltaics 

applications such as Zhang et al. have reported Si-

doped with Y2Ti2O7 (YTO) nanoparticle ceramics 

through sol-gel method with electromagnetic wave 

absorption application [17]. The Y2Ti2O7 (YTO) 

nanoparticle ceramic is regarded as a potential 

microwave – absorbing material based on its 

pyrochlore structure and superior chemical 

stability; however, its practical application has 

been constrained by low intrinsic dielectric loss 

and a narrow absorption bandwidth [18]. This 

study proposed the photochemical synthesis of 

Y2Ti2O7 (YTO) nanoparticle for the photocatalytic 

chemical degradation of brilliant green (BG) and 

the disinfection of Escherichia coli (E. coli) [19]. 

Owing to the above nature in the work we have 

chosen Y2Ti2O7 (YTO) nanoparticle to analyze for 

both luminescence and biomedical applications. 

There is a significant biomedical application in anti-

bacterial and anti-fungal action of synthesized 

nanoparticles against bacteria such as 

Staphylococcus species and E.coli were carried out. 

Anti-bacterial activity is applied to treat the 

bacterial infections by killing or inhibiting the 

growth of bacterial and prevents infection on 

medical devices and wound dressings.  

In the current research work, the Y2Ti2O7 (YTO) 

nanoparticles are synthesized by the microwave - 

assisted precipitation process. The structural, 

morphological, elemental, optical and the thermal 

properties of Y2Ti2O7 (YTO) nanoparticle are 

examined using powder XRD, SEM, EDAX, FTIR, UV-

vis-NIR, PL and TG/DTA analyses were reported. 

Furthermore, the anti-microbial applications of 

Y2Ti2O7 (YTO) nanoparticle are primarily 

investigated using anti-microbial activities which 

are extensively utilized in bio-medical fields. 

 

2.  Materials And Methods 

2.1 Synthesis of Y2Ti2O7 nanoparticle using 

Microwave Assisted method 

 The chemicals, such as Yttrium Nitrate 

hexahydrate [Y(NO3)3. 6H2O 99.9% pure], Titanium 

Chloride [TiCl4] and sodium hydroxide pellets 

[NaOH 98% pure], were procured from SRL (India) 

and utilized without any treatment and 

purification.  

 A translucent solution was created by 

Yttrium Nitrate Hexahydrate [Y(NO3)3. 6H2O] (3.83 

g) and Titanium Chloride [TiCl4] (1.89 g) in 100 ml 

solution of distilled water and are stirred 

constantly with equal molar ratio. After obtaining 

clear solution, sodium hydroxide pellets [NaOH] 

(2.8 g) were added. A white precipitate formed 

after an hour of intense stirring. NaOH was then 

used to neutralize the resultant white precipitate 

solution to pH 12. For fifteen minutes, the resulting 

solution was heated with power (700 W) in a 

microwave. The precipitate was completely dried 

and washed with distilled water which was then 

filtered in Whatmann filter paper . A muffle 

furnace was used for the additional annealing step, 

which lasted two hours at 850 °C. The obtained 

nanoparticles was collected for characterisation 

analyses after being finely ground in a mortar as 

shown in Fig.1. 

 

Fig. 1 Image of Yttrium Titanate (Y2Ti2O7) 

nanoparticle 

3. Results And Discussions 

3.1 Powder X-Ray Diffraction (PXRD) Analysis  

In nanotechnology, Powder X-ray Diffraction 

(PXRD) is a non-invasive and effective technique 

employed to analyse nanomaterials with diameters 

from 1 to 100 nm. X-ray wavelengths perform at 
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the atomic scale, facilitating XRD to efficiently 

elucidate structural features including phase 

composition, crystallite size and lattice strain. 

Powder X-ray diffraction has been extensively used 

for the identification of sample components 

through search/match analysis from JCPDS [20]. 

The structural quality of the synthesized Y2Ti2O7 

(YTO) nanoparticle using microwave - assisted 

method was obtained from the PXRD instrument 

X’pert PRO – PANalytical of Cu Kα radiation, 

covering spectral region of 10 ° to 80 °at a rate of 

5°/min. From the results mentioned in the Fig. 2 

indicated that, a good match between the 

diffraction patterns obtained from JCPDS no. 89-

2065 was found. The strong diffraction peaks of 2θ 

values observed was 29.12°, 30.60°, 50.96° and 

60.88° corresponds to the hkl values of (3 1 1), (2 2 

2), (4 4 0) and (6 2 2). The phase purity of the 

formed nanoparticle was confirmed by the lack of 

secondary phases associated with the Y-Ti-O 

complex structure. In this diffraction pattern 

exhibits the pyrochlore - oxide structure of FCC 

(Face Centered Cubic) lattice parameter in the 

space group of Fd3m was relevant with the 

reported [21]. Furthermore, it was known that 

when the cation antisite disorder rises, the 

pyrochlore structure transforms into a defect 

fluorite structure by order-disorder 

transformation. No other impure particle phases of 

Y2O3 and TiO2 were deducted which confirms the 

pure nature of Y2Ti2O7 (YTO) nanoparticles. 

Additionally, the ratio of intensity of the (3 3 1) and 

(4 0 0) reflections can be used to quantify the 

standard of cation antisite disorder. 

The predicted point of 0.71 for a structure of 

pyrochlore was reported, which was [22] 

extremely near to the estimated I331/I400 ratio of 

approximately 0.79 for the Y2Ti2O7 (YTO) 

nanoparticle in our study. 
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Fig. 2 Powder X-ray diffraction pattern of Yttrium 

Titanate (Y2Ti2O7) nanoparticle 

3.2 Morphological Analyses 

3.2.1 Scanning Electron Microscope (SEM) 

analysis  

Scanning Electron Microscopy (SEM) is considered 

as a versatile technology for the analysis of nano 

and micro-structures, with diverse area of 

applications. This technique demonstrates findings 

about the topograph and composition of the 

surfaces. It captures data obtained from signals 

generated by certain interactions with the material 

compositions. SEM conveys knowledge about the 

characteristics property like surface topograph, 

composition, morphology and information about 

the crystallographic nature [23]. In this study, SEM 

was used to perform morphological analysis in 

order to further examine the impact of Yttrium 

Titanate Y2Ti2O7 (YTO) nanoparticle Fig. 3. The 

instrument Carel Zeiss, model Evo 18 was 

employed to carry out the microscopic 

characterisation. The results indicated that, the 

produced Yttrium Titanate Y2Ti2O7 (YTO) 

nanoparticle showed annular shape with the good 

quality and nanosize of 99.32 nm. Fig. 3 shows the 

SEM image of the synthesized Y2Ti2O7 (YTO) 

nanoparticle with rod like structure in few 

nanoparticles. Most of the Y2Ti2O7 (YTO) 

nanoparticles shows a uniform semi-cylindrical 

domains which was due to the cluster of its 99.32 

nm size. Also, as it is seen in the Fig. 3 the majority 

of pyrochlore particles has dimensions between 

99.32 nm to 128.4 nm in a slight elongation. The 

average particle size surface area was calculated 

and it is 108.67 nm. Thus, from the obtained result 

the particle size and morphology was eventually 

distributed and well suited with the earlier 
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reported [24].                        

 

Fig. 3 SEM analysis of Yttrium Titanate (Y2Ti2O7) 

nanoparticle 

3.2.2 Energy – Dispersive X-ray Analysis (EDAX)  

 Energy Dispersive X-ray (EDAX) analysis is an 

elemental interpretation approach linked to 

electron microscopy that generates distinctive X-

rays, indicating the presence of elements in the 

specimens. The EDAX technique is valuable in 

pharmacological research, particularly in drug 

delivery studies, where it serves as a crucial 

instrument for detecting nanoparticles. EDAX is 

utilised in the examination of environmental 

pollution and in the characterisation of minerals 

bio accumulated in tissues [25]. Oxford instrument 

is used to perform the EDAX analysis. Presence of 

different element in the Yttrium Titanate 

nanoparticle was evaluated by EDAX analysis. The 

result findings demonstrated that the synthesized 

nanoparticle’s surface contains only Y, Ti, and O, 

without any impurities and the atomic ratio of Y: 

Ti: O was 18.51: 0.76: 80.72 Fig. 4. This result 

confirms that the Y2Ti2O7 (YTO) nanoparticle’s 

stoichiometric ratio is 2:2:7 and this was correlated 

with the reported [26].

 

Fig. 4 EDAX analysis of Yttrium Titanate (Y2Ti2O7) 

nanoparticle 

3.2.3 Fourier Transform Infrared spectroscopy 

(FTIR) analysis 

FTIR spectra was used to track the structural 

alterations of compounds throughout the 

preparatory process in order to examine the 

reaction and uniform distribution mechanism of 

reactants. The Y2Ti2O7 (YTO) nanoparticle was 

characterised using Fourier Transform Infrared 

Spectroscopy (FTIR, Perkin Elmer, Spectrum 2 

Instrument) in a spectral region of 4000 – 400 cm-1, 

with a scan speed of 20 nm/min. Fig. 5, shows the 

findings at 3356.8 cm-1 and 1622.2 cm-1 are due to 

the hydroxyl group and OH stretching vibration, 

which can be explained by the moisture in the 

samples [27].  

The Fourier Transform Infrared (FTIR) spectrum of 

the synthesized material show different vibrational 

characteristics correlated with metal-oxygen 

frameworks and residual nitrate species. The 

prominent absorption bands detected at 1385-

1398 cm-1 are associated to asymmetric stretching 

of N-O bands in the nitrate (NO3
-) ions, obtained 

from the yttrium nitrate hexahydrate precursor. 

The band at around 1204 cm-1 corresponds to the 

symmetric stretching mode of nitrate ions. These 

assignments align with the literature, indicating 

that nitrate ions generally have significant IR 

absorption in the 1300-1500 cm-1range [28, 29]. 

The small band at around 2922 cm-1, correlated for 

asymmetric C-H stretching of aliphatic –CH2 

groups. Similar bands have been extensively 

reported in TiO2 and mixed-oxide systems, typically 

ascribed to trace organic chemicals or 

hydrocarbons adsorbed from the environment, or 

residual solvents employed during synthesis. The 

Y2Ti2O7 (YTO) nanoparticle pyrochlore structure is 

solely inorganic; thus, the appearance of this band 

is extrinsic and does not indicate any structural 

integration of carbon-containing molecules. 

This suggests that there was a strong coordination 

interaction between Ti4+ and Y3+ with the band 

vibration at 560 cm-1 and 460 cm-1 for the 

formation of TiO and YO to conform the presence 

of Y2Ti2O7 (YTO) nanoparticle [30, 31]. From the 

above observed results clearly indicate that there 

was no other additional peaks were found during 

the formation of the desired nanoparticles of 

Y2Ti2O7 (YTO) nanoparticle. This infrared spectral 
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studies, proves that many functional groups 

wavelength signal from the synthesized 

nanoparticle has appeared.     

4000 3500 3000 2500 2000 1500 1000 500

20

30

40

50

60

70

80

90

100

110

T
r
a

n
s

m
it

t
a

n
c

e
 (

%
)

4
6

0
5
6
0

Wavenumber(cm
-1
)

3
3

5
6

.8
1

 

2
9

2
2

.8
7

 

1
6

2
2

.2
3

 

1
3

8
5

1
2

0
41
3

9
8

Fig. 5 FTIR analysis of Yttrium Titanate (Y2Ti2O7) 

nanoparticle 

3.3 Optical Studies 

3.3.1 UV-Vis-NIR Analysis 

UV-Vis-NIR spectroscopy study was employed to 

find the changes in electronic energy levels within 

the molecules arising due to transfer of e-s from the 

Valence band (VB) to Conduction band (CB). Since 

Y2Ti2O7 (YTO) nanoparticle has high refractive index 

than the transparent ceramics [32]. It has been 

observed that the optical property which includes 

absorption and transmission features were 

determined using UV-vis-NIR spectroscopy within 

200 – 1200 nm range (Perkin – Elmer Lambda 35 

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

nm spectral bandwidth). The UV-vis-NIR 

absorbance and transmittance spectra of Yttrium 

Titanate nanoparticle was analysed and the results 

represented in the Fig. 6 and 7. 

The absorbance was obtained between 200 nm to 

1200 nm of wavelength. It shows that the broad 

wide peak at λ = 384.7 nm in the visible light 

region. Since, this material was a good ionic 

conductor [33], the electrons move from the 2p 

states of O molecule (which forms top of VB) to 3d 

states of Ti molecule (which forms bottom of CB). 

Overall, at 250 nm – 315 nm region, shows the 

strong absorbance state.  The results clearly 

indicated that, the absorbance of the Yttrium 

Titanate was higher at (384.7 nm) and the 

absorbance was started to decrease in the visible 

region. It was due the trivalent and tetravalent 

cations of Y3+ and Ti4+ of the Y2Ti2O7 (YTO) 

nanoparticle was coordinated with eight and six 

oxygen ions. 

In addition to affirm the acceptable quality of 

Y2Ti2O7 (YTO) nanoparticle, the UV-vis-NIR 

Transmittance spectra of the Y2Ti2O7 (YTO) 

nanoparticle was shown in Fig. 7 which explains 

the significant decrease in transmittance at λ = 

384.7 nm, the substance absorbs the greatest 

energy in that specific wavelength range. This 

wavelength falls inside the near-UV range, at the 

boundary of the visible spectrum.  

It shows that the UV-vis-NIR transmittance spectra 

of Y2Ti2O7 (YTO) nanoparticle was analysed from 

200 nm – 1200 nm. From the graph, the 

wavelength of 200 nm to 400 nm region, as the 

wavelength increased the transmittance also 

increased in the visible and NIR region. Here, the 

transmittance was above 55%, since the refractive 

index varies with wavelength for most of the 

transparent materials [34]. Besides the increased 

transparency results in stronger emission, which 

consequently reduces the re-absorption of emitted 

light. This nature was more advantageous for the 

development of opto-electronic devices [35]. 

By using the absorbance and the transmittance 

spectrum, the bandgap was also calculated and 

also The Tauc [36] relation is used to compute the 

optical band gap energy. The equation is,  

     (αhν)1/n  = A (hν – Eg) ---------------- (1) 

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

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

proportionality constant, and n is Tauc exponent, 

which depends on the type of material about its 

band gap energy:  

n = ½ for a direct band gap and n = 2 for indirect 

band gap. The graph Fig. 8 was plotted against 

(αhν) versus energy and the obtained band gap 

was 3.2 eV was consistent with the earlier 

reported [37]. This optical band gap graph confirms 

the semiconducting nature of the Y2Ti2O7 (YTO) 

nanoparticle and the wide bandgap facilitates the 

UV and visible light emission which was applicable 
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for photo-electronic devices [38]. The obtained 

UV-vis-NIR results revealed that the material can 

be used for various OLED applications such as 

sensors, fluorescence and catalytic activities 

[39,40].                                                        
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UV-vis-NIR Absorbance spectra analysis of Yttrium 
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UV-vis-NIR Transmittance spectra analysis of 

Yttrium Titanate (Y2Ti2O7) nanoparticle                                       
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8 Tauc plot analysis of Yttrium Titanate (Y2Ti2O7) 

nanoparticle 

3.3.2 Photoluminescence (PL) 

 PL is a process where a material observes 

photons in light energy causing electrons to jump 

to higher energy states, which is excitation level 

and then emits light as those electrons return to 

lower energy state which is relaxation level. It is a 

non-destructive method used to analyse the 

structural and the optical properties of 

compounds. The instrument used for 

characterization of the synthesized Y2Ti2O7 (YTO) 

nanoparticle was Perkin Elmer, model LS 45, with 

200 nm to 900 nm. The PL spectrum of Y2Ti2O7 

(YTO) nanoparticle was performed to find the 

optical properties at room temperature. The Fig. 9 

shows obtained PL spectrum of Y2Ti2O7 (YTO) 

nanoparticle.  

From the graph, it shows the particle excited at 

360 nm displays a sharp narrow emission band 

meant to trigger electronic transitions and 

luminescence in the nanomaterial, followed by a 

small hump at 372 nm. This hump caused below 

the conduction band of Y2Ti2O7 (YTO) nanoparticle 

in the near band edge emission signifying the good 

quality with less structural defects. This band edge 

emission was ascribed to the conjugation of 

excitons [41]. The subsequent three prominent 

peak emission of PL at a wavelength of 406 nm, 

443 nm and 490 nm was well suited within the 

bluish green region. In the relaxed emission state, 

the first 406 nm emission peak was attributed to 

the charge transfer within the tetravalent ions. 

Also, in accordance with the red emission spectral 

region shows a small narrow peak at 722 nm and a 

small peak at 752 nm. These PL spectra confirm 

that the materials nature was suitable for OLED 

applications. Moreover, the several emission peaks 

of the luminescence pathway leads to beneficial 

for Photocatalytic process and Bio-Imaging 

applications [42]. 
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Fig. 9 Photoluminescence spectrum of Yttrium 

Titanate (Y2Ti2O7) nanoparticle 

3.4 Thermogravimetric and Differential Thermal 

Analyses (TG/DTA)   

TG/DTA (Thermogravimetry / Differential Thermal 

Analysis) evaluates mass variations (TG) and 

thermal phenomena (DTA) of a sample during 

heating. It identifies decomposition, oxidation and 

phase transitions by determining whether a weight 

loss or weight gain is endothermic or exothermic, 

therefore revealing essential information involving 

thermal stability, composition and reaction 

kinetics. The thermal stability of synthesized 

material was been analysed by the use of TGA, SII 

Nanotechnology Inc., Japan, EXSTAR6200 TG/DTA 

and Perkin Elmer, TGA 4000. In the Thermal 

Gravimetric - Differential Thermal Analysis (TG-

DTA) of Yttrium Titanate (Y2Ti2O7) (YTO) 

nanoparticle, the weight changes of the sample as 

the temperature changes are examined. The TG 

curve indicates a steady decrease in weight up to 

roughly 550°C; this weight loss was brought on by 

the organics dehydration and decomposition. It 

demonstrates, how the weight loss indicated by 

the TG curve decreased steadily as the 

temperature increased. This was explained by 

removal of absorption of water [43], the ethanol 

reminders being evaporated and eliminated from 

the heated granules. In TGA curve, there are three 

distinct weight losses stages can be observed at 

101°C, 401°C and 680°C. The first stage at 101°C 

was due to volatilization, decomposition of not 

only water but also ethanol. In the next stage 

401°C occurs, because of organic substances 

burning and evaporation. The final stage of the 

material shows excellent thermal stability and it 

can be applied to high temperature applications of 

pyrochlores. From the graph, an arrow point at TG 

curve 550°C denotes a sharp weight change 

occurred due to the disordered pyrochlore which 

was attributed by the variation in temperature, 

composition and pressure [44]. 

In DTA, it reveals the presence of minor 

endothermic peak between 55°C to 60°C is an 

indicative of the evaporation of absorbed water 

molecules in the synthesis process. Also, it shows 

200°C to 400°C pinned on the complex of citric 

acid combustion [7]. Additionally, the pyrochlore 

oxide phase development was by means of the 

broad and strong exothermic peak at 600.41°C Fig. 

10. From the above TG/DTA results, it may be 

concluded that Y2Ti2O7 (YTO) nanoparticle exhibits 

excellent thermal stability and well agreed with the 

previously reported [26]. This TG/DTA results 

reveals that the material may be used for 

applications below its melting point. 
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10 TG–DTA curve of Yttrium Titanate (Y2Ti2O7) 

nanoparticle 

3.5 Biological Evaluation 

3.5.1 Anti-bacterial activity  

Anti-microbial activity represents the capacity of a 

chemical substance such as an antibiotic, 

antiseptic or natural extract – to eliminate 

bacterial or impede their development and 

reproduction. It defends against bacteria, viruses 

and fungus to prevent infections or avoid 

contamination. Every chemical compound has a 

different way of working against germs. No 

chemical molecule has a completely understood 

antibacterial mechanism. The enhanced release of 
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antibacterial metal ions from chemical compound 

surfaces is linked to some mechanisms, while 

others are related to the physical structure of the 

chemical compound. The anti-bacterial activity of 

Y2Ti2O7 (YTO) nanoparticle was evaluated using 

well diffusion method against Gram-positive and 

Gram-negative bacteria, including S. aureus and E. 

coli. The anti-bacterial efficacy of Y2Ti2O7 (YTO) 

nanoparticle was determined by evaluating the 

zone of inhibition at various concentrations (10 µg, 

20 µg, and 30 µg) against S. aureus and E. coli in 

Fig. 11. The results demonstrate that Y2Ti2O7 (YTO) 

nanoparticle displays superior inhibitory effects 

against Gram-positive bacteria, with a zone of 

inhibition of 18 mm, and against Gram-negative 

bacteria, with a zone of inhibition of 19 mm, at an 

optimum concentration of 30 µg, illustrated in 

Table. 1. The bacteria were cultured overnight in 

nutritious broth at 37 °C in a rotating shaker and 

subsequently centrifuged for approximately 5 mins 

at the 10,000 rpm. The pellet is fully dissolved in 

the double - distilled water and resultant cell 

density had been standardized 

spectrophotometrically at A610 nm. Various 

concentrations of samples were generated by 

recombining them with a methanol solution. The 

test microorganisms were injected into the 

appropriate medium utilizing the spread plate 

technique with 10 µl (10 cells/ml) derived from 24 

- hr bacterial cultures in nutrient broth. Upon 

solidification of medium, filter paper wells of 5 mm 

in diameter, infused with extracts, were placed 

onto the implanted plates. Amoxicillin (10 µg) 

utilized as a reference  

for anti-bacterial evaluation. The plates  

were consequently incubated at 37 °C for almost 

24 hrs [45]. Following the analysis of the plates, 

the width of growth inhibition zone surrounding 

the sample disc has been measured. The 

dimensions of inhibitory zones were measured in 

mm. The results revealed that, the zone of 

inhibition of Yttrium Titanate Y2Ti2O7 (YTO) 

nanoparticle was dose dependently increased. 

Different concentration. 10, 20 and 30 µg/mL of 

Yttrium Titanate Y2Ti2O7 (YTO) nanoparticle 

treatment showed 5, 12 and 18mm of zone of 

inhibition against Staphylococcus aureus and 5, 13 

and 19 mm of zone of inhibition against E. coli in 

Table. 1. 

 

Fig. 11 Antibacterial activity of Yttrium Titanate 

(Y2Ti2O7) nanoparticle against (A) Gram-positive 

(Staphylococcus aureus) and (B) Gram-negative (E. 

coli) bacterial strains. 

3.5.2 Anti-fungal activity  

The anti-fungal efficiency of Y2Ti2O7 (YTO) 

nanoparticle was examined against fungal 

infections, including Candida albicans. The fungal 

inoculum retaining these pathogens was obtained 

from cultures aged 5 to 10 days, grown on the 

Potato Dextrose Agar substrate medium. A portion 

of about 8 - 10 mL distilled water had been 

introduced to those petri plates to collect conidia 

using a sterile spatula. The spore suspension was 

normalized to nearly 105 spores/ml using a 

spectrophotometer at A595 nm. Point inoculation 

was performed on potato dextrose agar substrates 

using 10-day-old fungal cells. Filter paper wells 

about 5 mm in diameter were injected with 100 µg 

of prepared Y2Ti2O7 (YTO) nanoparticle and placed 

on plates inoculated with the test organisms. A 

positive control of ~10 µg of Standard 

(Fluconazole) is employed. The outcomes have 

been reported following incubation at 28°C for 72 

hours [46]. The anti-microbial assays were carried 

out in triplicate, with the average functioning as 
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Table. 1 Zone of Inhibition of Yttrium Titanate 

(Y2Ti2O7) nanoparticle against bacterial strains 

the final measurement. Anti-fungal activity of  

Yttrium Titanate nanoparticle was evaluated 

against Candida albicans and the results 

represented in the Fig. 12 explored that, 10, 20 and 

30 µg/mL of Yttrium Titanate treatment Y2Ti2O7 

(YTO) nanoparticle showed 5, 9 and 14mm of 

inhibition and standard antifungal agent, 

Fluconazole showed 20mm in Table. 2. It was 

confirmed that the antifungal action was dose-

dependent since the inhibitory response was 

proportionate to the applied concentration. The 

better coordination of yttrium titanate compound 

in the ligand framework is often responsible for the 

enhanced antifungal effect. Table. 3 reveals that 

Y2Ti2O7 (YTO) nanoparticle exhibits antifungal 

efficacy against Candida albicans, with a notable 

zone of inhibition measuring 14 mm at an amount 

of 30 µg Fig. 12. 

 

Fig. 12 Antifungal activity of Yttrium Titanate 

(Y2Ti2O7) nanoparticle against Candida albicans 
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Standard 

(Fluconazole) 

10 

µg 

20 

µg 

30 

µg 

 

1. Candida 

albicans 

05 09 14 20 

 

Table. 2 Zone of Inhibition of Yttrium Titanate 

(Y2Ti2O7) nanoparticle against Candida albicans 

 

 

4. Conclusion 

In this research we have used time efficient and 

environmental friendly microwave-assisted 

approach to prepare Yttrium Titanate (Y2Ti2O7) 

(YTO) nanoparticle. Various techniques were 

applied to analyze the nanoparticle properties and 

the pyrochlore oxide structure of FCC nature 

retained, which was confirmed by powder XRD. 

The uniform semi – cylindrical domain image with 

the size of 99.32 nm were confirmed by SEM 

analysis. FTIR spectrum affirms using the presence 

of hydroxyl group, Y – O’, also Ti – O functional 

group. In addition to that, EDAX analysis proved 

the synthesized Y2Ti2O7 (YTO) nanoparticle 

contains only the Yttrium (Y), Titanium (Ti) and 

Oxygen (O), without any impurities along with 

their correct stoichiometric composition 2:2:7 was 

successfully assessed. UV-vis-NIR spectrum 

confirmed that, the maximum absorbance was 

noted at the UV region whereas it’s started to 

down in the visible region. Furthermore, in Tauc’s 

plot, the result revealed that, the Y2Ti2O7 (YTO) 

nanoparticle undergoes a direct energy transition 

along with a band gap of 3.2 eV.  Moreover, the as 

prepared nanomaterial demonstrated good 

thermal stability even at elevated temperature 

which was confirmed by TG/DTA results. The 

obtained luminescence emission shows the charge 

transfer within the tetravalent ions.  Also, the 

observed PL peaks reveals not only in the bluish 

green region but also in the red emission region.  

Yttrium Titanate nanoparticle shown possible 

antimicrobial measures against gram-positive and 

gram-negative bacterial strains as well as fungus 

strains for the potential application in biological 

field. Anti-fungal activity of compound was 

evaluated and the interaction with fungal cell 

membranes. The potential optical application of 

Y2Ti2O7 (YTO) nanoparticle was confirmed with the 

PL studies and UV-vis-NIR results for various OLED 

device applications.   
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