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Abstract 

Chemical influence of the implant surface creates the bactericidal 

feature to avoid different infections associated with dental im-

plants. Regardless of the successful use of bismuth against dermal 

and mucosal infections, the antibacterial efficacy of bismuth is still 

under consideration. The inhibition zone of fungal patho-

gens caused by varying BiPO4 nanoparticle concentrations on cul-

ture media is measured, as well as by inhibiting spore germina-

tion, the antifungal activity was demonstrated. BiPO4 nanoparticles 

were found to have strong antifungal activity 

against some fungal pathogen examined in this investigation. 
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This study looks into the antifungal and antibacterial properties of 

bismuth phosphate doped with lanthanum applying the disc diffu-

sion approach to E. Gram-positive S. aureus and gram-negative 

E.coli. In this study, lanthanum doped bismuth phosphate has been 

synthesized through sol gel method. Prepared nanoparticles are 

characterized by Ultraviolet- visible spectroscopy (UV-Vis) and Fou-

rier transform infrared spectroscopy (FTIR). The very low cut off 

wavelengths and band gap for La3+ doped Bi-

PO4 crystals are roughly 290 nm and 0.68 eV respectively based on 

the UV-Visible spectra. By confirming the existence of functional 

groups, FTIR results demonstrated that the synthesis of lanthanum-

doped bismuth phosphate nanomaterials was successful. Higher 

antibacterial activity against both S. aureus and E. coli.  has been 

demonstrated by the lanthanum-doped bismuth phos-

phate nanoparticles.  

Keywords: Antimicrobial activity, Antifungal, Sol-gel method, Bi-

PO4 nanoparticles, Ultraviolet-visible, Lanthanum doping.  

Introduction 

Nanoparticles (NPs) possessed promising qualities compared to 

conventional particles, boasting a vast array of applications in vari-

ous sectors of life [1]. Nanoparticles possess a substantially en-

hanced surface area compared to their larger counterparts, leading 

to enhanced properties consisting of remarkable strength, a stable 

structure, high binding ability, enhanced electrical conductivity, 

and adaptability. [2]. The realm of nanotechnology encompasses 

the manufacture of nanoscale particles under precise conditions. 

Because of their distinct characteristics, nanoparticles (NPs) differ 

from bulk materials with comparable chemical composition in both 

chemical and physical ways. These differences include biological 
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and mechanical properties, melting point, electrical conductivi-

ty, and light absorption. [3] It is possible to create new materials 

with innovative uses by manipulating size and shape at the nano 

scale [4] NPs have a wide range of applications, including memory 

systems, chemical sensors, wireless electronic logic, computer tran-

sistors, antimicrobial activity, optical activity, biosensing, magnetic 

properties, mechanical strength, electrical conductivity, 

and chemical sensors.[5] Additionally, there are numerous uses for 

these particles in a variety of industries, including drug delivery, fil-

ters, medical imaging, tumour hyperthermia, and nanocomposites 

[6]. Better properties of inorganic nanoparticles have attracted a lot 

of attention in recent decades. [7] Researchers, particularly in the 

field of materials science, have recently become interested in them 

because of their remarkable qualities as rare earth elements. Fur-

thermore, there is curiosity about the potential health effects 

of these elements, especially lanthanum. [8] Although the effect 

can be reversed depending on the concentration, lanthanum can 

increase the capacity of mature osteoclasts to resorb bone. [9] 

La carbonate, which is used in clinical settings to prevent phos-

phate formation, is an effective agent to stop the differentiation of 

osteoclast precursors. [10] As a result, their quantity and bone re-

sorption function are ultimately diminished, which is crucial for the 

prevention and management of associated disorders. [11] 

Bi ions can be released by bismuth (Bi) or its com-

pounds present in biomaterials under physiological conditions. 

The biological effects of these ions may be detrimental. Bi has the 

potential to be hazardous even though it is frequently found in 

pharmaceutical products and is thought to be less toxic than other 

heavy metals.[12] Due to their antibacterial and anticancer qualities, 
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a number of Bi-based compounds are used to treat gastrointesti-

nal infections, syphilis, and hypertension. Bi ion doped hydroxyap-

atite and bioactive glass are both safe and have excel-

lent antibacterial qualities [13] However, osteoporosis can be 

brought on by a high concentration of Bi in human bones. The 

spleen, liver, kidney, and lymph nodes were all toxically affected by 

Bi ions in mice exposed to concentrations of 25–

750 mg/kg (given twice daily) for 4–8 weeks, according to studies. 

[14]  

One of the most frequent causes of both chronic infections 

and fatalities is bacterial infection. Because of their potent effects 

and high cost, antibiotics are the recommended treatment for bac-

terial infections. [15] Chronic infections and fatalities are frequently 

caused by bacterial infections. Because of their potent effects and 

affordability, antibiotics are the recommended treatment for bacte-

rial infections. However, as multiple studies have demonstrat-

ed, the widespread use of antibiotics is directly associated 

with the emergence of drug-resistant bacterial strains. As a re-

sult of antibiotic abuse, superbugs that are resistant 

to practically all antibiotics have emerged.NDM-1is a super re-

sistance gene found in these bacteria, according to research. The 

three bacterial processes that the primary classes of antibiotics cur-

rently in use target are DNA replication, translation, and cell wall 

synthesis [16]. Antibiotics currently in use target three major bacte-

rial processes: DNA replication, translation machinery, and cell wall 

synthesis. Regrettably, bacterial resistance can negate each of the-

se mechanisms of action. [17]. The expression of en-

zymes that alter or break down antibiotics is one example of a re-

sistance mechanism. These include aminoglycosides and β-
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lactamases, which alter cell components [18]. Tetracy-

cline resistance is attributed to A-ribosomes, vancomycin re-

sistance to the cell wall, and efflux pump expression, which guaran-

tees concurrent resistance to multiple antibiotics. [19] Although 

bacterial migration to the surface is reversi-

ble, attachment becomes irreversible when EPSs are expressed.  

A mature biofilm is created once the bacteria have colonized, 

multiplying quickly and inhibiting the synthesis of the bacteri-

al flagellum. Systemic chronic infections are caused by the bacte-

ria at this stage adhering to one another and forming a barrier that 

is resistant to antibiotics [20]. As a result, biofilms are extremely 

dangerous to human health. Super antigens are another way 

that bacteria in biofilms can elude the immune system. Thus, bac-

terial infections remain a major issue even with the extensive use of 

antimicrobial medications and oth-

er contemporary antibacterial agents [21]. Two catego-

ries of antimicrobial-coated human implantable devices exist. The 

first category includes fully implantable devices, 

like dental implants or heart valves. To prevent thrombosis, the an-

timicrobial coating on cardiovascular devices, in particular, needs 

to be compatible with blood. The pore morphology with an en-

richment of calcium, silicon, phosphorus, and silver particles de-

termines whether a titanium oxide coating should be applied to 

implants.[22] Streptococcus epidermis, Streptococcus mutans, and 

E. Coli is one of the bacteria that the coating prevents from grow-

ing and adhering. coli and lessens the possibility of ulceration sur-

rounding the implants. The nanocoating can enhance osteoblast 

cell lines' adhesion and proliferation, per an initial biological char-
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acterization.[23] Bacteria are highly resistant to foreign chemicals 

due to the structure of their biofilms.  

According to recent research, NPs interact with EPSs to im-

pact biofilm integrity [24]. NPs work against the biofilms of drug-

resistant strains of E. coli by blocking the synthesis of EPSs [25]. 

Additionally, it has been noted that when a biofilm made up of cer-

tain amount of subtilis growth, the biofilm’s edge occasional-

ly stops expanding, allowing nutrients to enter the biofilm’s centre. 

The bacteria in the centre are able to withstand foreign substances 

and survive as a result [26].  

The antifungal activity of the generated bismuth phosphate 

nanoparticles against Cladosporium herbarum, Trichothecium 

roseum, Penicillium chrysogenum, Alternaria alternata, and Asper-

gillus niger was evaluated both qualitatively and quantitatively us-

ing a spore germination test, an agar well diffusion test, and the 

computation of the minimum inhibitory concentration.[27] This 

study's fungal species are the most common fungal pathogens that 

cause the majority of fruit and vegetable spot diseases in stor-

age settings, which cause large losses in horticultural and agricul-

tural crops each year.[28]  

Numerous management techniques have been employed, 

but each has certain drawbacks [29]. In this research project, Sol-

gel were used to synthesized nanomaterials and analysed through 

FTIR and UV-visible spectroscopy, it was established that they had 

antifungal and antimicrobial properties. 

 

 

Experimental Section 
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The synthesis of La-doped BiPO4 using concentration of 6% nano-

particles was accomplished via the chemical sol-gel methodology. 

he analytical-grade chemicals were utilized without additional puri-

fication. To guarantee sterility, a 250 mL beaker was first thorough-

ly cleaned with distilled water before being covered with foil. The 

preparation of La-doped BiPO4 nanomaterials required the use of 

lanthanum chloride heptahydrate, potassium phosphate (KPO4), 

and bismuth nitrate pentahydrate (Bi (NO3)3·5H2O). Bismuth ni-

trate was dissolved in a different beaker with 132 mL of distilled 

water and 62 mL of ethylene glycol, while potassium phosphate 

(KPO4) was dissolved in 200 mL of distilled water. Each solution was 

subjected to stirring for duration of 60 minutes. Upon completion 

of the stirring phase, the two individual solutions were amalgamat-

ed to facilitate the formation of BiPO4.  

The resultant mixture was then placed in a stirrer for an ex-

tended period, spanning overnight. On the subsequent day, the 

solution underwent a rigorous purification process involving wash-

ing with distilled water and subjecting it to centrifugal force to ef-

fectively eliminate any residual impurities. This purification proce-

dure culminated in the acquisition of BiPO4. The La doped BiPO4 

was then transferred to a crucible, where it was subjected to drying 

for a full 24-hour period. Following the drying phase, the sample 

was ground into a fine powder and subsequently placed into Fal-

con tubes to facilitate further analytical processing. Then BiPO4 

doped with La was prepared, by concentrations of 6% 

[30][31][32][33][33]. 
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Antimicrobial and Antifungal Activity 

Both coated and bare silver oxide nanoparticles' antibacterial activ-

ity against E. coli was examined using the disk diffusion meth-

od. S. aureus, which is Gram-positive, and E. coli. Bacterial cultures 

were serially diluted to 1106 CFU/ml after being grown overnight 

for this evaluation. After applying 50 μL of the bacterial suspension 

to Müller-Hinton agar plates with a sterile swab, the plates were 

left to dry for half an hour. The 10 μg/ml NP suspension was then 

loaded onto sterile 5 mm filter paper disks which was then cau-

tiously added to the medium above the plates. As a positive con-

trol, ciprofloxacin was taken. The antibacterial poten-

tial of nanomaterials was evaluated by measuring the zone of inhi-

bition (ZOI) in millimetres following a 24-hour incubation period at 

37 degrees Celsius. The experiments were conducted three times in 

order to determine the measured values. Utiliz-

ing microtiter assays, the zone of inhibition was evaluated.  20μL of 

bacterial strains and 100 μL of sample were used in 96 flat-

bottomed culture plates. the suppression of E. coli and S. aureus. 

The bacteria S. coli were analyzed.  

The negative control was phosphate-buffered saline, and the 

positive control was ciprofloxacin. The setup underwent aerobically 

and was kept at a temperature of 37°C for a period of 24 

hours. Subsequently, the sample was extracted from each well 

and cleaned three times using 220 μL of sterile phosphate buffer 

with a pH of 7.2. The remaining bacteria's stability in each 

well was assessed using 220 μL of 99% methanol. After the 

plates had dried, they were stained for 5 minutes with 220 μL of a 

7% crystal violet solution. Distilled water was used to get rid 

of the extra dye. Following air drying of the plates, 220 μL of a 33% 



 
 
 
 
 
 
 
 
 
 

 
 

Spectrum of Engineering Sciences 
Online ISSN 

3007-3138
 

Print ISSN 

3007-312X
 

170 

 

Vol. 3 No. 1 (2025) 

glacial acetic acid solution was used to re-dissolve the dye 

in each well. A microplate reader was used to measure each well's 

optical density at 630 nm in order to calculate the value. 

A human infectious disease called candidiasis is brought 

on by the Candida species. The antifungal effectiveness of La3+-

doped BiPO4 was assessed using the agar well diffu-

sion method. The findings revealed that, in comparison to other 

Candida species, Candida tropicalis had the largest inhibition 

zone (3–6 cm), suggesting heightened susceptibility to 

La³⁺doped BiPO4. Candida glabrata showed the smallest zone of 

inhibition (2.4 cm). Every pathogen that was tested was suscepti-

ble to La3+ doped BiPO4. Candida strains are resistant to antifun-

gal medications in part due to genetic mutations, and C. The spe-

cies known to be most resistant to these treatments is glabrata. In 

this investigation, C. Compared to the other strains stud-

ied, glabrata was the least sensitive to the inhibitory effects of La³⁺-

doped BiPO4 and the least responsive to traditional antifungal in-

fections. A substance or compound is said to have antifungal activ-

ity if it can stop fungi from growing or destroy fungal 

cells. The human respiratory system, internal organs, skin, and nails 

are just a few of the body parts that can be impacted by fungal in-

fections. Antifungal medications, whether synthetic 

or natural, target particular elements of fungal cells, such as 

their membranes, cell walls, or enzymes that are essential for cer-

tain functions. For instance, common antifun-

gals like azoles, polyenes, and echinocandins stop the infection 

from spreading by interfering with fungal cell function through 

various mechanisms. Apart from medications, natural compounds 

with antifungal qualities include tea tree oil, garlic, and specific 
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plant extracts. The type of fungus, the location and severity of the 

infection and the immune system of the patient all affect how 

well antifungal treatments work. Antifungal resistance, on the other 

hand, is a developing issue that emphasizes the necessity of ongo-

ing research and the creation of novel antifungal treatments. he 

term "antifungal activity" describes a substance's capacity to either 

stop or eradicate fungal growth. They are essential for treat-

ing and preventing fungal infections in plants, ani-

mals, and people. Fungal infections have grown to be a major 

global health concern, especially for those with weakened immune 

systems. They can range from minor skin conditions to serious sys-

temic illnesses. Effective treatments are now more important than 

ever due to the rising incidence of these infections and the devel-

opment of antifungal resistance. Antifungal medications function 

by specifically targeting elements of fungal cells and interfering 

with essential functions like cell division, membrane integrity, nu-

cleic acid replication, and cell wall synthesis. But growing wor-

ries about antifungal resistance make treatment plans more diffi-

cult. There are several ways that fungi can develop resistance 

mechanisms, including: B. changes to the fungus's cell membrane 

composition to lessen drug binding, mutations in the tar-

get enzymes and overexpression of efflux pumps, which eliminate 

antifungal medications from the cell. 

  

  



 
 
 
 
 
 
 
 
 
 

 
 

Spectrum of Engineering Sciences 
Online ISSN 

3007-3138
 

Print ISSN 

3007-312X
 

172 

 

Vol. 3 No. 1 (2025) 

Results and Discussion  

 Characterization of Nanomaterials 

 

Fig. 1 (a) Optical absorption spectra of 6% La doped BiPO4 (b) 

Tauc plot Band gap for 6% La doped BiPO4 (c) FTIR spectra of 6% 

La-doped BiPO4 

La3+-doped BiPO4's UV-visible absorption spectra were meas-

ured between 200 and 800 nm. The very low cutoff wavelengths 

for La3+-doped BiPO4 crystals are approximately 290 nm, based on 

the spectra. The La3+ ions' energy transfer to the borate matrix 

may be the cause of the La-doped BiPO4 crystal's low cut-

off wavelength. The developed crystals' broad optical transmission 

window and low cutoff wavelength suggest that they 

are appropriate for NLO applications. Doped crystals 

have also been demonstrated to have lower cutoff wave-

lengths and absorption levels than pure crystals, which probably 
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enhances the crystal's NLO characteristic. There are several other 

factors that can affect absorption, including: B. Particle size, impuri-

ty centres, oxygen deficiency, d-d transitions, surface rough-

ness, and lattice distortion ratio. Tauc numbers and absorption da-

ta were used to compute the optical band gap energy of La3+-

doped BiPO4. Figure 1 depicts a relationship between the energy 

hν and (αhν)2. The energy gap (Eg) can be obtained by extrapolat-

ing the straight-line portion of the curve to (αhν)2=0. The band 

gaps of La3+  doped BiPO4 is 0.68 eV, as the figure illustrates. Intro-

duced impurities or a lower density of localized or defect states are 

the causes of the band gap reduction. It is possible to correlate 

presence/absence with the observed variations in band gap values 

[34]. 

The optical band gap is a fundamental property of semicon-

ductors that is defined as the energy difference between the top of 

the unoccupied conduction bad (CBM) and the bottom of the filled 

valence band (VBM). A distinctive feature of the optical spec-

trum is the optical absorption edge, which results from the strong 

optical excitation of electrons across the optical band gap.. Plotting 

(𝐴ℎ𝜈)1/𝛾 against energy ℎ𝜈 allows one to determine the bandgap 

energy for the samples. The energy band gap value is then deter-

mined by fitting the linear segment of the curve along the hν-axis, 

also known as the energy axis.  

The interstitial La doped BiPO4 concentrations between the valence 

and conduction bands may have contributed to the drop in Eg val-

ues. Furthermore, the formation of non-bridging oxygen atoms in 

the glass network may also be the cause of a drop in Eg values [36]. 

The molecular fingerprint of the material was determined through 

FTIR analysis as shown in Figure 1 (c). The production of metal ox-
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ide was verified, and the Fourier transform infrared spectroscopy 

The synthesised nanostructured compound's integration of multi-

ple functional molecular groups was successfully identified through 

the use of the FT-IR technique. The material's molecular fingerprint 

was determined through FTIR analysis. [35]. Fig. 2 (c) displays the 

obtained FT-IR spectra of La-doped BiPO4 NPs at 6% and pure Bi-

PO4. Every sample's FT-IR spectrum was captured within the 4000 

cm-1 range to 400 cm-1. Additionally, we examined the presence 

of O-H, N-H, C=C, C-O, and C-H functional groups as well 

as hexagonal crystal symmetry in lanthanum-doped thin films us-

ing FTIR spectroscopy. As the dopant concentration rises, 

the lattice parameter falls. The lattice parameter steadily decreased 

and was lower than that of lithium niobate. The radius of the ions 

that make up the crystal also affects its shrinkage.[37] Peaks in 

the structure of bismuth phosphate were identified at 946.744 cm-

1 as belonging to the (P-O-P) stretching vibration and 982.154 cm-

1 as belonging to the C=C stretching bonds of the alkene. 

Peak and 1058.564cm-1 show the symmetry stretching of the CO3 

group and the peaks located at 1183.43 cm-1 may be linked to ani-

onic groups. Furthermore, as the concentration of La3+-doped Bi-

PO4 increased, a commensurate rise in the inhibitory effect 

was noted. 

Antimicrobial and Antifungal Response 

Two bacterial strains were tested for the antimicrobial activity of 

sample ID K-19, which contained 6% lanthanum doping in bismuth 

phosphate at a concentration of 5 mg/ml: the Gram-positive Bacil-

lus spp. and the Escherichia coli gram-negative (E. 

coli). The inhibition zone diameters measured follow-

ing sample application were used to calculate the re-
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sults. Escherichia coli (E. coli) showed a distinct inhibition zone of 

2–5 cm. coli), suggesting that the K-19 sample exhibited 

a moderate level of antibacterial activity against bacteria that were 

Gram-negative. The existence of an inhibition 

zone indicates that the growth of E is effectively inhibited by the 

lanthanum-doped bismuth phosphate. coli, perhaps by interfering 

with its metabolic processes or cell membrane. This finding im-

plies that the sample has a significant, albeit not particularly large, 

bactericidal or bacteriostatic effect on given the 2.5 cm zone of in-

hibition E.coli.  

The gram-positive Bacillus species, on the other hand. A 2 

cm inhibition zone was found to be smaller. Although the K-19 

sample exhibited antibacterial activity against Bacillus as well, it 

was marginally less potent than the E. Coli. The smaller zone of in-

hibition suggests that the antibacterial properties of the sample 

may be more effective against gram-negative bacteria, or it could 

indicate greater resistance of Bacillus to the particular antimicrobial 

mechanisms exerted by the lanthanum-doped bismuth phosphate. 

Overall, the findings demonstrate the antibacterial activity 

of sample K-19, which contains 6% lanthanum doped in bismuth 

phosphate at a concentration of 5 mg/ml, against both Gram-

positive (Bacillus) and Gram-negative (E. bacteria (E. coli). 

The action against E. coli is a little more noticeable. The 2–5 

cm inhibition zones for E were noted. coli and 2 cm for Bacil-

lus give a first indication of the sample's potential as an antimicro-

bial agent and call for more research into its stability, effica-

cy, and mode of action in various settings. Water (D2H2O) was used 

as a control for sample with 0 cm zone of inhibition. 
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Figure 2: (a) Antimicrobial results for Bacillus (b) Antimicrobial 

results for E.coli (c) Antifungal response 

At a concentration of 10 mg/mL, the antifungal activity of the 6% 

lanthanum-doped BiPO4 sample against the common mold Asper-

gillus, which causes a range of fungal infections in both humans 

and plants, was assessed. The sample of nanoparticles demonstrat-

ed encouraging antifungal activity and stopped Aspergillus species 

from growing. The sample's nanoparticles have bioactive qualities 

that influence the fungal strain's growth and development. Asper-

gillus growth was found to be markedly inhibited upon application 

of the sample, indicating that the nanoparticles were successful in 

interfering with essential fungal functions, potentially via mecha-

nisms like fungal metabolism disruption, membrane disruption, or 

inhibition of cell wall synthesis. Nanoparticles have the special ca-

pacity to interact with microbial cells more effectively than bulk 

materials due to their substantial surface area and compact size. 

This enables them to pass through the fungal cell wall or mem-

brane and disrupt vital cellular processes. The fact that Aspergillus 

growth is inhibited implies that the nanoparticles either direct-

ly impact the fungal cell's structural integrity or produce reactive 

oxygen species (ROS), which further degrade the cell's constituent 

parts and cause cell death. Furthermore, it's well known that nano-

particles can change the permeability of fungal cell membranes, 
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which stops growth by obstructing the correct absorption of nutri-

ents and other essential substances.  

These outcomes demonstrate the potential of nanoparticles as a 

potent antifungal agent with a unique mode of action that may be 

investigated for medical uses. The sample has the potential to de-

velop at a concentration of 10 mg/ml into an effective antifungal 

treatment, especially for infections related to Aspergillus, according 

to the encouraging results of the antifungal test. To confirm the 

precise mechanism of action, ideal concentration, and in vivo effi-

cacy, more research would be necessary. However, considering the 

growing resistance seen in many fungal strains, the current find-

ings imply that nanoparticle-based treatments may offer a useful 

substitute or addition to conventional antifungal therapies. 

Summary 

Fighting infectious diseases and curing patients is getting harder 

in an era of rising MDR, where bacteria and fungus are becoming 

resistant to many antibiotics, resulting in significant morbidity and 

mortality. The issue of bacterial MDR development may be re-

solved with NPs, which are a good substitute for antibiot-

ics. The recent thorough investigation of antibacterial and antifun-

gal mechanism may add in the creation of antibacterial NPs and to 

avoid their adverse effects. 
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