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ABSTRACT: Antimicrobial resistance is a global health challenge, prompting the search for alternative
agents. The present study aims to investigate the antimicrobial activity of MgAlLQ,:Tb** nanophosphor
against E. coli, S. aureus, and C. albicans. Phase formation, surface characteristics, and antimicrobial
activity were analyzed by X-ray diffraction (XRD), X-ray photoelectron spectroscopy (XPS), and agar well
diffusion method, respectively. XRD confirmed the successful Th** incorporation, while XPS determined
the charge states of the elements and confirmed the absence of impurities. The antibacterial studies
indicate that increasing the concentration of terbium ions in the MgAl,O4 nanophosphor may further
improve its antibacterial properties. While, at a concentration of 1000ug, MgAle‘;:Tb3+ showed significant
inhibition of the growth of tested fungal organism. Therefore, these nanophosphors may be useful in food
preservation, safe cosmetics, medical devices, water treatment, etc. Future research may further optimize
their efficacy, biocompatibility, and application in targeted delivery system.

Keywords: Nanophosphor, Terbium, XRD, XPS, Antimicrobial, Sol-gel combustion method.

INTRODUCTION

In recent years, nanomaterials have transformed a wide
range of fields, from household products to electronics
and the medical industry. Among these, spinel oxides
with the AB,O4 structure, where A and B represent
divalent and trivalent cations, respectively, and belong
to the cubic space group (Fd3m), represent an important
class of inorganic nanomaterials (Pratapkumar et al.,
2017). Their unique physical, chemical, and thermal
stability make them ideal phosphors for numerous
applications (Wiglusz and Grzyb 2011). MgALO,, a
prominent member of this oxide family with a spinel
crystalline structure, has garnered significant attention
due to its diverse technological applications. Research
shows that MgAl,O, acts as a host for various
phosphors and finds use in solid oxide fuel cells,
sensors, thermoelectric devices, microwave dielectric
materials, high-performance catalysts, long-lasting
phosphors, X-ray imaging, light-emitting displays, and
environmental monitoring (Wei et al., 2017).

Research has demonstrated that the incorporation of
rare-earth ions (RE®) to appropriate host matrices
significantly enhances their physical and chemical
properties (Isha et al., 2021). These rare-earth doped
nanomaterials have attracted significant interest as
promising phosphor materials, finding applications in
modern lighting, displays, plasma display panels,
forensic science, biomedical imaging, etc (Vidya and
Chitra 2019; Pratapkumar et al., 2017; Wiglusz and
Grzyb 2011). Terbium (Tb), a member of the RE**
group, has garnered significant interest because of its
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potential bioactivity and unique fluorescence properties
(Ziqi et al., 2022). Recent advancements in the use of
terbium nanoparticles for applications such as tissue
engineering (Natarajan et al., 2022), bone repair ability
(Ziqi et al., 2022), drug delivery (Shang et al., 2014),
wound healing (Nethi er al, 2017), and anticancer
treatments (Iram et al., 2016), suggest that they could
play a pivotal role in the future of biomedical
applications.

Further, antimicrobial resistance poses a significant
global health threat, driving research efforts to identify
alternative antimicrobial strategies, including antibiotic
adjuvants and metal-based antimicrobial agents
(Venkatesh er al.,, 2018; Sanchez-Lopez et al., 2020).
Moreover, studies have demonstrated that metal and
metal oxide nanoparticles represent a novel category of
materials being explored for their antimicrobial
properties (Shukla, 2019; Fantozzi et al., 2021; Dutta et
al., 2021). These effects are influenced by a range of
intrinsic and extrinsic factors. In addition, studies have
reported the antimicrobial activity of magnesium-based
nanoparticles and terbium nanoparticles against various
pathogens (Fantozzi et al., 2021; Kusrini et al., 2023).
Thus, we hypothesised that a new class of
nanoparticles- Terbium doped magnesium aluminate
nanophosphorsynthesized by sol-gel combustion
method could effectively control pathogenic
microorganism, while also developing antimicrobial
compounds in an eco-friendly and sustainable manner.

MATERIALS AND METHODS

Synthesis of MgALO,:Tb*  nanophosphor.
MgALO4Tb™ nanophosphor was prepared using
15(6): 939-942(2023) 939



polymer assisted sol-gel combustion method.
Stoichiometric ~amounts of magnesium nitrate
hexahydrate  (Mg(NOs), .6H,0,99.99%, Sigma-

Aldrich), terbium nitrate (Tb(NO); .6H,0,99.99%,
Sigma-Aldrich) and aluminium nitrate nonahydrate
(AI(NO3)3.9H,0, 99.9%, Merck) were dissolved in
deionized water and subjected to magnetic stirring for
half an hour. To these nitrate solution appropriate
amount of citric acid is added dropwise, maintaining
the citrate nitrate ratio as unity. To this metal citrate
complex 1 wt% polyvinylpyrrolidone (PVP) solution
was added drop wise and stirring is continued for 3 h to
ensure formation of the polymerised precursor.
Resultant precursor was then kept in a hot air oven at
150°C for 24 hrs to obtain a yellowish dried xerogel.
The dried gel is then subjected to controlled combustion
at 400°C in a muffle furnace. The obtained sample is
then finely ground and subjected to calcination at
900°C C/4h to obtain MgAl,O,:Tb** nanophosphor.
Characterization. Crystal structure analysis and phase
formation of the synthesized phosphors were monitored
by X-ray diffraction (XRD) measurements, carried out
on a Bruker (D8 ADVANCE DAVINCI) X-ray
diffractometer using CuKa radiation (1.54056 A) in the
angular range (20) from 10°C to 70°C. X-ray
photoelectron spectroscopy (XPS) measurements were
carried out to analyze the surface properties and
oxidation states of the elements by an X-ray
photoelectron  spectrometer  (Thermo  Scientific
ESCALAB XI' A1528) integrated with AlKa (1486.6
eV) source (X-ray spot size of 900pm).

Assessment of  antibacterial activity of
MgALO,:Tb** nanophosphor.  The  antibacterial
activity of MgALO.Tb** was carried out by the agar
well diffusion method against the bacterial strains
Escherichia coli (ATCC 25922) and Staphylococcus
aureus (ATCC 25923) on Mueller Hinton Agar
medium. Petri plates containing 20ml Mueller Hinton
Agar medium were seeded with bacterial culture of E.
coli and S. aureus (growth of culture adjusted according
to McFarland Standard, 0.5%). Wells of approximately
10mm was bored using a well cutter and different
concentrations of sample such as 250pg, 500ug and
1000pg were added. The plates were then incubated at
37°C for 24 hours. After incubation, plates were
observed for the formation of clear zone around the
well which corresponds to the antimicrobial activity of
the sample. The inhibition zone around the well was
measured in mm and recorded (NCCLS, 1993). The
sample was prepared at a concentration of 50 mg/ml in
dimethyl sulfoxide (DMSO). Streptomycin was used as
the positive control (10 mg/ml).

Assessment of antifungal activity of MgA1204:Tb3+
nanophosphor. Antifungal activity was determined by
an agar well diffusion method against the test fungi
Candida albicans using potato dextrose agar. Potato
dextrose agar plates were prepared and overnight grown
species of fungus, Candida albicans (ATCC 10231)
were swabbed. Wells of approximately 10mm was
bored using a well cutter and samples of different
concentrations such as 250pg, 500pg and 1000pg were

compared with that of standard
(Clotrimazole-10 mg/ml) (NCCLS, 1993).

RESULTS AND DISCUSSION

antimycotic

X-ray diffraction analysis. X-ray diffraction technique
has been employed to analyse the crystallinity and
phase identification of the prepared nanophosphor. Fig.
1 represents the powder x-ray diffraction pattern of the
prepared sample. The pattern consists of high intensity
diffraction peaks indicating high degree of crystallinity
and can be well indexed according to the cubic
structure of MgAl,O, (ICDD File No. 01-070-5187,
Space Group Fd-3m (227)) system. This indicates
successful incorporation of Tb*"ions into the MgAl,0,
host lattice and the formation of pure spinel phase
MgAl,O,: Tb**nanophosphor.
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Fig. 1. X-ray diffraction pattern of MgAl,O4:
Tb**nanophosphor.

The crystallite size of the sample was calculated using
the Debye-Scherrer equation (Kumar et al., 2016).

Crystallite size (D) = L (D

Bhkl cos ehkl

where k is a dimensionless shape factor (= 0.9), A is the
X-ray wavelength used (CuKa =1.54056 A), B is the
full width at half the maximum intensity (FWHM) of
the diffraction peaks in radian, 0 is the Bragg
diffraction angle and D is the crystallite size along (h k
1) direction. Crystallite size evaluated by considering
the prominent peaks in the XRD pattern was 9.83 nm.

XPS spectra of MgAl,O,: Th*. X-ray photoelectron
spectroscopic (XPS) measurement was carried out to
gain more insight into the compositional and chemical
state of MgAl,O,: Tb** sample. XPS survey spectrum
shown in Fig. 2, reveal the presence of various
constituents present in the synthesized nanophosphor.
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Fig. 2. XPS survey scan of MgALO,: Th**
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added. The zone of inhibition was measured (mm) after nanophosphor.
overnight incubation at room temperature and
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The peak of adventitious carbon at 284.6 eV was taken
as the reference for all charge shift corrections. The
photoelectron peak observed at 1302.65 eV corresponds
to the Mg ions located at the tetrahedral sites in the
spinel network and specifies the +2 oxidation states of
Mg atoms present in the nanophosphor. The
photoelectron peak obtained at 72.20 eV was attributed
to Al-O bonds in oxide spinel structure which indicates
the existence of the +3 oxidation state of aluminium in
the prepared nanophosphor. The binding energy peak
position of Ols bonded with Al is obtained at 529.85
which is analogous to O ionic states of oxygen. The
presence of two major peaks at 1240.19 eV and
1275.75 eV with an energy difference of 35.56 eV
indicates the presence of Tb’*ions in the sample
(Kumar and Prakash 2020; Strohmeier, 1994; Singh et
al., 2015).

Antibacterial activity of MgAlLO.;Tb*. The
antibacterial activity of MgAl,O,:Tb** against E. coli
and S. aureus was studied and is shown in Fig. 3a & b.

3()

Fig. 3. The antibacterial activity of MgAl,O4:Tb™*
against (a) E. coli; and (b) S. aureus.

The results indicated that E. coli and S. aureus were
completely resistant to MgAl,O,:Tb** which fails to
show inhibition zone even at highest concentration
(1000ug) (Table 1). This may be due to the reason that
the concentration of the nanoparticles tested might have

been too low to produce a measurable antimicrobial
effect. Higher concentrations might be needed to
observe an inhibition zone. Another possible
explanation could be that MgAl,O,:Tb*, due to their
size or properties, might not diffuse effectively through
the medium, which is crucial for forming a clear zone
of inhibition. Thus, we speculate that the concentration,
size and distribution of terbium nanoparticle should be
properly tuned to improve the antibacterial activity
(Wang et al., 2017).

Antifungal activity of MgALO,:Tb*. The highly
pathogenic opportunistic fungus C. albicans was tested
with different concentrations of MgA1204:Tb3+
nanophosphors (250ug, 500pg, and 1000pug). The result
demonstrated that at a concentration of 1000ug, the
MgAl,04:Tb* nanophosphor exhibited an inhibition
zone of 12mm against C. albicans (Fig. 4, Table 2).
This observed antifungal activity may be attributed to
the ability of metal oxide nanoparticles to generate
reactive oxygen species (ROS), which cause oxidative
damage to the cell membrane and disrupts essential
biological process in the microbes, ultimately leading to
cell death (Gunasekaran et al., 2019).

Fig. 4. The antibacterial activity of MgA1204:Tb3+
against C. albicans.

Table 1: Antibacterial activity of MgA1204:Tb3+ against E. coli and S. aureus

Organism Zone of inhibition (mm)
Streptomycin MgALO,:Th* MgALO,:Th* MgALO :Th*
(100pg) (250pg) (500pg) (1000ug)
E. coli 32 Nil Nil Nil
S. aureus 30 Nil Nil Nil
Table 2: Antifungal activity of MgA1204:Tb3+ against C. albicans.
Organism Zone of inhibition (mm)
Clotrimazole MgALO,Tb* MgALO,: Tb** MgALO,: Tb**
(100ug) (250ug) (500ug) (1000pg)
C. albicans 26 Nil Nil 12
CONCLUSIONS C. albicans showed excellent antifungal activity of

In  conclusion, MgAl,O,:Tb*nanocrystals ~ were
successfully synthesized using polymer assisted sol-gel
combustion method, and XRD analysis confirmed the
nearly complete crystallisation of the spinel phase. XPS
studies further verified the charge states of the elements
in the nanophosphor.  Antibacterial  studies
demonstrated that increasing terbium ion concentration
enhances the antibacterial properties of the
nanophosphors. Furthermore, antifungal studies against
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MgAL,O4Tb™ nanophosphor. These findings suggest
that terbium-doped MgAl,O,4 have significant potential
for use in antimicrobial applications. Therefore, further
research could focus on optimizing these
nanophosphors for practical applications in biomedicine
and environmental protection.

FUTURE SCOPE

Future investigations will focus on optimizing the

synthesis parameters to further improve the
15(6): 939-942(2023) 941



antimicrobial performance of MgA1204:Tb3+ and to
explore the mechanisms underlying their activity. As
research progresses, the integration of terbium-based
nanophosphors into medical devices and coatings may
significantly reduce the risk of infections, paving the
way for safer and more effective therapeutic options in
healthcare.
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