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Sm,03z and Sm,0Oz-based nanostructures for
photocatalysis, sensors, CO conversion, and
biological applications

Mohammad Mansoob Khan @* and Shaidatul Najihah Matussin

Metal oxide nanoparticles have gained popularity owing to their unique properties. Recently, metal oxides,
particularly rare-earth metal oxides, have been explored and used in several areas. Samarium oxide
(Sm,O3) amongst other rare-metal oxides is no exception. It has a band gap of about 4.3 eV and suitable
dielectric properties. Different morphologies and structure-based Sm,Oz and Sm,0Os-based nanostructures
have been fabricated using different synthesis methods such as precipitation, hydrothermal, combustion,
green synthesis, etc. Additionally, various applications of Sm,Oz and Sm,0Os-based nanostructures have
also been investigated. The reported properties impact the response towards the applications such as
photocatalysis, sensors, CO conversion, and biological applications. Therefore, in this perspective, different
synthesis methods, characteristics, mechanisms, and varieties of applications of Sm,0Oz and Sm,0Os-based
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nanostructures have been investigated and discussed.

1.0. Introduction

Nanoparticles (NPs) are ultrasmall particles (1-100 nm) in
which significant numbers of atoms are located in the
interfacial structure in a disordered manner, resulting in
novel physical and chemical properties." Metal oxide NPs,
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particularly transition metals, have wide applications due to
their rich valence states, vast surface areas, and varying
electronic structures which include catalysis, electronics, and
optical and magnetic sensors. Depending on the overall
shape, these materials can be 0D, 1D, 2D, or 3D. The size of
nanoparticles can be crucial as it can influence the
physicochemical properties of the NPs.>® NPs are categorized
into different classes and one of them is semiconductor NPs.
Semiconductor materials possess properties between metals
and nonmetals and therefore various applications have been
found. Semiconductor NPs have wide band gaps in which
studies showed significant modification in their properties
with band gap tuning.* Metal oxide NPs have been produced
by synthesis methods such as sol-gel,”® pyrolysis,”**
hydrolysis,"*** and gas-phase condensation techniques."®
Amongst metal oxides, rare earth oxides (RE,O;3) have
attracted considerable attention due to their optical,
electronic, and chemical properties resulting from their 4f
electrons, and rare earth oxides have been widely used in the
fields of luminescence devices, optical transmission,
biochemical probes, medical diagnostics, and so forth."®'”
They are the most stable rare earth compounds, in which the
rare earth ions hold typically a trivalent state.’® It is known
that RE,O; nanostructures exhibit improved catalytic and
luminescence properties. Therefore, considerable efforts have
been devoted to producing RE,O; nanocrystals.'® All the rare-
earth elements form a sesquioxide of RE,O; and have five
different crystallographic phases. At temperatures lower than
about 2273 K, three types of phases: hexagonal P32/m,
monoclinic C2/m, and cubic Ia3 are usually observed, and for
temperatures higher than 2273 K, the hexagonal and cubic
phases are formed. When increasing the temperature, the
order of phase transition is from cubic a3 to monoclinic C2/
m and to hexagonal P32/m, even though not every oxide will
show all phases. This common transition is characteristic of
the intermediate elements of the group.”” Most
crystallographic phase diagrams in the literature are for bulk
materials, and only a few present or discuss the phase
diagrams of their nanostructure materials. Therefore, the
differences between bulk and nanomaterials are important to
comprehend, since they affect the final product properties."®
Sm,0; is a typical lanthanide oxide that has attracted
considerable interest in photocatalysis and electrocatalysis in
which cubic Sm,0; crystallizes in the bixbyite type which
may be described as a 2 x 2 x 2 superstructure of the fluorite
type with one quarter of the anion positions being vacant
(Fig. 1).>° This material has been extensively studied due to
its potential applications in various fields. Sm,0; is a p-type
semiconductor which has a tendency to exchange lattice
oxygen easily with air. This can be useful in maintaining
stoichiometry of the oxides. Sm,0; is considered as the most
promising candidate for future gate dielectrics in Si-MOS
based devices.>' Sm,0; has the second highest k-value among
the rare-earth oxides which makes it an alternative candidate
for high-k materials. Moreover, its band gap and conduction
band offset have fulfilled the basic requirements of a high-k
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Fig. 1 Crystal structure of cubic Sm,Os3 in the bixbyite type at T = 298
K and coordination polyhedra of the Sml (right) and Sm2 (left)
atoms.2® This figure has been adapted from ref. 20 with permission
from De Gruyter, copyright 2023.2°

dielectric. The most important feature is the hygroscopic
nature of Sm,0j; as it has a smaller ionic radius and it is less
electropositive.*?*

Shape-controlled Sm,0O; nanocrystals are promising
building blocks for the bottom-up assembly of novel
nanostructures with high potential applications in various
fields, such as in solar cells,>® nanoelectronics,?” gas
sensors,”® and biochemical sensors.?” Furthermore, Sm,O;
could act as an effective catalyst for the oxidative coupling of
methane with high activity, selectivity, and durability.*®
Sm,0; and Sm,0;-based materials have been prepared using
various synthesis methods such as precipitation, sol-gel,
hydrothermal, solid state and green synthesis.

To the best of the authors’ knowledge, in the past few
years, no review on the development and in-depth discussion
on Sm,0; and Sm,0;-based materials have been produced.
Therefore, in this review, the fabrication of Sm,0;, doped-
Sm,0;, and Sm,0;-based materials using different synthesis
routes and method parameters has been discussed. The
effects of different synthesis methods on the applications
have also been explained. The applications of Sm,0; and
Sm,0;-based materials as well as their mechanisms have
been reported in this review.

2.0. Synthesis of Sm,03

Sm,0; has been synthesized through various synthesis
methods (Fig. 2). Mohammadinasab et al synthesized
spherical Sm,0; particles with a crystallite size of 50 nm
using the thermal decomposition synthesis method.*
Thermal decomposition is considered as a method to
synthesize stable monodispersed NPs. Sm(NO;);-6H,0 was
used and dissolved in polyethylene glycol. The reaction was
carried out at 150 °C and the product was dried at 100 °C.
Ubale et al. prepared the cubic phase of Sm,0; NPs using a

Catal. Sci. Technol., 2023,13, 2274-2290 | 2275
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Fig. 2 Various synthesis methods of Sm,03; and Sm,0Os-based materials.

one pot hydrothermal method.** SmCl,-7H,0 was mixed with
urea and tartaric acid and heated at 121 °C for 3 h.
Groundnut-like particles were obtained with a crystallite size
of 8.3 nm. Sm,0; microparticles of 1-10 um were obtained
through a hydrothermal method as stated by Jamnani et al.*'
Citric acid was used as the solvent and Sm(NO;);-6H,0 as the
precursor. The reaction was heated at 180 °C for two different
durations: 24 h and 36 h. The drying was done in an oven at
100 °C for 2 h and the product was subjected to calcination
at 800 °C for 2 h. The Sm,0; microparticles were observed to
be microspheres. Sm,0; microspheres were tested for volatile
organic compound (VOC) monitoring. Other Sm,0;
microparticles were prepared using the same precursor
according to Michel et al.®* A co-precipitation method was
utilized. The precursor was stirred in formic acid at room
temperature for 20 h and dried at 140 °C. The product was
then calcined at 300 to 600 °C and particles between 1 and 6
um were obtained. The particles were spherical and they were
found out to be suitable for CO and CO, sensing. Sm,0;
nanorods were utilized for CO gas sensing in Jamnani's
work.** Sm(NO,);-6H,0, ammonia and CTAB were mixed
together in an autoclave vessel and heated at 120 °C for 3 h
through a hydrothermal reaction. The Sm,0; nanorods were
calcined at 600 °C for an hour before they were used as a CO
gas sensor. The nanorods were 400 nm in length and 80 nm
in diameter. Kang et al reported on the formation of
Sm(OH); nanoroll sticks in which the product was calcined
at 450 °C to form Sm,0;.>* Interestingly, the morphology was
retained after treatment with high temperature. The amount
of ammonia was stated to play a major role in determining
the morphology.

Sm,0; NPs were obtained via a green synthesis using
Casllistemon viminalis extract as stated by Sone et al.>® Sm(i)
acetyl acetonate was used and the reaction solution was
heated at 80 °C for 1 h and calcined at 500 °C. Small quasi-
spherical particles of about 21.9 nm were obtained. Tamboli

2276 | Catal. Sci. Technol., 2023,13, 2274-2290
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et al. used a precipitation method with SmCl,-6H,0O as the
precursor and urea.*® The reaction was carried out at 120 °C
and the product was dried at 60 °C for 12 h. This method
produced a sweet corn-like structure with a diameter of 265
nm and a length of up to 1443 nm. The obtained Sm,0; was
applied for 2-azidoalcohol synthesis. Hierarchical clew-like
Sm,0; microspheres were obtained by Yin et al. through a
hydrothermal reaction.’” Sm(NO,);-6H,O0 and urea were
mixed together in the reaction and heated at 180 °C for 24 h
and the mixture was subsequently dried at 60 °C for 3 h. The
product was calcined at 600 °C for 1 h producing clew-like
Sm,0; particles of about 3 pm. Yin et al. synthesized Sm,0;
particles via a hydrothermal synthesis method.*® Two
different solvents were used in the reaction, i.e. NaOH and
HCl mixed with the SmCl;-6H,0 precursor. The synthesis
reaction was carried out at 200 °C for 48 h and the product
was calcined at 800 °C for 1 h. Two different morphologies
were produced. Sm,0; nanorods were obtained when NaOH
was used as the solvent while a ribbon-like structure was
obtained when HCI was used as the solvent. Sm,0; nanorods
were found to be 2 micrometers long and 100 nm wide,
whereas Sm,0; nanoribbons were 200 nm (Fig. 3).

Sm,0; NPs were obtained through an Andrographis
paniculata leaf extract-mediated green synthesis as stated by
Muthulakshmi et al.*® SmCl;-6H,0 was mixed with the leaf
extract and stirred at room temperature. The product was
annealed at 600 °C for 6 h. The obtained particles were
cubic-like with an average size of 30 to 50 nm. The
antibacterial, antioxidant and bovine serum albumin
denaturation inhibition properties of Sm,0; NPs were
investigated. A Sm,0O; porous foam-like morphology was
obtained via a solvo-combustion method according to Ruiz-
Gomez et al.*® Samarium (m) acetate hydrate was mixed in
acetylacetone, ethanol and nitric acid which was refluxed at
70 °C. The solvents were evaporated at 180 °C. The final
product was calcined at elevated temperature, i.e. 400-800

This journal is © The Royal Society of Chemistry 2023



Catalysis Science & Technology

Perspective

Fig. 3 SEM images of corn-like, clew-like and ribbon-like Sm,03 NPs.36-38 Figure (a) has been adapted from ref. 36 with permission from Colloids
and Surfaces A, copyright 2023, figure (b) has been adapted from ref. 37 with permission from Materials Letters, copyright 2023, and figure (c) has
been adapted from ref. 38 with permission from Materials Science in Semiconductor Processing, copyright 2023.36-38

°C. Mesoporous Sm,0; was synthesized by Yan et al. through
a hydrothermal reaction.** Sm(NO;);-6H,0 was used in the
synthesis and a mixture of glucose, acrylic acid and ammonia
solution was used as the solvent. The synthesis reaction was
carried out at 180 °C for 72 h. The final product was calcined
at 600 °C under an argon atmosphere and the calcination
was continued at 500 °C for 4 h under an air atmosphere.
Nanosheet-like Sm,0; was obtained with an average size of
3-6 um and a thickness of 5 nm.

Yu et al. synthesized Sm,0; using samarium acetate and a
mixture of oleylamine and decanoic acid via a thermal
decomposition method.** The reaction was heated at 90 °C
in a vacuum to remove solvents and it was finally heated at
240 °C and aged for 6 h. Ultrasmall particles of Sm,0;
nanowires and nanoplates were obtained which showed an
average size of 1.1 nm and 2.2 nm in length. A hydrothermal
method was used to synthesize Sm,0; thin films in Huang's
work.”® SmCl;-6H,0 and ammonia solution were used in the
reaction. A low temperature of 45 °C was used for mixing and
the reaction was heated at 180 °C for 2 h. The crystallite size
of the synthesized Sm,0j; thin film was found to be 1-12 nm.
Photochemical synthesis of Sm,0; was conducted by
Hodgson et al.** Sm(NO;);-6H,0, DMF and DMSO were used
in the synthesis. Spherical Sm,0; with an average size of 417
nm was obtained.

Fu et al prepared Sm,0; with three different
morphologies namely, nanobelts, nanorods and nanotubes.*’
A hydrothermal reaction was utilized using ammonia
solution as the solvent and Sm(NO;);-6H,0. The synthesis
was done at 110 °C for 12 h and the product was calcined at
800 °C for 1 h producing Sm,0; nanobelts, nanorods and
nanotubes. Sm,0; nanobelts were 200 nm in width and 1-2
um in length, while the nanorods were 20 nm wide and 400
nm long. Finally, the nanotubes were 50 to 100 nm. Jiang
et al. synthesized Sm,0; NPs by a hydrothermal reaction
using Sm(NO3);-6H,0O and 4-nitrobenzoic acid which was
heated at 150 °C for 3 h.*® Subsequently, the product was
calcined at 600 °C for 2 h. The synthesized Sm,0; NPs were

This journal is © The Royal Society of Chemistry 2023

found to be 40 nm and they were observed to be a highly
sensitive and selective isobutyraldehyde sensor. Foam-like
Sm,0; NPs have been prepared by Mora-Ramirez et al.
through chemical bath deposition.”” An average grain size
between 22.10 and 28.20 nm was obtained which showed
optical absorption bands located at ~277 nm and ~408 nm
in the UV-vis region. Sm,0; nanoplatelets have been
synthesized using the electrodeposition technique.®
SmCl;-6H,0 was mixed with KCI at 90 °C by applying a
potential of —0.80 V vs. SCE producing a complete surface
coverage of high porosity Sm,0; nanoplatelets. Table 1 shows
the various synthesis methods of pure Sm,0;.

3.0. Synthesis of doped-Sm,0Os3
particles

Co-doped Sm,0O; was synthesized using a co-precipitation
technique as reported by Mandal et al®® In this case,
commercially available Sm,0; and CoCl,-6H,0 were used
and stirred together with HCl and NaOH. The reaction was
carried out at room temperature with subsequent calcination
at 700 °C for 6 h. Spherical Co-doped Sm,0; with a particle
size of 13 to 50 nm was obtained. Aswathy et al. synthesized
Co-doped Sm,0O; through a combustion method.”
Sm(NO;);-6H,0 and Co(NOj3),-6H,0 were mixed in glycine
solution and it was heated at 700 °C for 2 h and sintered at
900 °C for 10 h. The synthesized Co-doped Sm,O; particles
were porous which showed a particle size between 75 and 90
nm. The synthesis of Ni-doped Sm,0; was reported by Zhang
et al®® A precipitation method was utilized using
Ni(NO3),-6H,0 and Sm(NO;);-6H,0 as the precursors and
EDTA and NaOH as the additives. The synthesis was carried
out at room temperature and elevated to 70 °C as NaOH was
added. The product was dried at 120 °C and calcined at 800
°C for 6 h obtaining a crystallite size between 107 and 129
nm. Ru-doped Sm,0; NRs were synthesized by Zhang et al
using a precipitation method. The obtained sample was
reduced in H,/Ar stream at 500 °C for 2 h.>? Ru-doped Sm,0;

Catal. Sci. Technol., 2023, 13, 2274-2290 | 2277
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No. Synthesis method Precursors Particle size Morphology Applications Ref.

1 Thermal decomposition  Sm(NO;);-6H,O0 — Spherical — 29

2 One-pot hydrothermal SmCl;-6H,O — Groundnut-like — 30

3 Hydrothermal Sm(NO;);-6H,O0 1-10 pm Microspheres VOC monitoring 31

4  Co-precipitation Sm(NO;);-6H,0  1-6 pm Spheres Gas sensing 32

5  Hydrothermal Sm(NO;);-6H,0 400 nm (length) and 80 Nanorods — 33
nm (diameter)

6  Green synthesis Sm(m) acetyl 16-27 nm Quasi spherical — 35

acetonate

7  Precipitation SmCl;-6H,0 265 nm (diameter) and Sweet-corn like 2-Azidoalcohol synthesis 36
1443 nm (length)

8  Hydrothermal-calcination Sm(NOj;);-6H,O0 3 um Clew-like — 37
9  Hydrothermal-calcination SmCl;-6H,0 Nanorods - 2 pm (length)  Nanorods and — 38
and 100 nm (diameter) ribbon-like

Ribbon-like - 200 nm
10 Green synthesis SmCl;-6H,0 Cubic 30-50 nm Antibacterial, antioxidant and 39

inhibition of bovine serum
denaturation
11  Solvo-combustion Samarium(m) — Foam-like — 49
acetate hydrate

12 Hydrothermal Sm(NO;);-6H,0 3-6 um and 5 nm Nanosheets Hydrogen peroxide sensor 41

(thickness)
13 Thermal decomposition  Samarium(mur) 1.1 nm (width) and 2.2 nm Nanowires and — 42

acetate hydrate (length) nanoplates
14 Hydrothermal SmCl;-6H,0 —_ Thin films — 43
44

15 Photochemical Sm(NO;);-6H,0 417 nm Spherical — 45
16 Hydrothermal Sm(NO;);-6H,0 Nanobelts — 200 nm Nanobelts, —

(width) and 1-2 pm nanorods and

(length) nanotubes

Nanorods - 20 nm (width)

and 400 nm (length)

Nanotubes - 5 to 100 nm
17  Hydrothermal Sm(NO;);-6H,0 40 nm — Isobutyraldehyde sensor 46
18 Green chemical bath Sm(NO;);-6H,O 22.10-28.20 nm Foam-like — 47

deposition

19 Electrodeposition SmCl;-6H,O — Nanoplatelets Biosensor 48
NRs were 100-600 nm in length and 30-60 nm in width. In SnCl,, nitric acid, sorbitol and NH,NO;. Similarly,

this study, the metal interaction with Sm,0; was found to
enhance NH; decomposition.

3.1. Synthesis of semiconductors using Sm,0; as a dopant
and a metal surface decoration

On the other hand, Sm,0; has also been reported to have
been used as a dopant. For example, Sm,03-doped SnO, NPs
were produced in a study conducted by Feyzabad et al>* A
combustion method was used to produce Sm,0;-doped SnO,
using SnCl, and Sm(NO;);-6H,0 as the precursors, CH;406
as the fuel and NH,NO; as the combustion aid. The whole
reaction was heated at 100 °C for 15 min and exposed in a
microwave oven for another 15 min. The final product was
calcined at 400 °C for 3 h. The particles were agglomerated
showing a particle size between 100 and 300 nm. The gas
sensing ability of synthesized Sm,0;-doped SnO, in the
presence of VOCs was investigated. In another study, Sm,0;-
doped SnO, NPs were also fabricated using the same
synthesis method as stated by Habibzadeh et al.>® However,
commercially available Sm,0; was used in the synthesis with

2278 | Catal. Sci. Technol., 2023, 13, 2274-2290

agglomerated particles were observed showing a particle size
between 50 and 200 nm. The gas sensing properties of the
synthesized Sm,0;-doped SnO, NPs were investigated as well.
Sm,0;-doped SnO, thin films were fabricated through a
precipitation technique in a study conducted by Shaikh
et al.”® SnCl,-5H,0, Sm(NO;);-6H,0 and NH,OH were used in
the synthesis which was carried out at room temperature
only. The final product was calcined at 450 °C for 2 h.
Ultrasmall irregular shaped Sm,0;-doped SnO, about 5-8 nm
was obtained. The performance of acetone sensing using the
synthesized material was enhanced.

Sm,0;-doped CeO, NPs were also fabricated and used as a
photocatalyst to degrade acid orange 7 as reported by Mandal
et al.”>” A crystallite size of about 7 to 22 nm was obtained via
a surfactant assisted microwave reaction. Yao et al
synthesized CoO-Sm,0; co-doped CeO, via a co-precipitation
method which was carried out at room temperature.®® The
product was dried at 60 °C, calcined at 600 °C for 4 h and
sintered at 1200 to 1400 °C for 4 h producing porous
particles between 0.5 and 3 pum. Ibrahim et al. prepared
Sm,0;-doped ZnO as a nitroaniline chemical sensor using a

This journal is © The Royal Society of Chemistry 2023
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hydrothermal method.*® H,O and NH,OH were used to mix
with Zn acetate and Sm(NO3);-6H,O in an autoclave which
was heated at 155 °C for 7 h. The product was dried at 70 °C
for 4 h producing needle-shaped particles with 0.5 pm in
diameter and 9-10 pm in length. Table 2 summarizes the
methods to prepare doped Sm,0; and Sm,03;-doped metal
oxide NPs.

4.0. Synthesis of Sm,0O3z-based
materials

Samarium oxide supported cobalt catalysts were synthesized
through a wet impregnation method as reported by Ayodele
et al.®® The synthesis was carried out at room temperature in
which the product was calcined after that at 600 °C for 6 h.
Cubic phase Sm,0; supported Co was obtained showing a
spherical shape between 54 and 63 nm. Duan et al
synthesized an Au@Sm,0O; composite by dealloying pure Sm
and pure Au at room temperature and later the temperature
was elevated to 80 °C and maintained for 10 h.**
Subsequently, the product was calcined from 300 to 600 for 2
h producing Au@Sm,0O; nanorods with a diameter of 10 nm.
CO oxidation activity of the synthesized Au@Sm,0O; was
carried out. In a study by Zhu et al. the fabrication of Au/
Sm,O; composites via a precipitation method was reported.®
Sm(NO3);-6H,0 and Au nanorods were stirred in an aqueous
solution containing urea. The reaction solution was heated at
90 °C for 90 min and the product was dried at 90 °C for 3 h.
Finally, it was calcined at 600 °C for another 3 h. A co-
precipitation method was used to prepare Au@Sm,0O; in Yu's
work.*® Au nanorods were mixed together in an aqueous
solution of Sm(NO;);-6H,0. Urea was added to the mixed
solution, which was later heated at 90 °C for 2 h. The product
was dried at 60 °C for 12 h and calcined at 900 °C for 4 h to
produce monodispersed micro-cubic shaped Au@Sm,O;.
Rod-like Au@Sm,0; was obtained showing a length of 1.61
pum and a diameter of 928 nm. Barakat et al prepared an
Ag@Sm,0; nanocomposite for environmental remediation of
cyanide from aqueous solution.® Sm(NO;);-6H,O0 and
Ag(NO;) were mixed with dodecylamine and ethanol and

Ag@Sm,0; nanocomposites were produced using a

Table 2 Synthesis of doped Sm,O3z and Sm,0O3-doped metal oxide NPs

Perspective

photodeposition technique of the prepared solution at room
temperature. The product was dried at 100 °C and calcined at
550 °C for 5 h producing spherical particles.

Preparation of a Sm,03/Cu mosaic structure was reported
by Zhang et al.®® The composite was synthesized by mixing
and milling both Cu powder and Sm,0; and sintered at 900
°C for 90 min. The infrared absorptivity and emissivity of the
product were studied. W/Sm,O; composites were prepared
through spark plasma sintering according to Zhu's work.®®
Pure W powder and Sm,0; were mixed and ball milled and
sintered at 1600 °C under argon conditions. Intergranular
shaped W/Sm,0; was obtained with a particle size between
600 and 800 nm. In another study, W/Sm,0O; composites were
synthesized using a wet chemical method as reported by Ding
et al® An aqueous solution of ammonium paratungstate
hydrate and Sm(NO3);-6H,0 were stirred together at room
temperature and dried at 60 °C for 2 h. The final product was
calcined at 450 °C for 1 h under a nitrogen atmosphere. A
mixture of polygonal and cubic shaped W/Sm,0O; composites
was obtained. From TEM images, the polygonal shape of W/
Sm,0; was less than 20 um while the cubic composites were
about 100 to 150 nm. On the other hand, noble metal NPs
offer good thermal stability and strong interaction with rare
earth elements. Ullah et al. produced Pd NPs decorated on
Sm,0; NRs.®® Firstly, Sm,0; NPs were synthesized using a
hydrothermal method in which Pd** was reduced to Pd° via
photochemical synthesis and decorated on Sm,0; NRs. The
average length and width of the NRs were reported to be 120
nm and 22 nm respectively.

Carbon decorated on Sm,0; NPs was prepared in a study
done by Chen et al®® The authors used a sonochemical
reaction to prepare the composite utilizing Sm(NO;);-6H,O0
and CNFs with addition of ammonia solution. The product
was dried at 80 °C for 12 h without further calcination
treatment  producing  multi-layered  nanofibers  and
nanospheres. The synthesized materials were used to detect
4-nitrophenol. Carbon nanofiber-Sm,0; nanocomposites
have been synthesized and reported by He et al.”® Carbon
fibers were dissolved in N-N-dimethylformamide solution
before the addition of Sm(NO3); and NaOH. The reaction was
heated hydrothermally at 120 °C for 24 h. The product was

No. Materials Synthesis method Particle size Morphology  Applications Ref.
1 Co-doped Sm,0; Co-precipitation 13-50 nm Spherical — 50
2 Co-doped Sm,03 Combustion 75-90 nm — — 51
3 Ni-doped Sm,0; Combustion 107-129 nm — — 52
4 Ru-doped Sm,0O; Precipitation 100-600 nm Rod-like Ammonia decomposition 53
5  Sm,0;-doped SnO, Combustion 100-300 nm Agglomerated Gas sensing 54
6  Sm,0;-doped SnO, Combustion 50-200 nm Agglomerated Gas sensing 55
7 Sm,0;-doped SnO, Co-precipitation 5-8 nm — Acetone sensing 56
8 Sm,0;-doped CeO, Surfactant assisted 7-22 nm — Photodegradation of acid 57
microwave orange 7
9  CoO-Sm,0; co-doped  Co-precipitation 0.5-3 pm — — 58

SnO,
10 Sm,0;-doped ZnO Hydrothermal

(length)

This journal is © The Royal Society of Chemistry 2023

0.5 um (diameter) and 9-10 um  —

Nitroaniline chemical sensor 59
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treated at 550 °C for 5 h. The synthesized C@Sm,0;
composites were applied for novel electrochemical detection
of two isomers of dihydroxybenzenes. Ilsemann et al
reported on the synthesis of a Ni@Sm,O; xerogel catalyst for
CO, methanation.”’ The Pechini-PO method was used to
produce the Ni@Sm,O; catalyst using Sm(NO;);-6H,O and
Ni(NOj3), as the precursors. The reaction solution was stirred
at room temperature and the product was dried at room
temperature as well. The dried samples were calcined at 600
°C for 2 h producing composites with a crystallite size
between 6 and 10 nm.

Boltenkov et al. prepared ZnO@Sm,0O; using a liquid
polymer salt method.> In this research, polyvinylpyrrolidone
(PVP) was used together with Zn(NO;), and Sm(NO;);. The
mixed solution was first stirred at room temperature for 15
min before it was thermally treated at 550 °C. Aggregated
film-like particles with a particle size less than 100 nm and
of 200-250 nm in thickness were obtained. PANI@Sm,O;
nanocomposites have been synthesized in a study conducted
by Jamnani et al.”> A hydrothermal method was used to
fabricate the composite by mixing Sm(NO3);-6H,0 and PANI
together in an aqueous solution. A few drops of citric acid
were added before it was heated at 180 °C for 24 h. The
obtained product was dried at 100 °C for 2 h and calcined at
800 °C for 2 h. Spherical particles of 30-100 nm were
obtained. The synthesized PANI@Sm,0; nanocomposites
were tested to detect hydrogen at room temperature. A
NiO@Sm,0; heterojunction was found to enhance the photo-
Fenton activity as stated in Liu's work.”? NiO@Sm,0; was
synthesized via a sol gel method in which Sm(NO;);-6H,0
and Ni(NO;), were dissolved and stirred in a solution
consisting of citric acid and ethylene glycol. The mixed
solution was stirred at room temperature for 2 h before it
was heated at 100 °C for 10 h. The obtained gel-like product
was calcined at 700 °C for 3 h. Due to their particle size range
which is less than 100 nm, the photo-Fenton activity of
NiO@Sm,0; was investigated. Pyridoxine analysis of Sm,0;
decorated graphitic carbon nitride nanosheets was
investigated as reported by Mesgari et al’* Synthesized
Sm,0; NPs were prepared by a sol gel method by mixing
Sm(NOs3); in polyvinyl alcohol. It was stirred at 90 °C for 2 h
and calcined at 400 °C. The obtained Sm,0; and g-C;N, were
dispersed in water before they were sonicated and
centrifuged. This produced two layers of solution in which a
milky layer solution was taken and added to a vortex together
with a 1/3 ratio of Sm,0; and g-C3;N,. The vortexed solution
was heated on a hot plate at 45 °C more than 5 times
continuously producing spherical particles of g-C;N,@Sm,03.
Determination of acetaminophen and -ciprofloxacin was
carried out using Sm,0; nanorod modified graphite as
reported by Biswas et al.”> The authors used a sol-gel method
to fabricate Sm,0;@graphite using poly(ethylene) glycol and
NaOH as the solvents. The reaction was done at room
temperature for 4 h before it was calcined at 300 to 900 °C
for 4 h. The synthesized nanorods were found to be less than
100 nm.
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Muneer et al. synthesized Gd,0;@Sm,0; nanocomposites
through sonication and hydrothermal methods.”® Firstly,
Sm(NO;);-6H,0 and GdCl;-6H,O were put in a solution
containing NaOH and dioctyl sulfosuccinate sodium salt
(DSS) which is an anionic surfactant. For the sonochemical
method, 100 °C for 120 min was applied, whereas for the
hydrothermal method, the solution was heated at 160 °C for
2.5 h. Both products were dried at 100 °C. As for the
calcination temperature, Gd,O;@Sm,0; synthesized via the
sonochemical method was calcined at 900 °C for 90 min,
while for the hydrothermal method, the product was calcined
at 600 °C. Both methods produced a particle size between 15
and 30 nm. Sm,0;@ZnO composites have been synthesized
by Zeng et al. via a hydrothermal method.”” Sm(NO;);-6H,0
and Zn acetate were put in an autoclave with addition of
urea, polyvinyl pyrrolidone and ethanol. The reaction was
heated at 180 °C for 1 h and the obtained product was dried
at 60 °C for 10 h. It was proceeded with calcination at 500 °C
for 3 h. Spherical particles were formed with an average
particle size of 200 nm. In another study, ZnO@Sm,O;
flower-like particles were synthesized via microwave assisted
synthesis.”® A solution of Sm(NO;);-6H,0 and Zn acetate was
stirred at room temperature and guanidinium carbonate and
NaOH were added to the reaction solution. It was then
heated in a microwave before the products were dried at 60
°C and calcined at 600 °C for 2 h. The flower-like composites
were estimated to be 1.5 um with well-defined petals of 500-
600 nm (Fig. 4).

CuO@Sm,0; nanoflowers were utilized as electrode
materials for high performance supercapacitors reported in
a study by Zhang et al.”® A co-precipitation method was
used to synthesize CuO@Sm,0; in which Cu(NO;), and
Sm(NO;); were dissolved in an aqueous solution with
addition of ammonia solution. The reaction solution was
heated at 150 °C for 6 h and the product was dried at 90
°C for 12 h without further heat treatment. The synthesized
CuO@Sm,0; nanoflowers were approximately 2-3 nm.
Dezfuli et al synthesized Sm,0;@rGO through a
sonochemical method.*” An ammonia solution was added
dropwise into an aqueous solution of Sm(NO;);-6H,O which
was then stirred and sonicated for 20 min. A layered and
wrinkled Sm,0;@rGO composite with an average particle
size of 20 nm was obtained. Another study on the synthesis
of Sm,0;@rGO was reported by Reddy et al®* The
synthesis was done using an eggshell membrane assisted
hydrothermal route. The reaction was heated at 180 °C for
24 h and calcined at 800 °C. Sm,0;@rGO nanorods were
10 nm in diameter and 60 to 120 nm long. The room
temperature LPG detection properties of the Sm,0;@rGO
nanorods were studied. Similarly, Sm,0;@rGO was
prepared by a facile sonochemical route.** They were
synthesized individually. For instance, Sm,0; was prepared
hydrothermally while rGO was prepared using a modified
Hummers method. Then, in order to prepare Sm,0;@rGO
nanocomposites, RGO and Sm,0; were dispersed in DMF
solution and sonicated for 1 h.

This journal is © The Royal Society of Chemistry 2023



Catalysis Science & Technology

Perspective

Fig. 4 SEM images of (a) flower-like ZnO@Sm,Os, (b) flower-like CuO@SmM,03 and (c) pyramid-like Ti/PbO,@Sm,0s.”88° Figure (a) has been
adapted from ref. 78 with permission from Sensors and Actuators B: Chemical, copyright 2023, figure (b) has been adapted from ref. 79 with
permission from Applied Surface Science, copyright 2023, and figure (c) has been adapted from ref. 80 with permission from Journal of Colloid

and Interface Science, copyright 2023.78-80

Li et al synthesized Sm,0;@ZrO, composites using
ZrOCl, and Sm(NO;);-6H,O via co-precipitation.’® The
synthesis reaction was carried out at room temperature and
the product was dried at 100 °C for 24 h, followed by
subsequent calcination at 600 °C for 3 h. Sm,0;@ZrO,
composites were formed with a crystallite size between 5 and
15 nm. Sm,0;-modified TiO, nanotubes were prepared
through a hydrothermal reaction as reported by Liu et al.®
Ammonium fluoride, ethylene glycol, Sm(NO3); and titanium
foil were mixed and stirred at room temperature before they
were heated at 100 °C for 12 h hydrothermally. The product
was annealed at 550 °C for 1 h producing 13 pm nanotubes.

Sm,0;@CeO,-supported Pd catalysts have been
synthesized using a ball milling method.*® Commercially
available Sm,0;, CeO, and Pd NPs were ball-milled together
and heated at 800 °C for 2 h. The product was then annealed
at 800 °C for 2 h. In another study, Sm,0;@CeO,-supported
Pd catalysts were also synthesized using the same synthesis
method.®” The product was calcined at 800 °C for 2 h as well.
A mixture of rounded and irregular particles was obtained
and the composites were used for intermediated-temperature
methanol fuel cells. ZnS-ZnO-Sm,0; composites were used
for photocatalytic removal of dyes and antibiotics in the
visible light region as reported by Zheng et al.®*® ZnS-ZnO-
Sm,0; composites were synthesized hydrothermally by
mixing Sm(NOj3), Zn(NO;), and ZnS with urea PVP and
ethanol. The reaction was heated at 180 °C for 1 h and the
product was dried at 50 °C for 10 h. The final product was
then calcined at 300 °C for 2 h producing 10 nm size
spherical particles. Zhang et al. in their work reported on the
synthesis of Ti/PbO,@Sm,0; composites for highly efficient
electrocatalytic degradation of alizarin yellow R.*° The
composites were prepared via a simple electrodeposition
technique. The electrode was deposited at 65 °C and dried in
air after the deposition was finished. Pyramid-like
microparticles were observed in the SEM image. Mesoporous
NiO-Sm,0;/Al,0; catalysts have been prepared using a one-
pot EISA method according to a study conducted by Liu
et al.®® The composite precursors were vigorously stirred at
room temperature for 5 h and the solvents used in this

This journal is © The Royal Society of Chemistry 2023

preparation were evaporated at 60 °C. After that, the obtained
product was calcined at 550 °C for 4 h, producing 3-5 nm
particles. Ordered mesoporous silica loaded with Sm,0; was
also prepared using a one step sol gel method.’® The reaction
was aged for 20 h and dried at 50 °C. The product was finally
calcined at 800 °C for 2 h. Well-organized and large
mesoporous channel-like particles were obtained which were
about 600 nm to 1 pm. Ayub et al. prepared barium promoted
Ni/Sm,0; to enhance the CO, methanation process.”* A
wetness impregnation method was used to synthesize the
material in which a mixture of Ba**, Ni*" salts and Sm,O;
was stirred continuously for 3 h at 60 °C to ensure thorough
dispersion. The catalysts were dried at 200 °C for 2 h and
calcined at 500 °C for 3 h producing groundnut-shaped Ni-
Ba/Sm,0;. Below is the summary of synthesis methods used
to synthesize Sm,0;-based materials (Table 3).

In summary, Sm,0; doped-Sm,0; and Sm,0O;-based
materials have been fabricated in various ways (Fig. 5).
Different synthesis method parameters have been considered
to direct the shapes and properties of Sm,0; hence affecting
the final physical, optical and chemical properties of Sm,0;,
doped-Sm,0; and Sm,03-based materials. It is known that
the properties of metal oxides would influence the response
in various applications in which it will be discussed in the
next section.

5.0. Applications of Sm,0+ and
Sm,0z-based materials

Sm,0; and Sm,0Oj3-based materials have been applied in
various fields.”*"°® Different structures, morphologies and
particle sizes will lead to different activities of Sm,Os;.
Therefore, in this section, the application activities of Sm,0;
and Sm,0;-based materials that have been synthesized using
different synthesis methods were discussed (Fig. 6).

5.1. Photocatalytic removal of organic pollutants

There are two types of organic pollutants that have been
a threat to the environment and marine lives, which are

Catal Sci. Technol.,, 2023, 13, 2274-2290 | 2281
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Table 3 Synthesis methods used to prepare Sm,0Oz-based materials
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No. Materials Synthesis methods  Particle size Morphology Application Ref.
1 Co@Sm,0; Wet impregnation 54-63 nm Spherical CO, reforming 60
2 Au@Sm,0; Dealloying 10 nm Rod-like CO oxidation 61
3 Au@Sm,03 Precipitation 1.61 pm (length) and 928 Rod-like — 62
nm (diameter)
4 Au@Sm,0; Co-precipitation — Cubic Photothermal conversion 63
5  Ag@Sm,0; Photodeposition — Spherical Cyanide removal 64
6 Cu@Sm,0; Milling — Mosaic — 65
7 W@Sm,0; Spark plasma 600-800 nm Intergranular — 66
sintering
8  W@Sm,0; Spark plasma Polygonal- 20 pm Polygonal and cubic — 67
sintering Cubic - 100-150 nm
9  Pd@Sm,0; Hydrothermal and 120 nm (length) and 22 nm  Rod-like — 68
photochemical (width)
10 C@SmM,0; Sonochemical — Fiber and 4-Nitrophenol detection 92
sphere-like
11  C@SmM,0; Hydrothermal — — Detection of isomers 70
12 ZnO@Sm,0; Liquid polymer salt 100 nm and 200-250 nm Film-like — 25
(thickness)
13  PANI@Sm,0; Hydrothermal 30-100 nm Spherical Hydrogen detection 72
14 NiO@Sm,0; Sol-gel Less than 100 nm — Photo-Fenton activity 73
15  g-C3N,@Sm,0; Sonication — Spherical — 74
16 Sm,0;@graphite Sol-gel Less than 100 nm Rod-like Determination of 75
acetaminophen and
ciprofloxacin
17  Gd,0;@Sm,0; Sonication and 15-30 nm — — 76
hydrothermal
18 Sm,0;@Zn0O Hydrothermal 200 nm Spherical — 77
19  Sm,0;@Zn0O Microwave-assisted 1.5 um with well-defined Flower like — 78
petals of 500-600 nm
20  CuO@Sm,0; Co-precipitation 2-3 nm Flower-like Supercapacitor 79
21 Sm,0;@rGO Sonochemical 20 nm Wrinkled — 81
22 Sm,0;@rGO ESM assisted 10 nm (diameter) and Rod-like LPG detection 82
hydrothermal 60-120 nm (length)
23 Sm,0;@RGO Sonochemical ~30-40 nm Rod-like and Carbendazim detection 83
wrinkle-like
24 Sm,0;@Zr0O, Co-precipitation 5-15 nm — — 84
25  Sm,0;@TiO, Hydrothermal 13 pm Tube-like — 85
26  Sm,0;@CeO0,-supported Ball milling — — — 86
Pd
27  Sm,0;@CeO,-supported Ball milling — A mixture of Methanol fuel cells 87
Pd irregular and round
28 ZnS-ZnO-Sm,03 Hydrothermal 10 nm Spherical Photocatalytic dye and 88
antibiotic removal
29  Ti/PbO,@Sm,0; Electrodeposition — Pyramid-like Photocatalytic degradation of 80
alizarin yellow R
30 NiO-Sm,0;/Al,04 One-pot EISA 3-5 nm — — 89
31 Silica@Sm,03 Sol-gel 600 nm to 1 um Channel-like — 90
32 Ni-Ba/Sm,0; Wetness — Groundnut CO, methanation 91
impregnation
coloured and non-coloured pollutants. Examples of oxides are known to be important semiconductor

coloured pollutants are dyes while non-coloured pollutants
are toxic chemicals that are colourless such as metals. In
a study conducted by Jourshabani et al., the activities of
Sm,0; and Sm,0;@CNS in photocatalytic degradation of
methylene blue (MB) under visible light were reported.®”
Pure Sm,0; was found to degrade only up to 57% of MB
in 150 min. Remarkably, Sm,0;@CNS illustrated the best
photocatalytic performance of 92.6% under visible light
irradiation for 150 min. The less enhanced photocatalytic
degradation of MB using pure Sm,0; might be due to the
wide band gap of Sm,0; which is about 4.3 eV.”® Metal
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photocatalysts due to their stabilities and their remarkable
properties. However, one of the major drawbacks is their
inactivity under visible light irradiation.”® Therefore, to
minimize the drawbacks, doping or producing Sm,O;
composites is opted. In this study, dye molecules were
anchored on the photocatalyst surface as the surface area
of the composites was improved due to the combination
of Sm,0; with CNS. Besides, the heterojunction formation
in Sm,0;@CNS composites also increases the
recombination lifetime of electron-hole pairs by the
depletion layer region.

This journal is © The Royal Society of Chemistry 2023
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Fig. 5 Common synthesis methods used to synthesize Sm,03, doped-Sm,03 and Sm,03-based materials.

Interesting findings were observed in a report by Zheng
et al. in which the effect of binary and ternary composites on
the photocatalytic degradation of TCH, rhodamine B (RhB),
methyl orange and methylene blue was investigated.®® The
photocatalytic activities of ternary (ZnS-ZnO-Sm,O;) and
binary ZnO-Sm,0; were reported to be influenced by both
‘OH and 'O,  radicals.’® Based on their findings, the
enhancement in the photocatalytic activities also showed
efficient charge transfer and high resistance to the
recombination of charge carriers.'” However, the separation
of e /h" of the ternary ZnS-ZnO-Sm,0O; junction is more
efficient than that of binary ZnO-Sm,0;. In Fig. 7, the

Applications of
Sm203 and szo3‘
based materials

Chemical
sensor

CO, production

Antioxidant

Fig. 6 Reported applications of Sm,O3z and Sm,0O3-based materials.
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electrons in the CB of Sm,0; are transferred to that of ZnS,
which are further transferred to that of ZnO in the ZnS-ZnO-
Sm,0; junction. Meanwhile, h* in the VB of Sm,0; and ZnO
are transferred to that of ZnS (Fig. 7)."°*'° One should note
that the excess amount of Sm,0; will only hinder the light
absorption in the visible region due to its wide band gap,
which leads to the inferior quantum efficiency of ZnS-ZnO-
Sm,0;. Similar findings were also reported elsewhere.%58104

5.2. Sm,0; and Sm,0;-based materials as sensors

Sm,0; and Sm,0j3-based materials have been reported to
be used as sensors ie., chemical and gas sensors. For

‘*’ ZnS-ZnO-Sm203 "*’ ZnO-Sm203
2F \e_’“ N \f__
— e~f‘\02 Cﬁ__v-\\ 02
m CB —
o ] N M
¢ CB “OH
—~ 0 ~
E 44eV |3.65eV|3.37eV 44eV |337eV
E 1k Sm203 ZnS ZnO Sm203 Zn0O
|5
o
~ 2} L
Vli VB H,0,
: VB | ~— ht =T VB_| -r/“,OH
L h+v/¥/ h+\//(
H,0 H,0, OH H,0

TCH + h*+:OH + O, — degradation products

Fig. 7 The mechanism of ZnS-ZnO-Sm,0z composites in
photocatalytic degradation of organic pollutants.®® This figure has
been adapted from ref. 88 with permission from Journal of Industrial
and Engineering Chemistry, copyright 2023.58
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instance, Yan et al. reported a novel electrode material
used in enzyme-free electrochemical detection of H,O,
using Sm,0; hydrangea microspheres.”’ The Sm,0;
hydrangea microsphere electrode exhibited excellent
performance which showed the following characteristics:
detection linear range from 1 to 320 uM (R®> = 0.997),
ultrahigh sensitivity of 20.5 pA mM™, low detection limit
of ~1 uM, fast response at 3 s to attain 95% of the
steady current as well as high stability. These remarkable
properties were attributed to the large specific surface area
of the mesoporous Sm,0;, which ensures efficient mass
transport as well as the sensitivity of the Sm,0O; for the
H,0, electro-reduction reaction. In another study, Teker
et al. studied the detection of paracetamol using sensitive
and selective Sm,0;@ZrO,@CNT composites.los Large
enhancement in the magnitude of the peak response for
paracetamol was observed using the proposed electrode.
Interestingly, selective detection of paracetamol was
successful as no interference of ascorbic acid and
tramadol was observed. The selectivity property of the
composites might be due to the high conductivity and
excellent catalytic activity of Sm,0O; NPs. Furthermore, a
composite electrode with samarium provides thermal and
chemical stability and large surface area.®"'°®'"” Detection
of 4-nitrophenol was carried out using Sm,0; NPs
decorated with carbon nanofibers.”> 1t was found that
trace levels of 4-NP can be detected by the Sm,O;@carbon
nanofiber modified electrode which showed the best
sensitivity. In addition, the sensor also displayed excellent
anti-interference ability. This may be attributed to the
synergistic influence of the sensing substrate. Similar
findings were also found in the literature.>*"%®
Additionally, Sm,O;-based materials have been used
as gas sensors, for example, a recent study was
conducted by Reddy et al on the detection of LPG at
room temperature using Sm,0;/rGO.** According to their
findings, the Sm,0;/rGO hybrid flexible sensor offers the
highest sensitivity with a maximum response of 116%
under comfort humidity zone. Moreover, it showed
excellent stability even after mechanical bending towards
700 ppm of LPG at room temperature. In another
study, Sm,O; was combined with SnO, to detect the
presence of C,H,.'” The composites have a significant
impact on enhancing the sensitivity properties of
individual Sm,0O; and SnO, sensors to C,H, gas. This
property might be due to the increasing active centers
on SnO, by Sm,0;. Furthermore, the addition of Sm**
might change the electronic movement and the overlap
of electron cloud of the SnO, material resulting in the
strengthening of the electronegativity of the carbon-
hydrogen triple bond of C,H,. This eventually makes it
easier for hydrogen dissociation to combine with O>".
The amount of active centers present might influence
the sensing ability in reduced particle size, ie. a high
surface area provides more active sites for oxygen
adsorption and quick channels for gas adsorption.'*
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Similar can be found in other literature

reports.

findings

32,54,55,111,112

5.3. Photocatalytic CO, conversion

One study conducted by Gémez-Sainero et al. reported on the
production of CO, from methanol conversion using Sm,-
0;@Ce0,@Pd.*® According to the authors, CO, was produced
either by the direct reforming of methanol or by the
subsequent transformation of CO via the water gas-shift
reaction. Moreover, in a recent study, the potential of
greenhouse gas abatement via catalytic methane dry
reforming using Co@Sm,0; catalysts was investigated.®® The
20 wt% Co/80 wt% Sm,Oj; catalyst produced the highest CH,
and CO, conversion of ~71 and ~74% as well as the highest
hydrogen (H,) and carbon monoxide (CO) yield of ~62 and
~73%, respectively. Duan et al. studied the activities of Au/
Sm,0; catalysts for low-temperature CO oxidation.®® The
catalyst prepared with 0.5 at% Au/Sm,O; exhibited the best
catalytic activity and could convert 35% of CO at room
temperature (20 °C).

5.4. Photocatalytic production of organic compounds

Sm,0;-based materials have also been used as catalysts to
prepare organic compounds. For instance, Maddila et al
used Sm,O;@fluoroapatite as a catalyst to prepare
triazolidine-3-thione  derivatives under green solvent
conditions yielding about 92-97% products. The reaction was
carried out at room temperature for about 20 to 45 min
depending on the catalysts wused in the reaction.
Furthermore, in a recent study, synthesis of 2-azidoalcohol
was carried out using sweet-corn like Sm,0;.%® It was found
that, with addition of the catalyst, around 97% of trans-2-
azidocyclohexanol was yielded as compared to that without a
catalyst with only 27% production. This showed that the
Sm,0; sweet corns could lead to a highly active Brgnsted acid
catalyst that can produce excellent yields for 1,2-azidoalcohol.

5.5. Biological applications

Sm,0; NPs have been used as antibacterial and antioxidant
agents in a study reported by Muthulakshmi et al.*° Sm,0;
NPs were used against S. aureus and E. coli in which the
activities showed zones of inhibition between 15 and 17 mm
and 17 and 22 nm, respectively. According to the authors, the
higher zone of inhibition against E. coli might be due to the
decay of cell membranes in E. coli with cell elongation by
oxidative stress leading to bacterial cell death. Moreover, the
E. coli and S. aureus bacterial systems absorbed the released
cations. The absorbed cations bind to the surface of the
bacterial systems causing release of cellular materials from
the E. coli and S. aureus bacterial systems."”*'"* Two possible
antibacterial mechanisms are reported by Kokilavani et al.'*
First, the antibacterial activity might be due to the direct
encounter of NPs with bacterial cells and the second
mechanism might be due to the interaction of subordinate
products. Furthermore, Muthulakshmi et al. also investigated
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the antioxidant activities of Sm,O0; NPs using a DPPH
antioxidant assay. The activities increased as the
concentration of Sm,0; increased, ie., 14.33 to 85.23% from
10 ug mL™" to 100 ug mL™.*° The leaf extract used in the
synthesis of Sm,0; NPs was responsible for the enhancement
of the antioxidant activity. Besides, the antioxidant activity
was also increased due to ROS generation which leads to cell
death."®''” On the other hand, Sm,0O; nanoplatelets were
used as a biosensor of glucose oxidase in a study conducted
by Leote et al.*® The glucose biosensor based on Sm,0; was
tested for glucose detection in serum samples with a recovery
factor of 90%. The electrocatalytic behavior of Sm,0; towards
H,0, generation allows sensitive detection of the products
from enzymatic reactions. This property is unusual for oxide-
based biosensors due to the potential applicability towards
the analysis of biological fluids with high complexity, such as
blood serum.

6.0. Future prospects

Comprehensive framework syntheses have been reported in
the literature. However, there are a few research gaps that
still need to be filled.

i. The syntheses of Sm,0O; NPs have been reported.
However, more research should be conducted on the
synthesis of Sm,0; NPs via various synthesis methods.

ii. The properties of Sm,0; and Sm,0Os-based materials
have not been investigated thoroughly.

iii. The applications of Sm,0; and Sm,03-based materials
have not been widely studied.

iv. Interaction of Sm,0; and Sm,O5-based materials with
pollutants, gases, chemicals, etc. in applications should be
explained in detail.

v. Sm,0; has great potential as a dielectric material.
However, there is a lack of study on it being a potentially
good dielectric material.

7.0. Conclusion

Sm,0; recently has been brought to the attention of
researchers as it possesses unique physical and chemical
properties. In this review, the syntheses of Sm,0; and Sm,03-
based materials using precipitation, hydrothermal, green
synthesis, combustion, etc. were discussed. The properties
and morphologies of the synthesized Sm,0; and Sm,O;-
based materials were also reported. The investigation of the
synthesized Sm,0; and Sm,O;-based materials for
applications such as photocatalytic dye degradation, removal
of toxic chemical pollutants, and gas sensors as well as
antibacterial activities was discussed.
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