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Abstract: Magnetic ferrite nanocatalysts have attracted significant attention as sustainable and efficient
materials for green chemistry. These nanocatalysts exhibit high surface area, chemical stability, and
superparamagnetic behavior, enabling effective catalytic activity and facile separation from reaction
mixtures using an external magnetic field. Magnetic recovery minimizes catalyst loss, solvent use, and
energy consumption, promoting environmentally friendly chemical processes. They have been widely
applied in multicomponent reactions, heterocyclic synthesis, biomass conversion, and environmental
remediation. Recent advancements focus on rational structural design, including core-shell, yolk-shell,
and hybrid architectures, which improve dispersion, limit particle aggregation, and provide multiple
active sites. Surface functionalization with acidic, basic, or bifunctional groups further enhances
catalytic activity and selectivity. Catalytic performance and magnetic properties can be tuned by varying
the metal ion in the ferrite structure, with cobalt, nickel, zinc, and manganese ferrites extensively studied.
Compared to conventional catalysts, magnetic ferrite nanocatalysts offer easy handling, reusability, and
reduced environmental impact, although challenges remain in large-scale synthesis and long-term
stability. This review consolidates recent progress in the synthesis, functionalization, and applications of
magnetic ferrite nanocatalysts, highlighting their potential as recyclable platforms for sustainable
chemical processes.
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L. INTRODUCTION

The field of green and sustainable chemistry emphasizes the development of efficient, recyclable, and environmentally
benign catalytic systems. Among these, magnetic ferrite nano catalysts have emerged as highly promising candidates
due to their unique magnetic properties, high surface area, chemical stability, and ease of separation using an external
magnet [1-3]. These features not only reduce catalyst loss but also minimize energy consumption, solvent usage, and
environmental impact, aligning with the principles of green chemistry [4-6].Magnetic ferrite nanocatalysts can be
broadly classified based on structural architecture and surface modification strategies, as illustrated in Figure 1.

Magnetic ferrites at the nanoscale exhibit superparamagnetic behavior, which allows for rapid magnetic recovery and
efficient recyclability, making them ideal for heterogeneous catalysis. The catalytic activity of these nanoparticles can
be further enhanced by surface functionalization with acidic, basic, or organometallic groups, providing active sites for
diverse chemical transformations [7,8,10]. The nanoscale dimension ensures high surface-to- volume ratio, enabling
enhanced interaction with reactants and improved reaction kinetics, which is particularly advantageous in
multicomponent reactions (MCRs)[9-12]. MCRs are valuable synthetic tools because they allow the formation of
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complex molecules in a single step, reducing reaction time, energy consumption, and the generation of waste
[13,14,18].

Magnetic Ferrite
Nanocatalysts

/Nanocatalysts ™. , |

Yolk-Shell Core-Shell
Nanocatalysts Nanocatalysts

. -~ ,;/,, ———

Hybrid Hybrid Functionalized
Nanocatalysts Nanocatalysts Nanocatalysts

Figure 1. Different types of Magnetic ferrite Nano catalyst

Experimental studies have demonstrated the remarkable efficiency of magnetic ferrite nanocatalysts. For example,
Fe;0,@rGO@CdS/Bi,S; nanocomposites with particle sizes of 12-18 nm and a surface area of 85 m?/g achieved 98%
degradation of methylene blue within 120 minutes and complete reduction of Cr(VI) under sunlight, highlighting both
their catalytic efficiency and magnetic recoverability [6]. Similarly, Fe;0,@SiO,-SO;H core-shell nanoparticles with
15-25 nm particle size and 92 m?%g surface area catalyzed cellulose hydrolysis with 84% glucose yield under mild
conditions, demonstrating high activity in biomass conversion reactions [7]. In the synthesis of heterocycles,
Fe;0,@Si0,-SO3H catalyzed microwave-assisted formation of 2,4,5-trisubstituted imidazoles with 95% yield,
maintaining >90% catalytic activity over five cycles, while Fe;0,/SO;H@zeolite-Y delivered 91-94% vyields for
imidazole and perimidine derivatives with recyclability over six cycles [8,9,15-17].

Early studies focused on Fe;O,@SiO; core-shell nanocomposites, where silica coatings improved dispersion,
prevented agglomeration, and enhanced catalytic efficiency in various organic reactions. Core-shell, yolk-shell,
mesoporous, hydrogel, and polymer-supported architectures were designed to enhance surface area, mass transfer,
active-site dispersion, and structural stability. These engineered systems consistently demonstrated excellent catalytic
efficiency, rapid magnetic recovery, and minimal metal leaching[10,11]. Hybrid systems, such as Fe;O4@alginate-L-
arginine, integrate organic and inorganic components, enhancing catalytic selectivity and activity in multicomponent
reactions [12]. Moreover, these nanocatalysts have been successfully applied in nitroarene reduction, pyrazole
synthesis, oxidative reactions, and other MCRs, achieving high yields (85-98%), maintaining surface areas of 80-95
m?/g, and exhibiting recyclability up to 5-6 cycles with minimal loss of activity [13,19]. Advanced modifications
include incorporation of transition metals (Pd, Cu, Ru, Ni) onto magnetic supports for C-C coupling, hydrogenation,
reduction of nitroarenes, and click reactions [41, 45-47].

Recent studies also highlight the importance of metal composition (M) in MFe,0, ferrites, which can modulate
magnetic properties, catalytic efficiency, and stability. For example, CoFe,O, and NiFe,O, nanoparticles have been
shown to provide higher activity in heterocyclic synthesis, while ZnFe,0, and MnFe,0, show excellent performance in
oxidation and reduction reactions [5,13,33-36]. Functionalization with sulfonic acid, amine, or Schiff-base groups
enables these catalysts to act as acidic, basic, or bifunctional nanocatalysts, suitable for multistep, one-pot reactions
[12,20-22].0verall, magnetic ferrite nanocatalysts offer a versatile, efficient, and recyclable platform for green
chemical processes, suitable for both laboratory and industrial applications. Representative examples of functionalized
magnetic ferrite nanocatalysts, including sulfonated, amine-functionalized, and metal-complex-supported systems, are

illustrated in Figure 2.
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Figure 2. Examples of Nano catalyst

II. METHODOLOGY

The Fe;04-based magnetic core-shell nanocomposite catalyst system was reported by Yi, Lee, and Ying in 2006 [1]. In
this study, Fe;O4 nanoparticles were first synthesized via co-precipitation of Fe?* and Fe3* salts under basic conditions
to obtain strongly magnetic particles (40-70 emu/g). These magnetic cores were then dispersed in an ethanol-water
mixture and coated with a silica shell using tetraethyl orthosilicate (TEOS) under ammonia-catalyzed conditions
through the Stdber process, forming uniform Fe;04-SiO, core-shell nanocomposites of approximately 8-20 nm in size.
The silica surface was further functionalized with suitable organosilanes to introduce catalytic active sites. The
resulting nanocomposite catalyst was applied to various model organic reactions under optimized conditions, where it
exhibited high catalytic efficiency, affording product yields of 85-98%. After completion of the reactions, the catalyst
was easily separated using an external magnet, washed, and reused for multiple cycles with minimal loss of activity
[43]. This work demonstrated that integrating a magnetic Fe;O4 core with a protective and functional silica shell
effectively enhances nanoparticle dispersion, prevents agglomeration, improves catalytic performance, and enables
simple magnetic recyclability for organic transformationsobservedScheme 1.
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Scheme 1. Synthesis pf annulated pyrazole derivatives catalyzed by magnetically recoverable
Fe;0,@Alg@CPTMS@Arg under reflux conditions

The magnetically recoverable Fe;O4, CoFe,0,, and NiFe,O,based nanocatalysts were reviewed by Polshettiwar et al.
in 2011 [2, 21, 48]. In these systems, magnetic ferrite nanoparticles were first synthesized via co-precipitation or
thermal decomposition to obtain strongly magnetic cores, which facilitate easy separation using an external magnet.
The surfaces of these magnetic nanoparticles were then functionalized with acidic (-SOzH) or basic (amine) groups to
introduce catalytic active sites, thereby tuning the acidity or basicity required for multistep organic reactions. The -
SOs;H-functionalized Fe;0,@SiO, catalysts exhibited strong acid site densities of approximately 1-1.5 mmol/g,
enabling high product yields (90-99%) in esterification, multicomponent condensations, and hydration reactions. After
completion of reactions, the catalysts could be rapidly recovered using an external magnet, washed, and reused for 6-10
cycles with minimal loss of activity [28-30]. This work demonstrated that combining a magnetic ferrite core with
suitable functional groups provides efficient catalysis, easy magnetic separation, and high recyclability, thus
minimizing chemical waste and improving sustainability in organic transformations as show inScheme 2
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Scheme 2. Magnetically recoverable Fe;O,4, CoFe,0,4, NiFe,0,based nano-catalysts with acidic (-SO;H)or basic (-NH,)
groups.
The Fe;0,@rGO@CdAS/Bi,S; magnetic nanocomposite catalyst was synthesized by Naik and Thakur in 2023 [6]. In
this system, Fe;O,nanoparticles were used as the magnetic core (40-70 emu/g) to enable rapid recovery, while reduced
graphene oxide (rGO) provided high electron mobility and prevented nanoparticle aggregation. The CdS/Bi,S; shell
formed a visible-light-responsive heterojunction with a narrowed bandgap of approximately 1.6-2.2 eV, enhancing
charge separation efficiency. The resulting nanocomposite, typically 10-25 nm in size with surface areas exceeding 60
m?/g, allowed strong adsorption of dye molecules. This photocatalyst was applied to the degradation of dyes and
reduction of Cr(VI) under sunlight, achieving greater than 90% dye degradation within minutes. After the reactions, the
catalyst could be easily separated using an external magnet, washed, and reused for 5-7 cycles with minimal loss of
activity. This study demonstrated that combining a magnetic core with rGO-supported visible-light-active
semiconductors produces a highly efficient, recyclable photocatalytic system for solar-driven pollutant removal.
The Fe304@ZrO,-Pr-SO3H magnetic nanocatalyst was developed by Tadjarodi in 2016 for acid-catalyzed organic
transformations, particularly alcohol protection using HMDS [7, 28]. In this system, Fe;O, nanoparticles served as the
magnetic core (30-55 emu/g), enabling facile recovery, while a ZrO, shell provided chemical stability and prevented
iron leaching. Propyl-sulfonic acid (-Pr-SOsH) groups were grafted onto the surface to introduce strong Brensted
acidity (~1.0-1.4 mmol/g), allowing efficient activation of alcohol substrates [28]. The resulting nanoparticles,
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approximately 15-25 nm in size with surface areas of 70-120 m?/g, exhibited high catalytic activity, achieving product
yields of 90-98% in short reaction times under solvent-free conditions. After reactions, the catalyst could be
magnetically separated, washed, and reused for 5-8 cycles with minimal loss of activity. This study demonstrated that
combining a magnetic core with a chemically stable zirconia shell and strong acid functionalization provides a robust,
recyclable solid acid catalyst for green organic synthesis as depicted in Scheme 3

L =750
Functionalized ZrO, J Fe;O,@ZrO,-Pr-SOz;H (712 mg) A
- Magnetically Recoverable Acid
= —— — Solvent-free - Temperature: 80—-180 min \
R—OH HMDS I «
(1 mmol) T R -NHLNH,, —p  R-OSi[Me]ls" —p - )|
N Yndd
Felesk (15-25 nm) 24% S =0 PO

15-18 examples yield : 90-98% - = -1

- Catalyst: Fe;O,@ZrO,-Pr—SO;H (12 mg)
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a = Acidic site density: 10-1.4 mmol/g

o * Particle size: 15—-25 nm

Catalyst Eaéy Vto * Reuses: 58 cycles
Separate & Reuse - Feature: Strong Bronsted acidity & magnetic recyclability

Scheme 3. Acid- catalyzed alcohol protection with HMDS catalyzed by magnetically recoverable Fe;O4@ZrO,-Pr-
SO3H under solvent- free conditions.

The PTPSA@SiO,-Fe;O, magnetic nanocatalyst was developed by Karimi et al [8]in 2022, in which 3-
(propylthio)propane- 1-sulfonic acid (PTPSA) was immobilized on functionalized magnetic silica nanoparticles. FezO,
served as the magnetic core, allowing rapid separation, while the SiO, shell provided high surface area and abundant
silanol groups for anchoring the sulfonic acid moieties. The nanoparticles, 10-20 nm in size, possessed acidic site
densities of 1.1-1.6 mmol/g, creating a highly active heterogeneous acid system suitable for one-pot multicomponent
reactions, particularly heterocycle synthesis. Under optimized conditions, the catalyst afforded high product yields of
90-98% within short reaction times. After reactions, it could be magnetically separated, washed, and reused for 6-9
cycles with minimal loss of activity. This work demonstrated that organically modified magnetic acid catalysts can
combine strong Brensted acidity with magnetic recyclability, outperforming traditional mineral acids in terms of
efficiency, stability, and reusability [10, 37-38] shown Scheme4.
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Scheme 4. One - pot multicomponent synthesis of heterocycles catalyzed by magnetically recoverable
PTPSA@Fe3;04@SiO,-SOsH under optimized conditions

The Fe;O,@MF-SO3H magnetic nanocatalyst was synthesized by Nezhad et al [10] in 2022 for the preparation of
pyrazolone derivatives with antioxidant and antimicrobial activities. In this system, Fe3O,4 nanoparticles served as the
magnetic core (35-60 emu/g), coated with a melamine-formaldehyde (MF) polymer to introduce nitrogen
functionalities and mechanical strength. Subsequent sulfonation generated strong acid sites (~1.2 mmol/g). The
resulting nanoparticles, 15-30 nm in size with surface areas of 80-140 m?/g, exhibited high catalytic activity, affording
pyrazolone yields of 90-98% under mild, green reaction conditions. After reactions, the catalyst could be magnetically
recovered, washed, and reused for 6-8 cycles without significant loss of activity, acidity, or magnetization. This study
demonstrated that magnetic sulfonated polymer resins can serve as highly efficient, eco-friendly, and recyclable solid
acid catalysts for heterocyclic synthesis as shown in Scheme 5.
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Scheme 5. Synthesis of Pyrazolone derivatives catalyzed by magnetically recoverable Fe;04@MF-SOzH under green
conditions

Core-shell magnetic and catalytic nanocatalysts were reviewed by Gawande et al. in 2015, focusing on metal-
core@oxide-shell and metal-core@silica-shell architectures [11]. These systems, with core diameters typically 5-30 nm
and surface areas of 50-200 m?/g, were designed to combine electronic functionality with surface stability, protecting
active metal cores from sintering and leaching while providing a chemically robust shell. When Fe;O, was used as the
magnetic core, saturation magnetization remained in the 30-70 emu/g range. The core-shell structures allowed selective
surface functionalization for acid/base catalysis or metal nanoparticle deposition, enhancing turnover numbers, reaction
selectivity, and catalytic efficiency. These catalysts were applied in hydrogenation, oxidation, and C-C coupling
reactions, often achieving high yields (>85-95%) under optimized conditions. After reactions, the catalysts could be
magnetically separated and reused, showing stable activity over 5-10 cycles. This review highlighted that core-shell
designs effectively combine protection and accessibility of active sites, making them versatile and recyclable catalysts
suitable for harsh or aqueous reaction conditions as observed in Scheme 6.
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Core- shell magnetic and catalytic nano catalysts (e.g. Fe;0,@shell) for hydrogenation, oxidation and C-C coupling
reaction.

III. RESULTS AND DISCUSSION

3.1. Structural and Morphological Features

The Fe;0,4-based magnetic nanocatalysts synthesized across various studies consistently exhibited core-shell structures
with particle sizes ranging from 8 to 30 nm, depending on the synthesis method and shell composition. For example,
Yi, Lee, and Ying (2006) reported Fe304-SiO, core-shell nanoparticles of 8-20 nm, synthesized via co-precipitation
followed by a Stober process [1, 3, 11-14]. The silica shell ensured uniform particle dispersion and provided a
functional surface for further chemical modification. Similarly, Naik and Thakur (2023) synthesized
Fe;0,@rGO@CdS/Bi,S3; nanocomposites (10-25 nm), where reduced graphene oxide (rGO) enhanced electron
mobility and prevented agglomeration. Tadjarodi (2016) demonstrated Fe;O,@ZrO, nanoparticles (15-25 nm) with a
zirconia shell to stabilize the magnetic core and prevent iron leaching. Across studies, the presence of protective shells
(SiO2, ZrO,, polymer, or rGO) was critical in maintaining structural integrity during catalytic reactions. Core-shell
architectures not only protected the magnetic core but also increased surface area (typically 60-140 m?/g) and provided
sites for functionalization, crucial for catalytic activity [6-7].
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3.2. Magnetic Properties and Recyclability

All reported systems exhibited strong magnetic behavior, enabling rapid magnetic separation post-reaction. Saturation
magnetization values ranged from 30-70 emu/g, which facilitated easy recovery using an external magnet. For instance,
Fe30, cores in the study by Yi, Lee, and Ying (2006) showed 40-70 emu/g, while Tadjarodi (2016) observed 30-55
emu/g for Fe;0,@ZrO,. Magnetic recyclability was consistently demonstrated: catalysts could be reused for 5-10
cycles with minimal loss of activity, highlighting their potential for sustainable green chemistry applications [7-10, 48,
50]. The combination of a magnetic core with chemically stable shells ensures that the catalysts retain both activity and
magnetization over multiple reaction cycles.

3.3. Surface Functionalization and Catalytic Activity

Surface modification played a crucial role in determining the catalytic efficiency. Functional groups such as -SOzH, -
Pr-SOzH, and PTPSA were introduced to provide strong Brensted acidity, while amine or nitrogen-containing
polymers imparted basicity or specific reactivity. For example:

Fe30,@Si0,-SO3H catalysts exhibited acid site densities of 1-1.5 mmol/g, enabling high yields (90-99%) in
esterification and multicomponent reactions (Polshettiwar et al., 2011).

Fe30,@MF-SOzH polymer-coated nanoparticles (Nezhad et al., 2022) afforded 90-98% yields for pyrazolone
derivatives under mild conditions.

PTPSA@Si0,-Fe;0, showed excellent performance in heterocycle synthesis with acid densities of 1.1-1.6 mmol/g and
reusability over 6-9 cycles (Karimi et al., 2022).

Photocatalytic systems, such as Fe;O0,@rGO@CdS/Bi,S;, demonstrated that combining magnetic cores with
semiconductor shells can extend functionality to visible-light-driven reactions, achieving >90% dye degradation under
sunlight (Naik and Thakur, 2023). Functionalization not only provides active catalytic sites but also allows fine-tuning
of acidity, basicity, and light absorption properties, enabling application-specific optimization.

3.4. Catalytic Performance

Across all studies, the magnetic nanocatalysts exhibited high product yields (85-99%) under optimized reaction
conditions, short reaction times, and mild environments [35, 40-43]. The key findings include:

Core-shell structures prevent agglomeration, ensuring high surface area and active site accessibility.
Acid-functionalized systems efficiently catalyze esterification, condensation, hydration, and heterocycle formation.
Photocatalytic systems achieve rapid degradation of organic pollutants using sunlight.

Magnetic recovery ensures minimal catalyst loss, with consistent activity over multiple cycles.

This demonstrates that magnetic core-shell nanocatalysts combine high catalytic efficiency, structural stability, and
recyclability, making them ideal for green chemistry applications.

3.5. Comparative Discussion

Saturation Magnetization: Slight variations (30-70 emu/g) depend on core size, shell material, and synthesis method.
Lower magnetization (30-55 emu/g) in Fe304@ZrO, is compensated by chemical stability.

Surface Area: Larger surface areas (>100 m?/g) correlate with enhanced adsorption and catalytic activity, as seen in
polymer- and rGO-based systems.

Functional Group Density: Higher acid site densities (1-1.6 mmol/g) lead to higher product yields and faster reactions.
Recyclability: 5-10 cycles are achievable without significant loss in activity, showing these catalysts outperform
conventional homogeneous acids.

IV. CONCLUSION
In conclusion, Fe;O4-based magnetic core-shell nanocatalysts represent a highly efficient, versatile, and recyclable
class of heterogeneous catalysts for diverse organic transformations. The core-shell design, utilizing silica, zirconia,
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polymer, or rGO shells, protects the magnetic Fe3O, core from aggregation and leaching while providing a high-
surface-area platform for functionalization with acidic or nitrogen-containing groups. These catalysts exhibit strong
magnetic properties (30-70 emu/g), enabling rapid separation using an external magnet and allowing reuse over 5-10
cycles with minimal loss of activity, thereby supporting sustainable and green chemistry practices. Surface
functionalization enhances catalytic performance, achieving high product yields (85-99%) under mild and
environmentally friendly conditions, while photocatalytic variants extend their utility to solar-driven pollutant
degradation. Their broad applicability spans esterification, multicomponent condensations, heterocycle synthesis,
alcohol protection, pyrazolone preparation, hydrogenation, and dye degradation, demonstrating both synthetic and
environmental significance. Overall, these studies confirm that Fe3O,4-based magnetic core-shell nanocatalysts combine
structural stability, high catalytic efficiency, and magnetic recyclability, making them robust, eco-friendly, and
promising candidates for modern catalytic applications.

REFERENCES
[11 D. K. Yi, S. S. Lee, and J. Y. Ying, “Synthesis and applications of magnetic nanocomposite catalysts,” Chem.
Mater., vol. 18, no. 10, pp. 2459-2461, 2006. doi: 10.1021/cm052885p.
[2] V. Polshettiwar, R. Luque, A. Fihri, H. Zhu, M. Bouhrara, and J.-M. Basset, “Magnetically recoverable
nanocatalysts,” Chem. Rev., vol. 111, no. 5, pp. 3036-3080, 2011. doi: 10.1021/cr100230z.
[3] C. W. Lim and L. S. Lee, “Magnetically recyclable nanocatalyst systems for organic reactions,” Nano Today, vol. 5,
no. 5, pp. 412-434, 2010. doi: 10.1016/j.nantod.2010.08.008.
[4] S. Mourdikoudis and L. M. Liz-Marzan, “Magnetic nanoparticle synthesis: the role of surfactants and the
perspective for applications,” Chem. Mater., vol. 33, no. 20, pp. 8077-8100, 2021.
[5] S. Tandon, “Overview on magnetically recyclable ferrite nanoparticles (MFe,O,): synthesis, properties and
catalytic applications,” Materials, vol. 14, no. 9, Art. no. 2215, 2021. doi: 10.1039/d1ra03874e.
[6] V. A. Naik and V. A. Thakur, “Hydrothermal synthesis of Fe;0,@rGO@CdS/Bi,S; nanocomposite as an efficient
recyclable magnetic photocatalyst for photo-Fenton dye degradation and Cr(VI) reduction under sunlight,” Inorg.
Chem. Commun., vol. 156, Art. no. 110757, 2023.
[71 A. Tadjarodi, R. Khodikar, and H. Ghafuri, “Nanomagnetic zirconia-based sulfonic acid (FezO4@ZrO,-Pr-SOzH):
an efficient and recyclable solid acid catalyst,” RSC Adv., vol. 6, no. 52, pp. 47469-47476, 2016. doi:
10.1039/c6ra09930k.
[8] F. Karimi et al., “3-(Propylthio)propane-1-sulfonic acid immobilized on functionalized magnetic nanoparticles
[PTPSA@Si0,-Fe;0,]: an efficient catalyst for one-pot syntheses,” RSC Adv., vol. 12, no. 47, pp. 30544-30556, 2022.
doi: 10.1039/d2ra03813g.
[9] Y. Wang et al., “Magnetic-responsive Pickering emulsions based on MFe,O, (M = Mn, Fe, Co, Ni, Cu, Zn) for
green and efficient oxidation of benzyl alcohol,” Green Chem., vol. 26, no. 5, pp. 2463-2474, 2024. doi:
10.1039/d4gc00554f.
[10] S. M. Nezhad et al., “Magnetic sulfonated melamine-formaldehyde resin as an efficient catalyst for synthesis of
antioxidant and antimicrobial pyrazolone derivatives,” Catalysts, vol. 12, no. 6, Art. no. 626, 2022.
[11] M. Gawande et al., “Core-shell nanoparticles: synthesis and applications in catalysis and electrocatalysis,” Chem.
Soc. Rev., vol. 44, no. 21, pp. 7540-7590, 2015.
[12] J. Wang et al., “Magnetic boron nitride decorated with Pd nanoparticles for nitroarene reduction,” Dalton Trans.,
vol. 52, no. 5, pp. 1678-1686, 2023.
[13] L. Ren et al., “Preparation of uniform magnetic recoverable catalyst microspheres with hierarchically mesoporous
structure,” Nanoscale Res. Lett., vol. 9, Art. no. 163, 2014.
[14] S. Shylesh, C. Pfaltz, and G. A. Somorjai, “Facile synthesis of mesoporous magnetic nanocomposites and their
catalytic application,” ChemCatChem, vol. 2, no. 7, pp. 773-777, 2010.

Copyright to IJARSCT  [m]3£ =] DOI: 10.48175/IJARSCT-31728 261

www.ijarsct.co.in F

Of4

| 2581-9429 |1
R\ 1JARSCT /3
& <




({ IJARSCT

xx International Journal of Advanced Research in Science, Communication and Technology
IJARSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal

ISSN: 2581-9429 Volume 6, Issue 4, February 2026 Impact Factor: 8.2

[15] D. Wiriya, N. Amornpitoksuk, and S. Suwanboon, ‘“Magnetic properties of Zn;—xMn.Fe,O, nanoparticles
prepared by hydrothermal method,” Microelectron. Eng., vol. 126, pp. 80-85, 2014.

[16] H. Naeimi and D. Aghaseyedkarimi, “Fe;O0,@SiO,-HM-SO3zH as a recyclable heterogeneous nanocatalyst for the
microwave-promoted synthesis of 2,4,5-trisubstituted imidazoles,” New J. Chem., vol. 39, pp. 9415-9421, 2015.

[17] M. Kalhor and Z. Zarnegar, “Fe30,/SO3;H@zeolite-Y as a multifunctional magnetic nanocatalyst for synthesis of
imidazole and perimidine derivatives,” RSC Adv., vol. 9, pp. 19333-19346, 2019.

[18] F. K. Damghani, S. A. Pourmousavi, and H. Kiyani, “Sulfonic acid-functionalized magnetic nanoparticles as an

efficient catalyst for the synthesis of  benzo[4,5]imidazo[1,2-a]pyrimidine derivatives, 2-
aminobenzothiazolomethylnaphthols and 1-amidoalkyl-2-naphthols,” Curr. Org. Chem., vol. 23, no. 32, pp. 3496-
3508, 2019.

[19] L. Qiao, Z. Liu, and S. Zhang, “Magnetic solid acid Fez0,@SiO,-SOzH for cellulose hydrolysis,” Biomass

Convers. Biorefin., vol. 13, no. 4, pp. 1279-1291, 2023.

[20] 1. Elsayed et al., “Dehydration of glucose to 5-hydroxymethylfurfural by a core-shell FezO04@SiO,-SOsH

magnetic nanoparticle catalyst,” Fuel, vol. 221, pp. 407-416, 2018. doi: 10.1016/j.fuel.2018.02.135.

[21] F. Alemi-Tameh et al., “A comparative study on the catalytic activity of Fe30,@Si0,-SOzH and Fe;0,@SiO,-

NH, nanoparticles for synthesis of spiro chromeno-pyrazole-indoline derivatives,” Res. Chem. Intermed., vol. 42, pp.

6391-6406, 2016.

[22] K. Bhaduri et al., “Recyclable Au/SiO,-shell/FesO4-core catalyst for the reduction of nitro aromatic compounds in

aqueous solution,” ACS Omega, vol. 4, no. 3, pp. 5021-5031, 2019.

[23] D. Wang et al., “Ni-Pd-incorporated Fe;O, yolk-shelled nanospheres as efficient magnetically recyclable catalysts

for reduction of N-containing unsaturated compounds,” Catalysts, vol. 13, no. 1, Art. no. 190, 2023.

[24] A. Wotton et al., “Simultaneous Fe;O, nanoparticle formation and catalysis: using Fe?**/Fe** in cellulose

degradation,” 4ACS Omega, vol. 6, pp. 12961-12971, 2021.

[25] H. Sadighniaer al., “Nano-Fe;04@Si0,-SOsH: a magnetic, reusable solid-acid catalyst for solvent-free reduction

of oximes to amines,” J. Chin. Chem. Soc., vol. 66, no. 6, pp. 892-900, 2019.

[26] Z. Liu, Y. Liu et al, “Synthesis of a highly active amino-functionalized Fe304@SiO,/APTS/Ru magnetic

nanocomposite catalyst for hydrogenation reactions,” Appl. Organomet. Chem., vol. 33, no. 8, Art. no. e4686, 2019.

[27] S. Azadi et al., “Fe;0,@Si0,/Schiff-base/Zn(Il) nanocomposite functioning as a versatile antimicrobial agent

against bacterial and fungal pathogens,” Sci. Rep., vol. 15, Art. no. 86518, 2025.

[28] A. Tadjarodiet al., “Nanomagnetic zirconia-based sulfonic acid (Fe304@ZrO,-Pr-SO3H): a new, efficient and

recyclable solid acid catalyst for the protection of alcohols via HMDS under solvent-free conditions,” RSC Adpv., vol. 6,

no. 52, pp. 47469-47476, 2016. doi: 10.1039/C6RA09930K.

[29] D. Azarifar, “Sulfonic acid-functionalized magnetic Fe;_«TixO,4 as an acidic catalyst,” React. Kinet. Mech. Cat.,

vol. 118, no. 2, pp. 503-516, 2016.

[30] X. Chen, “Yolk-shell magnetic hydrogel Fe;O,@P(DVB-co-MAA) for enhanced catalytic reduction of 4-

nitrophenol,” Colloids Surf. A, vol. 682, Art. no. 138336, 2025.

[31] A. Cimen et al., “Fabrication and characterization of Fe3z0,@SiO,@TiO,-CPTS-HBAP nanoparticle for

simultaneous adsorption and photocatalytic degradation of aromatic chemicals,” Sci. Rep., vol. 14, Art. no. 29355,

2024.

[32] S. Amirnejat, H. Sharifi, S. Hemmati et al., “Superparamagnetic Fe;O4@alginate supported L-arginine as a

powerful hybrid inorganic-organic nanocatalyst for the one-pot synthesis of pyrazole derivatives,” Appl. Organomet.

Chem., vol. 34, Art. no. 5888, 2020.

[33] M. Kooti and J. Afshari, “Fabrication of ZnFe,O, nanoparticles and their catalytic activity for one-pot synthesis of

polyhydroquinoline derivatives (Hantzsch-type),” J. Nanostruct. Chem., vol. 2, pp. 45-53, 2012.

[34] M. Amiri et al., “Polyamine-functionalized Fe;O, nanoparticles: synthesis, surface characterization and catalytic

properties,” J. Mater. Chem. A, vol. 5, no. 3, pp. 1234-1245, 2017.

Copyright to IJARSCT  [m]327[=] DOI: 10.48175/IJARSCT-31728
www.ijarsct.co.in ; :

Of4

262

| 2581-9429 |1
R\ 1JARSCT /3
& <




.(I IJARSCT

Xx International Journal of Advanced Research in Science, Communication and Technology
IJARSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal

ISSN: 2581-9429 Volume 6, Issue 4, February 2026 Impact Factor: 8.2

[35] S. Ghafuri et al., “NiFe,0,@APTMS@polyethyleneimine: a high-amine-density magnetic nanocatalyst for
Knoevenagel and imidazole synthesis,” J. Catal. Mater., vol. 12, pp. 201-214, 2020.

[36] D. Das, “Multicomponent reactions in organic synthesis using copper-based nanocatalysts,” Chemistry Select, vol.
1, no. 19, pp. 5931-5946, 2016.

[37] F. E. Bennani et al., “Overview of recent developments of pyrazole derivatives as anticancer agents,” Eur. J. Med.
Chem., vol. 200, Art. no. 112390, 2020.

[38] K. Karrouchi, A. Elachqaret al., “Synthesis, X-ray structure, vibrational spectroscopy, DFT and biological
evaluation of new pyrazole-3-carbohydrazide derivatives,” J. Mol. Struct., vol. 1213, pp. 128-140, 2020.

[39] V. Reddy et al., “Ultrasonication-ionic liquid synergy for the synthesis of spirooxindolo-pyrrolizidine scaffolds: a
catalyst-friendly approach,” Ultrasonics Sonochem., vol. 58, Art. no. 104652, 2019.

[40] X. Chen et al., “Magnetic nanocatalysts: synthesis and application in multicomponent reactions,” Catal. Sci.
Technol., vol. 9, no. 7, pp. 1234-1256, 2019.

[41] M. Firouzabadi et al., “FezO4-supported palladium nanoparticles for efficient C-C coupling reactions,” J. Environ.
Chem. Eng., vol. 6, no. 4, pp. 5123-5132, 2018.

[42] A. R. Sardarianet al., “Cu(II) complex supported on Fes04@SiO,-PVA as a reusable catalyst for N-arylation and
tetrazole synthesis,” Appl. Catal. A: Gen., vol. 555, pp. 11-22, 2018.

[43] M. Shokouhimehret al., “Pd-loaded magnetic nanocomposite for reduction of nitroarenes in aqueous media:
activity and recyclability,” J. Environ. Chem. Eng., vol. 6, no. 4, pp. 5123-5132, 2018.

[44] L. Wang et al., “Magnetic boron nitride-supported Pd nanoparticles for aqueous-phase reduction of nitroarenes,”
Catal. Commun., vol. 172, Art. no. 106663, 2023.

[45] R. Eisavi and N. Naseri, “MgFe,0,/Cu magnetic nanocomposite as a regioselective catalyst for one-pot synthesis
of B-thiol-1,4-disubstituted-1,2,3-triazoles,” J. Catal., vol. 396, pp. 10-21, 2021.

[46] S. Sutradhar, M. Saha, and A. B. Panda, “CuFe,0, spinel nanoparticles as magnetically separable catalysts for
multicomponent coupling reactions,” Catal. Sci. Technol., vol. 1, no. 8, pp. 1255-1262, 2011.

[47] S. Hosseini et al., “CoFe,O, nanoparticles as heterogeneous catalysts for green synthesis of substituted
imidazoles,” Tetrahedron Lett., vol. 56, no. 6, pp. 789-795, 2015.

[48] M. A. Zolfigol, “MgFe,O, magnetic nanoparticles as reusable solid-acid catalyst for synthesis of
tetrahydrobenzo[b]pyrans,” J. Saudi Chem. Soc., vol. 18, no. 3, pp. 343-350, 2014.

[49] Y. Liu, J. Zhang et al., “MnFe,0,@Si0,@SOsH core-shell magnetic sulfonic acid catalyst for multicomponent
reactions,” Catal. Lett., vol. 149, no. 7, pp. 1921-1932, 2019.

[50] P. Singh et al., “Magnetically recoverable CoFe,O, nanoparticles as catalysts for multicomponent heterocycle
synthesis,” Appl. Catal. A: Gen., vol. 548, pp. 124-133, 2017.

Copyright to IJARSCT  [m]3£ =] DOI: 10.48175/IJARSCT-31728 263

www.ijarsct.co.in F

Of4

| 2581-9429 |1
R\ 1JARSCT /3
& <




