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Summary: This study describes the simple and facile fabrication of silica-tagged magnetic 

nanostructures (Si@MNs) applied as a nanocatalyst to degrade Rhodamine-B (Rh-B) Dye from the 

real water samples. Fabricated material has been characterized by using different modern analytical 

techniques such FT-IR, SEM, XRD, ZS, ZP. According to a morphological study, the fabricated 

material contains a hexagonal, monoclinic shape and 68 nm in size after successful fabrication and 

characterization. The catalytic material has been used to degrade the Rh-B Dye. Various parameters 

have been optimized, such as the effect of reducing agent (NaBH4), impact of dye volume, and 

influence of catalyst dose to achieve the highest percentage of degradation. At optimal conditions, we 

get a good percentage of degradation up to 85% having good reproducibility. Fabricated catalyst has 

been successfully applied for actual water samples.  
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Graphical representation of Si@MNs synthesis and application 

 

Introduction 
 

Organic dyes are coloring compounds used in 

fabric, leather, and cosmetics products in different 

industries. The huge utilization of dyes and hazardous 

dumping cause critical natural concerns [1]. The 

organic dyes usually have a complex aromatic 

arrangement with anionic, cationic, and covalent 

characteristics. Organic dye pollution is becoming a 

problem owing to non-ionic properties of non-ionic 

dyes such as rhodamine B (Rh-B), crystal violet (CV), 

methylene blue (MB), methyl orange (MO), Congo 

red (CR), and Remazol Black-B (RB5) [2, 3]. The 

color of organic dyes can be detected even at low 

concentrations. Dyes are insoluble in water and risky 

to the environment and human health [4]. More than 

ten thousand different pigments and organic dyes with 

an annual production of more than 07 million tons 
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commercially occur. More than 5% of organic dyes 

material is dumped as an industrial discharge[5]. 

Rhodamine B (C28H31N2O3Cl, MW = 479 g/mol) is 

a xanthene dye with the IUPAC designation[9-(2-

carboxyphenyl)-6-diethylamino-3-xanthenylidene]-
dimethylammonium chloride The λ -Max of 

rhodamine B dye is 553 nm [6, 7]. The dye is 

neurotoxic and carcinogenic to humans and aquatic 

life; it also causes shortness of breath, irritation of the 

eyes, skin, vomiting, gastrointestinal tract, chest 

discomfort, coughing, respiratory tract, and the ability 

to grow ambiguous tumors [8, 9]. Because RhB 

inhabits the light penetration, it also reduces the 

process of photosynthesis. In Biochemical 

investigations, Rhodamine B is widely used as a 

colorant in the textile industry, as a forbidden food 

preservative, and as pigments [10]. RhB dye is widely 
used in biotechnology applications such as flow 

cytometry, fluorescence microscopy, fluorescence 

correlation spectroscopy, and enzyme-linked 

immunosorbent assay (ELISA) [11]. Due to the pink 

color, the RhB has been widely used in different 

industrial products such as textile, cosmetics, food, 

and drug. RhB is also used as a tool for tracking water 

pollution. On the industrial scale, the RhB is primarily 

unsafely dumped. It causes some toxic effects on 

human health and the environment. Rhodamine B dye 

is now restricted as a food coloring since it is a harmful 
material [12]. It may cause a long-term poisonous 

impact on the water system, and it is very harmful 

when it comes into contact with the skin. On the other 

hand, RhB may cause cancer and congenital diseases. 

Due to the toxic effects on human health,  different 

countries have prohibited the use of RhB in food [13, 

14]. Due to its poisonous effects, researchers used 

other methods, including precipitation, membrane 

filtration, flocculation, photocatalytic degradation, 

and adsorption [11]. Still, reported methods have 

limitations such as time consumption, pH limitations, 

and cost-effectiveness. The researcher focuses on new 
nanoparticle materials for the catalytic degradation of 

dyes from wastewater to overcome these limitations. 

Because water is a vital component of all living 

organisms, life would be impossible without it. On 

average, living organisms have 70 to 90% water in 

their bodies. It is impossible to conceive of living 

without clean water. One of today's biggest social, 

technological, economic, and political challenges is 

the decline in freshwater quantity and quality. The 

world's population grows, so does the need for safe 

drinking water. Without a doubt, no raw element in the 
world is more valuable than water. The addition of 

some undesired components from various sources, 

such as agricultural and industrial effluents, may cause 

water pollution [15]. One of the major sources of water 

pollution is the textile sector. Dyeing and preparing 

cloth in the textile industry demands a considerable 

quantity of water and is regarded as a major water 

consumer and the largest dye consumer sector; nearly 

the whole textile industry utilizes over 10,000 

different Dyes. The textile industry's effluents contain 
a significant proportion of dyestuff, often a complex 

organic substance [16]. Two typical approaches to 

preparing nanomaterials are used: (1) top-down nano-

synthesis and (2) bottom-up nano-synthesis [17]. In 

the first example, enormous structures are formed by 

successive cuts, but in the second situation, 

nanostructures are created by individual atoms or 

molecules. As a result, the properties of nano-scale 

materials have changed. They now exhibit newly 

enhanced and innovative physical, chemical, and 

biological properties based on their specific size, 

shape, morphology, distribution, and surface-to-
volume ratio compared to macro-sized materials. 

Nanotechnology has attracted researchers due to its 

wide applications ranging from packing and textile to 

catalysis and semiconductor [18]. The surface to 

volume ratio of nanoparticles enhances the reactivity, 

optical and electrical properties. However, magnetic 

nanoparticles, particularly iron oxide, possess multiple 

technological applications, including biomedicine, 

engineering, and industrial [19, 20]. Certain oxides of 

iron (such as hematite, Fe2O3, magnetite, and Fe3O4) 

possess magnetic susceptibility and other unique 
properties (catalytic, photoactive, and mechanical), 

due to which can be utilized in a variety of applications 

in the field of energy harvesting, environmental 

bioremediation, catalysis, magnetic resonance 

imaging contrast agents, magnetic separation and cell 

sorting [21, 22]. Hematite is a well-known iron oxide 

that exhibits modest ferromagnetic or 

antiferromagnetic activity at ambient temperature, 

however, it is paramagnetic at 956 K. The magnetic 

properties of these polymorphs are related to their 

structures, size, and shape; therefore, α-Fe2O3 is 

canted antiferromagnetic, β-Fe2O3 is paramagnetic, 
and γ-Fe2O3 and ε-Fe2O3 are ferromagnetic. They 

concluded that the small NPs show superparamagnetic 

behavior and exhibit a high exchange bias field. Size 

morphology also affects the magnetic behavior of 

IONPs. One-dimensional (1D) IONPs exhibit 

different magnetic properties compared to higher 

dimensional particles. A recent study revealed that the 

magnetic properties of single and tubular clustered 

IONPs varied as a function of morphology [23, 24]. 

Hematite (α-Fe2O3) and Maghemite (γ-Fe2O3) are 

well-known iron oxide phases among magnetic 
nanoparticles due to their magnetic properties, 

chemical stability, and nontoxicity. They have gained 

acceptance in several fields of application of 

nanomaterials such as magnetic recording systems, 

magnetic refrigeration, magneto-optical devices, 
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magnetic resonance imaging, magnetic separation 

techniques, and separation and purification of 

biological molecules. Iron oxide nanoparticles are 

polymeric, including different hydroxides, oxides, and 

oxy-hydroxide. Most of them contain trivalent iron, 
such as hematite (α-Fe2O3), the more stable form of 

iron found in nature, and ferrihydrite (Fe5HO8·4H2O) 

[25]. The hexagonal unit cell of α-Fe2O3 is 

characterized by two-thirds of the octahedral sites 

being filled by Fe3+ ions (corundum structure). It 

contains an n-type semiconductor with an Eg of 2.1 

eV. It has been employed in a variety of applications 

because it is a readily accessible, ecologically benign, 

and non-toxic substance that is seldom impacted by 

oxidation changes [26, 27].  The hematite 

nanoparticles are highly stable, have low toxicity, high 

surface-to-volume ratio, and have unique properties. 
 

 

Due to its novel properties, hematite is ideal 

for many applications in emerging fields. In particular, 

the hematite nanoparticles have been used in cheaper 

and greener photocatalysts for water oxidation and use 

for artificial photosynthesis, gas sensors, pigments, 

lithium-ion batteries, magnetism, biomedical 

applications, and electrochemical capacitors [28- 34]. 

The present study describes the simple and facile 

fabrication of silica tagged magnetic nanostructures 
(Si@MNs) applied as a nanocatalyst to degrade Rh-B 

dye from the real water samples. Fabricated Si@MNs 

have been characterized using different modern 

techniques such FT-IR, SEM, XRD, ZS, ZP. The 

Si@MNs have been used to degrade Rhodamine-B 

dye; other parameters have been optimized, such as the 

effect of reducing agent, the impact of dye volume, 

and the influence of catalyst dose to obtain a maximum 

percentage of degradation. We get sound percentage 

degradation up to 85% at optimal conditions having 

good reproducibility. Fabricated Si@MNs have been 

successfully applied to natural water. 

 

Material and Methods 

 

Chemicals 

 

All the chemicals and reagents of analytical 

grade were used throughout this study, such as ferric 

chloride (FeCl3), ferrous chloride (FeCl2.4H2O), 

sodium chloride, Sodium borohydride, ammonium 

hydroxide (33%). Rhodamine B was obtained from 

Merck AG (Darmstadt, Germany). Mili-Q water has 
been used during the whole experiment study, 

including preparing the stock solution. 

 

 

Experimental  
 

Preparation of Iron Oxide nanoparticles  
 

Iron oxide nanoparticles were prepared by a 

modified co-precipitation method [35, 36]. The 0.5g of 

Ferric Chloride and 0.25g of ferrous chloride were 

separately dissolved in a beaker. Then the solution was 

transferred into the reaction flask then homogenized 

the solution under the vigorous mechanical starrier at 

60 °C. After that,  a 15ml of 33% NH3 solution was 

added dropwise to the solution. The color of the 

solution changed from golden to black, indicating the 

formation of magnetic nanoparticles. It was confirmed 

using the external magnetic field.  The resulting 
precipitates were washed with deionized water and 

ethanol three times. A solution of 0.5 g NaCl in 100ml 

deionized water was added to neutralize the prepared 

particles. Finally, the synthesized particles were dried 

at 80°C.  
 

Synthesis α -Fe2O3 into the silica 
 

The MNs were synthesized using 0.5g of 

MNs into the reaction flask, and 100ml of the solvent 

mixture contained a ¼ ratio of water and ethanol. The 

mixture was vigorously stirred with a mechanical 

starrier. When the particles were dispersed, 10ml of 
ammonia solution, 33% were added.  After that, 5ml 

of TEOS were added. The reaction proceeded at room 

temperature for up to 8 hours. The mixture was 

centrifuged to collect catalyst washed several times 

with deionized water and ethanol. Finally, the obtained 

catalyst was dried and collected.  
 

Characterization Techniques 
 

The Fourier Transform Infrared spectrometer 
model (Thermo Nicolet 5700) was used to study the 

functional group present in the silica tagged magnetic 

nanoparticles Si@MNPs ranging from 4000 to 500cm-

1. Scanning Electron Microscope (SEM) was used to 

study the engineered nanostructure model's surface 

morphology and physical texture (JSM 6380 Joel, 

Japan). X-ray Diffraction 183 (XRD) was used to 

investigate phase purity. The crystalline nature of the 

synthesized Si@MNPs was checked using a model 

(XRD, Bruker D8) UV–visible spectrophotometer 

(Biochrom Libra S22) to analyze rhodamine B λ-max 
at 553 nm. X-ray photoelectron spectroscopy (XPS) 

was used to analyze the shell structure. Zeta Sizer was 

used to measure the size and zeta-potential. Zeta 

Potential tests were conducted using Laser Doppler 

Velocimetry (LDV) technique by Malvern Zeta Sizer 

Nano-ZS. We studied the surface charge properties of 

the nanoparticles of Fe-oxides and investigated a 

possible correlation between morphologies of 

nanoparticles (shape and size). 
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Results and Discussions  

 

FTIR study  

 

FTIR study was carried out to check the 
interaction of functional material with MNPs. Fig.1 

shows the two spectra; one is Fe2O3, and the second is 

Fe2O3@SiO2. FTIR spectrum is around 577 and 631 

cm−1, which confirms the existence of Fe-O 

nanoparticles, as shown in Fig.2. The massive 

absorption peak is based at 3431 cm−1 and highest at 

1631 cm−1 and is attributed to the stretching and 

bending motions of the OH groups and H2O 

molecules [37]. The distribution shows a limited 

volume of dissolved H2O on the surface of the 

substance and intrinsic OH groups on the same level 

as the preparations. The peak at 1091.0 cm-1is assigned 
to the Si-O-Si peak from the silanol group beside these 

two shoulder peaks at 778.8 and 470.2 cm-1 

corresponds to Si-O-H and Si-O bonds vibration, 

respectively. This indicated the successful fabrication 

of the silica layer on the magnetic nanoparticles [38].  

 

 
 

Fig. 1: FTIR spectrum of the nanoparticle Si@MNs. 

 
SEM study 

 

The morphological study was carried out by 

using the SEM. The scanning electron microscopy 

examination findings clearly reveal in Fig.2 that the silica 

doped iron nanostructures are in the shape of nanotubes, 

clearly demonstrating that the monoclinic types of 

nanotubes contain hexagonal cross fragments with a 

length of 68 nanometers. This size is conformed to the 

zeta sizer. The nanotubes have shown a new way to 

produce novel nanostructures of silicon that can hold 

promise for silicon-based nanodevices from a 
technological point of view. Such materials are exciting 

and used in different sensors, electronics, and catalysis. 

The encapsulation of metals in the silicon enhances the 

stability, and strong selectivity and controls the size of 

synthesized materials.  

 

 
 

Fig. 2: SEM nanoparticle Si@MNs. 
 

XRD analysis 
 

X-ray diffraction is a prevailing technique for 

material characterization because it provides valuable 

information about the inner structure of particles, such as 

sample nature (crystalline/amorphous), crystallite size, 

and crystal structure. The crystal structures of this 

nanostructure were explored. The XRD analysis shows 

that these nanostructures are hematite (α-Fe2O3); as Fig.3 

shows, the peaks attributed to nanostructures' XRD 
pattern correspond to the α-Fe2O3 hexagonal process. The 

XRD spectrum of the nanostructures contains nine 

distinguishable peaks. The peaks appearing at a 2θ range 

of 24.18 °, 33.16 °, 35.63 °, 40.61 °, 49.48 °, 54.08 °, 

57.42 °, 62.46 °, and 64.15 ° may be associated with 

crystalline structures of 012, 104, 110, 113, 024, 116, 

018, (214) and (300) corresponding to pure 

nanostructures of α-Fe2O3. The most intense peak was 

observed at 2θ = 32.67°, indicating that the hematite 

materials obtained are exceptionally crystalline [39, 40]. 

Peak and intensity positions were in good agreement with 

reported values. JCPDS No.89-5899 confirmed the phase 
structure of hematite (α-Fe2O3).   

 

XPS study 

 

The XPS technique was used to analyze Fe's 

shell structure and oxidation state in α-Fe2O3. Fig.4 

displays descriptive XPS spectra of the hematite. A 

typical survey scans the spectrum from 0 to 1000 eV of 

the Fe2O3, showing cores rates, such as Fe 2p, O 1s, and 
satellite peaks. Only the peaks due to iron, oxygen, and 

carbon are observed. The peak positions corresponding 

to Fe 2p and O 1s have been checked in the bond energy 

range 730–742 and 531–532 eV. At 531 eV, O1s oxygen 

peak was observed. It is well known that oxygen takes 

two chemical states due to O2−& O− 2having lower and 

higher bond energy, respectively. The peaks at (531 eV) 

and 532 eV can be attributed to the chemical bonded –

OH group on the surface of α-Fe2O3. Elemental review 



Abdul Rauf Shaikh et al.,             doi.org/10.52568/001030/JCSP/44.03.2022    288 

verified Fe, C, and O necessary signatures. In the XPS 

spectra, there were no more elementary signals found. In 

addition, the O1s core level spectrum displays the 

Powerful oxide peaks at about 531 eV, which are in solid 

contrast with the literature data on α-Fe2O3 [41]. Fe 2p 
and O 1s core levels suggest that Fe and O valence states 

are +3 and 2, respectively.  Consequently, when this 

finding is combined with that of XRD, it can be inferred 

that the substance is pure α-Fe2O3, and no other 

impurities, such as Fe3O4, are present. 

 

Zeta Sizer (ZS) study 

 

The particle size distribution of NPs was 

obtained by dynamic light scattering using Zeta Sizer to 

measure the size and zeta-potential to maximize stability 

and life span and accelerate the production of 

formulations. In the backscattering mode (angle of 

detection 173°, measuring position 1 mm from the 

cuvette wall), the instrument detects the time 

development of the intensity of light scattered by moving 
particles in the sample after irradiation with a He-Ne laser 

beam. The auto tiltrotor is used to optimize pH titrations 

and calculations. The nanoparticle size distributions were 

small, while the average diameter of the particles was 68 

nm, estimated by MALVERN ZETA SIZER, as shown 

in Fig.5 [42]. The data shown in this work represent the 

mean distributions calculated from four independent 

repetitions. The measurement was carried out at 

laboratory temperature. 

 

 

 
 

Fig. 3: XRD pattern of the Si@MNs nanoparticle. 

 

 
 

Fig. 4: X- XPS Spectrum of Si@MNs structures. 
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Fig. 5: Zeta sizer of Synthesis Si@MNs. 

 

Zeta Potential (ZP) study 

 
Zeta Potential tests were conducted using 

Laser Doppler Velocimetry (LDV) technique by 

Malvern Zeta Sizer Nano-ZS. We studied the surface 

charge properties of the nanoparticles of Fe-oxides. 

We investigated a possible correlation between 

morphologies of nanoparticles (shape and size) and 

surface charge at the dropping plane. This type of 

correlation is commonly used to study the 

physicochemical stability and biomolecular 

interaction with nanoparticles. When there is potential 

in the range of + 30 to -30 millivolts, the particle is 

stable. The pH values observed in the corresponding 
suspensions were noticed to fall in the 6.5–5.5 range. 

A sudden shift in zeta potential, from positive to 

negative values, was observed in this small pH period. 

The surprising aspect concerns the negative charge at 

this pH interval (average pH 6) of most of the hematite 

samples investigated. Only positively charged 

particles are predicted to be identified as the point of 

zero charges (ZPC) for the hematite. At the same time, 

most of the iron oxide surface charge investigations 

were conducted by varying the ionic strength and pH 

[43]. The stability of the IONPs was proved to be good 
as the zeta potential existed in the -23 mv range, as 

shown in Fig. 6. 

 

 
 

Fig. 6: Zeta Potential of Synthesis Si@MNs. 

Catalytic performance during the degradation of Rh-

B 

 

Nano-catalytic-based degradation of 

Rhodamine B dye was done using Si@MNS with the 
addition of NaBH4. The degradation study was carried 

out in the presence and absence of catalyst and 

NaBH4. The characteristic peak of Rh-B was observed 

at 553 during the UV analysis. In the initial stages, as 

Fig. 7 shows, when the nanocatalyst was added to the 

standard solution of Rh-B, the color of the solution 

disappeared, and the peak intensity decreased. It is due 

to the reduction of Rh-B in the presence of Si@MNS. 

 

 
 

 

Fig. 7: UV result of the catalytic effect on the Rh-B. 
 

Impact of reducing agent (NaBH4) on the degradation 

of Rh-B 
 

The NaBH4 is a crucial factor; it plays a 

significant role in producing the proton source during 

Rh-B dye degradation. The volume of NaBH4 (0.2M) 

was optimized from 25 µL to 125 µL to check the 
effect of NaBH4 on the reduction of Rh-B dye. Fig. 8 

showed when the volume of the reducing agent was 

increased, the percentage of degradation also 

increased up to 100 µL. After that, no significant 

change was observed. Thus, 100 µL was optimal for 

further study. 

 
 

 
 

Fig. 8: Effect of reducing agent. 
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Effect of catalyst dose 

 

The amount of catalyst plays a vital role in 

the degradation of Rh-B. The dose study was carried 

out in the range of 0.15mg-0.25 mg. Fig. 9 shows that 
when the amount of the dose increases, the 

disappearance of the color of Rh-B also increases, and 

UV/Vis spectra intensity of peak also decreases. The 

rise in the conversion of Rh-B dye with increasing the 

amount of catalyst could be attributed to the increase 

in the active catalytic sites required for dye reaction. 

This can be explained in the following way. As the 

volume of the catalyst increases, the number of dye 

molecules adsorbed to the catalyst surface increases. 

Because of this high surface molecular density, the 

rate of dye removal increases. The decrease in Rh-B 

dye degradation with the rise in catalyst quantity is 
attributed to the increase in turbidity of the suspension 

[44]. Deactivation of activated molecules of dye by 

collision with a higher catalyst loading influences the 

reaction. Due to this high surface molecular density, 

the dye degradation rate increases. The decline in 

degradation of Rh-B dye with a raise in catalyst 

volumes is the decrease in Rh-B dye degradation with 

a raise in catalyst amounts is attributed to turbidity 

rises of the suspension deactivation of activated 

molecules of dye by collision with a higher catalyst 

loading influence the reaction. Thus the degradation 
rate is decreased at a higher amount of catalyst [45].  

 

 
 

Fig. 9: Effect of catalyst dose 

 

Effect of Dye Volume on Degradation 

 

The prepared Si@MNPs nanostructures were 

used as a heterogeneous catalyst for the degradation of 

Rh-B dyes. When NaBH4 is added, the aqueous 

solution of Rh-B shows an intense peak at 554 nm. The 

reactions to the reduction were calculated from the 
substantial decrease in absorbance, which was 

evaluated as a function of time. The red-colored 

mixture became colorless on complete reduction of the 

dye, corresponding to the azo bond cleavage and 

colorless amino compounds. Different initial volumes 

of 75, 100, 125,150,175, and 200uL were tested to 

determine the effects of dye volume on Rh-B dye 

degradation. We performed experiments using 250ug 

of Fe2O3 /SiO2of (0.01M) Rh-B dyeing solutions at 
650 rpm, and samples from the dye mixture were 

regularly examined after 1, 2, 3,4,5, and 6 minutes. For 

each sample, the UV-visible spectrum was recorded. 

The absorbance of Rh-B for all samples was found at 

λ -Max 554 nm. This was mentioned that 

approximately 84, 72, 66, 56, 48, and 36 percent of 

75,100,125,150,175 & 200 uL degraded during the 

first six minutes. The deterioration increased steadily 

to 84, 72, 66, 56, 48, 42, and 36% after 8 minutes of 

reaction time, respectively. It was noted that 

degradation by percentage decreases with increasing 

dye volume using Fe2O3/SiO2 (0.01M) as a constant 
for all dye volumes. At 75uL 84% dye degradation was 

optimized [46, 47]. Fig.10a shows the UV/Vis results 

of degradation and Fig. 10 graphical view percentage 

of degradation. 

 

 
 

 
 

Fig. 10: (a) shows the UV/Vis degradation results and 

(b) Graphical view degradation percentage. 

 

b 
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Table-1: Represents the comparative study. 
Catalyst Dye Accelerator %Degradation Time(min) Reference 

NiO Rh-B NaBH4 76 30 [29] 

CuO petals Rh-B H2O2 80 300 [30] 

N-CuO NS Rh-B H2O2 80 180 [31] 

CuO flowers Rh-B H2O2 80 300 [31] 

C-CuO NS Rh-B H2O2 80 60 [31] 

H3PW12O40/SiO2 Rh-B H2O2 85 120 [32] 

Si@MNs Rh-B NaBH4 85 1.30 Present study 

 

Reusability 

 

Reusability is crucial to show that the 

fabricated material is economical or environmentally 

friendly. We checked the reusability of silica-tagged 

magnetic nano-structures Si@MNs under the optimal 

conditions. Fig.11 shows the reusability of Si@MNs 

nanocatalyst that the degradation percentage decreases 
up to 4% from one cycle to six cycles. It indicates that 

Si@MNs nanocatalyst economical is beneficial, 

cheaper, and greener.  

 

 
 
Fig. 11: Reusability study of Si@MNs. 

 

Comparative Study  

 

The proposed method has been compared 

with the reported method. The Si@MNs have good 

catalytic efficiency, low time consumption, and a good 

degradation percentage compared to the reported 

procedure given in the Table-1 Hence, it is a 

confirmation that fabricated material is highly 

efficient and environmentally nanocatalyst. 

 

Conclusion 

 

This study aims to prepare an efficient, 

economical, and environment-friendly nanocatalyst 

for wastewater treatment. The silica tagged 

nanostructure was successfully synthesized using the 

co-precipitation route. The surface morphology and 

crystal characteristic, size distribution, and the surface 

potential of prepared material were analyzed via 

powered SEM, XRD, and zeta sizer, respectively. The 

catalytic efficiency of silica-tagged magnetic 
nanostructures was studied against Rh-B dye solution 

using NaBH4 as a reductant. The nanocatalyst has 

shown high stability with a huge surface-to-volume 

proportion that provides an excellent platform for the 

catalytic efficiency towards the Rh-B dye degradation. 

The excellent catalytic performance is due to the high 

number of dynamic sites, which enables nanostructure 

characteristics compared to other catalytic materials 

reported to date. The experimental results of Si@MNs 

are excellent in words the Rh-B dye degradation.     
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