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ABSTRACT 

 

In present work, we prepared Magnetite nanoparticles by coprecipitation of Fe2+ and Fe3+ 

with NH4OH, further these magnetite core particles were coated with silica using tetra ethyl 

ortho silicate (TEOS). Then surface of silica coated magnetite nanoparticles was functionalized 

with aminopropyl groups using 3-aminopropyl trimethoxy silane (APTS) as a silylating agent. 

The morphology of the silica coated magnetite particles was observed to be spherical from SEM 

images. The hydrodynamic size was found to be 232 nm by dynamic light scattering. The cubic 

spinel structure for the magnetite nanoparticles were identified by X-ray diffraction studies. 

FTIR analysis shows that –NH2 groups have been incorporated onto the surface of the magnetite 

nanoparticles by Fe-O-Si chemical bonds.  
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1. INTRODUCTION: 

In last decades magnetic nanoparticle has become key components in different areas like bio 

separation in life science [1] biomedicine and bioengineering such as magnetically assisted drug 

delivery [2], cell isolation [3], MRI contrast agents [4], immunoassay [5] and bio macromolecule 

purification [6] due to their unique properties such as smaller size, high surface area, surface 

inertness, high oxidation potential, superparamagnetism, etc. The combination of magnetic 

switching behavior, with magnetic manipulation, separation and transportation to a desired 

location through the control of a magnetic field produced by an electromagnet or permanent 

magnet have created unique opportunities for enhancing the performance of magnetic 

nanoparticles such as 1) provide selective attachment to a functional molecule 2) can easily be 

separated from the medium by a simple magnetic process [7]. 

Although biomedical applications of magnetic nanoparticles have been reported extensively 

[8][9][10][11], but limited research on environmental applications were reported 

[12][13][14][15][16]. Heavy metals like Hg (II), Pb (II), Cd (II), and Cu (II), etc have toxic 

effect on human health and also have adverse effects on environment. Water pollution due to 

toxic heavy metals is almost found everywhere i.e. globally [17]. To reduce the discharge of 

heavy metals and to get clean water with extremely low levels of heavy metals make it greatly 

important to develop various efficient technologies for heavy metal removal. Various processes 

like ion exchange, precipitation, membrane process, reverse osmosis, sedimentation; 

electrodialysis, adsorption, etc. are used for removal of heavy metal ions from water [18]. 

Amongst all these processes adsorption is the most preferable one for heavy metal ion removal. 

Of the various magnetic materials reported in the literature for removal of heavy metal ions, 

iron oxides, mainly Fe3O4 have been the most widely used because of their simple preparation 

and Superparamagnetic nature. For removal of Cr (VI) magnetite [19] and maghemite [20] 

nanoparticles were applied to remove Cu(II) ions . At very low magnetic field gradients using 

magnetic separation method chitosan-bound Fe3O4 magnetic nanoparticles were prepared [21]. 

To remove arsenic from water monodisperse Fe3O4 nanocrystals were used [22]. By reducing the 

diameter of Fe3O4 nanocrystals to very smaller unit As (III) and As (V) could be removed 

efficiently. Self-assembled 3D flowerlike iron oxide nanostructure materials were found to have 

an excellent ability for the removal of As(V), Cr(VI), and Orange (II) from water[23]. More 

recently, superparamagnetic Fe3O4 nanoparticles with a surface functionalization of 



7 
 

dimercaptosuccinic acid were developed for the removal of toxic soft metals such as Hg, Ag, Pb, 

Cd, and Tl [24]. Recently for more efficient removal of heavy metal ions Fe3O4 coated with 

humic acid have been synthesized [25].  

 

This Fe3O4 magnetite is generally of core /shell type. Magnetic core is coated with inorganic 

shell i.e. silica. As first, silica formed on the surface of magnetic nanoparticles screens the 

magnetic dipolar attraction between magnetic nanoparticles, which favours the dispersion of 

magnetic nanoparticles in liquid media and protects them from leaching in an acidic 

environment. Second, due to the existence of abundant silanol groups on the silica layer, silica-

coated magnetic nanoparticles can easily be activated with various functional groups [26]. The 

shells after functionalization with active groups can easily be complexed with heavy metals 

easily. Therefore, the investigation of magnetic nanoparticles with inorganic coating is of 

significance for applications. In this work we prepared magnetite nanoparticles coated with a 

near monolayer of amino silane, which has active group of -/NH2 that can connect heavy metals 

easily. And the morphology, structure and composition of the coated magnetite nanoparticles 

were characterized by XRD, FTIR, SEM and Dynamic light scattering. 
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2. EXPERIMENTAL 

 

2.1 Chemicals 

The chemicals used for the synthesis of amino functionalized silica coated Fe3O4 

magnetic nanoparticle were: 

• Anhydrous FeCl3 and FeSO4,  

• Trisodium citrate and NH4OH,  

• Tetra ethyl ortho silicate (TEOS), 

•  3-Aminopropyl trimethoxy silane (APTS). 

 

2.2. Synthesis of Fe3O4 magnetic Nanoparticles : 

0.648g of FeCl3 and 0.548g of FeSO4.6H2O were taken.to which 40-45 ml of Millipore 

water was added under N2 environment.5-10 ml of 25% NH3 was added to the reaction 

mixture with continuous stirring and under nitrogen environment. And was kept for further 

stirring for1hr.100 ml of 0.3 molar trisodium citrate was added to the reaction mixture and 

again was allowed for stirring for another 30 min at 90 0C. The synthesized particles were 

collected using magnetic separator and was washed with (3×20 ml) Millipore water. Fe3O4 

were again dispersed in Millipore water. [27]  

 

2.3. Synthesis of silica coated Fe3O4 magnetic Nanoparticles : 

4g of the Fe3O4 despersed in Millipore water was taken in a solution of CH3OH (160 ml) 

and 40 ml H2O. To this reaction mixture 3ml of NH3 solution and 2ml of tetraethyl 

orthosilicate(TEOS) were added one after another and was kept for stirring for further 24hr 

followed by washing with (2×30)ml Millipore water. Then dried at 80 0C and further heated 

at 400 0C. [27] 

 

2.4. Synthesis of amino functionalized silica coated Fe3O4 magnetic Nanoparticles : 

The silica coated magnetite nanoparticle was again dispersed in 25 ml ethanol and was 

diluted to 150 ml by ethanol and 1ml H2O. The solution was then subjected to ultrasonic for 

30min. Under rapid mechanical stirring 3-5 drops of 3-amino propyl trimethoxy silane 



 

(APTS)was added to the solution and was kept for further stirring for 7h foll

washing with ethanol for five tim

 

Scheme 1: a schematic presentation of the whole reaction sequences involved in the synthesis 

of amino functionalized silica coated Fe

• The product 1 refers to the magnetite core shell i.e black ppt

nanoparticle synthesized by coprecipitation from

• Product 2: Product1 was further stabilized by trisodiumcitrate

aqueous dispersion of Fe3

• Product 3: Further Fe3O4 

• Product 4: Then surface 

refluxing with 3-aminopropyl 

silylating agent. 
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APTS)was added to the solution and was kept for further stirring for 7h foll

ing with ethanol for five times. The product so formed was dried at 800C.

Scheme 1: a schematic presentation of the whole reaction sequences involved in the synthesis 

of amino functionalized silica coated Fe3O4 magnetic nanoparticle. [27]       

The product 1 refers to the magnetite core shell i.e black ppt. of Fe

ynthesized by coprecipitation from Fe2+ and Fe3+ with NH4OH as base.   

was further stabilized by trisodiumcitrate which leads to a stable 

3O4 MNP. 

 was silica coated using TEOS and ammonium hydroxide.

surface of product 3 was functionalized to active propyl groups by 

aminopropyl trimethoxy silane(APTS) in dry toluene. Here 

APTS)was added to the solution and was kept for further stirring for 7h followed by 

C. [28] 

 

Scheme 1: a schematic presentation of the whole reaction sequences involved in the synthesis 

of Fe3O4 magnetic 

OH as base.    

which leads to a stable 

was silica coated using TEOS and ammonium hydroxide. 

to active propyl groups by 

) in dry toluene. Here APTS act as 



 

 

 

3.

 

3.1. CHEMICAL REACTION INVOLVED:

 The scheme-1 represents the amino functionalization of silica coated magnetite 

nanoparticles involving following reaction steps

 

Product 1(Fe3O4 magnetic nanoparticle):

In absence of nitrogen environment 

to red precipitation of Fe(OH)3. 

nanoparticles gets affected. So to prevent 

agglomeration the reaction is carried

 

Product 3(silica coated Fe3O4 magnetic 

 

Product 4 (amino functionalized silica coated Fe

10 

3. RESULTS AND DISCUSSION: 

3.1. CHEMICAL REACTION INVOLVED: 

1 represents the amino functionalization of silica coated magnetite 

involving following reaction steps 

magnetic nanoparticle): 

In absence of nitrogen environment the black precipitation of Fe3O4 undergoes oxidation

. As a result the physical and chemical property of magnetic 

. So to prevent its further oxidation to unexpected product and 

the reaction is carried out under inert environment between PH 4-

magnetic nanoparticle): 

 

(amino functionalized silica coated Fe3O4 magnetic nanoparticle):

1 represents the amino functionalization of silica coated magnetite 

 
undergoes oxidation 

cal and chemical property of magnetic 

ected product and 

-9.  

: 
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3.2. CHARACTERIZATION: 

 

The synthesized products were further characterized by SEM technique, XRD technique, 

DLS and FTIR analysis. The crystalline structure and spherical morphology of silica coated 

magnetite was identified from XRD and SEM respectively. To study the chemical bonds present 

in the products so formed were subjected to FTIR (Fourier Transform Infrared) analysis. Again 

further the particle size of magnetite core shell and silica coated magnetite was determined by 

Dynamic Light Scattering (DLS).  

3.2.1. XRD 
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 Figure 1(a): XRD pattern of 

 Fe3O4 MNP 

Figure 1(b): XRD pattern of  

Fe3O4@SiO2 



12 
 

Figure 1(a) illustrates the XRD patterns of black 

precipitations of Fe3O4 of magnetic nano particles. 

The position and relative intensity of all diffraction 

peaks match well with those of the magnetite 

(JCPDS 19-629) and broad peaks indicates nano-

crystalline nature of the particles. Figure 1(b) shows 

XRD pattern of silica coated Fe3O4 magnetic nano-

particle; the broad peak is due to amorphous silica.  

Peak at 10-20 degree coreesponds to SiO2 and the rest of peaks are as those in XRD patterns of 

Fe3O4.  

 

3.2.2. SEM : 

The spherical morphology of silica coated Fe3O4 magnetic nano-particle was identified by 

scanning electron microscopy as shown in figure2. From which the particle size was estimated to 

be approximately 200 nm.            

 

 

 

 

 

 

 

 

Figure 2: SEM images of silica coated Fe3O4 magnetic nanoparticle 

 

3.2.3. DLS: 

From DLS (Dynamic Light Scattering) the hydrodynamic size of the silica coated magnetite 

particle was found to be 232 nm from Figure 3(a) and that of magnetite core particle was found 

to be 148 nm from Figure 3(b).                                     

2Ѳ        D [hkl] 

30.3              2.96 [220] 

35.7             2.53 [311] 

43.5 2.09 [400] 

53.7 1.71 [422] 

57.5 1.61 [511] 

62.9 1.48 [440] 
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3.2.4. FTIR: 
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Figure 4(a) illustrates the IR spectra of the silica coated magnetite, peaks at 590 cm-1  is 

for Fe-O stretching , 3650cm-1- 3200cm-1 is  for O-H bond stretching, the broad peak in range 

1050 cm-1-1250 cm-1 is for Si-O-Si and Fe-O-Si, peak at 2362 is for atmospheric CO2.  
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Figure 4(b) 

Figure 4(b) illustrates  the IR spectra of the 3-Aminopropyltrimethoxysilane coated on 

silica surface,  peaks at 590 cm-1  is for Fe-O stretching , the broad peak in range 1050 cm-1-1250 

cm-1 is for Si-O-Si and Fe-O-Si, peak at 1637 cm-1 is for H-O-H bending vibration, peak at 2983 

cm-1is due to CH bond stretching of propyl groups and peak at 3500-3250 c.m-1 is for NH bond 

stretching. This shows the surface functionalization to aminopropyl groups. 
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4. CONCLUSION: 

Magnetite nanoparticles of hydrodynamic size 148 nm and silica coated magnetic 

nanoparticles of hydrodynamic size 232nm were synthesized successfully and characterized by 

XRD, SEM, DLS and FTIR analysis. Amine groups were introduced in the surface of magnetic 

silica nanoparticles by modifying with silylating agent 3-aminopropyltrimethoxy silane. FTIR 

spectra clearly indicate the formation of Fe-O-Si chemical bonds and the presence of amine 

propyl groups on the surface. Dynamic light scattering shows the presence of almost 

monodisperse particles both in case of magnetite and silica coated magnetic nanoparticles with 

excellent stability in aqueous medium. The separation of heavy metal ions such as Cu (II), Hg 

(II), Pb (II), etc. using amine functionalized silica coated magnetic nanoparticles is under 

investigation.   
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