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ABSTRACT 

 

A highly stable and magnetized citric acid (CA)-functionalized iron oxide aqueous colloidal solution 

(Fe3O4@CA) was synthesized by using a simple and rapid method of one-step co-participation via chemical 

reaction between ferrous cations in a NH4OH solution at 90 °C. Followed by CA addition to functionalize the 

Fe3O4 surface in 30 min. The nanoparticles (NPs) were synthesized at reported temperatures and shortened 

time compared with conventional methods. Surface functionalization is highly suggested because bare Fe3O4 

nanoparticles (Fe3O4 NPs) are frequently deficient due to their low stability and hydrophilicity. Hence, 18-30 

nm-sized Fe3O4 NPs coated with CA (Fe3O4@CA) were synthesized, and their structural, morphological, 

optical and magnetic properties were characterized using X-ray diffraction, Field emission scanning electron 

microscope, Fourier transform infrared spectroscopy, and vibrating sample magnetometer. CA successfully 

modified the Fe3O4 surface to obtain a stabilized (homogeneous and well dispersed) aqueous colloidal 

solution. These CA-functionalized NPs with high magnetic saturation (62.49 emu/g) show promising 

biomedical applications. 

Keywords: Iron Oxide, Citric acid (CA)-functionalized, co-participation, magnetic saturation, biomedical 

applications  
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In present study the research interest in a group of 

various nano-materials specifically in metal oxides 

such as magnesium oxide (MgO), copper oxide (CuO), 

titanium oxide (TiO2), iron oxide (Fe3O4, Fe2O3) 

aluminium oxide (Al2O3), and zinc oxide (ZnO) 

increases day by day [1-4]. Oxides of metals NPs 

account for almost one-third of the market for 

consumer items using nanotechnology and are 

increasingly being used in a variety of industries [5]. 

Among these nano-materials a large number of 

materials have very vast magnetic properties based 

applications. Because when a magnetic particle's size 

is lowered below 100 nm, its magnetic characteristics 

substantially shift. [6-8] These magnetic nano-

materials have interesting uses, such as magneto-

optical switches, photocatalysis, high density 

magnetic data storage arrays, electrocatalysis etc. [9-

10] Fe3O4 nanoparticles have many advanced 

application in various fields including magnetic 

separation, catalytic processes, memory storage 

devices, magnetic labeling, sensing technologies etc. 

[11-12]  Apart from these uses it is also used in 

biomedical field to provide contrast effects for 

magnetic imaging, for the remote control of targeted 

drug delivery and to induce heating for hyperthermia 

treatments [13-14]. For the synthesis of Fe3O4 nano-

particles various methods were used such as 

hydrothermal/solvothermal, co-precipitation, micro-

emulsion, electrochemical, and sol-gel [15]. Among 

these techniques The co-precipitation method is more 

advantageous than conventional others due to its ease 

of use and efficiency in the synthesis of Fe3O4 [16]. In 

the present study we have adopted simple co-

precipitation method for the typical synthesis of 

Fe3O4 nanoparticles. We have studied its structural, 

optical, morphological and magnetic properties with 

the help of X-Ray diffraction (XRD), Fourier 

transform infrared spectroscopy (FTIR), Field 

emission scanning electron microscopy (FE-SEM) and 

Vibrating-sample magnetometry (VSM) respectively. 

 

II.  METHODS AND MATERIAL  

A. MATERIALS 

All chemicals and reagents were used of analytical 

grade without any further purification. 0.45 M Ferric 

chloride (FeCl3•6H2O), 0.3 M Ferrous sulfate 

(FeSO4•7H2O), Ammonium hydroxide 20%, and Citric 

acid (C6H8O7) were purchased from Loba chemicals. 

Double-distilled water was used for the synthesis of 

Fe3O4 solution.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 : Actual photographs of chemical precursors 

used in the typical synthesis of Fe3O4. 

 

B. PREPARATION OF Fe3O4@CA 

The previously reported method was applied for 

synthesis of bare Fe3O4 magnetic nano-particles and 

functionalized by Citric acid coating. Briefly, 6.1 g of 

0.45 M FeCl3•6H2O dissolved at 50 mL of distilled 

water and 4.2 g of 0.3 M FeSO4•7H2O were dissolved 

in 50 mL distilled water and heated at 90 oC then 

afterwards 10 mL of Ammonium hydroxide (25 %) 

added with constant stirring and 0.5 g of citric acid 

dissolved in 50 mL of distilled water was added drop 

wise. The mixture was stirred at 90 oC for 30 min at 

650 rpm and then cooled to room temperature. The 

light brown precipitate was collected and it was 

FeCl3.6H2O 

FeSO4.7H2O 

Citric Acid 
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washed with acetone three times to get pure product. 

After that the precipitate was filtered by using 

Whitman filter paper no 41. Dried at 60 oC in oven for 

overnight. Finally Fe3O4 in powdered form obtained 

using Mortal and Pestle.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2 : Actual photographs of Fe3O4 solution and 

magnetic attraction of Fe3O4 nano-particles . 

 

III.  RESULTS AND DISCUSSION  

 

A. XRD ANALYSIS: 

Figure 3 shows the XRD pattern of Iron oxide 

nanoparticles. The diffraction peaks in the figure 

confirms the polycrystalline structure of iron oxide 

nanoparticles. The diffraction pattern gives clear 

evidence of formation of ferric phase .The differaction 

peaks of (220), (311), (400), (422), (511), (440) and 

(533) reflects the magnetite   

 
Fig. 3 : X-Ray diffraction spectra of Fe3O4 nano-

particles 

crystal with cubic spinel structure [17].  The unit cell 

of cubic spinel structure consists of eight ferric ions at 

tetrahedral sites (A sites) each with four oxide ions 

nearest neighbors, and eight ferric ions and eight 

ferrous ions at octahedral sites (B sites) each with six 

oxide ions as the nearest neighbors. This system could 

be referred to the structural formula of (Fe3+)A 

[Fe2+Fe3+]BO4 [18]. However, a magnetite can be easily 

oxidized in air to form the maghemite (Fe2O3) at 

temperature 110–230 ◦C and can be further 

transformed to the hematite (Fe2O3) at temperature 

above 250 ◦C [19]. Generally, the diffraction peaks at 

(113), (210), (213) and (210) are the characteristic 

peaks of maghemite and hematite, respectively [20]. 

However, these peaks do not appear in the XRD 

pattern which implies no other iron compounds in 

the synthesized magnetite.  

Comparing the bare magnetite nanoparticles with the 

coated one, the XRD patterns show similar diffraction 

peaks; this indicates that the coating agent does not 

significantly affect the crystal structure of the 

magnetite nanoparticles [21]. The crystallite size (D) 

was calculated from X-ray line broadening of the (311) 

diffraction peak using Debye Scherrer formula 

[equation (1)]. 
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Where β is full-width at half maximum of the 

strongest intensity diffraction peak (311), λ  is 

wavelength of radiation and θ is angle of the strongest 

characteristic peak. The crystallite size calculated 

from (311) strongest peak is about 18-20 nm.  

B.  FTIR ANALYSIS: 

Successful citric-acid encapsulation of the iron oxide 

nanoparticles, synthesized using the method as 

described in the experimental section, was confirmed 

by the FT-IR result. Fig 4 shows the representative 

FT-IR spectrum of the citric acid coated particles. The 

peak at around 540 cm-1 indicate the presence of an 

iron oxide skeleton in the sample. The peak near 1589 

cm -1 and 1411 cm -1, representing carboxylate (COO-) 

stretching, were found in the citric acid coated 

sample in our experiment. The presence of these 

peaks is evidence of the formation of the citric acid 

coating around the iron oxide cores. Moreover, FTIR 

study confirms the coating of citric acid on the 

surface of iron oxide nanoparticles. 

Fig. 4: FTIR  spectra of Fe3O4 nano-particles. 

C. FE-SEM ANALYSIS: 

Figure 5 shows the FE-SEM images of Iron oxide 

nanoparticles synthesized by chemical co-

precipitation  

 
Fig. 5 : FE-SEM micrographs of Fe3O4 nano-particles. 

 

method. The surface nanostructural and 

morphological analysis of iron-NPs using FESEM at 
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four different magnification are shown in (Fig. 5). The 

FE-SEM micrograph for the as-prepared sample 

without surface modification contains small particles 

that were not uniformly arranged and are highly 

aggregated [22]. We have depicted the variation in 

the Iron Oxide nanoparticle sizes using inbuilt FE-

SEM software. FESEM images showed predominantly 

spherical particles about 18-30 nm in diameter (Fig. 

7.4).  

D. VSM ANAYSIS: 

The magnetic properties of Fe3O4@CA were 

determined by VSM analysis at 300 ºk temperature. 

The magnetization saturation (emu/g) as a function of 

the applied magnetic field (Oe) is illustrated in Fig. 6. 

The magnetization curve shows that the Fe3O4@CA 

NPs exhibit a super paramagnetic behaviour and 

magnetic saturation (Ms) of approximately 62.49 

emu/g, which is less than the Ms for Bulk Fe3O4 (92 

emu/g) and the Ms for bulk γ-Fe2O3 (744 emu/g) [23]. 

No hysteresis was observed, and the behaviour was 

completely reversible at 300 K. Neither coercivity nor 

remanence was observed. Arefi et al. [24] reported 

that the Ms of bare Fe3O4 is reduced after being 

coated with CA. Alonso et al. [25] synthesized Fe3O4 

NPs with high crystallinity of approximately 35 nm 

and high Ms of 65 emu/g by using thermal 

decomposition. The high Ms value is attributed to the 

large particle size of Fe3O4 [26]. Therefore, the Ms of 

Fe3O4 NPs decreases with their reduced particle size 

due to the increase in surface spin disorder [27, 28]. 

For biomedical applications such as in hyperthermia 

and magnetic resonance imaging (MRI), NPs must 

have a uniform particle size, exhibit super 

paramagnetism, and possess high Ms. The as-

synthesized Fe3O4@ CA has a high magnetic response, 

which is preferable for biomedical applications [24]. 

Our method shows an advantage of having a simple 

and rapid route to synthesize highly stable, 

monodispersed, and super paramagnetic Fe3O4@CA 

compared with conventional techniques. 

 

 

 

 

 

 

Fig. 6 : Magnetization curve of superparamagnetic (no 

coercivity or remanence) Fe3O4@CA at room 

temperature. 

 

IV. CONCLUSION 

 

A highly stable and magnetized citric acid (CA)-

functionalized iron oxide aqueous colloidal solution 

(Fe3O4@CA) was synthesized by using a simple and 

rapid method of one-step co-participation via 

chemical reaction between ferrous cations in a 

NH4OH solution at 90 °C, followed by CA addition to 

functionalize the Fe3O4 surface in 30 min. The NPs 

were synthesized at reported temperatures and 

shortened time compared with conventional methods. 

Surface functionalization is highly suggested because 

bare Fe3O4 nanoparticles (Fe3O4 NPs) are frequently 

deficient due to their low stability and hydrophilicity. 

Hence, 18-30 nm-sized Fe3O4 NPs coated with CA 

(Fe3O4@CA) were synthesized, and their 

microstructural, morphological, and magnetic 
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properties were characterized using X-ray diffraction, 

Field emission scanning electron microscope, Fourier 

transform infrared spectroscopy, and vibrating sample 

magnetometer. CA successfully modified the Fe3O4 

surface to obtain a stabilized (homogeneous and well 

dispersed) aqueous colloidal solution. These CA-

functionalized NPs with high magnetic saturation 

(62.49 emu/g) show promising biomedical 

applications. 
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