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Abstract—: The synthesis of γ-Fe2O3 nanoparticles of varying particle size has been achieved using different molar concentrations 

of sodium hexametaphosphate while the effect of changing pH has been studied. Iron chloride, sodium hexametaphosphate and 

sodium hydroxide are used as precursor, reducing agent and accelerator respectively. The synthesized γ-Fe2O3 nanoparticles have 

been characterized by FESEM study, X-ray diffractometry, Raman spectroscopy and UV-vis spectroscopy. The nanoparticle size 

and morphology are determined by FESEM. From XRD analysis, γ-Fe2O3 nanoparticles were found to exhibit tetragonal 

structure as confirmed from well defined diffraction peaks. The visible photoluminescence (PL) emission from the synthesized γ-

Fe2O3 nanocrystals has been recorded and peak values are occurred at 370 nm, 371 nm and 373 nm for the pH of 5, 7 and 9 

respectively. In case of UV-vis spectra, band gap was estimated and the particle size increased with the increase of the pH values. 

The synthesized γ-Fe2O3 nanoparticles may be extremely useful in biomedical, drug delivery applications 
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I. INTRODUCTION 
 

During recent years, nanoparticles in quantum-size 

domain have attracted considerable attention in biomedical 

research field. Nanoparticles, size less than 100 nm retain 

unique properties due to size effects and surface phenomena 

at nanoscale. Magnetic nanoparticles (MNPs) are 

particularly promising an area of increasing interest in the 

biomedical sciences [1, 2]. For example, targeted drug 

delivery, magnetic hyperthermia [3, 4], cell labeling with 

MNPs for in vitro cell separation [5, 6], tissue repair, viable 

cancer therapy [7, 8] and magnetic resonance imaging 

(MRI) [9]. However, recent applications of MNPs 

demonstrate their potential towards decreasing implant 

infection and increasing tissue growth [10].  

 

Iron oxide nanoparticles are attracted considerable 

attention in the past decade because of their unique 

chemical, physical and optical properties leading to 

numerous potential applications. Furthermore, less sensitive 

to oxidation so, it could be stable magnetic response. A 

recent study shows that γ-Fe2O3 nanoparticles have 

promising materials due to their biocompatibility. Currently, 

there are several protocols for synthesis of iron oxide 

nanoparticles, for example, pyrolysis [11], co-precipitation 

[12, 13], gamma-irradiation [14], sol-gel [15] hydrothermal 

method [16] and chemical methods [17]. The disadvantages 

of these protocols are that the size uniformity and 

crystallinity of the iron oxide nanoparticles are rather poor, 

and nanoparticle aggregation is commonly observed. 

However, absolute control over the shape and size 

distribution of iron oxide nanoparticles remains a challenge, 

and formation of iron oxide nanoparticles under different 

conditions still need to be investigated. 

  

In the present work, we report size controlled synthesis 

of iron oxide nanoparticles by a simple chemical process 

using sodium hexametaphosphate as reducing agent and 

sodium hydroxide as an accelerator. The morphological 

properties were studied by Field Emission Scanning 

Electron Microscopy (FESEM). Visible photoluminescence 

emission has been observed from the synthesized iron oxide 

nanoparticles within the 350-400 nm wavelength range, with 

peak emissions between 370 and 373 nm. 

 

II. EXPERIMENTAL 

 

Synthesis of iron oxide Nanoparticles 

 

Ferric chloride hexhydrate (FeCl3.6H2O), hydrochloric 

acid (HCl), sodium hexametaphospate (NaH2PO4.2H2O), 

Sodium hydroxide (NaOH) and acetone were purchased 

from analytical grade Merck. Doubly distilled water was 

used for the process. In a typical procedure, 1 gram of 

NaOH is added to an aqueous solution of FeCl3•6H2O (10 

ml, 0.16M) in a flask and then the solution was stirred 

vigorously at room temperature until pH becomes ~ 11. 

After the solution centrifuged (6000 rpm for 10 minutes) 
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and wash the red colour precipitate with distilled water 

several times till pH becomes ~ 9. Accordingly, the pH of 

the red precipitate was adjusted 5, 7 and 9. 100 mL of 

0.01M HCl solution was added to the precipitate with 

Continuous agitation and stirring process was continued for 

15 minutes. The above was added to 10 ml of an aqueous 

solution of NaH2PO4•2H2O (0.08, 0.12 and 0.16M) and 

added drop wise to above mixture while stirring. Then the 

colour of solution turned into chocolate brown and it 

indicates the formation iron oxide (Fe2O3) nanoparticles. 

The obtained chocolate brown transparent sol was heated at 

about 100 °C for 30 min and then cool down to room 

temperature. The produced reddish brown precipitate was 

separated by centrifugation (6000 rpm for 10 minutes), 

subsequently washed with distilled water, and then dried at 

100 oC in air. 

 

III. CHARACTERIZATIO 

 

X-Ray diffraction (XRD) study 

 

The structural characterization of iron oxide 

nanoparticles were performed using powder X-ray 

diffraction (PXRD), with the respective nanoparticle 

powders on glass substrates and the patterns were analysed.  

 

Field emission scanning electron microscopy (FESEM)  

 

For the morphological study of the prepared 

nanoparticle samples, field emission scanning electron 

microscopy (FESEM, Carl Zeiss Ultra 55 model) of the 

centrifuged samples was performed. The average particle 

size of the prepared iron oxide nanocrystals were 

determined using Sigma Scan Pro software. 

 

 

Raman spectroscopy  

 

Room temperature Raman spectroscopy was performed 

using a LABRAM-HR800 Laser Raman Spectrometer with 

514 nm laser radiation. To avoid laser heating of the 

samples, the incident power was kept at a low value of 1.99 

mW. 

 

UV-vis spectroscopy  

 

The optical absorption property of the iron oxide 

nanoparticles were monitored on a double-beam 

spectrophotometer (Hitachi, U-3010) with the samples 

dispersed in distilled water and kept in a quartz cuvette of 

path length of 10 mm. 

 

 

  

Photoluminescence (PL) spectroscopy  

 

The photoluminescence emission spectra from the 

samples (dispersed in distilled water) were recorded with a 

Spectrofluorometer (LS 55, Perkin Elmer) at room 

temperature using a rectangular polished quartz cuvette with 

a path length of 10 mm. 

 

IV. RESULTS AND DISCUSSIONS 

 

 
 

 

 
 

 
 

Fig.1: FESEM pictures and size distributions of γ- Fe2O3 

Nanoparticles. 

 

The surface morphology characteristics of the iron 

oxide nanoparticles have been studied by field emission 

scanning electron microscopy. Figure 1 shows the FESEM 

images of Fe2O3 nanoparticles prepared by the chemical 

method. From the figure it can be observed that the iron 

oxide nanoparticles have the shape of spherical and the 

particle size distribution which is varying from 20-40 nm. 
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Fig.2: XRD Pattern of γ-Fe2O3 nanoparticles 

 

Figure shows an XRD pattern revealing structure 

characterization of a powder of maghemite nanoparticles 

obtained by the above chemical method. As shown 

Diffraction peaks in Fig.2, with characteristic indices (220), 

(400), and (511), were recognized from the XRD pattern 

(JCPDS file No.25-1402). The observed diffraction peaks 

agree well with the tetragonal structure of maghemite. The 

average lattice parameter calculated below at different 2θ 

values corresponding to different peaks in the XRD spectra 

was 8.25 Ao for pure γ-Fe2O3  nanoparticles. These 

calculated values of lattice parameter are slightly less than 

the value of bulk γ-Fe2O3 (8.351A ˚) [18] 

 

 
 

Fig.3: Raman Pattern of γ-Fe2O3 Nanoparticles 

 

Raman Spectroscopy can be used as an effective tool 

for structural characterization of γ- Fe2O3 nanoparticles. 

The Raman peaks are observed at 1094, 1084 and 1004 cm-

1 for different values of pH 9, 7 and 5 respectively. All the 

Raman spectra presented here consist of narrow peaks and 

asymmetrically broadened peaks with the different values of 

full width half-maximum (FWHM) for different pH values. 

This indicates the low crystal quality of the nanoparticles in 

tetragonal structure [19]. The Raman peaks shifted to 

greater wave number with increase of pH values, this is 

attributed to the greater size of the nanoparticles [20]. From 

this we would expect that the samples with increasing 

particle size which could be produced by using different pH 

concentrations [Fig. 3] to provide good enhancement with a 

single strong plasmon resonance which is slightly red 

shifted. 

 

 
 

Fig.4: UV-Vis spectra of γ-Fe2O3 nanoparticles 

 

Fig.4 shows UV-visible absorption spectrum of Fe2O3 

nanoparticle at different values of pH. The maximum 

absorption values are observed at the positions of 332 nm, 

335 nm and 348 nm for the different values of pH is 5, 7 and 

9 respectively. These absorption peaks were observed in the 

UV region and near to the lower wavelengths of the visible 

region. This absorption due to the ligand to-metal charge-

transfer transitions and less contribution comes from the 

Fe3+ ligand field transitions of  6A1 4T1(4P) at 332 nm, 

6A1 4E(4D) & 6A1 4T2 (4D) at 335 nm and  6A1 4E; 4A1( 

4G)  at 348 nm [21].  

 

From this spectrum it can be observed that the 

absorption peak shifted to longer wavelength with increase 

of  pH values. Therefore, it’s known as red shift. This red 
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shift is presumably due to the formation of larger Fe2O3 

nanoparticles, which is due to the decrease in charge on the 

iron oxide particles allowed particle growth by coagulation 

and aggregation [22]. These results are good agreement with 

the results obtained using field emission scanning electron 

microscopy (FESEM) images of iron oxide nanoparticles 

and their particle size distribution. 

 
 

Fig.5: PL spectra of γ-Fe2O3 Nanoparticles 

 

The photoluminescence spectra obtained from the 

synthesized iron oxide nanoparticles are shown in Fig. 5. 

The PL emission has been obtained within the UV range, 

from 350 to 400 nm, with the peak positions at 370, 371 and 

373 nm for pH 5, 7 and 9 respectively.   The PL emission 

peaks have been found to be red shifted by 38, 36 and 25 nm 

respectively, from their corresponding UV-vis absorption 

peaks. 

 

CONCLUSSION 

 

We have demonstrated a simple synthesis route to 

prepare high purity iron oxide nanoparticles with different 

molar concentrations of sodium hexametaphosphate while 

the effect of changing pH. The structural characterization of 

the samples was performed using XRD, Raman spectra and 

FESEM observations, which led us to infer that the 

synthesized nanoparticles were tetragonal structure structure 

and smaller than 40 nm in size. The UV-visible 

spectroscopy has shown a shift of the SPR peak, depending 

upon the changing average particle size of the Ag-NPs, 

synthesized at different molar concentrations of sodium 

hexametaphosphate while the effect of changing pH. Visible 

photoluminescence emission has been observed from the 

synthesized silver nanoparticles within the 350- 400 nm 

wavelength range. Such nanoparticles may find wide 

applications in biosensor devices, biomedical, drug delivery 

applications. 
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