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Abstract: A modified controlled chemical co-precipitation of alkaline aqueous ferrous and ferric salt solution at pH 

8 with continuous addition of ammonia solution 25% under a degassed atmosphere was performed to synthesis 

magnetite (Fe3O4) nanoparticles. Formation of magnetite nanoparticles was conducted by adjusting the ferric to 

ferrous ions in the ratio of 1:1, 1:2 and 2:1. Further investigation on the surfactant-coated magnetite nanoparticles by 

using 8% surfactant sodium dodecyl sulphate (SDS) was also studied. The synthesized magnetite nanoparticles were 

characterized by Transmission electron microscope (TEM), Fourier transform infrared spectroscopy (FTIR), X-ray 

photoelectron spectroscopy (XPS) and X-ray diffractometer (XRD). TEM results shows that magnetite nanoparticles 

which were synthesized with ferric/ferrous ratio 2:1 are in sphere shape and have the smallest particle size 

distribution range which is about 12-17 nm. The particles size distribution range of coated magnetite was decreased 

to 11-15 nm after coated with 8% surfactant SDS. XPS results indicated that the produced magnetite nanoparticles 

consisted of elemental iron and oxygen at 72.76% and 22.27% respectively. The phase and face-centered cubic 

structure of magnetite nanoparticle was also confirmed by XRD. Magnetite nanoparticle synthesized with ferric to 

ferrous ratio of 2:1 and coated with 8% surfactant SDS shows the best crystallinity among all samples with particle 

distribution size range from 11-15 nm. 
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INTRODUCTION 

 

To date, magnetite (Fe3O4) nanoparticle is a well-

known material and it has gained attention because of 

its unique chemical and physical properties. Magnetite 

is a black luster and magnetic compound that 

containing both ferrous and ferric iron species that are 

arranged in an inverse spinel crystal structure [1]. 

Magnetite exhibits properties such as 

superparamagnetism, large surface area, good bio-

compatibility and low-toxicity [2]. These interesting 

properties have been intensively studied and lead to its 

usage in various industrial applications such as pigment 

synthesis for paints, bank cheque and porcelain [3], 

catalysis [4], biosensor [5] as well as in biomedical 

application [6].  

Currently, there are several chemical methods 

available for synthesizing magnetite nanoparticle such 

as sol-gel technique, co-precipitation, non-hydrolytic 

method, thermal decomposition and micro emulsion 

method [7]. Typically, aqueous co-precipitation of 

ferrous ion and ferric ion with addition of ammonia is 

commonly practiced to prepare magnetite nanoparticle 

due to its simple, environment-friendly and economical 

process which only use cheap deionized water and iron 

with no harmful byproducts formed throughout the 

synthesis reaction [7]. Besides, the rapid preparation 

steps with none using of organic solvent is also one of 

the advantages to adopt this synthesis method rather 

than others synthesis approaches which mentioned 

earlier. However, the control of pH in precipitation 

reaction is very important in controlling the size of 

nanoparticle [2].  

Furthermore, due to the tendency of agglomeration 

in magnetite nanoparticles which limit its application in 

medical diagnostic due to its chemically-instability 

properties, several stabilizers such as polyethylene 

glycol, polyvinyl alcohol and galactose-carrying 

polymer were studied to stabilize magnetite 

nanoparticles [8]. Thus, a controlled synthetic method 

of magnetite nanoparticle need to be optimized for 

advanced application.  Herein, the main objective of 

this study focused on the effect of different ferric to 

ferrous ions ratio (1:1, 1:2 and 2:1) on the formation of 

magnetite nanoparticles. The effect of ferric/ferrous 

ratio on the surface morphology and nanoparticles size 
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were discussed in this study. Further investigation on 

the addition of anionic surfactant SDS (NaC12H25SO4) 

to the synthesized magnetite nanoparticle was also 

conducted in this study. Overall, its application 

performance can be enhanced at nanometer level when 

synthesis method provide uniform and well defined 

particle. 

     

MATERIALS AND METHODS 

 

A. SYNTHESIS OF MAGNETITE 

NANOPARTICLE 

 

In this experiment, the formation of magnetite 

nanoparticle was conducted by adjusting the ferric to 

ferrous ions ratio from 1:1, 1:2 and 2:1. The amount of 

surfactant SDS used for coating of magnetite 

nanoparticle was 8%. Iron (II) sulphate heptahydrate 

(FeSO4.7H2O), iron (III) chloride (FeCl3) and ammonia 

solution 25% were used as the reagents. In this 

experiment, FeCl3 and FeSO4.7H2O were mixed and 

stirred in 60 mL deionized water. Further investigation 

on the SDS surfactant-coated magnetite nanoparticle 

was studied by adding surfactant SDS into the salt 

mixture, then followed by drop-wise addition of 10 mL 

mixture of deionized water: ammonia solution 25% 

(1:1). The salt mixture was stirred continuously for an 

hour and the black precipitate generated gradually. The 

resultant black precipitates were washed several times 

with deionized water until the pH reached 8. The black 

precipitate was then washed with acetone solution and 

dried for further characterizations.  

 
B. CHARACTERIZATION 

 

The surface morphology and size of magnetite 

nanoparticles were characterized using the transmission 

electron microscope (TEM, Philips CM12). The 

optimum nanoparticle synthesized at ratio 2:1 were then 

further characterized using Fourier transform infrared 

spectroscopy (FTIR, Perkin Elmer) to identify the 

presence of iron oxide and SDS surfactant in the sample 

between 400-4000 cm-1. Besides, its elemental 

composition and chemical state of magnetite 

nanoparticle were also characterized using X-ray 

photoelectron spectroscopy (XPS, Kratos Axis Ultra 

DLD) at wide and narrow scanning resolution. X-ray 

diffraction (XRD) data of the sample was also collected 

with diffractometer (Siemen D-5000) with CuKα 2𝜃 

radiation source in the range of 25-70º. 

RESULTS AND DISCUSSION 

Black color precipitates were formed due to the 

precipitation of magnetite nanoparticles from ferric and 

ferrous salts mixture [9]. The formation of magnetite 

nanoparticles likely occurred by the reaction between 

ferrous hydroxide, Fe(OH)2 and ferric oxyhydroxide, 

FeO(OH) formed when ammonia solution was added 

into the ferrous/ferric salt mixture [10]. By adjusting 

the ferric and ferrous ions ratio, the size and shape of 

magnetite nanoparticles were analyzed and compared 

using electron microscope analysis. Prior to the electron 
microscope analysis, magnetite nanoparticle was 

dispersed using ultrasonicator. The TEM images of the 

synthesized samples are shown in Figure 1 to Figure 4. 

It could be seen from the TEM images that all the 

synthesized magnetite nanoparticles were roughly 

spherical in shapes [11]. It was observed that the 

particle size distribution range between 12-17 nm was 

recorded for sample synthesized at a ratio of 2:1 (Figure 

1).  

 
Figure 1: Transmission Electron Micrograph of 

Magnetite Nanoparticle Formed in Ferric: Ferrous Ratio 

2:1 

 
Whereas, sample synthesized at 1:1 ratio 

(Figure 2) and 1:2 ratio (Figure 3) were found to have 

particle size distribution range from 11-23 nm and 30-

50 nm respectively. Besides, it was also observed from 

TEM images that magnetite nanoparticles were mainly 

agglomerated as compared to magnetite nanoparticles 

that were coated with SDS surfactant (Figure 4). 

Magnetite nanoparticles that were surfactant-coated 

revealed well-dispersed and exhibits the best 

crystallized particles size of 11-15 nm. Similar effect 

was also observed in [12] which shows that addition of 

2% SDS was able to form the smallest magnetite 

particle size with 8 nm. This could be due the reason 

that the presence of SDS in magnetite nanoparticle 

which acts as a capping agent is able to limit or control 

the size of magnetite nuclei from agglomeration during 

the co-precipitation process [12].  
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Figure 2: Transmission Electron Micrograph of 

Magnetite Nanoparticle Formed in Ferric: Ferrous Ratio 

1:1 

 

 
Figure 3: Transmission Electron Micrograph of 

Magnetite Nanoparticle Formed in Ferric: Ferrous Ratio 

1:2 

 

 
Figure 4: Transmission Electron Micrograph of 

Magnetite Nanoparticle Formed in Ferric: Ferrous Ratio 

2:1 with Sodium Dodecyl Sulphate (SDS) Coating 

 

The FTIR results (Figure 5a & Figure 5b) 

indicated that the existence of stretching peaks at 579 

and 630 cm-1 [6] in both samples synthesized at ratio 

2:1 and sample coated with SDS surfactant are 

corresponded to the Fe-O bond in magnetite 

nanoparticles. Meanwhile OH bending identified 

(Figure 5a & Figure 5b) at around 1630 cm-1 [6] 

indicating the existence of iron hydroxide as well. FTIR 

analysis was also performed to confirm the coating on 

magnetite nanoparticle. The band at 1124 cm-1 as 

shown in FTIR spectrum (Figure 5b) is attributed to the 

symmetry S=O stretching peak of SDS surfactant. In 

addition, the S-O stretching peaks are also found at 

887-1052 cm-1 (Figure 5b) [13]. This is an indication of 

the SDS surfactant was successfully coated on the 

superparamagnetic magnetite nanoparticle. 

 

 

 
Figure 5: FTIR Spectroscopy Spectra of Magnetite 

Synthesized at Ratio 2:1  

(a) Without Coating (b) Coated with Sodium Dodecyl 

Sulphate (SDS)  

 
 

(a) 

(b) 
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Elemental composition and chemical 

properties of synthesized magnetite nanoparticle at 

ratio 2:1 were also analyzed using X-ray 

photoelectron spectroscopy. Spectrum (Figure 6a) 

resulted from XPS indicated that the produced 

magnetite nanoparticles consisted of elemental iron 

and oxygen at 72.76% and 22.27% respectively. 

Besides, element iron embedded in magnetite 

nanoparticles were found exist in two different 

electronic configuration which is Fe 2p1/2 and Fe 2p3/2 

based on the spectrum (Figure 6b) resulted from XPS 

[14]. Both peaks found in Fe 2p3/2 and Fe 2p1/2 were 

found consisted of two overlapping peaks at binding 

energy 709-711 eV and 723-724 eV respectively. 

These binding energies analyzed from the XPS 

spectrum are same with reference value for magnetite 

nanoparticle [14]. This further confirmed that the 

nanoparticle synthesized is consisted of magnetite.  
 

 
Figure 6: X-Ray Photoelectron Spectroscopy 

Spectrum of Magnetite Nanoparticle Synthesized at 

Ratio 2:1 

 

XRD measurement was carried out to 

identify the phase structure of the magnetite 

nanoparticles. The reflection peak position and 

intensities relatively matched the magnetite 

nanoparticle [15] as shown in Figure 7. All samples 

demonstrated theoretical face-centered cubic 

structure with six diffraction peaks corresponding to 

(2 2 0), (3 1 1), (4 0 0), (4 2 2), (5 1 1), (4 4 0) [15]. 

These results showed that magnetite nanoparticle 

synthesized were consisted of face-centered cubic 

structure [16] and do not contain other types of iron 

oxide e.g. α-Fe2O3 and γ-Fe2O3 compound based on 

the diffraction peaks in the XRD spectra [17]. 

Besides, the coated magnetite nanoparticles showed 

higher crystallinity than the non-coated magnetite 

which the latter showed lower intense reflection 

peaks.  

 

 
Figure 7: X-Ray Diffraction Pattern of Coated and 

Non-Coated Magnetite Synthesized at Ratio 2:1  

 

CONCLUSION 

 

Results indicated that magnetite nanoparticles 

synthesized at ferric to ferrous ratio 2:1 was found to 

have the smallest particle size distribution range 

which is 12-17 nm. It was observed that the addition 

of SDS surfactant into magnetite nanoparticles would 

result in the decrease of particle size distribution 

range and a well-dispersed particle structure. 

Magnetite nanoparticles synthesized were also 

confirmed by FTIR spectroscopy analysis and XRD 

pattern. It can be concluded that the magnetite 

nanoparticle synthesized with ferric to ferrous ratio of 

2:1 and coated with 8% surfactant sodium dodecyl 

sulphate shows the best crystallinity among all 

samples with particle distribution size range from 11-

15 nm.  
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