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Magnetite nanoparticles had been synthesized through a simple one pot and ecofriendly 

method. Biocompatible and nontoxic L-ascorbic acid (LAA) was used as capping agent in 

the synthesis process to produce highly stable magnetite nanoparticle dispersion. The 

magnetite nanoparticles were characterized with various techniques. From X-ray 

diffraction (XRD) and energy dispersive X-ray spectroscopy (EDX) analysis, the results 

reveal that magnetite nanoparticles were synthesized without impurities. Spherical 

magnetite nanoparticles with average particle size of 11.1 nm coated with LAA was shown 

in both scanning electron microscope (SEM) and transmission electron microscope (TEM) 

images. Fourier transform infrared spectroscopy (FTIR) and X-ray photoelectron 

spectroscopy (XPS) confirmed the LAA capped on the surface of magnetite nanoparticles, 

whereas Zeta potential shows the LAA coated magnetite nanoparticles were exhibit high 

stability with good dispersion. From vibrating sample magnetometer (VSM), the 

superparamagnetism of magnetite nanoparticles was confirmed. Possible mechanism of 

LAA capped on magnetite nanoparticles was proposed eventually.  
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1. Introduction 
 
Metal nanoparticles are being studied extensively by the nanotechnology researchers in 

recent years due to their unique physical and chemical properties, such as, catalytic, electrical, 
optical, mechanical and magnetic properties [1-3]. Metal nanoparticles are widely applied in many 
engineering areas such as absorbents, biological and chemical sensors, catalysis, magnetic storage 
media and optoelectronics [4-9]. Magnetite (Fe3O4) nanoparticle is an example of metal 
nanoparticle with cubic inverse spinel structure and exhibit unique magnetic and electric properties 
which are attributed to the electrons transfer between Fe

2+
 and Fe

3+
 in the octahedral site [10,11]. It 

is also has the characteristic of good biocompatibility and low cytotoxicity. Thus, it attracted 
numerous attentions from researchers and many applications related to it have been explored. For 
instance, catalysis, magnetic sensing, color removal and some medical areas such as targeted drug 
carrier, radiofrequency hyperthermia, magnetic resonance imaging (MRI), magneto-optics devices 
and so on [12,13]. 
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Various methods of synthesizing magnetite nanoparticles have been established such as 
hydrothermal synthesis, sonochemical synthesis, reverse micelles, thermal decomposition, 
microemulsion, wet chemical reduction and electrochemical techniques [12-15]. All these methods 
are eco-hazardous due to the application of toxic chemicals and energy intensive routes [16]. Thus, 
green chemistry is need in hour in order to develop an environment friendly method for 
synthesizing metal nanoparticles.   

Green chemistry is the design, manufacture and applications of chemical products by 
strictly following the principles that reduces or eliminates the use and generation of hazardous 
substances and to restore the environment [17]. The twelve principles of green chemistry must be 
comprehensively addressed in the design of synthetic routes, chemical analyses, or chemical 
processes in order to sustain the environment [18]. There are three key factors in the synthesizing 
of metal nanoparticles following the concept of green chemistry which are the use of eco-friendly 
solvents, toxic free chemicals and renewable materials [19]. In reference to this principle, the 
eco-friendly surfactant has inspired the researchers in the field of synthesizing nanoparticles. 

Generally, there are two types of classification of surfactant had been reported in the 
synthesis of magnetite nanoparticles which are natural ones (for instance, dextran, starch, lipids, 
glucose, chitosan, gelatin, etc.) and synthetic ones (polyvinyl alcohol (PVA), polyethylene glycol 
(PEG), etc.) [20]. All these surfactant possess its own advantages in synthesis of magnetite 
nanoparticles, but in spite of biocompatibility, they are not preferable for in vivo applications as 
aggregation does occur once the surfactant detach from the surface of nanoparticles [21].  

The most important aspects in synthesizing the magnetite nanoparticles for utilization in 
various fields are the uniformity in size and shape distribution, colloidal stability, hydrophilicity or 
hydrophobicity of surfactant, magnetic properties and biocompatibility of the synthesized 
nanoparticles [22]. Thus, L-ascorbic acid (LAA) is suggested as surfactant in this work. LAA is 
one form of vitamin C which is a six carbon lactone produced by plants and some animal species 
[23]. LAA has been used in multiple applications, such as antioxidant, cosmetic and 
pharmaceutical, assay for erythrocyte hemolysis, food additives and production of graphene oxide 
sheets [24-26].  

Thus far, there are only two research groups had been synthesizing magnetite 
nanoparticles using LAA. Feng and his co-workers have evaluated the ascorbic acid-coated 
magnetite nanoparticles which synthesized through hydrothermal approach as an absorbent to 
remove heavy metal arsenic from wastewater, whereas Sreeja’s research group have synthesized 
water-dispersible ascorbic-acid-coated magnetite nanoparticles through reverse co-precipitation 
method that can acted as anti-oxidizing agent for contrast enhancement in MRI [21,27]. Hence, 
there is still lack of enough researches to evaluate its novel properties.  

In this work, we are using a simple one pot synthesis, a more environmental friendly 
method to prepare magnetite nanoparticles which are coated with LAA and concurrently to access 
its novel properties when this modified approach was applied. In the experiments, different 
concentrations of LAA were applied and all reactions occurred in an aqueous medium. The 
magnetite nanoparticles obtained were characterized with various techniques and the results were 
discussed systematically. The possible mechanism of LAA coated on magnetite nanoparticles are 
briefly proposed eventually. 

 
 
2. Experimental section 
 
2.1. Materials 
Iron(II) sulphate (FeSO4.7H2O), iron(III) chloride (FeCl3.6H2O), ammonium hydroxide 

(NH4OH), ethanol and LAA were purchased from Merck. All the chemicals were used as received 
without further purification. Deionized water was used in all experiments. 

 
2.2. Preparation of Magnetite Nanoparticles 
In a typical reaction mixture, 2.78 g of iron(II) sulphate was added into 175 ml of 

deionized water in a 500ml beaker and followed by 3.25 g of iron(III) chloride. The solution 
became brownish. The mixture was heated to 80˚C under vigorously stirring condition using 
magnetic stirrer on hot plate until no solid particles were observed. After 15 to 20 minutes, once 
the solution’s temperature was reached 80˚C, 15 ml of ammonium hydroxide was added rapidly 
into the beaker. The solution turned black immediately. The resulting suspension was stirred 
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vigorously for another 10 minutes. Then, LAA of different weight (0.24g, 0.48g, 0.72g, 0.96g) 
was added to the solution and maintained for another 60 minutes. These samples were labelled as 
FE2A0.24, FE2A0.48, FE2A0.72 and FE2A0.96 respectively. A control sample without addition 
of surfactant was designated as FE20. After that, the solution was left cool at room temperature. 
After cooling, the beaker was placed on top of a magnetic bar in order to separate the black 
particles from water. The black slurry was then collected, washed and dried in oven at 50˚C for 12 
hours.  

 
2.3. Characterization 
X-ray diffraction (XRD) was performed using Bruker D8 advance diffractometer with 

CuKα radiation. Surface morphology was studied using ZEISS Leo Supra 55 variable pressure 
field emission scanning electron microscope (FESEM). The size and morphology of the samples 
were analyzed by using Philips CM12 transmission electron microscopy (TEM) with the 
acceleration voltage of 100kV. The surface bonding of the particles was recorded with Perkin 
Elmer Spectrum BX Fourier transform infrared spectroscopy (FTIR) in the range of 400-4000cm

-1
 

using KBr pellet method. The X-ray photoelectron spectrum (XPS) was measured using Thermo 
Scientific K-Alpha instrument with Al Kα as the radiation source. The surface charge of 
nanoparticles was determined using Zetasizer Nano ZSP (Malvern instrument, UK) with a laser 
source of 633nm. Vibration sample magnetometer (DMS model 10) was used to examine the 
magnetic properties of the samples under magnetic fields up to 20 kOe.  

 
 
3. Results and discussion 
 
The structural characterization of samples was carried out by using X-ray diffraction 

(XRD) analysis within the angular range of 20
o 

≤ 2θ ≤ 90
o
. Figure 1a and 1b show the XRD 

patterns of magnetite nanoparticles synthesized at different temperatures without coating of 
surfactant. Meanwhile, figure 1c and 1d present the magnetite nanoparticles coated with different 
concentration of LAA. All samples showed in figure 1(a-d) had the same characteristic peaks 
which are located at 30.20˚, 35.52˚, 43.33˚, 53.71˚, 57.22˚ and 62.95˚ were corresponding to the 
(220), (311), (400), (422), (511) and (440) crystal planes of a pure Fe3O4 with a spinel structure 
(JCPDS file PDF no.65-3107) [28]. No impurities were detected in all samples as no extra 
diffraction peak was found. From figure 1a and 1b, it can be observed that the intensities of the 
peaks increased and the broadness of the peaks decreased as the synthesis temperature increased 
from 60˚C to 80˚C. The crystallite sizes of magnetite nanoparticles were determined using 
Debye-Scherrer formula[11]. The crystallite size of magnetite nanoparticles without surfactant 
coating at temperature of 60˚C and 80

˚
C were 6.55 nm and 12.84 nm, respectively. Thus, the 

increases in reaction temperature eventually increase the crystallite size of nanoparticles. This 
indicated the temperature play a crucial role in the particle growth [29]. Besides, the broad 
diffraction peaks obtained indicating that the small crystallite sized of nanoparticles produced [30].   

Figure 1c and figure 1d show the XRD patterns of magnetite nanoparticles synthesized 
with different concentrations of LAA at same temperature i.e. 80

o
C. The average crystallite sizes 

for both samples were quite close to each other which are about 9 nm. This result indicated that 
different in LAA concentration had no much effect on the particle growth [31]. However, the 
presence of LAA surfactant in synthesis of magnetite nanoparticles had improved the crystallite 
size of nanoparticles. At 80

o
C, the average crystallite sizes of magnetite nanoparticles without and 

with LAA coating were 12.84 nm and 9 nm respectively. Smaller crystallite size of magnetite 
nanoparticles was obtained for the coated LAA magnetite nanoparticles because LAA stabilized 
the magnetite core and prevents the agglomeration of nanoparticles [20].  
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Fig. 1. XRD for the samples synthesized (a) without surfactant, 60°C, (b) without surfactant,  

80°C, (c) with LAA, FE2A0.24 and (d) with LAA, FE2A0.96 

 

 

The prepared magnetite nanoparticles were examined by using scanning electron 
microscopy (SEM) equipped with energy dispersive X-ray spectroscopy (EDX) in order to have a 
better understanding on the surface morphology and the atomic percentage of different elements of 
the synthesized nanoparticles. Figure 2a and 2b shows the SEM and EDX of samples which 
synthesized using LAA as surfactant, whereas figure 2c and 2d were for the samples synthesized 
without surfactant. In general, both SEM images for figure 2a and 2c shows the clear image of 
magnetite nanoparticles which are in spherical shape. The iron oxide nanoparticles in the cluster 
form were observed in figure 2c (nanoparticle synthesized without surfactant) which is due to the 
nature of magnetite nanoparticles. Magnetite nanoparticles were small in size, thus have large ratio 
of surface area over volume and contributed to high surface energy. Besides, the existence of 
attractive magnetic force also contributed to the unstable condition of magnetite nanoparticles. 
Thus, the magnetite nanoparticles without surfactant as capping agent were favor to agglomerate 
and form a large cluster in order to minimize the surface energies [20]. In contrast, figure 2a shows 
well dispersed magnetite nanoparticles as the LAA acted as both capping agent and stabilizer.   

In general, both EDX in figure 2b and 2d contain the intense peaks of Fe and O. The 
composition of iron and oxygen elements is about 39.86% and 60.14% for magnetite nanoparticles 
synthesized with LAA surfactant as shown in figure 2b. On the other hand, the atomic percentages 
for the magnetite nanoparticles synthesized without surfactant (figure 2d) were 40.92% of Fe and 
59.08% of O. The Fe and O signals were attributed to Fe3O4, this implies that the iron oxide 
nanoparticles were formed without impurities [32]. Besides, the atomic percentages value that 
obtained by EDX quantification could be used for reflecting the atomic content on the surface or 
near the surface region of the nanoparticles [33]. Higher oxygen content (or lower iron content) 
was found in the sample with surfactant. This might be attributed to the oxygen from surfactant 
LAA that capped on the surface of magnetite nanoparticles [22,34]. 
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Fig. 2. SEM and EDX of samples synthesized with (a,b) LAA (FE2A0.96) and (c,d)  

without surfactant (FE20) 

 

 

Transmission electron microscopy analysis was carried out to give a better illustration and 

understanding of the size distribution of the synthesized nanoparticles. Figure 3a and 3b presented 

the TEM image and particle size distribution of magnetite nanoparticles without LAA coating, 

whereas figure 3c and 3d showed the TEM image and particle size distribution of magnetite 

nanoparticles which synthesized with 0.96g of LAA. In general, spherical shape of nanoparticles 

were observed in both TEM images (figure 3a and 3c), which in a good agreement with the result 

of SEM images. From figure 3a and 3b, the magnetite nanoparticles had average particle size of 

12.6 nm and the nanoparticles were agglomerated in cluster form. The attractive magnetic force 

and the high surface area over volume ratio of the magnetite nanoparticles cause the nanoparticles 

possessed high surface energies and consequently tend to agglomerate into cluster form in order to 

minimize the surface energies [10]. In contrast, figure 3c and 3d showed the magnetite 

nanoparticles synthesized with the aid of LAA had average particle size of 11.1 nm and the 

magnetite nanoparticles were well separated and no agglomeration was noticed. A good 

correlation between the crystallite sizes and particle sizes obtained from Scherrer equation and 

TEM was further supports the crystalline structure of magnetite nanoparticles. Besides, it was 

observed that the magnetite nanoparticles synthesized with LAA having smaller particle size as 

compared to those magnetite nanoparticles synthesized without surfactant. This result is also in 

agreement with the Xiong’s work in synthesized copper nanoparticles using LAA[19]. This was 

because oxidation products of LAA absorbed on the surface of magnetite nanoparticles and 

prevent the growth of nanoparticles, thus producing smaller particle size (will be discussed in 

detail in the possible mechanism part) as compare to those nanoparticles synthesized without 

surfactant [19].  
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Fig. 3. TEM image and particle size distribution of samples (a-b) Magnetite nanoparticles 

without ascorbic acid (FE20) (c-d) with ascorbic acid FE2A0.96. The average particle 

size measured for samples without LAA and with LAA are 12.6 nm and 11.1 nm 

respectively 

 

 

FTIR analysis was used to determine the possible functional group that attached on the 

surface of the synthesized nanoparticles [26]. Figure 4 shows the FTIR spectrum of the magnetite 

samples synthesized with different concentration of LAA. The pattern and number of peaks were 

similar and disregard to the concentration of LAA used in synthesizing magnetite nanoparticles. 

The only factor that affected by the changes of concentration of LAAwas the intensity of the peaks. 

Magnetite nanoparticles synthesized with the addition of 0.96g of LAA had the most sharp and 

strongest intensity peaks as compared to others. Total of four obvious peaks at 572cm
-1

, 1400cm
-1

, 

1672cm
-1 

and 3391cm
-1

 were observed. Peak at 572cm
-1

 is the characteristic of Mtetrahedral resonance 

with O. This peak is related to the Fe-O stretching of Fe3O4 nanoparticles which confirm the 

formation of iron oxide nanoparticle [30, 35]. In this work, oxidation state of LAA (C6H6O6) was 

capped with magnetite nanoparticles through carbonyl group. According to Tao and Am, there are 

two types of binding modes for surface carboxylate bonding [36]. The first mode is the 

carboxylate bound with the surface through oxygen atom, whereas the second mode is carboxylate 

bound symmetrically to the surface [37, 38]. The later mode occur in this work as the C=O 

stretching at 1400cm
-1

 [38]. In addition, C=O stretching at 1672cm
-1

 indicated the free carbonyl 

groups in C6H6O6 [31]. Strong and broad peak at 3391cm
-1 

indicated the iron oxide surface covered 

with aqueous environment [39]. The presence of the hydroxyl groups on the surface of 

nanoparticles might be responsible for excellent dispersion of magnetite nanoparticles in aqueous 

environment which will be discussed in more detail at possible mechanism section [34]. Thus, 

from FTIR result, it is confirmed that the role of LAA as capping agent in synthesizing magnetite 

nanoparticles [19]. 
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Fig. 4. FTIR for the magnetite samples synthesized with different concentration of LAA 

 

 

The interaction between the magnetite nanoparticles and LAA is further investigated 

through XPS analysis. Figure 5 (a-c) shows the XPS spectra of magnetite nanoparticles 

synthesized at 80
o
C with and without LAA surfactant. In this case, XPS spectrum of magnetite 

nanoparticles without LAA acted as the reference. The C1s, O1s and Fe2p peaks as shown in 

figure 5a are located at 285eV, 532eV and 722eV, respectively, which proved the presence of both 

Fe3O4 and LAA [40]. It is observed that the XPS spectrum for the magnetite nanoparticles with 

LAA had a lower intensity and shows a shift to higher binding energy in all XPS spectra (whole 

range, Fe2p and O1 scan) as compare to reference peaks. The XPS spectra for Fe2p, peaks at 

711.2eV, 719.4eV and 724.6eV were detected for reference peaks, but higher binding energy 

peaks (712.4eV, 721.2eV and 725.9eV) were shown for XPS spectra of magnetite nanoparticles 

coated with LAA. This may attributed to the binding effect from the LAA on the surface of 

magnetite nanoparticles [41]. From XPS spectrum of Fe2p that shown in figure 5b, total of two 

obvious peaks which located at 712.4eV and 725.9eV were noted. These two peaks are referred to 

Fe2p
3/2

in iron oxide and Fe2p
1/2

 in LAA capped Fe3O4 nanoparticles and in good agreement with 

the literature value [42, 43]. Besides, the O1 peak as shown in figure 5c is located at 531.8eV 

again proved the presence of C=O of LAA capped on the surface of magnetite nanoparticles [40]. 

Therefore, the role of LAA is in accordance with previous result. 
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Fig. 5. XPS spectra of magnetite nanoparticles (a) in whole range (b) Fe2p and (c) O1s. 

 

 

The stability of the nanoparticles dispersion was determined by the measurement of Zeta 
potential [44]. Magnetite nanoparticles synthesized with LAA produced stable particles suspension 
in DI water. Figure 6(a-d) presented the zeta potential for all cases (various concentration of LAA) 
was approximately -33mV, except for the magnetite nanoparticles synthesized with 0.96g of LAA 
had the Zeta potential value of -38mV. All the Zeta potential obtained for this samples series is 
fallen within the range of -33mv to -38mV which is considered to have high degree of stability 
[45]. The negative surface charge is expected due to the formation of dehydroascorbic acid which 
absorbed or capped on the surface of magnetite nanoparticles [44]. Dehydroascorbic acid had three 
carbonyl groups in its structure and thus contributes to high electronegativity [19]. The hydrolysis 
of dehydroascorbic acid formed polyhydroxyl group, which then form a complexion with 
magnetite nanoparticles by inter and intra hydrogen bonding, and eventually avoid aggregation 
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occurs [34]. As the capping effect of the oxidation products of LAA (refers to dehydroascorbic 
acid) increased the Zeta potential value of magnetite nanoparticles, the stability of the magnetite 
nanoparticles was increased due to the electrostatic repulsion among the negative charges [46]. 
The presence of LAA again proved its significant role in preventing the aggregation and 
production of smaller size of the magnetic nanoparticles [44].  

 

 

Fig. 6. Zeta potential of magnetite nanoparticles synthesized with various concentration of 

LAA, (a) FE2A0.24 (b) FE2A0.48 (c) FE2A0.72 and (d) FE2A0.96 

 

 

VSM was used to carry out magnetic characterization of magnetite nanoparticles that 
synthesized at 80

o
C. Figure 7 shows the comparison of saturation magnetization of magnetite 

nanoparticles with and without LAA surfactant. The saturation magnetization value for magnetite 
nanoparticles that synthesized with 0.96g of LAA was 48.4 emu/g which was much smaller than 
59.0 emu/g of magnetite nanoparticles that synthesized without LAA. The drop in the value of 
saturation magnetization is due to the presence of LAA surfactant on the surface of magnetite 
nanoparticles and also the smaller size of magnetite nanoparticles which eventually cause the 
reduction of magnetic moments of magnetite [47]. Smaller magnetite nanoparticles has large 
fraction for surface spins thus easily cause reduction of magnetic moments of magnetite as surface 
spin disorder that induced by reduce surface coordination and disjoin exchange bonds in the near 
surface layer [48]. In addition, the presence of LAA also contribute to the weight of the overall 
nanoparticles when it coated on the surface of magnetite nanoparticles, thus decrease the ratio of 
magnetite weight to overall weight, decrease the value of saturation magnetization [22]. The 
samples were exhibit superparamagnetic behavior as the coercivity of the synthesized magnetite 
nanoparticles was approximately 0 Oe as can be seen from figure 7 [49]. 
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Fig. 7. VSM hysteresis loop of magnetite nanoparticles (a) without (FE20)  

and (b) with LAA (FE2A0.96) 

 

 

From the experimental results, a plausible mechanism on how LAA coated on magnetite 
nanoparticles was proposed. LAA is a highly water-soluble and strong polarity compound as it 
comprises of electrons from hydroxyl lone pair, double bond and lactone ring carbonyl double 
bond that can form conjugated system [19]. LAA mainly act as surfactant to prevent aggregation 
of nanoparticles whereas the ammonium hydroxide responsible to reduce Fe

3+
 to Fe

2+
 and 

consequently form more magnetite nanoparticles. The reaction in this study is presented in 
Equation (1).  

 

𝐹𝑒𝑆𝑂4. 7𝐻2𝑂 + 2𝐹𝑒𝐶𝑙3. 6𝐻2𝑂 + 8𝑁𝐻4𝑂𝐻 → 

𝐹𝑒3𝑂4 + (𝑁𝐻4)2𝑆𝑂4 + 6𝑁𝐻4𝐶𝑙 + 17𝐻2𝑂  (1) 

 

The stability of nanoparticles dispersion is the key factor in their application [34]. During 
the synthesis process, the lone pair electrons in the polar group of LAA reacted with magnetite 
nanoparticles through hydrogen bonding to form a complex compound as shown in figure 8. The 
LAA is thus capped with magnetite nanoparticles. Once the LAA has capped on the surface of 
nanoparticles, the stearic hindrance prevent the agglomeration and consequently decrease the 
particle size of magnetite nanoparticles [50].  

 

 

Fig. 8. Esterification of magnetite nanoparticle with LAA. 

 
 
Another factor that contributes to the stability of magnetite nanoparticles is the dispersion 

effect of dehydroascorbic acid [19]. Dehydroascorbic acid is formed from LAA through the 
removal of two electrons and two protons through the oxidation process as illustrated in figure 9 
[51].  
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Fig. 9. Formation of dehydroascorbic acid from LAA [19]. 

 

 

The dehydroascorbic acid has three carbonyl groups which make it too electrophilic to 
stay in aqueous condition even just few milliseconds [34]. Thus, it quickly forms polyhydroxyl 
structure through hydrolysis as shown in figure 10 [52]. 

 

 

 

Fig. 10. Hydrolysis of dehydroascorbic acid [52]. 

 

 

The presence of many hydroxyl groups can facilitate the formation of complex magnetite 

nanoparticles by inter and intramolecular hydrogen bonding and thus avoid the aggregation occurs 

[19,34].
 

 

 

4. Conclusions 

 

In conclusion, magnetite nanoparticles with the addition of various concentration of LAA 

were synthesized through an eco-friendly approach. 0.96g of LAA used for synthesizing magnetite 

nanoparticles provide the best result as compare to the other concentrations that were employed. 

LAA served as capping agent and stabilizer in the synthesis process. Smaller particle size, no 

aggregation and high stability dispersion of magnetite nanoparticles were produced. The 

synthesized magnetite nanoparticles exhibit superparamagnetic behavior. Thus, this modified 

method is a simple, cost-effective and more environmental friendly approach to produce magnetite 

nanoparticles. From the results obtained, the LAA coated magnetite nanoparticles are expected to 

present some biomedical applications. 
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