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Abstract: Nanomaterials have various unique properties and characteristics so that they can apply in many 

sectors. One of the most popular nanoparticles today is magnetite nanoparticles. Magnetite particles have 

several properties such as being super magnetic, having a high saturation field, chemical stability, 

biocompatibility, and low production costs. The purpose of this article is to review the synthesis of magnetite 

nanoparticles and their application to Glassy Carbon Electrode (GCE) modification. This modified GCE can 

applied as an electrochemical sensor to detect various organic and inorganic substances. In this study, type 

synthesis methods of magnetite nanoparticles which taken from kind literature well investigation include 

coprecipitation, sol-gel, microemulsion, hydrothermal, and thermal decomposition. The five routes have their 

respective advantages and disadvantages. Then the nano magnetite made can applied to modify the GCE as an 

electrochemical sensor that can detect uric acid, bacteria, and even metals dissolved in water. 
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Abstrak: Material nano memiliki berbagai sifat dan karakteristik unik sehingga dapat dimanfaatkan dalam 

berbagai bidang. Salah satu nanopartikel yang populer saat ini adalah nanopartikel magnetit. Partikel magnetit 

memiliki beberapa seperti bersifat supermagnetik, memiliki medan saturasi yang tinggi, stabil secara kimia, 

biocompability, dan biaya produksi yang rendah. Tujuan dari penulisan artikel ini adalah untuk mereview 

sintesis nanopartikel magnetit dan pengaplikasiannya terhadap modifikasi GCE. GCE termodifikasi ini dapat 

diaplikasikan untuk menjadi sensor elektrokimia untuk mendeteksi berbagai zat baik organik maupun 

anorganik. Dalam studi ini, dibahas berbagai metode sintesis nanopartikel magnetit dari berbagai literatur 

yang meliputi kopresipitasi, sol-gel, mikroemulsi, hidrotermal, dan dekomposisi termal. Kelima metode tersebut 

memiliki kekurangan dan kelebihan masing-masing. Kemudian nano magnetit yang telah dibuat diaplikasikan 

untuk memodifikasi GCE sebagai sensor elektrokimia yang dapat untuk mendeteksi asam urat, bakteri, bahkan 

logam-logam terlarut dalam air.  

 

Kata kunci: Nanopartikel Fe3O4, modifikasi GCE, aplikasi GCE termodifikasi 

 

INTRODUCTION  

Nanostructured materials have dimensions of 

about 1-100 nm. Nanostructures can be divided into 0 

dimensions/uniform, 1-dimensional/elongated, and 2-

dimensional/planar (Xia et al. 2003). Nanomaterials 

have unique mechanical, optical, electrical, magnetic, 

and thermal properties (Nigam et al. 2018), therefore 

it can be used in various sectors. One of the popular 

nanomaterials is nano magnetite (Fe3O4) (Ghandoor 

et al. 2012).  

Magnetite has the shape of an inverted spinel 

cube crystal. Magnetite is a semiconductor that can 

be either n-type or p-type this is due to the small 

bandgap (0.1 eV). Magnetite has the lowest 

resistivity among other iron oxides (Boxall et al. 

1996). In addition magnetite particles also have 

several other advantages such as being super 

magnetic, having a high saturation field, being 

chemically stable, biocompatible, and having low 

production costs (Chifiriuc et al. 2013). 

Magnetite nanoparticles have properties that 

depend on size, crystal morphology, and surface 

chemistry, so the synthesis of magnetite nanoparticles 

must be simple and easy to do (Niculescu et al. 

2021). Many studies have been carried out related to 

the synthesis of magnetite nanoparticles. Examples of 

methods to synthesize magnetite nanoparticles are 

co-precipitation (Ahmadi et al. 2011), microemulsion 

(Malik et al. 2012), hydrothermal (Ahmadi et al. 

2013), thermal decomposition (Glasgow et al. 2016), 

and sol-gel (Lemine et al. 2012).  
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Magnetite nanoparticles have beneficial 

properties that make them useful in various 

applications such as preparation of cellulose acetate 

nanofibers–nano magnetite for lead removal (Shalaby 

et al. 2017), magnetite for cancer hyperthermia (Li et 

al. 2010), modifying glassy carbon electrodes as 

electrochemical sensors (Yang et al. 2013; Sohouli et 

al. 2020), and many other useable applications. 

Based on the previous description, the purpose of 

this article is to present information about several 

methods of synthesizing Fe3O4 nanoparticles and 

their application to modify GCE. Modification of 

GCE with magnetite nanoparticles is interesting to 

study because this modified GCE can be an easy-to-

use electrochemical sensor and low production cost 

and can be applied in various sectors, including 

medical, environmental, and food. 

 

SYNTHESIS OF Fe3O4 NANOPARTICLE 

A common strategy for the preparation of 

monodisperse nanoparticles in the liquid phase is to 

separate the nucleation from the growth of the 

nanocrystals. (Hao et al. 2010). To synthesize 

magnetite nanoparticles there are currently three 

routes that can be used, namely chemistry, physics, 

and biology. The chemical method is preferred over 

other methods because it has efficiency, good 

reproducibility with quite simple route (Ali et al. 

2016). Various studies have been carried out related 

to the synthesis of magnetite nanoparticles either by 

chemical, physical, or biological routes.  

 

Co-Precipitation 

The co-precipitation method is likely to be the 

most simple and most efficient method as a route for 

synthesizing magnetic particles (Li et al. 2011). This 

co-precipitation method uses FeCl3.6H2O dan 

FeCl2.4H2O precursors. Both reagents were mixed in 

distilled water (Ahmadi et al. 2011; Meng et al. 

2013; Wei et al. 2012), then the solution was heated 

and stirred. Then added a precipitating solution, 

namely NH3.H2O, and the mixture is stirred at a 

speed of 800 rpm for 30 minutes. After that, sodium 

oleate dissolved in distilled water at the same time as 

the ultrasonic process. Then the mixture was added to 

the reaction solution and pH was kept at a value of 5. 

After 30 minutes, the crystals formed were collected 

and washed then freeze-dried (Meng et al. 2013). 

The reactions that occur in the magnetite 

synthesis process by the coprecipitation method is 

presented in Eq. (1). 

 

Fe
2+

 + 2Fe
3+

 + 8OH
-
  Fe3O4 + 4H2O … (1) 

                                                 (Meng et al., 2013) 

 

The Fe3O4 nanoparticles synthesized by the 

coprecipitation method are shown in Figure 1. 

The particle size of Fe3O4 measured using the 

Debye-Scherrer equation obtained particle sizes 

around 12.6 nm, 13.4 nm, 14.2 nm, and 13.8 nm (Wei 

et al. 2012). The crystal morphology of Fe3O4 

nanoparticles obtained from the XRD analysis is 

cubes (Wei et al. 2012; Meng et al. 2013). 

 

Sol-gel Synthesis 

Sol-gel synthesis is a conventional wet chemical 

method that widely used for the preparation of 

nanosized metal oxides. In sol-gel processing, a ‘sol’ 

of nanometric particles is prepared through the 

hydroxylation and condensation of the molecular 

precursor (Koo et al. 2019). 

For the preparation of Fe3O4 nanoparticles, Fe
3+

 

ions of the precursor are hydrolyzed and condensed, 

based on reaction mechanism shown in Eq. (2) and 

(3) respectively. From the equation, Fe
3+

 ions are 

readily hydrolyzed and condensed to form ferrous 

hydroxides or oxides. 

  

Fe3+
 + 3H2O → Fe(OH)3 + 3H+

 … (2) 

12Fe(OH)3 → 4Fe3O4 + 18H2O + O2 … (3) 

                                                    (Koo et al. 2019) 

 

 

 
 

Figure 1. SEM image of Fe3O4 nanoparticles synthesized by coprecipitation method. Taken from reference 

Sohouli et al. (2020). 
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Many studies have been carried out regarding the 

synthesis of Fe3O4 through the sol-gel pathway. 

Lemine et al. (2012) synthesized Fe3O4 nanoparticles 

using Fe(acac)3 precursor dissolved in methanol. 

After 15 min of magnetic stirring, the solution was 

placed in an autoclave and dried under supercritical 

conditions of EtOH. In addition, Qi et al. (2011) did 

the synthesis Fe3O4 sol-gel materials were prepared 

from ethanolic solutions of metal chlorides without 

the need for alkoxides, polymeric gel agents, or 

elaborate reaction schemes. Lemine et al. (2012) and 

Shaker et al. (2013) used Fe(NO3)3.9H2O as a 

precursor and ethylene glycol then reacted at 40°C 

for 2 hours. Then heated at a temperature of 80°C 

until a brown gels obtained. The gel was then 

allowed to stand at room temperature and then heated 

at 200 to 500°C to obtain nanoparticles of various 

sizes (Shaker et al. 2013; Xu et al. 2007; Worawong 

et al. 2014). 

In addition, FeCl3 and FeCl2 precursors can be 

used with ethanol as a solvent (Zhang et al. 2014). 

With the same precursor, magnetite synthesis by the 

sol-gel method can also use as solvent ethylene 

glycol (Takai et al. 2019). 

The average crystallite size obtained from XRD 

using the most intense peak, corresponding to (311) 

reflection by using the Debye-Scherer formula and 

TEM images is about 8 nm (Lemine et al. 2012) 28.7 

nm, 30.5 nm, 34.9 nm (Shaker et al. 2013) while 

based on the results of Worawong et al. the average 

particle size of pure Fe3O4 is about 30 nm 

(Worawong et al. 2014). 

Fe3O4 particles synthesized through the sol-gel 

method are shown in Figure 2. 

 

 

 
 

Figure 2. FE-SEM micrographs of calcined powder (A) at 400°C, (B) at 450°C, and (C) at 500°C in Ar at 1 

atm. Taken from reference Worawong et al. (2014). 

 

 
 

Figure 3. TEM image of Fe3O4 nanoparticles synthesized by microemulsion method. Taken from reference 

Vidal-vidal et al. (2006) 
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Microemulsion 

Microemulsions are isotropic, macroscopically 

homogeneous, and thermodynamically stable 

solutions containing at least three components, 

namely a polar phase (usually water), a nonpolar 

phase (usually oil) and a surfactant. On a microscopic 

level the surfactant molecules form an interfacial film 

separating the polar and the non-polar domains. 

Different types of microemulsions are known, such 

as water-in-oil (W/O), oil-in-water (O/W) and water-

in-sc-CO2 (w/sc-CO2) (Malik 2012). The Fe3O4 

nanoparticles were prepared via the reaction shown in 

Eq. (4).  

 

8OH
−
 + Fe

2+
 + 2Fe

3+
 → Fe3O4 ↓ + 4H2O … (4) 

 

In a typical synthesis, 2.0 g surfactant was 

dissolved in 20 mL n-heptane and 12 mL n-hexanol 

to obtain a transparent solution by ultrasound or 

stirring. The above solution was then put into a three-

necked flask and stirred for 20 min at 40°C under an 

argon atmosphere. 0.5 mol/L of freshly prepared 

aqueous iron(II) sulfate in 0.6 mL double distilled 

water was then injected rapidly. After 2 min, 1.0 mL 

aqueous ferric chloride solution (0.5 mole/L) was 

added. The solution turned into light brown color. 

The emulsion containing 2 mL ammonia water (25% 

NH3) as the water phase was also prepared using the 

same oil and surfactant phase. After 20 min, the 

emulsion containing ammonia was injected dropwise 

into the above three-necked flask with vigorous 

stirring at 70°C. The color of the solution quickly 

turned from light brown to black. The entire solution 

was heated at 70°C for 3 h. The whole procedure was 

carried out under an argon atmosphere to prevent the 

oxidation of ferrous ions. Finally, the crude product 

was aged for 2 h at room temperature before being 

repeatedly washed with ethanol and water. The crude 

product was then retrieved by centrifugation and 

dried in a vacuum oven at 80°C for 8 h (Lu et al. 

2013). 

Fe3O4 nanoparticles synthesized using the 

microemulsion method is shown in Figure 3. 

Fe3O4 crystallite size measured using the Debye-

Scherrer equation obtained a crystallite size of around 

14-16 nm. And the crystal diameter ranges from 13-

14.8 nm (Lu et al. 2013). 

 

Hydrothermal 

Hydrothermal synthesis is normally used for the 

synthesis of single crystals of minerals in hot water 

under high pressure in an autoclave (Fan et al. 2001). 

In a hydrothermal synthesis, usually one ferrous 

precursor is used as the starting material contrary to 

the stoichiometric mixture used in the co-

precipitation process (Li et al. 2011). In general, in a 

hydrothermal synthesis, relatively larger particles are 

yielded compared to co-precipitation (Li et al. 2011). 

Reagents used were with analysis-pure grade 

from commercial source. Ferrous sulfate (FeSO4)  

(1.39 g (0.005 mole)) and sodium thiosulfate 

(Na2S2O3) (1.24 g (0.005 mol)) was dissolved with 14 

mL distilled water in a Teflon-lined stainless 

autoclave 10 mL of 1.0 mole/L NaOH solution was 

added into above autoclave from a burette under 

constant stirring to produce a black colloid medium. 

This autoclave was maintained at 140°C for 12 hours, 

and then allowed to cool to room temperature. A dark 

gray precipitate was filtered, washed several times 

with warm distilled water and absolute ethanol, and 

then dried in a vacuum at 70°C for 4 hours. In order 

to investigate the role of Na2S2O3, the experiments 

with FeSO4 and NaOH in various ratios were also 

carried out under the same condition (Fan et al. 

2001). 

Meanwhile, Ahmadi et al. (2013) did the 

synthesis of Fe3O4 by reacting a solution of 0.6 M 

FeSO4.7H2O in distilled water with 7 mL of DMSO 

and 3 mL of oleic acid. These three solutions react 

while flowing with argon gas at a temperature of 

140°C. After that, 1.4 mL of 25% v/v tetramethyl 

ammonium hydroxide was added as a reducing agent 

and stirred for 1 hour. After forming a black 

precipitate, the black sediment separated using 

centrifugation method then the sediment was washed 

several times with acetone. 

The nanoparticles synthesized by the 

hydrothermal method are shown in Figure 4. 

 

 
 

Figure 4. TEM image of Fe3O4 nanoparticles 

synthesized by hydrothermal method. Taken from 

reference Fan et al. (2001) 

 

Overall, hydrothermal synthesis can yield 

particles with high crystallinity and controlled 

morphology, but the nanoparticles are bigger in 

particle diameter in contrast to co-precipitation. It 

should be noted that larger magnetic nanoparticles 

especially larger than 50 nm may display 

ferromagnetic behavior instead of superparamagnetic 

behavior, which may be a problem in their handling 

and further application (Li et al. 2011). 
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Figure 5. TEM image of Fe3O4 nanoparticles synthesized through thermal decomposition pathway using 

[Fe(CON2H4)6](NO3)2 as precursor and processed at 250°C for 2 hours. Taken from reference Asuha et al. 

(2011). 

 

With a similar study, Ahmadi et al. (2012) found 

that the average size of Fe3O4 crystals synthesized 

using the hydrothermal method at a temperature of 

100°C was 13.4 nm, and the average particle size was 

19.7 nm, at a temperature of 150°C and 500°C the 

average particle size was 24.0 nm and 27.0 nm while 

the average size of the crystals is 20.8 nm and 22.8 

nm. 

 

Thermal Decomposition 

Thermal decomposition is one of the most 

effective synthesis methods of magnetite particles. 

The main advantages of this method include excellent 

particle size controllability with narrow size 

distribution and high crystallinity of productions 

(Ghazanfari et al. 2016). 

The synthesis of Fe3O4 nanoparticles can be 

traversed through the thermal decomposition of 

Fe(acetylacetonate)3 or Fe(acac)3 molecules. (Chin et 

al. 2011; Maity et al. 2009a; Maity et al. 2009b; 

Vuong et al. 2015). Maity et al. (2009a) carried out 

the thermal decomposition of Fe(acac)3 dissolved in 

hydrophilic TREG and irrigated with argon gas. The 

solution was dehydrated at 120°C for 1 hour and then 

heated to 280°C for 2 hours. The magnetite 

nanoparticles formed were precipitated by adding 

ethyl acetate and isolated by the centrifugation, while 

Chin et al. (2011) did a similar experiment but 

Fe(acac)3 was dissolved in PEO and flowed with 

nitrogen gas and then refluxed for 1 hour. 

In addition to using the Fe(acac)3 precursor, there 

are several other studies related to the synthesis of 

Fe3O4 nanoparticles using thermal decomposition 

method but using different precursors. Glasgow et al. 

(2016) used iron oleate precursors obtained from the 

reaction between ferric chloride hexahydrate and 

sodium oleate in a mixed solvent of ethanol, hexane, 

and distilled water. In addition, Asuha et al. (2011) 

used a precursor [Fe(CON2H4)6](NO3)2 which 

dissolved in a stainless autoclave with a Teflon liner, 

then heated for 2 hours to form a black solid. 

Fe3O4 nanoparticles synthesized through the 

thermal decomposition pathway are shown in Figure 

5. 

The particle size of Fe3O4 synthesized through 

thermal decomposition pathway is around 37-50 nm 

using raw material [Fe(CON2H4)6](NO3)2 (Asuha et 

al. 2011) 11 nm using Fe(acac)3 as raw material and 

argon gas flow (Maity et al. 2009b) 2-7 nm with 

Fe(acac)3 as feedstock and nitrogen gas flow (Chin et 

al. 2011) and  6.97-10.85 nm using iron chloride 

hexahydrate as feedstock (Glasgow et al. 2016). 

 

MODIFICATION GCE WITH Fe3O4 

NANOPARTICLE 

Fe3O4 nanoparticles have attracted an increasing 

interest for application to sensors because of their 

good biocompatibility, strong superparamagnetic 

property, low toxicity, easy preparation and high 

adsorption ability. Moreover, Fe3O4 nanoparticles 

exhibit high surface area and low mass transfer 

resistance. (Yin et al. 2011) Recently, magnetic 

Fe3O4 nanoparticles have attracted many interests due 

to their special attributes and they have been widely 

investigated and applied in electrochemical sensor 

and biosensor (Yin et al. 2011). 

Iron oxide nanoparticles (Fe3O4 NPs) are getting 

considerable attention, due to their unique magnetic 

properties, biocompatibility, high electric 

conductivity, and chemical stability. It has been 

recognized that the activity of magnetite (Fe3O4) NPs 

intensively depends on their shape, size and crystal 

phase. Particularly, shape and size have a striking 

impact on the properties of magnetite Fe3O4 NPs with 

1 to 100 nm because of the high surface area and 

their potential applications (Panhwar et al. 2019). 

Fe3O4 NPs have excellent properties so that they 

be used in various sectors. For example, to modify 

the Glassy Carbon Electrode (GCE) (Yin et al. 2011; 

Yin et al. 2011; Panhwar et al. 2019). Many studies 

have been conducting to modify GCE with Fe3O4 

nanoparticles with different applications. 
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Figure 6. Schematic of GCE modification using Fe3O4 NPs. Taken from reference Panhwar et al. (2019) 

 

Sohouli et al. (2020) have conducted research on 

GCE modification with mixed methylcellulose (MC) 

particles and graphene oxide (GO) and Fe3O4 

nanoparticles composite. They synthesized GO 

nanoparticles from graphite precursors with sulfuric 

acid and phosphoric acid as solvents. Then Fe3O4 

NPs were synthesized through a coprecipitation 

pathway using FeCl3 and FeCl2 precursors. Then 

MC-GO nanocomposite was made by dissolving the 

MC in distilled water, ultrasonically for 20 minutes, 

and adding GO until form a suspension. Then 

glutaraldehyde and polyethylene glycol were added 

to the suspension, the product formed was isolated by 

centrifugation. After that, MC-GO-Fe3O4 was 

prepared by dissolving MC-GO and Fe3O4 in distilled 

water and then homogenized by sonication, and the 

product formed was washed with ethanol and dried at 

100°C. After the MC-GO-Fe3O4 nanocomposite was 

formed, the GCE was modified and carried out by the 

drop-drying method. Previously the electrode surface 

was completely polished by alumina powder for 

cleaning the electrode surface. Then the electrode is 

inserted into sulfuric acid and is electrified -1 to 1 V. 

Then the Fe3O4 hydrogel was prepared by dissolving 

the prepared nanocomposite in water. The hydrogel 

that has been made is dripped onto the surface of the 

electrode and the electrode is dried using an oven at a 

temperature of 50°C. 

Sun et al. (2014) conducted similar research. 

They modified GCE with magnetite-reduced 

graphene oxide (Fe3O4-RGO) nanocomposite. GO 

was synthesized using a graphite precursor and using 

Hummer's method. The Fe3O4 used was synthesized 

by a hydrothermal pathway with FeCl3 as the 

precursor. After the Fe3O4-RGO nanocomposite was 

made, the particles were dissolved in alcohol and 

sonicated to obtain a homogeneous suspension. Then 

the composite solution was dripped on the surface of 

the GCE the modified GCE was dried at room 

temperature. 

There is much more research on GCE 

modification using Fe3O4 NPs. For example, the 

modification of GCE with graphene-chitosan-nano 

Fe3O4/GCE composite was performed by a drop-

drying method. Yin et al. (2010) modify GCE with 

Fe3O4 particles and Poly amidoamine (PAMAM) by 

drip suspension of Fe3O4 nanoparticles followed by a 

drip of PAMAM on the surface of GCE to be 

modified. In addition, GCE modification can also be 

performed with the addition of an L-Cys/Fe3O4 

composite. GCE modification is done by the drop-

cast method. Then an electrodeposition method is 

performed to deposit the nanocomposites that have 

been made on the surface of GCE. After 

nanocomposite testing, the modified GCE was tested 

with AuNPs on its surface. Then the nafion ball rn50 

was dripped to stabilize the GCE surface. Nafion can 

protect the L-Cys/Fe3O4 NPs layer from the leaching 

process which can degrade the layer from the GCE 

surface (Panhwar et al. 2019). An illustration of GCE 

modification using Fe3O4 is shown in Figure 6. 

In addition to being composite with other 

particles, Fe3O4 NPS can also be used to directly 

modified GCE. Such research was conducted by 

Yang et al. (2013) they modify the surface of GCE 

with Fe3O4 NPs, that had been dissolved in DMF by 

drop method then the modified GCE was dried. Then 

Yin et al. (2011) conducted a similar study but used 

an aqueous solvent for the suspension of Fe3O4 

nanoparticles and flowed with N2 gas. Modification 

of GCE with Fe3O4 nanoparticles was performed by 

the same method. 

 

APPLICATION OF MODIFICATED GCE 

Glassy carbon has found extensive use in 

voltammetric electrodes in the last twenty years 

(Kamau 1988). Because of a low residual current 

over a range of about + 1 V in aqueous media (Zittel 

& Miller, 1965; Van der Linden & Dieker, 1980) and 

even more extended range in aqueous micellar 

solutions (Kamau et al. 1987)  and in organic 
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solvents (Thornton et al. 1985), glassy carbon has 

been used extensively as an indicator electrode 

(Kamau 1988). 

One of the most common applications for glassy 

carbon is its use as electrodes for electrochemical 

sensors. The performance of electrochemical sensors 

with glassy carbon electrodes can be improved by 

various modifications. Many studies have been 

carried out to modify the glassy carbon electrode. 

(Saby et al. 1997; Kim et al. 2007; Shahrokhian et al. 

2009; Thiagarajan et al. 2009; Oztekin et al. 2010; 

Mostafavi et al. 2011; Yan et al. 2013). For example, 

detecting metal ions can be performed by GCE 

modified with nanoparticles (Gong et al. 2010; Yin et 

al. 2010). 

The application-modified GCE allows its users to 

be more widely used so that it can use as a sensor for 

detecting various materials, both organic and 

inorganic. An example of an application of a 

modified GCE is to be a sensor for the presence of 

lead dissolved in water (Yang et al. 2013), ascorbic 

acid, dopamine, uric acid (Thiagarajan et al. 2009; 

Yan et al. 2013), thioridazine, (Shahrokhian et al. 

2009), and copper metal (Oztekin et al. 2010). 

Modification of GCE with Fe3O4 nanoparticles 

also has various attractive applications for detecting 

several materials. For example, the modification of 

GCE with Fe3O4 NPs combined with 

methylcellulose/graphene oxide (MC/GO) to become 

MC/GO/Fe3O4 NPs can be used as an 

electrochemical sensor to detect uric acid levels in 

urine (Sohouli et al. 2020). Uric acid is a product of 

the enzymatic procesing of purines. (Pachla et al., 

1987). It has higher toxicity properties than its 

constituent molecules, namely xanthine and 

hypoxanthine, because in high concentrations uric 

acid can cause hyperuricemia. (Dutt & Mottola 1974; 

Mazzali et al. 2001) Therefore, the detection of uric 

acid becomes very important to do. 

In addition to the health sector, modification of 

GCE with Fe3O4 NPs can be used in the food sector. 

Research relevant to the application of GCE modified 

with Fe3O4 in the food sector is its use in detecting 

Sudan I (1-Phenylazo-2-naphthol). Sudan I causes 

tumors in the liver and bladder of mice and can be a 

potential carcinogen and mutagen for humans. 

(Stiborová et al. 2002) which has been classified as a 

category 3 carcinogen by the International Agency 

for Research on Cancer (IARC). Therefore, GCE 

modified with Fe Fe3O4 can be a solution as a simple, 

easy, and accurate method to identify Sudan I in food 

(Yin et al. 2011). 

The modified GCE with Fe3O4 NPS can also be 

applied in the field of biochemistry. For example, it is 

used to detect Escherichia coli. In order it can be 

used as a sensor for E. coli, GCE was modified with 

Fe3O4 combined with L-Cysteine to form a composite 

of L-Cys/Fe3O4 NPs. E. coli is one of the pathogenic 

bacteria that is harmful to human health. In Pakistan, 

40% of deaths that occur are caused by poor water 

quality due to contamination with E. coli, Salmonella 

typhimurium, Vibrio cholera, and Shigella bacteria. 

(Panhwar et al. 2019) Conventional methods used to 

detect the presence of microorganisms in water 

require a lot of time, require qualified instruments 

and trained human resources. (Wang et al. 2017) 

Thus, GCE modified with L-Cys-Fe3O4 composite 

can be a solution to detect E. coli quicker. 

Furthermore, GCE modified with Fe3O4 NPs can 

be utilized in the environmental field. The modified 

GCE can be used to detect the content of dissolved 

metals in water such as Cd
2+

 ions. To detect Cd
2+

 in 

water, GCE was modified with Fe3O4 combined with 

reduced graphene oxide (RGO) (Sun et al. 2014). 

Besides being used to detect Cd
2+

, Fe3O4 NPs 

modified GCE can also be used to detect Pb (II) 

(Yang et al. 2013). 

 

CONCLUSIONS 

Nano-sized materials have unique properties and 

characteristics. So it can be used in various fields. 

One of the popular nanoparticles is magnetite 

nanoparticles. Magnetite particles have several 

advantages such as being super magnetic, having a 

high saturation field, chemical stability, 

biocompatibility, and low production costs. Many 

methods can be used to synthesize magnetite 

nanoparticles including coprecipitation, 

microemulsion, sol-gel, hydrothermal, and thermal 

decomposition. With various advantages of magnetite 

nanoparticles, these particles can be used to modify 

GCE. The GCE proposed by magnetite nanoparticles 

can have more use. Some examples of GCE 

applications that have been tested by nano magnetite 

were to detect uric acid in the urine, Sudan I in food, 

E. coli, and water-soluble metals such as Pb (II) and 

Cd (II). 
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