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ABSTRACT:  
 

The current investigation involved the preparation of Iron (II, III) oxide 

nanoparticles (Fe3O4 NPs) and iron (II, III)  oxide nanoparticles coated with 

1-butyl-3-methylimidazolium tetrafluoroborate ([BMIM][BF4]) ionic liquid 

(Fe3O4-[BMIM][BF4] NPs) using  co-precipitation method.  These 

nanoparticles were analysed using X-ray diffraction (XRD), Fourier-

transform infrared spectroscopy (FTIR), ultraviolet (UV) spectroscopy, and 

transmission electron microscopy (TEM). The Fe3O4-[BMIM][BF4] NPs 

that were obtained exhibited a hexagonal crystal structure. Average 

crystallite size was calculated from   XRD analysis such as Fe3O4 NPs was 

15.3 nm, while the Fe3O4-[BMIM] [BF4] NPs had an average size of 5.67 

nm. The present study examined the application potential of produced 

nanoparticles for their antibacterial and anti-cancer activities using both the 

agar well diffusion method and the MTT assay, respectively. Out of the 

various types of microbial pathogens tested, the material showed the 

strongest ability to inhibit the growth of Aspergillus favus (9mm) and 

Candida Albicans (9mm) at a concentration 80 µg/ml. Additionally, the 

sample was also examined for its potential to combat breast cancer cells 

(MCF7) using the MTT assay. The observed cytotoxic effect exhibited a 

direct correlation with the concentration of the substance. The synthesized 

Fe3O4-[BMIM] [BF4] nanoparticles have the potential for use in 

environmental and biomedical applications. 

 

Keywords: Magnetite, Particle Size, MTT Assay, Ferric Chloride, Ferrous 
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1. Introduction 

 

Nanomaterials are commonly synthesised due to their distinct features, such as mechanical, 

optical, and magnetic properties, which differ from those of bulk materials [1–3]. Metal 

oxides are utilised in diverse applications such as catalysis, magnetic storage, and biological 

applications including bone tissue engineering [4–7]. The increasing life expectancy and 

ageing population have led to a growing demand for artificial materials to mend damaged 

bones [8–11]. Nanotechnology has addressed the dilemma by developing a range of ceramics 

that possess bioactivity [12], mechanical characteristics [13], and the capacity to stimulate 

bone development. Iron oxide powder at the nanoscale scale is extensively used due to 

advancements in preparation technology. The usage of monodispersed magnetite 

nanoparticles has greatly enhanced the application of magnetic nanoparticles in several fields 

such as Ferro fluids, biological imaging, and treatments [14, 15]. The compound Fe3O4, 

known as magnetic iron oxide, exhibits a face-centered cubic structure with a cubic inverse 

spinal arrangement. Within this structure, the iron (Fe) cations occupy both the interstitial 

tetrahedral sites and the octahedral sites [16]. At ambient temperature, the Fe2+ and Fe3+ ions 

undergo interconversion in the octahedral sites, resulting in the formation of a type of 

materials known as half-metallic minerals [17]. Magnetite nanoparticles can be synthesised 

using several chemical methods, such as co-precipitation of aqueous ferrous and ferric 

solutions [18], microemulsion technique [19], and hydrothermal synthesis [20], in order to 

achieve the appropriate physical and chemical properties. Superparamagnetic nanoparticles 

are extremely fascinating substances due to their use in magnetic resonance imaging (MRI) 

[21–23], medication administration [24], and cell isolation [25]. Metal nanoparticles are of 

great interest in the field of antibacterial drugs due to their ability to be synthesised with a 

large surface area and highly active sites. Iron oxide nanoparticles possess unique magnetic 

characteristics and exhibit exceptional biocompatibility, making them a distinct type of metal 

oxide.  

Recently, extensive efforts have been made to develop novel medications in response to the 

growing resistance of microorganisms to existing treatments. This paper presents a unique 

method for synthesising Fe3O4 nanoparticles using a surfactant. Additionally, it aims to 

investigate the antibacterial properties of these nanoparticles.  

 

2. Materials and methods 

 

2.1 Materials 

Ionic liquid, (1-butyl-3-methylimidazolium tetrafluoroborate) [BMIM] [BF4] was purchased 

from Himedia with a purity above 99%. Ferric Chloride (FeCl3), and Ferrous chloride (FeCl2) 

Sodium hydroxide was obtained from Fine Laboratory Reagents. No further purification was 

performed on the compounds before using them at the analytical grade. The whole synthesis 

was carried using double-distilled water. 

 

2.2. Synthesis of [BMIM] [BF4] assisted ZnO NPs by Co-precipitation process  
2.7 mmol of Ferric chloride (FeCl3) together with 6.6 mmol of ferrous chloride (FeCl2) were 

individually dissolved in 50 ml of water. Subsequently, the solutions were combined with 1 

ml of [BMIM] [PF6] ionic liquid. The metal salt was dissolved fully by aggressively stirring 

the solution using a magnetic stirrer. To continue the process at the basic pH around 11, 2M 

Sodium Hydroxide (NaOH) which was added dropwise to the reaction medium. After stirring 

for 1 h at a temperature of 70°C, a separate black suspension of Fe3O4 coated with IL were 

formed. Additionally, the reaction mixture was cooled to 350C and kept at a constant stirring 
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for 30 minutes. The Fe3O4-[BMIM][BF4] precipitate was separated using centrifugation and 

any excess ions from the reactant component were thoroughly rinsed with distilled water 

many times to get [BMIM][BF4] coated Fe3O4 NPs, the material that had been centrifuged 

was dried at a temperature of 80°C for a duration of 5 h.  In the same way, bare metal oxide 

nanoparticles were synthesised using the procedure mentioned above, but without adding 

[BMIM] [BF4]. 

 

3. Results and Discussion 

 

Synthesized Fe3O4 NPs and Fe3O4-[BMIM][BF4] NPs were evaluated in the following 

studies: 

 

3.1. X-ray Diffraction Studies 

 
Fig. 1 shows the X-ray powder diffractograms of the Fe3O4 NPs and Fe3O4-[BMIM] [BF4]. 

 

The XRD analysis was conducted to determine the crystallinity and phase of Fe3O4 NPs and 

Fe3O4-[BMIM][BF4].  The diffraction peaks observed at Bragg angles of 32.26, 35.65, 37.25, 

43.17, 47.12, 57.17 and 62.72 degrees correspond to the (104), (110), (006), (202), (122), and 

(214) planes respectively, for Fe3O4. The samples exhibit a hexagonal crystal structure and 

belong to either the C6v4 or P63mc space group (JCPDS 01-076-0704) [26]. a = b = 2.2530 

Å, c = 5.2130 Å, α = β = 90◦, and γ = 120◦ are the corresponding lattice parameter. The 

incorporation of IL into the Fe3O4 structure leads to substantial modifications in the peak 

position and intensity of Fe3O4-[BMIM][BF4] NPs compared to Fe3O4-NPs. Significant peak 

broadening is observed when the BMIM.BF4 IL is introduced into the Fe3O4 crystal structure. 

The observed alteration in the properties of X-ray diffraction peaks may be attributed to the 

interactions between the BMIM.BF4 ionic liquid and Fe3O4-NPs. The decrease in intensity of 

Fe3O4 NPs peaks, due to the small particle size of the nanoparticle which was below the limit 

of detection of XRD. Moreover, the presence of the ionic liquid on the nanoparticle surface 

covered the diffraction peaks of the Fe3O4 NPs and decreased the peaks intensity. This aligns 

with the average crystallite size of the produced samples, which was estimated using 

Scherrer's equation. The size was found to be 15.3 nm for Fe3O4-NPs and 5.67 nm for Fe3O4-

[BMIM][BF4] NPs . The crystallite size, have been computed by considering the conspicuous 

peaks at 33°, 35°, 43°, 53°, and 62°. The incorporation of BMIM.BF4 IL into Fe3O4 NPs 

leads to a decrease in crystallite size. The decrease in crystallite size which is the function of 

IL which act as a surfactant that restricts the growth of Fe3O4 NPs. 
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The crystallite size was determined using the Scherer equation [27], which is expressed as 

follows: 

                                                          θ cos /Kλ β=D  

The symbol D is size of the crystallite, λ is the wavelength of X-ray, K represents the 

crystallite form factor (0.94), and β represents the line broadening at half of the highest 

intensity.  

 

3.2 FT-IR Spectra 

Fig.2 reveal the FT-IR spectroscopy used to determine the structure and measurement of the 

chemical species in 450–4000 cm−1 wave number. Fe3O4 superparamagnetic nanoparticles 

exhibit absorption bands at 420-446 and 581-629 cm−1. The basic vibration modes are 

shown in Fig.2. The N-H stretching band and O-H from ethanol and water may be 

responsible for the absorption about 3413 cm−1. The Fe-O band has a low energy interval 

between 1382 cm−1 and 1000 cm−1, whereas water's O-H band bends at 1609 cm−1. The 

absorption bands from 2861 to 2965 cm−1 correspond to symmetric stretching vibration and 

asymmetrical C-H group (Imidazolium ring), respectively, whereas the band at 1480 cm−1 is 

connected with methylene [28].  

 
 

Furthermore, the band at 3418 cm−1 represents the secondary amino group's bending 

vibration [29]. The ionic liquid coating lowered the strength of the bending vibration band 

and almost eliminated the stretching band in Fe3O4 NPs, The\ absorbed peaks were at 

1623.90 cm−1 and 1401.46 cm−1, respectively. These values match the vibration modes of 

Fe3O4 and pure magnetite [30]. The FTIR spectra revealed no peaks that would have 

indicated contamination in the material. 

 

3.3 UV-Vis Spectral Studies 

UV-Vis spectroscopy is very valuable for analysing localised surface plasmon resonance 

(SPR). This instrument allows for the determination of absorption strength at various 

wavelengths of light. The wavelengths of ultraviolet and visible light may disrupt the surface 

electrons of the magnetite nanoparticles. The absorption peak provides information on the 

dimensions, magnitude, and distribution of the nanoparticles in terms of their scale, size, and 

shape [31]. Fig. 3a & 3c displays the surface plasmon resonance (SPR) for magnetite 

nanoparticles that have been synthesised. The study was focused on spherical monodisperse 

particles, and it was observed that the peak wavelength shifted to a shorter value (from 374 

nm to 370 nm) upon adding the solution of ionic liquid [32]. Fig. 3 illustrates the relationship 

between the location of the absorbance peak and the intensity of surface plasmon resonance 

(SPR) for Fe3O4 NPs and Fe3O4-[BMIM] [BF4] NPs. The aim is to get a shorter wavelength, 
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which corresponds to smaller particle size [33], while maintaining optimal absorbance 

intensity.  

 
 

Optical band gap of synthesised nanoparticles with and without the addition of IL are 

revealed in fig. 3a & 3b.  The band gaps energy of Fe3O4 NPs and Fe3O4-[BMIM] [BF4] NPs 

are 1.56 eV and 1.48 eV respectively. Evidence demonstrates that the interaction between 

[BMIM][BF4] and Fe3O4 NPs leads to a decrease of the band gap. Quantum confinement is 

the prime reason for decrease of particle size and lowering of band gap due to the 

incorporation of IL to Fe3O4 NPs. Results showed that with a reduction in particle size from a 

bulk value, the band gap dropped to a specific minimum value. It is conceivable that the band 

gap changes in relation to particle size because of the delocalization of molecular orbitals at 

the conduction band edge caused by the bulk defects. This leads to the formation of shallow 

and deep electronic energy traps, which in turn causes the absorption spectra to redshift. The 

absorption spectra blue-shifted as a consequence of the traps changing to higher energy when 

the crystallite size shrank below its size at the band gap minimum. 

 

3.4 TEM 
The transmission electron microscopy (TEM) pictures of the synthesised Fe3O4-

[BMIM][BF4] NPs can be shown in Figure 4a –c. TEM was used to analyse the particle size 

and surface morphology of IL-coated Fe3O4 NPs. The findings indicated that the Fe3O4-

a) 



Rajarajeswari A/Afr.J.Bio.Sc.6(si2) (2024)                                                                         Page 6186 to 12 

 

[BMIM][BF4] NPs exhibited a polydisperse distribution and had a spherical shape. The 

SAED pattern verified the crystal structure of Fe3O4-[BMIM][BF4] NPs. The SAED patterns 

indicate that Fe3O4-[BMIM] [BF4] NPs exhibit unique lattice fringes that resemble those of 

regular IL-coated Fe3O4 NPs and they possess exceptional crystalline quality.  

 
 

3.5 Anti- Microbial Activity 

The antibacterial activity of Fe3O4-[BMIM][BF4] NPs against bacterial and fungal pathogens, 

including Staphylococcus aureus, Pseudomonas aeruginosa, Aspergillus favus, and Candida 

albicans, was investigated using the disc diffusion technique (Fig. 5a -d ).  

 

a 
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In lab, nutritious broth is often used to support the growth of live bacterial pathogens (as 

subcultures with a turbidity of 0.5 Mc) that have been cultured overnight at 37 °C. The newly 

cultivated bacterial culture was equally spread on sterilised Petri plates with nutrient agar. 

Fe3O4-[BMIM] [BF4] NPs (20, 40, 60, and 80 μL) were deposited onto the clean discs. 

Amikacin discs were used as a control. All plates were incubated at 37 °C for 24-48 hours to 

observe the formation of a bacterial inhibition zone around the disc. 

The reported zone of inhibition for the bacterium Staphylococcus aureus was 12.0 mm, for 

Pseudomonas aeruginosa it was 13.0 mm, for Aspergillus favus it was 9.0 mm, and for 

Candida Albicans it was also 9.0 mm. The Fe3O4-[BMIM] [PF6] had lower efficacy against 

the bacteria compared to fungi. 

The mechanism by which Fe3O4-[BMIM] [BF4] NPs exhibits antibacterial action is the 

dependence of NPs is contingent upon the dimensions, arrangement, and amount of copper 

oxide [34]. There are three primary modes in which antibacterial action occurs. (1) Cell wall 

and membrane degeneration, (2) Infiltration and disruption of cells, and (3) Oxidative stress 

[35]. The Fe3O4-[BMIM] [BF4] NPs exhibited antibacterial action against each 

microorganism.is shown in Table 1. 

 

Table 1. Antimicrobial action of Fe3O4-[BMIM][BF4] NPs 

 

S.NO 

 

Bacterial Pathogen 

Anti- Bacterial activity—zone of growth inhibition 

(mm) 

20µL 40µL 60µL 80µL Control 

1. Staphylococcus aureus 7 9 10 12 25 

2. Pseudomonas aeruginosa 9 9 11 13 30 

 

S.NO 

 

Fungal Pathogen 

Anti- Fungal activity—zone of growth inhibition (mm) 

20µL 40µL 60µL 80µL Control 

1. Aspergillus favus 7 7 7 9 13 

2. Candida Albicans 7 9 9 9 12 

 

3.6 Anti-Cancer Activity 
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The harmful effects of Fe3O4 [BMIM] [BF4] NPs on human MCF7 Breast cancer cells were 

assessed at different doses ranging from 0 to 500 µg/mL. The cell proliferation was assessed 

using an inverted phase contrast microscope. Microscopic images of MCF7 cells post-

treatment with Fe3O4 [BMIM] [BF4] NPs   are shown fig. 6. Nucleoplasmic proteins (NPs) 

exhibited cellular contraction, as well as the presence of condensed and fragmented nuclie in 

the presence of nanoparticles [36].  

 
 

Noticeable alterations in morphology were seen at different doses of Fe3O4-[BMIM][BF4 

]NPs. The substance exhibited cytotoxic effects on MCF7 cancer cells in a way that was 

dependent on its concentration [37], as shown by the data presented in Fig. 7. A concentration 

of 97.14 µg/mL of Fe3O4-[BMIM] [BF4] NPs nanoparticles resulted in 50% cell killing, 

which is known as the IC50 value.   

The size and dose of nanoparticles are crucial factors in causing toxicity [38]. Fig. 8 depicts 

the percentage inhibition of Fe3O4 [BMIM] [BF4] NPs against human breast cancer MCF-7 

cell lines. Nanoparticles enter cells by many mechanisms, including clathrin-mediated 

transport, caveolae-dependent endocytosis, and macro-pinocytotic uptake endocytosis [39]. 

Upon entering the cell, magnetite nanoparticles have the ability to directly engage with 

NADPH oxidases found in the plasma membrane and/or mitochondria, leading to the 

production of superoxide ion [40, 41]. As a result, this process triggers redox-sensitive 

signalling which then cause pro-inflammatory effects and cytotoxicity [42, 43]. 

 



Rajarajeswari A/Afr.J.Bio.Sc.6(si2) (2024)                                                                         Page 6189 to 12 

 

 
 

4. Conclusion 

 

This current study aims to synthesize Fe3O4 nanoparticles with distinct optical and structural 

properties. These nanoparticles were effectively synthesized along with the ionic liquid 

[BMIM] [BF4] utilizing the co-precipitation approach. This work involved a comparison of 

Fe3O4 nanoparticles (NPs) that were created with and without an ionic liquid (IL) coating. 

The objective was to assess the influence of imidazolium-based ILs on the structure and 

optical properties of Fe3O4 NPs. The XRD study indicated crystallite sizes of 15.3 nm for 

Fe3O4-NPs and 5.67 nm for Fe3O4-[BMIM] [BF4] NPs, confirming the formation of a 

hexagonal crystal structure. The FTIR spectra offer compelling evidence for the synthesized 

Fe3O4-NPs and Fe3O4-[BMIM] [BF4] NPs. The quantum confinement effect demonstrated by 

NPs led to a decrease in the band gap energy. Consequently, the [BMIM][BF4] IL stimulates 

the synthesis of modified Fe3O4-NPs. The size and form of the synthesized sample were 

evaluated using HR-TEM analysis. The proliferation of Candida albicans, a fungal 

microorganism, was shown to be suppressed by Fe3O4-[BMIM][BF4] IL NPs, but the growth 

of Pseudomonas aeruginosa and Staphylococcus aureus, two bacterial pathogens, was only 

slightly affected. The synthesized sample demonstrated a significant inhibitory activity of 

97.17% against the cancer cell line. 
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