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A B S T R A C T

The nanoparticles of Cobalt ferrite are synthesized using polyethylene glycol as a solvent by the solvothermal
method in a surfactant-free condition. Nanoparticles that were synthesized were determined by using various
techniques such as Diffuse Reflection Spectroscopy (DRS), X-Ray Diffraction (XRD), Scanning Electron Microscope
(SEM), and Energy Dispersive X-ray spectroscopy (EDAX). The Scanning electron microscope confirmed the range
of spherical nanoparticles in the size of 20–33 nm.

An excellent match was observed between the calculated particles size in the X-ray diffraction and electron
microscopes results. Furthermore, their antimicrobial efficacy was determined by MIC, MBC, IC50 and disc
diffusion method on Gram-negative (Pseudomonas aeruginosa and Escherichia coli) and Gram-positive (Staphylo-
coccus aureus, Bacillus cereus) bacteria. The results indicated an acceptable bacteriostatic and bactericidal effects of
this nanoparticles. Additionally, it was seen that by the increase in the concentration of nanoparticles, their
antimicrobial property would increase.
Background and objective: In recent years, antibacterial materials have found a special place to avoid the overuse of
antibiotics. In this study, the antibacterial effects of CoFe2O4 nanoparticles on Staphylococcus aureus, Escherichia
coli, Pseudomonas aeruginosa, and Bacillus cereus, were investigated due to their importance as human pathogens in
nosocomial infection.
Methodology: In this study, the antibacterial effects of CoFe2O4 nanoparticles such as MIC, MBC, IC50, and disc
diffusion method were examined.
Findings: According to the results, CoFe2O4 nanoparticles exhibited potent antibacterial activity against the bac-
teria that were examined, especially Bacillus cereus. The MBC (Minimum Bactericidal Concentration) of CoFe2O4

nanoparticle on Escherichia coli, Staphylococcus aureus, Pseudomonas aeruginosa, Bacillus cereus was between 0.12-
0.48 mg/ml and MIC (Minimum Inhibition Concentration) on these bacteria detected between 0.06-0.24 mg/ml.
The least IC50 determined for Bacillus cereus with a concentration of 0.061 mg/ml. Pseudomonas aeruginosa and
Bacillus cereus identified as the most resistant and sensitive bacteria in the disc diffusion method, respectively.
1. Introduction

Recently, magnetic nanoparticles have attracted substantial consid-
eration in the field of biomedicine because of their beneficial magnetic,
optical, and antibacterial features at the Nanoscale. Ferrites, one of the
most substantial magnetic materials, consist of two inverse and normal
spinel structures. The spinel structure in cobalt ferrite is inverse and has
various advantages such as good coupling efficiency, high magneto-
strictivity and low cost [1]. Several applications are mentioned for Cobalt
ferrite, such as magnetic resonance imaging (MRI), magnetic
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thermo-drug delivery hyperthermia, catalytic treatment of gases, oxida-
tion of alkanes, drugs delivery, biosensors and gas detectors [2].

Of all different spinel ferrites, CoFe2O4 has attracted special attention
on account of its unique physical features, including high Curie tem-
perature, large magneto crystalline anisotropy, high coactivity, excellent
chemical stability, large magnetostrictive coefficient, mechanical hard-
ness and, moderate saturation magnetization [3]. The other advantage of
CoFe2O4 nanoparticles is one order higher of magnetocrystalline
anisotropy compared to other reported metal ferrite nanoparticles with
the same saturation magnetization. Thus, the relaxation time of magnetic
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CoFe2O4 nanoparticles is much lower than other metal ferrite nano-
particles with similar particle size [4, 5]. The specific surface area in Iron
oxide nanoparticles is so high that they can interact with the surface
structures of bacteria. In addition, since they are fairly small in size, they
can expedite the particle uptake by bacterial cells. Various physico-
chemical methods are used to produce the iron oxide nanoparticles [6,
7]. Metal ferrite nanoparticles indicate substantial antibacterial activ-
ities. Of these metal ferrites, biocompatibility in cobalt ferrite nano-
particles are shown to be high, and their antibacterial activity makes
them an appropriate option for antibacterial uses in industrial and
medical fields [8]. Cobalt ferrite NPs cause toxic reactions (genotoxicity
and cytotoxicity) in humans, organisms [9], and mice [10]. CoFe2O4 NPs
induce oxidative stress in the liver (human & mice), human lungs, in-
testine, kidney, primary mouse dendritic-cells, and lymphoblast [9, 10].
These interactions with other organic materials and the type of toxicity
are determined based on their physicochemical properties and unique
compositions (charge, size, purity, shape, colloidal stability, and inert-
ness, etc.) [11]. The particles of Iron oxide are already understood to be
nonhazardous magnetic materials, and also MRI contrast agents have
already been proved as harmless for human use [12].

In reduction and oxidation procedures, Photo-catalysts are significant
materials offering a pretty simple tool to convert solar energy for use.
Photo-catalysis is used in various fields, such as cancer cells and bacterial
inactivation, contaminants elimination from water and air, etc. [13, 14,
15, 16, 17]. Having a general formula of MFe2O4, Spinel ferrites are
magnetic materials that are chemically and thermally stable and utilized
for many applications [18, 19]. In this formula, M represents a metal
cation. Ferrites have important photo-catalytic properties for numerous
industrial processes [19], ranging from hydrogen peroxide and alcohols
decomposition [20] to the oxidative dehydrogenation of hydrocarbons
[21] and the oxidation of compounds like CO [22]. The features of the
ferrites highly rest on elements including the site, nature, and amount of
metal used in the structure [18]. As an example, the redox properties of
the ferrites are intensely modified by the replacements of transition
metals such as Niþ2, Cuþ2 [23], or Coþ2 [24] into the spinel lattice.
Ferrites offer the benefit of having a band gap able to absorb visible light,
as well as the spinel crystal structure, which enhances efficiency owing to
the existing additional catalytic sites by means of the crystal lattice [25].
Generally, Ferrites of the form MFe2O4 consist of metal cations such as
Ca2þ [26], Co2þ [20, 27, 28], Fe2þ [19, 27, 28, 29].

Today, due to the significant role of microorganisms in the develop-
ment of various diseases and at the same time increasing antibiotic
resistance following the excessive use of antibiotics, it is essential to find
effective and new substances that have potent antibacterial impacts.
Constant study will also be very important to the antibacterial effects of
these substances in different regions against various bacterial strains for
the epidemiological aspects. The importance of determining the anti-
bacterial effects of these substances would be much greater when we
know excessive costs are spent on the design and manufacture of anti-
biotics and other disinfectants in the world, annually.

In this investigation, Magnetic cobalt nanoparticles were synthesized
by utilizing a solvothermal method and polyethylene glycol applied as
solvent with no presence of surfactants. Polyethylene glycol (PEG) are
applied to coat and stabilize cobalt nanoparticles which, in turn, reducing
the toxicity of the nanoparticles. Besides, the metal salts extremely
dissolve in this solvent. In the last decade, the implementation of nano-
materials was comprehensively expanded. Physical and chemical prop-
erties of nanomaterial are various from large bulk [30, 31]. The
possibility of the adsorption, interacting, and reacting enhance between
nanoparticles and other atoms and molecules because of enhancing
atoms proportion placed at the surface [31, 32]. Antibacterial activity of
CoFe2O4 in the existence of visible white light gives a faster inhibition of
bacterial growth as a result of the higher quantum yields. These alter-
native nanoparticles could dominate the disadvantages associated with
Fe2þ by applying the solid form of iron instead of Fe2þ as iron salts.
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As shown in Eqs. (1) and (2) [33, 34], when the iron oxides are sus-
ceptible to white light irradiation, consequently the photo-reduction of
ferric to ferrous ions and generation of �OH radicals are increased which
reduces bacterial growth.

Fe(OH)2þ þhʋ →Fe (II) þ OH (1)

Fe (III) þ H2O þ hʋ → Fe (II) þ Hþ þ �OH (2)

Irradiation of photons with energy (higher than 3.2 eV) to the iron
oxides causes electron excitation from the valence band to the conduc-
tion band [35]. Furthermore, the hydroxyl, perhydroxyl, and superoxide
anion radicals can be procreated by the reaction between the dissolved
oxygen and electrons [36] that increases inhibition of bacterial growth.
The attack of hydroxyl radicals to the bacterial cell wall obviously lead to
breakage of structures. The results of this study confirmed that CoFe2O4
nanoparticles could have efficient antibacterial properties against bac-
terial pathogens, especially bacillus cereus. on the other hand, we also
found that, the inhibitory effect of CoFe2O4 on bacterial growth will be
increased if nanoparticle's concentration increased (from 0.06-0.48
mg/ml). This evidence is similar to another study, that carried out by
Sanpo et al. in 2013, which explored the antibacterial effect of CoFe2O4

on Staphylococcus aureus and Escherichia coli [8]. They also revealed that
CoFe2O4 nanoparticle's inhibitory effect on Escherichia coli is higher than
Staphylococcus aureus, which these results besides other research are in
line with the outcomes of our study [8, 37, 38, 39]. One of the impressive
results from this study is the same sensitivity of Staphylococcus aureus to a
lower concentration of the nanoparticle compares to research in which
the higher concentration of this nanoparticle was used, indicates an
advance in antibacterial potency of CoFe2O4 nanoparticles through the
used methods.

Another mechanism that causes nanoparticle's antibacterial activity is
the discharge of reactive oxygen species (ROS) such as superoxide (O2)
and hydrogen peroxide (H2O2) from the surface of nanoparticles [40,
41]. Thus, active oxide amounts have an efficient role in bacterial
eliminating by nanoparticles through the penetration in their cell wall
[42]. Furthermore, Chung et al. suggested that the accumulation of
negative charge on the gram-negative bacterial cell wall is more than
gram-positive bacteria. Accordingly, the interaction of nanoparticles
which have a positive charge with the bacterial cell wall that has a
negative charge leads to leakage of the bacterial cell contents [43]. Thus,
we propose CoFe2O4 nanoparticles as a useful antibacterial agent for
future investigations on clinical specimens, that their impacts also can
develop by using these effective methods.

2. Experimental

2.1. Chemistry and materials

Starting materials of Polyethylene glycol (>99%), FeCl3 (>99%),
CoCl2 (>99%), and C2H3NaO2 (>99%) of analytical grade were provided
by Merck Co.

2.1.1. CoFe2O4 synthesis
In this project, the solvothermal method was utilized in the synthesis

of Cobalt ferrite magnetic nanoparticles by dissolving 2 g polyethylene
glycol in 30 ml of distilled water and stirring for 10 min by a magnetic
stirrer to prepare a clear solution at room temperature. Then, specific
amounts of dehydrating iron (III) chloride, cobalt chloride, and sodium
acetate were added to the solution, and to make the mixture homoge-
neous, it was stirred for about 2 h by means of a magnetic stirrer. The
solution was placed in the furnace and dried at 190 �C for 15 h. After
cooling the solution, it was filtered and then washed with double distilled
water and ethanol 96% several times. The precipitates were dried
completely for 24 h and then the powders were placed at 450 �C for 2 h in
the furnace to obtain CoFe2O4 magnetic nanoparticles (Figures 1 and 2).
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2.2. Pharmacology

Bacillus Cereus (PTCC1015), Staphylococcus aureus (PTCC1112),
Pseudomonas aeruginosa (PTCC 1074) and Escherichia coli (PTCC 1399)
used for antibacterial examination. These bacteria were cultured on
specific media, including DNase, Mannitol Salt Agar, MacConkey Agar
and Blood Agar. Assuring the identification of bacteria were done due to
the biochemical tests after 24 h incubation at 37 �C, then the specimens
were used to prepare bacterial suspension [44]. 1.5 � 108 CFU/ml bac-
terial inoculum was prepared using a spectrophotometer at 620 nm [26].
First, 50 μl of Trypticase Soy Broth and bacterial inoculum added into
each well that was included difference concentrations of two-fold diluted
nanoparticles ranging from 0.96 mg/ml to 0.001 mg/ml in the wells then
96-well plates incubated at 37 �C for 18–24 h under 18-volt white light at
a distance of 33 cm. Likewise, for IC50 value detection, the concentration
of the antibacterial agent which inhibits 50% of bacterial growth, the
above procedure was done and turbidity of each well was read to 3 times
by ELISA READER stat fax 2100 and the data analyzed by GraphPadPrism
6.05, subsequently. The MBC also determined using plate culture in
Mueller-Hinton agar from no bacterial growth shown concentrations of
nanoparticle in the MIC test. To observe the antibacterial activity of
nanoparticle in the disc diffusion method [45], 100μl of bacterial inoc-
ulum that was prepared like previously, streaked on Mueller Hinton Agar
surface by the swab. Then the impregnated discs with different concen-
trations of nanoparticle include 0.06, 0.12, 0.24 and 0.48mg/ml that was
provided in 50 μl DMSO as a solvent, positioned on the surface of the
injected agar plate. Notably, the blank disc with any nanoparticle was
used for control. Finally, The Plates incubated at 37 �C for 24 h under
18-volt white light at a distance of 33 cm, and the results recorded by
measuring the diameter of the growth inhibition zone.

3. Results and discussion

3.1. XRD analysis

Using X' Pert Pro system from the Panalytical company, X-ray
diffraction patterns of CoFe2O4 were reported under the following con-
ditions: 40 mA, 40 kV, step size: 0.02, and timer per step 1 s/step and
showed that there are no additional peaks in the XRD patterns. Bragg
reflections were reported in the 2θ range of 5–80, ensuring purity. The
analyses of qualitative phase, quantitative phase, and study of preferred
orientation of synthetized powder sample illustrate in X-ray diffraction
profile. X-ray diffraction schema of CoFe2O4 is shown in Figure 3. As
shown in the figure, the peaks at 2θ values of 30.19�, 35.532�, 43.17�,
53.54�, 57.087�, 62.682� and 74.20� were respectively corresponded to
226, 778, 185, 92, 265, 424, and 86 reflections of CoFe2O4. All 2θ X-ray
diffraction (XRD) observed in this study consistent with reports from
Figure 1. Powder of CoFe2O4 nanoparticles.
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other researchers concerning the synthesis of CoFe2O4 [3,46-48]. The
remarkable property was that no impurity phase was observed in the
synthetized powders [49, 50, 51].

The reflected peaks of the sample had the same position as a cubic
unit cell, corresponding to an inverse spinel structure of cobalt ferrite
nanoparticles (JCPDS No. 98-011-1281). Crystallite sizes of CoFe2O4
obtained by statistical analysis of XRD in Table 1.

Crystallite sizes of CoFe2O4 reported 309 [Å] (30.9 nm) using Debye
Scherrer,

Ƭ ¼ K�λ/β CosƟ (3)

Where T is crystallite size, K is Scherrer constant, λ is the wavelength of
the X-ray, β is full-width half-maximum of the plane, and Ɵ is the Bragg
angle. The particle size and their distribution are detected to be almost
nearly spherical and uniform in the sample; therefore, it can be use fixed
K value in the equation. Examination of X-ray pattern shows that the
peaks are consistent with standard pattern with the number completely,
which indicates that specimens are pure and they have very well
crystallinity.

3.2. EDX analysis

Using Oxford, instrument EDX analysis indicated pure CoFe2O4

nanoparticles formation; Figure 3 shows an illustration of the samples.
No significant discrepancy was detected in nanoparticles size, and

almost all particles had a spherical shape. The EDX spectral analysis of
the synthesized CoFe2O4 nanoparticles composition illustrates in
Figure 4. The ratio of the EDX peaks represent the expected elemental
composition of synthetized nanoparticles. The synthetized product con-
sists of only three elements namely Co, Fe, O. Thus, it can be resulted that
the achieved nanoparticles do not contain of any other impurities. The
strong peaks of Fe display the EDX spectra. The composition analysis
indicates 59.6% Fe, 14.4% O2 and 26.0% cobalt, illustrating the high
purity of CoFe2O4 nanoparticles. The atomic ratio of cobalt to iron was
obtained 0.4362, which is near to the stoichiometric value of 0.5 [52-53].
The sample preparation and analysis procedures to cover it with Au,
generate conductivity and electric charge flow explain the existence of
Au peak in the EDX analysis spectral.

3.3. FE-SEM analysis

E-SEM measurements of sample CoFe2O4 were reported using the
SIGMA VP model system from ZEISS Company. They showed a uniform
distribution of spherical nanoparticles. Figure 4 and Figure 5 represent
FE-SEM morphology.

The images of cobalt ferrite magnetic nanoparticles in various scales
achieved using SEM technique are shown in Figure 5(a,b) respectively. It
is explicit in the figures that the particle size of the CoFe2O4 is at nano
scale. The nanoparticle size was measured approximately spherical
which had uniform distribution in the sample. The average particle size
specified from SEM images is remarked as 22–46 nm for CoFe2O4 which
is nearly agreement with the size determined from XRD data. As
concluding from SEM analysis, the agglomeration due to the magnetic
force results in non-uniform and heterogeneous morphology of CoFe2O4
particles.

3.4. Diffuse Reflection Spectroscopy (DRS) of CoFe2O4

The semiconducting materials, which can explain the quantum size
effect of the nanoparticles by the absorption edge, were described using
this information. The optical characteristics of CoFe2O4 nanoparticles
were examined in the range of 200–800 nm, which is shown in Figure 6.

The F® value presents the reflectance data, acquired by the applica-
tion of the Kubelka-Munk method, Where R is the measured reflectance.
The bandgap energy value of the CoFe2O4 is 1.85 eV. In order to



Figure 2. CoFe2O4 nanoparticles synthesized with solvothermal method.

Figure 3. X-ray diffraction patterns of CoFe2O4.
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determine the semiconducting materials that explain the quantum size
effect of the nanoparticles by absorption edge, we used this information.
Light was transmitted in the visible region by this nanoparticle.
3.5. Cytotoxicity of CoFe2O4 nanoparticles

The cytotoxicity of CoFe2O4 nanoparticles was measured by
analyzing the cell survival MTT assay utilizing ELISA READER after 24 h
incubation at 0.06 mg/ml and 0.48 mg/ml concentrations. The analysis
indicated a survival rate of more than 50% for the maximum concen-
tration of 0.06 mg/ml. Based on the results of previous studies demon-
strated the cytotoxicity of CoFe2O4 nanoparticles of almost 90% for the
maximum concentration of 0.75 and 1 mg/ml [54, 55], the achieved data
Table 1. Crystallite sizes of CoFe2O4.

No B obs. [�2Th] B std. [�2Th] Pea

1 0.36 0.09 35.

4

represented that the synthesized CoFe2O4 nanoparticles led to
concentration-dependent cell death where the enhancement in concen-
tration involved a remarkable reduction in cell proliferation. . In addi-
tion, the estimated IC50 value was detected to be 0.06 mg/ml.
3.6. Antimicrobial activity of CoFe2O4

According to the results, the most sensitive bacteria that have
investigated in this study against the nanoparticle is Bacillus cereus. As
well as, Pseudomonas aeruginosa and Staphylococcus aureus detected as the
most resistant bacteria, bothy (Table 2). Furthermore, based on the re-
sults, as the concentration of nanoparticles increased, the bacterial
population would decrease compared to the control plate.
k pos. [�2Th] B struct. [�2Th] Crystallite size [Å]

532 0.27 309



Figure 4. EDX spectrum of CoFe2O4 with percentage of elements.

Figure 6. Diffuse Reflection Spectroscopy and UV-visible diffuse reflectance
spectra of CoFe2O4 nanoparticles.
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The encouraging antibacterial potential of CoFe2O4 nanoparticles at
different concentrations were corroborated by results of experiments the
antibacterial activity of the synthesized CoFe2O4 nanoparticles.
Furthermore, a large ratio of surface to volume raises the antibacterial
activity of metal nanoparticles [56]. In our investigation, the obtained
results demonstrated that the IC50 values of the synthesized CoFe2O4
nanoparticles was determined 0.06 mg/ml and the IC50 index by con-
firming the other antibacterial tests indicates the required nanoparticle's
concentration to inhibit 50% of bacterial growth. This is in accordance
with the results of several investigations with various metal nano-
particles. The authors reported that maximum inhibition of 57.74% was
resulted at 0.1 mg ZnONPs/ml [57]. Moreover, the antioxidant activity of
the chemically synthesized ZnONPs with 33% inhibition at 0.025 mg
ZnONPs ml was achieved by Abd Elkodous et al [58]. Abdelhakim et al.
reported that the attained IC50 of the synthesized ZnONPs was 0.1023
mg/ml [59]. In accordance with our findings, El-Sayed et al reported that
CoFe2O4 nanoparticles concentration dependent activity against human
breast and liver cancer cell lines was illustrated by the MTT cytotoxicity
assay. That metal nanoparticles synthesized by the fungus Monascus
purpureus ATCC16436, had a single-phase crystalline structure and
spherical shape with particle size of 6.50 nm. The synthesized CoFe2O4
nanoparticles represented antibacterial potential with 50% inhibitory
concentration of 0.10025 mg/mL [60]. Besides, the antioxidant, anti-
cancer and antimicrobial activities of Selenium nanoparticles (SeNPs)
synthesized by the culture extract of fungus grown on sugarcane bagasse
under solid-state fermentation were evaluated. The SeNPs displayed
spherical shape by the particle size of 46.58 nm and antioxidant activity
with 50% inhibitory concentration of 0.08592mg/mL as well as previous
investigation by these authors [61]. Thus, the reported antibacterial
property of CoFe2O4 nanoparticles in this research will open up the new
way to the application of CoFe2O4 nanoparticles as a new source of
antibacterial.
Figure 5. (a,b). (a) FE-SEM image of CoFe2O4 on a scale of 200 nm and (b) F
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The disc diffusion test showed the same result with other antibacterial
tests, specially IC50 determining value as showed in Table 3, Pseudo-
monas aeruginosa detected as the most resistant bacteria in 0.48 mg/ml
concentration of this nanoparticle with a 12 mm diameter of growth
inhibition zone. Furthermore, the most sensitive bacteria were Bacillus
cereus with a 12 mm diameter of growth inhibition zone in 0.06 mg/ml
concentration of this nanoparticle.
3.7. Photocatalytic activity of CoFe2O4 nanoparticles

CoFe2O4 nanoparticles have been employed for white light driven
antimicrobial and photocatalytic activity. The photocatalytic behavior of
the synthesized CoFe2O4 nanoparticles against Bacillus Cereus, Staphylo-
coccus aureus, Pseudomonas aeruginosa, and Escherichia coli was explored
after 24 h being exposure white light to attain equilibrium. The bacterial
degradation in the presence of CoFe2O4 nanoparticles was confirmed by
measuring the diameter of the growth inhibition zone. The bacterial
inactivation of this nano-catalyst achieved 50% under white light for 24
h, much higher than without light. Figure 7 illustrates pictures of
CoFe2O4 nanoparticles treated with Bacillus Cereus, Staphylococcus
aureus, Pseudomonas aeruginosa, and Escherichia coli in the dark and under
white light for 24 h. Bacteria grow into colonies on these samples in the
dark. CoFe2O4 nanoparticles can inactivate bacteria by irradiating with
white light for 24 h. The degradation rate of bacteria was increased in the
presence of CoFe2O4 nanoparticles as catalysts under visible light in
comparison without exposure. Hence, it is predicted that CoFe2O4
nanoparticles will cause many possibilities for producing more novel
nano dimensional metal including compounds with numerous
functionalities.
E-SEM image of CoFe2O4 on a scale of 100 nm with higher magnification.



Table 2. Amounts of MIC, MBC and IC50 of CoFe2O4 nanoparticle against bacteria.

Bacteria MIC (mg/ml) IC50 (mg/ml) MBC (mg/ml)

Escherichia coli 0.12 0.08 0.24

Staphylococcus aureus 0.24 0.16 0.48

Pseudomonas aeruginosa 0.24 0.18 0.48

Bacillus cereus 0.06 0.06 0.12

Table 3. Bacterial growth inhibition zone (mm) based on the nanoparticle concentration.

Bacteria Concentrations(mg/ml)

0.48 0.24 0.12 0.06

Bacillus cereus 20 16 14 12

Pseudomonas aeruginosa 12 11 10 8

Escherichia coli 18 14 12 11

Staphylococcus aureus 13 12 11 9

Figure 7. Pictures of bacteria colonies developed on agar plates treated (A) Bacillus Cereus, (B) Staphylococcus aureus and (C) Escherichia coli, and (D) Pseudomonas
aeruginosa without white light. (a) Bacillus Cereus, (b) Staphylococcus aureus and (c) Escherichia coli, and (d) Pseudomonas aeruginosa are the images of bacteria colonies
under white light irradiation for 24h.
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4. Conclusion

In this study, CoFe2O4 nanoparticles were synthesized through the
solvothermal method. The properties of CoFe2O4 nanoparticles were
analyzed by Scanning Electron Microscopy (SEM), Energy Dispersive X-
ray spectroscopy (EDX), X-Ray Diffraction (XRD), and Diffuse Reflection
Spectroscopy (DRS). Furthermore, MIC and MBC and antimicrobial ac-
tivity were tested under visible light against Gram-positive (Staphylo-
coccus aureus and Bacillus cereus) and Gram-negative (Pseudomonas
aeruginosa and Escherichia coli) bacteria with different weight nits of
CoFe2O4. One of the effective results from this work is the same sensi-
tivity of Staphylococcus aureus to a lower concentration of the nano-
particle compares to the study in which the higher concentration of this
nanoparticle was carried out, shows a progress in antibacterial potency of
CoFe2O4 nanoparticles through the utilized methods. Also, the obtained
results demonstrated that the IC50 values of the synthesized CoFe2O4

nanoparticles was determined 0.06 mg/ml and the IC50 index by con-
firming the other antibacterial tests indicates the required nanoparticle's
concentration to inhibit 50% of bacterial growth. So, the nanoparticles
6

showed good potency against all of the microorganisms which were used
in this study.
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