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Abstract 
 

The structural and magnetic properties modification in the bismuth 

substituted cobalt ferrite nanopowder with various molar concentrations of 

NaOH has been successfully synthesized by the coprecipitation method. The 

crystalline structure was measured using X-ray diffraction (XRD), bond 

groups, and absorption strength was measured by Fourier Transform Infrared 

spectroscopy (FTIR) studies, and then magnetic properties were measured 

using a Vibrating Scanning Magnetometer (VSM). The XRD measurement 

results confirmed that the whole samples of bismuth cobalt ferrite owing 

single phase of inverse spinel face cubic center (fcc) with space group Fd-

3m were obtained for variations in molar concentration of NaOH. The FTIR  

measurements obtained that the absorption characteristic in the frequency 

band 400 - 750 cm-1 according to resonance at octahedral and tetrahedral 

sites of the occurrence metal oxide. The VSM measurement showed that the 

magnetic properties of bismuth substituted cobalt ferrite available to tune 

with modifying NaOH concentration in the co-precipitation procedure. Thus, 

the effect of increasing the concentration of NaOH into bismuth-substituted 

cobalt ferrite can change the characteristics of the cobalt ferrite such as 

lattice parameters, shifts in the absorption peaks of functional groups, and 

changes in magnetic saturation. The significance of this research is to know 

the exact concentration value of bismuth substituted cobalt ferrite to obtain 

the best characteristics. 
 

Keywords: Coprecipitation, bismuth substituted cobalt ferrite, ferromagnetic, 

inverse spinel fcc 
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1.0 INTRODUCTION 
 

The ferrite was a ferromagnetic oxide consisting of 

iron oxide and metal oxide [1]. The metal-oxide 

nanoparticles were attractive for their unique optical, 

electronic, and magnetic properties [2]. The ferrites 

were materials of interest due to their wide range of 

applications in science and technology [3]. The 
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combination of magnetic and electrical properties of 

ferrite materials has an impact on applications in 

various technologies [4]. The one important ferrite 

material i.e. cobalt ferrite was interesting to study 

because of its strong magnetic properties, such as 

large magnetic anisotropy, high coercivity, large 

magnetic saturation. 

Cobalt ferrite was a hard magnetic material that 

has high coercivity and moderate magnetization 

saturation [5]. The magnetic properties of cobalt 

ferrite have been reported in terms of its structural, 

particle size, and surface shape [6-7]. The magnetic 

properties of cobalt ferrite nanoparticles arise due to 

the super-exchange interaction. The strength of the 

super-exchange interaction depends on the metal 

cations of Co and Fe [8]. The cobalt ferrite 

nanoparticles were of great interest because of their 

wide range of applications [9]. Other, the substituted 

other metal such kind bismuth on cobalt ferrite 

nanoparticle as well as synthesis preparation also 

may modify the magnetic properties. There were 

many methods of synthesis of cobalt-ferrite-based 

nanoparticle materials, such as sol-gel, hydrothermal, 

and coprecipitation [10]. For the co-precipitation 

method, temperature synthesis, as well as the mixed 

solution pH modification, were already reported [11-

12]. However, it still a few number paper reported the 

effect of sodium hydroxide molarity in order to modify 

the physical properties. It is just found in bismuth 

ferrite nanoparticles that the magnetic properties 

modify with molarity [13, 14]. Other, the magnetite 

nanoparticles were prepared by hydrothermal 

synthesis reported that the molar ratio affects the 

formation of magnetite nanoparticles and the 

ferromagnetic properties as a result of excess 

nanocrystalline hydroxide [15]. Of these several 

synthesis methods, coprecipitation has attracted a 

lot of attention because it has various advantages 

including relatively affordable costs, non-toxic 

precursors, time saving and can be fabricated on an 

industrial scale [16]. One of the advantages of the 

coprecipitation method is that it can control the size 

of the synthesis of nanoparticles [17]. 

In this paper, the NaOH molarity dependence of 

the structural and magnetic properties in co-

precipitated bismuth substituted cobalt ferrite 

nanoparticle is studied. The structural characteristics 

were evaluated by using an x-ray diffractometer 

(XRD) and Fourier transform infrared (FTIR) 

spectroscopy. Whereas the magnetic property was 

evaluated by using a vibrating sample 

magnetometer (VSM). 

 

 

2.0 METHODOLOGY 
 

The sample preparation of this experiment carried 

out the following steps as a previous study [18]. The 

amount of bismuth content in cobalt ferrite was 0.1 in 

all experiments. Amount quantities with given 

stochiometry of pure analyze Co(NO3)2·6H2O, 

Fe(NO3)3·9H2O, and Bi(NO3)3·5H2O were dissolved in 

stirred 250 rpm of 200 ml aqua bides for 10 

minutes. Then the amount of NaOH solution with a 

concentration of 0.75 M, 1.5 M, 3.0 M, and 6.0 M was 

individually added dropwise at 250 rpm magnetically 

stirred with a constant synthesis temperature of 95C.   
After were allowed for 1 day, the product many times 

washed in ethanol and distilled water, the precipitate 

is then oven at a temperature of 100°C overnight to 

remove the water. The obtained result was crushed 

and then annealed at 500°C for 5 hours, so that the 

sample obtained S1 = CFO@NaOH 0.75 M, S2 = 

CFO@NaOH 1.50 M, S3 = CFO@NaOH 3 M, and S4 = 

CFO@NaOH 6 M. Then the obtained samples, were 

determined the crystalline structure by using the x-ray 

diffractometer (XRD) Bruker D8 Advance system using 

Cu-Kα radiation,  = 1.54 Å. The XRD patterns of the 

samples were recorded in the range 2 = 20 - 80. The 

oxide bonds were determined by Fourier Transforms 

Infrared (FTIR) Shimadzu IF Prestige 21 spectroscopy. 

IR spectra were recorded in the range of 350−4000 

cm1.  Finally, the magnetic property was evaluated 

by Vibrating Sample Magnetometer (VSM) at room 

temperature.  

 

 

3.0 RESULTS AND DISCUSSION 
 

3.1 The Structural 

 

Figure 1 shows the XRD pattern of the samples S1, S2, 

S3, S4 with various NaOH concentrations. The cobalt 

ferrite diffraction pattern in Figure 1 shows a cubic 

structure with a crystal peak index (200), (311), (222), 

(400), (422), (511), and (440). Typical peaks match 

according to ICDD no 22-1086 so that the obtained 

samples owing inverse spinel face center cubic (fcc) 

structure.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1 The XRD patterns of the samples S1, S2, S3, and S4 
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It is observed from the figure that there is no 

significant shift position of the typical strongest peak 

with various concentrations of NaOH solution during 

synthesis. However, the intensity of the typical 

strongest peaks decreases with the increase of the 

NaOH concentration. In order to more detailed 

information regarding the change in crystalline 

structure due to variation of the concentration 

NaOH, Rietveld analysis following Fullprof program is 

performed. The Rietveld refinement and calculation 

of the crystalline parameters including atomic 

position form a crystalline structure present in Figure 2 

and Table 1.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2 The Rietveld refinement of diffraction patterns of 

bismuth substituted cobalt ferrite with various NaOH 

concentrations (a) S1, (b) S2, (c) S3, and (d) S4 

 

 

The calculation following the refinement 

procedure confirmed that the inverse spinel fcc is 

obtained for the whole sample. The variations in the 

molar concentration of NaOH in the synthesis process 

of bismuth substituted cobalt ferrite may not change 

the original atomic positions of Co, Fe, and O atoms 

in the cubic structure which has an impact on not 

changing the space group parameters. Bismuth is 

expected to replace the Fe position. Here, the 

difference in molar concentration of NaOH in the 

synthesis process has no impact on the growth 

kinetics of the CoFe2O4 nanoparticle crystals.  

According to previous research, tThe variation of 

the concentration of NaOH in the magnetic samples 

preparation affects the initial formation of 

nanoparticles and has the potential to change the 

crystal size [12] and Zinc-doped manganese ferrite 

nanoparticles have been successfully synthesized by 

coprecipitation method by varying the 

concentration of NaOH from 0.5 M to 6 M and X-ray 

diffraction (XRD) results show that the crystal size is in 

the range of 14.1 to 26.7 nm [19]. The crystallite size 

was related to the relationship between atoms and 

crystal growth. Through XRD measurements, the 

crystallite size (D) of cobalt ferrite can be calculated 

using the Debye-Scherer formula: 
 

.      (1) 
 

where λ is the wavelength of Cu-Kα (1.54 Å), β is 

related to the FWHM value of pattern, and θ is 

diffraction angle. The crystallite size D of cobalt ferrite 

nanoparticles with a concentration of NaOH 0.75 M, 

1.50 M, 3 M, 6 M was 18.04 nm, 20.29 nm, 25.82 nm, 

and 30.78 nm. It is indicated that increasing the 

concentration of NaOH increased in crystal size and 

this will potentially change the magnetic properties 

of cobalt ferrite [14] and the addition of molar NaOH 

1.25 – 5 M in the cobalt ferrite synthesis process 

through the coprecipitation method has affected 

the pH solution and has an impact on increasing the 

crystal size and affecting changes in magnetic 

saturation [20]. 

 
Table 1 The Rietveld analysis parameters at crystal system 

cubic and space group Fd-3m of the samples S1, S2, S3, 

and S4 

 

Parameter  The samples name 

 S1 S2  S3 S4 

 13.40 10.22 15.23 24.70 

 8.7 7.3 12.4 27.6 

 1.61 1.33 1.95 2.25 

 8.37350 8.37570 8.36750 8.38870 

 90.0000 90.0000 90.0000 90.0000 

Co/Fe     

x 0.12500 0.12500 0.12500 0.12500 

y 0.12500 0.12500 0.12500 0.12500 

z 0.12500 0.12500 0.12500 0.12500 

Fe/Co     

x 0.50000 0.50000 0.50000 0.50000 

y 0.50000 0.50000 0.50000 0.50000 

z 0.50000 0.50000 0.50000 0.50000 

O     

x 0.25928 0.25120 0.25664 0.26437 

y 0.25928 0.25120 0.25664 0.26437 

z 0.25928 0.25120 0.25664 0.26437 

 

(a) 

(b) 

(c) 

(d) 
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Basically, the refinement procedure is matching the 

experimentally XRD data with the model from the 

Retvield calculation. The degree of suitability is 

indicated by the magnitude of the profile factor (Rp), 

the Bragg factor (RB), and the goodness of fit 2 and 

The R factor was calculated using the equation 

[21,22]: 

 

                (2) 

 

      (3) 

 

where  is observation intensity and  is 

calculation intensity. As seen in Table 1, the best 

refinement results with  = 10.22,  = 7.3, and 

goodness of fit'  = 1.33 is obtained for sample S2. 

The line under the diffraction pattern shows the 

difference in the observed diffraction pattern and 

the lower calculation diffraction represents the 

difference between the calculated size and intensity. 

The smaller the difference means the better 

refinement, this shows that the crystal structure 

information of the sample was more accurate. The 

Braggs diffraction in the Fd-3m group space was 

indicated by a vertical line below the maximum 

peak of the diffraction pattern. In refinement, the 

position of the oxygen atom (x, y, z) was taken as the 

independent parameter. Position of cobalt and iron 

atoms as fixed parameters. Other parameters such as 

lattice constant, occupancy, and scale factor are 

also independent parameters. The refinement 

process was corrected against the background of 

the pseudo-Voigt function. The Rietveld results 

obtained the atomic position and lattice parameters, 

which then through the Viesta program the cubic of 

crystal system was known as shown in Figure 3. 

Figure 3 The crystal system of cubic on CoFe2O4 with Co 

(blue), Fe (yellow), and O (red) 

 

 

The Rietveld analysis can also explain the 

distribution of cations at tetrahedral and octahedral 

sites. It was found that Fe ions were present at the 

tetrahedral and octahedral sites, indicating that the 

sample was in a spinel structure. The chemical 

formula for cobalt ferrite shows that there was a 

random distribution of cations between tetrahedral 

and octahedral in the crystal structure. The available 

Fe3+ cations at the tetrahedral site may be 

substituted by Bi3+ cation. Other, the Fe3+ cations at 

tetrahedral may distribute and be substituted the 

Co2+ cations at the octahedral site [21]. 

 

3.2 The FTIR Spectra  

 

Figure 4 shows the Fourier Transform Infrared Sectra 

(FTIR) result measure with intervals 400 - 4000 cm-1 at 

room temperature for S1, S2, S3, and S4. The 

absorption is seen in the wavenumber 400 - 750 cm-1 

which indicates the inverse spinel structure of cobalt 

ferrite.  Here, the absorption peak at around 750 cm-1 

and 400 cm-1 reflect the resonance of the tetrahedral 

and octahedral sites, respectively.  

Furthermore, the frequency band 500 - 650 cm-1 

shows strong absorption and indicates tetrahedral 

vibrations where bonds occur between O-O ions and 

O-Co ions. The lower frequency band at 400 - 500 

cm-1 shows strong absorption and indicates the 

appearance of octahedral vibrations between O-O 

ions and O-Fe ions. Next, the absorption peak with a 

higher frequency band was caused by the 

phenomenon of strain vibration, while the absorption 

peak with a lower frequency band is caused by the 

presence of flexural vibrations [21]. This is because 

the dimensions of the tetrahedral sites are smaller 

than the octahedral sites and the absorption band 

was inversely proportional to the bond length. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4 The FTIR spectra of the samples S1, S2, S3, and S4 

 

 

Changes in the concentration of NaOH in cobalt 

ferrite synthesis have an impact on shifting the 

absorption peak. This occurs because of a change in 

the distribution of cations from tetrahedral to 

octahedral site and vice versa. Another cause is the 

variation in the length of the cationic bond with 

oxygen. The absorption strength in the frequency 

band 400 - 500 cm-1 was related to the crystalline or 

crystalline structure of cobalt ferrite after annealing 

which affects the crystal size but does not change 

the crystal structure. The difference in molar 
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concentration of NaOH in the synthesis of cobalt 

ferrite as shown in Figure 4 affects the difference in 

absorption strength but remains in the same 

frequency band. This shows that the difference in 

molar concentration of NaOH in the synthesis of 

cobalt ferrite has the potential to modify the 

magnetic properties. According to previous research, 

Nickel-doped manganese ferrite nanoparticles have 

been successfully synthesized by coprecipitation 

method with different NaOH concentrations and the 

spectral analysis revealed two absorption bands 

associated with metal-oxygen vibrations at the 

tetrahedral and octahedral sites at 586 cm and 432 

cm, respectively [19]. 

 

3.3 The Magnetic Properties 

 

Figure 5 show the magnetic properties of cobalt 

ferrite with a various molar concentration of NaOH 

(0.75 M, 1.50 M, 3 M, 6 M) were measured at room 

temperature. The gradual magnetization process is 

shown in inset Figure 5(a). Whereas Figure 5(b) shows 

the coercive field and saturation magnetization as a 

function as the concentration of the NaOH.  

As seen in Figure 5(a) and inset Figure 5(a) that 

the slope of the hysteresis curve gradually increases 

with increasing molarity of NaOH. It is related to 

magnetization mode for an individual sample. In the 

case of the smallest concentration of sample S1, the 

hysteresis curve realizes gradually increases with the 

increased magnetic field. Here, magnetization 

reversals occur through domain nucleation following 

domain wall propagation. Depinning domain wall in 

the interface should attribute the high coercive field 

Hc of 1.06 kOe. In contrast, spontaneous 

magnetization realizes a high concentration of 

NaOH. It is expected that the formation of the 

homogenous grain occurs for the high concentration 

of NaOH with the result of the Hc of 0.66 kOe as seen 

in Figure 5(b). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 5 (a) The hysteresis of M−H curve and, (b) the Hc and 

Ms dependence concentration of NaOH for the samples S1, 

S2, S3, and S4 

 

 

Figure 5(b) also shows the magnetization 

saturation MS dependence of the molar 

concentration of NaOH.  The high MS of 82.35 emu/g 

is obtained for the lowest concentration NaOH of 

0.75 M. Then, the MS decrease becomes 70.6 emu/g 

and 68.2 emu/g for 1.5 M and 3.0 M, respectively.  

Then, the MS of 72.45 emu/g is obtained for the NaOH 

concentration of 6 M. The modify of these MS 

contributes to the redistribution cation at octahedral 

and tetrahedral sites. In general, net moment 

magnetic in fcc inverse spinel structure contributes 

from the octahedral and tetrahedral sites. At 

octahedral sites, divalent and trivalent ions prefer to 

occupy, whereas the preferred divalent ion occupies 

at the tetrahedral site. The difference between the 

magnetic moments at the octahedral and 

tetrahedral sites will appear as the magnetization 

saturation of the samples [23, 24]. So that, the high 

saturated magnetization supported by dominantly 

Fe3+ than Co2+ occupy at octahedral sites in case the 

lower concentration of NaOH during preparation. 

Here, the super exchange magnetic event of 

Fe2+/Fe3+ and a change in the cycloid spin structure 

[25] occur for the variation of the NaOH 

concentration. The research that has been done is 

obtained coercivity does not show any regular 

variation with increase in the molar concentration of 

Ti in CoFe2O4 at A-site [26], the magnetic properties 

of CoFe2O4 samples decrease with increasing the 

percentage molar [27], and variations in NaOH 

concentration 0.5 M – 6 M of Zinc-doped manganese 

ferrite nanoparticles resulted in the magnetization 

saturation increasing from 10.4 emu/g to 11.6 emu/g 

[19].  

Research on the effect of increasing the 

concentration of NaOH on the synthesis of bismuth 

substituted cobalt ferrite is never done. This research 

has initiated the effect of NaOH concentration on 

-10 -5 0 5 10
-80

-60

-40

-20

0

20

40

60

80

M
ag

ne
ti

za
ti

on
, M

 (
em

u/
g)

Magnetic Fields, H (kOe)

 MNaOH= 0.75 M
 MNaOH= 1.5 M
 MNaOH= 3.0 M
 MNaOH= 6.0 M

1 2 3 4 5 6

0.6

0.8

1

1.2

70

75

80

MNaOH (M)

H
C
 (

kO
e)

1 2 3 4 5 6
15

20

25

30

35

MNaOH (M)Molarity of NaOH (M)

M
S 

(e
m

u/
g)

M
r 

(e
m

u
/g

)

0 2 4 6

70

80

0

0.5

1

H
C
 (

kO
e)

0

M
ag

ne
ti

za
ti

on
, M

 (e
m

u/
g)

Magnetic Fields, H (kOe)

 MNaOH = 0.75 M
 MNaOH = 1.5 M
 MNaOH = 3.0 M
 MNaOH = 6.0 M

1 2 3 4 5 6

0.6

0.8

1

1.2

70

75

80

MNaOH (M)

H
C
 (k

O
e)

1 2 3 4 5 6
15

20

25

30

35

MNaOH (M)Molarity of NaOH (M)

M
S 

(e
m

u/
g)

M
r 

(e
m

u
/g

)

0 2 4 6

70

80

0

0.5

1

H
C
 (k

O
e)

(a) 

(b) 

-10 -5 0 5 10
-80

-60

-40

-20

0

20

40

60

80
M

ag
n
et

iz
at

io
n
, M

 (
em

u
/g

)

Magnetic Fields, H (kOe)

 MNaOH= 0.75 M
 MNaOH= 1.5 M
 MNaOH= 3.0 M
 MNaOH= 6.0 M

1 2 3 4 5 6

0.6

0.8

1

1.2

70

75

80

Concentration NaOH (M)

H
C
 (

k
O

e)

M
S
 (

em
u
/g

)

HC 
MS 

1 2 3 4 5 6
15

20

25

30

35

MNaOH (M)Molarity of NaOH (M)

M
S
 (

em
u
/g

)

M
r 

(e
m

u
/g

)

0 2 4 6

70

80

0

0.5

1

H
C
 (

k
O

e)



14                                           Saputro et al. / Jurnal Teknologi (Sciences & Engineering) 84:3 (2022) 9–15 

 

 

the physical properties of bismuth substituted cobalt 

ferrite and further research is needed to obtain the 

right concentration in the synthesis process using 

coprecipitation in order to obtain the best physical 

properties especially bismuth substituted cobalt 

ferrite. 

 

 

4.0 CONCLUSION 
 

The synthesis of cobalt ferrite has been successfully 

carried out with a molar concentration of NaOH (0.75 

M, 1.50 M, 3 M, 6 M) through the coprecipitation 

method. The bismuth substituted cobalt ferrite has a 

cubic crystal structure space group Fd-3m and the 

addition of molar concentration of NaOH in the 

synthesis process does not change the crystal 

structure but has an impact on changes in 

absorption strength. Finally, the variation of molar 

concentration of NaOH in the bismuth substituted 

cobalt ferrite preparation may tune the magnetic 

properties. 
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