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Abstract: The crystalline structure and magnetic properties of Mn1-xCoxFe2O4 

(x = 0 & 0.25) was studied in this report. The ferrite materials were 

synthesized by the chemical co-precipitation method and calcinated at 1000oC 

for 5 hours. The obtained materials were characterized by FTIR, XRD and 

VSM, and for photocatalytic activity was measured by UV-Vis spectrometer. 

Vibration bands at tetrahedral and octahedral site were corresponded by 𝜗1 = 

581.56 cm-1 and 𝜗2 = 465.83 cm-1 and 474.51 cm-1 . The obtained ferrite were 

confirmed by XRD as spinel structure and shown that the addition of number 

of Mn decreased crystallite size (D) and x-ray density (ρx), but lattice constants 

(a) increased. The crystallite size of samples with x = 0.50 was 34.85 nm, and 

x = 0.75 was 32.17 nm. The magnetic properties of nanoparticles shown that 

magnetization saturation (Ms) from 42.05 emu/g to 54.16 emu/g increased 

with the addition of number of Mn. The coercive field (Hc) decreased from 

408.27 Oe to 258.37 Oe. Photocatalytic activity was observed by UV-Vis 

spectrometer, where percentage of MB degradation (E) increase with the 

addition of number on Mn from 49.08% to 69.06%, either rate constant (kapp) 

and half life time (t1/2).  Furthermore, ferrite material base Mn-Co-ferrite has 

good characteristic to applied for photocatalyst. 

Keyword : crystalline structure, magnetic properties, manganese cobalt 

ferrite, chemical co-precipitation, photocatalyst, Methylene Blue 

1.  Introduction 

The ferrite materials have been studied because their magnetic properties and nano-

sized crystallite known as magnetic nanomaterials (Enrico, 2017; Atif et al., 2016). The 

crystal structure of this material is a cubic spinel with a general formation MFe2O4, with 

"M" is a divalent cation such as Cu2+, Zn2+, Co2+, Mn2+, Ni2+, Mg2+, and others, and 

a trivalent Fe3+ metal ion. There is some spinel variation, normal spinel ferrite have M2+ 

in tetrahedral site and Fe3+ in octahedral site. Spinel ferrites with other formation 

trivalent ions (Fe3+) are equally divided between tetrahedral and octahedral site, and 

divalent ions (M2+) are on octahedral site known as inverse spinel (Kotnala & Shah). 
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Some physical characteristics from this ferrite material can be modified by substituting 

another metals (Boda et al., 2019; Swatsitang et al 2016).  

The new magnetic and others physical properties obtained from spinel ferrites which 

is the combination of Mn and Co in attract the attention of many researchers (Nasrin et 

al, 2019; Becyte et al., 2015; Jabbar et al., 2019). The purpose is to expand the application 

of this material, so it can be more appropriate in the utilization of human life. Manganese 

ferrite has low coercivity and high saturation magnetization (Kotnala & Shah), and cobalt 

ferrite has high magneto-crystalline anisotropy, high coercivity (Liu et al., 2006), high 

curie temperatures, moderate saturation magnetization, good mechanical and chemical 

properties (Purnama et al., 2018; Vlazan et al., 2014).  

The spinel ferrite materials has been widely implemented in the human life, i.e. for the 

industry (Caltun et al., 2007), drug delivery (Marcu et al., 2013), medical treatment 

(Doaga et al., 2013), antibacteria (Ashour et al., 2018), photocatalyst (Magone et al., 

2018). 

Photocatalysis is one of wastewater treatment. This technique is known as the 

advanced oxidation process, which toxic organics in water are destroyed without 

transferring into other form (Mota et al., 2009).  

The water pollution have been great issue in the whole world. This problem requires 

serious attention and treatment because water is primary need for human and animal life 

(Montgomery & Elimelech, 2007). There are many material that can contaminate water 

around people, such as heavy metal, plastic, anorganic-organic pollutants, dyes, etc 

(Forgacs et al., 2004; Sonu, 2019).  

Methylene blue (MB) Dyes are common matter that applied in the industries which 

used colouring process for their product (Sonu, 2019). The impact from this activity is 

waste water and aquatic pollution. The chemical material were contained in dyes solution 

can be toxic for human and animal (Masunga et al., 2019). Therefore, photocatalysis can 

be applied for treatment the wastewater, and this technique use the adsorbents for remove 

dyes. Thus, ferrite material can use for this photocatalys process.  

There are some methods that can be used in the synthesis of spinel ferrites material 

such as mechano-chemical synthesis (Becyte et al., 2015), combustion method, 

hydrothermal method, mechanical alloying (Vlazan et al., 2014; Hou et al., 2010; 

Koseoglu et al., 2012; Mostafa et al., 2013), sol-gel method (Xi & Xi, 2016), solid-state 

(Tsay et al., 2014), chemical co-precipitation (Nasrin et al., 2019; Lungu et al., 2015; 

Karaagac et al., 2019). This paper reported obtaining of manganese cobalt ferrite 

(MnxCo1-xFe2O4) with x = 0.50 & 0.75 synthesized by chemical co-precipitation 

method. 

The obtained materials are investigated by FTIR, X-ray diffraction (XRD), magnetic 

measurements (VSM), and UV-Vis spectrometer. This paper explained the study about 

effect of addition of Mn2+ cations in the substitution of manganese cobalt ferrite system. 

The substitution cations between Mn and Co causes the structure of crystal, magnetic 

properties in the ferrite system, and photocatalytic activity in MB degradation. 
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2.  Experimental work 

2.1.  Synthesis of nanomagnetic materials 

The method for synthesized nanomagnetic materials (MnxCo1-xFe2O4) was chemical 

co-precipitation. The main ingredients used were Mn (NO3)2∙4H2O (EMSURE 99%, 

Merck Germany), Co(NO3)2∙6H2O (EMSURE 99%, Merck Germany), Fe(NO3)3∙9H2O 

(EMSURE 99%, Merck Germany), and the titration using 4.8 M NaOH from 6 M NaOH 

(EMSURE 99%, Merck Germany). The calculation of stochiometric were Mn : Co : Fe = 

x : 1-x : 2, with x = 0.50 and 0.75.  

The first step was the main ingredients (Mn, Fe, Co) are dissolved in 200 ml of 

Aquades and stirred in 300 rpm for 15 minutes. Then, the solution was heated to 95oC 

and titrated drop by drop with 100 ml NaOH solution. The obtained solution from the 

titration process is deposited for 12 hours. The precipitate formed is washed 3 times with 

Ethanol and dried at 100oC for 12 hours. The obtained solids are manually pulverized for 

45 minutes and calcinated for 5 hours at 1000oC. Finally, the sample is manually 

pulverized again for 60 minutes. 

2.2.  Characterization and calculation 

The obtained samples were characterized using FTIR, X-Ray Diffractometer (XRD), 

Vibrating Sample Magnetometer (VSM), and UV-Vis spectrometer. 

FTIR measurements used to identifying Metal oxide bond in the samples and  the effect 

from addition Mn content in the subitution of ferrite system with calculation of force 

constants. The force constant for the tetrahedral (𝐹𝑡) and octahedral site (𝐹𝑜) calculate by 

formula 

 𝐹𝑡 = 4𝜋2𝑐2𝜇𝜗1
2  (1)

  

      𝐹𝑜 = 4𝜋2𝑐2𝜇𝜗2
2 (2) 

𝑐 is the velocity of light = 2.99 x 1010 cm/s, 𝜇 is the reduced mass of Fe3+ and O2- ions 

= 2.60 x 10-23 g. 𝜗1 and 𝜗2 are FTIR absorption bands which correlated with stretching 

of the bonds Metal – oxygen in the tetrahedral and octahedral sites.  

XRD calculation, crystallite size (D) and lattice constant (a) were determined using 

the Scherrer’s formula for the highest peak [3 1 1] with λ of the CuKα wavelength is 

1.54251 Å. 

Nasrin et al. [6] reported tha tetrahedral (𝑟𝐴)and octahedral (𝑟𝐵) ionic radii determined 

by Standley's equation. X-ray density was determined by the formula: 

 𝜌𝑥 =  
8𝑀

𝑁𝑎3  (3) 

M is the relative molecular mass of the sample, N is the Avogadro number, and a is 

the lattice constant.  

Finally, the magnetic properties of manganese cobalt ferrites (MnxCo1-xFe2O4) were 

determined using hysteresis curves of Magnetization field (M-H). 
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2.3.  Photocatalytic measurement 

Photocatalytic activity studies were carried out at the room temperature. the sample of 

10 mg manganese cobalt ferrite was placed in 15 ml of an aqueous solution of MB (10 

ppm). The wavelength of MB, λ = 664 nm. The sample was irradiated using UV lamp 

and stirring in magnetic stirred for 300 seconds, this step was carried out in dark box. The 

obtained aqueous solution measured by UV-Vis, the results were compared with pure 

MB. 

Photocatalytic efficiency (E) of MB dyes solution removal calculated by: 

  𝐸 = (1 −
𝐶𝑡

𝐶0
) × 100%  (4) 

𝐶0 is the initial concentration of MB before reaction and  𝐶𝑡 is the concentration of 

MB at certain time after reaction. The photocatalytic kinetic of dye solution can be 

calculated by the Langmuir-Hinshel Wood model, 

 ln
𝐶0

𝐶𝑡
= 𝑘𝑎𝑝𝑝 ∙ 𝑡       (5) 

𝑘𝑎𝑝𝑝 is the apparent rate constant, t is time of reaction. The pseudo-first-order reaction 

half life time (𝑡1/2) was calculated with formula 

 𝑡1/2 =
ln 2

𝑘𝑎𝑝𝑝
   (6) 

3.  Results & Discussions 

In CoFe2O4 which has an structure inverse cubic spinel, the divalent ions Co2+ & 

Mn2+occupy on site B (octahedral), and trivalent Fe3+ ions occupy on the A (tetrahedral) 

& B site (Kotnala & Shah). The MnFe2O4 which has a partially inverse cubic spinel, the 

trivalent Fe3+ ions occupy the A & B site, and divalent Mn2+ ions occupy the site B and 

the most cations are in A site (Atif et al., 2016). 

 
Figure 1 the FTIR spectra of the MnxCo1-xFe2O4 with x = 0.50 and 0.75. 

Figure 1 shows the FTIR spectra for cations in ferrite crystal of MnxCo1-xFe2O4. The 

vibrations of metal ions for ferrite crystal lattice usually in range 200-800 cm-1 (Gul & 

Akhtar, 2018; Arshad et al., 2019). The bands occurred at range 400-470 cm-1 revealed 

the octahedral band of Co/Mn-O (Samavati & Ismail, 2017; Ghahfarokhi & Shobegar, 
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2017) and another bands occurred at range 500-600 cm-1 revealed the tetrahedral band of 

Fe-O (Saputro et al., 2019). 

Table 1. The absorption band and force constant at tetrahedral & octahedral sites of 

MnxCo1-xFe2O4 

x 
𝜗1  

(cm-1) 

𝜗2  

(cm-1) 

𝐹𝑡  

(dyne/cm) 

𝐹𝑜  

(dyne/cm) 

0.50 581.56 465.83 3.10 x 105 1.99 x 105 

0.75 581.56 474.51 3.10 x 105 2.06 x 105 

 

The absorption for the manganese cobalt ferrite with x = 0.50 and x = 0.75 were at 𝜗1 

= 581.56 cm-1 as seen in the Table 1. From the result of the sample is known that addition 

Mn content in manganese cobalt ferrite sample has no change on the shift of wave 

numbers on tetrahedral site as shown at force constant (𝐹𝑡) = 3.10 x 105 dyne/cm for all 

samples. 

In octahedral site,  𝜗2 = 465.83 cm-1 and 474.51 cm-1 for x = 0.50 and 0.75.  The force 

constant (𝐹𝑜) = 1.99 x 105 dyne/cm increase to 2.06 x 105 dyne/cm with the addition of 

Mn contents, the total force constant enhancement of 0.08 dyne/cm attribute the 

redistribution and substitution of divalent cations (Mn2+ and Co2+), which indicate that 

the treatment of number of Mn ions affect physical properties at octahedral site (Saputro 

et al., 2019). 

 
Figure 2. the XRD pattern of the MnxCo1-xFe2O4 with x = 0.50 and 0.75. 

Figure 2 shows the XRD pattern of the sample MnxCo1-xFe2O4, and the pattern 

corresponds to the ICDD 22-1086 for Cobalt Ferrite (CoFe2O4) and ICDD 74-2403 for 

MnFe2O4 crystal structure with x = 0.50 and 0.75 and confirmed the formation cubic 

spinal structure Fd3m space group. In the sample x = 0.50 has a peak ( 3 1 1) which is 

higher than sample x = 0.75.  

Table 2 shows the results of the analysis based on Figure 2 by calculation from the 

Scherrer’s formula. Table 2 shows the lattice constant (a) and lattice strain (ε) increase in 
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the addition of Co content, while X-ray density (ρx) and crystallite size (D) decrease. Co2+, 

Mn2+, and Fe3+ ions can occupy site A (tetrahedral) or site B (octahedral) or both which 

affect the lattice constant (a) (Atif et al., 2016).  

Table 2. The results of crystalline parameter of MnxCo1-xFe2O4 

 
Magnitude of x  

x = 0.50 x = 0.75 

Lattice constant, a (x 10-10 m) 8.46 8.50 

Crystallite size, D (nm) 34.85  32.17  

X-Ray density, ρx (g/cc) 5.10  5.01  

Ionic Radii Octahedral, rB (x 10-11 m) 7.66  7.75  

Addition of Mn2+ content on the previous manganese cobalt ferrite causes Co2+ ions in 

B site substituted by Mn2+ increase, and the size of Co2+ is smaller than Mn2+ (Gul & 

Akhtar, 2018). Thus, The sublattice on-site B will increase, it can be shown by increasing 

ionic radii octahedral from 7.66 x 10-11 m to 7.75 x 10-11 m. Sublattice changes at the site 

B (octahedral) caused increase from 8.46 x 10-10 m to 8.50 x 10-10 m in lattice constant.  

The substitution of Mn2+ ions into the manganese cobalt ferrite system are also affect 

the decrease in the density value of MnxCo1-xFe2O4 (ρx)  from 5.096 g/cc to 5.007 g/cc, 

where the density of Co2+ and Fe3+ are greater than Mn2+ (Flores, 2015), so that addition 

of Mn2+ contents will cause the density of MnxCo1-xFe2O4 with x = 0.50 greater than x =  

0.75.  

 
Figure 3. M-H curve of the co-precipitated MnxCo1-xFe2O4 with x = 0.50 and 0.75.   

Figure 3 shows the M-H curve from the sample MnxCo1-xFe2O4 with x = 0.50 and 0.75, 

the curve with x = 0.50 is more linear than the sample with x = 0.75. The Magnetization 

saturation and magnetization remanent in the sample MnxCo1-xFe2O4 increase with the 

rise of presence of manganese, but neither with coercive field.  
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Table 3. Magnetic properties of MnxCo1-xFe2O4 

 
Magnitude of x 

x = 0.50 x = 0.75 

Magnetization Saturation, Ms(emu/g) 42.05  54.16  

Coercive field, Hc (Oe) 408.27  258.37  

Magnetization Remanent, Mr (emu/g) 9.84  9.93  

 

Table 3 shows saturation magnetization increased from 42.05 emu/g to 54.16 emu/g. 

The net magnetic material depends on distribution and substitution cation among 

tetrahedral and octahedral sublattice (Ahalya et al., 2014; Cojocariu et al., 2012).  The net 

magnetic moment for Co2+, Mn2+, and Fe3+ are 3 μB, 5μB, and 5 μB [23]. This also caused 

by increasing magnetic moments with the addition of presence of Mn2+ ions in B site. 

According to the theory of molecular field, the total net magnetization at temperature T, 

i.e. M(T) = MB(T) – MA(T), where MB(T) is the magnetization in B site (octahedral) and 

MA(T) is the magnetization in A site (tetrahedral).  

Thus, the magnetic interaction contributes to the value of magnetic properties. The 

magnetic moments can be caused interaction of metal ions on tetrahedral and octahedral 

site [3]. The addition of number of  Mn2+ ions to the manganese cobalt ferrite system 

caused interaction between Fe3+ ions at the same site tetrahedral and octahedral resulted 

A-A and B-B interactions and substitution of Mn2+ ions to Co2+ ions in octahedral site 

resulted B-B interactions (Nasrin et al., 2019).  

As the addition of manganese presence, the coercivity decreased from 408.27 Oe to 

258.37 Oe. This suggests that the samples tend to show superparamagnetic behavior.  

Generally, photocatalytic process have three steps : (i) the photon absorption with 

higher energy compared to band gap of nanoparticle, (ii) the separation of photogenerated 

pairs of electron (e-) and hole (h+), recombination, migration, or generation, (iii) the redox 

reaction on the nanoparticle surface (Pakzad et al., 2019). 

 
Figure 4. The Absorbtion pattern of the MnxCo1-xFe2O4 with x = 0.50 and 0.75. 
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The experiment of photocatalytic activity can be known at the adsorption curves from 

Figure 4. The Manganese cobalt ferrite indicated that the Methylene Blue (MB) dye 

solutions of about 49.08% and 68.06% was adsorbed on surface of the samples for x = 

0.50 and x = 0.75 after 300 seconds, respectively (Table 4). The adsorption results for the 

sample x = 0.50 show a low adsorption percentage toward MB dyes removal than sample 

x = 0.75. 

Table 4. Photocatalytic activity of MnxCo1-xFe2O4 in MB degradation 

x E (%) 𝑘𝑎𝑝𝑝 (1/sec) 𝑡1/2 (sec) Eg (eV) 

0.50 49.08 2.25 x 10-3 308.09 180.52 x 10-2 

0.75 68.06 3.80 x 10-3 182.22 180.05 x 10-2 

Table 4 also show results of calculation from equation 4-6, rate constant (𝑘𝑎𝑝𝑝) from 

methylene blue (MB) degradation at the sample with x = 0.75 was higher than the sample 

wit x = 0.50, i.e. 3.80 x 10-3 > 2.25 x 10-3 . The half life time (𝑡1/2) for photocatalytic 

reaction in MB dyes solution removal were 308.09 sec and 182.22 sec, where the sample 

with x = 0.50 was slower than the sample with x = 0.75.  

 
Figure 5. Tauc plot of the MnxCo1-xFe2O4 with x = 0.50 and 0.75. 

From tauc plot that showed by Figure 5, band gap energy of all samples have negative 

trend. Band gap energy for pure MB solution was 180.97 x 10-2 eV, 180.52 x 10-2 eV and 

180.05 x 10-2 eV for MB-MnCo-ferrite solution with x = 0.50 & x = 0.75. The addition 

of number of Mn content in MB solution reduced band gap energy, respectively. Beside 

that, the degradation of MB can be caused by magnetic separation of solids from aqueous 

solution (Dou et al., 2020), which magnetic properties changed with the addition of 

number of Mn content (Table 3). 

The sample x = 0.75 has crystallite size (D) 32.17 nm, this size was smaller than the 

sample x = 0.50 with 34.85 nm. Thus, the surface area on the sample with small size were 

larger than the sample with large size, naturally, the sample with large surface area have 

advantageous for photocatalytic action to involve the adsorption of MB dyes on their 

surface (Maniammal et al., 2018).  
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4.  Summary 

The MnxCo1-xFe2O4 with x = 0.50 & 0.75 were successfully synthesized by chemical 

co-precipitation method. The obtained materials confirmed have inverse structures spinel. 

Addition Mn2+ content into samples affects force constant on octahedral site and some 

crystal structure parameters, i.e. crystallite size and x-ray density decreased, but lattice 

constant increased. The magnetic properties from the samples also changed. 

Magnetization saturation and magnetization remanence increased, but the coercive field 

decreased with rise of presence of Mn2+ ions.  

Photocatalytic activity show that samples with high Mn content have high adsorption 

percentage toward MB dyes removal and increase the rate constant of MB degradation. 

Furthermore,the samples of  MnxCo1-xFe2O4 with x = 0.50 & 0.75 can be applied for 

photocatalyst of MB degradation. 
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