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Abstract: 

A new idea in energy harvesting is to employ hydroelectric cells (HECs) to produce cleaner 

energy from water dissociation. Hydroelectric cells are beneficial and eco-friendly inventions 

of this century, which dissociate water molecules to generate electricity without an electrolyte. 

In this study, a sol-gel method was used to synthesize Mg0.7Zn0.3Fe2O4 nanoferrite in order to 

construct a hydroelectric cell that produces electricity by the dissociation of water molecules. 

X-ray diffraction revealed the cubic crystal structure (Fd-3m space group) with a crystallite 

size of 30.79 nm, approximately. For water to split on the surface of ferrite, substantial water 

absorption at 1638 and 3438 cm-1, and metal oxide bonds near 418 cm-1 and 547 cm-1 are shown 

by FTIR spectroscopy. FESEM imaging of the prepared ferrite with an average grain size of 

91 nm exhibited porosity in the prepared ferrite, which is 40.2 % theoretically by XRD studies. 

The crystallographic defects and O2 (oxygen) vacancies required for water dissociation are 

shown in PL studies performed at room temperature. The impedance analysis demonstrated a 

semi-circular Nyquist plot and a small tail, which signifies the presence of a low charge transfer 

resistance and Warburg impedance, respectively. The described ferrite surface dissociates 

water into H3O
+ and OH- ions by an electrolytic chain reaction, creating a voltage across 

electrodes. The V-I polarization plot indicated the offload current, open circuit voltage and 

offload power of 7 mA, 0.823 V and 5.61 mW, respectively. The enhanced porosity, crystal 

defects and oxygen voids are responsible for the dissociation of water molecules for the 

generation of electricity in Mg0.7 Zn0.3 Fe2O4 fabricated hydroelectric cell. 

Keywords: Hydroelectric cell; Magnesium Ferrite; Porosity; Oxygen vacancies; 
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Introduction 

The hydroelectric cells (HECs) have 

become an alternative eco-friendly energy 

source, which provide green electricity by 

the splitting the water molecules due to the 

oxygen deficiency in the nanoporous oxide 

materials [1]. The chemidissociation of 

H2O on the surface results in the 

dissociation of water molecules in H3O
+ 

and OH- [2]. The hydroxide ions get 

chemically bonded with the unsaturated 

surface cations, and further dissociate the 

physisorbed water molecule, which are 

physically bonded by hydrogen bonds. The 

nanopores present in the oxide materials are 

responsible for the trapping of some OH- 

ions, which generates sufficient electric 

potential [1-2]. The potential further 

dissociates the physically adsorbed water 

molecules into their respective ions, and 

movement of ions towards the electrodes 

generates electricity. The 

chemidissociation of water molecules is 

largely affected by O2 vacancies and the 

surface cations present on the metal oxide 

surface [1-4]. Besides metal oxides, spinel 

ferrites have also been used to produce 

green electricity from HECs recently. 

Magnesium ferrite, which has the chemical 

composition MgFe2O4, has an extensive 

application in the fields of data storage, 

MRI, drug delivery, catalysis etc.  due to 

some interesting characteristics like good 

chemical stability, moderate magnetization, 

and high electrical resistance [5-9]. There is 

a regular distribution of Mg2+ and Fe3+ s 

between tetrahedral (A-site) and octahedral 

(B-site) [10]. Kotnala et al. have 

investigated the defects and the porous 

microstructures present in the magnesium 

ferrites, which make it applicable as 

humidity sensors [ 11]. The surface of 

ferrite is rich in unsaturated surface cations 

and oxygen voids, which adsorb the other 

molecules such as water. Physiorption and 

chemisorption are the two adsorption 

processes. The substitution of the metal 

ions at the A or B site of the Magnesium 

ferrite creates the lattice distortion, which 

may affect the porosity and oxygen 

vacancies in the ferrites. This makes the 

metal substituted magnesium ferrite a 

potential candidate for hydroelectric cells. 

The extensive studies on ferrite fabricated 

HECs indicate an appreciable amount of 

generated electric currents. A research 

study explains that Li-substituted MgFe2O4 

pellet (surface area 17 cm2) provided 

current and power having values of 82 mA 

and 74 mW, respectively [12]. The BaTiO3-

CoFe2O4 nanoceramics fabricated HEC has 

generated the output current of 7.93 mA, 

described by Shah et al.[13]. An 

improvement in current densities (mA/cm2) 

was perceived in Ni-Li ferrite HEC with 

current densities of 3.6 and 3.8 mA/cm2 

[14]. NiFe2O4 hydroelectric cells were 

analyzed by Kotnala et al. to yield 15.3 mA 

current [15]. Saini et al. have obtained the 

short circuit current ranging from 24 mA to 

67 mA for the hydroelectric cells fabricated 

using lithium substituted nickel ferrite 

materials [16]. Manash et al. fabricated K+ 

substituted Mg-ferrite and found the output 

current ranging from 1.4 to 7.8 mA [17]. 

Na-substituted MgFe2O4 based HECs were 

investigated by Kumar et al., where the 

offload currents were reported in the range 

1.3-15 mA [18] Most of the studies have 

prepared the base material (ferrite or oxide) 

using solid state processing method. In this 

research sol-gel approach has been 

followed to prepared Zn-Mg nanoferrite. 

The HEC fabricated using zinc substituted 

magnesium ferrite has been investigated to 

observe the current and the power 

generation. The HEC fabrication using zinc 

substituted Mg-ferrite has not been done so 

far. A detailed impedance study of the 

prepared ferrite has been done to 

investigate the reasons of the current 

generation. Furthermore, the structural and 

optical characterizations have also been 

done for the defect related studies that may 

support the current generation in the 

fabricated HEC.  
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2. Materials and Method 

2.1. Preparation of Mg0.7Zn0.3Fe2O4 

materials 

A sol gel auto-combustion technique has 

been adopted to prepare Mg0.7Zn0.3Fe2O4 

materials, where magnesium nitrate [Mg 

(NO3)2.6H2O), Fisher-Scientific, 99 %], 

Iron (III) Nitrate nonahydrate [Fe 

(NO3)3.9H2O, Merk, 99 %], and citric acid 

monohydrate (Merck, 99%) were taken as 

starting compounds. The solution of these 

materials was prepared, and later 

appropriate mole of Zn (NO3)2 was added to 

the solution for the substitution of Zn2+ ions 

in the lattice. The solution was continuously 

stirred at 100 oC after adjusting the pH to 7 

till the formation of a gel. Later, the gel was 

burnt in hot air oven, and further annealed 

at 800 oC to get reddish-brown ferrite 

powder. Figure 1 displays the synthesis 

process.  

 

Fig. 1 Schematic of synthesis process 

 

2.2. HEC (Hydroelectric cell) fabrication 

In order to prepare the hydroelectric cell of 

the prepared ferrite materials, the pre-

sintering of the obtained amorphous ferrite 

was done at 500 oC for 2 h and later crushed 

for 20 mins. Using a suitable binder 

(polyvinyl alcohol), the pellet of dimension 

2.5 cm × 2.5 cm × 0.1 cm were formed and 

they were heat-treated at 800 oC for 1 h. For 

the formation of electrodes, one side of the 

pellet was zinc plated (anode), and opposite 

side was silver plated (cathode) in a unique 

comb like pattern. A schematic of 

fabricated hydroelectric cell is displayed in 

Fig. 2. 

 

Fig. 2 A schematic of fabricated 

hydroelectric cell 

2.3. Characterization 

The phase analysis was done by XRD 

(Bruker, D8 Advance, Germany). The 

vibration bonds were observed using FTIR 



Unravelling the green electricity generation using nanocrystalline Zn-Mg ferrite based 
hydroelectric cell: an emerging energy harvester 

 

Section A-Research paper 

 

 

2496 Eur. Chem. Bull. 2023,12(Special Issue 1, Part-B), 2493-2507 

 

 

spectroscopy (Perkin Elmer, UK). FESEM 

was used to observe the surface texture of 

the produced materials. The JEOL JEM 

2100 was used to carry out HRTEM 

imaging. The emission wavelengths were 

examined using PL spectroscopy (Perkin 

Elmer, UK) at an appropriate excitation. 

The developed hydroelectric cell's V-I 

measurement was explored using a 

Keithley-2400 Source metre, and the 

produced ferrites' impedance was measured 

using a Wayne-Kerr Impedance Analyzer 

6500B. 

3. Results and discussion 

3.1 X-Ray Diffraction  

The XRD patters were observed by XRD 

with 4º /min scan rate in the 2θ angle 

ranging from 20 º to 70º. Fig. 3 shows the 

well crystalline Mg0.7Zn0.3Fe2O4 materials 

synthesized at 800 ºC for 2 h. The 

diffractograms of the Mg0.7Zn0.3Fe2O4 

materials synthesized by sol-gel process 

reveal reflections (220), (311), (400), (422), 

(511) and (440) of Fd-3m space group 

(FCC cubic spinel), which confirms the 

magnesium ferrite phase (COD ID 

9003776) without any impurity. The 

prominent maximum peak intensity plane 

was observed as (311) plane. The inter-

planer d-spacing, lattice constant (a = b = 

c), cell volume (V), X-ray density (Dx), 

bulk density (𝐷𝑏) and porosity (𝑃) were 

calculated using the following relations [19, 

20]: 

n𝜆 =  2𝑑𝑠𝑖𝑛𝜃, (1) 

𝑎 = 𝑑[(ℎ2 + 𝑘2 + 𝑙2)]1/2, (2) 

𝑉 =  a3, (3) 

D𝑥  =  
8𝑀

𝑁𝑎3 , (4) 

𝐷𝑏 =
𝑀

π𝑟2ℎ 
 , (5) 

𝑃 % = (1 −
𝐷𝑏

𝐷𝑥
) × 100, (6) 

where notations have their general 

meanings [19] 

Fig. 3 XRD plot of Zn-Mg ferrite 

The values of inter-planer d- spacing, lattice 

constant, cell volume, X-ray density, bulk 

density (𝐷𝑏) and porosity (𝑃) were found to 

be 2.5170 Å, 8.3479Å, 581.75 Å3, 4.8467 

g/cm3, 2.182 and 40.2 %, respectively, 

which are in accordance with the ideal 

values of the cubic phase with a very small 

deviation, and represented in Table 1.   

The average crystallite size with respect to 

the maximum peak intensity of the prepared 

ferrite was calculated from the Scherrer’s 

formula (Equation 7) and found to be 30.79 

nm.  

𝑡 =
0.9𝜆

𝛽 cos 𝜃
 , (7) 

where t is the crystallite size and other 

notations have their usual meanings.

Table 1. XRD parameters of Mg0.7Zn0.3Fe2O4 prepared at 800 oC for 2 h 

2θ D (Å) a=b=c 

(Å) 

V (Å3) Dx 

(g/cm3) 

Db 

(g/cm3) 

Porosity (%) Crystallite size 

(nm) 

35.64 2.5170 8.3479 581.75 4.8467 2.182 40.2 30.79 
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In order to study the lattice strains due to the 

zinc substitution, the Williamson-Hall plot 

was drawn, which is demonstrated in Fig. 4.  

 

Fig. 4 W-H plot of magnesium ferrite with 

zinc substituted. 

The W-H equation is represented as follows 

[19, 20]: 

𝛽 𝑐𝑜𝑠 𝜃 = 
𝐾𝜆

𝐷
+ 4𝜀 𝑠𝑖𝑛 𝜃 , (8) 

 𝜀, 𝐷 and 𝛽 represent strain, average 

crystallite size and FWHM, respectively. 

The average crystallite size (D) has been 

found to be 35.28 nm from the value of the 

intercept ( 
𝐾𝜆

𝐷
 ) and the slope represents the 

lattice strain ( 𝜀), which is 4.63 × 10-4. The 

micro strain creates lattice disorders leading 

to various crystallographic defects such as 

oxygen vacancies, unsaturated surface Fe3+ 

cations, grain boundary defects etc., which 

are responsible for water dissociation at 

room temperature. These are explained in 

the following sections of manuscript. 

 

Fig. 5 Rietveld Refinement of 

Mg0.7Zn0.3Fe2O4 ferrite 

 Figure 5 shows the refined XRD patterns 

using Rietveld method, which indicates 

good fitting of XRD peaks with goodness 

of fit of 1.03. The refinement also indicates 

exact phase matching of the prepared Zn-

Mg ferrite corresponding to the spinel 

magnesium ferrite with Fd-3m space group. 

The structural constraints obtained in the 

present research is significantly different 

from previously reported works on zinc 

substituted magnesium ferrites. George et 

al. have reported a lattice constant a = 

8.41025 Å, crystallite size 40.41 nm and 

porosity 41.5 % of zinc substituted 

magnesium ferrite [21]. Compared to 

George et al., relatively lower lattice 

constant, lower crystallite size and a higher 

porosity has been obtained in our study. 

Powar et al. have found porosity ranging 

from 12 to 16 % of zinc substituted 

magnesium ferrite materials, which is very 

low as compared to the present study [22]. 

Abhishek et al. have found the lattice 

constant ranging from 8.41 to 8.44 Å of 

Mg1-xZnxFe2O4 nanomaterials, which is 

higher than the lattice constant obtained in 

the present study [23]. Choodamani et al. 

have investigated the porosity between 15.6 

and 16.51 % of Zn-Mg Ferrite, and 

crystallite size ranging from 47 to 80 nm 

[24]. But the present study shows a high 

porosity 40.2 %, and small crystallite size 

30.79 nm. 

3.2 Microstructure Analysis by FESEM:  

Figure 6 represents the surface 

microstructure of the prepared ferrite. The 

microstructure seems agglomerated having 

good porosity. The increased 

agglomeration may be due to enhanced 

surface to volume ratio [25, 26].  
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Fig. 6 FESEM image of Mg0.7Zn0.3Fe2O4 

ferrite 

To approximate the grain size, a histogram 

has been displayed in inset Fig. 6. From this 

histogram (inset of Fig. 6), the grain size 

has been evaluated to be 91.68 nm. Some of 

the experimental reports reveal that the 

magnesium ferrite bears the porous 

microstructure, which also supports our 

experimental study [21, 22, 24]. In Fig. 6, 

the nanopores are visible near the surface 

grain boundaries. H2O dissociate into 

hydronium and hydroxide ions as a 

consequence of the chemidissociation on 

the ferrite pellet surface [2]. The hydroxide 

ions form chemical interactions with the 

unsaturated surface cations and break apart 

the physically bound water molecules that 

are adsorbed, which are held together by 

hydrogen bonds. The   nanopores that allow 

certain H3O
+ ions to be trapped, 

create enough electrostatic potential [1-2]. 

The potential further separates the 

physically adsorbed H2O into their 

corresponding ions, and when the ions 

move in the direction of the electrodes, 

electricity is produced. Good porosity, 

evaluated theoretically in XRD studies, 

indicates that material may be considered 

for the generation of hydroelectric cell 

current [12-16]. 

3.3 HRTEM analysis 

 

Fig. 7 HRTEM image (a) Microstructure (b) SAED pattern of Mg0.7Zn0.3Fe2O4 ferrite 

The microstructure and SAED pattern are 

shown in Fig. 7(a-b), respectively, which 

collectively show HR-TEM imaging of the 

prepared Zn-Mg ferrite.  

The inset image of the histogram in Fig. 7 

(a) has been used to calculate the sample's 

average particle size, which was observed 

to be 63.76 nm. Observations from Fig. 7 

(b) show that the hkl diffraction planes are 

(220), (311), (400), (422) (511) and (440). 

The strongest of these planes is (311) in 

comparison to the others. The diffraction 

dots in the SAED image suggest that the 

sample is thoroughly crystallized, and 

sample's numerous different planes 

represent its polycrystallinity. The particle 

size became larger in comparison to the 

sample's crystallite size. This might be a 

result of the nanoparticles' agglomerating 

together due to magnetic attraction [18]. 
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3.4 FTIR Spectroscopy  

Fig. 8 displays the FTIR bands of MgFe2O4 

nanocrystalline material at 800 oC for 2 h. 

The possible composition of the 

synthesized magnesium ferrite material is 

tentatively identified using FTIR 

spectroscopy. The wavenumber locations 

have been found at 418 cm-1, 547 cm-1, 

1381 cm-1, 1638 cm-1 and 3438 cm-1. The 

vibrations of 418 cm-1 and 547 cm-1 

represent the Fe-O and Mg-O bond 

stretching, respectively. The higher 

wavenumbers at 1638 cm-1 and 3446 cm-1 

represent the vibration bands due to H2O 

molecules. Similar wavenumbers have also 

been reported in previous research works, 

and thus the phase formation of cubic ferrite 

can be strongly defended [21-25]. Surface 

of Zn-substituted ferrite exhibit a prominent 

absorption of water molecules near 1638 

cm-1 and 3438 cm-1. The greater 

chemidissociation of water into H3O
+ and 

OH- caused by the greater water absorption 

on the surface may improve current output 

in Mg0.7Zn0.3Fe2O4 fabricated hydroelectric 

cells [18]. The current generation has been 

explained in V-I polarization study of the 

fabricated hydroelectric cell. The vibration 

modes are given in Table 2. 

 

Fig. 8 FTIR analysis of zinc substituted 

magnesium ferrite. 

Table 2. FTIR vibration bands of MgFe2O4 at 800 ℃ for 2 h 

Wavenumber (cm-1) Vibration mode 

418 Fe-O stretching 

547 Mg-O stretching 

1381 NO3
2- symmetric vibration 

1637 H2O bending vibration 

3438 OH- stretching vibration 

 

3.5 PL Spectroscopy:  

In order to examine defects and O2 

vacancies in the prepared ferrite, the room 

temperature PL spectroscopy was 

performed with the excitation wavelength 

of 350 nm, which is demonstrated in Fig. 9. 

The emission wavelength was noticed 

between 457 nm and 523 nm in the visible 

range. The emission spectra consist of a 

strong blue emission (457-488 nm), and 

comparatively weak green emission (530-

523 nm).  At 480 nm, the maximum peak 

emission was located. The best 

explanations for PL emission involve two 

distinct phenomena or mechanisms. The 

radiative imperfections in spinel ferrite that 

are located near surface grain boundaries, 

are caused by a strong blue emission [26–

29]. The greenish PL emissions are caused 

by O2 vacancies in the produced ferrite [28, 

29]. The emission peaks from PL 

spectroscopy were observed to be 

consistent with several of the earlier 

investigations on ferrite nanoparticles [19, 

26, 29]. Such PL emissions are indicated by 

the emergence of new energy bands close to 

the crystalline material's conduction and 

valence bands as a result of the increase in 
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intrinsic defects. Significant oxygen 

vacancies and radiative defects are 

observed in the PL spectral region between 

456 and 520 nm. W-H analysis has 

confirmed that the crystal imperfections in 

this sample are due to micro strain. These 

electron-absorbing oxygen defects have a 

strong affinity to OH- in water. When H2O 

gets close to the oxygen void defect pairs, it 

splits into H3O
+ and hydroxide ions. Thus, 

the surface rich oxygen vacancies and the 

radiative defects make the material a 

potential candidate for HEC application. 

 

Fig.9 PL spectroscopy of Mg0.7Zn0.3Fe2O4. 

3.6 HEC Performance 

The V-I polarization plot of 

Mg0.7Zn0.3Fe2O4 based wet hydroelectric 

cell (HEC) was obtained to investigate 

green electricity generation. Figure 10 

represents the voltage, current and power 

(P) plot of prepared wet HEC. The open 

circuit voltage (Voc) of the prepared 

hydroelectric cell was measured 0.823 V 

and short circuit current (Isc) was 7 mA. The 

measured offload power was 5.76 mW. The 

V-I plot, illustrated in Fig. 10, has 3 

dissimilar regions: concentration loss 

domain (C-D), ohmic loss region (B-C), 

and activation loss zone (A - B). Ion 

transfers only occurs when the energy 

barrier is surpassed, and the minimum 

standard of energy required to do so is 

known as activation energy. The activation 

loss, that typically arises near low currents, 

is the loss experienced when overcoming 

the energy barrier [30–38].  

 

Fig. 10 V-I polarization plot of Wet 

Mg0.7Zn0.3Fe2O4 based HEC 

Due to ion mobility through the ferrites' 

nanopores, a considerable resistance is 

produced after surpassing the energy 

barrier. This area is referred to as the ohmic 

zone and therefore is linear. Very 

reactive insufficient ions that are accessible 

for the electrodes cause the concentration 

loss. The electronegativity of surface 

cations, porosity, and the oxygen voids all 

have a significant impact on the current 

output in HEC [30, 31]. The pull of electron 

lone pairs in H2O caused by the relatively 

electronegative Fe3+ drives the breakdown 

of water molecules into ionized species and 

is the source of current production in the 

ferrite-fabricated HEC [32–35]. 

Hydroelectric cells may generate current as 

a result of two significant occurrences, 

ie. the chemidissociation of H2O and 

its physiorption of via H-bonding [36–38]. 

The process of water molecules 

dissociating into H3O
+ and OH- ions, 

known as chemisissociation, is made easier 

by the significant attraction of lone pairs of 

H2O. The dissociated ions link with 

unsaturated surface cations and surface 

oxygen anions after chemidissociating 

H2O, forming a surface chemisorbed layer. 

Moreover, by hydrogen bonding, the 

chemisorption of OH- promotes 

physisorption of H2O [34–38]. Oxygen 

vacancies, also known as voids, have 

previously been said to aid in the 

chemidissociation of H2O and to serve as 

the key sites for this reaction [30–38]. 

Following the dissociation, the ions become 

trapped in the ferrites' nanopores and 
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produce the required electric potential [30–

38]. The physically adsorbed H2O is further 

dissociated by this potential. The 

hydroelectric cell produces the electricity 

through this iterative process via Grotthus 

chain mechanism. The electrochemical 

redox reactions at electrodes may be given 

as: 

At anode (Zn), 

Zn + 2OH-⟶Zn (OH)2 + 2e 

At cathode (Ag), 

2H3O
++2e⟶H2O + H2 

The presence of porous structure, grain 

boundary defect and the oxygen 

deficiencies in the processed ferrite can be 

evidenced from the XRD, FESEM and 

photoluminescence studies. Thus, the 

prepared ferrite has been used for 

developing the hydroelectric cell. The 

present study reveals comparatively higher 

current than some of the earlier reported 

works of HEC fabricated using TiO2, ZnO, 

Al2O3, MgO, silicon dioxide, CoFe2O4 etc. 

[13, 38].  

3.7 Impedance Analysis 

Impedance analysis of the fabricated wet 

HEC was performed at ambient 

temperatures in order to examine the 

electrical characteristics of the prepared wet 

hydroelectric cell. Figure 11 shows the 

impedance plot (also known as the Nyquist 

plot) of the wet HEC pellet. The original 

Nyquist plot derived from the experimental 

results is represented by the black curve, 

while the fitted Nyquist plot is shown by the 

red curve in Fig. 11. The semi-circular 

graph in the upper and intermediate 

frequency ranges, respectively, represents 

the impedance resulting from bulk and 

charge transfer at the grain boundary 

contact [30-35]. Similar to this, the 

migration of the ions is represented by a tail 

in the low-frequency band [30-35]. With 

the existing impedance measurements, an 

analogous electrical circuit has been created 

employing Nyquist plot fitting to analyze 

the resistance and capacitances caused by 

grains, grain boundary interface, and 

materials. In the analogous circuit (shown 

in Fig. 11), CPE1 stands for the charge 

transfer capacitance, C1 for the bulk 

capacitance, Ws for the Warburg 

impedance, R1 is the series resistance, R2 

for charge transfer resistance, and R3 for 

bulk resistance. CPE1 stands for constant 

phase component, and it exhibits non-ideal 

capacitive behaviour [30]. The increased 

rate of reactions at the electrodes is caused 

by the charge transfer resistance R2 [33]. 

Warburg impedance presence suggests that 

ions have diffused more effectively towards 

Zn/Ag electrodes [33]. As a result of 

improved cation-oxygen vacancies, there 

are more ions available at the electrodes, 

which causes water to dissociate to a higher 

extent. A slow flow of ions towards the 

electrodes is indicated by the high bulk 

resistance value (R3) [33]. Although the 

ions migrate slowly, the HEC fabricated 

with this material has a 7 mA output current 

due to low charge transfer resistance (R2) 

and the warburg impedance (Ws). The 

following Table 3 represents the obtained 

values of all the electrical components. 

 

Fig. 11 Nyquist plot of Mg0.7Zn0.3Fe2O4 

based wet HEC 
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Table 3: Fitted electrical parameters of impedance plot 

Materials R1 (Ω) R2(Ω) R3(Ω) CPE1 C1 Ws 

Mg0.7Zn0.3Fe2O4 21.97 133.8 9863 9.78 ×10-

11 

9.74×109 264.9 

 

Fig 10 Dielectric constant and loss tangent 

plot of Mg0.7Zn0.3Fe2O4 based wet HEC  

The equations given below have been used 

to compute the ferrite samples' dielectric 

constant (k) [39]: 

𝐶 =  
𝜖0 𝜖𝑟𝐴

𝑑
, (9) 

𝑘 = 𝜖𝑟 , (10) 

Here, C denotes capacitance, 𝜖0 refers to 

permittivity of free space, 𝜖𝑟 defines the 

relative permittivity and others have their 

usual meanings [39-46]. In Fig. 10, the 

dielectric constant (k) variability of the 

produced ferrite materials with reference to 

frequency is depicted (a). k rises at low 

frequencies due to the predominance of the 

dipolar and interfacial polarizations. 

Moreover, at higher frequencies, the 

dipolar polarization falls off and the 

electronic polarization rises, which reduces 

k and causes frequency independent 

instability [39, 40]. Many research 

studies have provided an explanation for 

how the dielectric constant decreases as 

frequency rises [38–46]. Spinel ferrites 

frequently exhibit a decrease in dielectric 

constant with increasing frequency, which 

supports Koop’s theory [47]. Figure 10 (b) 

represents the loss tangent Vs frequency 

plot of the prepared ferrite. The dielectric 

loss plots indicate peak near 700 Hz, with a 

high dielectric loss. The grain boundary 

relaxation of the charge carriers is 

responsible for such type of peak in the 

prepared ferrite. At low frequencies, the 

dielectric loss is high, whereas at high 

frequencies it reduces. Increased grain 

boundary resistance that is linked to 

dopants and defects at grain boundary, can 

occur more easily as a result of grain 

boundary relaxation [18]. The high 

dielectric constant of zinc substituted 

ferrite-based HEC pellet may be due to the 

increased value of capacitance. The higher 

capacitance or dielectric constant of Zn-

substituted HEC pellets is also because of 

the interfacial or surface charges produced 

by the splitted ions (H3O
+ and hydroxyl 

ions) near electrodes as well as within 

lattice [18]. The dipole-dipole relaxation of 

H3O
+/OH- hopping about the defective sites 

may be the cause of a significant loss peak 

between 100 Hz and 10 kHz [18].  

Conclusion: 

The nanocrystalline Mg0.7Zn0.3Fe2O4 

material has been synthesized by sol-gel 

technique, whose cubic phase having 

crystallite size of 30.79 nm was identified 

by XRD. The wavenumbers 418 cm-1 and 

547 cm-1, studied by FTIR spectroscopy, 

also indicate the spinel phase formation. 

The lattice strain evaluated by W-H plot is 

responsible for the crystal disorders in the 

prepared ferrite. The crystal disorders are 

responsible for defective surface grain 

boundaries, porosity and the oxygen 

vacancies in the prepared ferrite, which 

greatly impact on the hydroelectric cell 

behaviour of prepared ferrite. The 

theoretical porosity, 40.2 %, has been 

evaluated by XRD, which is also observed 

from the FESEM micrographs of the 

produced ferrite bearing the average grain 
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size of 91 nm. HRTEM studies indicate 

increased particle size near 64 nm due to the 

magnetic attraction between the 

nanoparticles, and the bright diffraction 

rings indicate polycrystallinity of 

nanoferrite.  Besides these, the PL studies 

reveal various defects such as grain 

boundary defect and O2 vacancies in 

synthesized ferrite corresponding to the 

emission wavelength ranging from 457 nm 

to 523 nm. These defects on the surface of 

ferrite pellet are responsible for water 

chemidissociation into H3O
+ and OH- ions. 

The trapping of H3O
+ ions in nanopores 

create adequate electric potential to split 

more water molecules. The impedance 

studies reveal sufficient charge transfer 

resistance and Warburg impedance, which 

are responsible for the fast reactions at 

electrodes and better diffusion of ions 

towards the electrode. This phenomenon 

supports the generation of electric currents 

in the ferrite prepared hydroelectric cell. 

Furthermore, the high purity H2 gas, 

liberated at Ag-electrode, may be used in 

H2 powered vehicles in near future. The 

prepared ferrite fabricated HEC displayed 7 

mA offload current with the offload power 

of 5.63 mW. Thus, a non-conducting 

surface of ferrite facilitates the spontaneous 

dissociation of H2O at room temperature to 

generate green electricity. 
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