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PseudocaPacitive characteristics of Mg doPed Zno NaNosPheres PrePared  
by coPreciPitatioN

A n-type semiconductor ZnO has high transmittance features, excellent chemical stability and electrical properties. it is also 
commonly used in a range of fields, such as gas sensors, photocatalysts, optoelectronics, and solar photocell. magnesium-doped 
zinc oxide (mg-ZnO) nano powders were effectively produced using a basic chemical precipitation process at 45°C. Calcined 
mg-ZnO nano powders have been characterized by FTir, XrD, Sem-eDX and Pl studies. XrD measurements from mg-ZnO 
revealed development of a crystalline structure with an average particle size of 85 nm and Sem analysis confirmed the spherical 
morphology. electrochemical property of produced mg-ZnO nanoparticles was analyzed and the specific capacitance value of 
729 F g–1 at 0.5 A g–1 current density was recorded and retained a specific capacitance ~100 percent at 2 A g–1 current density. 
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1. introduction

Semiconductor nanoparticles show a significant role in 
advanced research into the handling and distribution of simple 
resources for energy storage systems, magnetic systems, photo-
catalytic and biocompatible applications [1-4]. Although there 
are several reports available for the creation of metal oxide 
nanoparticles (ZnO, niO, Al2O3, TiO2, SnO2, etc) and their pho-
tocatalytic and electrochemical properties, the additional studies 
will enhance the making of metal oxide-based nanoparticles 
 [5-9]. ultracapacitor’s capacity to deliver high-power bursts 
over a shorter period of time relative to other storage devices 
was confirmed through applications in power systems, cars, solar 
cells, etc [10-13]. Carbon materials are the most commonly used 
conductor material due to its high specific area and low internal 
resistance and, similarly, metal oxides (ZnO, SnO2 and TiO2) 
which also have theoretical specific ability that can be used as 
a substitute [14-16]. ZnO is an n-type semiconductor with excep-
tional characteristics in the applications of electronics, chemicals 
and optometry due to its significant properties such as wide band 
gap of 3.3 eV at room temperature (rT) and high exciton binding 
energy (60 meV). moreover, zinc oxide with high thermal and 
chemical stability, low expense, non-toxic, clear doping, paid 

considerable interest in building supercapacitors [17]. ezhil Arasi 
and his team successfully synthesized nanostructured zinc vana-
date, Zn3(VO4)2, using a simple co-precipitation process and re-
corded an exclusive capacity of 312 F / g with high retention rate 
of approximately 90.7 percent after the 5000th cycle [18]. hybrid 
mnO-coated ZnO nanorods arrays successfully synthesised by 
chemical bath deposition and examined surface morphology and 
precise capacitance [19]. Zincite/ carbon nanocomposite formed 
by the addition of sugar solution to dicarbomethoxyzinc and its 
magnetic, electrochemical properties have been evaluated [20]. 
A green method reported by taking ZnO and TiO2 from Kaffir 
lime and ilmenite mineral, respectively, and their composite is 
prepared in the existence of SWnT’s (single walled nanotube’s) 
for the full use of electrochemically active nanomaterial for 
energy storage [21]. 

Guoyanwu and his colleagues reported the preparation of 
ZnO/n-OhPC and its application as a supercapacitor anode 
[22]. This is an example of a hybrid energy storage device that 
incorporates open-cell foam of graphene and ZnO electrodes to 
provide high energy capacity while simultaneously showing both 
high power density and high capacitance [23]. ZnO ‘s realistic 
usage as an electrode material is limited due to poor conductiv-
ity and a broad volume impact in the charging and discharge 
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phase [24]. in comparison, mgO has strong electrical stability, 
load storage strength, porosity and provides a way to interca-
late electrolytic ions into working materials. There are not lot 
of magnesium-doped ZnO nanomaterials synthesis studies and 
their supercapacitor implementations. This research describes the 
preparation including electrochemical properties of magnesium 
doped ZnO nanopowders through chemical precipitation. The 
substitution of magnesium in zinc oxide reduces the nanosize, 
which may improve significant performance of electrode conduc-
tivity of ZnO and influences in the charging and discharge phase. 

2. experimental

Critical chemicals for the synthesis of ZnO nanopowders 
by soft chemical process have been obtained from merck used 
without purification and deionized water used as solvent for 
solution. (1 m) Zn (nO)3 and magnesium nitrate hexahydrate 
(0.05 m) have been utilized as precursors for the synthesis. The 
salts were solubilized in 100 ml of deionized water in a magnetic 
stirrer for half an hour. naOh solution (2 m) was diluted with 
the starting solution to obtain a large volume of white precipi-
tate under continuous 45°C stirring. using purified water, the 
precipitates were filtered and washed for 4 hours in a hot air 
oven at 120°C and powdered in agar mortar. The final powder 
was calcined for 3 hours at 450°C and permitted to cool in the 
oven (Fig. 1). 

Fig. 1. Schematic diagram of preparation of nanoshpere calcinated at 
450°C

Further characterization studies have been performed on 
the collected nanopowders. The FT-ir spectra were reported 
between the wavenumbers of 4000-400 cm−1 using the Shi-
mADZu FTir 8400S spectrometer by mixing the samples 
evenly with KBr. XrD patterns attained in the 2theta range 
from 10-80o using BruKer, Germany, model-D8-Advance dif-
fractometer operating with Cu-Kш radiation (λ = 0.154060 nm). 
The particle size averages determined by the formula of Debye 
Scherrer eq. (1)
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here, 
 D – particles size average,

 λ – wavelength of the X-ray source,
 β – full-width at half-maximum (FWhm) and 
 θ – diffraction angle of Bragg.

lattice parameters a and c of mg-doped Zinc oxide samples 
were determined from (100) and (002) centered X-ray diffraction 
peaks using the equation eq. (2) and eq. (3)
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The assessment of basic electrochemical ability can be 
carried out by implementing the given term eq. (4)
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here, I cathode current applied, when t – discharge time, m – ac-
tive material mass, and V –  applied potential window. The sur-
face structures of the samples were attained from the JeOl JSm 
6390lV high-performance, low-cost electron microscope with 
a high resolution of 3.0 nm. using an ultra-sonication powder 
samples dispersed in deionized water, Pl spectra were col-
lected using a Perkin-elmer Pl spectrometer with an excitation 
wavelength of 260 nm. The following technique was applied to 
prepare Zn-mgO as a working electrode, where open cell foam 
of nickel was cleaned in 3 m aqueous hCl solution for half an 
hour under ultrasound. The open cell foam of nickel was then 
additionally washed with distilled h2O followed by C2h5Oh 
and dried at 80°C for 12 h in hot air oven. A 4 mg concentration 
of the active compound was coated on nickel foam and used to 
create a semi-liquid combination of the active compound. AC 
(Activated carbon) and polyvinylidene fluoride (PVDF) at 8:1:1 
ratio with n-methyl-2-pyrrolidone (nmP) was utilized as a sol-
vent. The semi-liquid mixture was coated to unit (1 cm × 1 cm) 
through a drop casting process and dried at 80°C in hot air for 
half a day. here, ni-foam mounted on active material behaves 
as a working electrode; platinum wire as counter electrode and 
Ag/AgCl electrode as reference electrodes with 2m Potassium 
hydroxide solution as electrolytes respectively.

3. result and discussion

Fig. 2 shows the infrared spectra of prepared undoped ZnO 
and mg-doped Zinc oxide nano- sized particles and the bands 
viewed at 543.09 cm–1 and 547.65 cm–1, of undoped ZnO and 
mg-doped ZnO nanoparticles proves metal oxides. Peaks at 
1384.26 cm–1 and 1580 cm–1 appeared for undoped ZnO and 
mg-doped ZnO nanoparticles were due to bent oxygen stretch-
ing frequency mode. The existence of peak about 3445.12 cm–1 
for undoped ZnO, in addition the band at 3445.19 cm–1 of mg 
doped ZnO were due to O-h stretching vibrations. From the 
above inference, variations in the peak shifts affirms the occur-
rence of mg doped ZnO lattice [25].
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Fig. 2. FTir spectra of ZnO and mg-ZnO calcinated at 450°C

Fig. 3 presents the XrD pattern of mg-ZnO nanoparticles 
synthesized by soft chemical process and calcined at 450°C. 
Both diffraction peaks corresponded to the hexagonal wurtzite 
structure of zinc oxide (JCPDS no. 36-1451). Diffraction shows 
that dopant addition does not lead to secondary phases and the 
x-ray diffraction pattern of mg-doped nPs remains unchanged, 
manganese ions are doped into the ZnO, and hence, a tiny 

amount of strain is influenced. The peaks 2θ = 31.44°, 34.37°, 
35.92°, 47.22°, 56.41°, 63.08°, 66.30°, 67.71° and 68.89° cor-
responding to (100), (002), (101), (102), (110), (103), (200), 
(112), and (201) planes of mg-ZnO are of high intensity and 
the diffraction intensity increases because of the incorporation 
of magnesium. most of the mg2+ ions substitution in the lattice 
to fill in the voids. Therefore, the original wurtzite structure of 
Zn nanoparticles is not altered even when mg-ZnO nanosized 
particles are formed [26]. The average particle size of mg-ZnO 
nanoparticles measured as 85 nm [27]. The lattice parameters of 
the mg doped ZnO specify the existence of doping mgO with 
values a = 3.25Å, c = 5.213 Å and c / a = 1.602 Å, as the differ-
ence is due to the lower ion radius of mg than Zn.

The images of mg-doped ZnO nanoparticles (Fig. 4a) 
displays that the prepared nanoparticles were non-uniform in 
size and almost sphere-shaped in morphology. The image shows 
the agglomeration was taken place and the nanoparticle size of 
mg-ZnO was measured to be around 85 nm, which was agree 
well with XrD [28].

Fig. 4b indicates the eDX spectra of mg-doped ZnO nano-
particles and specifies the presence of zinc and oxygen elements, 
further, mg in the host lattice and also indicates the nonap-
pearance of impurities connected with the XrD analysis. The 
higher peak in the spectrum indicates high concentration of the 
ingredient in doped nanomaterials. Fig. 4b indicates higher peaks 
Zn element than the associated elements of mg and O [29,30].

Fig. 3. X-ray diffractions of undoped ZnO and mg-ZnO calcinated at 450°C
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Fig. 5a shows the uV-Vis spectra of pure zinc oxide 
and mg-ZnO nano samples. The λ (wavelength) for prepared 
nano-sized samples was 326 nm for undoped ZnO and 328 nm, 
 mg-doped ZnO nanoparticles respectively. The characteristic 
peaks assigned to intrinsic bandgap absorption of pure zinc 
oxide and mg-ZnO nano samples. This could be because of 
surface-bound electrons tunnelling into holes that are already 
there. The strength of emission bands decreases as the mg con-
tent of the sample is raised, which blocks the recombination 
of photo-generated electrons and holes. moreover, mg ions 

serve as additional active defect sites within the ZnO lattice, 
producing additional visible light adsorption as a result. Fig. 5b 
depicts the optical characters of the synthesized undoped ZnO 
and  mg-ZnO tested using a photo-luminescent spectrum that is 
excited at a wavelength of 270 nm. The straight recombination 
of the exciton-exciton collision process for mg-doped ZnO 
samples occurred at 465 nm and was attributable to a high near-
band edge emission peak [31]. The absorption peak rises with 
the quantity of mg that is added. it is likely that different causes, 
such as particle size, lack of oxygen, and grain structure defects, 

Fig. 4. (a) Sem and (b) eDX images of ZnO and mg-ZnO calcinated at 450°C

Fig. 5. (a) uV-Vis absorbance and (b) Pl spectra of ZnO along with mg-ZnO calcinated at 450°C
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may lead to the rise in absorbance. When it comes to mg-doped 
ZnO nanoparticles, a large degree of absorption is observed in 
between 380 nanometers and 600 nanometers, although very lit-
tle absorption is seen in the visible zone, as shown in the image 
(Fig. 5b). The molecules in the lower energy state are excited to 
the higher energy states, allowing greater absorption of photon 
energy. Therefore, it is clear from the aforementioned results 
that the coprecipitation formed nanostructured mg-doped ZnO 
with superior textural properties. 

The electrochemical behaviors of undoped ZnO and mg-
doped zinc oxide and the following approaches, such as cyclic 
voltammetry, electroimpedence (eiS) and galvanostatic charging 
and discharging (GCD), were used to discuss the electrochemical 
properties of mg-doped ZnO. 

Fig. 6a shows the undoped ZnO and mg-ZnO CV curves, 
once the scan rate varies from 10-100 mV/s under 0-0.6 V 
potential window in (1 m) KOh electrolyte solution. CV of 
bare nickel foam was previously tested for active sample and 
the tests were related to the active sample, which was appeared 
to be poor for bare nickel. As the rate of scanning increased 
from 10-100 mV/ s, the redox peak change was observed and 
cyclic-voltametric curves show the oxidation peak of Zn2+ and 
Zn3+ in the anodized and reduction peaks of – 0-0.6 V cathodic 

region. Further, the linear increase in redox current peaks with 
a rising scan rate suggests the process in transfer of charges at 
the interface due to redox effects and a quick increase in the rate 
of mobility in electrons and ions [32-34]. The pseudo-capacitive 
aspect of the zinc oxide and mg-ZnO are clearly evident from 
the above findings and was as a result of the faradic effective-
ness between the particles in the electrolytic solution and the 
electrical loads on the surface of the working materials. The 
pseudo-capacitive activity of undoped ZnO and mg-doped ZnO 
shows a higher capacitive existence, which may be attributed to 
the creation of standardized and complete nanosphere structure 
discovered from Sem images, and it improves the intercalation 
between the charge carriers in the electrolyte to the working 
electrode. it is therefore important to remember that these pseu-
do-capacity behaviors for undoped ZnO and mg-ZnO could be 
attributed to nano-sized spheres exposure. Fig. 6b includes eiS 
synthesized ZnO and mg-doped ZnO nanosphere nyquist plots. 
electrochemical interface resistance, consisting of internal ac-
tive material sensitivity, electrolyte ion sensitivity and boundary 
interaction resistance between electrode and electrolyte, resulted 
from eiS juncture curves. Furthermore, the parallel curve with 
the same slope in the low frequency spectrum shows similar ion 
diffusion properties. 

Fig. 6. (a) CV curves and (b) eiS spectra of mg-ZnO calcined at 450°C
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With the aim of exploring the capacitive behavior of the 
undoped Zinc oxide and mg-ZnO galvanostatic charging and 
discharging tests, at current densities of 0.5-3 and 5 A g–1 were 
completed with the –1-0.5 V potential window (Fig. 7a). That 
shows asymmetric pattern of charging and unloading curves. 
Faradic electron transfer and ir (internal drop resistance) of 
the active material was responsible for nonlinearity and the 
existence of the high-level region occurred at the start of the 
discharge cycle [35].

The determined specific capacitance of the samples ob-
tained at varying current densities is shown in Table 1. The 
incomplete formation of spheres was a characteristic feature 
of mg-doped ZnO, which allows the transporter to enter the 
active sites and was well assisted by its unique capability. The 
observed superior capacitance of mg-doped ZnO might be due 
to nanoscale spheres, which increase the contact between the 
active site and the charge carrier in the electrolyte. The constant 
existence of the specific capacitance of mg-doped ZnO at current 
densities 1-2 A g–1 is clearly shown.

it’s clear from the Fig. 7b. that the mg-doped ZnO has an 
equal discharge form and a specific capacitance 0.5-5 A g–1. 
The calculated specific capacitance of ZnO and mg-doped ZnO 

are 213.6 F g–1 and 729 F g–1 at 0.5 A g–1 current density and 
retained their specific capacitance (200 F g–1 and 618.4 F g–1) of 
100 percent at current density 2 A g–1. it is clearly evident that 
addition of magnesium to ZnO increases the specific capacitance.

The stability measurement was considered as a significant 
study to be performed to inspect the stability of materials. The 
compatible chronopotentiometry technique mg-doped ZnO cy-
clic test for 500 cycles was tested in a 3-electrode device shown 
in Fig. 8. That elucidates the galvanostatic charge/discharge 
curves for the initial and final few cycles of the 500 galvanostatic 

Fig. 7. (a) GCD curves of ZnO and (b) mg-ZnO calcined at 450°C, (b) Specific conductance vs current density curves of ZnO and mg-ZnO 
calcined at 450°C

TABle 1

measured specific capacitance of mg-doped ZnO at varying  
current density

Potential window
(v)

current density
(ag–1)

Specific capacitance
(fg–1)

Zno Mg-Zno
0.5 0.5 213.6 729
0.5 1 220 662
0.5 2 200 618.4
0.5 3 240 481.8
0.5 5 100 338
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charge/discharge cyclic stability curves. it is assumed from the 
GCD curves that the discharge period has increased consider-
ably as the cycles number increases and the trend of the specific 
capacitance of mg-doped ZnO with a rise in the cycle number is 
shown in Fig. 8, reveals the material solidity. Observed steady 
increase in specific capacitance from 481.8 to 618.4 F g–1 and 
an increase of up to 102 percent of the initial capacitance for 
500 cycles at 5 A g–1 current density [36].

Fig. 8. GCD curves of mg-ZnO for 500 cycles at current density 5 A g–1

4. conclusion

mg-doped zinc oxide has been effectively synthesized 
using a soft chemical process at room temperature and cal-
cined at 450oC to improve the crystalline nature of the sample. 
Prepared mg-doped ZnO was analyzed with XrD, Pl, FTir, 
and  Sem-eDX spectral analysis, which showed spherical 
morphology with a mean size of particle ~85 nm. in addition, 
FT-ir shows the potential chemical group present in it, and 
the elemental composition confirms the purity of the sample. 
Pseudo-capacitive studies further illustrate the electrochemical 
properties of  mg-doped ZnO with a higher specific capacitance 
of 729 F g–1 at current density of 0.5 A g–1 and maintain a specific 
capacitance of 100 percent at current density of 2 A g–1. The 
redox nature of the mg-doped zinc oxide is one of the pristine 
candidates for ultra-capacitor applications. in addition, cyclic sta-
bility studies showed a steady increase in real capacitance from 
481.8 to 618.4 F g–1 and an increase of up to 102 percent of the 
early capacitance for 500 cycles at a current density of 5 A g–1.
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