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ABSTRACT 
ZnO nanoparticles will be combined with an activated carbon nanocomposite electrode to create a supercapacitor 
cell. The component measurement and rudimentary composition of NPs were resolute using TEM-SAED, and their 
optical transparency was investigated and TEM representation confirmed that the unit dimension was between 10 
and 80 nm. Finally, the EI spectroscopy of ZnO and activated carbon is better considering its supercapacitor 
property. UV spectroscopy exposed an amalgamation signal at 372 nm, and the sample is transparent in the visible 
region at 5 mV/sec the conductance of the prepared sample is predictable to 185.2 F/cm2. The electrochemical 
impedance of ZnO nanocomposites and activate carbon with dissimilar accumulation ratios (1:1 to 1:3) was 
measured, and the estimated capacitance value (was 185.2 F/cm2).  
Keywords: Activated Carbon, ZnO Nanocomposite, Psidium guajava, Supercapacitor, ZnO, TEM-SAED, UV-Vis 
Spectroscopy. 
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INTRODUCTION 
The ability of permeable carbonaceous electrodes is enhanced by oxides like ZnO, NiO, MgO, and RhO.1-

4 Partial conductor Nps are gaining global consideration owing to the enormous potential in bio 
applications and optoelectronics.5-7 Specifically, semiconductors from the II-VI assembly contain be 
extensively used in bio and optoelectronic applications. ZnO is a visual and biocompatible feature with 
and band gap of 3.37 eV.  In comparison to other metal oxide nanoparticles, ZnO cover recently 
predictable as a talented aspirant for bio-applications, including medical, industrial, and technical 
applications.8 The morphology determines the bodily property with the intention of a second-hand 
multiplicity of application, resulting in the progress of a broad series of a method for synthesizing 
nanoparticles.9 ZnO NPs contain excellent properties such as elevated ultraviolet incorporation, an 
extended lifetime, and an elevated surface-to-size fraction.10 The high surface-to-size relation, medium11, 
gas antenna12, energetic stuffing for rubber and artificial, anti-virus representative within an outside layer 
and UV absorber surrounded by makeup13-14, solar cell15, varistors16, and electrical and visual strategy.17-22 
Leaf takeout, therefore, is used as a plummeting agent in the Phyto mediated ZnO NPs. As a result, the 
present learn to develop a ZnO Nps with leaf extract using a green chemistry approach. This method has 
numerous advantages, including a low-cost precursor and a higher-purity, larger-quantity product. It 
doesn’t need luxurious equipment and doesn’t use any intermediate substances additional benefits include 
its speed and environmental friendliness.                                      

 

EXPERIMENTAL 
Groundwork of Leaf Extract 
The plant Psidium guajava leaf was collected in Arumbavur, Perambalur District, India. They were 
cleaned with triple-deionized water before being cut into small pieces. 5 grams of fresh leaf pieces were 
extracted in a reflux condenser for 30 minutes with 100 ml deionized water. The extract was cooled to 
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space temperature at about 30˚C.23 Then, filter the solution with Whatman paper and refrigerate the 
filtrate for subsequent use. 
 

Synthetic Route of ZnO  
The newly prepared leaf extract mixture and the 1:4 zinc solutions were added and stirred at space 
temperature over 4 hours in conical flasks. 0.01 M ZnNO3 solution. In a 110 °C burning atmosphere 
stove, the resulting accumulation was dehydrated. The yellow-colored glue was calcinated at 400 °C to 
get well crystals of ZnO-NPs, which were then stored in air-tight containers for further characterization. 
Figure-1 depicts the synthetic way for ZnO nanoparticles. 

Synthesis of Zinc Oxide Nanoparticles

Psidium guajava
Leaf

H2O

Aqueous 
Leaf Extract

Zinc 
Nitrate 
Solution

PGLE+Zn(NO3)2

ZnO-NPs
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400˚C

 
Fig.-1: Schematic Design of ZnO Nanoparticles 

 

Production of Activated Carbon 
To remove dust, soil, and suspended impurities, the leaf was washed numerous times with double distilled 
water. To build excellent particles, the material was ground with a pestle and mortar. A combination of 
100g powdered fine materials and 50 ml con. H2SO4 was kept at space temperature for one day. To 
remove excess acid, the dried material was washed with double-distilled water. Finally, the fabric was 
dehydrated in a Stoppard bottle at 110 °C for 14 hours to remove moisture. 
 

Production of Activated Carbon-ZnO Electrode 
Activated carbon mixed with ZnO in multiple diverse proportions (1:3, 1:2, and 1:1) with the help of glue 
finished by combining n-methyl pyrrolidone and polyvinylidene fluoride. Following that, a brush was 
applied to AC-ZnO composite paste to a pre-weighted stainless steel power collector, which was then 
dried at 25°C. 
 

Characterization of ZnO-NPs 
UV-Vis spectrum and confirm the configuration of ZnO-NPs, a Shimadzu UV-1601 spectrophotometer 
was used. The FT-IR spectrum of HSLE was recorded in the KBr matrix by a BRUKER-FTIR-TENSOR-
27 spectrophotometer with a frequency range of 400 to 4000 cm-1. JEOL JSM 6390 was used to an 
acceleration voltage of 10 kV, the elemental composition of a Thermo EDX attachment. HR-TEM 
techniques were using a JEOL JEM 2100 instrument. The arrangement of ZnO was confirmed XRD 
SHIMADO-Model XRD 6000. The Nyquist curve was recorded using a CH electrochemical analyzer 
Model 604D. It was a three-electrode cell assembly that was used. Platinum and soaked calomel 
electrodes (SCE) were respectively used as counter- and reference electrodes. The electrode used was a 
composite electrode AC-ZnO. The EIS was used for electrochemical tests. Measurements of AC 
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impedances were performed using an AC signal with an amplitude of 5 mV of peak-to-peak range 
between 0.01 Hz and 100 kHz. 

RESULTS AND DISCUSSION 
Optical Spectral Analysis 
UV is a dominant tool for investigating the arrangement of ZnO NPs in an aqueous solution. Figure-2 
depicts the UV-Vis of leaf extract, ZnNO3, and ZnO NPs. The formation is confirmed by the SPR band of 
ZnO-NPs at 372 nm. The swinging of free transmission band electrons excited by occasion 
electromagnetic radiation causes SPR absorption. While the assortment of the occasion light distances 
exceeds the wideness of the particles, this type of resonance is observed. The pointed peaks indicate the 
synthesized particles be of uniform size. This is consistent with previously published research on ZnO 
amalgamation signal at 374 nm24-25 which proves the existence of ZnO nanoparticles. 

 
Fig.-2: The UV-Vis Range of Extract (a), Zinc Nitrate with Leaf Extract (b), and ZnO-NPs (c) 

 

 

Functional Groups Analysis of ZnO-NPs 
Figures-3a and 3b show the FT-IR of leaf mine and biosynthesized ZnO-NPs. FT-IR reveals several 
absorption bands at 3476, 1637, 1395, 1375, 1282, 1118, 1065, and 589 cm-1, as well as other small 
bands. These bands match the –NH group, the C=O group, the C-H scissoring and twisting modes in 
hydrocarbon chains, the C=O broaden in C-O-C, the C-N stretching vibrations, and the aromatic carbon-
carbon triple bond. ZnO NPs confirm a feeble amalgamation at 3480 cm-1 and 2929 cm-1, which can be 
accredited to aliphatic asymmetric C-H stretching sensations and acid –C-H stretching. The peak at 1743 
cm-1 corresponds to carbonyl group C=O vibrations. The peak of 672 cm-1 might accredit to CC 
vibrations. Vibrations of the M - O [Zn-O] bond are confirmed by the band at 483 cm-1.26 

 

 
Fig.-3: FT-IR Band of PGLE (a) and Psidium guajava Mediated ZnO-NPs (b) 

 

SEM and EDX Studies  
The shape of nanoparticles can be predicted using an SEM analysis of leaf-mediated nanoparticles. 
Figure-4a shows the ZnO has a Wurtzite hexagonal shape by unit dimension range beginning 10 to 90 
nm. Figure- 4b shows the EDX band of ZnO-NPs, which confirms the rudimentary composition of ZnO 
with 47% Zn and 53% O and no other signals present, representing the elevated clarity of synthesized 
ZnO-NPs. 
 
HR-TEM Analysis  
A TEM picture of ZnO-NPs is exposed in Figure-5. According to XRD data, the hexagonal (Wurtzite) 
shape of ZnO-NPs through atom sizes ranging from 10 to 80 nm is visible in the image. The 
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agglomeration of ZnO-NPs is caused by elevated exterior power owing to its synthesis in the aqueous 
medium, which results in a fine space between particles.27 The SAED outline projects that the particle is 
extremely crystalline in nature, and an understanding of rings contain spots, indicating that the 
nanoparticles contain a uniform shape, larger granule size, and are polycrystalline in the scenery. 
 

 
Fig.-4: (a) SEM Picture of ZnO-NPs, (b) EDX Spectra of Pure ZnO-NPs 

 
 

 

 
Fig.-5: HR-TEM Image of ZnO-NPs: (a) 20 (b) 10 (c) 5 nm and (d) SAED draft of ZnO-NPs 

 

XRD Studies  
As exposed in Fig.-6, the obtained diffraction peaks at 31.6, 34.2, 36.1, 47.5, 56.5, 62.7, and 67.9 
correspond to miller indices of 100, 002, 101, 102, 110, 103, 112, 201, and 202, respectively. The results 
obtained show that the JCPDS file 036-1451 is well agreed.22 The structure is confirmed to hexagonal 
Wurtzite structure. The clear and intense peak shows the crystalline personality of ZnO and its high 
purity. XRD prototype, the elevated - strength hit the uppermost point at the 101 planes is the 
distinguishing hit the utmost point of ZnO NPs and others diffraction peak does not recognized, 
indicating the clarity of ZnO-NPs. 

 
Fig.-6: XRD Patterns of ZnO-NPs 

Electrochemical Impedance   
A critical tool for the investigation of impedance with different ratios of AC-ZnO (1:3, 1:2, and 1:3) is 
examined with EIS. Figure-7 shows the Nyquist plots of AC-ZnO in 0.1 M Na2SO4 with two different 
ratios [1:3, 1:2]. In AC-ZnO (1:3 and 1:2), a distinct semicircle has been observed, implying a single 
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charge-transfer process between the working material and electrolyte. Table-1 shows the accuse 
relocation confrontation and specific capacitance ideals of AC-ZnO electrodes.  
 

 

 
Fig.-7: Impedance Contrive for AC-ZnO Composites with 1:3 and 1:2 Compositions, With an Inset Showing the 

Equivalent Circuit Model 
 

Table-1: Electrochemical Impedance Parameters for AC-ZnO electrode in 0.1 M Na2SO4 
Materials Scan rate (mV/Sec) Charge transfer resistance (cm2) Capacitance (F/cm2) 

AC-ZnO (1:3) 5 25.1 7.4 
AC-ZnO (1:2) 5 4.5 3.1 
AC-ZnO (1:1) 5 2.1 185.2 

 

The power relocation resistance increased as the ZnO content of the AC-ZnO composite mixture 
increased. Impedance diagrams for an AC-ZnO (1:1) electrode as a working electrode in 0.1 M Na2SO4 
were obtained (Fig.-8). At little frequencies, a linear fraction is obtained, and at high frequencies, a half-
moon is obtained. The capacitance worth increases at little frequencies owing to the large numeral of ions 
that move leading to a reduction in bulk resistance of the condenser. 

 
Fig.-8: Impedance Plots for AC-ZnO Composites at a 1:1 Mass Ratio 

 

A parallel combination of strength and capacity is responsible for the half-circle, while Warburg 
impedance leads to the linear district. The linear area in the small frequency area relies more on the 
imaginary axis and shows a good ability to conduct. The distance of the half-moon (1:1 AC-ZnO) 
decreased when compared to the other two compositions (2:1 and 3:1 AC-ZnO), implying an increase in 
the available huge exterior area on AC-ZnO (1:1 ratio) and less restriction in the electron transfer process. 
As a result, the AC-ZnO composite electrode performs admirably as a supercapacitor in power storage 
space devices. 

CONCLUSION 
SEM and TEM, physical properties such as unit dimension series from 10 to 80 nm. They are also 
chemically examined using FT-IR, EDAX, and XRD, which reveal the existence of ZnO-NPs. An 
electrochemical presentation of activated carbon and ZnO composite combination was also investigated 
using EIS with 0.1 M Na2SO4 as the electrolyte at a inspect pace of 5 mV/s, the prepared AC-ZnO 
nanocomposite electrode has an exact conductance of 185.2 F/cm2. The exact conductance of electrodes 
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decreases as the ZnO substance increases. The superior electrochemical presentation can be accredited to 
the elevated power conductivity of the trigger carbon and electroactive. Biosynthesized ZnO-NPs as 
supercapacitors after being composted with activated carbon. Supercapacitors have a high capacitance 
and supercapacitor active materials. 
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