International Journal of Science and Research (1JSR)
ISSN: 2319-7064
SJIF (2022): 7.942

Synthesis and Characterization of Cobalt - Doped
Zn0O Nanoparticles for Enhanced Photocatalytic
Activity

Renuka Thakur!, Dr. S. K. Udaipure?, Dr. Arun Sikarwar?

Research Scholar, Govt Narmada College, Narmadapuram
2Supervisor, Professor and Head, Department of Chemistry) Govt Narmada College, Narmadapuram

3Co — Supervisor, Professor and Head, Department of Chemistry) Govt Homescience P. G. College Narmadapuram Govt. Narmada
College, Narmadapuram
Email: renukathakurplus/at/gmail.com

Abstract: XRD, TEM and SEM studies were used to evaluate sol - gel - synthesized cobalt - doped zinc oxide (Zn0) nanoparticles. The
structural analysis showed that cobalt was successfully incorporated into the ZnO lattice, changing XRD signals. Undoped and doped
ZnO nanostructures were identified by SEM. Synthesised nanoparticles were examined for optical characteristics, particle size, and form.
The enhanced photocatalytic activity of the Co doped ZnO nanoparticles highlights their potential for various environmental applications
wastewater treatment, air purification, CO: conversion. This research contributes to the development of sustainable solutions for
environmental challenges like water pollution, greenhouse gas emissions. The work emphasises cobalt doping for photocatalytic
functionality and sustainability. It illuminates the production, characterization, and improved performance of cobalt - doped ZnO

nanoparticles.
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1. Introduction

Materials science and nanotechnology focus on cobalt - doped
zinc oxide (ZnO) nanoparticle manufacturing and
characterization to improve photocatalytic performance. This
study investigates photocatalysis synergy by adding cobalt
ions to ZnO nanoparticles. The regulated doping procedure
gives cobalt - doped ZnO nanoparticles unique characteristics
that optimize photocatalytic activity. The study will shed light
on the design and development of efficient photocatalysts for
environmental remediation and energy conversion. [8, 10]
Photocatalysis, which employs light to drive chemical
processes, has several applications, including environmental
cleaning and renewable energy. [1, 2]. ZnO nanoparticles
(NPs) have garnered significant attention in recent years due
to their unique properties and diverse potential applications.
One of their most exciting features is their photocatalytic
activity, which makes them valuable in various fields ranging
from environmental remediation to energy conversion. [16]

Applications of ZnO nanoparticles

Application research is drawn to ZnO due of its flexibility and
multifunctionality. Numerous synthesis methods allow ZnO
to be developed in nanoscale shapes such nanowires,
nanobelts, and nano springs. Without a catalyst, ZnO nano
powder sublimates into nanobelts. Each ZnO property is
useful. ZnO's 60 meV free - exciton binding energy permits it
to survive at ambient temperature and higher, enabling
various fine optical devices. [4]

Cobalt doping is investigated in this study to improve zinc
oxide (ZnO) photocatalytic effectiveness. The purposeful
addition of cobalt as a dopant to pure ZnO improves its
photocatalytic properties. This necessity highlights the need

to synthesize and characterize cobalt - doped ZnO

nanoparticles [5]

In the synthesis and characterization of cobalt - doped zinc
oxide (ZnO) nanoparticles, cobalt's unique properties and
catalytic potential in the ZnO matrix make it an environmental
friendly dopant. The strategic use of cobalt to modify ZnO's
electrical structure and improve photocatalytic activity is well
recognized. The abundance and low cost of cobalt help
sustainable materials science. Cobalt is used as a dopant to
increase ZnO's photocatalytic activity and promote green
activities. Cobalt is cheap and abundant. This collection
strives to create photocatalytic materials with increased
functionality and environmental sustainability. [6]

2. Methodology

Synthesis of Cobalt - Doped ZnO

Sol - gel - organized cobalt - doped ZnO nanocrystals were
synthesized from 16 g zinc acidic corrosive deduction get
dried out in 112 ml methanol. After attractive mixing at
ordinary temperature and expansion of the proper cobalt
acidic corrosive subsidiary, the arrangement was autoclaved
and dried under supercritical ethyl alcohol utilizing our past
procedure. Utilizing Cu Ka radiation (k = 1.5418 A"), XRD
tests of cobalt - doped zinc oxide nano powder were gotten
utilizing a Bruker D5005 diffractometer. As G % 0: 9k=B cos
hB 01p, where k = 1.5418 A”, hB = Bragg diffraction top
maximum, and B = half maximum line width, the Debye -
Sherrer decided crystallite sizes (G). Items were portrayed
utilizing a JEM - 200CX TEM. Zn; .x CoxO nano - crystallites'
dopant focus and cobalt particle synthetic holding were
assessed by EDX analysis. In the wake of dousing the as
grown items in EtOH and ultrasonic shower for 15 min, a
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couple of drops of the synthesized materials solution were
dropped onto TEM lattice to plan TEM examples. We utilized
UV3101 PC spectrophotometer with an incorporating circle
diffuse reflectance connection to obtain room - temperature
UV - visible optical spectra Spectrophotometers survey
foundation scattered powdered BaSO, reflectance.

For PL tests, the Laser Photonics LN 100 nitrogen laser line
at 337.1 nm was utilized. The example's sent light was
gathered by an optical fiber on the excitation side and exposed
to analysis utilizing a 2, 000 - pixel multichannel CCD locater
and a Jobin - Yvon Spectrometer HR460. A commercial
SQUID magnetometer was used to analyse magnetic fields
between - 60 and 60 k at 2 - 400 K (Quantum Plan, MPMS
XL).[3,7, 15]

Characterization technique

All photocatalysts synthesized were crystalline using APD
2000 Pro XRD. Sample structure is investigated using XRD
at 10°/min in the 26 range (10 - 70°). FE - SEM Hitachi
SU5000 examined nanoparticle surfaces. The photocatalysts'
MB dye solution absorption spectra were monitored from 450
to 800 nm using a Perkin Elmer UV Visible Spectrometer.
BET Micrometrics TriStar II measured synthesised powders'
surface areas. We also examined manufactured powder
particle size. [7, 8]

3. Results and Discussion

Structural Characterization

XRD patterns of Znl - xCoxO (0.00 B x B 0.05) samples,
indexed as ZnO wurtzite structure using POWDER - X
program, match standard data (JCPDS) and reveal a single -
phase hexagonal structure (Figure 1). No secondary phase
was found, indicating that the Co dopant is a substitutional
atom in the lattice.

160
140} ~ \
3 \
120 g T /i\k /(ﬂ\_ _./ &;
3 10F 1§ o — —
= =
> 8or / g g 8 _&§4
= 7 1 J Bc®
§ %[ x=00s 1} A A N
g l-o N - K {
40F 2003 LL 2 < 3 '\_,\,.’\._e.
x=0.02
20 Foco01 MMM TR ‘U
o |-undoped JUUL J _JW
20 30 40 50 60 70

20 (degree)

'Figure 1: Zn1 - xCoxO nanoparticle XRD patterns

Structural changes due to cobalt doping

Figure 1 depicts cobalt - doped zinc oxide (ZnO) nanoparticle
structural characterization, which explains how cobalt doping
impacts crystal structure. XRD patterns indicate that all Zn1 -
xCoxO samples within the necessary range (0.00 < x < 0.05)
maintain the hexagonal wurtzite structure of ZnO. The
absence of secondary phases allows the ZnO lattice to
substitute cobalt.

Figure 1's inset shows how cobalt content broadens
diffraction peaks (100), (002), and (101). It shows structural

alterations from cobalt doping. Peak shifting and broadening
indicate lattice parameter and crystallite size variations,
suggesting ZnO - Co solid solutions. When cobalt is doped
into ZnO nanoparticles for environmental and energy
applications, XRD pattern changes show atomic - level
structural changes, confirming doping and laying the
groundwork for photocatalytic activity enhancement. [9, 10]

Morphological Analysis

SEM images depicting the morphology of synthesized
nanopatrticles

Using scanning electron microscopy, the size distribution and
surface morphology of the cobalt - doped ZnO nanoparticles
were examined. To evaluate the morphology of individual
particles and assess the homogeneity of the sample, high -
resolution photographs were taken. Particle aggregation,
surface roughness, and any structural alterations brought on
by cobalt doping may all be seen using SEM examination.

Figure 2: Co - doped ZnO nanoparticle SEM micrographs. a
% and b % of Co

Optical properties of ZnO

ZnO is invisible to visible light yet retains UV energy under
3655 A. Higher ingestion than other white shades. Utilizing
UV - vis assimilation spectroscopy, the optical attributes of
the co - doped ZnO nanostructures were researched. The
typical assimilation spectra of ZnO nanoparticles that are both
unadulterated and Co - doped at varying centralizations of Co
are displayed in Figure 4. Additionally, with Co doping values
going from 0% to 7%, an unmistakable blueshift of the
retention edges is seen in the doped ZnO tests from 361 to 340
nm. The band - gap energy (Eg) upsides of the examples may
be evaluated by plotting (ahm) 2 versus hm (Fig.6). Solid sp
- d exchange communications between the restricted "d"
electrons of the dopant and the nomad "sp" transporters (band
electrons) as well as dynamic changes including 3d levels in
Co2 particles seem, by all accounts, to be the reason for the
energy increment from 3.33 eV (unadulterated ZnO) to 4.13
eV (7% Co). Figure 5 shows how tests of unadulterated and
7% Co - doped ZnO nanoparticles, respectively, exhibit an
outstanding band gap blueshift. The blueshift or expansion in
band gap can be explained by the Burstein - Greenery
peculiarity. This is the cycle by which the Fermi level and the
conduction band join because of an expansion in transporter
focus. Low energy changes are hence stayed away from.
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Figure 3: Variation in Co - doped ZnO nanoparticles' band
gap

UV - Vis - DRS

The UV - Vis - DRS of the undoped, co - doped, and Co -
doped ZnO (Co - ZnO) nanostructures are shown in Figure 4.
The change is attributed to cobalt doping of ZnO.
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Figure 4: Co - doped ZnO nanoparticles' UV - vis spectra at
ambient temperature

XRD Analysis

Figure 6 displays the XRD examples of co - doped ZnO tests.
The XRD showed that all examples showed a solitary crystal
of hexagonal wurtzite structure, in concurrence with the
JCPDS data set of card number 36 - 1451, without the
development of any secondary stage. This shows that CO;
integrated into the crystal's Zn?'destinations. At the point
when cobalt particles are provided as dopants at sums
underneath 7%, the diffraction tops shift to higher points,
showing that the unit cell agreements to occupy the particles
(see Fig.la - e). In light of the arrangement of more modest
normal widths got on by an increment problem on CO,, the
expansiveness widens. It's fascinating to see that the general
qualities of the XRD tops regarding ZnO rose alongside the
grouping of Co (a). While (002) was the favoured heading and
the intensity pinnacles of (100) and (101) werelowein (b), the
intensity pinnacles of (002) and (110) were higher. The (002)
top in ¢ is the most grounded; different pinnacles have all

diminished in size.
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Figure 5: a—e Co - doped ZnO nanoparticle XRD patterns. a
0%, b 1%, ¢ 3%, d 5%, and e 7% of the Co

4, Conclusion

The creation and characterization of cobalt - doped zinc oxide
(ZnO) nanoparticles for expanded photocatalytic activity
have been successfully displayed in this work. Utilizing a
scope of synthesis procedures and characterization
techniques, including energy - dispersive X - ray analysis
(EDAX), scanning electron microscopy (SEM), UV -
noticeable ingestion spectroscopy, and photoluminescence
spectroscopy, we have explored the primary, morphological,
and optical properties of the synthesized nanoparticles. Our
outcomes show that cobalt doping significantly works on the
photocatalytic efficiency of ZnO nanoparticles. Overall, our
research highlights how crucial cobalt doping is to
maximizing ZnO nanoparticle photocatalytic activity for
sustainability and environmental remediation. The
advancement of sustainable technologies and the mitigation
of water pollution may be greatly enhanced by the creation of
effective photocatalysts. Subsequent investigations might
concentrate on refining the synthesis procedure and
investigating the usefulness of cobalt - doped ZnO
nanoparticles in actual environmental remediation situations.
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