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 Detecting liver abnormalities is a difficult task in radiation planning and 

treatment. The modern development integrates medical imaging into 

computer techniques. This advancement has monumental effect on how 

medical images are interpreted and analyzed. In many circumstances, manual 

segmentation of liver from computerized tomography (CT) imaging is 

imperative, and cannot provide satisfactory results. However, there are some 

difficulties in segmenting the liver due to its uneven shape, fuzzy boundary 
and complicated structure. This leads to necessity of enabling optimization in 

interactive segmentation approach. The main objective of reinforcing 

optimization is to search the optimal threshold and reduce the chance of falling 

into local optimum with survival of the fittest (SOF) technique. The proposed 
methodology makes use of pre-processing stage and reinforcing meta 

heuristics optimization based fuzzy c-means (FCM) for obtaining detailed 

information about the image. This information gives the optimal threshold 

value that is used for segmenting the region of interest with minimum user 
input. Suspicious areas are recognized from the segmented output. Both public 

and simulated dataset have been taken for experimental purposes. To validate 

the effectiveness of the proposed strategy, performance criteria such as dice 

coefficient, mode and user interaction level are taken and compared with state-
of-the-art algorithms. 
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1. INTRODUCTION  

The liver [1] is the second-largest internal organ in human body. It helps to keep the human body free 

of toxins and toxic substances, helps to maintain body's metabolic balance. It is found in the abdomen upper 

right quadrant and weighs one and a half kilograms. The liver has many activities, including blood filtration, 

synthesis of protein, processing nutrients and fats, storing carbohydrates and transforming harmful substances 

into water solvable compounds. It is additionally inclined to a few kinds of liver ailments. The World Health 

Organization (WHO) [2] conducted statistical research on liver illnesses and concluded that it is one of India's 

most common ailments. Liver diseases can be identified with different colors for example brown for fibrosis 

yellow for fatty liver and blue for cyst.  

Medical imaging [3] is a well-known technology used to view and examine the internal parts of the 

human body. This imaging provides a detailed informative mapping of a subject’s anatomy. Because this 

imaging is primarily utilized for diagnosis, it is also known as diagnostic imaging. To diagnosis a specific 

problem in the human body, medical experts have used therapeutic hardware tools for image analysis. But 
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Abstract—One of the most important concerns facing urban 

regions across the world is air pollution. As a result, it's critical 

to monitor pollution levels and notify the public on the state of 

the air. An indicator called the Air Quality Index (AQI) does this 

by mapping the concentration of different contaminants into a 

single number. Because the examination of pollutant data is 

frequently opaque to outsiders, poor environmental control 

judgments may result. This has led to a need for a tamper-proof 

pollution management system for use by authorities, like the state 

and central pollution boards.  To address these challenges, a 

model using machine learning algorithms to predict the air 

quality and store that information in the blockchain is proposed. 

Machine learning algorithms are used to categorize the air 

quality, and blockchain technology guarantees a permanent, 

tamper-proof record of all air quality data. Such a system might 

address the persistent issues with data dependability, 

immutability and trust in pollution control. The execution time of 

two main operations on blockchain are measured. The execution 

time of the put block is measured as 10 ms and the get block gets 

executed in 1 ms that fetches data from the blockchain ledger. 

Keywords—Air pollution; air quality index; machine learning; 

blockchain technology 

I. INTRODUCTION 

Air quality refers to how well the air is suited for breathing 
by people, animals, and plants. An average healthy person 
breathes approximately 14,000 liters of air each day. As a 
result, poor air quality may have an effect on the quality of life 
for both the present and future generations by hurting human 
well-being, the environment, the economy, and urban 
sustainability. 

 

Fig. 1. Air quality index (AQI) category range 

The government keeps an eye on the air quality in various 
locations to determine the pollution level and to ensure that 
pollutant levels are within acceptable limits for human health. 
Air quality agencies can better plan how and when they will 
take action to safeguard the public's health by identifying how 
much pollution is present in a given location. Fig. 1 shows the 
AQI category range of the major pollutants. 

The current technique for tracking industrial pollution is 
centralized, with a lack of openness and the possibility of data 
falsification. As a result, a consistent and tamper-proof 
mechanism must be utilized, such as secure software with data 
encryption and simultaneous data transfer directly to the 
regulator. Blockchain delivers Distributed ledger technology 
(DLT), which possesses the potential to solve many of the 
present system's open issues. Blockchain nodes are a network 
of multiple storage and computing devices that replicate data 
over a highly available and fault-tolerant infrastructure. Thus, 
blockchain facilitates the operation of a distributed database 
that is transparent and tamper-resistant. There is a need to 
design and develop an application using machine learning to 
predict Air quality category and store it on the blockchain that 
ensures it is tamper-proof and secure. The proposed system has 
three modules namely machine learning model, Blockchain 
network and Client application 

The machine learning model is trained using industrial air 
pollution data. Supervised learning algorithms such as random 
forest classifier, decision tree classifier and Naive Bayes are 
used to predict the air quality index and the quality range of the 
given input data. The design of the ML model has these phases. 
The dataset comprises pollutant concentration information 
from over 15 industrial areas across India. This data set has 
around 37-40 pollutants, but the seven most appropriate 
pollutants are considered. The dataset is cleaned and 
partitioned into training and testing data. On comparing the 
results, best results were obtained from decision tree classifier 
with an accuracy of 99.6%. 

The next module is the Blockchain network. The chaincode 
contains the ML model deployed in it. Once the client supplies 
the data to the blockchain, the chaincode that has the ML 
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Abstract
Lung cancer is a leading deadly form of the illness that is the cause of one million deaths around the world every year.

Identification of lung nodules on chest computed tomography (CT) scans has become an extremely necessary procedure in

modern medicine as a result of the present state of things in the field of medicine. This occurs as a result of the fact that

lung cancer does not display symptoms until it has progressed. Early detection and precise diagnosis of suspected

malignant lung nodules will improve therapy and lower lung cancer mortality. This paper proposes a transfer learning-

based approach to classify lung CT images and detect the cancer. The input images are first sent to the pre-trained hybrid

model consisting of AlexNet, VGG and GoogleNet. The model extracts features from the images, and these features are

sent to the multi-class support vector machine (SVM) for classification. As in any deep learning model, the data are first

trained and then tested on real-time images. The training of the model is done with the help of IQ-OTH/NCCD dataset

which contains 1190 images belonging to three categories, normal, benign and malignant. The data are divided into

different ratios while training and validation stages to test the efficiency of the proposed model. The proposed model

obtained a superior accuracy of 97% which is much higher than the existing models.

Keywords Lung cancer � CT scan � AlexNet � VGG and GoogleNet � SVM � Transfer learning

1 Introduction

Lung cancer is the most common kind of cancer to end in

mortality, and this is mostly attributable as the disease is

diagnosed at a very later stage (Asuntha and Srinivasan

2020). There is presently no possibility that a therapy will

be discovered that will be effective. Lung cancer is com-

monly acknowledged to have one of the highest mortality

rates among all types of cancer, regardless of whether a

country is classified as developed or developing (Travis

2020). An increase in the rate of urbanization, an increase

in the average life expectancy, and the adoption of western

lifestyles are some of the reasons that are contributing to

the rise in the prevalence of lung cancer in emerging

countries. Both the early diagnosis of cancer and the con-

tinued health of those who already have the illness are

crucial to the prevention and treatment of lung disease.

Worldwide, lung cancer is among the most prevalent

forms of the disease and ranks among the leading causes of

mortality due to the disease. It is responsible for thirteen

percent of all newly diagnosed instances of cancer and

nineteen percent of all deaths caused by cancer globally. It

is anticipated that 1.8 million new cases of lung cancer

were diagnosed in the year 2021. In India, 6.9 percent of all

new instances of cancer and 9.3 percent of all fatalities

linked to cancer are attributable to lung cancer. This per-

centage applies to people of both sexes. In terms of new

cancer cases, lung cancer accounts for 6.9 percent (Malik

and Raina 2015 Jan).
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A B S T R A C T   

In the present study, SnO2 nanoparticles were synthesized, and their structural features were evaluated by X-ray 
diffraction (XRD), scanning electron microscopy (SEM), energy dispersive X-ray analysis (EDX) and transmission 
electron microscopy (TEM) techniques. Modified electrodes (MCPE) were prepared and utilized to access the 
electrochemical behaviour of dopamine. This study was conducted in a phosphate buffer solution with a pH 
value of 7.2. The results indicate that the modified carbon paste electrode (MCPE), with a high active surface 
area, exhibited excellent electrochemical sensing properties and demonstrated good reproducibility and high 
sensitivity for the electrochemical determination of DA. Potentially interfering compounds were tested at the 
surface of the proposed sensor, confirming that, they did not interfere with the determination of DA under 
optimum condition. Additionally, the photocatalytic properties of SnO2 were evaluated in degradation of 
cationic and anionic dyes. It was concluded that the higher photocatalytic activity in SnO2 nanocomposites was 
attributed to their porosity and high surface area.   

1. Introduction 

Dopamine (3,4-dihydroxyphenethylamine), a biologically important 
organic compound belonging to catecholamine and phenethylamine 
families, plays a key role in brain and body metabolism of the human 
system. The functions of dopamine includes, cardiovascular, central 
nervous, renal and hormonal systems proving its importance in human 
metabolism [1,2]. Imbalances in the dopamine levels can lead to various 
disorder, such as Parkinson’s disease, Tourette syndrome, Dementia, 
schizophrenia and attention deficit hyperactivity disorder (ADHD) [3, 
4]. For neurophysiological analysis or diagnosis, controlling the con
centration of DA is necessary. Various techniques have been developed 
over the past couple of decades for the selective and sensitive detection 
of DA, including chemiluminescence, fluorimetry, capillary electro
phoresis, mass spectrographic and ion chromatography [5,6], etc. 
However, electrochemical process have gained widespread interest 
compared to the aforementioned techniques due to several advantages, 
such as rapid identification, ease, reproducibility, remarkable 

cost-effectiveness, non-destructiveness [7,8]. 
The easier oxidation of dopamine (DA) at the surface of the electrode 

is due to its electro-active nature; therefore, electro-oxidation-based 
electro-analysis of DA has been commonly proposed. The coexisting 
components in the samples may cause serious external interference on 
the bare working electrode. In this regard, various types of chemically 
modified electrodes incorporating polymers, metal ions, and carbon 
based nanoparticles, have been developed in recent years and tested for 
advancement of accuracy and sensitivity [9–12]. Generally, the working 
electrodes are used in electrochemical sensor and biosensors as an 
electrode materials [13–15]. The key benefits of the carbon paste elec
trode include the simple preparation process, the creation of a fresh 
surface for detection and the production of low residual current in large 
potential windows. Furthermore, they exhibit strong electrical conduc
tivity and mechanical strength due to their high accessible surface area. 
Moreover, these carbon paste electrodes can be doped with organic and 
inorganic molecules with large π-conjunction, thereby improving the 
activity and accuracy of drug sensing [16–19]. 
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A B S T R A C T   

Biosynthesis of nanoparticles is increasingly becoming popular due to the demand for sustainable 
technologies worldwide. In the present investigation, Acmella oleracea plant extract fuelled 
combustion technique followed by calcination at 600 ◦C was adopted to prepare nanocrystalline 
Ca2Fe2O5. The prepared nano compound was characterised using X-ray powder diffraction (XRD), 
scanning electron microscopy (SEM), Ultra Violet (UV) spectroscopy, Infrared (IR) spectroscopy 
and its role was assessed for photocatalytic pollutant degradation along with bactericidal action 
in the concentration range of 1 μg/mL to 320 μg/mL. The photocatalytic degradation efficiency of 
pollutant drugs Clopidogrel Bisulphate and Asprin used for cardiovascular disorders is around 
80% with 10 mg/L photocatalyst. The results showed that the photocatalytic activity increased 
with rising pH from 4, to 10, along with a significant antibacterial action against Enterococcus 
faecalis bacteria and a slight cytotoxic effect at high concentrations. The antibacterial property 
was reinforced by Minimum inhibitory concentrations (MIC) and Minimum bactericidal con
centrations (MBC) studies with an average value of 0.103 at 600 nm which was further proved by 
significant anti-biofilm activeness. Adhesion tests in conjunction with cryogenic-scanning electron 
microscopy displayed a morphological change through agglomeration that caused an expansion 
in nano particles from 181 nm to 223.6 nm due to internalization followed by inactivation of 
bacteria. In addition, the non-toxicity of nano Ca2Fe2O5 was confirmed by subtle cytological 
changes in microscopic images of Allium Cepa root cells in the concentration range 0.01–100 μg/ 
mL and a slight inhibition in HeLa cell proliferation indicated by IC50 value of 170.94 μg/mL. In 
total, the current investigation for the first time reveals the application of bio based synthesis of 
Nano Ca2Fe2O5 to new possibilities in bioremediation namely degrading cardiovascular phar
maceutical pollutants, endodontic antibacterial action and cytological activity.   

* Corresponding author. Department of Medical Electronics Engineering, B.M.S. College of Engineering, Bengaluru, India. 
E-mail addresses: abhishek.ml@bmsce.ac.in, am.appaji@maastrichtuniversity.nl (A. Appaji).  

Contents lists available at ScienceDirect 

Heliyon 

journal homepage: www.cell.com/heliyon 

https://doi.org/10.1016/j.heliyon.2023.e15933 
Received 24 February 2023; Received in revised form 24 April 2023; Accepted 27 April 2023   

mailto:abhishek.ml@bmsce.ac.in
mailto:am.appaji@maastrichtuniversity.nl
www.sciencedirect.com/science/journal/24058440
https://www.cell.com/heliyon
https://doi.org/10.1016/j.heliyon.2023.e15933
https://doi.org/10.1016/j.heliyon.2023.e15933
http://crossmark.crossref.org/dialog/?doi=10.1016/j.heliyon.2023.e15933&domain=pdf
https://doi.org/10.1016/j.heliyon.2023.e15933
http://creativecommons.org/licenses/by/4.0/
harish
Highlight



Heliyon 9 (2023) e15933

Available online 29 April 2023
2405-8440/© 2023 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).

Research article 

Acmella oleracea induced nanostructured Ca2Fe2O5 for evaluation 
of photo catalytic degradation of cardiovascular drugs and 
bio toxicity 

Neelam Patil Radhika a, Malini S b, Kalyan Raj b, K.S. Anantharaju c, Shylaja K. R a, 
Abhishek Appaji d,e,* 

a Department of Chemistry, K.S. Institute of Technology, Bengaluru, India 
b Department of Chemistry, B.M.S. College of Engineering, Bengaluru, India 
c Department of Chemistry, Dayananda Sagar College of Engineering, Bengaluru, India 
d Department of Medical Electronics Engineering, B.M.S. College of Engineering, Bengaluru, India 
e University Eye Clinic Maastricht, Maastricht University, Maastricht, the Netherlands   

A R T I C L E  I N F O   

Keywords: 
Calcium ferrate 
Photocatalytic 
Cardiovascular drugs 
Antibiofilm 
Endodontics 
Cytotoxicity 

A B S T R A C T   

Biosynthesis of nanoparticles is increasingly becoming popular due to the demand for sustainable 
technologies worldwide. In the present investigation, Acmella oleracea plant extract fuelled 
combustion technique followed by calcination at 600 ◦C was adopted to prepare nanocrystalline 
Ca2Fe2O5. The prepared nano compound was characterised using X-ray powder diffraction (XRD), 
scanning electron microscopy (SEM), Ultra Violet (UV) spectroscopy, Infrared (IR) spectroscopy 
and its role was assessed for photocatalytic pollutant degradation along with bactericidal action 
in the concentration range of 1 μg/mL to 320 μg/mL. The photocatalytic degradation efficiency of 
pollutant drugs Clopidogrel Bisulphate and Asprin used for cardiovascular disorders is around 
80% with 10 mg/L photocatalyst. The results showed that the photocatalytic activity increased 
with rising pH from 4, to 10, along with a significant antibacterial action against Enterococcus 
faecalis bacteria and a slight cytotoxic effect at high concentrations. The antibacterial property 
was reinforced by Minimum inhibitory concentrations (MIC) and Minimum bactericidal con
centrations (MBC) studies with an average value of 0.103 at 600 nm which was further proved by 
significant anti-biofilm activeness. Adhesion tests in conjunction with cryogenic-scanning electron 
microscopy displayed a morphological change through agglomeration that caused an expansion 
in nano particles from 181 nm to 223.6 nm due to internalization followed by inactivation of 
bacteria. In addition, the non-toxicity of nano Ca2Fe2O5 was confirmed by subtle cytological 
changes in microscopic images of Allium Cepa root cells in the concentration range 0.01–100 μg/ 
mL and a slight inhibition in HeLa cell proliferation indicated by IC50 value of 170.94 μg/mL. In 
total, the current investigation for the first time reveals the application of bio based synthesis of 
Nano Ca2Fe2O5 to new possibilities in bioremediation namely degrading cardiovascular phar
maceutical pollutants, endodontic antibacterial action and cytological activity.   

* Corresponding author. Department of Medical Electronics Engineering, B.M.S. College of Engineering, Bengaluru, India. 
E-mail addresses: abhishek.ml@bmsce.ac.in, am.appaji@maastrichtuniversity.nl (A. Appaji).  

Contents lists available at ScienceDirect 

Heliyon 

journal homepage: www.cell.com/heliyon 

https://doi.org/10.1016/j.heliyon.2023.e15933 
Received 24 February 2023; Received in revised form 24 April 2023; Accepted 27 April 2023   

mailto:abhishek.ml@bmsce.ac.in
mailto:am.appaji@maastrichtuniversity.nl
www.sciencedirect.com/science/journal/24058440
https://www.cell.com/heliyon
https://doi.org/10.1016/j.heliyon.2023.e15933
https://doi.org/10.1016/j.heliyon.2023.e15933
http://crossmark.crossref.org/dialog/?doi=10.1016/j.heliyon.2023.e15933&domain=pdf
https://doi.org/10.1016/j.heliyon.2023.e15933
http://creativecommons.org/licenses/by/4.0/
harish
Highlight



Sensors International 5 (2024) 100278

Available online 7 January 2024
2666-3511/© 2023 The Authors. Publishing services by Elsevier B.V. on behalf of KeAi Communications Co. Ltd. This is an open access article under the CC BY
license (http://creativecommons.org/licenses/by/4.0/).

Evolution of SnO2 nanoparticles for the electrochemical sensing of 
dopamine including photocatalytic toxic dyes degradation 

S.R. Kiran Kumar a, Harisha S a,*, Jalaja P b, B.K. Jayanna c, K. Yogesh Kumar d, M.S. Anantha e 

a Centre for Nanosciences, Department of Chemistry, K.S. Institute of Technology, Bangalore, 560 109, India 
b Department of Mathematics, K.S. Institute of Technology, Bengaluru, 560109, India 
c Department of Chemistry, BNMIT, Bengaluru, 560070, Karnataka, India 
d Department of Chemistry, School of Engineering and Technology, Jain University, Jain Global Campus, Jakkasandra Post, Kanakpura Taluk, Ramanagara 562112, 
India 
e Department of Chemistry, HKBKCE, Bengaluru, 560070, Karnataka, India   
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A B S T R A C T   

In the present study, SnO2 nanoparticles were synthesized, and their structural features were evaluated by X-ray 
diffraction (XRD), scanning electron microscopy (SEM), energy dispersive X-ray analysis (EDX) and transmission 
electron microscopy (TEM) techniques. Modified electrodes (MCPE) were prepared and utilized to access the 
electrochemical behaviour of dopamine. This study was conducted in a phosphate buffer solution with a pH 
value of 7.2. The results indicate that the modified carbon paste electrode (MCPE), with a high active surface 
area, exhibited excellent electrochemical sensing properties and demonstrated good reproducibility and high 
sensitivity for the electrochemical determination of DA. Potentially interfering compounds were tested at the 
surface of the proposed sensor, confirming that, they did not interfere with the determination of DA under 
optimum condition. Additionally, the photocatalytic properties of SnO2 were evaluated in degradation of 
cationic and anionic dyes. It was concluded that the higher photocatalytic activity in SnO2 nanocomposites was 
attributed to their porosity and high surface area.   

1. Introduction 

Dopamine (3,4-dihydroxyphenethylamine), a biologically important 
organic compound belonging to catecholamine and phenethylamine 
families, plays a key role in brain and body metabolism of the human 
system. The functions of dopamine includes, cardiovascular, central 
nervous, renal and hormonal systems proving its importance in human 
metabolism [1,2]. Imbalances in the dopamine levels can lead to various 
disorder, such as Parkinson’s disease, Tourette syndrome, Dementia, 
schizophrenia and attention deficit hyperactivity disorder (ADHD) [3, 
4]. For neurophysiological analysis or diagnosis, controlling the con
centration of DA is necessary. Various techniques have been developed 
over the past couple of decades for the selective and sensitive detection 
of DA, including chemiluminescence, fluorimetry, capillary electro
phoresis, mass spectrographic and ion chromatography [5,6], etc. 
However, electrochemical process have gained widespread interest 
compared to the aforementioned techniques due to several advantages, 
such as rapid identification, ease, reproducibility, remarkable 

cost-effectiveness, non-destructiveness [7,8]. 
The easier oxidation of dopamine (DA) at the surface of the electrode 

is due to its electro-active nature; therefore, electro-oxidation-based 
electro-analysis of DA has been commonly proposed. The coexisting 
components in the samples may cause serious external interference on 
the bare working electrode. In this regard, various types of chemically 
modified electrodes incorporating polymers, metal ions, and carbon 
based nanoparticles, have been developed in recent years and tested for 
advancement of accuracy and sensitivity [9–12]. Generally, the working 
electrodes are used in electrochemical sensor and biosensors as an 
electrode materials [13–15]. The key benefits of the carbon paste elec
trode include the simple preparation process, the creation of a fresh 
surface for detection and the production of low residual current in large 
potential windows. Furthermore, they exhibit strong electrical conduc
tivity and mechanical strength due to their high accessible surface area. 
Moreover, these carbon paste electrodes can be doped with organic and 
inorganic molecules with large π-conjunction, thereby improving the 
activity and accuracy of drug sensing [16–19]. 
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A B S T R A C T   

Deriving the heterojunction nanocomposite for multifunction applications has attracted interest. Herein, we 
synthesized the ZnFe2O4/ZnO/Nb2O5 heterojunction nanocomposite by varying the Nb2O5 concentration from 
0.03 to 0.07 mol% by the facile combustion method and analyzed its characteristics properties. Powdered X-ray 
diffraction (PXRD), spectrum from Fourier transform infrared (FT-IR), scanning electron microscopy (SEM), 
ultraviolet (UV) visible spectrophotometer, and Energy dispersive X-ray (EDX) analysis experimented to inves
tigate the structure, optical properties, morphological nature and photodegradation performance of the heter
ojunction nanocomposites. PXRD was employed to investigate the composite’s crystallinity formation. The 
morphology from the SEM image gives the flowed bud structure with confirmed crystallinity. The prepared 
ferrite as photocatalyst shows the degradation efficiency of 94 % for the crystal violet dye, as antimicrobial agent 
showed that the gram-negative bacterium pseudomonas had a better inhibitory zone around them and being as 
the electrode shows results as better capacitor and sensor.   

1. Introduction 

Presently the threats to the environment are the contaminants from 
dyes and their derivatives from industries like paper, dyeing, leather, 
and textiles. The main impacts on the ecosystem could be mainly due to 
disposals of either feebly metabolized or inadequate absorption of living 
creatures. These critical issues could be treated by various effective 
techniques like adsorption, photocatalysis, and biological treatment [1]. 
Photocatalytic degradation is an advancing method utilized for the 
production of effective radical species from the mineralization of 
organic materials [2]. 

In recent times, Semiconductor materials had extensive applications 
as photocatalysts for dye degradation and highly resolve the societal 
problems generated by these organic pollutants. The research analysis 
indicated that the semiconductors made of composites as photocatalysts 
become more popular because of their ability to reduce electron-hole 

recombination and able to trigger the ratio of separation electrons 
generated by photolysis to improve the degradation efficiency. Hence 
the semiconductor composite photocatalyst can result in better activity 
than the ideal semiconductor photocatalyst [3,4]. 

Several metal oxide [5–10], and spinel materials [11] of modified 
structure have been developed to reach the goal of effective degradation. 
In this search, ZnFe2O4 (ZFO) having a band gap of ~ ±2.2 eV can be a 
photocatalyst under visible light that can able to increase the charge 
carrier density while reducing the recombination of surface charge by 
absorbing photons which is in excess and catalytically progress the 
oxidation reaction superficially[12]. Metal oxides like ZnO and Nb2O5 
having band gaps ~ ±3.2 eV and ~ ±2.8 eV bandgap can be poor 
photocatalysts in visible and show results in UV light [13]. To make 
these metal oxides better photocatalysts in visible light they can be 
coupled as composite with ZnFe2O4. Crystal violet (CVt) or gentian vi
olet is a protein cationic dye of deep purple color used mainly in textile, 
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