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ABSTRACT 

 Solar energy is a renewable and cost-effective energy source that holds great promise for meeting global 
energy demand. This capability is exemplified in solar-powered cooling systems, which have gained 
popularity in recent years. Addressing the environmental issues associated with fossil fuel consumption, this 
study investigates the application of linear Fresnel reflectors (LFRs) in solar-based refrigeration systems A 
novel approach uses equipment -Uses learning models to optimize LFR output, so that grid-based energy -
Increased supply chain efficiency. The study uses Simulink simulations to evaluate the performance of the 
model, with a particular focus on its energy efficiency compared to other methods. This study addresses the 
complex challenges posed by sustainable energy and highlights the need for sustainable solutions. Studies 
focusing on LFRs contribute to the growing knowledge of solar energy efficiency. The inclusion of machine 
learning techniques demonstrates innovation in improving the performance of solar collectors and offers 
potential improvements in solving energy consumption problems Simulations in Simulink for testing robust 
areas, indicate that the proposed machine learning LFR outperforms other methods in terms of energy 
efficiency. The study highlights the importance of switching to renewable energy sources, especially in 
cooling systems. The use of linear Fresnel reflectors, together with advances in machine learning, represent 
a promising approach to energy efficiency. These issues contribute to the ongoing discourse on sustainable 
energy practices, offering compelling solutions for reducing environmental footprints. 

Keywords: Energy Consumption; Cooling Systems; Machine learning; Linear Fresnel reflectors; Energy 
Efficiency 

1. INTRODUCTION  

Concentrating solar power is the method of 
transforming solar power, also known as CSP, into 
electricity through an intermediary process. The vast 
majority of CSP systems utilise large-area mirrors to 
concentrate the sun rays onto a relatively narrow 
receiver aperture. The following types of CSP 
technology are on the list: the Fresnel, parabolic 
trough, dish/engine and central receiver. This allows 
solar power plant dispatchability to be improved by 

using large-scale thermal storage in conjunction with 
the first three technologies [1][2][3]. There a 
maintenance problems, space, changes in water up 
and down, and connection problems, these will 
probably be fixed and used more in the future. 

Line-focused Concentrated Solar Power (CSP) 
equipment may include parallel Fresnel collectors 
and parabolic troughs [4]. A linear Fresnel collector 
consists of primary reflectors and a receiver 
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assembly have the potential to contain one or more 
linear receiver tubes as well as a secondary reflector. 
During the day, the primary reflectors move in a 
direction that is perpendicular to the path of the sun 
while the receiver assembly stays put. In contrast to 
parabolic troughs and large-sized heliostat mirrors 
for central-receiver systems, the low-profile reflector 
architecture enables an improvement in the 
concentration ratio without an increase in wind 
loads. This is possible because of the reflector's 
relatively low profile. Because wind torque loads are 
usually proportional to the square of the mirror 
height, this is the case here. The height of the mirror 
is why this is the case [5]. 

Because of the low-profile architecture, there is a 
great deal of leeway in determining the concentration 
ratios, which makes it possible to construct linear 
Fresnel collectors for a wide range of temperatures 
at which the light must be collected [6][7]. Since 
they are so effective at generating heat at low and 
medium temperatures, linear Fresnel collectors have 
been the most popular choice on the market for a 
significant amount of time. When operating at low or 
medium temperatures, the linear Fresnel is useful for 
a broad variety of purposes, including the heating 
and cooling of buildings, the supply of heat for 
industrial processes, and the treatment of water, 
among other things [8]. High-temperature heat is 
most typically produced by SOTA linear Fresnel 
collectors, which are more commonly constructed 
[9]. When generating electricity from large amounts 
of sunlight, it should be stored in batteries if there is 
no immediate demand for it. Otherwise, you will 
have to trip it. (Disconnect trip-function). Larger 
batteries have not been found to date. Buying a 
battery in the thousands would not be economically 
viable. To solve this problem, there is something 
called a pumped storage (hydroelectric power 
station) funnel power plant. When there is no 
electricity demand, the solar electricity generated 
can be pumped to the pump and the river water can 
be pumped from the bottom to the top of the dam. 
When the solar is not working when electricity is 
needed (at night or in the clouds the solar does not 
work), that electricity can be started by running the 
funnel power station, as the reservoir is full of water. 
The same pump can be driven as a turbine. Or you 
can use a turbine alone, with a normal pump. 

One aspect of a solar-powered energy supply is 
demonstrated by several types of cooling systems. 
The need for cooling is estimated to account for 10% 
of all power produced globally [10]. The use of 
refrigeration cycles also has unfavourable effects on 
the surrounding ecosystem. When there is an 

abundance of solar energy, the demand for cooling 
increases. The fact that solar-powered cooling 
systems do not require the use of energy and do not 
contribute to environmental pollution makes them 
interesting. Recently, improvements have been made 
to the cooling systems utilised by solar collectors 
[11]. In particular, sorption refrigeration 
technologies are becoming increasingly prevalent. 
This is the case since collectors in cooling systems 
are able to deliver the required operating temperature 
[12]. Solar sorption systems, such as adsorption and 
absorption, have a massive amount of potential for 
cooling the environment [13]. The number of articles 
that have been published about utilising solar energy 
for cooling purposes is increasing. It is great to see 
that in the most recent year or two, there has been an 
increase in the number of publications that reference 
solar-powered air conditioners [14][15]. 

In this work, linear Fresnel reflectors are 
investigated in terms of the potential use they have 
in cooling systems. The study uses a machine 
learning model to process the generator to provide 
efficient output from the LFR to the grids. A motor 
that requires more power A.C. is available in sizes 
other than refrigerator and water heater. Even better 
is to set up LED lights in the house. Similarly, solar 
water heaters can be set up. This will reduce the 
monthly electricity bill. 

2. RELATED WORKS 

This section contains a retrospective look at 
linear Fresnel collectors and their applications 
throughout the years, as well as some forecasts 
regarding the foreseeable future of the technology. 

Solar collectors, which can be of either a 
thermal or an electrical type, are what are used to 
harvest the sun's rays in order to extract usable 
energy (photovoltaic panels). Explaining the 
electrical performance of a PV panel can be done 
with the use of an equivalent circuit consisting of 
resistors and diodes [16][17][18]. Every solar power 
system must have at least one collector as one of its 
components. Using thermal collectors, it is feasible 
to harness the heat-producing potential of solar 
radiation and make it usable heat [19][20][21]. The 
two most common varieties of thermal collectors are 
known respectively as non-concentrating collectors 
and concentrating collectors. Non-concentrating 
types of collectors include flat-plate collectors, also 
known as FPCs, and evacuated tube collectors [22]. 
Solar energy gives off its thermal energy for free. We 
just have to electrify it. Similarly, waterfalls give 
their kinetic energy for free, and we just convert it 
into electricity. In the same way, the earth gives its 
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petrol for free, we just have to turn it into electricity. 
The wind gives away its kinetic energy for free, and 
we just have to electrify it. 

When the sun's rays strike the absorber of 
the collector, it converts the sun's energy into heat, 
which is then distributed throughout a system of 
fluid tubes. In the same way that absorber surfaces 
are handled in flat plate collectors, absorber tubes 
that are surrounded by an evacuated tube are used in 
the construction of evacuated tube collectors. Within 
a parabolic collector, a reflector surface acts as a 
conduit for the radiation to be reflected onto an 
absorber tube. Because of their ability to follow the 
sun along an axis, simple parabolic collectors are 
more effective than their complex counterparts [23]. 
The localized production is better in some sectors 
such as green electricity, agriculture, and 
construction respectively [24]. DC was electricity at 
the time electricity was invented. The AC power 
supply was invented because of the high power loss 
to transport it to a remote location [25]. The 
electricity available in the solar panel is low-volt DC 
electricity. Not suitable for carrying with the parcel. 

These collectors suffer from a variety of 
structural and hydraulic problems, the most notable 
of which is the higher fabricating reflector cost along 
with the wind loads. Fresnel collectors do not 
contain difficulties that were previously noted as 
being connected with parabolic collectors. This is 
because Fresnel collectors do not have moving 
receivers and instead employ flat reflectors. Dish 
collectors are one method that can be utilised to 
produce heat. This collector can follow the sun in 
two dimensions thanks to the point reflector it 
possesses. Heliostat field collectors, which comprise 
a large number of reflective panels and direct the 
sun's rays toward a central receiver, are one method 
that can be used to gather solar radiation for energy 
collection [26]. Heat transfer can be improved in 
concentrating solar collectors by using fins that are 
hollow and cylindrical in shape [27][28]. 

There are many different fluids that can be 
used to transmit heat, such as water, air, nanofluids, 
thermal oils, and so on. Heat can be collected by 
collectors and then transferred to other systems. 
Working fluids are typically made using nanofluids 
because of the excellent heat transfer efficiency that 
these fluids possess [29][30]. If you use the direct 
technique, the fluid will be heated directly, and then 
it will be circulated via the collector. If you use the 
indirect method, the fluid will be heated directly, and 
then it will be circulated through the heat exchanger 
[31][32][33]. Ethylene glycol is a frequently selected 
option when it comes to the indirect water system. In 
addition to this, the utilisation of additional fluids, 

such as silicone oils and refrigerants, is essential. 
When it comes to absorption refrigeration systems, 
water-ammonia and water-lithium bromide are two 
of the fluids that are utilised for solar cooling more 
frequently than others. Ammonia is utilised as the 
coolant, and lithium is put to use in the absorption 
process [34]. 

Absorption chillers are a type of cooling 
system that was explored in  [35] in their study of a 
cooling system for a house with one level. In the 
calculations, a transient model of a hybrid solar 
cooling system driven by PDC, and flat plate 
collector was utilised, but in the experiments, the 
PDC was the component that was utilised. The sun 
emits 62,900 kW of energy per square meter. This 
represents a capacity of approximately 1 million 
electric lights. Such an image is impressive - the sun 
is 8,000 billion KW every second on Earth, I.E., 
many times more than all the power stations in the 
world. Pre-mission of modern science - to learn solar 
energy more fully and efficiently as it is safer. 
Scientists believe reliable use of solar energy - this 
is the future of man. In order to determine the extent 
to which time and environmental factors, energy 
tariffs and flat collecting areas all had an impact on 
the functioning of the system, these factors were 
investigated. All of these figures were based on the 
reduction in energy consumption. Their findings 
suggest that the suggested system would not be very 
cost-effective due to the low gas and electricity rates 
that are prevalent in the research area. As a 
consequence, the payback period would be quite 
lengthy. It possible that a workable method would be 
to replace LFR collectors with more pricey 
alternatives in order to shorten the payback period 
[36]. An experiment is found in [37] to investigate 
absorption cooling cycles utilising PDC in 
conjunction with three fluids (ammonia, water, and 
hydrogen), respectively. During the course of the 
experiment, which lasted for a total of two days, 
temperature readings were taken from both the 
generator and the evaporator. When the evaporator 
was maintained at 23 degrees Celsius and the 
generator was maintained at 92 degrees Celsius, the 
coefficient of performance (COP) was measured at 
1.6. 

An absorption refrigeration cycle is found 
in [38]that is capable of supplying power in addition 
to desalinating water. A multi-effect technology that 
is based on the absorption of ammonia and water is 
utilised in the desalination portion of the 
refrigeration system. The amount of cooling power 
produced by the specified refrigeration cycle was 
820.85 kW. We used Aspen Hysys to run 
simulations and then analysed the results to see how 
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the second law of thermodynamics affected each 
individual component. Heat exchangers and 
distillation columns were found to be responsible for 
86 percent of the total energy rate loss. The system 
overall energy efficiency and thermal efficiency 
were both 66 percent and 80 percent, respectively. 
They calculated that the aforementioned system 
would have a payback period of 5.783 years and 
would provide an annual net profit of 6.828 million 
US dollars. 

Cascaded vapour compression-absorption 
system is developed in [39]. The organic Rankine 
cycle, also known as the ORC, is utilised in this 
system, which is driven by solar-biomass energy, in 
order to create low-temperature cooling. The study 
performed a thermo-economic analysis to calculate 
the solar fraction and the point at which PDC and 
LFR reach a position where they are no longer losing 
money. Because LFR has a lower yearly efficiency. 
and a higher cost, the solar fraction and the point at 
which it is profitable to switch to LFR are both 
lower. They also made adjustments to the ORC 
working fluid and determined break-even values as 
part of their investigation into the effects of the 
working fluid. When compared to a solar-biomass-
powered system, the capital expenses and break-
even point for the biomass system were 39 and 30 
percent lower, respectively. Furthermore, the 
biomass system had a 30% lower break-even point. 

They use LFR rather than PDC to power their solar-
powered system since LFR is more cost-effective. 
On the other hand, the use of PDC for a single 
cooling output does not have an economic 
justification. 
 
A. Problem statement  

Prior research examines various aspects of 
solar energy harvesting, including heat and 
electronics, with a particular focus on photovoltaic 
panels The discussion clarifies the energy 
performance of PV panels through a uniform circuit 
model so and emphasizes the important role of 
thermal collectors in harnessing solar radiation for 
usable heat. Various collectors such as parabolic, 
Fresnel, dish, and heliostat field collectors are 
examined for their specific capabilities in capturing 
solar radiation The research extends to heat transfer 
using various fluids and explores techniques direct 
and indirect. Experiments and analyzes of hybrid 
solar coolers, absorption chillers, and cascaded 
vapor compression-drying systems provide insights 
into payback time, energy efficiency, and economic 
consideration s for the scope of this research this It 
lies in addressing the identified gaps and provides 
valuable insight into the economic viability of using 
parabolic container collectors for cooling 
applications. 

3. PROPOSED METHOD 

The LFR and PTC telescopes also use an 
approach that is quite similar to this one, in which 
the mirrors are steered in predetermined patterns in 
order to minimise the radiation angle of incidence 
and, as a result, maximise the amount of radiation 
that can be collected from incident rays. This is done 
in order to make the most efficient use of the 
irradiance that is received by the concentrator while 
it is arranged in an East-West tracking configuration 
and is being used to generate energy. In order for a 
Solar power plant to successfully generate 
electricity, the layout of its solar fields should be 
given the utmost importance. Because a poor design 
can result in low operating times, an increase in the 
thermal energy storage capacity, poor thermal 
performance, and even the operation of the power 
block because the concentrated solar energy density 
is insufficient. The reasons that are explained in this 
study led to the development of an opto-geometric 
optimization technique, and a schematic 
representation of this methodology. Figure 1 shows 
the Optimization of the LFR using ML. 

 

Figure 1: Optimization of the LFR using ML 
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The first thing that has to be done in order to 
begin the process of optimization is to determine the 
precise location of the power plant. Because of these 
data, a more accurate estimation of irradiation 
direction and incidence was possible by employing 
computations that took into account the angle of the 
sun. After determining the optimal receiver height 
and criterion, the intercept factor (IFC) and the 
incidence angle modifier (IAM) are computed once 
the criterion has been satisfied. 

After that, the geometry of the CPC will be 
specified. A ray-tracing comparison of the flux 
distribution, and the optimised field is carried out, 
which is the fourth step. After that, a thermal 
technique is used to make a comparison between the 
enhanced field and the FRESDEMO field. The 
oldest method of passive use is solar power - it is 
painted on a dark-colored water tank. The darker the 
color, the more concentrated the sunny energy, the 
hotter it becomes - the warmer the water. However, 
there are progressive methods of passive use. The 
Solar power Construction Techniques When 
designing building designs, accounting for climatic 
conditions is used as much as possible in the 
selection of building materials. With this design, the 
construction of the building has accumulated a 
collector. 

In order to configure the structure and 
construction of the LFR in such a way that the 
reflected solar radiation is directed to the receiver in 
the most efficient manner possible, the sun angles 
need to be determined first. In the case of a solar field 
that runs in a north-south orientation. LFR 
performance can also be affected by other factors 
like the positioning of the receiver height. In 
accordance with Fermat Principle, a target zone is 
the receiver, will be used to calculate the inclination 
of each mirror. However, as the distance between the 
mirrors increases, so does the amount of time it takes 
for light to travel; as a result, not all light tends to 
reach the receiver region. The intercept factor is a 
useful metric for quantifying this circumstance. 
Solar power solar collectors are used at the heart of 
active application systems. The collector heats the 
cooling by absorbing sunny energy cooling, heating 
the water, and converting the electrical energy. Solar 
collectors can be used in all activities for industrial, 
agricultural, and domestic needs. 

There will be losses in this captured radiation 
that should be zero because the intercept factor 
(A)should have a unit value. This is because the LFR 
is not an ideal concentrator, where the losses are 
found in the captured radiation. Despite the vast 
number of methods that can be used, it is possible to 
determine the intercept factor by using more 

straightforward methods. These methods can be used 
in place of the numerous other methods that can be 
used. Among these are the direct application of the 
conservation and the utilisation of an improved ray-
tracing technique as in equation (1). 

FF=A′/Ail=a′Lm/(a′l+a′+ar)Lm     
 (1) 

Ail - Total lighting area 
A′ - Receiver area 
ar - Right receiver spillage 
al - Left receiver spillage 
a′ - Receiver width 
where 0°≤αT≤180°, if αT=90° when sinγs=0.  
Based on the immediate examination of the 

intercept factor, it is possible to draw the conclusion 
that incidence angles do have a role in determining 
the value of the intercept factor. Because the amount 
of irradiance that is received by the receiver will be 
at its highest point around solar noon, this is the best 
time of day to perform the intercept factor 
optimization so that it can be maximised. In the 
scenario in which the field is assumed to be situated 
at the equator, the location known as the reference 
position is the one in which the mirrors are arranged 
in such a way as to maximise the intercept factor. In 
order to construct the geometric description of the 
Fresnel reflector, it is necessary to have the 
inclination angleψi, which varies depending on 
where the sun is located and shown in equation (2). 

2

1
tan tan 1

tanT s
a

 


 
        (2)

 

ψi- inclination angle of mirror  
βi– inclination angle  
αT- transverse angle of solar altitude 

The real focal distance with the primary 
mirrors hfr is estimated as below as in equation (3): 

ψi=αT - βi
2 

βi=arctan(hfrdi)    (3) 

The inclination does not depend in any way on 
the position of the mirror; rather, it is entirely 
dependent on the temporal shift that occurs in the 
angle αT. Each row of mirrors has a unique angle 
location, but they all rotate at the same pace. Despite 
this, the overall effect is seamless. In theory, a single 
motor might power all of the mirrors by means of a 
straightforward mechanical link composed of four 
bars (a rocker mechanism). On the other hand, 
contemporary LFRs have come to the conclusion 
that moving each mirror independently is the most 
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effective technique to achieve precise tracking and 
gradual defocusing. The receiver in FRESDEMO 
Fresnel field arrangement is placed at a distance of 8 
metres from the primary mirrors, with a spacing of 
0.6 metres (a′) between them (hfr). The FRESDEMO 
field has a maximum intercept factor of 0.5753 for 
the point that serves as the reference. Therefore, it is 
possible to establish the position of the primary 
mirrors based on the position of the most recent 
mirror. The position and tilt of the mirrors are 
determined according to the equation for the 
reference point (which is solar noon). This is the 
simplest type of solar collector. Its design is very 
simple and reminiscent of the effect of a typical 
greenhouse, which is on any summer cottage. Spend 
a little experiment. On a winter sunny day, put any 
item in the sun and let the sun's rays fall on it and 
after a while put the palm on it. You feel like this 
item is hot. And can be outside the window. 

B. Machine Learning 

A Logistic Regression classifier is the most 
fundamental form of neural network, as there is only 
one neuron present at each node in this architecture. 
An output is produced by a computational neuron 
using a non-linear activation function that takes the 
sum of weighted inputs as its input and generates the 
output using that input. Logistic regression is a 
technique for supervised learning that can be used to 
tackle classification problems that involve outputs 
that are discrete (i.e., labels) [40]. Logistic 
regression and other types of regression modelling 
that use sigmoid activation functions are able to 
translate features from an input feature set to a 
continuous vector. This vector can then be used to 
indicate the likelihood that the input belongs to one 
or more of these classes. The following formula can 
be utilised when modelling data using logistic 
regression with two classes: There is a relationship 
between sigmoid function as in equation (4):  

𝑓(𝑥) = 𝑠𝑖𝑔𝑚𝑜𝑖𝑑(𝑊்𝑥 + 𝑏) =
ଵ

ଵାୣ୶୮ (ௐ೅௫ା௕)
      (4) 

Where 
W- weight vector  
x - feature vector and  
b- bias.  
The values of W and bare produced at random 

via gradient descent or stochastic gradient descent 
(SGD) methods, and they are then optimised by 
minimising a cost function in order to achieve the 
best possible solution (e.g., negative log-likelihood). 
Using a model with the optimal parameters, it is 
possible to make predictions about future inputs 

even when the labels are unknown. It is a linear 
classifier, which means that it makes predictions 
based on a linear combination of the input features. 
Figure 2 shows the advantages of machine learning. 

This combination splits the spaces containing 
the input characteristics into halves. Because of their 
low computing complexity and excellent resistance 
to over-fitting, linear classifiers have the advantage 
of requiring features that are linearly separable in the 
feature space. This is typically extremely difficult to 
achieve in many applications, including medical 
imaging. Linear classifiers have the advantage of 
requiring features that are linearly separable in the 
feature space. Alternately, a Multiple Layer 
Perceptron (MLP) can be used to generate a non-
linear classifier by combining a number of basic 
neurons. 

 
Figure 2:  Benefits of machine learning. 

The main feature of the collector is a 
thermocouple insulated plate. The plate is painted in 
a dark color. Sunlight passes through the exposed 
surface, heating the plate, and then heating the air 
flow into the atmosphere. Air passes through due to 
natural convection or by using a fan, which increases 
heat transfer. However, the absence of work on this 
system requires additional costs for fan work. These 
collectors work through light day, so they do not 
change the main source of heat. However, if you 
make a collector the main source of heating or 
ventilation, its efficiency will increase. 

As a result of the limits imposed by hardware 
and computerised methods, MLPs consist of three 
layers. To get started, let look at the input layer, 
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which is a representation of the feature vectors that 
are taken in by the network. The second layer is 
known as the hidden layer because its values are not 
visible in the training set. This is why the second 
layer is called the hidden layer. It is possible for the 
input and hidden layers to be fully coupled thanks to 
the presence of an output neuron that has a sigmoid 
activation function and is connected to neurons in 
both layers. This non-linear mapping is carried out 
in the expectation that optimised hidden features will 
be able to be linearly separated, which is the 
motivation behind the introduction of a hidden layer. 
The following is the formula for an MLP with two 
layers as in equation (5): 

 𝑓(𝑥) = 𝐺(𝑏(ଶ) + 𝑊(ଶ)்(𝑠(𝑏(ଵ) +

𝑊(ଵ)்𝑥)))     (5) 
where 
b(1) - biasof layer 1,  
W(1) – weight matrix of layer 1, 
b(2) – bias of layer 2, and 
W(2) –weight matrix of layer 2. 
G- Activation function used for the output layer 

that contains a sigmoid function and  
s - Activation function used in the hidden layer.  
The sigmoid kind of rectified linear unit is very 

popular and can be found rather frequently (ReLU). 
For instance, one way to reduce the size of a log-
likelihood function is to use the back-propagation 
algorithm in conjunction with SGD, which is a type 
of chain-rule derivation. The collector consists of 
solar energy, coatings (glass with a reduced metal 
content), a tube and a heated insulation layer. The 
transparent coating protects the houses from adverse 
weather conditions. In this case, the solar power 
supply panel (absorber) is connected to the air 
conditioner, which circulates through the pipes. The 
pipe can be both in the form of a ladies and a 
barbeque. Cooling moves from the entrance to the 
entrance, gradually heating up. The suction board is 
made of metal well conductive heat (aluminium, 
copper). 

4. RESULTS AND DISCUSSIONS 

It is possible to calculate the intercept factor for 
systems that have a variable height. Altering the 
angle at which the mirrors are tilted is required in 
order to ensure that the absorber tube continues to 
receive light even after the intercept factor has been 
optimised for height. The variation in the intercept 
factor that occurs due to an increase in receiver 
height is depicted in Figure 3 - Figure 8. It is 
interesting to notice that the intercept factor does not 
much increase after 22m, but dealing with receivers 

at that height would make the installation more 
difficult. 

 

Figure 3: LCOE (c/kWh, real) 

 

Figure 4: Annual Energy Efficiency (%) 
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Figure 5: Annual net electricity (GWh) 

 

Figure 6: Power cycle gross efficiency 

 

Figure 7: Capacity factor (%) 

 

Figure 8: Power plant cost ($/kW) 

A single criterion was all that was needed to 
establish the height. On the curve, an extreme point 
was found, which refers to the point at which the rate 
of change no longer increases considerably after 
reaching that point. The figure comes out to a little 
more than 15 metres when considering these 
circumstances. According to the above graph, the 
intercept factor equals 0.73 when the height of 16 
metres is used as an optimization point. Because 
there is no change in the field width, there is no 
change in the placement of the mirrors. Following 
the completion of the calculation for the intercept 
factor, the next step involves locating an incident 
angle modifier (IAM). Calculating the IAM requires 
taking into consideration both the longitudinal and 
transverse angles, and the formula for this 
calculation is IAM=IAM(θl,θt). Combining the 
longitudinal Kl and transverse modifiers Kt to 
generate the incidence angle multiplier is a standard 
definition. This multiplier can then be used to 
acquire both parameters individually. 

As was previously mentioned, the architecture 
of the systems allows for the possibility of a different 
number of cavity systems and absorber tubes for the 
receiver. In the most basic configuration, just one 
tube is used. This tube will most likely be located 
inside a hollow that has a glass cover on the bottom 
if you are using a compound parabolic concentrator 
(CPC). A modified CPC in the receiver in order to 
increase the geometric concentration coefficient and 
deflect any radiation that does not contact the 
absorber directly. As a result, the receiver will only 
require a single tube to function properly. As a 
consequence of this, optimising the height of the 
CPC is not possible due to the fact that the geometric 
concentration is low. Visit to gain a better 
understanding of the meaning of the term truncation 
criterion and the implications it has. Only those 
photons that are not immediately collected by the 
absorber will be redirected by the CPC; this 
contributes to the conservation of energy and the 
reduction of optical losses. The restriction placed on 
the half acceptance angle θmax by the principal mirror 
reflection is as follows: If the angles that enter CPC 
are going to be absorbed, the geometry of the field 
requires that they be exactly equal to or less than 
33.45 rad. It is not recommended to cut the CPC 
because, as was explained earlier, θmax = 66 degrees 
+ 1.2 radians.  

The provided bar graph illustrates a comparative 
analysis of power plant costs (in $/kW) for various 
Low Frequency Resonance (LFR) types, including 
SAM, SOTA, Salt, Steam, Sunshot, and Proposed. 
The costs across LFR types exhibit minimal 
variation, falling within the range of 800 to 900 

SAM SOTA Salt Steam Sunshot Proposed
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

LFR Types

P
ow

er
 c

yc
le

 g
ro

ss
 e

ff
ic

ie
nc

y

SAM SOTA Salt Steam Sunshot Proposed
0

10

20

30

40

50

60

70

LFR Types

C
ap

ac
ity

 f
ac

to
r 

(%
)

SAM SOTA Salt Steam Sunshot Proposed
0

100

200

300

400

500

600

700

800

900

1000

LFR Types

P
ow

er
 p

la
nt

 c
os

t 
($

/k
W

)



 Journal of Theoretical and Applied Information Technology 

31st March 2024. Vol.102. No 6 
©   Little Lion Scientific  

 

ISSN: 1992-8645                                                                    www.jatit.org                                                    E-ISSN: 1817-3195 

 

 
2305 

 

$/kW. The research problem centers on identifying 
the most cost-effective LFR type for power 
generation, with the chosen evaluation criteria being 
the cost of power plants in $/kW. The significance 
of these choices lies in their direct impact on 
economic feasibility and scalability. In terms of 
analysis criteria, there is a similarity in the 
comparable costs among LFR types, yet differences 
may arise in other crucial factors such as efficiency 
and environmental impact. The outcome suggests no 
clear winner based solely on cost, emphasizing the 
importance of considering holistic factors including 
efficiency, reliability, and sustainability in LFR 
selection. It is crucial to acknowledge known facts 
about performance efficiency to inform decisions 
effectively. In conclusion, while cost is a vital 
consideration, a thorough evaluation encompassing 
multiple dimensions is necessary for optimal LFR 
selection. 

5. CONCLUSIONS 

In conclusion, the implementation of an energy 
efficiency method based on machine learning for 
linear reflector systems, especially focusing on the 
effect of increased receiver height, improved the 
overall system efficiency significantly improved The 
modification allowed for a larger window through 
which sunlight could penetrate and be transmitted to 
the CPC, thereby increasing the light-trapping 
capacity of the system A key finding of this study is 
the observed increase in blocking factor from 0.58 to 
0.73 due to receiver height, resulting in shorter loops 
in the field This decrease in total loop length is 
significant, as it indicates solarization energy is used 
more efficiently, with less light absorption and heat 
gain per m2 as a result The total length of the Fresnel 
zone was effectively reduced from 990 meters to 795 
meters, representing a significant reduction in loop 
length of 22%; This improvement in energy 
efficiency was achieved while keeping the primary 
crystal width, filler, and absorber tube diameter 
constant The results of this study confirm that a 
machine learning model be used to optimize linear 
imaging systems, improve solar energy harvesting 
and utilization These findings of increased potential 
underline the need for advanced solar a 
implementation, paving the way for more 
sustainable and efficient energy solutions.  
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ABSTRACT 
Online shopping is a structure of e-commerce which empowers shopper to buy goods and services online using 

internet webpages and mobile applications. The goal of this study is to evaluate determinants of usage of online 

shopping applications among its users. SEM technique using SMART PLS have been used for the current study. It 

is seen that Effort expectancy, Hedonic motivation, Performance expectancy and social influence significantly 

influences shopping decisions. Further studies can be conducted by using moderator construct and building a 

higher order model. 

Keywords: E-shopping, UTAUT, online shopping 

INTRODUCTION 
The Indian consumer market industry has come a long way from ancient times and has seen several developments 
in the sector for years. Online shopping is one such part of the retail industry which has gained momentum since 
its inception in the last decade. Online shopping is beneficial for retailers as well as buyers as for the retails there 
are no real estate costs and the need to have many premises to sell their goods. It also provides mass 
customization, enhanced customer services, global reach, and specialized stores. There are various platforms 
available in India for electronic commerce, such as Flipkart, Amazon, Snapdeal, eBay, Myntra, Meesho, etc., 
which provide several goods and services. Most of these applications offer electronics, books, groceries, greeting 
cards, cell phones and accessories, apparel, furniture, various electronic gadgets, and home appliances with a wide 
variety to select from and purchase. 

Online shopping came to India in the early 1990s after the internet was introduced. It gained momentum within a 
few years of its introduction, and by the year 2000, it was a popular form of shopping that people preferred who 
had access to the internet. Various websites were established in the initial years; some famous first few are 
Amazon and Flipkart, Snapdeal, etc. People found this form of shopping to be more convenient and faster than 
traditional methods of buying goods and services. Online shopping has not just stopped at goods but has ventured 
into hotel bookings, flight, train, taxi, and bus booking, along with holiday bookings. Although the online 
shopping method is not free of cost and comes with charges, people are still drawn towards it because it is faster 
and can be done at the leisure of their homes. 

However, there are various pros and cons attached to online shopping. The pros can be listed as it is time and 
money saving, can be done any time of the day and is available 24x7, provides several reviews which help make 
decisions for purchase, had a wide variety and that too at the distance of a click, no salesperson is trying to 
convince you to buy, and the decision can be made without being forced into it; also it gives a lot of privacy, and 
to the shopper, there are no long waiting hours for bill payments, also provides with a lot of discounts and 
cashback options, shopping becomes easier when intending to send it to far away friends and relatives as they 
provide the delivery option. A person does not have to look for courier companies to send their gifts; there are 
various payment options available, and they can be selected as per the shopper's convenience, such as cash of 
delivery, mobile wallets, debit or credit cards, etc. There are many cons to online shopping, such as fake 
advertisements, the quality of the product not being the same as described, delays in delivery, wrong product 
delivery, payment fraud, return policies not being followed by the companies, etc. 

mailto:smasoomaza@gmail.com
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The purpose of conducting this research is to examine the Determinants of usage of online shopping applications 
among the users of the Mumbai region and to give proper and appropriate suggestive measures to improve the 
shopping experience of the users. 

REVIEW OF LITERATURE 

1. Gehrt, K. C. et al. (2012). The authors examined the emergence of online shopping in India and the shopping 
arrangement segments. The study conducted surveys from 536 consumers of online shopping adopting the 
two-step process. The findings of the results showed that three elements perform an essential role in the 
emergence of online shopping in India: calibre at any price, influence or amusement, and value distinctiveness. 
Quality and reputation were the primary online shoppers. The shopping orientations differ through various 
aspects such as demographics, behavior, and website attribute ratings are very alike; the only difference was 
seen towards the occupation. The authors believe that future research needs to be concluded to include a 
comparative study to understand online shopping in India better. 

2. Kim, C. et al. (2012). The paper examined the factors influencing internet shopping value and customer 
repurchase determination. The study was conducted on 293 respondents who were classified into two groups: 
working class and students. The study results showed that the application features and the service quality of 
the shopping platforms are key factors that affect the indulgent shopping value. The research findings are that 
service quality plays a vital role in increasing pragmatic and hedonistic shopping values. Also, the results 
showed that the influence of quality factors on internet shopping values and future repurchase determination 
varies among the two predefined groups, i.e., the working class and the students. 

3. Natarajan, T. et al. (2018) The authors examined the arbitrate role of device type and age of users on the 
intention to use mobile shopping applications. The factors such as perceived usefulness, perceived enjoyment, 
perceived risk, and perceived ease-to-use were considered. Personal innovativeness and customer satisfaction 
were also considered; 67 respondents were shortlisted for this study, and the findings of this study showed a 
significant difference in the responses for the variables; perceived usefulness and enjoyment, intention to use, 
and satisfaction among the respondents. The authors further concluded that the satisfaction factor plays a vital 
role in mobile applications depending on the user's age and is different with all age groups. 

4. Natarajan, T. et al. (2017). The authors researched to understand the purpose to use mobile shopping 
applications and their influence on price sensitivity. The study was analyzed using the Technology acceptance 
model (TAM). Three additional variables were added for better analysis of the results: perceived risk, personal 
innovativeness, and perceived enjoyment. A questionnaire was circulated online to 675 respondents gender, 
frequency, and experience were used as moderators for all associations. The results of this study indicated that 
perceived risk and personal innovativeness play an essential role in determining the purchase intention of 
mobile shopping application users. 

5. Singh, D. P. (2014). This study aimed to examine the Indian consumers' perception of online shopping, 
motivation, intention, and information search towards it. The paper also seeks to determine the relationship 
between the abovementioned three factors. Indian e-commerce market offers a wide variety of opportunities to 
businesses that are conducted online due to the increase in the buying of products and services. This study 
showed that utilitarian and hedonic motivation significantly affects online research and shopping intentions. 
The information search was seen to be the most crucial motivator towards intention for online purchases. 

6. SivaKumar, A., & Gunasekaran, A. (2017). The paper conducted an pragmatic study on the components that 
affect the online shopping etiquette of millennial users in India. E-commerce in the country has been growing 
rapidly and extensively. The main intent of this research is to determine the factors that affect shopping 
behavior; the respondents of this survey are from the Chennai, Tamil Nadu region. The findings of this 
research suggested that the benefit of purchasing 24x7, website layout, design, user interface, search engines, 
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sorting and filter options, safety, and security are some of the determinants that push users toward online 
shopping. 

7. Thakur, R. (2016). The author conducted the research focusing on understanding the customers' engagement 
and loyalty toward using mobile devices for shopping online. The study conducted interviews, surveys, and 
previous research for the current paper. The findings of this study included growth and recognition of customer 
engagement as a second-order build-up emerging out of 6 distinct customer experiences: self-connect, time-
filler, intrinsic enjoyment, practical, social facilitation, and monetary evaluation. Also, customer engagement is 
notable in forecasting customer loyalty incorporation with an existing build-up of convenience and 
satisfaction. 

8. Thamizhvanan, A., & Xavier, M. J. (2013). The paper examined the determinants of customers' online 
purchase intention in India to understand the customers' perceptions and motivations toward online purchases. 
The author points out that the online retail market has been growing since its inception in India at a steady 35 
percent and has emerged as a critical sector in the economy. The results of this research are based on 95 
complete and valid responses received via an online survey. The findings of this research were that there is a 
noteworthy relationship between purchase orientation, prior purchases, and online trust in the customer's 
purchase intention. Moreover, it was also observed that males have higher purchase intentions than females. 

OBJECTIVE OF THE STUDY 
To evaluate the determinants of usage of online shopping applications among the users of South Mumbai Region 

Hypotheses 

1. Effort expectancy has positive impact on online shopping among users. 

2. Hedonic motivation has effect on online shopping among users. 

3. Performance expectancy influences online shopping decisions among users. 

4. Social influence affects online shopping decisions among users 

RESEARCH METHODOLOGY 

Data has been collected from 210 online shopping users using non probability purposive sampling method. As per 
Soper, D.S. (2023) the minimum required sample size at effect size 0.3, desired statistical power level 0.9, latent 
variable 5, observed variables 20 and probability level 0.05 = 188. The technique applied for the current structural 
equation model and the tool used for the current study is smart PLS. 
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Data Analysis and Interpretation 

Figure No: 1 Reliability analysis 

 

As all the values of cronbach alpha > .70 indicating sufficient corellation between the items. 

Figure No: 2 SEM model 
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Table No: 1 Hypothesis testing 

 

P (value) < level of significance 5% thus H1 is accepted in all the cases indicating significance impact of Effort 
expectancy, Hedonic motivation, Performance expectancy and Social influence on behavioural intention of online 
shopping. 

CONCLUSION 

Online shopping is an endeavour or manoeuvre of buying products and services available over the internet. Online 
shopping has been in the modern world for two decades and has only gained popularity worldwide. There is 
various website as well as mobile application introduced for online shopping. More and more people have ditched 
the traditional form of shopping. They have gone towards this modern advanced form of shopping where several 
stuff is available such as electronics, gadgets, furniture, books, mobile, groceries, apparel, clothing, etc. The focus 
of this study was to measure determinants of usage of online shopping applications among the users of the 
Mumbai region, and it was observed that there is a remarkable correlation among behaviour intention, effort 
expectancy, hedonic motivation, performance expectancy and social influence. People are drawn towards 
shopping as it gives a larger shelf of goods to select from without having to visit a marketplace, is available 24x7 
and shopping can be done at the convenience of a person at the leisure of their home. 
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Abstract
In the present study, an efficient and eco-friendly protocol for the syntheses of biscoumarin and bislawsone derivatives is 
reported. The reactions are carried out in the presence of the rGO/TiO2 nanocomposite in an ethanol/water solvent system 
under the influence of ultrasonication. The structural features of the synthesized reduced graphene oxide (rGO) powder and 
the catalyst were investigated using FTIR, XRD and Raman characterization techniques, and the morphological analysis is 
achieved by SEM, TEM imaging and EDX spectroscopy. A detailed examination of the effects of various reaction parameters 
on the product yield was conducted to develop an optimized procedure for synthesizing several biscoumarin and bislawsone 
derivatives. The products were characterized by FTIR, 1H NMR, Mass spectrometry, and elemental analysis. The significance 
of this novel protocol is augmented by its notable attributes, namely, shorter reaction times, exceptional product yields, ambi-
ent reaction conditions, use of ultrasonication to expedite the reaction, and reusability of the catalyst for up to five cycles. 
Thus, the environment-friendly nature of the current method abides by the postulates of Green Chemistry.
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1  Introduction

Multicomponent reactions (MCRs) are essentially one-pot 
processes involving three or more components undergoing 
sequential reactions to yield a single product [1]. Opera-
tional simplicity, molecular diversity, atom economy, and 
convergence of simple starting materials into complex 
structures grant MCRs a significant status in the world 
of synthetic organic chemistry [2]. In adherence to the 
principles of Green Chemistry, numerous catalytic meth-
odologies have been developed for carrying out organic 
transformations via the MCR route [3]. A plethora of 
novel methods have been developed for most MCRs that 
employ heterogeneous catalysts, considering their inher-
ent advantages over homogeneous systems [4, 5]. The use 
of nanoparticles as catalyst has recently received notable 
recognition owing to their unique attributes, such as their 
ability to withstand high temperatures, high recyclability, 
fine-tuning of the nanomaterial, and the environmentally 
friendly nature of the catalytic protocol. Thus, nanocataly-
sis is considered an alternative approach to conventional 
organic synthesis. The amalgamation of nanocatalysts and 
MCRs is an advanced strategy for obtaining targeted prod-
ucts with high selectivity within a short period of time [6].

The efficient use of metal oxide nanoparticles as hetero-
geneous catalysts in MCR has been extensively reported 
in the literature [7]. To further enhance the sustainability 
of the experimental protocol, immobilization of the nano-
catalyst on a solid support, such as reduced graphene oxide 
(rGO), has proven to be beneficial [8, 9]. In particular, the 
rGO/TiO2 nanocomposite has drawn increasing attention 
due to its promising features, such as chemical inertness 
in both acidic and basic media, structural flexibility, and 
large surface area [10–12]. Comprehensive research has 
been carried out evaluating the photocatalytic characteris-
tic of rGO/TiO2 nanocomposite, including dye degradation 
[13] [14], degradation of VOCs [15] and organic pollut-
ants [16], bisphenol A removal [17], pesticide degradation 
[18], light-induced selective oxidation [19], etc. However, 
the use of the nanocomposite to catalyze an MCR has not 
yet been reported.

Biscoumarins constitute an important class of oxygen-
containing heterocycles and are well known for their 
versatile biological applications, including antibacterial 
[20], antiviral [21], antimicrobial [22], antioxidant [23], 
anticancer [24], anticoagulant [25] and enzyme inhibition 
[23]. Lawsone, 2-hydroxy-1,4-naphthoquinone or hen-
notannic acid, is the principal dye found in henna leaves 
(Lawsonia inermis) [26]. Traditionally, it has been used in 
cosmetics as hair dye, tattoo dye, and body paint. Bislaw-
sone derivatives are bridge-substituted dimers (usually 
with a phenyl moiety) of lawsone and have significant 

pharmacological applications. They are known to exhibit a 
wide variety of biological activities, including antifungal, 
antioxidant [27], antileishmanial [28], antibacterial [29], 
and inhibitory effects on H5N1 neuraminidase [30] and 
HIV-1 integrase [31]. There are a number of synthetic pro-
tocols reported for biscoumarin derivatives using TBAB 
[32], sodium dodecyl sulfate [33], RuCl3 [34], heteropo-
lyacids [35], ionic liquid [36] and bislawsone derivatives 
using DMAP [37], camphor sulfonic acid [38], humic acid 
[39], lipase [40], LiCl [41], LiCl coupled with ultrasound 
or microwave irradiation [42], amino acids [29], sulfamic 
acid [43] and chitosan [44]. However, these methods suffer 
from several disadvantages, such as long reaction times, 
difficult product isolation, no reusability, and inadequate 
product yields. This necessitates the development of a 
high-yielding, environmentally benign protocol for the 
synthesis of biscoumarin and bislawsone.

A practical alternative to conventional synthetic meth-
ods is using high-energy sources, such as ultrasonication, to 
accelerate chemical reactions [45]. This high energy causes 
instantaneous generation and collapse of cavitation bub-
bles, thereby increasing the temperature and pressure of the 
reaction medium [46]. Thus, coupling ultrasonication with 
a nanocatalyst provides an eco-friendly pathway for organic 
synthesis. Herein, we report the ultrasound-assisted one-pot 
synthesis of biscoumarin and bislawsone derivatives cata-
lyzed by rGO/TiO2 nanocomposite. The catalyst was suc-
cessfully characterized by FTIR, XRD, Raman, SEM, TEM 
and EDX techniques. Further, the biscoumarin and bislaw-
sone derivatives were synthesized and characterized by 
FTIR, 1H-NMR, Mass spectrometry and elemental analysis.

2 � Experimental

2.1 � Materials and methods

Graphite powder, TiO2 nanopowder and all other chemicals 
were procured from Sigma Aldrich (India) and used directly 
without purification. FTIR spectroscopy was performed on 
Perkin Elmer, Frontier equipment with ATR. X-ray Diffrac-
tion studies were carried out on a Shimadzu Maxima 7000 S 
diffractometer (USA), using Cu Kα radiation in the 2θ range 
of 10o to 80o at a scanning speed of 5o min− 1. The Cu Kα 
X-ray tube of λ = 1.5418 Å and 1.6 kW power was subjected 
to 40 kV voltage and 40 mA current. Raman spectra were 
recorded using Kaiser Optical Systems Inc. (KOSI) laser 
Raman Spectrometer. SEM analysis and EDX spectroscopy 
were conducted on JEOL-JSM 7600 field emission gun-
scanning electron microscopes operated in the voltage range 
of 0.1–30 kV. TEM images were recorded on PHILIPS-
CM200 electron microscope with an operating voltage of 
20–200 kV and a resolution of 2.4 Å. ICP-AES studies were 
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performed on a HJY Ultima-2 spectrometer (1000 W, 1.29 
nebulizer flow, 2.96 nebulizer pressure, 242.795 nm wave-
length). The probe sonicator used for ultrasonication was a 
multi-wave ultrasonic cell crusher (SJIA-250 W), equipped 
with a converter/transducer and a titanium oscillator of 
6 mm diameter, and operated at 220 V voltage with a power 
of 250 W. Melting points were estimated using open capil-
lary tubes and they are uncorrected. For recording of 1H 
NMR spectra, Bruker Avance II spectrometer was used. AB 
SCIEX 3200 QTRAP spectrometer was used for recording 
of mass spectra in ESI mode. Elemental Analysis (CHN) 
was accomplished using EA 300 elemental analyser (Euro 
Vector, Italy).

2.2 � Preparation of rGO

Synthesis of rGO was carried out by oxidation of graphite 
powder according to the modified Hummer’s method [47], 
followed by its reduction to yield reduced graphene oxide 
(rGO) [48]. About 75 mL of conc. H2SO4 was gradually 
added to a mixture of the commercially acquired graphite 
powder (1.5 g) and NaNO3 (1.5 g). After 30 min of stir-
ring, the reaction mixture was cooled by placing it in an 
ice bath, followed by slow addition of KMnO4 (9 g) for an 
hour. This caused a progressive change in the colour of the 
reaction mixture from black to greenish-black. The ice bath 
was then removed, and the mixture was stirred for two days 
to yield brown slurry. To this, warm distilled water (500 
mL) was added, followed by slow addition of H2O2 (30 mL) 
to obtain a yellow-coloured suspension. After washing this 
suspension three times with 6% H2SO4 and 1% H2O2, several 
distilled water washings were performed until the pH was 
neutral. The dark-brown suspension of graphene oxide was 
exfoliated by mild sonication and centrifugation. During the 
reduction, the typical weight ratio of hydrazine to graphene 
oxide was approximately 7:10. The graphene oxide suspen-
sion (5 mL) was then stirred in a water bath at 95 oC for an 
hour with hydrazine (5 µL, 35 wt% in water) and ammonia 

solution (35 µL, 28 wt% in water) to obtain black-coloured 
rGO powder.

2.3 � Preparation of rGO/TiO2 Nanocomposite

A modified version of Men’s method [49], as reported by 
Li et al. [50], was followed without any modifications to 
prepare the rGO/TiO2 nanocomposite. The synthesized rGO 
powder (20 mg) and commercially obtained TiO2 nanopow-
der (120 mg) were dispersed in 50 mL of a 4:1 water-ethanol 
solvent system, sonicated for half an hour and then subjected 
to hydrothermal treatment at 120 oC for 24 h. The obtained 
powder was dried under vacuum at 60 oC for 24 h to obtain 
the rGO/TiO2 nanocomposite.

2.4 � General Procedure for the Synthesis 
of Biscoumarin Derivatives 3(a‑h)

4-hydroxycoumarin 1 (2 mmol) and aromatic aldehyde 2(a-
h) (1 mmol) were added to 3:1 ethanol:water (4 mL) in a 
round-bottom flask. To this, the rGO/TiO2 nanocomposite 
was added (30 mg) and then subjected to ultrasonication 
(100 W power, 10s/5s on/off time) until completion of the 
reaction (monitored by TLC). The obtained precipitate was 
filtered and added to hot ethanol (3 mL) to dissolve the 
product. The catalyst was then recovered by filtration and 
the solvent was evaporated off under vacuum to furnish the 
crude product, which was purified by recrystallization from 
ethanol (Scheme 1).

3,3’-(phenylmethylene)bis(4-hydroxy-2 H-chromen-
2-one) (3a).

Yield 98% (white solid); MP = 230–232 °C, IR (υmax/
cm− 1): 2980 (OH), 1668, 1652 (C=O). 1H NMR (300 MHz, 
DMSO) δ = 7.90 (s, 1 H, Ar-H), 7.59 (d, J = 5.3 Hz, 2 H, 
Ar-H), 7.39–7.26 (m, 5 H, Ar-H), 7.20 (d, J = 5.6 Hz, 3 H, 
Ar-H), 7.15 (s, 2 H, Ar-H), 6.35 (s, 1 H, CH). MS (ESI-ve) 
m/z: 412 (M-H)−. Elemental analysis for C25H16O6: C, 
72.81; H, 3.91; found: C, 72.76; H, 3.84.

Scheme 1   Synthesis of biscou-
marin derivatives 3(a-h) using 
rGO/TiO2 catalyst (30 mg) in 
3:1 EtOH: H2O (4 mL) under 
ultrasonication O
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3,3’-(p-tolylmethylene)bis(4-hydroxy-2 H-chromen-
2-one) (3b).

Yield 96% (white solid); MP = 266–268  °C, IR 
(υmax/cm− 1): 2913 (OH), 1660, 1652 (C=O). 1H NMR 
(300 MHz, DMSO) δ = 7.89 (d, J = 6.5 Hz, 2 H, Ar-H), 
7.58 (s, 2 H, Ar-H), 7.35 (d, J = 8.4 Hz, 4 H, Ar-H), 7.02 
(s, 4 H, Ar-H), 6.30 (s, 1 H, CH), 2.24 (s, 3 H, CH3). 
MS (ESI-ve) m/z: 426 (M-H)−. Elemental analysis for 
C26H18O6: C, 73.23; H, 4.25; found: C, 73.14; H, 4.17.

3 , 3 ’ - ( ( 2 - m e t h ox y p h e ny l ) m e t hy l e n e ) b i s ( 4 -
hydroxy-2 H-chromen-2-one) (3c).

Yield 94% (white solid); MP = 236 °C, IR (υmax/cm− 1): 
2964 (OH), 1644, 1602 (C=O). 1H NMR (300  MHz, 
DMSO) δ = 7.91 (d, J = 6.3 Hz, 2 H, Ar-H), 7.58 (s, 2 H, 
Ar-H), 7.38–7.30 (m, 4 H, Ar-H), 7.16 (s, 2 H, Ar-H), 6.87 
(dd, J = 12.0, 8.0 Hz, 2 H, Ar-H), 6.25 (s, 1 H, CH), 3.57 
(s, 3 H, OCH3). MS (ESI-ve) m/z: 442 (M-H)−. Elemen-
tal analysis for C26H18O7: C, 70.59; H, 4.10; found: C, 
70.41; H, 4.02.

3 , 3 ’ - ( ( 3 - m e t h ox y p h e ny l ) m e t hy l e n e ) b i s ( 4 -
hydroxy-2 H-chromen-2-one) (3d).

Yield 93% (white solid); MP = 238 °C, IR (υmax/cm− 1): 
2980 (OH), 1659, 1651 (C=O). 1H NMR (300  MHz, 
DMSO) δ = 7.86 (d, J = 6.1 Hz, 2 H, Ar-H), 7.60–7.49 (m, 
2 H, Ar-H), 7.37–7.22 (m, 4 H, Ar-H), 7.13 (d, J = 9.3 Hz, 
1 H, Ar-H), 6.70 (d, J = 5.3 Hz, 2 H, Ar-H), 6.63 (s, 1 H, 
Ar-H), 6.28 (s, 1 H, CH), 3.62 (s, 3 H, OCH3). MS (ESI-
ve) m/z: 442 (M-H)−. Elemental analysis for C26H18O7: 
C, 70.59; H, 4.10; found: C, 70.56; H, 3.95.

3 , 3 ’ - ( ( 4 - m e t h ox y p h e ny l ) m e t hy l e n e ) b i s ( 4 -
hydroxy-2 H-chromen-2-one) (3e).

Yield 96% (white solid); MP = 242 °C, IR (υmax/cm− 1): 
2981 (OH), 1666, 1660 (C=O). 1H NMR (300  MHz, 
DMSO) δ = 7.88 (s, 2 H, Ar-H), 7.58 (s, 2 H, Ar-H), 7.33 
(d, J = 5.7 Hz, 4 H, Ar-H), 7.03 (s, 2 H, Ar-H), 6.78 (d, 
J = 4.3 Hz, 2 H, Ar-H), 6.27 (s, 1 H, CH), 3.69 (s, 3 H, 
OCH3). MS (ESI-ve) m/z: 442 (M-H). Elemental analysis 
for C26H18O7: C, 70.59; H, 4.10; found: C, 70.54; H, 3.98.

3 , 3 ’ - ( ( 4 - c h l o r o p h e n y l ) m e t h y l e n e ) b i s ( 4 -
hydroxy-2 H-chromen-2-one) (3f).

Yield 97% (white solid); MP = 256–258 °C, IR (υmax/
cm− 1): 2980 (OH), 1661, 1603 (C=O). 1H NMR (300 MHz, 
DMSO) δ = 7.89 (s, 2 H, Ar-H), 7.58 (s, 2 H, Ar-H), 7.33 
(s, 3 H, Ar-H), 7.26 (d, J = 6.9 Hz, 3 H, Ar-H), 7.17 (s, 2 H, 
Ar-H), 6.31 (s, 1 H, CH). MS (ESI-ve) m/z: 446 (M)+. Ele-
mental analysis for C25H15ClO6: C, 67.20; H, 3.38; found: 
C, 67.08; H, 3.25.

3 , 3 ’ - ( ( 3 - f l u o r o p h e n y l ) m e t h y l e n e ) b i s ( 4 -
hydroxy-2 H-chromen-2-one) (3 g).

Yield 97% (white solid); MP = 283 °C, IR (υmax/cm− 1): 
3065 (OH), 1667, 1606 (C=O). 1H NMR (300  MHz, 
DMSO) δ = 7.88 (d, J = 6.8 Hz, 2 H, Ar-H), 7.57 (s, 2 H, 
Ar-H), 7.34 (d, J = 8.0 Hz, 5 H, Ar-H), 6.93 (d, J = 20.0 Hz, 

3 H, Ar-H), 6.33 (s, 1 H, CH). MS (ESI-ve) m/z: 430 
(M-H)−. Elemental analysis for C25H15FO6: C, 69.77; H, 
3.51; found: C, 69.67; H, 3.42.

3 , 3 ’ - ( ( 4 - f l u o r o p h e n y l ) m e t h y l e n e ) b i s ( 4 -
hydroxy-2 H-chromen-2-one) (3 h).

Yield 95% (white solid); MP = 213–215 °C, IR (υmax/
cm− 1): 2980 (OH), 1667, 1604 (C=O). 1H NMR (300 MHz, 
DMSO) δ = 7.89 (d, J = 6.2 Hz, 2 H, Ar-H), 7.58 (s, 2 H, 
Ar-H), 7.35 (d, J = 6.0 Hz, 4 H, Ar-H), 7.16 (s, 2 H, Ar-H), 
7.03 (s, 2 H, Ar-H), 6.31 (s, 1 H, CH). MS (ESI-ve) m/z: 
430 (M-H)−. Elemental analysis for C25H15FO6: C, 69.77; 
H, 3.51; found: C, 69.62; H, 3.40.

2.5 � General Procedure for the Synthesis 
of Bislawsone Derivatives 5(a‑h)

2-hydroxy-4-naphthoquinone 4 (2 mmol) and aromatic alde-
hyde 2(a-h) (1 mmol) were placed in a round-bottom flask 
containing 3:1 ethanol:water (4 mL). The rGO/TiO2 catalyst 
(30 mg) was then added, and the reaction mixture was sub-
jected to ultrasonication (100 W power, 10s/5s on/off time). 
Upon completion of the reaction, as indicated by TLC, the 
reaction mixture was filtered, and the product obtained from 
the solid residue was dissolved in hot ethanol (3 mL). The 
catalyst was then filtered, and the crude mass obtained by 
vacuum evaporation of the solvent was recrystallized with 
ethanol to yield the purified product (Scheme 2).

3,3’-(phenylmethylene)bis(2-hydroxynaphthalene-
1,4-dione) (5a).

Yield 97% (Yellow solid); MP = 202–204 °C, IR (υmax/
cm− 1): 3327 (OH), 1658, 1643 (C=O). 1H NMR (300 MHz, 
CDCl3) δ = 8.11 (d, J = 4.7  Hz, 7  H, Ar-H), 7.74 (dd, 
J = 11.5, 3.9 Hz, 6 H, Ar-H), 6.27 (s, 1 H, CH). MS (ESI-
ve) m/z: 436 (M-H)−. Elemental analysis for C27H16O6: C, 
74.31; H, 3.70; found: C, 74.25; H, 3.62.

3,3’-(p-tolylmethylene)bis(2-hydroxynaphthalene-
1,4-dione) (5b).

Yield 94% (Yellow solid); MP = 174–176 °C, IR (υmax/
cm− 1): 3355 (OH), 1620, 1608 (C=O). 1H NMR (300 MHz, 
DMSO) δ = 7.99–7.90 (m, 4 H, Ar-H), 7.78 (s, 4 H, Ar-H), 
7.03 (d, J = 27.6 Hz, 4 H, Ar-H), 5.97 (s, 1 H, CH), 2.23 (s, 
3 H, CH3). MS (ESI + ve) m/z: 450 (M + H)+. Elemental 
analysis for C28H18O6: C, 74.66; H, 4.03; found: C, 74.51; 
H, 3.94.

3,3’-((2-methoxyphenyl)methylene)bis(2-hydrox-
ynaphthalene-1,4-dione) (5c).

Yield 95% (Yellow solid); MP = 212–214 °C, IR (υmax/
cm− 1): 3293 (OH), 1659, 1634 (C=O). 1H NMR (300 MHz, 
DMSO) δ = 7.93 (d, J = 19.2 Hz, 4 H, Ar-H), 7.79 (s, 4 H, 
Ar-H), 7.09 (d, J = 20.9 Hz, 2 H, Ar-H), 6.82 (d, J = 31.1 Hz, 
2 H, Ar-H), 6.04 (s, 1 H, CH), 3.65 (s, 3 H, OCH3). MS 
(ESI) m/z: 466 (M)+. Elemental analysis for C28H18O7: 
C, 72.10; H, 3.89; found: C, 72.03; H, 3.72.
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3,3’-((3-methoxyphenyl)methylene)bis(2-hydrox-
ynaphthalene-1,4-dione) (5d).

Yield 94% (Yellow solid); MP = 190–192 °C, IR (υmax/
cm− 1): 3061 (OH), 1613, 1593 (C=O). 1H NMR (300 MHz, 
CDCl3) δ = 8.10 (s, 4 H, Ar-H), 7.79–7.66 (m, 4 H, Ar-H), 
7.23 (s, 1 H, Ar-H), 6.82 (dd, J = 18.3, 10.6 Hz, 3 H, Ar-H), 
6.24 (s, 1 H, CH), 3.76 (s, 3 H, OCH3). MS (ESI-ve) m/z: 
466 (M-H)−. Elemental analysis for C28H18O7: C, 72.10; 
H, 3.89; found: C, 72.01; H, 3.69.

3,3’-((4-methoxyphenyl)methylene)bis(2-hydrox-
ynaphthalene-1,4-dione) (5e).

Yield 93% (Yellow solid); MP = 220–222 °C, IR (υmax/
cm− 1): 3394 (OH), 1665, 1634 (C=O). 1H NMR (300 MHz, 
CDCl3) δ = 8.11 (d, J = 6.6  Hz, 4  H, Ar-H), 7.72 (dd, 
J = 15.3, 7.7 Hz, 4 H, Ar-H), 7.22 (d, J = 8.1 Hz, 2 H, Ar-H), 
6.84 (d, J = 6.4 Hz, 2 H, Ar-H), 6.18 (s, 1 H, CH), 3.79 (s, 
3 H, OCH3). MS (ESI-ve) m/z: 466 (M-H)−. Elemental 
analysis for C28H18O7: C, 72.10; H, 3.89; found: C, 72.04; 
H, 3.74.

3,3’-((4-chlorophenyl)methylene)bis(2-hydroxynaph-
thalene-1,4-dione) (5f).

Yield 96% (Yellow solid); MP = 188–190 °C, IR (υmax/
cm− 1): 3155 (OH), 1639, 1631 (C=O). 1H NMR (300 MHz, 
CDCl3) δ = 8.09 (s, 5 H, Ar-H), 7.75 (s, 2 H, Ar-H), 7.24 
(s, 5 H, Ar-H), 6.17 (s, 1 H, CH). MS (ESI + ve) m/z: 470 
(M + H)+. Elemental analysis for C27H15ClO6: C, 68.87; H, 
3.21; O, 20.39; found: C, 68.75; H, 3.14; O, 20.24.

3,3’-((3-fluorophenyl)methylene)bis(2-hydroxynaph-
thalene-1,4-dione) (5 g).

Yield 97% (Yellow solid); MP = 213–215  °C, IR 
(υmax/cm− 1): 3422 (OH), 1654, 1640 ((C=O). 1H NMR 
(300 MHz, CDCl3) δ = 8.11 (s, 4 H, Ar-H), 7.79–7.68 (m, 
4 H, Ar-H), 7.25 (s, 1 H, Ar-H), 7.08 (d, J = 4.9 Hz, 1 H, 
Ar-H), 7.02–6.90 (m, 2 H, Ar-H), 6.23 (s, 1 H, CH). MS 
(ESI + ve) m/z: 454 (M + H)+. Elemental analysis for 
C27H15FO6: C, 68.82; H, 3.19; found: C, 68.75; H, 3.11.

3,3’-((4-fluorophenyl)methylene)bis(2-hydroxynaph-
thalene-1,4-dione) (5 h).

Yield 96% (Yellow solid); MP = 193–195 °C, IR (υmax/
cm− 1): 3333 (OH), 1669, 1640 (C=O). 1H NMR (300 MHz, 
CDCl3) δ = 8.10 (s, 5 H, Ar-H), 7.81–7.62 (m, 5 H, Ar-H), 
6.98 (s, 2 H, Ar-H), 6.18 (s, 1 H, CH). MS (ESI + ve) m/z: 
454 (M + H)+. Elemental analysis for C27H15FO6: C, 
71.37; H, 3.33; found: C, 71.21; H, 3.28.

3 � Results and Discussion

3.1 � Characterization of rGO and rGO/TiO2 
Nanocomposite

3.1.1 � Fourier Transform Infrared Spectroscopy (FTIR)

FTIR spectroscopic analysis of rGO (Fig.  1a) and the 
rGO/TiO2 nanocomposite (Fig. 1b) was performed for the 
detection of functional groups and characterization of the 

Scheme 2   Synthesis of bislaw-
sone derivatives 5(a-h) using 
rGO/TiO2 catalyst (30 mg) in 
3:1 EtOH: H2O (4 mL) under 
ultrasonication

O

RCHO+
30 mg rGO/TiO2

))))

4

2

2(a-h) 5(a-h)

R=
a: phenyl
b: 4-methylphenyl
c: 2-methoxyphenyl
d: 3-methoxyphenyl

e: 4-methoxyphenyl
f: 4-chlorophenyl
g: 3-fluorophenyl
h: 4-fluorophenyl

3:1 EtOH: H2O

O

O

O

O
OHHO

R

O
OH

Fig. 1   FTIR spectra of a rGO and b rGO/TiO2 nanocomposite using 
a powder sample
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covalent bonding information [51]. The broad peaks at 
around 3400 cm− 1 are attributed to the stretching vibra-
tions of the surface hydroxyl groups. The peaks at around 
1700 cm− 1 correspond to the carbonyl functional group, 
whereas the peaks at 1100 cm− 1 in Fig. 1a and 1050 cm− 1 
in Fig. 1b are accredited to C–O stretching vibrations. In 
Fig. 1a, the peak observed at around 1600 cm− 1 corre-
sponds to the skeletal vibrations of the rGO sheet [52]. 
The presence of oxygen-containing functional groups in 
Fig. 1b suggests partial reduction of graphene, thereby 
facilitating the interaction of TiO2 with these groups 
[53]. The characteristic peaks of Ti–O–Ti vibrations are 
observed at 670 cm− 1 and 450 cm− 1 in the spectrum of the 
nanocomposite (Fig. 1b).

3.1.2 � X‑Ray Diffraction (XRD)

X-Ray Diffraction Studies of rGO (Fig. 2a) and rGO/TiO2 
nanocomposite (Fig. 2b) were carried out to determine the 
crystallographic structure. The peaks at 2θ = 24.4o and 44o 
corresponding to the (002) and (100) planes, respectively, 
observed in Fig. 2a, are characteristic of a typical graphitic 
structure [54]. The diffraction pattern of the nanocompos-
ite (Fig. 2b) suggests the formation of anatase TiO2 nano-
particles (JCPDS 21-1272). The peaks at 2θ = 25.3o, 37.9o, 
48o, 54.3o, and 62.9o can be indexed to the (101), (004), 
(200), (105), and (204) reflection planes, respectively. The 
low intensity of these peaks is accredited to the use of 
ultrasonication during the synthesis of the nanocompos-
ite [55]. Moreover, shielding of the (002) peak of rGO at 
24.4o by the (101) peak of TiO2 at 25.3o in the nanocom-
posite is a commonly observed phenomenon [56].

3.1.3 � Raman Spectroscopy

Raman Spectroscopy is one of the most powerful non-
destructive tools used to characterize graphitic materi-
als. Figure 3b shows the phonon bands of anatase TiO2 at 
144 cm− 1, 396 cm− 1, 512 cm− 1 and 631 cm− 1, correspond-
ing to the Eg(1), B1g, A1g + B1g, and Eg(2) transitions, respec-
tively [57]. Furthermore, the spectra exhibit two characteris-
tic bands: the D-band (sp3 defects) and the G-band (in-plane 
vibrations of sp2 atoms) [58]. In rGO (Fig. 3a), these bands 
were obtained at 1341 cm− 1 and 1580 cm− 1, while in the 
nanocomposite (Fig.  3b), they were at 1353  cm− 1 and 
1589 cm− 1, respectively. The red shift observed in these 
bands can be attributed to the presence of hydroxyl groups 
on the surface of the nanocomposite. Correspondingly, the 
ID/IG ratio increased from 0.77 in rGO to 0.94 in rGO/TiO2 
as structural defects in two-dimensional graphitic sheets 
increased with the incorporation of TiO2 [59, 60].

3.1.4 � Morphology

The morphological features of rGO and rGO/TiO2 nano-
composite were investigated using SEM, TEM and EDX 
characterization techniques. The SEM image of rGO 
(Fig. 4a) shows a two-dimensional layered structure of 
graphene sheets with curved edges, while that of the 
nanocomposite (Fig. 4b) depicts the rGO sheets as well-
decorated and embedded with TiO2 nanoparticles. Fur-
ther, TEM analysis was carried out for detailed structural 
examination. Figure 5a portrays the smooth and some-
what wrinkled graphene layers of rGO, and Fig. 5b illus-
trates the TiO2 nanoparticles anchored and aggregated 
over the rGO sheets. EDX spectroscopy (Fig. 6) revealed 

Fig. 2   X-ray diffraction pattern of a rGO and b rGO/TiO2 nanocom-
posite using a powder sample from 10o to 80o 2θ range at scanning 
speed of 5 min− 1

Fig. 3   Raman spectra of a rGO and b rGO/TiO2 nanocomposite using 
a powder sample
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the elemental composition of the nanocomposite, with 
57.81% of C, 31.16% of O and 11.03% of Ti. Other than 
the detected elements, no other impurities were detected 
inferring that the synthesized nanocomposite is in high 
purity.

3.2 � Catalytic Performance of rGO/TiO2 
Nanocomposite

To develop an efficient synthetic protocol, various reac-
tion parameters, such as the amount of catalyst, solvent 
and solvent systems, and temperature were optimized by 

Fig. 4   SEM images of a rGO 
and b rGO/TiO2 nanocomposite 
using a small portion of the 
powder dispersed in ethanol, 
transferred to the adhesive 
carbon tape, and air-drying

Fig. 5   TEM images of a rGO 
and b rGO/TiO2 nanocomposite 
by dispersing a small portion in 
ethanol and transferring it to the 
copper grid and air-drying

Fig. 6   EDX spectrum of rGO/
TiO2 nanocomposite using a 
small portion of the powder dis-
persed in ethanol and transfer-
ring to the adhesive carbon tape 
and air-drying
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considering the reaction between 4-hydroxycoumarin and 
benzaldehyde as a module (Table 1). Foremost, the use of 
the catalyst was substantiated by carrying out the reaction 
in its absence. The reaction did not proceed well, and about 
20% of the product was obtained (Table 1, entry 1). Moreo-
ver, using the synthesized rGO powder as a catalyst resulted 
in a low yield (Table 1, entry 2). The use of commercially 
procured bulk and nano TiO2 also resulted in poor yields 
(Table 1, entries 3 and 4). The rGO/TiO2 nanocomposite 
was then utilized as a heterogeneous catalyst, resulting in a 
somewhat acceptable product yield of 77% (Table 1, entry 
5). The effect of catalyst loading was then investigated by 
varying the amount of nanocomposite added from 20 mg to 

40 mg (Table 1, entries 6 and 7). It was observed that 30 mg 
of the catalyst was optimal, and increasing or decreasing the 
amount of catalyst yielded substandard results. Thus, 30 mg 
of rGO/TiO2 was used for further investigation. To study the 
effect of solvents, protic solvents such as ethanol, methanol, 
and water and aprotic solvents such as acetonitrile, dichlo-
romethane, and toluene were used. The highest yield was 
observed for ethanol (Table 1, entry 5), followed by metha-
nol and water (Table 1, entries 8 and 9, respectively); aprotic 
solvents resulted in lower yields (Table 1, entries 10–12). 
Interestingly, the water-ethanol solvent system granted 
excellent results (Table 1, entries 13–17). Upon careful 
examination, it was found that 3:1 ethanol:water afforded 

Table 1   Optimization of reaction parameters for the synthesis of 3a 

Bold indicates best optimum condition for the present synthetic strategy
a All reactions were carried out for 5 min except for
b Entry 18 which was carried out for 30 min
c Isolated yield

Entry Catalyst Solvent Conditiona % yieldc

1 No catalyst Ethanol US probe 20
2 rGO (30 mg) Ethanol US probe 26
3 Bulk TiO2 (30 mg) Ethanol US probe 25
4 Commercial TiO2 NPs (30 mg) Ethanol US probe 48
5 rGO/TiO2 (30 mg) Ethanol US probe 77
6 rGO/TiO2 (20 mg) Ethanol US probe 62
7 rGO/TiO2 (40 mg) Ethanol US probe 77
8 rGO/TiO2 (30 mg) Methanol US probe 72
9 rGO/TiO2 (30 mg) Water US probe 47
10 rGO/TiO2 (30 mg) Acetonitrile US probe 45
11 rGO/TiO2 (30 mg) Dichloromethane US probe 40
12 rGO/TiO2 (30 mg) Toluene US probe 38
13 rGO/TiO2 (30 mg) Ethanol:Water (3:1) US probe 98
14 rGO/TiO2 (30 mg) Ethanol:Water (2:1) US probe 76
15 rGO/TiO2 (30 mg) Ethanol:Water (1:1) US probe 70
16 rGO/TiO2 (30 mg) Ethanol:Water (1:2) US probe 58
17 rGO/TiO2 (30 mg) Ethanol:Water (1:3) US probe 50
18 rGO/TiO2 (30 mg) Ethanol:Water (3:1) 25 oCb 35
19 rGO/TiO2 (30 mg) Ethanol:Water (3:1) 50 oC 55
20 rGO/TiO2 (30 mg) Ethanol:Water (3:1) 75 oC 64
21 rGO/TiO2 (30 mg) Ethanol:Water (3:1) US bath 56
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an exceptional product yield of 98% (Table 1, entry 13). 
Furthermore, the reaction was performed under reflux condi-
tions as well as in an ultrasonic bath to authenticate the use 
of probe ultrasonication. Insufficient yields were observed 
under thermal conditions (Table 1, entries 18–20), and the 
ultrasonic bath resulted in a slightly better but inadequate 
yield (Table 1, entry 21). Thus, to demonstrate its gener-
ality, the optimized protocol was employed to synthesize 
eight biscoumarin derivatives 3(a-h) by varying the aromatic 
aldehyde. Table 2 lists the reaction times and the isolated 
yields of the derivatives. It was observed that the nature of 
the aldehyde (electron-rich or electron-poor) did not affect 

the general outcome of the reaction, and all products were 
obtained in high yields in a short amount of time.

Encouraged by these phenomenal observations, the 
scope of this novel methodology was assessed by replacing 
4-hydroxycoumarin with 2-hydroxy-1,4-naphthoquinone and 
synthesizing bislawsone derivatives. A total of eight prod-
ucts 5(a-h) were obtained with exceptional yields using a 
diverse array of aldehydes, as delineated in Table 3.

Table 4   Comparative study of rGO/TiO2 nanocomposite for the synthesis of biscoumarin and bislawsone derivatives

Bold indicates best optimum condition for the present synthetic strategy

Entry Product Catalyst Condition Yield (%) Refs.

1 TiO2/KSF
(20 mg)

Neat, 100 oC, 10 min 98 [61]

2 RuCl3
(5 mol%)

Water, 80 oC, 25 min 84 [34]

3 DBSA
(25 mol%)

1:1 EtOH:H2O, MW, 12 min 95 [62]

4 [bmim]BF4
(4 eq.)

Neat, 60–70 oC, 2 h 84 [36]

5 BiVO4
(30 mg)

Water, 80 oC, 25 min 98 [63]

6 TBAB
(10 mol%)

Water, reflux, 25 min 92 [32]

7 Nano TiO2
(5 mol%)

Water, reflux, 8 min 90 [64]

8 Graphene 
oxide 
(5 mg)

Water, reflux, 25 min 90 [65]

9 rGO/TiO2
(30 mg)

3:1 EtOH:H2O, US, 5 min 98 This work

10 Lipase
(30 mg)

Ethanol, 60 oC, 2 h 88 [40]

11 Et3N
(1 eq.)

Ethanol, 25 oC, 5 min 75 [66]

12 Humic acid
(10 mg)

Neat, 100 oC, 15 min 96 [39]

13 CSA
(20 mol%)

1:1 EtOH:H2O, 27 oC, 2 h 94 [38]

14 LiCl
(1 eq.)

Water, 25 oC, 12 h 83 [41]

15 β-alanine
(15 mg)

AcOH, Ar atm, reflux, 5 h 83 [28]

16 Sulfamic 
acid

(20 mol%)

1:1 EtOH:H2O, 25 oC, 16 h 92 [43]

17 DMAP
(20 mol%)

EtOH, MW, reflux, 15 min 96 [37]

18 rGO/TiO2
(30 mg)

3:1 EtOH:H2O, US, 5 min 97 This work
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3.3 � Comparative Study

To establish the merits of the rGO/TiO2 nanocomposite as 
a heterogeneous catalyst, a study was conducted to compare 
the efficiency of the current protocol with those previously 
reported in the literature, as depicted in Table 4. The reac-
tion parameters considered for comparison were the nature 
and amount of catalyst used, nature of the solvent used, 
reaction temperature and time, product yields, and utiliza-
tion of non-conventional alternatives such as ionic liquids, 
microwave irradiation, or ultrasonication to spike the reac-
tion rate. It is evident that despite the observed versatility, 
the reported protocols suffer from numerous drawbacks, 
such as high reaction temperature and time, inadequate 
product yield, harsh reaction conditions, and the require-
ment of an inert atmosphere. The present work supersedes 
all these difficulties and thus validates the efficacy of this 
novel methodology.

Fig. 7   Plausible mechanism for 
biscoumarin and bislawsone 
synthesis in the presence of 
rGO/TiO2 nanocomposite

Fig. 8   Recyclability of the rGO/TiO2 catalyst. Reaction conditions: 
4-hydroxycoumarin/2-hydroxy-4-naphthoquinone (2 mmol), benzal-
dehyde (1 mmol) and catalyst (30 mg) under ultrasonication at room 
temperature
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3.4 � Plausible Mechanism

Figure 7 outlines a plausible mechanism for rGO/TiO2 
catalyzed biscoumarin and bislawsone synthesis. Ini-
tially, the carbonyl group of the aldehyde is activated by 
Ti4+, facilitating nucleophilic attack of the carbon atom of 
4-hydroxycoumarin/2-hydroxy-4-naphthoquinone on the 
aldehyde to form intermediate I. Subsequently, a water mol-
ecule is lost to yield enol II, which tautomerizes to its keto 
form III. Ti4+ then activates intermediate III, followed by 
a nucleophilic attack from another 4-hydroxycoumarin/2-
hydroxy-4-naphthoquinone molecule, forming intermediate 
IV. Finally, another keto-enol tautomerization leads to the 
formation of the desired product V, regenerating the catalyst.

3.5 � Recyclability Study

The ability to catalyze multiple reaction cycles without 
significantly affecting the reaction outcome is one of the 
fundamentals of catalysis. Model reactions of 4-hydroxycou-
marin and benzaldehyde for the synthesis of biscoumarin 3a 
and 2-hydroxy-4-naphthoquinone and benzaldehyde for the 
synthesis of bislawsone 5a were employed to ascertain the 
reusability of the catalyst. On completing the reaction, as 
mentioned in Schemes 1 and 2, the catalyst was isolated via 
filtration, washed several times with hot ethanol, dried in an 
oven, and then reused. As illustrated in Fig. 8, the efficiency 
of the rGO/TiO2 nanocomposite remained unaltered for up 
to five catalytic runs for both biscoumarin 3a and bislaw-
sone 5a. Leaching of TiO2 nanoparticles into the reaction 
mixture was also analyzed with ICP-AES analysis. For this 
purpose, blank rGO/TiO2 nanocomposite in 3:1 EtOH:H2O 
was taken and the sample was ultrasonicated for 5 min. The 
solvent was analysed using ICP-AES and it was found that 
Ti concentration in the solution was less than the detection 
limit. Similar results were obtained when the completed 
reaction mixture was filtered and the solvent was analysed. 
Both findings indicate that the TiO2 nanoparticles did not 
leach into the solution during the catalytic cycles and thus, 
remained intact on the rGO support. The eventual decline 
observed in the efficacy of the catalyst may be accredited to 
agglomeration of the nanomaterial or minor inadequacies in 
the recovery process.

4 � Conclusion

In conclusion, a novel ultrasound-assisted procedure was 
developed for the efficient synthesis of biscoumarin and 
bislawsone derivatives catalyzed by rGO/TiO2 nanocompos-
ite. The catalyst was characterized by FTIR, XRD, Raman, 
SEM, TEM and EDX techniques. FTIR, XRD, and Raman 
analyses were used to verify the structural features. SEM 

and TEM imaging were used to determine the morphologi-
cal attributes, and EDX spectroscopy was used to examine 
the elemental composition. The reaction parameters were 
optimized, and several biscoumarin and bislawsone deriva-
tives were synthesized. The sustainable nature of the cur-
rent synthetic protocol pays heed to the postulates of Green 
Chemistry i.e. ambient reaction temperature, short reaction 
time, use of green solvents, extraordinary product yield, and 
reusability of the catalyst for five cycles and hence, offers 
an environmentally attractive approach to conventional 
synthesis.
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Abstract 

 

Data analytics has emerged as a transformative tool in the modern business landscape, driving more informed decision-

making and delivering substantial results. This paper explores the evolution, methodologies, applications, and impact of 

data analytics on business decisions. By examining case studies and industry trends, we illustrate how data-driven 

strategies can enhance efficiency, customer satisfaction, and competitive advantage. The paper also discusses challenges 

and future directions in the field of data analytics. 

 

Introduction 

 

Background 

In the era of digital transformation, businesses are inundated with vast amounts of data. This data, if harnessed 

effectively, can provide deep insights into various aspects of business operations. Data analytics, the process of 

examining raw data to draw conclusions and make informed decisions, has become a pivotal component in the business 

decision-making process. 

 

Importance of Data Analytics 

Data analytics enables businesses to identify trends, uncover patterns, and gain insights that were previously 

unattainable. This analytical capability allows for better forecasting, improved operational efficiency, and enhanced 

customer experiences. As a result, data analytics is not just a tool but a game changer for businesses aiming to stay 

competitive in a rapidly evolving market. 

 

Evolution of Data Analytics 

Early Beginnings 

The roots of data analytics can be traced back to the early days of computing, where simple statistical methods were 

applied to business data. The advent of computers in the mid-20th century provided the computational power needed to 

process larger datasets, laying the foundation for modern data analytics. 

 

The Rise of Big Data 

The 21st century saw an explosion of data generation, often referred to as "big data." This era was marked by the 

proliferation of the internet, social media, and the Internet of Things (IoT), which contributed to the massive increase in 

data volume, variety, and velocity. This shift necessitated the development of more sophisticated data analytics tools and 

techniques. 

 

Modern Data Analytics 

Today, data analytics encompasses a wide range of methodologies, including descriptive, diagnostic, predictive, and 

prescriptive analytics. Advanced technologies such as machine learning, artificial intelligence (AI), and deep learning 

have further augmented the capabilities of data analytics, allowing for real-time analysis and more accurate predictions. 
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Methodologies in Data Analytics 

Descriptive Analytics 

Descriptive analytics involves the analysis of historical data to understand what has happened in the past. It uses data 

aggregation and data mining techniques to provide insights into past performance. Common tools for descriptive 

analytics include dashboards and reporting systems. 

 

Diagnostic Analytics 

Diagnostic analytics goes a step further by examining the reasons behind past performance. It uses techniques such as 

drill-down, data discovery, and correlations to identify the underlying causes of trends and patterns. 

 

Predictive Analytics 

Predictive analytics uses historical data and statistical algorithms to forecast future outcomes. Techniques such as 

regression analysis, time series analysis, and machine learning models are commonly employed in predictive analytics. 

This methodology helps businesses anticipate future trends and make proactive decisions. 

 

Prescriptive Analytics 

Prescriptive analytics recommends actions based on predictive insights. It uses optimization and simulation algorithms 

to suggest the best course of action for achieving desired outcomes. This methodology is particularly useful in resource 

allocation, scheduling, and supply chain management. 

 

Applications of Data Analytics in Business 

Marketing 

Data analytics has revolutionized marketing by enabling personalized campaigns and targeted advertising. By analyzing 

customer data, businesses can segment their audience, predict customer behavior, and tailor their marketing strategies to 

maximize ROI. 

 

Finance 

In the finance sector, data analytics is used for risk management, fraud detection, and investment decision-making. 

Predictive models help financial institutions identify potential risks and opportunities, improving their overall financial 

performance. 

 

Operations 

Operational efficiency can be significantly enhanced through data analytics. Businesses use analytics to optimize supply 

chain management, reduce operational costs, and improve productivity. Real-time analytics allows for quick decision-

making and agile responses to market changes. 

 

Customer Service 

Data analytics plays a crucial role in enhancing customer service. By analyzing customer feedback, interaction history, 

and behavior patterns, businesses can improve their service quality, address customer issues proactively, and enhance 

overall customer satisfaction. 

 

Impact of Data Analytics on Business Decisions 

Improved Decision-Making 

Data-driven decision-making leads to more accurate and informed decisions. By relying on data analytics, businesses 

can reduce uncertainty, minimize risks, and make strategic choices that align with their objectives. 

 

Enhanced Competitive Advantage 

Businesses that leverage data analytics gain a competitive edge by staying ahead of market trends, understanding 

customer needs better, and optimizing their operations. This advantage is crucial in maintaining market leadership and 

driving growth. 

 

Increased Efficiency and Productivity 

Data analytics streamlines business processes, identifies bottlenecks, and suggests improvements. This leads to 

increased operational efficiency, reduced costs, and higher productivity, contributing to better overall business 

performance. 
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Case Studies 

Amazon 

Amazon's success is largely attributed to its data-driven approach. The company uses data analytics for inventory 

management, personalized recommendations, and dynamic pricing. These strategies have enabled Amazon to enhance 

customer satisfaction, optimize operations, and maintain a competitive edge. 

 

Netflix 

Netflix leverages data analytics to understand viewer preferences and predict content success. By analyzing viewing 

patterns, Netflix creates personalized recommendations and invests in original content that resonates with its audience, 

leading to increased subscriber retention and growth. 

 

Walmart 

Walmart uses data analytics to optimize its supply chain, manage inventory, and enhance customer experiences. Real-

time analytics allows Walmart to respond quickly to market demands, reduce stockouts, and improve overall operational 

efficiency. 

 

Challenges in Data Analytics 

Data Quality 

The accuracy and reliability of data are critical for effective analytics. Poor data quality can lead to incorrect insights 

and flawed decision-making. Ensuring data integrity and consistency is a significant challenge for businesses. 

 

Data Privacy and Security 

With the increasing volume of data comes the responsibility to protect it. Data privacy and security concerns are 

paramount, especially with stringent regulations such as GDPR. Businesses must implement robust security measures to 

safeguard sensitive information. 

 

Skill Gap 

The demand for skilled data analysts and data scientists often exceeds supply. Bridging the skill gap is essential for 

businesses to fully leverage the potential of data analytics. Continuous training and development programs are necessary 

to build a competent workforce. 

 

Future Directions 

Integration of AI and Machine Learning 

The integration of AI and machine learning with data analytics will continue to advance, providing more sophisticated 

and autonomous analytical capabilities. This integration will enable businesses to uncover deeper insights and make 

more accurate predictions. 

 

Real-Time Analytics 

Real-time analytics will become increasingly prevalent, allowing businesses to make immediate decisions based on 

current data. This capability is particularly valuable in dynamic industries where rapid response is crucial. 

 

Enhanced Data Visualization 

Improved data visualization tools will make it easier for businesses to interpret complex data. Interactive dashboards and 

advanced visualization techniques will enhance the accessibility and usability of data analytics. 

 

Conclusion 

 

Data analytics has undeniably transformed the business landscape, enabling more informed decision-making and 

delivering significant results. As businesses continue to navigate the complexities of the modern market, the role of data 

analytics will only grow in importance. By embracing data-driven strategies and overcoming the associated challenges, 

businesses can unlock new opportunities, drive growth, and achieve long-term success. 
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Photosensitivity and structural properties of vanadium-doped ZnO and ZnO 
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A B S T R A C T   

The aim of the research to elucidate the photosensitivity of a synthesized nanomaterial, i.e. ZnO NPs and 10% 
vanadium-doped ZnO NPs with their characterization. The material were characterized by X-Ray diffractometer 
(XRD), Fourier Transform Infrared spectroscopy (FTIR), Scanning Electron Microscopy (SEM) and Photo
luminescence (PL). XRD confirms the formation of ZnO and V-ZnO NPs from its peaks and confirmed the doping 
of a vanadium element with ZnO NPs by JCPDS with different calcination temperature (450 ◦C, 550 ◦C and 
660 ◦C). By increasing a temperature its peak or crystallinity is also increases and confined its atom in a peak. 
FTIR confirms the formation of ZnO and V-doped ZnO NPs by their specific spectral peaks. SEM images shows 
that the ZnO NPs is spherical in shape with an average particle size of 50 nm and V-ZnO NPs is polyhedral or 
hexagonal with an average particle size of 74 nm confirms its morphology. The property of photoconductivity 
has been measured by photoluminescence via UV–vis illumination. Sample with high calcination show good 
result due to increase in Znidefect but with vanadium-doped ZnO NPs shows the higher and more interesting 
result than the ZnO NPs.   

1. Introduction 

Nanotechnology is the controlled creation, manipulation, and study 
of nanoscale materials with diameters smaller than 100 nm [1]. This 
interdisciplinary field makes it possible new developments are exciting, 
and materials with valued features [2]. The properties of nanoparticles 
are unique and can be altered by chemical, biological, or physical pro
cesses [3]. Metal oxide nanoparticles shows the biological, magnetic, 
electrical, antimicrobial, catalytic and optical capabilities are dependent 
on their size, shape, and chemical nature [4–6]. Zinc oxide (ZnO) is a 
semiconducting compound that belongs to the II-VI group and has a 
wide direct bandgap of ~ 3.35 eV at room temperature, exceptional 
chemical stability, and a high exciton binding energy (60 meV) [7–9]. 
ZnO nanoparticles are one of the most interesting materials used in 
many different types of devices, including electronics [10,11], photonics 
[12], spintronics [13], biosensors [7], drug delivery systems [14,15], 
photocatalysis [16,17] andbio imaging [18,19]. However, there are still 
some significant barriers to the creation of devices using both pure ZnO 
and transition metals doped ZnO [18]. 

Extensive studies on transition metal (TM)-doped ZnO oxide-based 

semiconductors have been researches in recent years to investigate 
that the changes in dopant ions cause in the physical properties of a 
parent material [20,21]. Particularly luminescent inorganic nano
particles have aroused interest because of their large potential applica
tions and for fundamental scientific research in a range of fields in doped 
semiconductors [7,22]. Additionally, the research on the magneto- 
optical properties of the TM-doped ZnO system is also greatly encour
aged by the exceptional optical transparency of ZnO and the potential 
for band gap engineering by TM doping, which could result in the 
development of innovative magneto-optoelectronic devices [21,23].In 
the literatures, it has been discovered that vanadium doping can cause 
the generation of defects and fill in its voids of ZnO NPs. Because of the 
presence of the multivalent vanadium ion, versatile magnetic ordering 
has been obtained by substituting vanadium in the host lattice of zinc 
oxide [24,25]. It should be noted that vanadium has smaller ionic radii 
than zinc, which can be used through band engineering to utilize 
nanostructures of vanadium (V)-doped zinc oxide for use in sensing 
systems. Additionally, their vast application potential in fields like op
tical devices and biological applications like displays and anticounter
feiting, luminescence-based techniques have recently gained a lot of 
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attention [17,26–28]. 
Many theoretical and experimental studies have been conducted in 

recent years to actualize the morphology, optical and magnetic potential 
[1,3,4,6,17,29]. It was found an increase in vanadium doping concen
tration, detected a blue shift in the band gap of V-doped ZnO [30], the 
ferroelectric response in two-dimensional V-doped ZnO [31], an in
crease in doping concentration saw an improvement in the transparency 
of the ZnO-V-based films in the visible area [32], contradicting findings 
as a decrease in both the band gap and transparency [33], a red shift in 
the band gap by increasing the doping concentration [21,24]. 

In this article, we were synthesized a ZnO NPs and 10 % Vanadium- 
doped ZnONPs. The sample were prepared via a sol–gel method and 
post-annealed at different temperatures of 450 ◦C, 550 oCand 650 ◦C 
under an open atmospheric system. The sample were characterized by 
XRD, FTIR and SEM. X-ray diffraction was employed to demonstrate the 
effect of calcination temperature(450 ◦C, 550 ◦C and 650 ◦C) on the 
structural and crystallite properties of a vanadium doped ZnO NPs and 
done a photoluminescence of a prepared sample to study the effect of 10 
% vanadium doping in a versatile ZnO NPs. 

2. Material & method 

The bottom-up technique has been used to synthesize the ZnO and 
Vanadium-doped ZnO NPs via sol–gel method through propylene glycol. 
In the preparation of ZnO NPs, we used zinc nitrate hexahydrate as a 
precursor and Vandium-doped ZnO NPs synthesized by using a Zinc 
nitrate hexahydrate and vanadium acetylacetonate solution precursors 
were mixed in an appropriate ratios to formation of a resultant solution. 
Under steady stirring, propylene glycol was added to the aforemen
tioned solution in a 1:1 mol ratio with regard to the metal nitrates. The 
solution was then heated to 100 ◦C while being constantly stirred, 
allowing all of the liquid to evaporate. The resultant sample of powder 
were then calcined in a different temperatures (450 ◦C, 550 ◦C and 
660 ◦C) for 2 h to obtained a well crystalline and pure sample of 
nanoparticles for further analysis. 

A powder X-ray diffraction (PXRD) technique by using a high- 
resolution PAN analytical X’pert diffractometer with a Xe detector 
using Cu K radiation (=1.5418), a step size of 0.02◦ throughout the 2 
range of 20-90◦ at room temperature, and a scan rate of 4.5 s per step. 
Ascanning electron microscope (SEM) JEOL 6610LV was used to eval
uate the morphology of a sample. The Perkin Elmer 2000 Fourier- 
transform infrared spectrometer was used to record the FT-IR spectra 
using KBr pellet. All samples photoluminescence (PL) spectra were 
captured using a PerkinElmer spectrometer at room temperature 
(Model: LS 45). 

3. Results and discussion 

Fig. 1A, shows XRD patterns of ZnO NPs in different temperatures i.e. 
ZnO450, ZnO 550 and ZnO650 NPs samples. The XRD patterns of all 
samples have hexagonal wurtzite structure confirmed through JCPDS 
card no: 01–089-1397for ZnO400, ZnO550 with a miller indices of 
(100), (002), (101), (102), (110), (103), (200), (112), (201), (004) 
and (202). There are not such any additional peaks in a prepared 
sample, confirming that the final products are pure ZnO NPs. The in
tensity of XRD peaks gets increased as annealed temperature was rai
sedas compared to corresponding samples, which may be due to 
improved crystallinity after annealing wherein elevated temperature of 
annealing assists movement of atoms to their exact lattice locations 
[25]. 

XRD analysis of 10% concentration of vanadium doped ZnO at 
different calcination temperature (V-ZnO450, V-ZnO550 and V- 
ZnO650) are shown in Fig. 1B. It shows the presence of additional phase 
of ZnV2O4 (JCPDS No. 01–075-0318) spinal type structure in addition 
with VO2 peak in compare to bare ZnO [21].The impact of temperature 
on the dissolution of vanadium in ZnO matrix have been performed at 

low temperature lower(450 ◦C) and another temperature higher(650 ◦C) 
for 10% dopedZnV2O4 concentration appears to be roughly independent 
of annealing temperature,irrespective of the sample thermal history, the 
intensity ratio between the primary zincite peak and the spinel phase 
remains constant.The average crystallite sizes of each sample are 
calculated using Debye-Scherer equation[34]: 

D =
kλ

βcosθ  

where D indicates crystallite size, K indicates Scherer constant (the 
shape factor of average crystallite, it is assumed here that K = 0.9), λ 
indicates wavelength of the X-ray using Cu-Kαradiation (1.5406 Å), θ 
indicates Braggs diffraction angle in degree and β indicates Full-Width 
Half-Maximum (FWHM) in radian of the respective peak [34]. The 
average crystallite size calculated by the above equation are as follows 
in Table 1. 

In Fig. 2, the FTIR spectra of prepared sample of ZnO and 10 % V- 
ZnO NPs demonstrates the confirmation peak at 730 cm− 1, 927-1and 
1158-1 of V-O stretching along with the peaksof Zn-O stretching at 650 
cm− 1 and 1052 cm− 1. NO2and N–H stretching peaks at 1521 cm− 1 and 
3500 – 3900 cm− 1 is due to zinc nitrate hexahydrate precursor. C = C 

Fig. 1A. XRD graph of ZnO NPs in different temperature (450 ◦C, 550 ◦C 
and 660 ◦C). 

Fig. 1B. XRD graph of vanadium-doped ZnO NPs at different temperatures 
(450 ◦C, 550 ◦C and 650 ◦C). 
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stretching peak at 1688 cm− 1, C–H stretching at 2920 cm− 1 and its 
bending at 914 cm-1and 1370 cm− 1, O–H stretching peak at 
3500–––3900 cm− 1 and its bending and deformation at 1321 cm− 1 and 

1370 cm− 1. CO2 stretching peak at 2350 cm− 1 due to external envi
ronment and propylene glycol as precursor. 

The SEM (Scanning Electron Microscopy) micrograph can reveal the 
anatomy and size of ZnO NPs along with vanadium doped ZnO NPs in 
this study. In Fig. 3-A, the SEM images of ZnO NPs shows the spherical 
like crystal appearance which resembling as a bunch of black balls and 
an average grain size is 50 nm. In Fig. 3-B, the SEM images of 10% V 
doped ZnO NPs shows the polyhedral sphere or hexagonal shape which 
improves the adsorption activity with enhancement in their property 
and an average grain size of 74 nm. 

Fig. 4 shows the photoluminescence spectra of ZnO450, ZnO550, 
ZnO650, V-ZnO450, V-ZnO550 and V-ZnO650. It shows the emission 
around 392–394 nm, 418–421 nm, 480–485 nm and 525–527 nm in 
Fig. 5. The UV emission around 392–394 nm is due to near-band edge 

Table 1 
The average crystallite size of synthesized ZnO and V-doped ZnO at different 
calcination temperature.  

Samples (At different temperatures) Average Crystallite Size 

Zno (450 ◦C) 12 nm 
V-ZnO (450 ◦C) 18 nm 
ZnO (550 ◦C) 15 nm 
V-ZnO (550 ◦C) 28 nm 
ZnO (650 ◦C) 19 nm 
V-ZnO (650 ◦C) 25 nm  

Fig. 2. FTIR spectra of ZnO and Vanadium-doped ZnO NPs.  

Fig. 3. A: SEM image of ZnO NPs and 3-B SEM image of 10% V-ZnO NPs with particle size.  
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emission which is ascribed to free excitonic emission because of an 
exciton–exciton collision.The violet emission around 418–421 nm is due 
to zinc interstitials (Zni) defects of ZnO, which corresponds to transition 
of Zni to valence band (VB). The blue emission around 480–485 nm is 
due to zinc vacancy (VZn) defects which corresponds to transition of Zni 
to VB. The green emission around 525–527 nm is due to oxygen vacancy 
defects (VO) which corresponds to transition of conduction band (CB) to 
Vo. The emission in vanadium doped ZnO is more as compared to bare 
ZnO, which may be due to doping of vanadium.The vanadium doped 
ZnO which is annealed at 650 ◦C have strong emission due to more 
defects as compared all other samples due to high temperature of 
annealing [9,25,35]. 

4. Conclusion 

In this synthesis, we report on the synthesis of ZnO and V-doped ZnO 
NPs in different calcination temperature (heat treatment) by using sol
–gel route. The effect of calcination temperature (450–650 ◦C) and its 
effect on the morphology, structural, and optical properties of as- 
synthesized nanomaterials was evaluated. It was shown that the 

morphology was greatly affected by the calcination temperature and 
confirmed through SEM analysis revealed highly porous with a spherical 
and polyhedral type hexagonal structure. XRD analysis confirmed the 
formation of pure phase of ZnO and vanadium-doped ZnO NPs at 450 ◦C, 
550 ◦C and 650 ◦C with an average crystallite size in Table 1. FTIR 
analysis showed complete degradation via the calcination step and 
confirmed its presence via specific peaks. All the sample are photosen
sitive and results shows that increasing the calcination temperature of 
ZnO and V-ZnO NPs increseases their photoluminescence property due 
their increase in Zni concentration. The highest temperature of 650 ◦C 
exhibit the high level of photosensitivity as compared to other lower 
calcination temperature. Vanadium-doped ZnO NPs shows the relatively 
higher photosenstivity than the ZnO NPs. All the results of the prepared 
sample, we concluded that10% doped Vanadium-ZnO NPs are good for a 
researcher and the most promising for photo-detection in the scientific 
field of optoelectronic applications. 
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