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MESSAGE

Itis indeed our pleasure & privilege to host National Conference on Applied Sciences Synergising the
Engineering and Technology (ASSET-2021), which will be held through digital mode during January
18'-19%, 2021 at EPCET, Bengaluru

This conference provides a platform which brings Researchers, Scientists, Engineers, and
Academicians & Research Scholars from across the country under one platform to discuss their views,
ideas and experience related to Applied Sciences.

| extend my best wishes to entire organizing team and committee members in bringing out this
proceeding on the occasion of the National Conference. | extend my greetings and best wishes to all
the participants and wish this conference a grand success.

B L Ramadevi Venkatapathi
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MESSAGE

It is a great pride to host the National Conference on Applied Sciences Synergising the Engineering
and Technology (ASSET-2021), which will be held through digital mode during January 18th-19th,
2021 at EPCET, Bengaluru. | am sure that this occasion will provide an affable environment for the
researchers and academicians to freely exchange the views and ideas in the related field.

| wish the participants of this conference to come out with new inventions and innovative ideas which
will contribute for the advancement of global technology.

| convey my warm greetings and felicitations to the organizing committee and the participants and

extend my best wishes for the success of the conference.

S V Pramod Gowda
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MESSAGE

Itis a great honour and privilege to host National Conference on Applied Sciences Synergising the
Engineering and Technology (ASSET-2021), which will be held through digital mode during January
18th-19th, 2021 at EPCET, Bengaluru.

This conference provides a forum for industry professionals and researchers to deliberate and state a
wide range of practices, trends, research findings, discuss the latest advancements & explore the
future in emerging industrial technologies.

A great amount of planning and organizing is required to hold a successful conference and | appreciate
the efforts of all the people who were involved in making the conference a success.

Our Management is ever ready to extend constant support for all the activities undertaken and we
look forward to have more conferences in the days to come.

| wish this conference to be a grand success.
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S V Rajiv Gowda
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On behalf of whole ASSET- 2021 team, | take this opportunity to welcome all the dignitaries, delegates
and participants to the National Conference on Applied Sciences Synergising the Engineering and
Technology (ASSET-2021) which will be held through digital mode during January 18th-19th, 2021 at
EPCET, Bengaluru. It has been a real honour and privilege to serve as the General Chair of the
conference.

The conference will span over two days and the conference will provide ample opportunities for
Academicians, Researchers, Scientists, Industry Practitioners to exchange their views, ideas and
experience related to Applied Sciences and their applications in Engineering & Technology.

We would like to express our appreciation to the organizing committee and all the colleagues for their

enthusiastic and hard work in organising this conference.

We greatly appreciate the authors for their outstanding paper contributions and we thank them in
advance for their participation. We also value the time spent by the expert reviewers for paper
evaluation efforts. We are fortunate to have leading eminent speakers at our conference to share
their experience and views in the related field.

| am sure that you will have a great time at this conference, and find it a stimulating and informative
meeting. | wish the conference a great success.
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Dr. Prakash S
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Research Scholars on to a common platform for sharing their views, ideas and experience related
to Applied Sciences and their applications in Engineering & Technology through Invited lectures,
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CONFERENCE THEME & SCOPE

Conference Theme & Scope National Conference on Applied Sciences Synergising the Engineering
and Technology (ASSET-2021) will be held online during January 18th -19th, 2021 and is organised
by the EPCET Bangalore. It will bring distinguished Academicians, Scientists/Engineers, R&D and
Industry professionals and Research Scholars on to a common platform for sharing their views,
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Innovation, Science & Technology : Factors to Society and Economy

V. Krishna Murthy
Research Professor, Department of Chemistry, Dayananda Sagar University, Innovation Campus, Hosur Main

Road, Kudlu Gate, Bengaluru, Karnataka, India

ABSTRACT

Innovation, engineering, science and technology are the terms that are closely related. The discussion
deliberated in the article relates know how these are linked and how they are ultimately related to economy
and industrial progress. Innovation is a means to changes that are induced and triggers engineering and
technology. Science initiates the chain of the events and a synergy evolves in the process. The science and
technology, although do possess certain differences, very are closely related. They go hand in hand and both
play a vital role in our lives. It is important to do a foresight exercise as a plan to delineate short, mid and long
term ramifications for an enterprise that is an eventual entity with synergistic contribution of science and
technology. overt indulgence to technology have a few negative influences and hence being aware and cautious
is essential. Robust science and technology policy has a potential to influence economic development.
Governmental fostering technology by prioritizing fund allocation on all possible levels is conducive to overall
development. Science, engineering and technology and synergism with this admixture is therefore vital. They
are integral and significant to factors to the economic development and society.

Keywords : Society, Economy, Robust science and technology policy
I. INTRODUCTION

Innovation, engineering, science and technology are the buzz words that are in vogue at present times. The
students, parents and youth get into an atmosphere of excitement and activity when the will have to choose an
option to pursue their higher education. It is however, important to know the real meaning and right
perspectives of these words. What is good about these words, how they are related, is it close or distant, how

they contribute to industry, economy, society are a few common questions that is worth contemplating

It has been a changing world, ever. The change inducing agents are generally subtle and not highly linked to
related fields. In this aspect, innovation, engineering, science and technology are in fact closely operating and
inter-related so much that often one means the other. The foregoing discussion relate to a better
understanding of these in correct perspective as well as pave way to appreciate their inevitability to the service
of social, economic and industrial developments. The technology has made everyone more productive and
science has enabled technology. If one plus one is two, it could be eleven, thus there is an emergence of

synergism.

Copyright: © the author(s), publisher and licensee Technoscience Academy. This is an open-access article distributed under the
terms of the Creative Commons Attribution Non-Commercial License, which permits unrestricted non-commercial use, G

distribution, and reproduction in any medium, provided the original work is properly cited


http://www.ijsrst.com/

Volume 8 - Issue 2 - Published : & January 20, 2021 Page No : 05-06

II. METHODS AND MATERIAL

Innovation:

Inventing something that is novel, new for the first time and making things or even a new practice or process
for release of new things is referred to as innovation. The thing per say could be a new product, a new way of
doing something or a new way of even thinking. It is most commonly associated with business and technology.
It could be any field where people introduce change, including the arts, medicine, politics, cooking, language—

even philosophy and religion. For example, the internet - that has changed the society.

History:

Looking at the past, the actual science policy came into real terms and existence during imminent close of the
World War II (1939-1945). There was so much of loss of all sorts, all round and the necessity to come out of
the low economy, poverty as well as unemployment the industrial revolution very obviously originated and
emerged into an intensive activity. The late 1960s saw the technology driven galore of industrial activities
which are always associated with inventions, discoveries, technology, production on a mass scale and
consequent developments in the sphere of economy. Making new tools for the first time of a purpose, for
example converting a mass of granite piece to a shrapnel dates stone-age history. There was a dire need for
governance of these surge of activities and the governments focus therefore had to be the establishment of an

innovation policy. The private sector followed the suit and complied to these innovation policies.

Differences between Science and Technology:

Although closely related the science and technology has a few differences worth reckoning. They are distinct
in connotation and they blend so well that synergy springs when the scientific theories invented are put to
practice by technology. The following table presents a few notable differences between science and technology.

However, it is not an exhaustive list of differences.

Table-1: Principal Differences Between Science & Technology

SCIENCE TECHNOLOGY

‘Scientia’ (Latin): Knowledge Techne’ (Latin): Craft; logia:Study

Leads to the establishment of a hard fact generated with both science and engineering
Involves observation and experimentation Involves invention and production
Observing natural world , building up theories Putting such theories into practice

About ideas, human intellectual creations Uses concrete materials to build the product
Reasons ‘why’ Answers "how'

Is about reductionism-> isolation and then defining the | Deals with the integration of demands, theories,

distinct concepts ideas, and data

Searches and theorizes the causes Searching and theorizing new processes

Draws accurate conclusions from good theories and | Takes good decisions from incomplete data and

precise data approximate models.

International Journal of Scientific Research in Science and Technology (www.ijsrst.com)
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Science & Technology — Closely Related:

The technology development and consequent outcomes are spinoff results of knowledge and methods derived
from science, and hence they are chief inputs. Science is useful in the establishment of explanations of why
technological interventions succeeded or failed in the past. The explanations for the obvious questions such as
why and why not is addressed and provided by the science. Both the scientific studies as well as the related
technology thrive in a natural manner. Solar panels which is responsible for the generation of electrical energy
and power paved way for a new technology. Thus, Science and technology are closely related, they go hand in

hand and both play a vital role in our lives.

Prudence — The Approach:

Strategizing to have visualization and understanding of future of science, technology, economy and society is a
significant and an essential exercise. Having an idea of emerging generic as well as technology is disruptive in
nature facilitates preparedness. In all the probabilities this foresight results in an exponential economic and

societal implications that are highly beneficial (Irvine and Martin, 1984)

Time Horizon of Foresight:

A new enterprise in the business space can and should never be static in both size and reach. It has to evolve
into bigger and better and the foresight exercise for this has to commence well before the business in actual
initiates. This foresight exercise preferable delineate short, mid and long term ramifications so that the time of
horizon for the enterprise is visualized well. The new enterprise shall be subjected to extrapolation in the
short-term and the strategic planning in the mid-term leading to foresight planning to continually grow and
perform. In all the stages the economy will also commensurately progress and thus resulting in a planned, stage
or phase-wise overall development. The associated fact in such a foresight exercise is the ever changing
technology that metamorphoses with the undercurrent and reliance on science. Dennis Gabor, a Dutch

scientist believed that "The future cannot be predicted, but it can be invented".
Characteristics of Foresight: Following are the few points that are the characteristics of a foresight exercise.

*  Well defined technology is a consideration for foresight exercise;

*  Projections of probable advances in the technology;

. The speed of the occurrence these advances;

*  Definition of potential follow-on technologies;

*  Projections of how large the market for the emerging technology will be and how that market will

develop.

Science — to - Business Lag Time:

Ideation, problem statement, hypothesis, objectives, experiments, results, findings, facts and theories are the
principal stages to establish objective facts following strict regimen of research methodology in science. To
evolve at theory and or a principle, it takes time and rigorous analytical as well as synthetic thinking.

Obviously, the emergence of theory takes substantial time. This is the true nature of fundamental research.

International Journal of Scientific Research in Science and Technology (www.ijsrst.com)
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Based on the principles bestowed by science and scientists, engineers build and create, construct structures.
Engineers build models and prototypes, provide proofs of concepts and make the principles a reality in
applications that are useful to society. Thus they are the architects of applied science and engineering. It is now
the time for technology to intervene and scale up, productize, gadgetries and make ready to manufacturing
production in industries. Thus science has now become an industrial product. Once product emerges, it gets

into the rigmarole of marketing which is a notion of business enterprise.

If one estimates the time for all these to happen, by and large, the science consumes about 5 to 20 years,

engineering & technology take about 3-6 years an industrial product comes out in about 1 to 3 years.

Technology Foresight Process:
The logical flow of steps in the technology foresight process are - Define The Question, do an analysis of global
trend of the technology that includes science-technology and market dynamisms, growth opportunities relying

on national capacity and technology interactions and finally the emergence of growth platforms.

Technological innovations advanced swiftly sustained by the huge amount of resources. No one can deny to the
fact that the technological advancement has been accelerating. The most celebrated discoveries in technology
sphere as of now are the computers, entertainment, nanotechnology, materials science, renewable energy,
space travel, and medicine. Currently, abundant discoveries in mobile media and technology are, creating a
new world of possibilities. Technology is rather associated with speed, hence disruptive technology is rather
predatory in nature. The latest or advanced version of technology decimates its own previous version. This
extinction rate upsets in a spiral of changes that are often difficult to cope. The only way is to adapt, change

swiftly and rapidly by foresight and strategy.
III. RESULTS AND DISCUSSION

ECONOMIC DEVELOPMENT:
Innovation & technology are key drivers of the economic development. Innovation includes creating new
products and services or new or improved processes; new delivery or distribution methods; new industries and

new management. practices or organizational structure.

The Technology for Development:
This refers to the use of tools, machines, materials, techniques and sources of power to make work easier and
more productive. The synergy emerging from science-technology and economic development focuses on

making things happen.

S&T POLICY:
It is essential that the Science and Technology policy of any entity or a geographical country shall promote
economy, else there is seldom any utility of S&T. In fact the development of economy is very synonymous to

the growth and development of science and technology.

International Journal of Scientific Research in Science and Technology (www.ijsrst.com) G
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S&T policy is to be designed to resolve the existing disconnect between sociopolitical and economic planning
and science and technology in tandem with the objectives of development plans. Building a large, strong,
diversified, sustainable and competitive economy is the essence of evolution of S& T policy., that guarantees a
high standard of living and quality of life. The policy specifically provide a strong platform for science,
technology and innovation commitment with the economic transformation that is people centered. The
government has to encourage the establishment and strengthening of organizations, institutions and structures
for science and technology development facilitate the acquisition of knowledge to adapt, utilize, replicate and
diffuse technologies for the growth of Small and Medium Enterprises (SMEs), agricultural development, food

security, power generation and poverty alleviation.

Negative Aspects Associated With Technology:

The technology, while inherently possess benefits as a key promoter of economy has a tinge of hazard and risk,
too. Since majority of technologies ultimately solves problems and makes life easy in society, the extended use
of these technologies promotes a more sedentary lifestyle, which is known to have negative health effects, such
as contributing to: 1. obesity 2. cardiovascular disease 3. Type 2 diabetes 4. premature death Prolonged
computer usage and digital work : Eyestrain, sleep problems, reduced physical activity; In children — lack of

concentration, lack of creative activity, aggressive behavior, addiction to technology.

There is a link between social media and mental health: Psychological and physical issues, such as eyestrain and
difficulty focusing on important tasks. More serious mental problem like depression could result from profuse
use of social media for such a facility often do not consider individual end-user susceptibility or vulnerability.
Isolation and remaining in virtual world more than physical world is yet another negative effect of overt usage
and reliance of technology. The technologies, such as social media, are designed to bring people together, yet
they may have the opposite effect in some cases. Technological revolutions such as the industrial revolution
and the agricultural revolution cannot be ignored either. Probably the worst use of technology — and the
science which informs its development — has been weapons of mass destruction. The ability to create
materials that we use in our everyday life, the ability to feed a massive amount of people are due to the

development of technological innovations.

IV.CONCLUSION

The Future of Science, Technology & Society:

By any measure, basic scientific research has made monumental contributions to technology and national
priorities. There is an inherent strong association between new technology and science. Science informs
technological advancements. We rely on theories on physics, material science, electricity, chemistry, etc to

develop new technologies.

The economic benefits coming from technologies, governments supports research, supported with public funds
for societal priorities. There should be no doubt that science and society will continue to co-evolve. The

government should affix adequate and right funding priority so that this evolution is not lead to adverse effects.
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ABSTRACT

Green corrosion inhibitors are biodegradable and do not contain heavy metals or other toxic compounds. These
inhibitors are easily available in nature, cheap and do not contain toxic compounds. The inhibition efficiency of
aqueous extract rhoeo leaves extract on the corrosion of carbon steel in 0.1g/L-0.5g/L was investigated by
potentio-dynamic polarization and electrochemical impedance measurements. The corrosion rate of carbon steel
and inhibition efficiency of the rhoeo leaves extract were calculated. The results obtained showed that rhoeo
leaves extract could serve as an effective inhibitor for the corrosion of carbon steel in acid media. Inhibition was
found to increase with increasing concentration of the extract. Potentio-dynamic polarization curves revealed
that this extract acts as a mixed type inhibitor and the inhibition efficiency of up to 66% and impedance 86% can
be obtained.
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I. INTRODUCTION

Carbon steel is one of the most important alloys which frequently used in wide industrial applications in partially
[1]. It is used in manufacture of petroleum pipelines, pumping and stations for agricultural water irrigation. A
less severe treatment than pickling like acid cleaning is used for final finish of metal surface before painting,
plating or storage. Iron and iron based alloys of different grades are extensively used in numerous industrial and
engineering applications, including construction and design [2,3]. Where they are developed in various service
environment containing acids, alkaline, and salt solutions. The extract of leaves, peels, seeds, fruits and roots have
been reported as effective corrosion inhibitor in different aggressive environment [4]. One promising strategy
for minimizing the steel inhibitors to the corrosive media. Inhibitors are two types synthetic and natural.
Synthetic inhibitor which consisting of chromates and dichromate’s based inhibitors such as zinc chromates are
reported to have inhibition efficiency however, they are toxic to human and environment because of which their
use has been restricted or banned [5,6]. Most other synthetic inhibitors are toxic, expensive and pose a hazard to
environment ,this has prompted research to find non toxic, biodegradable, cheap and effective green alternatives
apart from various characteristics of plant extract [7,8] (containing N S & O heteroatom’s) and complex organic
species include tannin, alkaloid and N-based carbohydrates and proteins as well as hydrolysis products. In recent
work [9-16] synergetic inhibition of carbon steel has been reported.

We propose to work on the inhibition of corrosion in carbon steel both in presence and absence of HCl (from
0.1M to 0.5M) along with addition of extract of Rhoeo discolor plant at dosage of 0.1g/L to 0.5 g/L at 30°C

II. METHODS AND MATERIAL

2.1 Experimental Procedure

2.1.1 Preparation of Rhoeo discolor leaves extract
The plant belongs to kingdom plantae, family commelinaceae with popular name boat lilly or garden plant
[17]. The leaves of rhoeo discolor plant were collected around 4-5 kg squeezed and then treated with
ethanol. Later this layer is separated in funnel the aqueous layer is treated with ether to separate
chlorophyll. The aqueous extract is allowed to settle down for a day. The extract is then washed with

acetone and dried in air. The whitish green solid extract is now ready as the inhibitor of corrosion.

2.1.2 Specimen Preparation
The carbon steel test specimen of size 1.06 cm? exposed part bar composition (weight %) C = 0.3%, Si=
0.08%, S = 0.025%, Mn = 0.13% and rest Fe were used for electrochemical studies. The carbon steel were
polished successively using different grade of sand paper i.e 100,150,300,320,400,600,1000,1200 and 1500.1t
was then degreased with acetone, rinsed with double distilled water and finally dried before each

experiment.

2.1.3 Electrolyte Preparation
Hydrochloric 1M concentration of acid was prepared using double distilled water. Then HCl is

standardized by standardized sodium hydroxide solution required lower standard HCI solutions 0.1M,
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0.2M, 0.3M, 0.4M and 0.5M are prepared from standardized HCl with proper addition of double distilled

water.

2.2 Methods

2.2.1 Electrochemical Measurements
Potentiodynanic polarization studies and electrochemical impedance measurements were carried out using
Gill AC (ACM Instrument) version 5.14 software. A conventional three electrode arrangement was used
where carbon steel embedded in araldite served as the working electrode with an exposure area of 1.06
Cm?2.The saturated calomel electrode coupled with platinum electrode functioned as the reference &
auxiliary electrode respectively. The potential of the working electrode in 0.1M to 0.5M HCl was measured
against secondary calomel electrode in presence and absence of various concentration of inhibitor at 30°C.
Prior to each experiment, the working electrode was immersed in the test solution for a period of 45
minutes to achieve stable corrosion potential values, thereafter measurements of potential is made always
with respect to reference electrode. Polarization and electrochemical impedance is performed immediately
after electrochemical impedance spectroscopy (EIS) and studies is made on the same specimen without any

further surface treatment in the same medium.

2.2.2 Surface Analysis
The surface of mild steel is analyzed by JEOL JSM6380LA using analytical scanning electron microscope.
Steel specimen of size 1cm x 1 cm x 0.5 cm is immersed in 0.1M HCI for 24 hrs in presence and absence of
inhibitor. Further, the specimens is removed, cleaned with double distilled water, rinsed with acetone,
dried and analyzed by SEM.

III. RESULTS AND DISCUSSION

3.1.1 Potentiodynamic polarization studies
The effect of different concentration of rhoeo leaves extract on anodic and cathodic behavior of carbon
steel in 0.1M to 0.5M at 30°C was studies and resulting tafel plots are shown in fig-1. Values of corrosion
parameters like corrosion current density (lcor), corrosion potential (Ecorr), anodic tafel slope (ba) and
cathodic tafel slope (bc) and inhibition efficiency (IE%) are tabulated in table 1.corrosion current density

(Icorr) value are evaluated by using tafel extrapolation.

Table-1.Polarization parameters for carbon steel in 0.1-0.5M HCI at 30°C with Rhoeodiscolor extract of

polarization method

Corrosion surface
Con of acid Dosage I corr Tafel rate coverage 1.E(%)
ba be
0.1M BLANK 0.21 238.93 286.16 1.67
0.1 0.14 237.61 275.83 1.46 0.03333 33.33
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0.2 0.12 225.47 270.74 1.41 0.04585 45.85
0.3 0.11 221.47 255.97 1.09 0.04761 47.61
0.4 0.09 217.15 243.03 0.85 0.05714 57.14
0.5 0.07 213.9 218.44 0.77 0.06666 66.66
0.2M BLANK 1.42 263.84 277.35 4.13
0.1 1.39 219.03 260.36 2.86 0.0021 2.11
0.2 1.24 215.77 259.72 2.17 0.01267 12.67
0.3 1.11 207.55 247.83 1.56 0.021.83 21.83
0.4 0.98 198.61 245.85 1.51 0.03098 30.98
0.5 0.71 182.94 217.83 1.37 0.05 50
0.3M BLANK 3.1 158.86 223.58 11.71
0.1 2.89 132.26 143.93 9.62 0.00677 6.77
0.2 2.71 117.29 127.96 4.46 0.01258 12.58
0.3 2.57 113.78 126.91 4.33 0.01709 17.09
0.4 2.18 108.64 123.31 3.36 0.02967 29.67
0.5 1.56 107.36 121.99 3.18 0.04967 49.67
0.4M BLANK 3.52 192.74 164.2 20.13
0.1 291 117.29 134.65 13.99 0.01732 17.32
0.2 2.63 117.39 122.27 12.75 0.02528 25.28
0.3 2.21 113.06 120.77 11.86 0.03721 37.21
0.4 1.89 109.66 119.14 10.61 0.0463 46.3
0.5 1.84 108.59 117.8 9.03 0.04772 47.72
0.5M BLANK 3.77 204.82 228.45 22.58
0.1 3.63 204.21 203.69 15.28 0.00371 3.71
0.2 3.45 213.82 195.2 12.18 0.00848 8.48
0.3 3.41 195.02 163.11 11.16 0.00954 9.54
0.4 3.17 119.19 107.82 10.53 0.01591 15.91
0.5 2.26 114.45 105.09 9.4 0.0405 40.05

The inhibition efficiency was calculated from the measured corrosion current density values using the

following expression

Where icorr and i*corr are corrosion current in the absence and presence of plant extract.

IE 0/0= I corr— I* corr X 100

ICOIT
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Figure-1 Potentiodynamic polarization curves of carbon steel in 0.1M & 0.5M HCI with 0.5g/L inhibitor and
without inhibitor.
All polarization curves were taken at end of the exposure time to avoid alteration of the surface, from the
polarization curves, corrosion current densities were obtained by tafel extrapolation. If the shift in Ecorr
value is greater than 85 mV in either anodic or cathodic direction, the inhibitor can be classified as anodic
or cathodic type respectively. However if the shifts in Ecorr values is less than 85mV, the inhibitor suppress
the reactions occurring at both anodic and cathode there by behaving as mixed type inhibitor. It can be
observed in table-1, Ecorr value shifts only slightly in both anodic and cathodic diections, which is less
than 85 mV, therefore rhoeo extract can be classified as mixed type inhibitor [18,19].Change of ba and bc
values supports modification in anodic and cathodic reactions due to adsorption phenomenon, which is
due the involvement of different type of mechanism.[20,21]
3.1.2 Electrochemical impedance spectroscopy (EIS)studies
Elcctrochemical impedance spectroscopy measurements for carbon steel in 0.1M - 0.5M HCl in the absence
and presence of inhibitor concentrations were carried out at 30°C. The data obtained is represented as
nyquist plots in figure 2. These plots were used to obtained charge transfer resistance (Re) values which

were further used to calculate inhibition efficiency value by the following formula.
IE= R*C[ - RC[ X].OO
R«
Where R*ct and Rct represent the charge transfer resistances in the presence and absence of the inhibitor

respectively.

Table-2 AC impedance parameters for carbon steel in 0.1 to 0.5M HCI at 30°C with Rhoeo discolor extract.

Con of acid Dosage Re Ca L.E(%)
0.1M BLANK 5.56x10! 2.97x10+

0.1 1.26x102 1.96x10+* 55.87

0.2 1.44x102 1.95x10* 61.38

0.3 2.46x102 1.075x10* 77.39
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0.4 2.51x10? 1.408x10-> 77.8
0.5 4.15x10? 4.94x10° 86.6
0.2M BLANK 2.87x10! 4.69x10+
0.1 4.75x10! 4.40x10+4 39.57
0.2 5.77x10! 3.90x10+ 50.25
0.3 5.82x10! 3.65x10+ 50.68
0.4 7.18x10! 3.50x10+ 60.02
0.5 1.15x10? 3.04x10+ 75.04
0.3M BLANK 4.09x10! 4.68x10+
0.1 4.92x10! 4.03x10+4 16.86
0.2 5.09x10! 3.75x10-4 19.64
0.3 6.33x10! 3.14x104 35.38
0.4 8.07x10! 2.92x104 49.31
0.5 1.43x10? 2.09x10+ 71.39
0.4M BLANK 6.05x10! 1.025x103
0.1 6.85x10! 5.32x10+4 11.67
0.2 6.97x10! 3.48x104 13.19
0.3 7.64x10! 2.2x10+* 20.81
0.4 1.007x10? 1.66x10+4 39.92
0.5 1.83x10? 1.51x10+ 66.93
0.5M BLANK 2.07x10? 1.99x10+4
0.1 2.47x10? 1.78x10+ 16.19
0.2 2.79x10? 1.61x10+ 25.8
0.3 2.93x10? 1.47x10+ 29.35
0.4 3.46x10? 1.27x10+ 40.17
0.5 3.88x10? 1.14x10+ 46.64

The impedance response of carbon has significantly changed on addition of this inhibitor. For the analysis
of impedance spectra contain a single capacitive semi circle, a polarization resistance component /charge
transfer component (Rct) and capacitance component (Cdl). A corresponding increase in Rct value and
decrease in Cdl with increase in the concentration of rhoeo leaves extract is depicted in table-2.this is
attributed to increase in chamber of adsorption molecule of leaves extract forming a barrier between carbon
steel surface and aggressive acid environment inhibiting the corrosion process[22,23]. As we observed the
rate of corrosion decrease with increasing the inhibitor concentration up to certain limit, beyond that
concentration the corrosion rate again increases .It seems that at high inhibitor concentration beyond a
limit, the inhibitor substances can no more gets adsorbed on the metal substrate, rather dissolves in acid

solution and increase the acid concentration.
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Figure-2 AC imprdance spectroscopy of carbon steel in 0.1M & 0.5M HCI with 0.5g/L inhibitor and without

inhibitor.

3.2 Surface Analysis

Polished specimen Absence of inhibitor Presence of inhibitor

Figure-3 SEM Results of carbon steel with or without inhibitor.

Fig.3exhibits the morphological features of specimens before and after soaking in an acidic aggressive
environment for 30 minutes. By contrast the surface of C-steel is comparatively smooth and the corrosion
grooves are apparently minor compared with blank solution in the presence of corrosion inhibitor. A
barrier layer is developed between the metal and the acid medium as corrosion inhibitor becomes adsorbed
on the C-steel surface, which effectively suppresses the dissolution reaction. These observations are in

excellent agreement with the electrochemical data.

3.3 Mechanism of inhibition
The adsorption of inhibitor on metal surface is mainly due to these metabolites such as flavonoids, saponins,
carotenoids, anthocyanins, terpenoids, ferulic acid, chloregenic acid, vanillic acid, p-coumaric acid and
steroidal compounds. A weak wander wall forces exist between nuclei of inhibitor to the metal surface to

make bond and formation of protective layer on the metal surface to inhibit the rate of anodic and cathodic
reactions.[24,25,26]
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Schematic diagram of the corrosion inhibition mechanism.

Figure-4 Mechanism of rhoeo leaves extract on surface of C-steel.

IV.CONCLUSION

1. The corrosion rate decreases with increase in concentration of inhibitor and inhibition efficiency also
increases with increase in inhibitor concentration of Carbon steel in acidic media. The maximum Efficiency
in 0.1M HCl of 0.5g/L dosage inhibitor measured by electrochemical polarization is 66.66% and by impedance
is 86.6%.

2. The potentiodynamic polarization studies conclude that rhoeo discolor plant extract controls both anodic
and cathodic reactions.

3.  EIS studies reveal increase in resistance (Rct) and decreases in double layer capacitance (Cdl) with Respect
to increase in the concentration of extract. This behavior is found to be due to the formation of dense
protective layer on the surface of mild steel.

4. The surface morphology studies of the mild steel substrate by SEM conclude the formation of protective

layer.
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Catalytic Effect on The Oxidation of Sulphur Containing Amino Acid by HCF(III)

in Aqueous Alkaline Medium
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ABSTRACT

A simple kinetic spectrophotometric method has been developed for the determination of ultra trace amount of
Ir(IIT).The method is based on the Ir(III) catalysed oxidation of sulphur containing amino acid by HCF(III) in
aqueous alkaline medium. Under the optimum experimental conditions Ir (III) can be determined in the range
0.258 -8.37pg ml! for cystine and methionine with an maximum average error of 99.5% and maximum relative
standard deviation of 1.702%.The effect of few interfering ions have been worked out .For developing the
calibration curves in terms of absorbance or reaction rate or pseudo first order rate constant vs. [Ir (III)] plot,
absorbance was noted at Amax of 420 nm. The molar absorptivity and sandell’s sensitivity are found for cystine
2.83x10°-4.11 x 1031 mol! cm™ & 0.0680 — 0.0467ugcm? and for methoinine 2.31 x 103 — 3.27 x103 ] mol-'cm-
1 & 0.0834 — 0.0588ugcm? respectively. The results show that the present method is more simple and sensitive
than the reported methods and especially useful in absence of expected interfering ions.

Keywords - Microgram determination, Ir (III), Hexacyanoferrate (III), Oxidation, Cystine and Methoinine
I. INTRODUCTION

In recent year with the increasing interst in the geochemistry of iridium and other platinum group eles. ments
higher sensitivity and precision for the analysis of these elements have been required. Iridium is a minor
constituent of most platinum metal deposits. Therefore high selective sensitivity, rapid ,economical methods are
needed for its trace determination. Some instrumental methods are reported for this purposel-> However the
necessary instruments are expensive day to day and maintenance costs are high and the methods are not from
various types of interferences.t10. Anjali et al also reported the kinetic spectrometry methods for the
determination of trace iridium based on the catalytic effect of the iridium in the oxidation reaction of alanine!!,
Cystine 12 & Isoleucine!3.

Thus in the present study an attempt has been made to determine Ir (III) concentration in micrograms in
aqueous alkaline medium by kinetic — spectrophotometric method. The method is based on the oxidation of

amino acids like cystine, methionine by hexacyanoferrate (III) catalyzed by Ir (III) in aqueous alkaline medium.
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II. METHODS AND MATERIAL

All chemical used were of A.R. grade. HCF (III) was used after recrystallisation. All the solution and reaction
mixtures were prepared by using double distilled water. Absorbance was recorded on Sys. UV-Vis
spectrophotometer -117, Amax for the reaction mixture observed was 420nm.IrCls10H20 (SRL) was prepared
by dissolving the sample in dil HCI. In order to optimize the variable effect of concentration of each reagent,

the rate of reaction was studied.

The condition worked out for estimation of Ir(III)

Following are the finally worked out conditions for running the kinetic sets for the purpose of determination of
[Ir(III)] in aqueous alkaline medium based upon the hexacyanoferrate(III) oxidation of amino acids.

[Cystine & Methionine] =3.00 x 103 mol dm=, HCF (III) = 3.00 x 10 mol dm=, NaOH = 0.4 mol dm™
Temp. =35 +0.1°C, Amax = 420nm, p = 0.5 mol dm-3

Preparation of calibration curve

A definite volume of stock solution of HCF (III) was mixed with calculated volume of a stock solution of
Ir(IIT) ,Sodium hydroxide, Potassium chloride and water and stirred a little with the help of pipette. The
reaction mixture and stock solution of amino acids like cystine and methionine were then clamped in a
thermostat at 35 + 0.1°C. After 30 min. a required amount of amino acid solution was added to the reaction
mixture and stirred to start the reaction. Aliquots were withdrawn from the reaction mixture after repeated
intervals of 5 min and the absorbance was recorded on systronic UV- Vis. Spectrophotometer 117. The
absorbance of reaction mixture goes on decreasing with the passage of time. Absorbances vs. time plots were
made for all the sets. Initial rates (dA / dt) iwere evaluated after 5 min. from the start of the reaction by using
plane mirror method. The first order rate constant (K1) were calculated by Guggenheim’s method. Different
sets were prepared in a similar manner varying the [Ir(IIl)] between 0.258 — 8.37 pgml! for cystine and
methionine. All the additions were made in amounts calculated for maintaining the concentration of different
reagents as mentioned above.

The stoichiometry of the reaction was studied by estimating the standard solution of ceric(IV)sulphate using
ferrion as redox indicator. The studies shows that eight moles of hexacyanoferrate (III) are used for the
oxidation of one mole of cystine and four moles of hexacyanoferrate (III) are used for the oxidation of one mole
of methionine. Based on the experimental results, it can be proposed that reaction proceeds through complex
formation between anion of (cystine and methionine) and Ir(III) which slowly disproportionate into Ir(I) and
intermediate product. Ir(I) deoxidized by two moles of HCF(III) ions to Ir(IIl) through electron transfer

mechanism and the intermediate product decomposes to final product >-17.

III. RESULTS AND DISCUSSION

The proposed method was tested for many reaction mixture containing known amounts of [Ir(III)] in the range
of the detection limits. The results were found to be reproducible with reasonable standard deviation and low

range of errors as calculated from six determinations. (Table — 1)
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Validity of Beer’s law and other characteristics of the method
The range of Ir(IIl) in which the Beer’s law is obeyed, Molar absorptivity, Sandell’s sensitivity, Correlation
coefficient and coefficient of determination, relative standard deviation and % error for the estimation of[Ir(III)]

in pgml"! by using oxidation of cystine and methionine is given in Table -1 for HCF(III) in alkaline medium.

The amounts of Ir(Ill) in the range of the detection limit were tested for the above proposed method. The
results were found to be reproducible with reasonable standard deviation and low range of errors as calculated
from six determinations. A comparison of the data presented in Table -1 reveals that the Beer’s law limit for the
estimation of [Ir(III)] using amino acids- cystine and methionine are the same i.e. 0.258 — 8.37ugml!. The value
of slope of the calibration curves, molar absorptivity and sandell’s sensitivity indicated that the sensitivity of
the method is good. A change in absorbance by 0.001 unit is expected on changing the concentration of [Ir(III)]
by 0.0345 — 0.0983ug cm®. The detection limits are also good for the trace determination of [Ir(IIl)]. The
correlation coefficient (r) is in the range 0.9996 — 0.9866 which indicate the high precision involved in the
determination and almost perfect correlation of the data. The negative sign shows decrease in absorbance with
time. The value of coefficient of determination (r?) suggests that 0.9994 — 0.9734 change in the value of As or
Ao or Ais or A or (dA /dt)i or Ki is caused by Ir(Ill). The standard deviation is within reasonable limits.
Percentage recovery on the basis of six parallel determinations is 98.8 — 95.5. The values of the molar
absorptivity and sandell’s sensitivity calculated from the graph lies in the range of 2.83 x 103 — 3.27 x 10?1 mol-
lcm™ and 0.0680- 0.0588pgcm respectively.

Procedure for estimation of [Ir(III)] curves

For the estimation of [Ir(III)], the calibration curves should be prepared first as described above in the range of
0.258 — 8.37pgml ! concentration of[Ir(III)] . Then [Ir(III)] may be determined in aqueous calculated quantity of
HCEF(III) and starting the reaction by adding amino acid solution followed by noting the absorbance of reaction
mixture at different desired time as described above or evaluating initial rate in terms of (dA/dt): after 5 min. or
evaluating (K1) by the methods discussed above. Then by using these different calibration curves [Ir(III)] in
pgml?! may be determined. (fig 1-4)

Interference Effect of Cations and Anions

The effect of various ions on the determination of [Ir(III)] By this method has also been studied. It has been
observed that the presence of cations like Na*, K*, NH4*,ASs*,Mn2*,Caz*,Crs*,Li*,Sr** and anions like COs? PO4*
,F-,Cl, Tartrate ion, Citrate ion,NOs,SCN-,EDTA,Oxide,C204+>,I0+ do not interfere in the estimation of [Ir(III)] .
The metals like Ag, Al, Co, Cd, Bi, Cu, Mo, Ni, Pb, Sb and Zn interfere in this method. Therefore a
pretreatment is required for separation/ precipitating/masking these ions before undertaking the proposed
method for this purpose, H2S may be passed in presence of 0.3 MH* solutions, followed by filtration and boiling
of HsS. After it a dilute alkaline solution of o — nitroso — f — naphthol is added and precipitates are filtered"”.

Thereafter the solution is neutralized and the present method is applied. In absence of the above given
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interferrants, the proposed method is applied. In absence of the above given interferrants, the proposed method
may successfully be used for the determination of microgram quantities of[Ir(III)] in aqueous media.
Comparison with other methods

The result of the present method is compared with other reported spectrophotometric methods in Table -2.
From the data it can be revealed that the reported methods are consuming, occurs at very high temperature and
in the organic solvents like chloroform, ether etc. As compared with these methods, the present method is
considerably less complicated occurs at room temperature and in aqueous alkaline medium. The method is also
sensitive and requires low reagent concentration. The linear range of detection for the present method is quite
good i.e.0.258 — 8.37pgml! as compared to reported methods. The absorptivity value ranges from 2.37 x 103 —
3.27 x 10° Imol-'cm™! which lies in the range of reported methods in ethyl acetate medium. But the absorptivity

value is lower than the reported in chloroform medium.

IV.CONCLUSION

Thus from the above results it can be concluded that the proposed method is relatively simple, inexpensive and
sensitivity which require low reagent concentration and can be used at room temperature without heating in
aqueous alkaline medium. In the present work a simple, sensitive, selective and inexpensive method with
sulphur containing amino acid like cystine and methionine, HCF (III) redox system has been developed for the
determination of iridium. The method avoids the use of hazardous solvent as the reaction occurs in aqueous
medium. The method requires low reagent concentration and can be used at room temperature without
heating. Thus the present method is simple, sensitive cost effective and more environments friendly.

Table -1

Characteristics of various types of calibration curves for the proposed method

[HCF (IIT)] = 3.00 X 10 -4 mol dm-3, [Cystine] or [Methionine] = 3.00 X 10 -4 mol dm-3

[NaOH] = 0.4 mol dm3, p=0.5 mol dm-3 Temp. =35 + 0.1°C, Amax = 420nm

Parameters Cystine Methionine
Beer’s law limit 0.258 -8.37 0.258 - 8.37
Molar absorptivity x 10-3 283-4.11 231-3.27
(Imol-lcm)
Sandell’s sensitivity 0.0680 — 0.0467 0.0834 - 0.0588
(pgem?)
Slope x 10? (-) 1.47 - 0.0254 (-) 0.120 - 0.003
Absorbance unit( pg'cm?)
Intercept 0.3388 — 0.00008 0.3810 — 0.00025
(Absorbance unit)( pg'cm?)
Correlation coefficient(r) (-) 0.9996 — 0.9995 (-) 0.9994 — 0.9866
Coefficient of determination(r?) 0.9994 — 0.9989 0.9988 — 0.9734
Standard Deviation (%) 0.0406 — 6.786 0.0318 - 1.702
(From six determination)
Recovery 98.8 — 96.2 99.5-95.5
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Coefficient of variance 0.121 -2.52 0.0681 — 0.8895
Table -2
Comparison of the present method for iridium determination with some of methods reported in literature
Reagent Medium Heating Molar Linear | Reference
T®C absorptivity range
(T/min.) (ug cm3)
No heating
Difurfuryl - Ethyleacetate | No heating | 4.15x10* | 0.93-3.73 18
thiocarbohydrazone [Ir(III)]
(DCE)
1phenyl -4,4 -6 — trimethyl - CHCls 60®C 3.38x10° | 3.8—-420 19
(1H,4H)-Pyrimidine -2 — 5 min. [Tr(IID)]
Thiolate(PTPT)

2 —Mercapto -4,methyl — 5- CHCIs No heating 9.5x10° 0.6-9.0 20
phenylazopyrimidine(MFAP) [Tr(IIT)]
Bis(thiopheno -2 —aldehydo)- Ethyleacetate 100®C 3.2x10* 1.2-42 21

thiocarbohydarzone (BTATCH) 30 min. [Tr(III)]
Present Method Aqueous 35®C 237X103-| 0.258- --
alkaline 3.27 X 10° 8.37
[Ir(III)]
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ABSTRACT

The paper presents an overview of electro-deposition (ED) processes used for preparation of polymer composite
(micro- and nano-) coatings for application in engineering and technology. Broadly classified into three types
namely, electrolytic deposition (ELD) [1], electrophoretic deposition (EPD) [2] and electrostatic deposition
(ESD) [3] processes, that have been compared for their principle, processing conditions and characterisation of
the deposited coating. Limitation and difficulties observed in cationic and anionic electrophoretic deposition
processes for preparation of polymer micro-composites (PMCs) and nano-composites (PNCs), have been
discussed and recommendations to alleviate some of them are proposed.

Emphasis is placed on electrophoretic deposition, one of the advanced and versatile techniques to produce
Polymer micro- and nano-composites for engineering and bio-medical applications. Author highlighted the
process parameters and characterisation data of deposited composites and attempted to compare the available
data from the three techniques, including the author’s own results pertaining to electro-phoretically deposited
epoxy nano-clay composites. Advantages of the EPD process included a significant improvement (nearly two-
fold or more) in dielectric and corrosion protective properties, as compared to their conventional micro-
composites, besides having the tailorability of composition suiting to a particular application. Extension of EPD
technique to fabricate Polymer micro- and nano-composites with suitable polymer and filler combinations for
strategic applications, e. g. electromagnetic interference (EMI) shielding and stealth, required in aerospace and
defence equipment, is a distinct possibility and is recommended for further studies.

Keywords : Electrode Position, Electrophoretic, Electrostatic, Micro-Composites, Nano-Composites
I. INTRODUCTION

Selection of materials and designing of the mechanical components and structures for specific applications are
the essential requirements in the manufacturing industry. However, every material possesses certain
constraints in their functional properties e. g. mechanical strength, thermal stability, wear resistance, corrosion
resistance etc. limiting their applications. To mitigate these challenges and to improve the material properties
for a particular application, various methods are employed like, heat-treatment, alloying and processing,
applying surface protective coatings etc. Among these methods, surface coating processes are most commonly

used due to their simplicity and cost-effectiveness. Surface coatings offer specific advantages like, corrosion
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resistance, wear resistance, enhanced surface hardness, electrical and thermal insulation, enhanced

hydrophobicity etc. [4]

Wide range of coating techniques are in practice due to extensive diversity of applications and requirements in
various industries. Most of the properties are degraded due to the natural phenomenon of corrosion resulting in
corrosion products that in-turn lead to more intense corrosive environment and degradation in many
applications [5,6]. Most effective deposition methods include, Physical vapor deposition (PVD), Chemical vapor
deposition (CVD), Polymer coating deposition (PVD), Sol-gel, and thermal spray methods and are suitable for
different application. Besides being effective and beneficial, these methods do suffer from certain limitations
that adversely affect their reliability. These degrading effects include, distortion, delamination, crack formation,
impurity contamination in substrate, etc, are needed to be considered while exploiting the other properties of

the coating materials.

Various materials including metals, ceramics, polymers and composites can be employed to deposit a protective
coating [7], by taking into account the diversity of the material characteristics and the coating techniques that
may cause difficulties in selecting the right composition of the deposited coating. The present article covers the

common electrocoating processes, materials and the surface characteristics of the deposited coatings.

II. METHODS AND MATERIAL
ELECTRODEPOSITION PROCESSES
Electro-deposition (ED) Processes are basically classified as Electrolytic (ELD), Electro-phoretic (EPD) and

Electrostatic Deposition (ESD) processes, based on a seemingly common principle of charging and discharging

of the coating material of interest, yet distinguishable as depicted in the Flow chart below in Fig.1.

Electro-deposition (ED) Processes

Y A \

Electrolytic Deposition (ELD) Electro-phoretic Deposition (EPD) Electro-static Deposition (ESD)
(uses d.c. electric field) (uses d.c. electric field) (uses corona charging)
Use Electrolyte solutions Use Polyelectrolyte suspension of Use Fluidised charged
(e.g. Metal salt solutions) charged particles in liquid medium particles in air (cloud)
Movement of cations & Movement of charged particles & Discharge of charged particles
discharge on cathode discharge on opposite electrode on earthed substrate

Fig.1: Distinction of principles of the three ED processes
Electro-deposition is a process that facilitates movement of ions in a liquid medium (solution or suspension) or
of clouds of charged particles, under the influence of an applied direct current (DC) electric field, towards an

oppositely charged electrode and their discharge and deposition onto its surface, as a film or coating.
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The ELD and the EPD processes can be construed as falling under one class (only differing in the dispersion
media). On the contrary, the ESD process involves electro-statically charging fine powders of organic (typically
polymeric) and inorganic materials, exposing them to a high voltage corona field to convert them into clouds of
charged particles suspended in air and finally directing them on to an earthed surface of a preheated metal or a
non-conducting composite or ceramic substrate, resulting in their discharge and deposition, as a thin adherent
coating. A general schematic representation of an ED process is shown in the Fig.2.

The ED processes have their own inherent characteristic merits and limitations, and need to be understood for
proper choice and use, as dictated by the scope and scale of end use and the material to be deposited ultimately.
Several researchers have reported on the use of these processes in the past decades, and yet leaving considerable
scope for refined or novel approaches, when it comes to highly demanding requirements of several advanced
engineering and strategic applications.

This scenario motivated the authors to take up this study, supplementing it with the novelty and merits of their
recently developed EPD technique that clearly reveals its versatility (simplicity, economy and adaptability) to

any sort and scale of application, through innovative modifications and upgrades, as outlined further.

Electrodeposition of materials, an electrochemical process, is essentially an ionic or atomic deposition process
that can be used to synthesise nanomaterial or nanocomposite films /coatings and has been under intensive
study in recent years. In this process, a potential difference between cathode and anode causes the migration of
ions in the electrolytic cell under DC electric field. A coating layer is deposited on the substrate (one of the

electrodes) by receiving ions from the other electrode submerged in the electrolyte.

Anode - Cathode
e —»

Cation (+) ——»
<4—— Anion (-)

o DC source
+

_®7

Fig.2: General schematic of ED process

Several studies [8, 9] are reported about electrodeposition of composite coatings that enhance the corrosion

resistance of the substrate material. All the three types of ED processes are discussed below:

A. Electrolytic Deposition (ELD) process:
It is an electrochemical process, also known as electroplating, used for deposition of an uniform and dense

metallic layer on conductive objects made of different metal or alloys.
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Fig.3: A schematic of Electrolytic deposition [10].
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The ELD process is carried out in an electrochemical cell comprising of two electrodes, anode and cathode,
immersed in the electrolyte and a DC power source. The electrolyte contains the metal salt solutions with
certain additives and buffer to maintain pH and is agitated using a magnetic stirrer at a very low speed.

Under the influence of DC electric field, the metal ions from the electrolyte solution migrate towards the
cathode substrate and get discharged on the cathode surface and get deposited. Concentration of metal ions in
the bath is generally maintained constant [10] by replenishing periodically the salt solution during the
electroplating process. The ELD process, besides being used for anti-corrosion, decorative and anti-wear
applications, it’s applications are also reported in the fields of electronics, optics, biomedical high temperature
and fuel cells [11-12]. There are reports of electrodepositing the alloy coatings [13] such as Ni-Co-Al2Os and Ni-
Co-SiC [14] on carbon steel pipes for enhanced corrosion resistance against oil-sand based slurries. A schematic

representation of electrolytic deposition process (ELD) is illustrated in Fig.3 [10].

B. Electrophoretic Deposition (EPD) process:
The EPD process works on the same principle as in the ELD process, however, EPD involves the movement of
charged colloidal particles of larger size and/or polymeric ions or inorganic particles dispersed in aqueous or

non-aqueous medium towards one electrode under the influence of external direct current electric field
(electrophoresis) [15, 16].

DC Power source

o == — 1
g ANODE CATHODE

D D - >
[ O] i
o Polyelectro &%

iyvte + NP
1S =

Dispersion

>

ePtblyca'tiabr\, S Anion, C D Nanoparticles
Electrode spacing: 1S cm,
Electrode area: SO cm?, Applied voltage: 10 Vv

Fig.4: Mechanism of Electrophoretic deposition [17]
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The moving charged particles discharge and get deposited on the surface of the opposite electrode forming a
thick layer of coagulated particles with the polymer. A schematic of the EPD process and it’s working
mechanism is illustrated in the fig.4 [17].

The electrodeposited thick coating is subsequently subjected to drying, curing or densification processes like,
oven curing, light/radiation curing or sintering etc, depending upon the nature of deposited materials.
Electrophoretic Deposition (EPD) process is carried out in two ways, namely (i) anodic deposition that involves
the movement of negatively charged particles or/and polymeric anions towards anode of the EPD cell under
the DC electric field and get discharge on the anode surface resulting in deposition, and the other (ii) cathodic
deposition which is based on the movement of positively charged particles or/and polymeric cations to cathode
resulting in discharge and deposit formation on the cathode surface, under the applied DC voltage. Cathodic
EPD method is preferred due to formation of neat coating free from any contamination due to absence of any
side reactions on the cathode surface except the gas formation at higher applied voltages. On the other hand,
the anodic EPD process has been reported in very limited and specific applications, viz. EPD of mica in
electrical industry [18, 19] due to contamination in the deposit by anodic oxidation products, as well as the
bath contamination.

Several applications of EPD process have been reported such as corrosion protection, electrical insulation,
various engineering fields including the biomedical applications. Engineering materials commonly deposited by

the EPD process include oxides, phosphates, carbides, borides etc, [20].

C. Electrostatic Deposition process (ESD):
The ESD process is based on the principle of charging the polymer powder particles, moving them towards a
grounded (earthed) object or substrate on which the charged polymer particles get discharged and deposited

due to electrostatic attraction, refer the Fig.5 below.

Coating powder spraying
Electrostatic spray gun +

Oven curing

—

High voltage generator

@ Coating particles

® Negatively charged coating particles

Fig.5: Corona charging of powder particles and electrostatic deposition [21].
Generally, the workpiece or substrate is kept at elevated temperature that helps the instant melting and
adhesion of the powder particles on to the substrate surface. This is followed by curing in an electric oven at
higher temperature to obtain uniform and adherent polymer coating on the substrate.

Table 1 compares the broad characteristics of the above three Electrodeposition (ED) processes.
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D. State-of-the art

One of the recent developments in electro-deposition technique is the application of modulated electric fields,
such as alternating current (AC) and pulsed direct current (PDC) as a substitute to the conventional use of
continuous direct current (CDC) [22, 23]. Several advantages have been reported in the new methods. Use of
alternating current electric field in aqueous medium, results in the superior quality of deposited coatings
associated with enhanced deposition rate with respect to polarisation time and the amplitude.

Table 1: Characteristics of Electrodeposition processes

Characteristics Electrolytic Electrophoretic Electrostatic

deposition (ELD) deposition (EPD) deposition (ESD)
Bath content Solution Suspension Suspension in air
Moving species Ions Solid particles/polymers Solid particles
Surface charge Medium High High
Charging Dissociation Dissociation Corona/Triboelectric
mechanism
Preferred medium | Water Organic or Air

mixed water +~ organic

Ionic electrolytic | High Low Not applicable
strength
Electrolytic High Low Not applicable
conductivity
Deposition rate 107 — I pm/min 1 — 10° pm/min 1 - 10° pm/min
Coating thickness | 10— 10 pm 1—-10° um 1 - 10 um
Coating On nm scale Limited by particle size Limited by particle
uniformity size

Use of pulsed direct current supresses the water electrolysis giving the advantage of less gas bubbles
formation thereby, leading to uniform and smooth deposited coatings. Use of PDC also helps in
deagglomeration of nanoparticles leading to homogeneous and uniform coatings, besides permitting
negligible variation of pH near the surface of electrodes, an advantage in depositing the biochemical and
biological species. The new methods utilizing PDC and AC electric fields hold great promise for future

application in biotechnology [23], especially in the fields of biosensors, bioreactors and bio-fuel cells.
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Fig.6. Schematic of LbL-ESD process on charged substrate surface. (A) Planar (B) Colloidal particle. [27]
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Another latest development in the ESD is the LbL technique which involves the deposition of a
polyelectrolyte layer on to an oppositely charged surface by adding one or more oppositely charged polymers.
The charged polyelectrolyte molecules move from the solution to the oppositely charged surface due to
strong electrostatic attraction arising as a consequence of the coulombic forces [24, 25]. The adsorption of
large number of polyelectrolyte molecules on the substrate surface results in the reversal of the net charge on
the substrate surface from negative to positive or from positive to negative. Repetition of the process leads to
the formation of a double layer or secondary layer, that may be followed by the triple layered derivative of
the base structure and may continue the repetition up to 5 or 6 multilayers, refer thefig.6. The net electrical

charge of the deposited multilayer structure is determined by the charge of the outer layer [25].

EXPERIMENTAL

A. Materials used:

Diglycidyl ether of bisphenol-A (DGEBA) based Bifunctional Epoxy resin with epoxy value in the range 1.1-1.2
eq./kg available commercially and without further purification was used for conversion into a water dispersible
emulsion form. Proprietary solvents like the mixture of ethylene glycol mono butyl ether, Methanol, Xylene in
different proportions and reagents such as primary and secondary amines and surfactant Triton X-100 of L.R.
grade was procured locally. Sodium Montmorillonite (MMT) nano-clay Cloisite Na+ from m/s Southern Clay
Products, USA, was used as nano-clay particles. SI-304 grade stainless steel sheets of 1.75 mm thickness cut to

size 100 x 50 mm with edges rounded off, were used to make the cathode and anode with a DC power source.

B. Methods used:

Determination of epoxy equivalent weight using the standard volumetric method ISO 3001:1997(E) was used to
monitor the extent of epoxy-amine adduct formation. FTIR spectroscopic method was used to monitor the
reduction in the absorption band intensity of the epoxy group. Progress of electrodeposition of polymer nano-
composite (PNCs) coating was monitored by drop in the current density and also by deposition-yield through
weight and thickness measurements. Nanostructure of the deposited film was established using analytical
techniques such as Scanning Electron Microscopy (SEM) and X-ray Diffractometry. Dielectric characterisation
of electrodeposited PNCs was carried out by measuring the Breakdown voltage (BDV) using the Dielectric

strength tester and Volume resistivity using Million Megohm meter.

C. Electrophoretic deposition (EPD) process

Electrophoretic deposition (EPD) was carried out using an in-house fabricated cell, represented in fig.4,
containing the aqueous cationic epoxy emulsion containing the dispersion of MMT or BNT nano-clays. EPD
cell is equipped with two electrodes made from SS plates, a DC power supply and a magnetic stirrer to stir
slowly the contents of the bath. Epoxy Nano-composite (ENC) coating was electrodeposited on cathode by
subjecting to DC electric field. Epoxy polycations together with MMT or BNT nanoparticles move towards the
cathode plate and discharge on the metal surface forming the adherent layer of Epoxy nanocomposite (ENC)
coating. Electrodeposited metal plate is removed from the bath, dried in air and cured at 150°C for 2 hrs in hot-

air electric oven and subjected to characterisation.
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Effect of Voltage on Nanocomposite thickness
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Fig.7: Thickness vs. Applied voltage [26]

The important process parameters that influence the quality of the electrodeposited coating have been briefed

below with salient features [26]:

The deposition yield and the coating thickness is directly influenced by applied voltage as depicted in the fig.7.

Increase in EPD coating thickness is observed with increase in applied voltage in steps from 5V to 30V for the

duration of 2, 4, and 6 minutes. Current density was monitored during the electro-deposition process. Fig.8

shows the drop in the current density with time indicating the rise in the resistance of the deposited coating.
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Fig.8: Drop in Current Density [26]

Significant increase in the Dielectric strength of the cured EPD nanocomposite coatings is observed with

increase in the nano-clay content as shown in fig.9.

III. RESULTS AND DISCUSSION

EPD of Polymer nanocomposite coatings has shown significant enhancement in dielectric and corrosion

resistance properties and has established the simplicity, versatility and many advantages.
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Property enhancement is explained as a consequence of good intercalation of polycations into the layered
structure of the MMT nano platelets. This phenomenon also explains the significant rise in the dielectric
strength of the PNCs, almost 2-fold at the nanoclay loading levels of about 8-10 % b/w of the polymer matrix as

depicted in the Fig.8. It indicates great scope for insulation application in HV electrical machines.

Dielectric strength vs. Nanoclay (NC) content
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Fig.9: Dielectric strength vs. NC content [26]

Corrosion resistance, a significant property of the EPD PNCs has been studied with respect to resin content of
the deposition bath by measuring the electrical volume resistivity (considered as indicative of chemical
resistance and structural integrity of the PNC coating) of the cured PNCs after prolonged exposure to the salt
fog spray (at 3.5% salt concentration) for 1, 3 and 5 days duration, as shown by a plot of logarithm of electrical

resistivity (Logp., Qcm) under above conditions versus resin content in Fig.10.

Corrosion Resistance & Vol. Resistivity vs. Resin content
18
16 .?)F—-?Eg
£
o 14
G
£12 // —o—Noexposure — —B—lday
g 10
4
8 3 r’l:\yc 5 riayc
6
0 5 10 15 20 25 30
Resin content in bath, %

Fig.10: Corrosion resistance vs. Resin content [26]

FUTURE POTENTIAL OF EPD PROCESS
The EPD process for fabricating the polymer nano-composites (PNCs) has the specific advantage of preparing
water-based formulations derived from any polymer matrix and any dispersed phase, besides permitting the

deposition on to the conducting or non-conducting surfaces. This is an important feature of this technique that
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opens great scope of extension to PNCs containing the functionalised nano-fillers such as carbon nanotubes
(CNT), single-walled (SWCNT) and multi-walled (MWCNT) types, ferrites, ceramics and perovskites etc. [20].
Currently, such PNCs are prepared by conventional methods for EMI shielding application in electronic
equipment but to a limited success due to constraints of loading the CNTs resulting in high viscosity build-up.
An electro activated polymer based aqueous formulation and electrodeposition process may hold the key to

overcome the above constraints in the technology of Polymer nanocomposite coatings.

IV.CONCLUSION

Electrodeposition processes are broadly classified into three major categories, namely, electrolytic,
electrophoretic and electrostatic deposition methods. Their principles, processes, characteristics, applications
and state-of-the art in these techniques, have been discussed. The most versatile EPD process has the capability
of creating the films and coatings based on polymers, composites, nano-composites, ceramics, dielectrics,
semiconducting materials with tailored properties for specific applications. EPD process can provide uniform
coatings with high throwing power on the substrates of any nature and geometry, besides being easy,
economical and eco-friendly. Salient results of electrophoretically deposited polymer nanocomposite coatings

possessing enhanced dielectric and corrosion resistance from the author’s own work, have been discussed.
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ABSTRACT

The present study focused on synthesis, characterization and photocatalytic activity of Rare earth doped ZnO
nanoparticles for the degradation of Malachite green dye from aqueous phase under visible light irradiation.
The concentration of dopant was varied from 3 - 10 wt% and thoroughly characterized by XRD, FT-IR, UV-
Vis-DRS, FE-SEM, EDAX and EPR techniques. The band gap energy of (DZ (1:9)) was found to be 3.07 eV, as
determined from UV-Vis-DRS analysis. Particle size of the material was in the nano regime (38 to 47 nm) with
a hexagonal morphology which is confirmed from FE-SEM analysis. In-situ generation of OH* radicals by light
irradiation was confirmed from EPR analysis. The synthesized rare earth doped photocatalyst was investigated
under Visible light irradiation for the photocatalytic degradation of non azo dye (MG). At neutral pH (7.10) the
photocatalyst displayed 92% degradation of MG dye under both Visible light irradiations. As the substrate
concentration increased from 5 ppm to 25 ppm the rate constant showed a decreased trend. The R? values
clearly indicated that the reaction follows a pseudo-first order kinetics and found to possess enhanced
photocatalytic activities under Visible light irradiation. The efficiency and cost effectiveness of DZ (1:9)
nanomaterial was determined from reusability studies for the photocatalytic degradation of MG dye and it
exhibited better photocatalytic activity even after three cycles of reuse under Visible light irradiation.

Keywords: Rare Earth Doped, Nanoparticles, MG, Visible Light

I. INTRODUCTION

Effluents from various industries such as pharmaceutical, textile, tanneries, paper mills, food, cosmetic
industries etc., has been expelled into water bodies thereby contaminating the nature, colour and odour of
water. It also affects the natural ecosystem present in water. As the toxic substances exceeds the permissible
level it can be harmful and causes serious health disorders to both flora and fauna. The major constituents of
effluents includes organic and inorganic compounds, pesticides, heavy metals etc., Several research groups
around the world have employed physical and chemical methods for detoxification of pollutants present in
waste water. Due to generation and discharge of secondary metabolites and use of solvents etc., (1, 2) the
methods were not practised. In order to overcome the disadvantages of these methods Advanced Oxidation

Processes (AOP) was employed which has attracted many researchers globally for degradation of organics and
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inorganics present in the waste water in the presence of semiconductor photocatalyst. Semiconductor metal
oxides are suitable candidates for light induced photocatalytic processes (3, 4). Metal oxides such as TiO2, ZnO,
Bi203, WO3, CeO2 etc., exhibits excellent photocatalytic activity in degradation of organic and inorganic
molecules (5, 6, 7, 8). Since UV light is energy intensive and the availability is less, hence we focused on
synthesis of visible light active photocatalyst by modification of band gap. This is achieved by doping of metals,
non-metals, rare earth metals etc., (9, 10, 11, 12, 13, 14).

In the present work we focused on visible light active Dy doped ZnO by co-precipitation technique. The
prepared material was characterised by FT-IR, XRD, UV-Vis-DRS, FE-SEM, EDAX and EPR techniques.
Evaluation of the photocatalyst was investigated by degradation of MG dye under Visible light irradiation.

II. METHODS AND MATERIAL

2.1 Materials

Dysprosium Nitrate hexahydrate (99.9%, Dy(NO3).6H20), Zinc nitrate hexahydrate (98%, Zn(NO3)2-6H20)
and DMPO (5,5-Dimethyl-1-pyrroline-N-Oxide) were purchased from Sigma-Aldrich, India. Na2CO3, Orange
G dye (90%, 7-hydroxy-8-phenlyazo-1,3-naphthalenedisulfonic acid disodium salt) and Malachite green dye
(90%, 4-{[4-(Dimethylamino) phenyl] (phenyl) methylidene}-N,N-dimethylcyclohexa-2,5-dien-1-iminium
chloride) were supplied by S.D. Fine Chem., Mumbai, India.

2.2 Preparation of Dy3+ doped ZnO (DZ)

The rare earth doped ZnO used in this study was prepared by a simple co-precipitation technique as reported
elsewhere (15). A typical procedure involves ZnNO3.6H20 and DyNO3.6H20 mixed in the required molar
ratio in double distilled water and Na2CO3 was prepared in a 1:1 ratio with respect to the nitrates. The salt
solution was vigorously stirred followed by dropwise addition of Na2CO3 which resulted in the formation of
white precipitate. After successful addition of Na2CO3, the obtained precipitate was allowed to stir for 15 min,
filtered, washed thrice with water and then with ethanol. The obtained precipitate was dried at 100°C in an
oven overnight and then calcined at 700°C for 2 h. The various doping ratios prepared were: 0:100, 3:97, 5:95,
7:93, 10:90, 100:0 of dysprosium nitrate : zinc nitrate and named as PZ (pristine ZnO), 3DZ, 5DZ, 7DZ, 10DZ,
PD (pristine Dy203).

2.3 Instrumental Analysis

The instrumental techniques such as X-ray diffraction (XRD) analysis, Fourier transform-infra red (FT-IR),
ultra-violet diffuse reflectance spectroscopy (UV-DRS), field emission scanning electron microscope (FE-SEM),
energy dispersive X-ray diffraction (EDAX) and (EPR) spectroscopy were employed for characterization of
prepared semiconductor material. The bond stretching vibrational frequencies of metal oxides were determined
by FT-IR analysis in a Perkin Elmer instrument. Crystallinity and phase analysis was determined from X-ray
diffraction by PAN analytical X-ray diffractometer, Germany, with scanning angle 20 in the scan range
between 10° and 70 with Cu Ka radiation. In order to determine the surface morphology and particle size of

the synthesized material FE-SEM (Model Supra 55 - Carl Zeiss, Germany) was carried out. EDAX analysis was
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carried out to determine the percentage of dopant concentration in the synthesized material. UV-Diffuse
Reflectance Spectroscopy (UV 2600, Shimadzu spectrometer; Japan) was employed to calculate the band-gap
energy of the nanomaterial with a scan speed of 200 nm/min in the UV-Visible range (200-800nm). EPR
spectrometer (Model - Bruker EMX X Band) was employed to determine the generation of OH* radicals in the

in-situ process of Visible irradiation.

2.4 Photocatalytic degradation studies

Malachite Green (MG) dye was employed as model pollutant for the photocatalytic degradation Visible light
irradiations. The photocatalytic degradation was performed in an annular type photoreactor (Heber Scientific
Company Ltd., Chennai, India) with an irradiation source of 500 W tungsten halogen lamp. The irradiation
source was surrounded by a water jacketed tube which was cooled continuously with water circulation to
reduce the heat. Preliminary experimental parameters like effect of pH, catalyst dosage and substrate
concentration were performed to determine the optimal dopant concentration that exhibits enhanced
photocatalytic activity with respect to the undoped material. The reaction tubes containing the aqueous dye
solution and photocatalyst were irradiated for a specific time and kinetic analysis was conducted by
withdrawing aliquots of the samples at prescribed time intervals to assess the extent of degradation process by
UV-visible absorption measurements. The substrate concentration before and after photocatalytic degradation
was computed from a calibration curve and the percentage degradation of MG was calculated using equation
(1).

degradation efficiency (%) = (C0-Ce/ CO) * 100 (1)

where, CO and Ce are the initial and final MG dye concentrations in the aqueous phase, respectively.
III. RESULTS AND DISCUSSION

3.1 FT-IR analysis
The FT-IR spectra of synthesized (DZ) material is shown in Fig. 1(a). The bond stretching frequencies of metal
to oxygen bond i.e., Dy-O and Zn-O was observed at 481 and 533 cm respectively of the photocatalyst

confirming the composition of the prepared material [16, 17].

3.2 X-Ray Diffraction Pattern

The XRD patterns of DZ photocatalyst is shown in Fig. 1(b). The material exhibited crystalline nature which is
confirmed from clear and sharp peaks and the patterns obtained were matched with zinc oxide and dysprosium
oxide JCPDS data (ZnO-JCPDS No. 36-1451 and Dy203-JCPDS 01-079-1722) (18). The as-prepared DZ
photocatalyst exhibited (222) reflection which is a characteristic of Dy20s3 confirming the presence of Dy in
the photocatalyst. The average crystallite size of the prepared material was calculated using Scherer equation eq
(2).

D =kA/ (B cos 6) )
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where, & is 0.94 (spherical nanoparticles), A the wavelength of radiation (0.154 nm) and B is the full width at
half maximum (FWHM) and & half the diffraction angle. The average crystallite size of DZ photocatalyst was
found to be 36.36 nm. 10DZ exhibited diffraction planes at (222), (100), (400), (002), (101), (102), (110), (103),

(004), (112) and (201). The lattice parameters ‘a’ and cell volume ‘c’ of DZ photocatalyst was found to be 1.0625
and 1.1935 nm respectively.
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Fig. 1. (a) FT-IR spectrum and; (b) X-ray Diffraction pattern of DZ (1:9) photocatalyst

3.3 UV- Vis Diffuse Reflectance Spectrum

The band gap energy (E;) of prepared nanomaterial was determined by UV- Vis DRS spectrometer and the
spectrum was recorded for PZ, 3 DZ, 5 DZ, 7 DZ and 10 DZ and is shown in Fig. 2(a) and (b). As the doping
concentration of Dy3 increases from 0-10% a shift towards the visible region was observed. The absorption
bands of lanthanide elements was observed above 700 nm and is due to f-f transitions. A plot of (Ahv)? vs hv

gives the band gap energy (Eg) of the prepared photocatalyst and is found to be 3.16 eV for PZ and 3.07 eV for
10 DZ respectively.
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Fig. 2. (a) UV-Vis DRS pattern and; (b) Band gap energy of DZ (1:9) photocatalyst

3.4 Morphology and surface roughness

Surface morphology and particle size of the as-prepared material was determined by FE-SEM analyses and the
results are displayed in Fig. 3. It exhibits hexagonal morphology with particle size ranging from 38 - 47 nm as
shown in Fig. 3(a). EDAX analysis was carried out to determine the elemental composition of the prepared

material and confirms the presence of Zn, Dy and O elements and is shown in Fig. 3(b).

1 B

Full Scale 3348 ct= Curzor: 0.000

Fig. 3. Morphological and Elemental composition by (a) FESEM; (b) EDAX; and (c) HRTEM analysis

3.5 EPR studies

EPR spin trap technique was employed to probe the reactive oxygen species generated on the surface of DZ
photocatalyst upon Visible light irradiation. The spin trapping agent employed was DMPO. As shown in Fig.4
four characteristic peaks in the ratio of 1:2:2:1 was observed indicating the spin trapped DMPO-OH®*. This

clearly shows that OH* radicals were generated on the surface of DZ photocatalyst.
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Fig. 4. EPR spectrum of the DMPO spin trapped "OH radical generated in-situ under (a) visible irradiation.

3.6 Preliminary experimental parameters for photocatalytic degradation of Malachite Green dye molecules
under Visible light irradiation

3.6.1 Effect of aqueous phase pH

Effect of aqueous phase pH on photocatalytic degradation of MG dye by DZ photocatalyst under Visible light
irradiation was performed. A series of aqueous phase pH of the dye solutions varying from 2 - 11 were prepared
and irradiated. 10 mg of DZ photocatalyst in 10 ppm/10 ml of MG dye concentration exhibited more than 90%

of degradation under Visible light irradiation at neutral pH and the result is shown in Fig. 5 (a).

3.6.2 Effect of catalyst dosage

To determine the optimum dosage of catalyst required for photocatalytic reaction, studies on varying catalyst
dosage were carried out and the results are shown in Fig. 5 (b). The catalyst dosage was varied from 5 - 25 mg/
10 ml of 10 ppm MG dye concentration. It was observed that 10 mg of DZ photocatalyst exhibited 97%
degradation under Visible light irradiation. The percentage of degradation decreased on increasing the dosage
of catalyst. This is due to large amount of catalyst present in the system and causing more turbidity and that
obstructs the photons entering onto the surface of the catalyst thereby reduces the photocatalytic activity of the

catalysts.

3.6.3 Effect of substrate concentration

The effect of varying initial dye concentration on photocatalytic degradation of MG dye molecules DZ
photocatalyst under Visible light irradiations was investigated to determine the optimum concentration of MG
dye molecules required for further photocatalytic reaction. The substrate concentration was varied from 5 to 25
mg/1 for 10 ml of test solutions. 10 mg of DZ photocatalyst exhibited above 98% of degradation for 10 ppm of
MG dye molecules under Visible light irradiations at neutral pH. The percentage degradation decreased from
96% (5 ppm) to 95% (25 ppm) was observed for MG dye and the obtained results were shown in Fig. 5 (c). As

the substrate concentration increased decrease in percentage of degradation was observed and is due to
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reduction in number of photons reaching the surface of catalyst which further results in lack of hydroxyl

radicals.
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Fig. 5 Preliminary photocatalytic studies of the prepared 10 DZ photocatalyst under Visible light irradiation (a)
Effect of pH, (b) Variation of photocatalyst mass and (c) Variation of substrate concentration

3.6.4 Kinetics

The kinetics of photodegradation of MG dye molecules by DZ photocatalyst was monitored by time
dependence studies. The kinetic experiments were performed for various initial substrate concentrations such
as 5, 10, 15, 20 and 25 ppm with catalyst dosage of 100 mg of DZ photocatalyst in 100ml of preferred dye
concentration. Samples were withdrawn at regular intervals of time during the photocatalytic experiments and
absorbance were measured at respective Amax of the dye molecule. The residual concentrations were computed
from the calibration graph and COD levels were analyzed. DZ photocatalyst exhibited 89% of degradation at
240 min under Visible light irradiation. The obtained results were tabulated in Table 1 and Fig. 6 (a). The
pseudo-first order rate constant were calculated and the values were found to decrease as shown in Table 1. The
R2 values clearly indicated that the reaction follows pseudo-first order kinetics for photocatalytic degradation
of MG dye molecules which is shown Fig. 6 (b). A decrease in COD level from 584 mg/L to 14.4 mg/L was
observed for MG dye degradation under Visible light irradiation and results are shown in Fig. 6(c).
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Table 1.
Malachite green (Visible light irradiation)
Catalyst Dz
Concentration of the organic molecule 5 10 15 20 25
(ppm)
Rate Constant x 10-3 min! 12.71 9.68 6.97 5.70 5.41
R? 09875 09811  0.9822 0.9931 0.9885
% COD removal 95.00 97.53 93.85 74.59 72.39
100 25
DZ(1:9) DZ (1:9)
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Fig. 6. (i) Kinetics of photo degradation of MG dye molecule (ii) Pseudo- first order kinetic plots for photo
degradation of MG dye molecule (iii) COD removal under Visible light irradiation.

3.6.5 Effect of Electrolytes

The interference of inorganic anions present in the industrial waste water on photocatalytic degradation of MG
dye molecules by DZ (1:9) photocatalyst under Visible light irradiation was investigated. The electrolytes
employed were KCI, MgSOs, Na2CO3 and NaHCOs. The electrolyte concentrations were varied from 1 to 7 wt%
for dye molecules. The obtained results were shown in Fig. 10. As the concentration of KCl is increased, the
percentage of degradation of MG dye molecules decreases and is due to chloride ions that acts as radical

scavengers (19). It is confirmed that carbonates and bicarbonates has no effect on the activity. Similarly,
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increasing the concentration of sulphate up to 1.5% showed an increase in photocatalytic degradation and is
due to generation of sulphate radicals in the photocatalytic system. Further increasing the concentration of
sulphate beyond 1.5% leads to decreased photocatalytic degradation of MG dye molecules. This
phenomena may be due to adsorption of sulphate radicals on the surface of the catalyst which competes
with the substrate molecules (20).
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Fig. 8. Effect of electrolytes on the photocatalytic degradation MG dye molecule by 10DZ under Visible light

irradiation

3.6.6 Reusability Studies

The efficiency of the DZ photocatalyst was determined from reusability studies in photocatalytic degradation
of MG dye molecule under Visible light irradiation and the results were shown in Fig. 11. DZ (1:9)
photocatalyst shows decrease in percentage of degradation from 93% to 88% under Visible light irradiation

indicating that the catalyst retains its photocatalytic activity even after three cycles of regeneration.
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Fig. 9 Reusability studies of 10DZ in photocatalytic degradation of MG dye molecule under (i) Visible light

irradiation.
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3.6.7 By- Product analysis

The UV-Visible absorbance spectrum further supports that the MG dye molecule has completely degraded and
no peaks corresponding to UV-Visible active by-products are present from 200 - 800 nm in the spectrum.
Hence, the prepared photocatalyst completely degrades the MG dye molecule effectively under Visible light
irradiation. The Fig. shows the change in colour on irradiation of MG dye molecule in the presence of the 10

DZ photocatalyst.

Absorbance

W oavelem zch (mm }

Fig. 10 UV- Visible absorbance spectrum of MG dye molecule under Visible light irradiation
IV.CONCLUSION

Nanocrystalline dysprosium modified ZnO (DZ) photocatalyst prepared by co-precipitation method and
characterized by FT-IR, XRD, UV-Vis-DRS, FE-SEM, EDAX & EPR techniques. The characterization results of
the synthesized photocatalyst clearly confirms the presence of elements, band gap, crystallinity, morphology &
EPR analysis confirms the generation of ‘OH radicals in photocatalytic system. The synthesized photocatalyst
was evaluated for its photocatalytic activity in degradation of Malachite Green dye molecules in aqueous phase
under Visible light Irradiations. Preliminary studies like effect of pH, varying catalyst dosage and variation of
initial substrate concentration were studied in detail. Kinetics studies were investigated and the reaction
followed pseudo-first order relationship. The progress of the reaction was also monitored by COD analysis. The
efficiency of the photocatalyst was determined from reusability studies. Rare earth doped metal oxides

exhibited better photocatalytic activity than Pristine metal oxides.
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ABSTRACT

Zinc oxide nanoparticles were successfully employed for the mitigation of hexavalent chromium [Cr (VI)] from
synthetic water Sample by Batch Adsorption Technique. Parameters like adsorbent dose and contact time were
studied in this process. The experimental data were examined for their kinetic studies using Lagergren’s First
Order and Pseudo second order kinetics. Furthermore, the data were fit to both Langmuir and Tempkin
isotherms, where they fit to Tempkin isotherm with high correlation coefficients (R?= 0.998). The maximum
adsorption was found at adsorbent dose 0.1g and contact time of 40mins. In kinetics, the data were best fitted
to pseudo second order kinetics indicating that the adsorption is chemical in nature.

Keywords : Zinc Oxide Nanoparticles, Batch Adsorption, Correlation Coefficients
I. INTRODUCTION

Nanotechnology, is one of the finest technology gaining interest of many researchers in different areas of
science. One of the major application of Nanotechnology is in the field of water treatment. Various types of
Nano materials are being developed to study their application in water treatment. Due to their extraordinary
properties such as surface area, particle size, pores and stability, they can be easily transported through a water
body by pedesis without the external force [1]. Several Attempts have been made by the researchers to utilize
these smart materials in the removal of Chromium in water. The metal Chromium has Atomic no.24 and
density of 7.19 g.cm™, and exists in two forms in nature i.e. hexavalent chromium [Cr (VI)] and trivalent
Chromium [Cr (III)].The Cr (VI) is toxic to flora and fauna whereas Cr (III) is micronutrient required for the
growth of plants. The major accumulation of Cr (VI) in water takes place due to the release of waste from
electroplating industries, batteries, Potteries etc. [2].

The methods like ion exchange, phyto-remediation, photo catalysis, membrane filtration, reverse osmosis,
electro dialysis, Adsorption [3-9] are frequently used for dechlorination of water samples. Among these,
Adsorption is found to be simple, cost effective and easy to operate. Various Nano adsorbents such as Metal
nanoparticles, metal oxide nanoparticles such as zinc oxide, copper oxide, magnetic nanoparticles such as ferric

oxide, carbon based nanoparticles etc. are used by many researchers [10-12].
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In the present investigation, Zinc oxide nanoparticles have been used to remove Cr (VI) from synthetic water

sample.
II. METHODS AND MATERIAL

A. Materials and Methods

The chemicals are used were of analytical grade and used as received. A Synthetic water sample was prepared
by dissolving 2.489g of K2Cr207 in 1000ml of deionized water. The Nano sorbent was prepared by Precipitation
Method [13].These nanoparticles were then utilized for batch adsorption study.

B. Batch Adsorption Experiment and Analysis of Cr (VI)

The Effect of adsorbent dose and contact time has been carried out. In a 50ml conical flask, 25ml of synthetic
water sample was taken and stirred with known amount of Zinc Oxide for 60mins at 30°C. After stirring, the
solutions were filtered using Whatmann 41filter paper and the filtrate was taken to determine the Cr (VI) using
Diphenyl- Carbazide method from UV-Visible Spectrophotometer (Elico, SL-159) [14].The percentage removal
of Cr after adsorption is calculated using the relation.1

fo=fe 100 (1)
Co

% Removal =

‘Where, Co is initial concentration, Ce is Final concentration [9].
III. RESULTS AND DISCUSSION

A. Effect of Reaction Time

The Impact of reaction time for Chromium adsorption was carried out in the range of 30min to 70min at
30°C.The Graph of percentage removal of hexavalent chromium vs. Contact Time is shown in the fig.1. The
adsorption is found to be rapid in the first 40mins due to the availability of free vacant sites on the surface of
the Adsorbent. After 40mins, the adsorption slowly decreases because the vacant sites becomes saturated with

the time.

B. Effect of Adsorbent Dose

It is clear from the fig.2.that the adsorption Increases with increase in the dosage (from 0.02g to 0.1g).This is

due to the availability of lager surface area and vacant sites.

C. Adsorption Isotherm Model
1. Langmuir Adsorption Isotherm

It is two parameter isotherm, and The Equilibrium adsorption data for the concentration of Cr (VI) was fitted
to the linear form of the Langmuir isotherm. The isotherm constants are calculated from the linear plot of 1/q.
v/s 1/ce as shown in fig.3.

The linear form of the Langmuir isotherm model is given by
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=t @)

de Qo QOKLCe

Where, ge is amount of metal adsorbed (mg/g), Ce is concentration after adsorption (ppm), Qo is maximum

monolayer coverage capacity (mg/g) and KL is Langmuir constant (L/mg).

2. Tempkin Adsorption Isotherm

It is also a two parameter isotherm, which takes into account the interactions between adsorbate and adsorbent.
It is also assumed that the heat of adsorption of all the molecules in all the layers decreases linearly as the result
of increase in surface coverage. The Tempkin isotherm is valid for the intermediate range of concentration of
ions. The above equation is written linearly as follows:

ge=BInA+BlnC. (3)
Where B is constant related to heat of sorption (J/mol), A is the Tempkin isotherm constant (L/g), The
constants A and B are calculated from the intercept and slope of the linear plot of the isotherm. [15].A plot of ge

v/s In Ce is shown in fig.4 and constants are reported in Table.1.

D. Adsorption kinetics

The adsorption kinetics and constants were determined by Lagergren’s first order and pseudo second order
model using equation 4 and 5.

k
log(qe — qr) =logge — 55t (4)

q_t1 - kzlqg + (qlt) t (5)

Where, g. is the amount of hexavalent Chromium adsorbed at equilibrium time, q: is the amount of Cr (VI)

adsorbed at time t, ki and ko are the rate constants of first order and second order kinetics
respectively .Lagergren’s first order model is obtained by the plot of log (qe- qt) v/s time and pseudo second
order model is obtained by plotting t/q v/s time. The correlation coefficients (R?) Value for the second order
kinetics was found to be greater than Lagergren’s first order model indicating that the adsorption is chemical in

Nature[16].The Kinetic plots are given in fig.5 and fig.6 constants are tabulated in Table.2.

Table.1.Adsorption isotherm constants

Langmuir isotherm Tempkin isotherm
Q K R Ar B R?
0.00165 -76.313 0.9381 3.162 85.106 0.998

Table.2.Kinetic Parameters for Cr (VI) adsorption on ZnO Nanoparticles

Lagergren’s first order kinetics Pseudo second order kinetics
Ge Ki R qe K> R?
18.96 0.002 0.694 215 0.004 0.971
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IV. CONCLUSION

This Paper reports the utilization of Zinc oxide nanoparticles for the removal of hexavalent Chromium from
water sample. It was found that the adsorption is maximum at 40mins and dosage of 0.1g. The data was
analysed using Langmuir isotherm and Tempkin isotherm. However, there is good fit for tempkin isotherm
than that of Langmuir isotherm. The kinetic model reveals that pseudo second order kinetics is best followed
than pseudo first order indicating that

the system follows the chemical Adsorption.

V. ACKNOWLEDGMENT
The authors are thankful to East Point College of Engineering, Bangalore for Infrastructural facilities.

International Journal of Scientific Research in Science and Technology (www.ijsrst.com) @



Volume 8 - Issue 2 - Published : & January 20, 2021 Page No : 47-52

VI. REFERENCES

[1]. X.Qu, P.J.J.Alvarez and Q.Li,”Applications of nanotechnology in water and wastewater treatment,”
Water Research, vol.47, pp.3931-3946, Aug 2013.

[2]. V.E.Pakade, N.T.Tavengwa and L.M.Madikizela, "Recent advances in hexavalent chromium removal
from aqueous solutions by adsorptive methods,” RSC Adv., vol.45, pp.26142-26164, Aug 2019.

[3]. S.Rengaraj, K.H.Yeon, S.H.Moon,” Removal of Chromium from water and waste water by ion exchange
resins,” Hazardous Materials,vol.87,pp.273-287,0ct 2001.

[4]. G.Kassaye, N.Gabbiye and A.Alemu,”Phytoremediation of Chromium from tannery wastewater using
local plant species,”Water practice & Technology, vol.12, pp.894-901, Dec 2017.

[5]. K.M.Joshi, V.S.Shrivastava,” Photo catalytic degradation of Chromium (VI) from wastewater using Nano
materials like TiO2, ZnO and CdS,” Appl. Nanosciecne, pp.145-155, Sept 2011.

[6]. G.Zolfaghari, M.Kargar,”Nano filtration and Microfiltration for the removal of Chromium, Total
dissolved Solids, Sulfates from water,” MethodsX, pp.549-557, Mar 2019.

[7]. A.Cimen,”Removal of Chromium from wastewater by Reverse Osmosis,”Russian ]J. Phy.Chem., vol.89,
pp-1238-1243, July 2015.

[8]. R.C.A.Moura, D. A. Bertuol, C. A. Ferreira, and F.D. R. Amado,” Study of Chromium removal by the
Electro dialysis of Tannery and Metal Finishing Effluents, “International Journal Of Chemical
Engineering,2012.

[9]. T.Dula, K.Siraj and S.A.Kitte,”Adsorption of hexavalent Chromium from Aqueous solution using
Chemically Activated Carbon Prepared from Locally Available Waste of Bamboo (Oxytenanthera
abyssinica), International Scholarly Research Notices, 2014.

[10]. V.K.Guptha, R.Chandra, I.Tyagi and M.Verma,” Removal Of hexavalent chromium ions using CuO
nanoparticles for water purification applications,” ].Colloid interface sci., vol.478, pp.54-62, Sept 2016.

[11]. H.Kumar, S.K.Sinha, V.V.Goud andS.Das, "Removal Of Cr(VI) by magnetic iron oxide nanoparticles
synthesized from extracellular polymeric substances of chromium resistant acid-tolerant bacterium
Lysinibacillus sphacericus RTA-01,”].Environ. Health sci. Engg., vol.17, pp.1001-1016, Nov 2019.

[12]. R.Baby, B.Saifullah and M.Z.Hussein,” Carbon Nano materials for the treatment of heavy metal-
contaminated water and environmental Remediation,” Nano scale Res.Lett. vol.14, Nov.2019.

[13]. V.R.Venugopal and S.Kamila,”Effect of temperature on the morphology of ZnO nanoparticles: A
comparative study,” Appl. Nanosci., vol.7, pp.75-82, Mar 2017.

[14]. A.Lace, D.Ryan, M.Bowkett and J.Cleary, "Chromium monitoring in water by colorimetry using
optimised 1,5-DPC method,”Int.].Environ.Res.Public Health,vol.16,May 2019.

[15]. J.Bayuo, K.B.P.Ba and M.A.Abukari,” Adsorptive removal of chromium (VI) from aqueous solution into
groundnut shell,” Appl. Water sci., vol.9, May 2019.

[16]. K.Mulani, S.Daniels, K.Rajdeo, S.Tambe and N.Charan,”Adsorption of Chromium (VI) from aqueous
solution by coffee polyphenol-Formaldehyde/Acetaldehyde resins,” Journal of polymers, vol.2013, Dec
2013.

International Journal of Scientific Research in Science and Technology (www.ijsrst.com) @



EAST
POINT National Conference on Applied Sciences Synergising the Engineering and Technology
COLLEGE OF ENGINEERING Print ISSN: 2395-6011 | Online ISSN: 2395-602X (www.ijsrst.com)

TECHNOLOGY " gSRST © 2021 IJSRST | Volume 8 | Issue 2

Urea Based Tripodal Nano receptors and Their Application in Chemo sensing

For Cr (III) And HSO4 (1)
Dr. Jayanti Mishra'?, Ashok K. Ganguli*3, Navneet Kaur*

ICentre for Nanoscience and Nanotechnology (UIEAST), Panjab University, Chandigarh-160014, India.
?Department of Chemistry, East Point College of Engineering and Technology, Virgo Nagar Post, Avalahalli,
Bengaluru-560049, Karnataka, India
8Department of Chemistry, Indian Institute of Technology, Hauz Khas, New Delhi-110016, India
“Department of Chemistry, Panjab University, Chandigarh-160014, India

ABSTRACT

Two urea based tripodal ligands X i.e. 1,1',1"-(2,2',2"-nitrilotris (ethane-2,1-diyl))tris(3-(4-nitrophenyl)urea)
and Y ie. 1,1',1"-(2,2',2"-nitrilotris(ethane-2,1-diyl))tris(3-(naphthalen-1-yl)urea) are synthesised which differ
in the terms of their pods. The ligands are characterised by NMR, IR and mass spectroscopic methods. Their
organic nanoparticles (ONPs) i.e. X-ONP and Y-ONP are generated by reprecipitation method and analysed by
TEM, DLS, UV-Vis and fluorescence spectroscopic methods. Both of X-ONP and Y-ONP are of nanospherical
morphology of diameter “30-35 nm and "15-20 nm respectively. The chemosensing study of X-ONP showed its
fluorescent recognition behaviour towards HSO4(I) with limit of detection as 1.026 micromolar and Y-ONP
showed its recognition towards Cr(III) with limit of detection as 1.3 micromolar. The binding of HSO4(I) and
Cr(III) with X-ONP and Y-ONP follows continuous pattern by PET-on mechanism with decrease in the
fluorescent emission intensity as the function of analyte concentration.
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I. INTRODUCTION

Urea group is very beneficial for sensing because it can alter organic transformations by its hydrogen bonding
interactions which is directional in nature and make it favourable for analyte binding with increase in
sensitivity “reference [1-3]”. Along with hydrogen atoms, it also possesses electronegative oxygen atom as well
as two electron rich nitrogen atoms [1,2] which provide multiple ways and possibilities for host-guest
interaction. In organic molecules, electron confinement is not necessary because electrons are localised either
in chemical bonds or on any molecule but optical responses are affected by the size variation [3].
Reprecipitation method is opted to prepare organic nanoparticles (ONPs) in this manuscript because of being
simple, economic and fast in action [4]. The aqueous dispersion of organic molecule restricts their bond
rotation and increase the rigidity which results in specific recognition properties. A sensor detects an input
parameter and converts it into an output signal. A good sensor should be economic, stable, selective and

sensitive. Fluorescence based sensors are very popular because of being highly selective and sensitive. The
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recognition site in the fluorometric sensor identifies the analyte while the fluorophore converts this behaviour
into detectable and readable signal [5-9].

Zhou et al. prepared a fluorescent sensor for Cr(IlI) based on rhodamine with detection limit of 0.023 uM
applicable in aqueous media [10]. Wu et al detected Cr(IIl) and Fe(IIl) in aqueous medium with limit of
detection as 25 pM and 2 pM respectively using ratiometric fluorescent sensor bearing two benzimidazole
groups [11]. Karak er al developed a fluorescent sensor for Cr(III) using 9-Acridone-4-carboxylic acid based
upon chelation assisted fluorescence quenching in DMF-water system [12]. Bhardwaj et al prepared
benzthiazole based chemosensor having siderophores like binding sites for detection of HSO4«(I) and Fe(III) by
UV-Vis bathochromic shift and fluorescence enhancement respectively [13]. Sain er al developed naked eye
chemosensor of CN(I) and HSO4(I) ions based upon indole [14]. Erdemir er al reported calix[4]arene appended
benzothiazole units based fluorescent sensor for HSO4(I) [15]. Zhang et al prepared a fluorophore based on
acridine having benzimidazolium and urea groups for chemosensing of H2PO4(I) and HSO4(I) by fluorescent
bathochromic-shift and fluorescence quenching respectively [16]. Tayade er al developed fluorescent turn-on
chemosensor based on isonicotiamide for chemosensing of Zn(II) and HSO4(I) with limit of detection upto
nanomolar level [17]. Gunnlaugsson et al prepared fluorescent selective chemosensor for dicarboxylates and
pyrophosphate based on thiourea in DMSO [18]. Saluja er al developed a benzimidazole based receptor for
Cr(III) detection and the resultant complex proved to be fluorescent chemosensor for HSO4(I) and F(I) also [19].
From above manuscripts, it can be observed that (-NH), (-CO-) and (-NO2) groups are very popular among the
molecules designed for sensing because of their specific binding affinities. By combining these groups with
perfect cavity size, we can get ideal chemosensor molecule. Most of the reported sensor molecules are
functional in organic solvents. There is need of sensors which can be applicable in aqueous medium to get
wider area for sensing because most of the biological fluids and environmental sample exist in aqueous medium
only.

Taking inspiration from above manuscripts, we have synthesised two urea based tripodal compounds (X and Y)
by simple one step synthesis and employed their organic nanoparticles (ONP) for chemosensing studies. X-
ONP and Y-ONP showed chemosensing towards HSO4(I) and Cr(III) respectively among the pool of cations
and anions. 4-nitrophenyl pods of X-ONP and 1-naphthyl pods of Y-ONP formed cavity of perfect space and

affinity to fit their respective cation/anion.

II. METHODS AND MATERIAL

A. General information (materials and instruments)

Tris (2-aminoethyl) amine, 4-nitrophenyl isocyanate and 1-naphthyl isocyanate are purchased from Sigma-
Aldrich company and used without further purification. Chloroform is purified by simple distillation over
K2COs. Reactions are monitored over TLC plates which are prepared by silica gel (Kieselgel 60 PF254, Merck)
coated glass sheets. Cation sources are metal nitrates while anion sources are tertrabutylammonium anions,
used for recognition studies.

The products are characterised by NMR, Mass and IR spectroscopic techniques. NMR of compounds is
performed by BRUKER SPECTROSPIN at 300 MHz. FT-IR studies are done by Thermo Fisher Scientific
NICOLET iS50 FT-IR machine. Mass spectroscopic studies are done by BRUKER MICROTOF-QII machine.
Elements of products are estimated by elemental analysis performed by FLASH 2000 Organic Elemental
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Analyzer by Thermo Fisher Scientific instrument. The optical properties of products are studied by UV-Vis and
Fluorescence spectrophotometer on Shimadzu UV-2450 spectrometer (double distilled water as the absorption
standard) and SHIMADZU RF-5301PC spectrofluorophotometer.

Reprecipitation method is used to prepare organic nanoparticles (ONPs) which are characterised by
transmission electron microscope (TEM) technique, scanning electron microscope (SEM) technique and
dynamic light scattering spectroscopy (DLS) as wll as UV-Visible and fluorescence spectroscopic techniques.
The particle size and distribution of organic nanoparticles (ONPs) are determined with Dynamic Light
Scattering (DLS) using the Malvern ZETASIZER NANO ZSP instrument. TEM images studies are performed on
JEM-2100 JEOL machine which is operated at an accelerating voltage of 200 kV. A copper grid of 300-mesh is
used as substrate and mounted with 2-3 drops of ONPs for analysis. JSM-IT300 JEOL scanning electron
microscope (SEM) is operated at 20kV voltage to get particle morphology. For this, silicon wafers are used as
substrate to coat the samples which are further coated with gold coating (to make the samples conducting) for
SEM analysis. Absorption studies are performed by SHIMADZU 2600 UV spectrophotometer.

Recognition studies are done on SHIMADZU RF-5301 PC spectrofluorophotometer which have xenon lamp as
excitation source using quartz cells (1 cm path length) to fill solutions. The fluorescence emission spectra of the
solutions are observed to investigate the chemosensing properties.

B. Synthesis of ligands X and Y

X and Y are tripodal receptors having three urea arms.

X: Tris (2-aminoethyl) amine (2 mM, 300 pl) is mixed with 4- nitrophenyl isocyanate (3 equivalents) and
refluxed for overnight at 60-70°C in dry chloroform. The precipitate is filtered and dried to get X [Scheme 1].
Y: Tris (2-aminoethyl) amine (1.37 mM, 205 pl) is mixed with 1-naphthyl isocyanate (3 equivalents) and
refluxed at 60-70 °C in dry chloroform for overnight. White precipitate obtained which is filtered and dried to

get Y [Scheme 1].
OYNH
L OO
o HN NH -
= H

. ) NO,

M 'y "n
M H

H_M

Trs{Z-s~ s [amne

b

Scheme 1.Synthesis procedure for ligands X ie. 1,1',1"-(2,2',2"-nitrilotris (ethane-2,1-diyl))tris(3-(4-
nitrophenyljurea) and Y i.e. 1,1',1"-(2,2',2"-nitrilotris(ethane-2,1-diyl))tris(3-(naphthalen-1-yl)urea)
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C. Preparation of organic nanoparticles of ligands

Organic ligands are dissolved in organic solvent i.e. N, N-dimethylformamide (DMF) and injected in small
amount into double distilled water while sonication followed by 5-10 min more sonication to get uniform
ONP solution. The polarity difference in solvents segregates the tiny ONP particles and facilitates uniform
dispersion.

X-ONP: Ligand X (7 mg) is dissolved in N, N-dimethylformamide (DMF) (5 ml) and 1 ml of this solution (2
mM) is injected slowly into 200 ml double distilled water under ultrasonic waves which is sonicated for 5-10
minutes further to get uniform X-ONP solution (0.01 mM).

Y-ONP: Ligand Y (4 mg) is dissolved in N, N-dimethylformamide (DMF) (5 ml). 1 ml of this solution (1.22 mM)
is slowly injected into 150 ml of double distilled water under ultrasonic waves which is sonicated for 5-10

minutes more to get uniform Y-ONP solution (0.0080 mM).

III. RESULTS AND DISCUSSION

A. Characterisation of the ligands

In the 'H NMR spectrum of X, the chemical shift (00 values at 3.22 and 2.63 ppm showed the presence of
aliphatic protons while the doublets at 8.07 and 7.58 ppm represented two kinds of aromatic protons [Figure
1S]. In the 3C NMR spectrum of X, the chemical shift (00 values at 53.96 and 38.07 ppm confirmed the
presence of two types of aliphatic carbon atoms while chemical shifts (O00at 147.76 and 140.78 ppm showed
the aromatic carbon atom attached to (-NH) group and (-NO2) group respectively of the substituted p-
nitrophenyl ring. The other two chemical shift (00 values at 125.46 and 117.24 ppm represented two aromatic
carbon atoms attached to hydrogen atoms of the substituted p-nitrophenyl ring. The chemical shift (O00value
at 154.94 ppm represented the carbon of carbonyl group of ligand X [Figure 2S]. The [M-H]* and [M-Na]* peaks
at m/z value of 639.5 and 661.5 confirmed ligand X synthesis [Figure 3S]. In FT-IR spectrum of ligand X, the
reflectance peaks at 1495.13 cm'and 1230.54 cm! represented aromatic nitro group. The peaks at 3338.15 cm™!
and 3092.98 cm! confirmed the presence of (-NH) group of ligand X while 1655.65 cm™ marked the presence
of carbonyl group [Figure 4S]. The elemental analysis of X shows the carbon, hydrogen, nitrogen and oxygen
atoms as 50.12%, 5.17%, 22.08% and 22.63% respectively which is close to the theoretical outcome i.e. C:
50.78%; H: 4.74%; N: 21.93% and O: 22.55%.

'H NMR (300 MHz, DMSO-ds, 25°C) peaks of X: 6 =9.35 (s, 3H, -NH), 8.07 (d, 6H, ArH), 7.58 (d, 6H, ArH),
6.46 (t, 3H, -NH), 3.22 (m, 6H, —CH2) and 2.63 (t, 6H, -CH2) ppm [Figure 1S].3C NMR (300 MHz, DMSO-ds,
25°C) peaks of X: § =154.94 (3C, —CO), 147.76 (3C, ArCNHCS), 140.78 (3C, ArC-NO2), 125.46 (6C, ArC), 117.24
(6C, ArC), 53.96 (3C, -CH:) and 38.07 (3C, -CH>) ppm [Figure 2S]. ESI-MS m/z = 639.5 [M-H]*, ESI-MS m/z =
661.5 [M-Na]* [Figure 3S]. FTIR peaks at 3338.15 cm! (-NH stretching), 3092.98 cm™! (-NH stretching), 2941.79
cm! (-CH- stretching of CH: group), 2864.15 cm™ (-CH- stretching of CH2 group), 1655.65 cm™ (-C=O
stretching), 1573.62 cm! (aromatic —C=C— bending), 1495.13 cm' (Ar-NO2 stretching), 1414.79 cm(NCN
stretching), 1230.54 cm(Ar-NO:2 stretching), 841.03 cm (parasubstituted benzene bending) [Figure 4S].
Elemental analysis: C= 50.12%, H=5.17%, N=22.08% and 0=22.63%.

In the '"H NMR spectrum of ligand Y, the chemical shift (O00values at 3.34 and 2.7 ppm showed the presence of
two types of aliphatic protons while chemical shift (O00values at 8.08, 7.94, 7.87, 7.51, 7.43, 7.35 and 6.75 ppm
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represented the aromatic protons of naphthyl group [Figure 5S]. In the 3C NMR spectrum of ligand Y, the
chemical shift (OO0values at 54.74 and 38.25 ppm represented the presence of two kinds of aliphatic carbon
atoms while the chemical shift (O00values at 135.55, 134.15, 128.68, 126.29, 126.25, 126.10, 125.76, 122.64,
121.99 and 117.45 ppm confirmed 10 aromatic carbon atoms of naphthyl group among which 135.55 ppm
represented the aromatic carbon atom of naphthyl ring which is attached to (-NH) group. The chemical shift
(000at 156.32 ppm represented carbon of (—C=0) group [Figure 6S]. In the mass spectrum, [M-H]* peak at m/z
value of 654.3298 confirmed the formation of ligand Y [Figure 7S]. In the FT-IR spectrum of ligand Y, the
peaks at 1622.65 cm and 1501.01 cm™ marked the presence of (-C=O) group and (aromatic -C=C-) group
respectively. The peaks at 3297.29 cm,3043.95 cm™ and 1563.41 cm! represented the (-NH) group [Figure 8S].
The elemental analysis study of ligand Y estimates the carbon, hydrogen, nitrogen and oxygen atoms as 68.37%,
5.82%, 13.87% and 11.94% respectively which resembles with the theoretical outcome i.e. C: 71.65%; H: 6.01%;
N: 15.00% and O: 7.34%.

'H NMR (300 MHz, DMSO-ds, 25°C) peaks of Y: 6 =8.63 (s, 3H, -NH), 8.08 (d, 3H, ArH), 7.94 (d, 3H, ArH),
7.87 (d, 3H, ArH), 7.51 (m, 3H, ArH), 7.43 (m, 3H, ArH), 7.35 (m, 3H, ArH), 6.75 (t, 3H, ArH), 3.34 (m, 6H, —
CH2) and 2.7 (t, 6H, —CH>) ppm [Figure 5S]. *C NMR (300 MHz, DMSO-ds, 25°C) peaks of Y: & =156.32 (3C, —
CO), 135.55 (3C, ArC-NH), 134.15 (3C, ArC), 128.68 (3C, ArC), 126.29 (3C, ArC), 126.25 (3C, ArC), 126.10 (3C,
ArC), 125.76 (3C, ArC), 122.64 (3C, ArC), 121.99 (3C, ArC), 117.45 (3C, ArC), 54.74 (3C, —-CH: -N) and 38.25
(3C, -CH2-NH) ppm [Figure 6S]. ESI-MS m/z = 654.3298 [M-H]* [Figure 7S]. FTIR peaks at 3297.29 cm™ (-NH
stretching), 3043.95 cm™ (-NH stretching), 2933.62 cm™! (-CH- stretching of CH2 group), 2827.38 cm' (-CH-
stretching of CH: group), 1622.65 cm! (-C=O stretching), 1563.41 cm™ (-NH bending) and 1501.01 cm™!
(aromatic -C=C- bending) [Figure 8S]. Elemental analysis: C= 68.37%, H= 5.82%, N=13.87% and O=11.94%.

B. Characterisation of ONPs

Charactersation of X-ONP
Ligand X absorbed at 348 nm and X-ONP absorbed at 334 nm exhibiting a blue shift with lowered intensity. In
fluorescence study, X-ONP emitted at two wavelengths i.e. 372 nm and 410 nm when excited at 270 nm, with

increase in intensity as compared to ligand X which emitted at 468 nm [Figure 2(A) and 2(B)].
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Figure 2.Comparison of ligand X and X-ONP by (A) UV-Vis and (B) Fluorescence emission spectroscopy
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TEM image revealed the spherical morphology of X-ONP of diameter “30-35 nm [Figure 3].

Figure 3.TEM

age of X-ONP

im

The EDX spectrum of X-ONP confirmed the presence of C, N and O atoms in it [Figure 9S(A)]. DLS study
showed its hydrodynamic diameter as 133.6 nm [Figure 9S(B)].

Charactersation of Y-ONP

Ligand Y and Y-ONP absorbed at 292 nm and 232 nm respectively while emitted at 372 nm and 383 nm

respectively, when excited at 250 nm. In its absorption spectrum, Y-ONP showed a distinct blue shift while in

the emission spectrum it showed a distinct red shift with higher intensity than that of ligand Y [Figure 4(A)

and 4(B)].
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Figure 4.Comparison of ligand Y and Y-ONP by (A) UV-Vis and (B) Fluorescence emission spectroscopy

The SEM image of Y-ONP showed small spherical structures along with big aggregates which is supported by

TEM image also [Figure 5 and Figure 10S(A)].
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Figure 5.TEM image of Y-ONP

The EDX spectrum of Y-ONP confirmed the presence of C, N and O atoms in it [Figure 10S(B)]. DLS study
showed its hydrodynamic diameter as 139.8 nm [Figure 10S(C)]. TEM image showed the spherical morphology
of Y-ONP having diameter ~15-20 nm [Figure 5].

C. Photophysical or chemosensing study of ONPs:

Recognition studies are carried out by adding aqueous cationic solutions (5 mM, 50 pl) i.e. Li(I), Na(I), K(I),
Cs(I), Ag(I), Mg(I), Co(II), Ba(II), Ca(Il), Sr(II), Cu(Il), Zn(II), Fe(III), Cr(III), Hg(II), AI(III), Pb(II), Ni(II),
Mn(II) and Cd(II) or anionic solutions (5 mM, 50 ul) i.e. CH3COO(I), F(I), CI(I), CN(I), HSO4(I), Br(I), I(I),
NOs(I), ClO«(I) and HPO4(II) into 5 ml ONP solution. The mixture of solutions are shaken vigorously and left
still for complexation. The emission spectra of resultant solutions are recorded by spectrofluorophotometer
having xenon lamp source, using their maximum absorption wavelength as excitation wavelength.

Any distinct anomalous behaviour in the fluorescence emission spectra of any ONP-analyte complex give rise
to chemosensing behaviour towards that analyte which is confirmed by fluorometric titration as the function
of concentration of analyte. The fluorescence emission intensity maxima at each concentration is joined and

fitted in straight line to get the detection limit which is calculated by following equation [20],

3 X Standard deviation of the intercept

Limit of Detection = -
Slope of the intercept

Some additional studies are also performed like competitive binding or interference studies to investigate the
interference of other cations/ anions with the host-cation/ anion complex.

For this, at first ONP-analyte (cation/ anion) complex is formed after which other cationic/ anionic solutions
are added and shaken vigorously to allow to displace the earlier cation/ anion from the complex which is
tracked by their fluorescence emission spectra. Any change or distortion in the fluorescence emission spectra of
new solution is indication of interference by that cation/anion. The stability ONPs under various pH values and

high ionic strength are also investigated. Tetrabutylammonium perchlorate salt is used to create high ionic
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strength environment. Response time studies are also done to investigate the ONP- analyte complex stability as

the function of time at various concentrations for recording of at least 5 spectra.

Chemosensing study of X-ONP:

The fluorescence spectra of X-ONP complexes with various cations/anions are investigated at 270 nm to
observe the difference in X-ONP profile after complexation. It is observed that few metal ions have lowered
the fluorescence intensity of X-ONP after complexation like Hg(II), AI(III), Cr(III) and Fe(III) but since
selectivity is absent so it cannot be a good sensor for any particular metal ion among Hg(II), AI(IIT), Cr(III) and
Fe(III) [Figure 6(A)].
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Figure 6.Chemosensing study of X-ONP; (A) Recognition study of X- ONP towards various cations; (B)
Recognition study of X-ONP towards various anions

In case of anions, X-ONP exhibited anomalous behaviour towards HSOu4(I) by showing a significant drop in
fluorescence emission intensity of X-ONP- HSO«(I). So, X-ONP proved to be a selective sensor for HSOu4(I)
[Figure 6(B)] which is further confirmed by fluorometric titration.

In fluorometric titration, the emission profile of X-ONP is observed as a function of HSO4(I) concentration. The
fluorescence emission intensity of X-ONP-HSOs4(I) complex decreases with increase in HSO4(I) concentration.
After 80 uM concentration of HSO4(I), further decrease in emission intensity is not observed [Figure 7(A)]. The
maxima obtained at each concentration during titration is joined and fitted in straight line which showed good
linearity (adjusted R? value = 0.9845) with negative slope [Figure 7(B)]. The limit of detection calculated from
this fit is calculated as 1.026 pM. The chemosensing of HSO4(I) by X-ONP follows photoinduced electron
transfer (PET)-on mechanism. The electron transferred from the HOMO of receptor to the HOMO of
fluorophore instead of the LUMO of fluorophore to the HOMO of fluorophore, after complexation of X-ONP
and HSO«(I) which quenched its fluorescence emission intensity. In the response time study, stability of X-
ONP-HSO4(I) complex is observed with respect to time at various concentrations of HSO4(I) (i.e. 10, 30, 50, 90
pM). At each concentration, the fluorescence emission spectra is observed for at least 5 measurements. The
emission profile of X-ONP-HSO4(I) complex remained unaffected which shows that it is stable with time and
radiation source of spectrophotometer. At higher concentrations i.e. 50 and 90 pM, the graphs are very similar

because of saturation attainment of HSO«(I) [Figure 7(C)].
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Figure 7.(A) Fluorometric titration of X-ONP with increasing concentration of HSOs(I); (B) Linear fit of
fluorescence emission maxima of X-ONP-HSOs(I) complex with increasing concentration of HSO4(I); (C)
Response time study of X-ONP-HSO4(I) complex at various concentration of HSO4(I) ions; (D) Interference of
other anions on X-ONP- HSO4«(I) complex

For interference studies, at first, HSO4(I) solution is added to X-ONP solution, shaken vigorously and allowed
to form complex followed by addition of solutions of other anions. The resulting solutions are observed under
spectrophotometer which revealed that Br(I) and HPO4(II) interfere with X-ONP-HSO4(I) complex i.e. more

than 50 a.u. while other anions did not influence it to any significant extent [Figure 7(D)].
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Figure 8.The DFT optimised structure of X; (A) HOMO of X, (B) LUMO of X (red and green colour for the
HOMO, blue and yellow colour for the LUMO).

In the pH studies, it is observed that the emission profile of X-ONP is applicable in the pH range of 5.3 to 10.45
[Figure 11S(A)]. In the salt effect study, it is observed that X-ONP can withstand the heavy salt addition till 300
pM after which some change in its fluorescence emission spectra is observed [Figure 11S(B)]. The density
functional theory (DFT) calculations [21, 22] showed that HOMO and LUMO orbitals of ligand X are located on
167% and 168" orbital with energy as -5.257eV and -4.778eV respectively [Figure 8(A) and 8(B)].
Chemosensing study of Y-ONP

The recognition behaviour of Y-ONP towards various cations is investigated by observing their fluorescence
emission spectra by exciting them at 250 nm. Among cations, Y-ONP showed a selective chemosensing towards
Cr(III) by PET-on mechanism with a significant quenching in its fluorescence emission intensity. Y-ONP-
Cr(IIT) complex showed two peaks with lowered emission intensity after complexation with Y-ONP. After
binding of Cr(III) with Y-ONP, the peak at 376 nm showed a blue shift along with quenching of "334.6 a.u. in
its emission intensity with arise of a new peak at 417 nm while before complexation Y-ONP emitted at 383 nm
with 593.40 a.u. emission intensity. Though some of other cations have also shown lowering in their emission
intensity after complexation like Ag(I), Cu(II), Mn(II), Hg(II), Fe(III) and AI(III) but not so distinct as Cr(III)
[Figure 9(A)]. The binding of Y-ONP with Cr(III) is confirmed further by fluorometric titration of Y-ONP with
increasing concentration of Cr(III). Initially, 10 pM addition of Cr(III) solution led to decrease in fluorescence

emission intensity of 27.62 a.u. along with blue shift of 3 nm.
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Figure 9.(A) Photophysical study of Y-ONP towards recognition of various cations; (B) Fluorometric emission

titration of Y-ONP with increasing concentration of Cr (III)

After 20 pM addition of Cr(III) solution, an abrupt quenching in fluorescence emission intensity i.e. 207.45 a.u.
with blue shift of 9 nm, is observed which continued further till addition of 50 pM of Cr(III) [Figure 9(B)]. The
emission spectrum maxima at every concentration is joined and fitted into a straight line (Adjacent R?value =
0.8716) to get the detection limit i.e. 1.3 uM [Figure 10(A)]. The complexation of Y-ONP with Cr(III) occurred
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by photoinduced electron transfer (PET)-on mechanism in which after binding, the electron from receptor
HOMO transferred to fluorophore HOMO instead of fluorophore LUMO to fluorophore HOMO of Y molecule.
It caused in quenching of fluorescence emission intensity of Y-ONP-Cr(III) complex. In the response time
studies, the fluorescence emission spectra of Y-ONP-Cr(III) complex is observed at various concentrations of
Cr(III) i.e. 20, 40 and 80 pM for at least 3 measurements which showed that the complex is stable till at least 3
measurements [Figure 10(B)]. The interference studies shows the interference of Zn(II) with the complex to

some extent [Figure 10(C)].
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Figure 10.(A) Linear fit of fluorescence emission maxima of Y-ONP-Cr(III) complex with increasing
concentrations of Cr(IIl); (B) Response time study of Y-ONP-Cr(III) complex at various concentrations of
Cr(III); (C) Interference of other cations with Y-ONP-Cr(III) complex

pH studies of Y-ONP says that it is applicable under neutral or slight basic environment [Figure 12S(A)]. The
salt effect studies showed the stability of Y-ONP till 700 uM addition of tetrabutylammonium perchlorate salt
[Figure 12S(B)].
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Figure 11.DFT optimised pictorial representation of Y; (A) HOMO of Y; (B) LUMO of Y (red and green colour
for the HOMO, blue and yellow colour for the LUMO).

The density functional theory (DFT) calculation [21,22] of molecule Y showed that its HOMO is located on
177" orbital with energy as -5.035 eV while its LUMO is located on 178% orbital with energy as -3.080 eV
[Figure 11(A) and 11(B)].

IV.CONCLUSION

Two urea based tripodal ligands X and Y are synthesised and characterised by NMR, IR and mass spectroscopic
techniques. All of three pods of X constitute 4-nitrophenyl group while all of three pods of Y constitute 1-
naphthyl group. Spherical organic nanoparticles (ONPs) of X and Y are prepared as X-ONP (diameter ~30-35
nm) and Y-ONP (diameter ~15-20 nm) respectively by reprecipitation method. ONPs are characterised by DLS,
SEM, TEM as well as absorption and emission spectroscopic methods. The chemosensing studies of X-ONP and
Y-ONP revealed that former has shown chemosensing behaviour towards HSO4(I) while latter towards Cr(III).
Both have followed photoinduced electron transfer (PET)-on mechanism of sensing with limit of detection as
1.026 pM and 1.3 pM for X-ONP and Y-ONP respectively. Both of ONPs are applicable under high ionic
strength. The difference in pods resulted into difference in cavity size and affinity because of which X-ONP
recognises HSO4(I) while Y-ONP recognises Cr(III). This manuscript discusses the role of ONPs of urea based
tripodal ligands in the chemosensing studies.
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ABSTRACT

The purpose of the present investigation is to study the effect of adding copper oxide nano powder to the
conventional heat transfer fluids for their comparative thermal conductivity properties. CuO nano powder was
synthesized and subsequently different nanofluids were prepared in two base fluids such as water and tri-
ethylene glycol by ultrasonication technique. Synthesized CuO nano powder was characterized for its shape
and size from XRD, EDX and SEM analysis. Thermal properties of prepared nanofluids have been studied from
thermal conductivity at different temperature. In addition, particle size analysis, zeta potential studies, viscosity
and density of the nanofluids were carried out. The thermal conductivities of all nanofluids were found to be
enhanced, whereas the density and viscosities of nanofluids were less in comparison to their base fluids.

Keywords : CuO Nanofluids, Thermal Conductivity, Tri-Ethylene Glycol
I. INTRODUCTION

In industries Heat management and automobile sectors is becoming a challenging process. Heat transfer fluids
have been an integral part of this process for many years. Enhancement of heat transfer capacity of a fluid can
be expected by increasing the thermal conductivity.Varieties of heat transfer fluids both Aqueous and organic
were being used to meet the operating needs of various applications. Other than water, ethylene glycol has
better capacity of heat transfer properties including high density and low viscosity in comparison to many
other fluids. However, TEG is non-toxic and more eco-friendly to be used as heat transfer fluid [1]. Study is
being carried out by using nano particles in heat transfer fluids, where these nano particles found to boost the
heat transfer capacity of basefluids [2]. Review of literature shows that metals and metallic oxides in their nano
scale are utilized for the preparation of nanofluids [3-5]. Based on their physical, chemical, thermal and
structural properties from bulk materials, these nanoparticles have plenty of applications in various frontier
areas like optoelectronics [6,7], sensing [8], catalysis [9], solarcells etc,. In the area of nano research,
investigations on nanofluids are quite demanding field apart from nanoparticles. These are the most modern
class of fluids engineered by Choi et al [10].

Out of different metal oxides nano particles, CuO nanoparticles are the promising materials due to their
applications in various technologies both as solid form as well as in fluids. CuO nanoparticles dispersed with

fluids have many applications in the industries and instruments especially with heat transfer systems.
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In present work, CuO nano particles were synthesized and different nanofluids were prepared with base fluids
such as water and TEG to study different thermo and rheological parameters. All these parameters shed light
on the molecular environment as well as the dispersed phase of the nanofluids with respect to the

temperature.

II. MATERIALS AND METHODS
The reagents used for the synthesis and preparation were of AR grade and procured from Merck, India. These
reagents were used as it is without further purification. Deionized double distilled water was used throughout

the experiment.

A. Synthesis of CuO Nano Particles and Preparation of Nanofluids

Copper oxide nanoparticles are prepared from copper chloride dihydrated and sodium hydroxide pellets as
precursors in aqueous media maintaining pH of the solution from 4 to 11 and temperature 60-70°C [11]. A
brownish-black precipitation of copper hydroxide was obtained after stirring continuously for one hour to

complete the precipitation reaction. Hydrochloric acid was used to neutralize the solution. The precipitate was

centrifuged and washed with deionized water and was dried in oven at 90°C for 4hour to get Copper Oxide

nanoparticles. The synthesized nanoparticles were then characterized for their properties using XRD, EDX and
SEM.

B. Preparation of Nanofluids

Nanofluids have been prepared by using the synthesized CuO nano particles in water and Triethylene glycol
[0.005% (w/V)]. These two different solutions were properly stirred for 30mins by a magnetic stirrer before
subjecting to ultra-sonication for 2 hr using Ultrasonic Processor. After dispersing, the nanofluids were carried

out for Zeta potential, electrical conductivity, thermal conductivity along with rheological properties studies.

C. Characterization of CuO Nanoparticles and Nanofluids

The prepared nanoparticles have been characterized for structural determination from XRD by using X-ray
Diffractometer with CuK alpha radiation (A= 1.5405 A). Both, the elemental composition (EDX analysis) and
the particle shapes (SEM morphology) of CuO nanoparticles and nanofluids have been carried out. In addition,

zeta potentials and particle size of nanofluids were determined.

D. Rheological Properties of Nanofluids

In the present study, the kinematic viscosities of the solutions were measured with a calibrated Ostwald
viscometer immersed in a constant temperature water bath maintained within +0.01K. It was followed by
determine the time of flow at three different temperatures. Apart from this, the thermal conductivity of all
the fluid samples were measured experimentally using KD-2 Pro KS-1 sensor instrument, where it uses

transient hot wire source method for the conductivity measurement.

III. RESULTS AND DISCUSSIONS
From XRD diffractogram, it is observed that the intensity and position of peaks are indicative of the presence

of copper oxide in the sample and the particles are of monoclinic crystal system (literature: JCPDS, File No 01-
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080-1916). The average crystallite size (D) has been calculated from the line broadening using the following

Debye-Scherrer’s relation [12] and the average crystal size is found to be 11.23nm

KA
:Bcose (1)

where K is the crystallite shape factor and a good approximation is 0.9, A is the wavelength of X-ray, f is full

width at half the maximum (FWHM) in radians of the X-ray diffraction peak and 0is the Braggs angle.

The images of EDX analysis for the samples show the presence of copper and oxygen elements in the prepared
nano powder with the % weight composition of copper and oxygen are 67.73 and 25.60, respectively. The
SEM images are the evidence for the nanoscale sizes of CuO particles in range of 43 to 73nm. It also reveals
that, the shapes of copper oxide particles were found to be spherical.

Zeta potential is an important property and it shows the difference between the dispersion medium and the
stationary layer of fluid attached to the dispersed particle. Larger the values of zeta potential better will be the
dispersion. pH of a colloidal solution is found to be one of the main parameters influencing the particle
aggregation and the stability of the suspension. In the present investigation, zeta potential has been studied
with the variation of pH of the nanofluids and it has been observed that the potentials of all the nanofluids
increase with pH values. However, it decreases after pH 8 in most of the fluids with negative mV. This variation
may be due to more anionic dispersant [13]. In the present study, there is increment of thermal conductivity for
all the nanofluids from their respective base fluids. It increases with temperatures appreciably for the CuO
nanofluids in water, though there is not any remarkable change in TEG. Electrical conductivity is another
parameter that is related to the ability of charged particles or ions in the suspension to carry the charges
towards respective electrodes when an electric potential is applied [14]. There is no such appreciable variation
in electrical conductivity with pH except for the nanofluid with water, where the conductivity shows maxima
at pH 4. This enhanced conductivity is assumed to be presence of more charged particles at this range.

Viscosity is an essential parameter that describes the internal resistance of a fluid to flow and, in case of a
nanofluids, it depends on the morphology and size of nanoparticles. The kinematic viscosities of nanofluids are
more than that of their base fluids and it decreases with temperature (Tablel). This might be due to the
increased disturbance in particles with temperature that makes the fluids to move fast. The enhanced viscosity
is indicative of increased particulate-solvent association in fluids. It also shed light on better dispersion of CuO

nanoparticles [15].
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Fig.1. X-ray diffractograms of CuO Nanoparticles
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Fig.2. SEM Morphologies of CuO Nanoparticles Fig.3. SEM Morphologies of CuO Nanofluid in Water
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Table 1: Experimentally determined density, p and viscosity, n of Water, TEG (basefluid) & 0.005% CuO

nanofluids in Water and TEG at 303.15K, 308.15K and 313.15K

Solvents px103 nx108
kg.m?3 kg.ms!
Basefluids
303.15K 308.15K 313.15K 303.15K 308.15K 313.15K
Water 0.9945 0.9943 0.9931 0.7877 0.7112 0.6531
TEG 1.1121 1.1091 1.1071 21.1615 18.0889 13.6685
0.005% CuO in different basefluids
Water 0.9953 0.9942 0.993 0.7952 0.726 0.6603
TEG 1.1135 1.1133 1.1125 29.6908 21.8496 18.8393
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IV. CONCLUSION

From the present investigation, the following conclusions have been drawn:
Copper oxide nanoparticles have been successfully prepared by chemical precipitation technique and
stable CuO nanofluids have been prepared by taking base fluids such as water and TEG.
Noticeable changes that, there was enhancement in thermal conductivity for the nanofluids from their
respective base fluids.
The studies of zeta potential, which is the important parameter for the stability and dispersibility also shows

enhancement even with the variation of pH
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One-pot Three-component (3+2) Cycloaddition Reactions
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ABSTRACT

Multicomponent reactions are potentially useful tools for the synthesis of library compounds. Herein the same
strategy has been adopted to generate a library of stereospecific spiro compounds by reacting three-components
such as ninhydrin/isatin, sarcosine/L-proline/thioproline with dipolarophile. A series of N-alkylated vinyl
indoles, indazoles and acetylene derivatives of 7- azaindoles were prepared as dipolarophiles and treated with
different dipoles. The synthesized compounds were characterized by LCMS and single-crystal X-ray analysis.
The reaction was proceeded in a very short time and at a lower temperature with excellent yields.

Keywords : Vinyl Indole, Vinyl Indazole, 4-Ethynylazaindole, Ninhydrin, Sarcosine
I. INTRODUCTION

One strategy that potentially meets the goals of synthesis and its library production is the multicomponent
reactions (MCRs), which is a very useful tool for the chemist where three or more starting materials are
brought together to build up molecular structure and complexity.l!! For decades indole and its derivatives
played a vital role in speciality chemicals, pharmaceutical applications and medicines. Many works of the
literature suggest indole containing compounds with significant biological activities.?”) Both indoles and
indazoles have captured the attention of synthetic organic chemists due to their significant effect in anti-cancer,
anti-inflammatory, anti-viral and anti-bacterial [

Also, the synthesis of spiro indoline/indene through its corresponding dipolarophile via multicomponent

reaction strategy can be a useful tool to generate a highly functionalized library of compounds.
II. METHODS AND MATERIAL

General procedure for the preparation of spiro pyrrolidine derivatives compounds.

To the solution of 1 (Scheme 1) (1 mmol, 1 equiv) in dry methanol (5 mL) taken in a single-necked round-
bottomed flask, ninhydrin (1.2 mmol, 1.2 equiv) and L-proline/sarcosine (1.2 mmol, 1.2 equiv) were added. The
reaction mixture was heated to 60 °C for 30 min and the reaction progress was monitored by TLC
(EtOAc/hexanes 1:1). After completion of the reaction, the organic solvent was evaporated to dryness. Water
(10 mL) was added to the residue and extracted twice with ethyl acetate (2 x 10 mL) and the solvent was

Copyright: © the author(s), publisher and licensee Technoscience Academy. This is an open-access article distributed under the
terms of the Creative Commons Attribution Non-Commercial License, which permits unrestricted non-commercial use, @
distribution, and reproduction in any medium, provided the original work is properly cited
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removed under vacuum. The crude product obtained was purified by flash chromatography on silica gel

(EtOAc/hexane 1:1) to get corresponding spiro pyrrolidine derivatives 5a-k and 6a-k.

General procedure for the preparation of spiro indoline/indene derivatives compounds.

To the solution of 4 (Scheme 2) (1 mmol, 1 equiv) in dry methanol (5 mL) taken in a single-necked round-
bottomed flask, ninhydrin/isatin (1.2 mmol, 1.2 equiv) and L-proline/sarcosine/thioproline (1.2 mmol, 1.2
equiv) were added. The reaction mixture was heated to 60 °C for 30 min and the reaction progress was
monitored by TLC (EtOAc/hexanes 1:1). After completion of the reaction, the organic solvent was evaporated
to dryness. Water (10 mL) was added to the residue and extracted twice with ethyl acetate (2 x 10 mL) and the
solvent was removed under vacuum. The crude product obtained was purified by flash chromatography on
silica gel (EtOAc/hexane 1:1) to get corresponding spiro indoline/indene derivatives 7a-d, 9a-d, 10a-d, 12a-d,
13a-d and 14a-d.

III. RESULTS AND DISCUSSION

Chemistry

Herein we have synthesized a new series of N-alkylated vinyl derivatives of indole, azaindole and the acetylene
derivatives of 7-azaindole by utilizing commercially available bromo intermediates as dipolarophiles. Further,
the cyclization reaction was explored on these dipolarophiles by the in situ generations of azomethine ylides by
the reaction of ninhydrin/isatin with amino acids such as sarcosine/L-proline/thioproline. The reaction
proceeds in a very short time at 60° C in methanol solvent with excellent yields (Scheme 1 & 2). The
synthesized compounds were confirmed by analytical techniques such as LCMS and single-crystal X-ray

analysis.[10-11]

I)XR=CH, YR=alkyl/acyl/benzyl I)XR=CH, YR=alkyl/acyl/benzyl
i)XR=N, YR=alkyl/acyl/benzyl i)XR=N, YR=alkyl/acyl/henzyl
ii)XR=alkyl/acyl/benzyl, YR=N ii)XR=alkyl/acyl/benzyl, YR=N

Scheme 1: Synthetic scheme for indole/indazole spiro compounds 5a-k and 6a-k
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Scheme 2: Synthetic scheme for 7-azaindole spiro compounds 7a-d, 9a-d, 10a-d, 12a-d, 13a-d & 14a-d

Fig 1: Crystallographic data for compound 5a & 5f

IV.CONCLUSION

The present work explores a range of spiro indoline/indene derivatives via vinyl and acetylene framework
which gives an array of novel compounds that could find use in different areas of chemistry. The advantages of

the synthesis described are its ease of execution, short reaction times and diversity of the products synthesized.

Analytical data for the compounds 5a and 5f
I’-Methyl-3’-(1-methyl-1 A-indol-5-yl)spiro[indene-2,2’-pyrrolidine]-1, 3-dione (5a)
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Yellow solid; yield 0.07g (0.20 mmol, 90%). LCMS: m/z (%): 345 [M+1]. Anal. Calcd for C22H20N202 (344.15): C,
76.72; H, 5.85; N, 8.13; O, 9.29. Found: C, 76.80; H, 5.89; N, 8.30.

3’-(1-Isobutyl-1H-indazol-5-yl)-1’-methylspiro[indene-2,2’-pyrrolidine]-1,3-dione (5f)

Pale yellow solid; yield 0.07g (0.18 mmol, 82%). LCMS: m/z (%): 389 [M+1]. Anal. Calcd for C24H2xN3O:2
(387.19): C, 74.39; H, 6.50; N, 10.84; O, 8.26. Found: C, 74.43; H, 6.59; N, 10.87.

2'-(1-methyl-1H-pyrrolo[2,3-b]  pyridin-4-yl)-5',6',7',7a'-tetrahydrospiro[indene-2,3'-pyrrolizine]-1,3-dione
(13b)

O
N
—
o
B
~
NN
\

Pale yellow solid; yield 0.050g (0.13 mmol, 77%). LCMS m/z (%): 370.2 [M+1]. Anal. Calcd for C2sHisN3O:
(369.42): C, 74.78; H, 5.18; N, 11.37; O, 8.66. Found: C, 74.93; H, 5.23; N, 11.32; O, 8.70.

Acknowledgments

Manjunatha Narayanarao is grateful to East Point College of Engineering & Technology, Bidarahalli, Bengaluru,
Karnataka, for providing the opportunity to do Ph.D. programme. This work has not been supported by any

funding sources.
V. REFERENCES

[1]. S. L. Schreiber, “Target-Oriented and Diversity-Oriented Organic Synthesis in Drug Discovery,” Science,
vol. 287, pp. 1964 — 1969, 2000.

[2]. N. K. Terrett, Combinatorial Chemistry: Oxford University Press: New York 1998.

[3]. R. W. Armstrong, “Multiple-Component Condensation Strategies for Combinatorial Library Synthesis,”
ACC. Chem. Res, vol. 29, pp. 123 — 131, 1996.

International Journal of Scientific Research in Science and Technology (www.ijsrst.com) @



Volume 8 - Issue 2 - Published : & January 20, 2021 Page No : 74-78

[4]. M.]J. Plunkett, and J. A. Ellman, “Combinatorial Chemistry and New Drugs,” Sci. Am, vol. 276, pp. 68 —
73, 1997.

[5]. L. Weber, “Drug Discovery Today,” vol. 7, pp. 143 — 147, 2007

[6]. K.N. Houk, R. A. Firestone, L. L. Munchausen, P. H. Mueller, B. H. Arison, and L. A. Garcia,
“Stereospecificity of 1,3-dipolar cycloadditions of p-nitrobenzonitrile oxide to cis- and trans-
dideuterioethylene,” J. Am. Chem .Soc ., vol. 107, pp. 7227-7228, 1985.

[7]. P.Shanmugam, B. Viswambharam, and S. Madhavan, “Synthesis of Novel Functionalized 3-
Spiropyrrolizidine and 3-Spiropyrrolidine Oxindoles from Baylis-Hillman Adducts of Isatin and
Heteroaldehydes with Azomethine Ylides via 3+2] Cycloaddition,” Org. Letters, vol. 9, pp. 4095-4098,
2007.

[8]. N.K. Kaushik, and N. Kaushik, “Biomedical importance of Indoles,” Molecules, vol. 18, pp. 6620-6662,
2013.

[9]. T. Yuan, P. Nahar, and M. Sharma, “Indazole-Type Alkaloids from Nigella sativa Seeds Exhibit
Antihyperglycemic Effects via AMPK Activation in Vitro,” ]. Nat. Prod., vol. 77, pp. 2316-2320, 2014.
[10].N. Manjunatha, K. Lokesh, G. R. Vijayakumar, G. Subramanya, and K. Susmita, “Multicomponent synthesis
of spiro pyrrolidine analogues derived from vinylindole/indazole by a 1, 3-dipolar cycloaddition reaction,”

Beilstein. J. Org. Chem. vol. 12, pp. 2893-2897, 2016.

[11].N. Manjunatha, K. Lokesh, G. R. Vijayakumar, G. Subramanya, Y. R. Suman, and K. Susmita, “A one-pot

three-component synthesis of fused Spiro Indoline/Indene derivatives derived from ethynyl azaindole by

1, 3-dipolar cycloaddition reaction,” Syn. Comm. vol. 48, pp. 2441-2451, 2018.

International Journal of Scientific Research in Science and Technology (www.ijsrst.com)



EAST
POINT National Conference on Applied Sciences Synergising the Engineering and Technology
COLLEGE OF ENGINEERING Print ISSN: 2395-6011 | Online ISSN: 2395-602X (www.ijsrst.com)

TECHNOLOGY " gSRST © 2021 IJSRST | Volume 8 | Issue 2

Application of Variational Homotopy Perturbation Method For

Schrodinger Equation
Doreswamy H. S!, Gayathri V2
Professor, Department of Mathematics, East Point College of Engineering and Technology, Bengaluru,
Karnataka, India
2Assitant Professor, Department of Mathematics, East Point College of Engineering and Technology, Bengaluru,

Karnataka, India

ABSTRACT

In the present work, we apply the Variational Homotopy Perturbation Method to obtain the solution of linear
and nonlinear Schrodinger equation. The Variational Homotopy Perturbation Method (VHPM) deforms a
difficult problem into a simple problem which is easy to get the result. The method produces a solution in the
form of a convergent series under conditions that are easy to calculate. Some examples are given to show that
this method is easy to apply and the results are obtaining very fast.

Keywords : Linear, Nonlinear, Boundary Conditions, VHPM, Schrodinger Equations

I. INTRODUCTION

The Schrodinger equation has been widely used in various areas of physics including optics, mechanics, plasma
physics and quantum mechanics. The Homotopy Perturbation Method (HPM) and the Variational iteration
method (VIM) was introduced by Chinese mathematician ]. Huan He [1-5]. In recent years, various methods
have been proposed such as Adomian decomposition method [ADM], Laplace decomposition method [LDM],
Finite difference technique [FDT], Variational method [VIM], but all these methods have some limitations.

The VHPM is a general analytic approach to get series solutions of various types of equations. The VHPM
provides us a simple way to ensure the convergence of series solution by introducing a small parameter to ideal
results. In this case, the parameter p takes the values from 0 to 1. Suppose, at p =0, the problem usually
reduces to simplified form. As parameter p slowly increases to 1, the problem goes through a sequence of
deformation. Suppose, at p =1, the problem takes the original form and the final stage of deformation gives
the exact solution.

In the recent decade, several scholars in the fields of partial differential equations have paid attention in
showing the existence and the solutions of linear and nonlinear Schrodinger equations were developed [6-10].
The main output of the present paper is details of VHPM in solving the linear and nonlinear Schrodinger

equations to show the simplicity and straight forwardness are explained.

Copyright: © the author(s), publisher and licensee Technoscience Academy. This is an open-access article distributed under the
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II. BASIC IDEA OF VARIATIONAL HOMOTOPY PERTURBATION METHOD

Consider a nonlinear Partial Differential Equations (PDE) with the initial conditions
L[u(xt)]+N[u(x,t)]=g(t) (1)
where L = linear differential operator
N =general nonlinear differential operator
g(t) = source term

According to Variational Iteration Method (VIM), we write a correctional functional as

ur1+1(x,t)=un(x,t)+J‘t xt[Lu (xt)+ N, (x,t)— ]dt
° @)

where A represents the general Lagrangian multiplier which can be identified optimally,

U, = n™approximate solution,
U, = restricted variation, i.e., U, =0.
By Homotopy perturbation method (HPM), we can construct an equation is as follows

Z:Of;'liiiui =U, +I0J-l (x.t) [Z (piui(X,t))+N(pil]i(x’t))}dt_jﬂ(xft)g (t)dt ®)

0
an approximation to the solution usually will be obtained by identical powers of p and taking the limit as

p—1, weget

u(x,t)= Iginlg p'u, (X, 1) =g (X,t)+U; (X,£)+U, (X,1)+ Uy (X, 1)+ (4)

III. APPLICATIONS

3.1 The linear Schrodinger equation

Example 1: Consider the linear Schrodinger equation

u,+iu, =0 ©)
Initial condition is given by

u(x,0)=1+cosh 2x

This is solved by VHPM.
Now, by exerting the VHPM, it is possible to obtain the equation as follows,

t
U + PU, + p2U, + p°U, +........ = (1+cosh 2x)—ip.|.(u0 + U, + P2U, + PU; + e )XX dt

Comparing the powers of p from both sides, we have
p° 1y (X t) =1+cosh 2x
p':u, (X,t) =—4itcosh 2x

-\2
p :uz(x,t)zﬁcosh 2X
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(—4it)°
P’ iUy (x,t) = 3 cosh 2x
(—4it)*
piu, (xt)= 2 cosh 2x
_ - 2 _ - 3 _ - 4
u(x,t)=1+cosh2x+(—4it)cosh2x+( L;t) cosh2x+%cosh2x+( i'lt) CoSh 2X +............
. - 2 _ - 3 _ - 4
=1+cosh h2x{1+(—4it)+( 4) +( 4it) +( 4it) F e }
2! 3! 41
=1+cosh 2xe™" )

—4it
This is the exact solution which is readily obtained upon using the Taylor’s series expansion of & -

Example 2: Consider the linear Schrodinger equation

u, +iu, =0 8)

Initial condition is given by

u(x,0)=e*

This is solved by VHPM.

Now, by exerting the VHPMV, it is possible to obtain the equation as follows,

Uy + PU, + P2U, + P, +........ = €% —ip.t[(u0 P+ P, + PU ) )
0

Comparing the powers of p from both sides, we have
P’ Uy (x,t)=e
p' iy, (x,t)=09ite®™
911 o
2!

(O11)" o
3!

3ix

p*u,(x,t)=

p°iuy(x,t)=

Substituting this value in equation (4), we get

s4\2 1\ 3
(9;? e3ix+(9|t) e3ix+

u(x,t)=e"+9ite®™ + 3

-\2 -\3
=g 1+9it+@+@ ...............
21 3!

— e3ix .e9il
— 303y (10)

This is the exact solution.
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3.2 The Nonlinear Schrodinger equation

Example 3: Consider the nonlinear Schrodinger equation
iut+uxx+m|u|2u=0 or 11)
U, = iu, +imuf u
Initial condition is given by
u(x,0)=e™
This is solved by VHPM.
Now, by exerting the VHPMV, it is possible to obtain the equation as follows

t (12)
+impj(u0 + puU; + U, +....)dt
0

Comparing the powers of p from both sides, we have

P’y (x,t)=e

nix

p' iy (X t)=i(m—n?)te™

H t2 nix
p®1u,(xt)= |2(m—n2)25e

H t3 nix
p°iuy(x.t)= |3(m—n2)3§e

Substituting this value in equation (4), we get
2 3

£2 _ 22t nix =3 _ 23t nix
+1°(m n)2!e +i°(m n)3!e F e

nix

u(x,t)=e™+i(m-n’te

2 3
_em {1+i(m—n2)t+i2(m—n2)2%+i3(m—n2)3%+ ........ }
:enix.ei(m—nz)t
_ ei[nx+(m—n )t] (13)

This is the exact solution.
Example 4: Consider the nonlinear Schrodinger equation

iu, +U, +2Juf =0 (14)

or
U, = iU, +2i[u[’

Initial condition is given by
u(x,0)=2sech(2x)
This is solved by VHPM.
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Now, by exerting the VHPM, it is possible to obtain the equation as follows,
t
Uy + PU, + P2U, + PUy + ... = 25ech(2x)+ipj(uO + Py + P7U, + Py +....) dt (15)
XX
0

Comparing the powers of p from both sides, we have
p° :U, (X,t)=2sech 2x

p':u, (x,t)=8itsech 2x

p®:u, (x,t)=16i’t> sech 2x

p°ius(x,t)= 6—gfli?’t?’sech 2X

Substituting this value in equation (4), we get

u(x,t) = 2sech 2x +8it sech 2x +16i%t* sech 2x + 6—34i3t3 sech2X +........

1\ 2 1\3
u(x,t)=2sech2x 1+4it+m+ﬂ+ ........
21 3!

= 2sech 2x.e*" (16)

This is the exact solution.
IV. CONCLUSION

In this paper, the Variational Homotopy Perturbation Method has been successfully applied to find the solution
of the linear and nonlinear Schrodinger equations. The present method is easy and reliable to use. The
outcomes show that VHPM is very powerful and efficient technique in finding analytical solutions for wider
problems. The convergence accuracy of this method was examined in several examples. This method is capable

of reducing the computational work.
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ABSTRACT

The purpose of this paper is to study the effects of magnetic field and rotation in the presence of uniform
temperature and electric modulation field on the onset of magnetoelectrothermo convection in a horizontal
layer with densely packed porous medium saturated by a dielectric fluid using linear stability analysis based on
normal mode technique. The dielectric constant is assumed to be a linear function of temperature. Modified
Darcy equation is used to describe the flow in porous medium and the resulting eigenvalue problem is solved
using a regular perturbation method with small amplitude approximation by choosing free-free boundaries.
The correction electric Rayleigh number is calculated as a function of Hartmann number, frequency of electric
modulation, thermal Rayleigh number, Darcy number, Prandtl number and Taylor number and their effects on
the stability of the system are discussed.

Keywords: Magnetoelectrothermoconvection, Modulated Electric Modulation, Porous Layer, Magnetic Field,
Regular Perturbation Method

NOMENCLATURE
A Specific heat ratio

—

B Magnetic field (tesla)

Da Darcy number

E Electric field

g Acceleration due to Gravity

h Thickness (m)

J Electric current density
(amp/m?)

k Wave number (m)

K Permeability (m?)
Mg Hartmann number

P Pressure

t Time (sec)

Greek symbols

a  Coefficient of thermal expansion

o Electric conductivity

0  Porosity

Q Electric potential (volts)

g Dielectric constant

i Amplitude of the electric potential

1% Kinematic viscosity (m? /s)

(electric permittivity)

X Thermal diffusivity (m?/s)
Q Frequency of modulation
P Density of the fluid
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Pr Prandtl number Subscripts/Superscripts
qg (U,V, W) Velocity vector (m/s) b Base state

Ra Thermal Rayleigh number ¢ Critical value

Re Electric Rayleigh number 0 Reference value

Taylor number Perturbed quantity

*

T Temperature (kelvin) Non-dimensional quantity

I. INTRODUCTION

Magnetoelectroconvection is the study of the motion of electrically conducting liquids in the presence of
magnetic field. It deals with the interaction of electromagnetic and hydrodynamic forces to yield the effects of
electric field and magnetic field on the flow and the flow is based on the basic principles of Magneto Electro
Hydro Dynamics. The Magnetoelectroconvective instability of a periodic states of mechanical systems has long
been an object of study and is of considerable interest due to their numerous applications in various fields such
as geothermal energy utilization, oil reservoir modeling, building of thermal insulations, plasma studies, the
design of nuclear reactors, MHD power generator, particularly in the fields of biomechanics in designing the
artificial organs like cartilages in synovial joints, coronary artery deceases etc. Dynamic stabilization or
destabilization can lead to the dramatic modifications of their behavior depending on the proper tuning of the
amplitude and frequency of the modulation. It is only in the recent past that attention has been focused on
such possibilities in hydrodynamics. The interest lies not only with the mechanics of this new class of problems
but also with the possibilities for other industrial and materials science processing applications. If an imposed
modulation can destabilize the stable state, then there can be a major enhancement of heat / mass / momentum
transport. If an imposed modulation can stabilize an unstable state, then higher efficiencies can attained in
various processing techniques.

In the above mentioned applications rotation plays an important role. It is realized that earth’s crust is
essentially a porous medium consisting of different types of fluid like water, oil, gases, etc., the temperature of
which increments as one dive deep inside. Likewise, steady angular velocities of the earth about its geological
pivot offers ascend to Coriolis force. Subsequently any endeavor to examine convective streams in geothermal
frameworks will prompt the issue of finding the impact of rotation on the stability of liquid dynamical system
in a porous layer.

The stability of the flow of an electrically conducting fluid between two infinite parallel plates under a
transverse magnetic field has been studied by Lock (1955). Whereas, Takashima (1994) have investigated the
linear stability of natural convection of an electrically conducting fluid which is confined between two parallel
vertical plates maintained at different constant temperature in the presence of a transverse magnetic field.

In geophysical and astrophysical applications, Coriolis force plays an important role in suppressing the
oscillations caused by an external constraint of electric field. When the prandtl number is sufficiently small and
the Taylor number not too low, on set of convection occurs in the form of an oscillatory mode in rotating
systems. It was shown that Chandrashekar (1961), for Rayleigh-Benard convective instability, the effect of a

uniform rotation is similar to the effect of a magnetic field in magnetoconvection by Rudraiah er al (1985,
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1986). These two factors have a stability role in natural convection. Rudraiah et al (1986) have studied the
effects of the Coriolis force and a non-uniform temperature gradient on the onset of Rayleigh-Benard and
Marangoni convection and showed that combined effects of rotation and non-uniform temperature gradient is

to control the convection

Onsets of natural convection in the presence of external fields such as a magnetic field or an electric field
(Turnbull, 1968, 1969; Maekaw et al, 1992; char etal, 1994) have been examined by many researchers. In highly
conducting fluids such as mercury or molten metals and semi-conductors, magnetic effects will be dominant.
To the contrary, in Dielectric fluids with low values of the conductivity the electric effects will essentially
govern the motion. The forces that are exerted by an electric field on free charges present in the liquid are
transmitted by collision to the neutral molecules. These forces acting on particles are important in many
applications of dielectric materials. It decisively affects the dynamical behavior of particles in high voltage
insulating systems, where particles are often subjected to a non-uniform field. The particles may be either
conducting or dielectric. Many works on the electric field and its force have already been published on charged

conducting particles by Smorodin er al (2000).

Takashima (1976) studied the effect of rotation under the action of temperature gradient and AC electric field
on the onset of convective instability and analyzed that the coriolis force has an preventing outcome on the
onset of instability even when the electrical effects are taken into account and as the speed of rotation rises the

coupling among electrical and buoyancy force turns into tighter

Douiebe er al (2001) discussed the influences of both rotation and AC electric field on the coupled
thermocapillary and buoyancy instability in an electrically conducting fluid medium. Special attention was
given at the occurrence of both stationary and oscillatory convection. Othman (2004) analyzed the linear
stability of a rotating layer of a viscoelastic dielectric fluid under the action of a vertical temperature gradient
and AC electric field. The eigen value problem is solved for various critical values by choosing free-free
boundaries and was discussed in detail.

The stability on the onset of convection in a fluid saturated porous medium subject to both temperature
modulation and rotation was investigated by Malashetty et al (2007, 2008). Gaikwad er al (2012) have
investigated the combined effects of thermal modulation and rotation of small amplitude on the convection in

Walter’s B fluid saturated porous layer.

Bhadauria er al (2011) have investigated the onset of natural convection in a rotating porous medium with
internal heat generation. Combined effects of a vertical AC electric field and Coriolis force on the onset of
electro convection in a dielectric fluid saturated Brinkman porous medium for a various types of velocity
boundary conditions are carried out by Shiva kumara et a/(2011,2016) and Shiva kumara et al (2013) studied

the effects of rotation in couple stress dielectric fluid layer on the electro hydrodynamics instability.

The effect of thermal modulation on the onset of electrothermoconvection in a horizontal dielectric fluid
saturated with densely packed porous medium has been studied by Rudraiah and Gayathri (2009). Onset of
electro convection in a dielectric fluid saturated porous layer in a modulated electric field was carried out by
Gayathri er al (2015). Gayathri er al (2018) have analyzed the effect of magnetic field on the onset of
magnetoelectroconvection in a horizontal dielectric fluid layer saturated with densely packed porous medium

in the presence of uniform electric field and modulated temperature. Also, Gayathri er a/ (2018) continued

International Journal of Scientific Research in Science and Technology (www.ijsrst.com)



Volume 8 - Issue 2 - Published : & January 20, 2021 Page No : 85-99

their work on the effects of thermal modulation and rotation on the convective instability in a dielectric fluid
saturated porous medium in the presence of uniform magnetic field using modified Darcy equation by choosing
free-free boundaries.

The literature pertaining to the effects of modulation electric field and rotation on the onset of
magnetoelectroconvection in a dielectric fluid saturated porous medium with the effects of magnetic field and
uniform temperature is missing regardless of its significance in understanding the control of convection in
many scientific and technological problems.

Therefore, the main object of this paper is to study the effect of magnetic field on the
magnetoelectroconvective instability of a dielectric horizontal fluid layer saturated with densely packed porous
medium in the presence of modulated electric field, rotation and uniform temperature by choosing free-free

boundaries.

II. MATHEMATICAL FORMULATION

Let us consider an infinite horizontal layer of incompressible dielectric fluid saturated porous medium bounded

by the free plates at Z=0 and Z=h with uniform applied magnetic field B is present in the horizontal

direction (Fig.1). The fluid saturated porous layer is subjected to rotation with an angular velocity Q . The axis

of rotation is taken along the z -axis. Constant different temperatures T, = iT and the boundaries are

maintained at a different modulated electric potential of the form ¢, =+U (7, +7,CcosQt). HereU is the

characteristic voltage applied between the embedded electrodes and € is its modulation frequency.

€2 AT

— U1y, + 17, cosC2f) - B

Ly, + 17, cos2r)

o5

With the usual assumptions and approximations made in the convection problems, the basic governing and

Maxwell equations of a Boussinesq incompressible fluid when the magnetic field is present are as follows

Veq, (1)
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— =2 g =
57108, 572 (Gov)g+ 25 T OK xG=—VP+ L g-Lg-E_ver O*B) @)
ot po K 2pg P0
A%+(qu)T:;{V2T 3)
VxE=0 OR E=-Vo, 4)
Vo(zE)=0, 5)
=g, 1+77T), (6)
p=pyll-aT) 7)
The quantities at basic state of the system are described of the form
4 =0,=0 £=45,(2) E=E,(z1), T=T,(2). 9=, (1) ®)
Substituting eq. (8) into the above egs, we obtain the quiescent state solutions from (1) — (7), are as follows
E 2
~VP, +Pr G- ve =0, 9)
Po 0
d’T,
=0, 10
472 (10)
Vol(g,E, =0, (11)
& =&, (L+1T,) . (12)
Eq. (10) is solved by using the conditions at the boundaries, we obtain
AT
T,=—I(h-22), 13
o= (h-22) (13)
From eq. (12), we get
E,RE, (1—%772j , (14)
de, &, nAT (15)
dz h

Using E,=-V¢, inEq. (10) and solving the resulting equation, we get the solution for ¢, in the form

2U (7, + 1, cosQt) nAT
=— log(1- z2)+U(n, +n, cosQt 16
P log A—yAT) o= —2)+Ulm+m, ). (16)
E,- 2U (17, + 17, cos Qt) [1+ AT "2 j a7
h h
dE, 2U (n, +1, cosQt)n AT (18)
dz h? '

We now introducing perturbations on the basic flow in the form
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G=0=U,V,W) e=g+¢&, P=R+P, p=¢,+¢, E=E+E, T=T,+T" (19)
Eq. (19) using in Egs. (1)- (6) and also substituting the solutions given by Egs. (9)- (18) and after linearizing, we
obtain
59 os5iaK xG'=-VII+agT'k-——§ +Qk -2 B, Wk , (20)

ot K Po
0 AT
A—— VP T'=—W, 21
PLE .
2U (7, + 1, cosQt) o¢’ d '
V= @+ 17, )og'_ 1de, 09 (22)
&xh oz ¢, dz oz
g'=e,nT', (23)
’ ‘c’" Eb2
Where I[1=P'+ , (24)
2p,
ATnE 2U (17, + 17, cosQt '
Q! — 77 bgm (771 772 ) g! _ a¢ j. (25)
poh he, 0z
Following analysis of Roberts [3], we assume7 AT <<1. Under this approximation Eq. (22), using Eq. (23),
becomes
2n\U (n, +n, cosQt '
vig= 2t (7, + 11, ) oT 26)

h oz’
and Eq. (25) becomes
, 2ne, ATU(n, +n,c0sQt)(2n U (n, +n,c0sQt) _, Op
Q = 2 T - |
h* p, h oz

(27)

From Eq. (26), we get
47]28m ATU? (m,+7, cosQt)? v 2

VZQ’: ph3 y T!’ (28)
0
2 2
Where VHZ :8_2+ 0 5
ox® 0y

Operating curl on both sides of Eq. (20), and taking its vertical component we get an equation for vertical

component of vorticity ¢ in the form

oot K o oz

Eliminating the pressure form Eq. (20), we take curl twice on it and obtain
20

1§+L)V2W’:agVHZT’+VH2Q'——%—EBOZVHZW’. (30)

oot K o 0L p,
We impose following conditions at the boundaries.

! az W, !/ !/
W:a 2=T :(p=g=0 at z=0,h. 31)
z
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Substituting Egs. (21), (28) and (29) in Eq. (30), we get the following expression for the temperature

perturbation in the form:
2 2 A2

l[12+ij (AE—ZVZJV2+L4£28—Z(AE—ZVZJ
AT\oot K ot AT 6° oz ot veT!
+L£BOZ(EQ+LJ(A2_ZVZJVHZ_ag (12+LJVH2

AT p, oot K ot oot K

4n’s ATU? n,? (L+n, cosQt)?
_ ey A+, ) (1 a+iJvH“T'.

poh’ st K

Where 1, =1, / 7, is the relation between the modulated and steady amplitudes of electric potential. Non-

(32)

dimensionalizing the above Eq. (32) by taking the accompanying relations.

(X*,y*’z*): E’X’E , T*:L’ t*:%, a):i.
h'h'h AT Ah/ ;% ,
y4 Ah

Therefore, the resulting equation (after neglecting star-shaped character * )

2 2
1 o, 1 (ﬁ—vzjv%n (Q_sz
SAP ot Da ) ot oz* \ ot )
V2T’
M, 1 0,1 (9 v V., —R, 1 0, 1 v,? (34)
SAP. ot Da ) ot SAP. ot Da |

=R, (147, coswt (5A1P §+ I;aj VAT

(33)

The boundary conditions (31) can also be made dimensionless using the scales given by. Eq. (34) and using
a4T '
oz

=0. Ifw,T', ¢’ andg@’ are zero, we obtain

82Tr 84T!
T'= =——=0 at z=0,1 35
oz oz' (33)

i(kexrkyy)

If the horizontal dependence of T' in Eq. (34) is assumed to be of the forme ,where K, and k yare the

horizontal wave numbers, then T’ takes the following form:
T =T(z,t)e' ),
It follows that
VT =—kT"

Herek®= kx2 + ky2 . Also Egs. (34) and (35), respectively become
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] 2 ]
ot (2 (k) (o k)T 0 [ £ - (07 i)
SAP ot Da)\at ot s
(D2 -k
~-M,k?® 1 0,1 (g—(Dz—kz))+Rak2 1 0,1 (36)
SAP ot Da)lat SAP, ot Da |
1 0 1
=R, k* (1+ 7, cosmt +— T,
e, w)(é‘P@t Daj
2T 41
_OT 0T o at z=01. (37)
oz oz

We use the following regular perturbation procedure to get an equation for an eigenvalue R, in Eq. (36)

III. REGULAR PERTURBATION METHOD WITH SMALL AMPLITUDE APPROXIMATION

We seek the eigenvalues R, and eigenfunctions T of the Eq. (36) vary from those related with unmodulated
system by the amounts of the order7,. We therefore write the solution of Eq. (36) as an expansion of the form.

T=Ty+n,T,+ 7732 Ty4eeeee (38)

The expansions (38) are inserted in Eq. (36) and the coefficients of different powers of7), compared on the two

sides of the subsequent condition. From these we get:

LT,=0. (39)

4
LT, =2R,, k* cosot| —— 2+ 2|1+ R k| 2y Ly Rk @ Go it )
SAP. &t Da AP ot Da SAp,

4 Cos® mt

LT,=R, Kk cos’ wt T, +2R,, k* cos mt (Lé + i]T

OAP. ot Da

R. ke . 2R k' o .
+R k4 1 0 9., 1 T AT a)sm Za)tTO—stm a)tTl_
5AP ot Da SAP OAP

T, , T,, T,and soon have to be determined using the boundary conditions given by Eq. (37). The function T,

(41)

is a solution of the problem when77, = 0 and marginally stable solutions for (39) are by
T, =sin (n72)
and corresponding to the eigenvalues are given by

w_ 22+ k)f R +K) M, +K*)  DaT,n’z’(n’x’ +k*)’

R = 42
0 Da k* k2 k? k* “2)
The least eigenvalue for a fixed wave number k , whenn =1, is obtained:
2 23 2 2 2 2 \? 2/ 2 242
(@ +K) R k) M,k DaT, 7 (r’ +k) w3

®" Dak* k2 k2 K*
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Suppose the minimum value R, isR,,. , when kK =K satisfies the equation

e0c >

(.2f - 72 (37% —R, Da+ M, Da 2% —2(Da)?T, z?) k,* — 22° (L (Da)?T,)
+M, Dalk,f =o.
Following studies of [1], R

(44)

should be independent of the powers of 77, i.e., R, = R,;=0 in Eq. (38).

e

The expression (40) becomes

1 1 2R, K'o
LT, =2R,, k* coswt 1o, 1 T, - 5502 D gin it T, (45)
OAP, ot Da ;
Now from Eq. (45), we have
T,= 2R k*Re|[ T 2 | SN2 e | (46)
OAP. ot Da )L(w,n)
It follows that
Lsin(nzz)e™ = L(w,n)sin(nzz)e ™", (47)
We now define L(a), n) =Dl-iwD2 (48)
Now, from Eq. (41), we have
2
LT,=R, k* COS” O 52 ot T, +2R,, k* coswt to,1 .
Da SAP. ot ' Da

(49)

4 4
+R,, k* Lt o1 T, _RoK® ? sin 20tT, LRk ? sin ot T,.
OAP, ot Da OoAP OoAP

The solubility condition requires that the steady part of the right hand side should be orthogonal toSin (72' Z).

Hence

R., =—R, (cos2 ot +4Da'|'01(——+i} (cos at T, )sin 7z dz — C;A[;a sin Zth, (50)

Where the bar denotes a time average of the quantities
Substituting Egs. (45) and (46) in Eq. (50), we obtain

2 ®
ReZ:—Reo[%+ReoDa k“( —o” | 1 ]{L(“””)Jr" w’”)}} (51)

5?A’P?  (Da)’

where the superscript © denotes the complex conjugate.

IV. RESULTS AND DISCUSSION

In this section, The Rayleigh number R, is evaluated up to O (7732) by the expression R, = R,, + 75 R,,, here
we note that R,, and R,, are taken from the expressions (43) and (51) respectively and calculated atk=K_.

The correction electric Rayleigh number R,, as a function of the frequency of electric modulation @ is
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computed using MATHEMATICA for different physical parameters of Hartmann number M, Prandtl number

P., Darcy number Da. Taylor numberT, . The effect of these parameters on the stability of the system is

examined and is shown in the figures 2, 3 and 4.

, P.=0.01

L o —>

0 10 20 30 40 50 60

Fig. 2. R,, versus @ for various values of T, and P with fixed values of D,=10"°, M, =50 and
R, =2%10°

Fig. 2 is a plot of the correction — R,, with @ for various estimations of T, and P. while D, =107, M, =50

and R, =2#10" are fixed, This figure demonstrates that —R,, increases as Taylor number T, increases
indicating that the effect of rotation is to stabilize the onset of Magnetoelectroconvection for the given

frequency @. However, the effect of T, disappears for fairly large estimations of @, in which—R_, — 0.

We can also observe form this figure that the value of —R,, decreases asP, increases. Hence P, reduces the

destabilizing effect on the system of electric modulation for @
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M, =500

O“‘ lO‘a)“—;ZO““30‘ ‘40““50““60
Fig. 3. R,,versus @ for various values of M and R, with fixed values of D, =10"°, T, =2%10° and
P. =0.01.

Fig. 3 is the plot of Rayleigh number R,, with modulation frequency @ for several estimations of R, and M ,
with fixed D, =107, P. =0.01anT, =2#10°. It is found that for the given frequency @, — R,, decreases as
thermal Rayleighnumber R, increases. Thus the effect of R, reduces the destabilizing system.

Further, it is also observed that for a given @, — Re2 increases as increases in the value of Hartmann number

M , . Hence the effect of magnetic field on the system is to augment Magnetoelectroconvection.
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Fig. 4. R,, versus o for various values of Da with fixed values of R, =1%10%, T, =2%10°, M, =50
and P. =0.01.

Fig. 4 presents the effect of D, on—R,,, for fixed P. =0.01, T, =2%10°, R, =1%10* andM, =50. From
this figure for a given®, —R,, increases as Darcy number D, increases. Hence the effect of D, is to advance

the onset of Magnetoelectroconvection.

V. CONCLUSION

The effects on the Onset of Magnetoelectroconvection in a dielectric fluid saturated horizontal porous medium
in the presence of magnetic field, uniform temperature, alternating electric field is studied in this paper. It is

observed that the effect of T, is to stabilize the system for the given value of frequency @. It is also observed

that the effect of Prandtl number P. and thermal Rayleigh number R, reduces the destabilizing effect on the

system. The effect of Darcy number Da is to advance the onset of Magnetoelectroconvection the system.

Further, we conclude that the effect of magnetic field M, on the system is to augment

Magnetoelectroconvection.
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ABSTRACT

A topological index is a real number derived from a graph. In 2015, The forgotten topological index was
introduced by Furtula and Gutman and in 2017, Kulli has introduced Revan indices. In this paper we compute
the forgotten topological index, first, second and third Revan indices of Cayley tree, silicate layer and
molybdenum disulfide nanostructure.

Keywords : Forgotten Topological Index, Revan Indices, Cayley Tree, Silicate Layer and Molybdenum
Disulfide.

I. INTRODUCTION

In theoretical chemistry topological indices are used for studying the physical, biological properties of the
chemical compounds and they are used to predict certain physicochemical properties like boiling point,
stability, enthalpy of vaporization and so forth [2][3][4]. There are certain types of topological indices such as
degree based topological indices, distance based topological indices and counting related topological indices etc.
Consider a graph G which is a finite, simple and connected with vertex set V(G) and edge set E(G). The degree
dv of a vertex v is the number of vertices adjacent to v. For additional definitions and notations, the reader may

refer to [1].
In 2015, Furtula and Gutman [5] introduced Forgotten topological index (or, F-index) which is stated as
F(G) = ZVEV(G)(dV)S = ZuVEE(G)[(du)2 + (dv)z] (1)

In 2017, Kulli [6] defined a novel degree concept in graph theory: The Revan vertex degree of a vertex v in G is
defined as rg(v) = A(G) + 6(G) — d,, . The first, second and third Revan indices were defined as

R1(G) = Xuver(o)lre(w) + rg(v)] )
R, (G) = Xuverc) e (). rg(v) 3)
R3(G) = ZuveE(G)er W —rg| (4)
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To derive the topological index for a chemical compound first their topological representation called molecular
graph must be derived. A molecular graph is a collection of points representing the atoms in the molecule and
set of lines representing the covalent bonds. These points are named vertices and the lines are named edges in
graph theory language. Once the molecular graph is defined the edge partition table of the graph (sometimes
degree partition may also be required) should be computed. The edge partition is nothing, but the classification
of the edges based on the degree of the vertices they connect. The edge partition table gives the number of
edges corresponding to each type of edge. The index is then computed based on the formula defined for that

particular index.

II. MATERIALS AND METHODS

The Cayley Tree I'X:

The Cayley tree T'X of order k = 1 is an infinite and symmetric regular tree, that is, a graph without cycles, from
each vertex of which exactly k + 1 edges are issued. In this paper, we consider the Cayley tree [2 = (V,E, i) of
order 2 and with n levels from the root Xy, where V is the set of vertices of I ,f, E is the set of edges of l'}%, and 7
is the incidence function associating each edge e € E with its end vertices.

It is easy to compute the number of vertices reachable in step n or in level n starting from the root x,, which is
|[W,| = 3.2(%=1D_ The number of vertices of I? is |[V,| = 1 + 3(2" — 1), and the number of edges of I}? is |E,| =
3(2™ — 1), as is shown in Figure 1 below.

Silicate Layer:

Silicates are obtained by fusing metal oxides or metal carbonates with sand. A silicate network in symbolized
by SL. where n is the number of hexagons between the centre and boundary of SL.. A 2-dimensional silicate

layer network is shown in Fig 2.

Molybdenum disulphide:

The MoS: (Molybdenum disulphide) is an inorganic compound with layered structure where a plane of
Molybdenum atoms is sandwiched by planes of sulphide ions. As it has a low friction and robustness, it is used
as a lubricant and it is also used as co-catalyst. Schematic representation of side view of a monolayer of is given

in fig. 3. The layered structure makes it to be used as lubricant, capable of handling shear stress.
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X0

Fig 1: Cayley tree I} of order 2 with n levels, where n > 1.

Fig 3: Schematic representation of side view of a monolayer of MoS:

III. RESULTS AND DISCUSSION

Referring to Fig 1, there are two types of edges in [? on the basis of the degrees of the end vertices of each
edge, as follows: the first type, fore = uv € E(l",f), is such that d, = 1 and d,, = 3; the other type is, for e =
uv € E(T%), is such that d, = dy, = 3 . In the first type, there are 3.2" ! edges, and in the other type, there are
3(2"1 — 1) edges, as is shown in Table 1. The edge partition of I}? on the basis of revan vertex degrees of end
vertices is shown TABLE 2.
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TABLE 1: Edge partition of I['? on the basis of degrees of end vertices of each edge.

(dy, dy) where | Number of
uv € E(I'%) Edges

(1,3) 3.2n71
(3.3) 321 —-1)

TABLE 2: Edge partition of I; on the basis of revan vertex degrees of end vertices of each edge.

(d, d,) where | 7c(w) | ¢ (1) | Number of
uv € E(I'3) Edges

(1,3) 3 1 3.2n-1
(3,3) 1 1 32t —-1)

TABLE 3: Edge partition of SL,, on the basis of degrees of end vertices of each edge.

(dy,d,) where uv € | Number of
E(SL,) Edges

(3,3) 6n

(3,6) 18n?% + 6n
(6,6) 18n%2 — 12n

TABLE 4: Edge partition of SL,, on the basis of revan vertex degrees of end vertices of each edge.

(dy, d,) where uv € | 7z (u) | 75(u) | Number of
E(SLy,) Edges

(3,3) 6 6 6n

(3,6) 6 3 18n% + 6n
(6,6) 3 3 18n% — 12n

In SLn, by algebraic method, there are three types of edges based on the degree of the vertices of each edge as
follows: the first type, for e = uv € E(SL,), is such that d,, = d;, = 3 ; the second type, for e = uv € E(SLy,), is
such that d,, = 3 and d,, = 6; the third type, for e = uv € E(SL,), is such that d,, = d;, = 6. In the first type,
there are 6n edges, In the second type, there are 18n* + 6n edges and in the third type, there are 18n* — 12n
edges as shown in TABLE 3. The Edge partition of SL, on the basis of revan vertex degrees of end vertices is
shown in TABLE 4.

There are three types of edges in MoS2, one connecting vertex with degree two to another vertex with degree
two, second type of edge connects vertex with degree two to vertex with degree four and the third type of
vertex connects vertex with degree four to vertex with degree four. The number of edges for each type of edges
for MoS: is given in the TABLE 5. The Edge partition of MoS, on the basis of revan vertex degrees of end
vertices is shown in TABLE 6.

International Journal of Scientific Research in Science and Technology (www.ijsrst.com)



Volume 8 - Issue 2 - Published : & January 20, 2021 Page No : 100-106

TABLE 5: Edge partition of MoS, on the basis of degrees of end vertices of each edge.

(dy,d,) where uv € | Number of

E(MoS,) Edges

(2,2) 4

(2,4) 4p +4q — 8

(4,4) 4pq —4p —4q
+4

TABLE 6: Edge partition of MoS, on the basis of revan vertex degrees of end vertices of each edge.

(dy, d,) where | 7¢(u) | 76(u) | Number of

uv € E(MoS,) Edges

(2,2) 4 4 4

(2,4) 4 2 4p + 4q — 8

(4,4) 2 2 4pq — 4p
—4q + 4

Theorem 1: The Forgotten topological index of Cayley tree, Silicate layer network and molybdenum disulphide
are: i. F(L?) = 21.2™*1 — 54,
ii. F(SL,) = 2106n? — 486n
iii. F(MoS,) = 128pq — 48(p + q)
Proof:
i.Using (1) and TABLE 1, we get
F(L7)=3.2"11%2+3%)+ 302" ' -1)(3%2+3%) F(;?) =21.2"*"1 —54
ii. Using (1) and TABLE 3, we get
F(SLy) = 6n(32 4+ 3%) + (18n% + 6n)(3% + 62) + (18n% — 12n)(6* + 62)
F(SL,) = 2106n* — 486n
iii. Using (1) and TABLE 5, we get
F(MoS,) = 422+ 22) + (4p + 4q — 8)(2%2 + 42) + (4pq — 4p — 4q + 4) (42 + 42)
F(MoS,) = 128pq — 48(p + q)

Theorem 2: The first, second and third revan indices of Cayley tree I;? are:
i. Ri(;})=9.2"—6
ii. R,(L2) =21.2" -3
iii. R3(L;2) = 3.2™.

Proof:
i.Using (2) and TABLE 2 we get
R([Z)=32"1B3+1D+3R2"1-1DA+1)
R([[;?) =9.2" — 6.
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ii. Using (3) and TABLE 2 we get
R,(?) =3.2"1(3.1) + 302" - 1)(1.1)
Ry(LZ) =21.2"1 -3,

iii. Using (4) and TABLE 2 we get
R3;(LZ) =3.2"13-1]+3@R" - 1|1 -1]
R3(L2) = 3.2+,

Theorem 3: The first, second and third revan indices of Silicate layer network SL,, are:
i.R;(SL,) = 270n? + 54n
ii. R,(SL,) = 486n? + 216n
iii. R3(SL,) = 54n? + 18n.

Proof:
i. Using (2) and TABLE 4 we get
R,(SLy) = 6n(6 + 6) + (18n? + 6n)(6 + 3) + (18n? — 12n)(3 + 3)
R,(SLy) = 270n% + 54n .

ii. Using (3) and TABLE 4 we get
R,(SL,) = 6n(6.6) + (18n? + 6n)(6.3) + (18n? — 12n)(3.3)
R,(SL,) = 486n? + 216n.

iii. Using (4) and TABLE 4 we get
R3(SLy) = 6n|6 — 6] + (18n% + 6n)|6 — 3| + (18n? — 12n)|3 — 3|
R3(SLy,) = 54n” + 18n.

Theorem 4: The first, second and third revan indices of Molybdenum disulphide MoS, are:
i. R{(MoS,) = 16pq + 8p + 8¢q
ii. R,(MoS,) = 16pq + 16p + 16q + 16
iii. R3(MoS,) =8p + 8q — 16.

Proof:
i. Using (2) and TABLE 4 we get
Ri(MoS,)=4(4+4)+ (4p+4q—-8)4+2)+(4pq—4p—4q+4)(2+2)
R;(MoS,) = 16pq +8p +8q .

ii. Using (3) and TABLE 4 we get
R,(MoS;) =4(44) + (4p+4q —8)(4.2) + (4pq — 4p —4q + 4)(2.2)
R,(MoS,) = 16pq + 16p + 16q + 16.

iii. Using (4) and TABLE 4 we get
R3(MoS,) = 4|4 — 4|+ (4p+4q —8)|4 — 2| + (4pq — 4p — 4q + 4)|2 — 2|
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R3;(MoS;) = 8p + 8q — 16.

IV. CONCLUSION

In this paper, certain degree-based topological indices, namely, the Forgotten topological index, first, second
and third Revan indices are studied. We have determined and computed these indices for Cayley tree, Silicate
layer network and molybdenum disulphide nano material. These results are novel and significant contributions
in graph theory and network science, and they provide a good basis to understand the topology of these graphs

and networks.
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ABSTRACT

Exact analysis of miscible dispersion of solute with interphase mass transfer in a couple stress fluid flowing
through a rectangular channel bounded by porous beds is considered because of its application in many
practical situations. Blood consists of a Newtonian fluid called plasma in which are suspended white blood cells,
red blood cells, platelets and other micron sized suspensions. The suspensions spin relative to the plasma and
thus necessitate the consideration of conservation of angular momentum in addition to the conservation of
linear momentum. Therefore, it is appropriate to model blood as a couple stress fluid. Transport of dissolved
gases like oxygen, carbon dioxide and nutrients in blood through walls of the capillaries involve a first order
chemical reaction. In order to understand this, a first order chemical reaction at the walls is considered. The
generalized dispersion model of Sankar Subramanian and Gill is used, which brings into focus the exchange
coefficient, the convective coefficient and the dispersion coefficient. The exchange coefficient comes into
picture due to the interphase mass transfer and independence of solvent fluid viscosity. It is observed that the
convective coefficient increases with an increase in the porous parameter, while it decreases with an increase
in the couple stress parameter. The dispersion coefficient is plotted against the wall reaction parameter for
different values of porous parameter and couple stress parameter. It is noted that the dispersion coefficient
decreases with an increase in the value of the couple stress parameter but increases with porous parameter.
Keywords : Couple Stress, Porous Parameter, Generalized Dispersion

I. INTRODUCTION

In this paper, we have discussed generalized unsteady dispersion of solute in the presence of interphase mass
transfer. In many biomedical problems the interphase mass transfer plays a significant role because many
physiological situations involve interphase mass transfer. Therefore, it is necessary to develop a technique to
handle problems, which involve interphase mass transport. Early works on dispersion were mainly concerned
with Taylor’s (1953) dispersion, which is valid for large time. Physiological fluid flow problems have been
mainly concerned with transient phenomena where Taylor’s model is not valid. However, Sankarasubramanian
and Gill (1973) have developed analytical method to analyze transient dispersion of non-uniform initial
distribution called generalized dispersion in laminar flow in a tube with a first order chemical reaction occurs
at the tube wall. This method can be applied to physiological problems where a first order chemical reaction

occurs at the tube wall. One such situation is transport of oxygen and nutrients to tissue cells and removal of
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metabolic waste products from tissue cells. Interphase mass transfer also takes place in pulmonary capillaries
where the carbon dioxide is removed from the blood and oxygen is taken up by the blood.

Blood mainly consists of plasma in which are the suspended micron sized white blood cells, red blood
cells and platelets. The suspension of these particles has spin relative to the plasma and this necessitates the
consideration of conservation of angular momentum in addition to the conservation of linear momentum.
Stokes (1963) introduced a special type of such fluid called couple stress fluid, in which the spin matches with
the vorticity. Rudraiah et al., (1986) studied the dispersion in a Stokes’s couple-stress fluid flow by using the
generalized dispersion model of Gill and Sankarasubramanian (1970). Their work is silent about considering
solute reaction at the channel walls in their all time analysis of dispersion. Reaction at the walls is of practical
interest and in the simplest case, a first order chemical reaction at the walls is considered by them in carrying
out an exact analysis of unsteady convection in couple stress fluid flows. The corresponding problems for
plane-poiseuille flows of micropolar; casson and Ostwald- de- Waele fluids have been investigated by
Siddheshwar and Manjunath (1998). The problem for Hagen- Poiseuille flows of micropolar, couple stress,
casson and Ostwald-de-Waele fluids have been investigated by Siddheshwar and Sripad (1998).

In this paper we present an exact analysis of miscible dispersion of solute with interphase mass transfer in a
couple stress fluid bounded by porous beds. The generalized dispersion model of Sankarasubramanian and Gill
(1973) has been used which brings in to focus the exchange coefficient Ko, convective coefficient K1 and
dispersion coefficient K2. Only the last two coefficients (Xi, K2) are influenced by the couple stress parameter
arising due to suspension in the fluid and porous parameter. The exchange coefficient arises mainly due to the
interphase mass transfer and is independent of the solvent fluid velocity. The interphase mass transfer also
influences the convection and dispersion coefficients. Asymptotically, the large time evaluations have been

carried out for all the three coefficients to get a feel of the nature of these coefficients.

Mathematical formulation

The physical configuration considered is same as the one given in fig. 1.

A Y
g
R-1 h
— » X
-Xs/2 Xs/2
-h
‘ R-2
Fig. 1 Physical configuration
The governing basic equations are:
Region 1:
op du o 11
—_ _— )b _— 0 > ( ° )
x M o> oy’
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_9P _,. (1.2)
oy
Region 2:
-Z—p—fmﬁl)up -0 (1.3)
X
_®_g (1.4)

In the above equations, u is the velocity in the x-direction,  is the viscosity of the fluid, A is the couple stress
parameter, & is the permeability of the porous medium, U, is the Darcy velocity and p is the pressure. Equation

(1.3) is the modified Darcy equation and f3, is the couple stress parameter. The boundary conditions on the

velocity are given by

%:—%(u—up) aty=h> (1.52)
%u:%(u—up) aty=-h> (1.5b)
2;2:0 aty==h> (1.6)

where « is the slip parameter. Equations (1.5a, b) are the well-known Beavers and Joseph (1967) slip condition
at the lower and upper permeable surfaces and (1.6) is the vanishing of the couple stress condition.

Non —dimensionalising these equations using y _ Y and rearranging, we get
h

Region -1:

d*u _a d’u __h%a’dp, (1.7)

dv* dy? u o dx
where [=,/A/J, a=h/ | is the couple stress parameter.
Region -2:

Lok o, (1.8)
P+ ) o

The boundary conditions now become
ou

3y = o(U-U,) atY=1, (1.92)
au

= o(U-U,) atY=-1, (1.9b)
92U _

a7 = at Y =+1. (1.10)

where o=h/ \/E is the porous parameter. The solution of (1.7), satisfying the boundary conditions (1.9) and
(1.10) is

_-h*ap (. 5 2[, coshay)
u= 2u 9x (1 Y a? [1 cosha ] + AO)’ (1.11)

where

A - 2 2 {tanha_l]

" o’(1+p) aocl a
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The average velocity U is given by

1judY:£@F,£+imha+Aﬁ] (1.12)

U7
24 OX 2

T2

3 a> a’ a
II. DISPERSION MODEL

We consider the dispersion of reactive solute in the fully developed flow through a parallel channel bounded

by porous beds. In to this flow is introduced a slug of concentration C= G f (X, y). The mass balance equation

concerning the solute concentration C'undergoing heterogeneous chemical reaction is

© 1 f 2.0 =
with the initial condition
CO,xp=0GTf(XY), (2.2a)
where (ois a reference concentration.
The heterogeneous reaction conditions are
D (t,x.hy = k. C(t, x, h), (2.2b)
oy
D%(t, x—h) = k.C(t, ,—h) (2.2¢)

where K, is the reaction rate constant catalyzed by the walls.

The away boundary conditions are

Clt,o0y) = 2 (1,00, y) = 0, (2.2d)
OX
and
C(t, x, y) = finite. (2.2e)
We make (2.1) and (2.2) dimensionless using
U=2doy=Y, xo X, pe-, p_C, _tand z_kh (2.3)
u h hPe D Co h? D
where Pe is the Peclet number and U is the average velocity. Substituting (2.3) in (2.1) and (2.2), we get
2 2
90,00 _ 1 %0 3% (2.4)
or oX Pe*oX? oY?
and
00, X,Y) =g(X) w(Y)> (2.5a)
o0 (z, X 1) = —BO(z, X 1) > (2.5b)
oY
00
— (7, X,-1) = BO(r, X 1) (2.5¢)
oY
0(z,00,Y) = 2—5(7,00,Y) 0 2.5d)
0(z, X,Y) =finite. (2.5¢e)

Here the right-hand side of (2.5a) is the assumed form of the non-dimensional form of f (X, y). The solution of

(2.4), subject to the conditions (2.5), following Gill and Sankarasubramanian (1973), is
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2 2.6)
_ 30m %0 2.
O(r, X,Y) = fo(z',Y)Bm (r, X)+ fl(r,Y) X (z, X) + fz(r,Y) axz (T X))+,
where 6, is the dimensionless cross sectional average concentration and is given by
1 1
Hm(r,X):E‘[HdY- (2.7)
-1

Equation (2.6) signifies that the difference between € and its mean 6, can be accounted by the convective and

diffusive contributions. This is based on an observation by Taylor (1953).
Integrating (2.4) with respect to Y'between -1 and 1 and using the definition of 8, we get

, 2 coshaY (28)
%_iazﬁm _1of, ' _il(l_Y _?(1_ cosha)w-\0 ody
or PeP eX® 29y, X7 [2 2 2tfanha }
3 a* a’> a

On using (4.3.6) in (4.3.8), we get the dispersion model for@,, as

2 3
OOn _ Kob,, + K, 96n +K, 0 62’“ +K, 0 921 +o (2.9)
or oX oX oX
where K7s are given by
2 cosh aY
s, . of 13 @Y ) . (2.10)
K()==%-2—L()-= a cosha f(z,Y)dY
Pe oY 212 2 2 tanha
3T e

Here f1= 0 and 621s the Kronecker delta.

The exchange coefficient K,(7) accounts for the non-zero solute flux at the channel wall and negative sign

indicates the depletion of solute in the system with time caused by the irreversible reaction, which occurs at

the channel wall. The presence of non-zero solute flux at the walls of the channel also affects the higher order
of.
Ki due to the explicit appearance of G_YI (z,]) in (2.10). Equation (2.10) can be truncated after the terms

involving K, without causing serious error because K ;, K, etc. become negligibly small compared to K,. The

resulting model for the mean concentration is

Dn _ K (1), + K, (7)
T

00 0%0
h K - 2.11)
x 5

Substituting (2.6) in (2.4) and using the generalized dispersion model of Shankarsubramanian and Gill (1973)

in the resulting equation, we get the equation for £, fiand £ from the general equation of the form:

2
M 97N (k=0,12), (2.12)
ot ay?

where fi= f2=0.

We note that to evaluate K7s we need to know the f,’s, which are obtained by solving (2.12) for f, ’ssubject

1 K
-Uuf, . +—f -3 Kf .,
k=17 pg2 k=2 51 ki

to the boundary conditions

f, (z,0) = finite, (2.13a)
%(1,1) Bt (e (2.13b)
M r0)=0> (2.13¢)
oY

%jfk(r,v)dv =5, (k=0,12). (2.13d)
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The function f; and the exchange coefficient Ko are independent of the velocity field and can be solved easily.

It should be pointed out here that a simultaneous solution has to be obtained for these two quantities since Ko,

which can be obtained from (2.10) as

Ko()= @} . (2.14)
2.0y,
Substituting & = 0 in (2.10) we get the differential equation for f; as
o 0o gy (2.15)
or oY’?
We now derive an initial condition for f, using (2.7) by taking 7 =0 in that equation to get
Hm(O,X):%IH(O,X,Y)dY' (2.16)
Substituting =0 in (2.6) and setting f, (y)=0(k =1, 2, 3,...) gives us the initial condition for f as
f.(0y)=20X.Y) (2.17)

©0,(0,X)°
We note that the left hand side of (2.17) is a function of Y only and the right hand side is a function of both X
and Y. Thus clearly the initial concentration distribution must be a separable function of X and Y. This is the

justification for the chosen form of #(0, X,Y) in (2.17). Substituting (2.5) into (2.17), we get

£,(0.Y) = l1//(Y) . (2.18)
> [w(v)dy
-1
The solution of the reaction diffusion equation (2.15) with these conditions may be formulated as
fo(z,¥) = 05(z,y) exp[—[ K, () d7] (2.19)
0
from which it follows that g, (7, Y) has to satisfy
a9, _ 09, , (2.20)
or  oy?
along with the conditions
L0V =g,01)= ", (2212
o Jw (V)Y
g, (z,0) = finite (2.21b)
0
S @)= 9w (221c)
The solution of (2.20) subject to conditions (2.21) is
0(z,Y) =D Acos(u,Y)exp[—u,’7] (2.22)
n=0
where u,'S are the roots of
utanu, =, n=012,........ (2.23)

and A, S are given by

International Journal of Scientific Research in Science and Technology (www.ijsrst.com) @



Volume 8 - Issue 2 - Published : & January 20, 2021 Page No : 107-117

ij/(Y)cos pYAY (2.24)

: 1
[1+5!”2”n] Jway
sin 2p, )*)

Now from (2.19) it follows that

0 . . (2.25)
20,(0.Y) ZOAn exp[-u;7]cos .Y

fo(z.Y) =+ = A
J9s(z Y)Y Z;exp[—;z:r]sin Hy
] n=0 /n

The first ten roots of the transcendental equation (2.23) are obtained using Mathematica and are given in Table

1. We find that these ten roots ensured convergence of the series seen in the expansions for f, and K.

Having obtained f,, we get K, from (4.3.14) in the form

2 A g expl—p Tlsin g, (2.26)
Ko() == 55
> M el wlsn u,

By considering the simplest case of the initial concentration occupying the entire cross section of the

channel, we take y/(Y) =1 and then K, (7) for this case becomes

9 1
Do 7 gy Pl 7 2.27
Ko(r) =~ (o + /" + ) n=0() 9. ( )
> o —epl-ult]
" iy (up + B + ) !
We now proceed and do only long time analysis of K, K,, K, ...... As7 — o0, we get the asymptotic
solution for K, from (2.28) as
Ko (20) = —45, (2.28)

where 1, is the first root of the equation (2.23). Physically this represents first order chemical reaction
coefficient. Having obtained K, (), we can now get K,(o0) from (2.10) (with 7 = 1) knowing f,(o0,Y)and
f (0, Y). Likewise, K, (), K;(0)... require the knowledge of K,,K,, f,, f, and f,. Equation (2.25) in
the limit 7 — ooreduces to

fo (0, Y) =$cos(on)- (2.29)

Ho

We then find f,, K, f, and K, . For asymptotically long times, i.e.,7 —> 00, (2.10) and (2.12) give us K,’s and

f,’sas
. 1
K, (o) = SIZZ Bt (od)— | fy(o Y)dY, (=123 )- (2.30)
e -1
d’f . 1 _ (2.31)
dy? + 4o fe =+K) iy (Pez K,) fi o, (k=12).

The f,’s must satisfy the conditions (2.7) and this permits the eigenfunction expansion in the form

(oY) =3B, cos(uY), k=123 (2.32)

=0

Substituting (2.32) in (2.31) and multiplying the resulting equation by c0S(x;Y) and integrating with respect

to Yfrom -1 to 1, we get after simplification
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1
1 1 LS sin 2,u 9 .
Bjv =" 2 {PeszkngjkiKi{ _ ] ZB|k1|(Jv|):|v(k—1v2)

(,Uj - H5) =
where
1
1(j,1)= Icosu,Y cosu; YdY, (2.34)
-1
B; 1=0, B;,=0 for;=1(1)9. (2.35)
(2.33)

The first expansion coefficient B;, in (2.32) can be expressed in terms of B;, (j = 1(1) 9) by using the

conditions (2.13) as

9 sinpy . (k=1,2,3,4...). (2.36)
[S'n Ho j JZl: P Hj
Further, from (2.32) and (2.29) we find that
BO,O — -ﬂO . (237)
Sin u,
Substituting 7= 1 in (2.30) and using (2.34), (2.35) and (2.37) in the resulting equation, we get
K, () = - 10.0) . (2.38)
' L+ (sin 24 / 215)]

Substituting 7= 2 in (2.30) and using (2.33), (2.34) and (2.37) in the resulting equation, we get

i sin Mo (239)
P’ uo[L+ (sin zﬂo/zﬂo)]ZBul(o ).

=

Using the asymptotic coefficients K, () , K;(%) and K,(©) in (2.11) one can determine the mean
concentration distribution as a function of X, 7 and the parameters of the problem a, Pe, o and . This
distribution is valid only for long time and is a gross approximation at short and moderate times.

The initial conditions for solving (2.11) can be obtained from (2.5a) by taking the cross-sectional average. Since
we are making long time evaluations of the coefficients, we note that the side effect is independent of &, on

the initial concentration distribution. In view of this, the solution to (2.11) with asymptotic coefficients can be

written as

0. (z,X) = [X+K1(°°)T]2} (2.40)

1
K _
2Pe 7 K, () EXp{ ()7 4K, (0)
where

O (7,0) = M (7,00)=0" (2.41)

Equation (2.41) is obtained from (2.5d) and K, (), K,(e0) and K, (o) are given by the (2.28), (2.38) and
(2.39).

III. RESULTS AND DISCUSSIONS
In this paper, we have modeled the solvent as a couple-stress fluid and studied dispersion of solute in a couple-

stress fluid bounded by porous beds considering heterogeneous chemical reaction. The walls of the channel act

as catalysts to the reaction. The problem brings in to focus three important dispersion coefficients namely the
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exchange coefficient — K, which arises essentially due to the wall reaction and the classical convective

coefficient — K and diffusive coefficient K,. The asymptotic values of these three coefficients are plotted in

Figures 3.1 to 3.5 for various value of couple stress parameter a, porous parameter o and reaction rate

parameter /. From these figures we predict the following.

From Figure 3.1, it is evident that — K () increases with an increase in the value of the wall reaction
parameter £ but it is unaffected by the porous parameter and the couple stress parameter. The classical
convective coefficient — K, is plotted in Figures 3.2 and 3.3 versus wall reaction parameter S for different
values of porous parameter ¢ and couple stress parameter a respectively for a fixed value of slip parameter
o =0.1. From these figures we conclude that increase in £ and o as well as decrease in a is to increase — K .
This is advantageous in maintaining the laminar flow. The scaled dispersion coefficient K, —Pe™ is plotted
versus f in Figure 3.4 for different values of ¢ and for fixed values of 2 =1 and .= 0.1 and in Figure 3.5 for

different values of a for fixed values of &z=0.1 and ¢ =100. From these figures, it is clear that the increase in &
and ais to increase and decrease the effective dispersion coefficient respectively. These are useful in the control
of dispersion of a solute.

The cross-sectional average concentration &, is plotted versus x in Figures 3.6 to 3.8 respectively for
different values of o, [, a and for fixed values of the other parameters given in these figures. It is clear that
the increase in o and £ decreases®, , while an increase in a increases 6,, as expected on the physical grounds.
This may be attributed to the fact that an increase in o and f is to reduce the velocity and hence decreases
0,,. This @, is also plotted in Figures 3.9 to 3.11 respectively against the time 7 for different values ofo, f
and a for fixed values of the other parameters given in these figures. We note that the peak of 8, decreases
with an increase in f occurring at the lower interval of time 7. We also note that although the peak decreases

with an increase in o and increases with an increase in a but occurs at almost at the same interval of time 7.

These information are useful to understand the transport of solute at different times.

25

20

15+

10

05F

10 10° ﬁlO 10 10
00 . . .
10° 10* o, W 1’ Fig. 3.2: Plots of the convective coefficient —K: versus
Fig.3.1: Plots of exchange coefficient versus reaction wall reaction Parameter £ for different values of &

rate parameter [ .
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Fig. 3.3: Plots of the convective coefficient —K: versus

wall reaction parameter f3 for different values of different values of reaction rate parameter at the wall
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Fig. 3.4: Plots of scaled dispersion coefficient Fig. 3.8: Plots of mean concentration 8, versus X for

K,(r)—Pe? versus /3 for different values of o different values of couple stress parameter a.
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Fig. 3.11: Plots of mean concentration &, versus 7 for different values couple stress parameter a
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ABSTRACT

Unsteady convective diffusion in a couple stress fluid flow through a channel bounded by porous
layers is investigated. The effect of wall permeability is taken into account by using the Beavers-
Joseph slip condition at the fluid and porous interface. The unsteady dispersion coefficient and mean
concentration distribution are obtained using the generalized dispersion model of Gill and
Sankarasubramanian (1970). It is shown that the effect of a couple stress parameter and porous
parameter (wall permeability) is to decrease the magnitude of dispersion and thereby increase the
concentration distribution. The corresponding results for ‘pure-convection’ are also obtained as a
particular case. The results obtained pave the way for understanding the mechanism of haemolysis
caused by artificial organs either implanted or extracorporeal.

Keywords : Couple Stress, Porous Parameter, Generalized Dispersion

I. INTRODUCTION

The study of dispersion in a channel bounded by a porous medium is of considerable physiological importance.
Experimental investigations have shown that the nature of flow of blood is different in different parts of the
body. This necessitates one to consider different fluids in different physiological situations depending on the
problems under investigation. In this Chapter, we study the unsteady dispersion in a couple stress fluids with
the motivation of understanding haemolysis caused by artificial organs.

The artificial organs, either implanted or extracorporeal, designed using metals because various forms of
blood damage due to lack of biocompatibility either due to rough surface or smooth surface. Both of them are
dangerous because both of them produce stress leading to the force. This force drives erythrocytes (i.e. Red
Blood Cells (RBC)) in to a particular region leading to bursting of RBCs and hemoglobin to be let loosed known
as haemolysis. One of the most important blood damages is known as haemolysis, the loss of hemoglobin from
erythrocytes (RBC) in the blood due to mechanical reasons. Haemolysis may also be due to physiological and
chemical reasons.

In this paper, we concentrate on haemolysis caused by mechanical process due to lack of biocompatibility. This
produces either high shear stresses or low stresses as explained above. In a healthy blood the erythrocytes are of
irregular shape and hence do not spin as they move. The micron-sized erythrocytes are merely suspensions and

for all practical purposes form an integral part of the continuum. The stress in this case is symmetric and its

Copyright: © the author(s), publisher and licensee Technoscience Academy. This is an open-access article distributed under the
terms of the Creative Commons Attribution Non-Commercial License, which permits unrestricted non-commercial use, @
distribution, and reproduction in any medium, provided the original work is properly cited
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effect is to disperse oxygen, proteins and other elements freely by hemoglobin in the erythrocytes without
rupture. In the case of lack of bio-compatibility produced by artificial organs, the irregular shape of the
erythrocytes deforms either due to high or low stress and become almost spherical producing a spin field due to
their micro rotation. The experiments of Christopherson and Dowson (1959) using solid sphere model support
this. This spin field sets up an antisymmetric stress. Fluids with antisymmetric stress are known as polar fluids.
Couple stress fluids are specialized micropolar fluids wherein, unlike most micropolar fluids, there is a match
between the spin of the suspension and the vorticity of the suspending fluid.

Rudraiah et al., (1986) have studied the effect of couple stress on the dispersion of erythrocytes in a
channel bounded by rigid walls and showed that the couple stress augments haemolysis. Rudraiah et al., (1988)
have shown that self-generated electric field reduces the concentration of erythrocytes and hence increases
dispersion. In bioengineering problems, particularly in the mechanism of controlling haemolysis, the
assumption of “capillary bounded by rigid walls” is unrealistic. This is because; there is transport of oxygen,
proteins and other nutrients from capillaries to the permeable tissues. The blood flowing in the capillaries slips
at the boundary of the permeable tissues. Therefore, in a study involving the control of haemolysis it is
important that the combined effect of couple stress and slip at the porous layer have to be taken into account.
The results so obtained are useful in the design of artificial organs. The objective of this chapter is therefore to
consider these effects in the study of the unsteady convective diffusion of erythrocytes in the plasma flow by
using the generalized dispersion model of Gill and Sankarasubramanian (1970). To achieve this objective, the
required equations and the boundary and initial conditions are given in section 1. The solutions for velocity
and concentration distribution are also given in this section. Generalized dispersion is discussed in section 2

using Gill and Sankarasubramanian (1970). Important results and discussion are given in section 3.
Mathematical formulation

The physical configuration shown in Figure 1.1 consists of a rectangular channel bounded by porous layers and
separated by a distance 2h. A Cartesian coordinate system is chosen such that the origin is at the middle of the
channel (i.e. R-1). As shown in the figure 1, under laminar and fully developed flow (unidirectional) conditions

with a uniform axial pressure gradient and in the absence of gravity the governing equations are:

A}y

R-2

»

Xs/2

Fig: 1 Physical configuration
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Region 1:
op  du , du
o Moy
_oP _g. (1.2)
oy
Region 2:
op U
____1 u =0 N 1.3
Y k(-+@)p (1.3)
_@207 (1'4)
oy

where u is the velocity in the x-direction, p is the viscosity of the fluid, A is the couple stress parameter, & is

the permeability of the porous medium, U, is the Darcy velocity and p is the pressure. It may be noted that

(1.3) is the modified Darcy equation, modified in the sense of incorporating couple stress parameter /£, in to
the Darcy equation. We consider dispersion of passive/ reactive solute in this fully developed flow through a
parallel plate channel bounded by porous beds. In to this flow is introduced a slug of concentration C which is

a function of time t and coordinates x and y. The concentration C satisfies the convective diffusion equation

2 2
ac:+uaC=D[a(:+aC]. (15)

ax aXZ ayZ
where Dis the molecular diffusivity. The initial and boundary conditions on the velocity and concentration are

given as follow

1.1 Boundary Conditions on Velocity

The boundary conditions on velocity are:

%:—%(u—up) aty=h> (1.6a)
%uz%(u—up) aty=-h> (1.6b)
Z;L;:O at y==h> (L7)

where ¢ is the slip parameter. Equations (1.6a, b) are the well-known Beavers and Joseph (1967) (BJ]) slip
conditions at the lower and upper permeable surfaces and (1.7) specifies the vanishing of the couple stress. We
note that the BJ-slip conditions (1.6 a, b) are valid only when the thickness of the bounding porous layer is
large compared to film thickness. This is because conditions (1.6 a, b) are independent of their thickness. If one
wants to consider the thickness of the porous layer in the slip condition then one has to use the slip condition
proposed by Rudraiah (1985).

1.2 Initial and Boundary Conditions on Concentration

The initial conditions are

1
C0,xy) =G hr|4£§&, (1.8a)
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1
C0,x»)=0  for |x|>ExS. (1.8b)

where C,is the concentration of the initial slug input of length X, .

The boundary conditions are:

C t,x,n)=0, (1.8c)
oy
% (¢, x—h) =0 (1.8d)
oy
ac
C(t,00,y) = —(t,o0,y) =0> (1.86)
(t,,y) ay(t y)
C(t, x, y) = finite. (1.8f)

The condition (1.8e) specifies that the concentration does not reach points far away downstream and (1.8 c, d)
specifies that there is no transfer of mass flux at the walls.

We make (1.1) (1.3) and (1.5) dimensionless using the variables
u=Y, =Y, x-*,,.¢c,, .0 (1.9)
u

h hpe 7= C, h?
where U is the average velocity of the flow and Pe=U h/D is the Peclet number. Equations (1.1) and (1.5) in

non-dimensional form can be written as

d*u g2 d?u :_h2a2 @’ (1.10)
dn* dn? u o dx
2 2

20,00 _ 1 2% 70 w1y

+ =

or o Pe? g an?
where [=\/Mu , a=h/] is the couple stress parameter, U'=(U-U)/U (non- dimensional velocity in a
moving coordinate system) and &= X —7 is the dimensionless axial coordinate moving with the average

velocity U . The dimensionless boundary conditions on velocity are

Y 4oU-U,) at =1 (1.12a)
on
Y o_aoU-Uy) at p=-1 (1.12b)
on
oV g at p=+l, (1.13)
on?

where o=h//k is the porous parameter. The non-dimensional initial and boundary conditions on

concentration from (1.8a) to (1.8f) take the form

0(0, X, 1) =1 for |x|g%xs,

0(0,X,17) =0 for |X|>%xs, (1.14a)
@(r,x,1)=o, (1.14b)
on
%(T, X,-1) =0, (1.14c)
on
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0(z,0,7m) = g—i(fyoo,n) =0, (1.14d)

6(z, X,n) =finite.

The solution of (1.10) satisfying the conditions (1.12), (1.13) is

2
U __h"dp 1-n? _22(1_(:05ha77)+ A, (1.15)
2 dx a cosha
Where A - 2 2 (tanha_l).
oc’@+p) ocal a
The solution of (1.11), following Gill and Sankarasubramanian (1970), can be written as a series expansion in
the form
2
GilE 00y
0(z.¢.m) = o e.m) b (r.€)+ fl(m)g(ﬂﬁﬂ fz(w)a?(f, )+ (1.16)

1
1
where 6, = > I@ dn , is the dimensionless cross-sectional average concentration.
-1

Integrating (1.11) with respect to 77 in [-1,1] and using the definition of 8, we get

2 1
O L 00 10 [u0dn. (117)
or  Pe’ 0% 20¢°

II. DISPERSION MODEL

In the study of dispersion, the following approaches are mainly used.
Following Rudraiah et al., (1986) we determine in this section the effect of permeability, slip and couple stress
on the generalized dispersion coefficient of Gill and Sankarasubramanian (1970), which is valid for all time.

We now assume that the process of distributing € is diffusive in nature right from time zero (unlike the
models of Taylor 1953, Aris, 1956 and Lighthill, 1969). One can introduce, following Gill and

Sankarasubramanian (1970), the generalized dispersion model with time-dependent dispersion coefficient as

On _ K, 00n +K, 820;“ + K, 83—0‘,;"+ (2.1)
or o0& o0& o0&
where Kis are given by
Ki(z) = 5—”2—1}U fa(z,m)dn, (7=1,2,3) (2.2)
Pe® 2°

Here f1= 0 and d21is the Kronecker delta.

Equation (2.1) is solved subject to the conditions

0,08)=1  |d]=-x..

1
0n(0,6)=0  [¢[z2X,, (2.3)
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6, (r,0)=0.
Introducing (1.17) in to (1.16), rearranging terms and also observing that
ak+19 © al+k9
Z |+1 ’ (24)
k=1
we obtain
ofi 9*fi .. e 0*f; 1 10%6m
Fr 62+U +K1() o~ 62+Uf1+K1(T)f1+K2(T)—?a—§2
Ofirz 0% f
o |Tgr o+ U fen K@ fienn
+ Z k+2 =0
k=1 (KZ(T) )fk +2ka+z 1
with fy =1 (2.5)
and
2 6 B sinh a
U° = 1(1—377 " a’cosha (coshan a )j . (2.6)
2 3 (tanha 3
1+ ?( a —1J+EA0

k

Equating the coefficients of '; (k=1,2,3...)in (2.5) to zero, we obtain the following infinite set of non-

homogenous, parabolic partial differential equations:

2
M _0h e f, — K, (2)f,> 2.7)
or on’
2
of, o°f 1 2.8
o 57722 UM K@ K)o (2.8)
2
o, 0°f 1 k+2
ﬁ =Wk2+2_u*fk+l_ Ki(z) fkﬂ_[KZ(r)_Per f - i§3 Koo (2.9)
Since @ has to satisfy the conditions (1.14), we should have
f,(0,7)=0,, k=0123........ (2.10a)
of
- =02L (1, 1) =0,k = 1,23..... (2.10b)
on on
Further
1
[ f.(z.mdn=0 k=123.... (2.10¢)
a
From (2.2) for /=1, using f,=1, we get Ki as
K,(z) =0. (2.11)
From (2.2) and (2.6), we get
K, (2) 1 1
2(T) = -
Pe?2 3 (tanha
e 4 (1+ (" -1)+24,)
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1 6 h
{f—l (1 B 37]2 + a?cosha (coshan — = a)) frdn}:
(2.12)
First we have to solve (2.7) for f; satisfying the conditions (2.10), because (2.8) and (2.9) require f, to find f,

and K, (T) , respectively. For this, we write

fi="1po (77)+ fll(T’ 77)’ (2.13)
where fi0 corresponds to an infinitely wide slug which is independent of t satisfying
df
—0-0 atn=+1, (2.14a)
dz
1
and [ f,,dy=0. (2.14b)
x|
Also, fi1is 1-dependent. Then (2.7) using (2.13), becomes
6 sinh a
a2, ;[1 SR Gl )j, (2.15)
dp? 2 1.3 tanha j
2
ofy, _ 0% fy
— = (2.16)
or 0n
Solution of (2.15) satisfying (2.14) is
1 n®> n* | 6  coshan  tanha n
flO - 32(tanha 1)+§A0) (7_7-'_;((12 cosha _ a + F)) (2.17)
o _(l+ 6tar15h a_ tanr31 aj. (2.18)
60 a a
Equation (2.16) is of the well-known heat conduction type and its solution satisfying (2.10) is of the form
=> Ae ™" cosAn (2.19)
where
1 6cosA, | 1 tanh a ) (2.20)
A= 3 tanha 3 27 |27 a(’+a?d)
a+ *( “DES AL " "
A, =nr,
1 n* n* 6, coshay tanhan?
L) = 3 tanha 3 {[?77+?(azcosha7 a ?+F)j (2.21)
201+ ( D+ A)
A cos/ln 1  tanha
_12nzz;e cosA,n P {%2 a0 +a2)}}
Substituting (2.21) in to (2.12) and integrating we get
Ky(1) = — + : 1o 4 tamha . hut 18042 — 135
2\* ~ Pe? 8(1 i(tanha_l)_i_ﬁ)z (945 135 a’ (12a . )
3 a? a 2
20 4 (tanha 2 _ tanha \?
" ab ' 346 ( ) (5a” +12) Zn 1 ( An? a(/ln2+a2)) ). (2.22)
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We note that (2.1) has no physical meaning as it stands. We, however, found that K,(7), k,(7) and so on i.e.
ki (z) (i >3) obtained using the procedure explained above are negligibly small compared to K,(7). Hence

(2.1) now leads to

2
‘fm _K, —aa )f;n , (2.23)
T

which is the usual diffusion equation.

This form, though similar to the Taylor’s (1953) model, differs from it due to the fact that the most dominant
dispersion coefficient K,(7) is time dependent. It will be useful if we have an estimate of the separate
contributions of diffusion and pure convection on dispersion coefficient. To that end we now evaluate the
contribution of pure convection, the result of which cannot be obtained from the above general case. Following
the earlier procedure K, (7)for pure convection (i.e. neglecting the diffusion terms in (1.11), is given by

% (48a°+108) (2.24)

T
Ky (7)= 7| A2, 5
a“cosh”a a
8[1+%[@—1)+5J L
a a 2

2. 9 8 .4
tanha—-—tanh“a+——(a" +90)
al 53t ]

The exact solution of (2.23) subject to (2.3) is given by

lﬁ+ X _é
Om (&) = glerf (Z) ert (2

1
T :?Kz(z)dz and erf () :—J.e’Z dz.
0 %

In what follows 6, refers to 6, based on (2.22) (i.e. convection +diffusion) and @, refers to 6, based on

mcd

(2.24) (i.e. pure convection).

III. RESULTS AND DISCUSSIONS

The axial dispersion of a solute in a couple stress fluid bounded by permeable boundaries is studied using
generalized dispersion model of Gill and Sankarasubramanian (1970). The dominant dispersion coefficient
given by (2.22) is computed for different values of couple stress parameter ‘a; slip coefficient &, porous
parameter ¢ and the dimensionless time 7. The results are graphically represented in Figure 3.1. In this figure,
the result c— o0 corresponds to those given by Rudraiah et al., (1986) for impermeable boundaries. It is clear
that the increase in ‘a’and o(wall permeability) decreases the axial dispersion coefficient. This result is useful in

understanding one of the causes for haemolysis, which in turn useful in the design of an artificial organ.

The transport of major metabolisis (such as sugars and amino acids) is rather slow and convective transport

plays a major role in accelerating them. Therefore, we have plotted the variation of mean concentration 6,
with axial distance x for a fixed t in Figures 3.2 and 3.3. These figures reveal a marked variation of ,, with

time and the effect of o (wall permeability) is to increase the concentration distribution, a result that is true for
combined convection plus diffusion and pure convection.

Figures 3.4 and 3.5 represent the variation of concentration of a tracer with t along the pressure
gradient, at a given point, for different values of ¢ and for a fixed ‘a’ In Figure 3.4, the observation point is

inside the concentration slug whereas in Figure 3.5 it is outside. In Figure 3.4, the observation point is close to
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the entrance and the influence of ¢ on 6,, is neglectable, also pure convection has a major contribution to8,,.
From Figure 3.5, it is clear that the effect of pure convection is decreased by the same magnitude when the
observation point gets farther and farther away from the entrance. We see that the dispersion (molecular

diffusion and convection) is faster, i.e., the parabolic nature of 8, with t at a fixed x/4 if the observation point
is far away from the entrance. In these figures we note that @, for convection and diffusion and 6,, for pure
convection increases with decrease in ¢ and for small values oft, 8, curve is aboved, . . In other words, the
porous parameter significantly influences@,,. This information is also useful in understanding the cause for

hemolysis.

Apart from the above biomechanical applications of this study, certain general conclusions of a
mathematical nature can also be made. They are:
i) The couple stresses are operative only for small values of ‘2 and the present results reduce to
Newtonian fluids in the limit of a—oo.
ii) Taylor’s dispersion model forms a particular case of the generalized dispersion model for asymptotic

values of 1. In ot her words, the generalized dispersion model reduces to Taylor’s dispersion model

asymptotically.
iii) For large values of o, the results of present study reduce to those of Rudraiah et al., (1986).
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ABSTRACT

The purpose of this paper is to study the analytical solutions for one-dimensional advection-dispersion
equations in the unsaturated permeable medium infinite area. The transform technique tied with the general
integral transform method is used to achieve analytical solutions. Solutions are received for both 1st and 3rd
type inlet boundary situations. The established analytical solutions for the finite areas related to solutions for
the semi-infinite area to make clear how the exit boundary impacts one-dimensional transportation in a

permeable medium system.
Keywords: Porous Medium, Sorption, Heterogeneity, Dissipation, Laplace Transform.
I. INTRODUCTION

The effect of spatially variable hydraulic parameters on transport and spreading of conservative, non-reacting
solutes in natural subsurface has been the point of interest of many latest studies. Gelhar et. al. (1979),
Sudheendra (2010, 2011). Aral et.al (1996) and others have provided methodologies for enhancing the outline
and prediction of non-reacting solute transport is complicated based formations, in comparison with the
prediction based on the ADE with constant coefficients. Then again, the delivery of sorbing solutes in
geochemically in addition to hydraulically heterogeneous porous media has received little attention.

For the important case of delivery of sorbing solutes in geochemically homogeneous porous media, the effects
of sorption are generally accounted for by means of a dimensionless retardation factor, which may be defined
as the ratio of the average fluid pore velocity to the propagation speed of the solute. Aside from the possibilities
of mass delivery limitations and solute transformation or decay, any determined fluctuations at the retardation
thing are attributed totally to the variability of the distribution coefficient, which is an experimentally received
degree of sorption or solute retention by way of the solid formation.

Sorption methods can be complex and depend upon many variables, including temperature, strain, ionic energy

and solution PH, sorbent floor charge, sorbent sorptive capability, and the presence of species that whole for

Copyright: © the author(s), publisher and licensee Technoscience Academy. This is an open-access article distributed under the
terms of the Creative Commons Attribution Non-Commercial License, which permits unrestricted non-commercial use, @
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sorption sites. Spatial or temporal fluctuations in any of these variables, for this reason, have an effect on the
distribution coefficient and, consequently, the movement of sorbing solutes in subsurface porous media.

For example, the distribution coefficient of non-polar natural solutes (synthetic organic chemicals, essential
materials of floor water toxic pollution) is correlated with the natural carbon content material of the sorbent
(Karckhoff (1984) and Sudheendra (2014)). Even though any such correlation isn't always fully reliable for
every solute-sorbent system (Curtis and Roberts, 1985), it could provide an explanation for to a degree the
variable retardation located in field experiments (Roberts et.al 1986).

Garabedian (1987) & Sudheendra (2012) employed spectral techniques to analyze reactive solute macro-
dispersion under the belief that the log-hydraulic conductivity is linearly associated with each the porosity and
the distribution coefficient. His end result implies that solute spreading is superior while there's a negative
correlation between the log-hydraulic conductivity and the distribution coefficient.

The current work is centered at the transport of pollutants but in any other case non-reacting solutes under
local equilibrium conditions in a one-dimensional unsaturated porous medium. Analytical solutions are hired
to resolve the one-dimensional advection-dispersion equation with uniform, constant fluid flow conditions and
spatially variable retardation component, for a semi-infinite medium and flux-type inlet boundary situation.

An analytical first-order solution to the one-dimensional advection-dispersion equation with spatially variable
retardation factor is derived using a generalized integral transform technique to analyze the transport of
sorbing, but otherwise non-reacting solutes in hydraulic homogenous though geochemically heterogeneous
porous formations.

The solution is derived under situations of steady-state flow and arbitrary initial and inlet BCs. The outcomes
acquired by using this solution agree well with the results acquired with the aid of numerically inverting
Laplace transform-generated solutions previously published in the literature. The solution is advanced for a 3rd
or flux kind inlet boundary condition that is relevant while thinking about resident solute concentrations and a

semi-infinite permeable medium.

II. MATHEMATICAL MODEL

The A D E along with ICs and BCs is of the form

_ 2
L,aNE _[IC L e
ot n ot oz 0z

The adsorbed phase is given by

s _
ot ot
K, is the distribution coefficient.
2
o€ A=y € _pdC_ €

ot n ot oz’ oz

_ 2
{1+(1 ) Kd}@z p?C _w® _ic
n ot oz 0z
2
W€ _p7C e
ot 0z oz
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Let us take D1 = D/R, w1 = w/R, [uw= OO0R. Firstly, saturated flow of fluid of concentration, C = 0, in the

permeable media.
2

©©_p2C 2 e )
Thus, the appropriate BC for the given model

C(z,0)=0 z>0
C(O,t)=Ce” t>0;. )

C(oo,t)=0 t>0
The problem then is to describe the absorption as a function of z and ¢, where the i/p state is supposed at the
origin and a 2" type state has been assumed. Cv is an initial concentration. To moderate equation (5.1) to a

simple form, we assume

wz Wit
Clz, t)=T(z, t)Exp| == - — At 3
(2. t)=T(zt) p[le D, 4 3)
Substituting equation (5.3) into equation (5.1) gives
oar . oT
=D = 4
ot toz? ®)

The ICs and BCs (5.2) transform to

Wt
r(0,t)=C, Exp| 2+ (4 —y)| t>0
4D,

I'(z,0)=0 220 (5)
(o0, t)=0 t>0

Equation (5.4) may be resolved for a time dependent influx of the fluid at z = 0. The solution of equation (5.4)
is gained by Duhamel’s theorem. If C =F (X, Y, Z, t) is the solution of the conduction equation for semi-
infinite media in which the initial concentration Co is zero and its surface is sustained at concentration unity,

then the solution of the problem in which the surface is sustained at temperature ¢(t)is

t

c =j¢(f)§ F(x,y,z,t—7)dr

0
This theorem is used for conduction problems, but the above to fit this precise case of interest. Let us think

about, the problem in which Co is zero and the boundary is preserved at concentration unity. The BCs are
ro,t)=0 t>0

I'(z,0)=1 z>0

[(o0,t)=0 t>0

The LT of equation (5.4) is

2
[ or]op, 2T
ot 0z

Hence, it is reduced toan O D E
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0T -

—= P T (6)

oz D

The solution of the equation is F=Ae ¥ +Be¥ where, g== Ep .

1

1

The BC as z— o requires that B = 0 and boundary condition at z = O requires that A= —, then the solution of
P

the equation using Laplace transform is

r= ie’qZ

P
The inverse Laplace transform of the above function is given in any table. The result is
z 2 7 2
r=l-erf(———)=— (e dn
2Dt" rx I
24Dt

Using Duhamel’s theorem, the solution of the problem with Co zero and the time dependent surface condition

at z=01s

t a 2 © .
r:j¢(f)aﬁ [e7dn|dr
0 7o)

-, 2 . . . . . . . . . . .
Since €7 is a continuous function, it is possible to differentiate under the integral, which gives

Ien 2\/7th 2k {4Dt— }

2 Dl(t 7)

The solution to the problem is

2 dr
2,/;;D M {4Dt z‘} —z) 7

then the equation (5.7) can be written as

e

2,/Dpt

Putting u = 5 (t T)
 (t—

z° 2
e du . 8
Dlﬂzj Yz (8)

2
W,
Since ¢(t) =C, Exp(ﬁ + (ﬂl - }/) tJ the solution of the problem can be written as

1

I(z,t)= f/%’Exp(letJr(ﬂl 7 HTEX;{—/E—Z—szy—TExp(—yz—Z—Zjdy} 9)

where,
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a—; and ¢ = (W—12+/11— j Z
~2/Dt 4D, ") 2yD; )

Evaluation of the integral solution

The integration of the 1* term of equation (5.9) gives

2
IEX;{ p ——de_% e %, (10)

For suitability the 274 integral may be specified in terms of the error function (Horen Stein, 1945), because of
the function was well tabulated.

Noticing that

) 2 2
—u’ —8—2:—(,u+£J +28=—(/J—£J -2¢.
Hu H H
The 27 integral of equation (5.9) may be written as
a 2 a 2 a 2
I :J‘Exp(—,u2 —8—2] du _L eZEIExp —[u+£J dy+e’25J‘EXp —(,u—ﬁJ du (11)
0 H 21 % H 0 H

Meanwhile, the process of reducing integral to a tabulated function is the same for both integrals in the right

side of equation (5.11), only the first term is considered. Let a = &/ and the integral might be expressed as

o 2
|l=eng'EXp —(,u+£) du
0 H

o 2 o 2
— j (1—%} Exp{—(£+aj }da+e2£ j Exp{—(£+aj }da. (12)
ela a a ela a
&
Further, let, f = (—+a)
a

& .
In the f = —+a 1¢ term of the above equation, then
a

o0 o0 2
l = —e% I eﬂzdﬂ+ezsIExp{—(§+aj }da. (13)

£
a+— =
a

Similar evaluation of the 2" integral of equation (5.11) gives

© 2 © 2
I, =% J. Exp[—(f—aj }da—ezg J. Exp[_(f—aj }da.
ela a ela a

. S & . .
Again substituting — # = ——a into the 1+ term, the result is
a

_e2 j o b dg—e % ]i Exp{— (g-a)z} da.

ela
“—a
a

International Journal of Scientific Research in Science and Technology (www.ijsrst.com) @



Volume 8 - Issue 2 - Published : & January 20, 2021

Noting that

0 2 B 2
J' Exp{—(a+£) +25} da:j Exp{—(f—aj —25} da
ela a cla a

Substitution into equation (5.11) gives

_1 —2¢ T -p? 2¢ T -p?
I_Ee Je dg—e Ige dag|. (14)

Thus, equation (5.9) may be expressed as

e L

I e’ dB—e* Te‘ﬁzdﬂ (15)
T

&
a+=
a

However, by definition,

Ie‘ﬂ dﬂ—\/_ 2 erfc[a+ j
a

0{

also, e J'e_ﬂzd,5=£ _25(14— erf (a—ijJ

a
a

Writing equation (5.15) in terms of error functions, we get

I(z,t)= S Exp( +(4, — )t j {ezgerfc [a + gj +e *erfc (a -~ fﬂ (16)

2 a
Re-substituting for ¢ and o gives
| Jw?+4D,(4, - 244D, (A, —
C—lExp{E—ﬂ} xp| YW + 4D, y)z]erf{zwww 2 7)+

Thus, Substitution into equation (5.3) the solution is

£—EExp E—yt ‘derfc(a—fj+e2‘ferfc[a+
C, 2 2D, a

Q| ¢

2D, 2D, 2,/Dit

2,/Dit

Exp{— Jw +4D,(%, ~7) z -erfc{z_\/W12 +4D1(21_7)t} (17)

III. RESULTS AND DISCUSSION

Page No : 128-137

This observation gives analytical solutions for one-dimensional advection-dispersion equations in the

unsaturated permeable medium infinite area. The transform technique tied with the general integral transform

method is used to achieve analytical solutions. Solutions are received for both 1st and 3rd type inlet boundary

situations. The established analytical solutions for the finite areas related to solutions for the semi-infinite area

to make clear how the exit boundary impacts one-dimensional transportation in a permeable medium system.
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The primary barriers of the analytical techniques are that the applicability is for comparatively simple problems.
The geometry of the problem must be normal. The houses of the soil in the vicinity taken into consideration
need to be homogeneous inside the sub area. The analytical technique is stretchier than the normal form of
other techniques for one-dimensional transference model. Fig (5.2) to (5.5) denotes the concentration contours
v/s time with in the adsorbing media for depth z = 10m and Retardation factor R=1. it's seen that for a rigid
velocity w, dispersion coefficient D and distribution coefficient Ka4, C/Co decreases with intensity as
permeability n decreases because of the distributive coefficient Kd and if time will increase the concentration
decreases for exclusive time and decay chain.

The primary barriers to the analytical techniques are that the applicability is for comparatively simple problems.
The geometry of the problem must be normal. The houses of the soil in the vicinity taken into consideration
need to be homogeneous inside the sub-area. The analytical technique is stretchier than the normal form of
other techniques for a one-dimensional transference model. Fig (5.2) to (5.5) denotes the concentration
contours v/s time within the adsorbing media for depth z = 10m and Retardation factor R=1. it's seen that for a
rigid velocity w, dispersion coefficient D and distribution coefficient K4, C/Co decreases with intensity as
permeability n decreases because of the distributive coefficient Kd and if time will increase the concentration

decreases for exclusive time and decay chain.
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Figure 5.2: Break-through-curve for C/Cy v/s time for z=10m,
R=1.0,A=05 & y=0
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Figure 5.3: Break-through-curve for C/Cy v/s time for z=10m,
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Figure 5.4: Break-through-curve for C/Cy v/s time for z=10m,
R=10,A=05 & y=05
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Figure 5.5: Break-through-curve for C/Cy v/s time for z=10m,
R=10,2=05,y=075&10
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ABSTRACT

Thiophene nucleus has been established as a potential entity in the heterocyclic compounds possessing
promising pharmacological characteristics such as anti-HIV PR inhibitors and anti-breast cancer activities.
Importantly, benzothiophene derivative shows significant antimicrobial and anti-inflammatory activities. The
title compound, CisHisFN20S was characterized by single-crystal X-ray diffraction studies. The molecular
conformation is consolidated by intramolecular N-H:--F and N-H---O hydrogen bonds. The Hirshfeld surface
analysis revealed that H--H and C---H contacts contribute significantly to the intermolecular interactions.
Further, their structures were optimized by density functional theory (DFT) calculations using B3BLYP hybrid
functionals with 6-31G(d,p) level basis set. The transitions among the molecular orbital’s were investigated
using time-dependent density functional theory (TD-DFT) and the UV—Vis spectra showed the absorption peak
at 306 nm. In addition, natural bond orbital (NBO) analysis was carried out to explore inter/intra molecular

electron delocalization and hyperconjugative interactions responsible for the molecular structure stability.

Keywords - Hirshfeld, DFT and Thiophene
I. INTRODUCTION

Thiophene and its substituted derivatives are very important entity in the heterocyclic compounds shows a
promising pharmacological characteristics. It possess various biological activities such as anti-bacterial, anti-
inflammatory, anti-depressive, analgesic, anti-allergic, anti-fungal, antibacterial, anti-microbial and anti-cancer
activities [1]. Due to its importance, the 2-amino-N-(2-fluorophenyl)- 4,5,6,7-tetrahydro-1-benzothiophene-3-
carboxamide was synthesized and the molecular structure was studied using a X-ray diffraction method. The
single crystal XRD analysis reveals that the title compound CisHisFN20S crystallizes in the monoclinic system
in Cc space group with the unit cell parameter a= 11.213 A, b= 14.231 A, c= 09.582 A, o = 90°, = 116.76° and y
=90°, Z=4, V = 1365 A3[2]. In addition, the combination between benzothiophene and other ring molecule was

used in different pharmaceutical applications and the theoretical study on molecular geometry, vibrational,
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pharmaceutical and electronic properties were carried out using DFT B3LYP hybrid functional [3]. Hirshfeld

surface analysis was used to study intermolecular interactions in the heterocyclic compound [4].

II. COMPUTATIONAL METHOD

A. Hirshfeld SurfaceAnalysis

The Crystal Explorer 17.5 tool is used to perform Hirshfeld surface (HS) analysis to understand the
intermolecular interactions and packing modes of the title compound C15H15FN20S [5]. The CIF file data
(CCDC No-1045467) obtained from the XRD measurements was used for performing the calculations. To
quantify the intermolecular contacts present within the crystal structure of the compound, the HS and
fingerprint plots were generated and analyzed. The contact distances dnorm is based on de and di where d.
represents the distance between a point on the surface to the nearest nucleus outside the surface and dithe
distance between a point on the surface to the nearest nucleus inside the surface and it is calculated using the

formula,

vd W v W
d _ d:’ - + ds — T
nerm praw pUAW
i g

vdW dW .o . . .
Where, = and " are the vander Waal radii of the nearest nucleus outside and inside the surface.

B. DFT calculations

To understand the frontier molecular orbital energies of the compound C15H15FN20S, the structure is
optimized by the Gaussian 16 package using the density functional theory (DFT) method with the basis set of
B3LYP/6-31G(d,p) based on the single-crystal X-ray diffraction structure data (CCDC reference: 1045467) [6].
Comparative analysis of theoretically computed data with experimental data of the studied compound is
obtained for better description. In addition, vibrational frequency calculations were conducted to get IR
frequencies. Electronic properties such as energy of highest occupied molecular orbital (Exomo), lowest
unoccupied molecular orbital (Erumo) and (Egp) energy gap between HOMO and LUMO is measured with the

visual representation is shown in fig. 8.
III. RESULTS AND DISCUSSION

A. Hirshfeld surface analysis

Hirshfeld Surface indicating dnom, Shape index, Fragment patch and Curvdness of title compound
C15H15FN20S is as shown in the fig.1. The red spots indicate the strong intermolecular interactions with
negative dnorm value where as light red spots shows the weak interactions. The blue regions correspond to
longer contacts with positive dnorm value. A white region represents the distance of contact exactly equal to Van
der Waal separation with a dnorm value of zero. The shape of electron density and surface around the molecular
interactions is represented by shape index. The curvedness is a measure of the shape of the surface area of the

molecule.
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The 2D fingerprint plots of the title compound is as shown in fig. 2, highlighting the H...H contributing 47.3%
of the overall crystal packing which has large hydrogen content of the molecule with the tip at 1.18A, H...S
contributing 10.8% having pair of spikes with tips at de+di =~2.9A, H...C contributing 16.3% having pair of
wings with one edge at de+di =~ 2.8A and another at de+di =~ 23.42A. These interactions are the primary
contributors to the intermolecular stabilization in the crystal as shown in the fig.3 [7]. From the total
contributions the H---H contacts has maximum and F---S has minimum contributions. Similarly the H-S, H-F,
H-O, H-N, H-C, O-C, C-C, C-N, C-F, C-S and N-F contacts also contribute to the total area of the surface. The
red and blue triangular patches on the same region of the shape index shows the - stacking [8]. Curvedness is
a function of the root-mean-square curvature of the surface showing the flat areas having lower curvedness and
sharp curvature having high curvedness. The calculated volume inside the Hirshfeld surface is 334.99 A3 in the
area of 307.19 A2 with globularity (G) 0.759 as well as asphericity (U) 0.202. The overall calculation is

performed with the Gaussian 16 integrated with Crystal Explorer.

o

Fig. 1. Hirshfeld Surface dnorm, Shape index, Fragment patch and Curvdness of C15H15FN20S

H H K H B N N N N N

O N DO ® O N DO B

Fig. 2. The 2D fingerprint plot showing overall crystal packing.
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Fig. 3. The 2D fingerprint plots of H...H, H...C and H...S interactions with Hirshfeld surface.

Molecular electrostatic potential is used to visualize the active sites and the relative polarity of the molecule as

shown in the fig. 4. The negative potential, red region is located over the terminal oxygen of the molecule.

Fig. 4. Electrostatic Potential map of the molecule range 0.0500 to 0.0500 a.u. using the B3LYP/6-31G(d,p)
Gaussian basis set at the DFT level of theory.

Interaction energy calculations:

The intermolecular interaction energies were calculated using the B3LYP/6-31G(d,p) basis set energy model in
Crystal Explorer 17.5 [9], where a cluster of molecules is generated by applying crystallographic symmetry
operations with respect to a selected central molecule within a default radius of 3.8 A is as shown in fig. 5 [10].
The total intermolecular energy (E:w) is the sum of electrostatic (Eek), polarization (Epo), dispersion (Edis) and

exchange-repulsion (Erp) energies [11] with scale factors of 1.057, 0.740, 0.871 and 0.618, respectively.
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Hydrogen bonding interaction energies (in k] mol') were calculated as -9.8(Eek), -3.1 (Epo1), -64.2 (Edis), 34.1
(Erep) and -47.5 (E:or) is tabulated in table 1.

Fig. 5. Interaction energies for a 3.8A cluster around the selected fragment.

TABLE 1: ENERGY FRAMEWORK DETAIL OF INTERACTION WITH COLOUR-CODED SYMMETRY OPERATIONS (SYMMOP)
AND DISTANCES BETWEEN MOLECULAR CENTROIDS (R) IN A.

N Symmop

l}z x+1/2,y+1/2, z

2 x+1/2,y+1/2,z

2 x+1/2,-y+1/2, z+1/2

2 X, -y,z+1/2

X, Y, Z
X, -y, z+1/2
x+1/2, -y+1/2, z+1/2

R
11.20
11.20
5.50
8.69
9.58

8.47
12.86

Electron Density

B3LYP/6-31G(d,p)
B3LYP/6-31G(d,p)
B3LYP/6-31G(d,p)
B3LYP/6-31G(d,p)
B3LYP/6-31G(d,p)

B3LYP/6-31G(d,p)
B3LYP/6-31G(d,p)

Eele
-0.8
-2.7
-9.8
-24.9
-2.5

-3.4
-1.6

Epol
-0.1
-1.3
-3.1
-4.9
-0.9

-0.5
-0.2

Eais
-6.1
-10.5
-64.2
-17.7
-22.2

-24.1
-11.3

Erep
1.4
6.8
34.1
26.4
11.0

12.5
7.7

Fror
-5.4
-8.7
-47.5
-29.0
-15.8

-17.2
-6.9

B. DFT calculations

Geometry optimization of the compound

The optimized structure and its atoms numbering with Milliken charges are displayed in Fig. 6. The optimized

geometry is correlated with the crystallographic data of the title compound and the correlation coefficient of

0.969 and 0.952 for bond length and the bond angles respectively is tabulated in the table 2 and 3. The overall

energy minimum of 2-amino-N-(2-fluorophenyl)-4,5,6,7-tetrahydro-1-benzothiophene-3-carboxamide is -
1263.44 Hartree with Dipole moment (u)1.6989 Debye as calculated with B3LYP/6-31G(d,p) basis set. The

optimization studies shows that the molecule be appropriate to C1 symmetry point group.
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Fig. 6. Optimized structure with Mulliken charges.

Spectroscopic measurement

UV-visible spectrum analysis

Theoretical UV-visible spectrum calculation has been carried out to have better understanding of charge
delocalization pattern, electron densities of the atoms, electron transition and stability of the title molecule [12].
In the present study, the maximum absorption wavelengths (Amax), excitation energies (AE) and oscillator
strengths (f) of the title molecule in the gaseous phase are computed using the TD DFT/B3YLP/6-31G(d,p) basis
set level. The simulated UV-visible spectrum of the title molecule is shown in fig. 7 and the molecule have
three maximum absorption peaks at 263.4, 284.9 and 306.9 nm with oscillator strengths 0.0288, 0.0038 and
0.2292 a.u respectively. The observed peaks in the spectrum are due to one electron excitation from HOMO-
LUMO (AE=0.164 eV) is shown in fig. §, HOMO-1-LUMO (AE=0.194 eV) and HOMO-2-LUMO (AE=0.221 eV).

10,000 - & - 0.25
- (8]
8,000 | o2 @
6,000 - 015 3
0
w - i 1
4,000 — ~01 @
o
i g
2,000 -0.05 3
] 5

0 -0

200 220 240 260 280 300 320 340 360 380
Wavelength (nm)
Fig. 7. UV-visible spectrum
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LUMO = -0.024 eV
Egap = 0.164 eV
HOMO =-0.188 eV

Fig. 8. HOMO, LUMO and Eg of the title molecule.

IR Spectrum analysis

Theoretically calculated IR spectrum is as shown in fi. 9. In the IR spectrum the strong absorption band at 3478
cm! indicates the presence of amide NH and two peaks at 3666, 3690 cm! for the presence of amide NH? group.
Peak at 1635 cm™! shows the C=0O stretching.

0 T —0
Y I I L 200 o
300 a0 7
1,000 4 -600 5
£ Cs00 2
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- 1,500 - 1,000 0
[ 1,200 C
Ez 000 - C N
—2 L 1,400 %
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#3007 C 1 suu“'l"J
3,000 L 2,000

IR DL L D L L B LR B
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Frequency (cm™)

Fig. 9. IR spectrum
The electrostatic potential of the crystal can be analysed by obtaining the positive and negative charge
distribution. This Molecular Electrostatic potential (MEP) from -4.68x102 to 4.68x10? is obtained using
B3LYP/6-31G(d,p). In fig.10 the red colour indicates is the maximum negative region providing the site for

electrophilic attack and the blue colour indicates maximum positive region providing the site for nucleophilic
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attack. This MEP map shows that there is electrophilic site localised at O(3) atom and nucleophilic site located at
H(27). This shows that the most reactive site of the molecule is the site containing the oxygen [13].

Fig. 10. 3D-representation of the electrostatic potential around the molecule using the Density Functional
Theory at B3LYP level of theory at 6-31G(d,p).

Natural Bond Orbital Analysis
The most possible accurate “natural Lewis structure” is obtained by natural bond orbital (NBO) analysis. It gives
the information about interactions in both filled and virtual orbital spaces enhancing the possible intra and
intermolecular hydrogen bond. With the help of NBO, shifting of charges from the filled bonding molecular
orbital to empty non bonding molecular orbital can easily be indicated. The following equation gives
stabilization energy (electronic delocalization). In the given equation, qi is orbital occupancy, & and & are
diagonal NBO Fock matrix elements and fj is off diagonal NBO Fock matrix element respectively [14].
2
E?=gq; Y

i
Sj—Si
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TABLE 2: BOND ANGLES FROM X-RAY CRYSTALLOGRAPHY AND USING B3LYP/6-31G(D,P) BASIS SET

Atoml Exp (X-ray) B3LYP Atom Exp (X-ray) B3LYP
C15-S1-C16 91.9(1) 91.5 C11-C12-C17 127.1(2) 126.75
C1-N8-C9 129.3(2) 128.49 C13-C12-C17 119.3(3) 119.78
C1-N8-H9A 115.3 113.74 S14-C13-C12 111.6(2) 111.73
C9-N8-H9A 115.4 117.67 S14-C13-C20 120.3(2) 120.95
C15-N16-H15C 120 113.12 C12-C13-C20 128.1(3) 127.3

C15-N16-H15D 120.1 119.1 S14-C15-N16 118.8(2) 120.52
H15C-N16-H15D 119.9 119.31 S14-C15-Cl11 111.5(2) 111.8

N8-C1-C2 125.8(2) 126.4 N16-C15-C11 129.6(3) 127.6

N8-C1-C6 117.1(2) 116.27 C12-C17-C18 111.9(2) 112.44
C2-C1-Cé6 117.1(3) 117.33 C12-C17-H22A 109.2 110.11
C1-C2-C3 119.9(3) 119.86 C12-C17-H22B 109.2 110.31
C1-C2-H2A 120 118.66 C18-C17-H22A 109.3 108.62
C3-C2-H2A 120.1 121.47 C18-C17-H22B 109.3 108.63
C2-C3-C4 121.0(3) 121.42 H22A-C17-H22B 107.9 106.54
C2-C3-H3A 119.5 118.74 C17-C18-C19 111.7(2) 111.68
C4-C3-H3A 119.5 119.84 C17-C18-H21A 109.3 109.1

C3-C4-C5 119.8(3) 119.45 C17-C18-H21B 109.3 109.32
C3-C4-H4A 120.1 120.69 C19-C18-H21A 109.3 109.13
C5-C4-H4A 120.1 119.86 C19-C18-H21B 109.3 110.71
C4-C5-C6 118.6(3) 118.57 H21A-C18-H21B 107.9 106.78
C4-C5-H5A 120.6 122.33 C18-C19-C20 112.1(3) 110.52
C6-C5-H5A 120.8 119.1 C18-C19-H20A 109.1 109.43
F7-C6-C1 117.0(2) 117.14 C18-C19-H20B 109.1 110.63
F7-C6-C5 119.4(3) 119.5 C20-C19-H20A 109.2 109.43
C1-C6-C5 123.6(3) 123.36 C20-C19-H20B 109.2 109.8

010-C9-N8 120.4(3) 120.77 H20A-C19-H20B 107.9 106.96
010-C9-C11 122.8(3) 122.12 C13-C20-C19 109.8(2) 109.99
N8-C9-C11 116.8(2) 117.11 C13-C20-H18A 109.7 110.28
C9-C11-C12 129.8(2) 130.31 C13-C20-H18B 109.8 110.65
C9-C11-C15 118.7(2) 118.18 C19-C20-H18A 109.7 109.68
C12-C11-C15 111.5(2) 1115 C19-C20-H18B 109.7 110.1

C11-C12-C13 113.5(3) 113.44 H18A-C20-H18B 108.2 106.07
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TABLE 3: BOND LENGTHS FROM CALCULATIONS USING X-RAY CRYSTALLOGRAPHY AND B3LYP/6-31G(D,P) BASIS SET

Atom Exp (X-ray) | B3LYP | Atom Exp (X-ray) | B3LYP | Atom Exp (X-ray) | B3LYP
S14-C13 1.749(3) 1.7631 | C2-C3 1.387(5) 1.3966 | C13-C20 | 1.497(4) 1.503

S14-C15 1.734(4) 1.7495 | C2-H2A | 0.93 1.0797 | C17-C18 | 1.530(4) 1.539

F7-Cé 1.357(3) 1.3643 | C3-C4 1.382(6) 1.3943 | C17-H22A | 0.97 1.102

010-C9 1.238(3) 1.2428 | C3-H3A | 0.93 1.0857 | C17-H22B | 0.969 1.0964
N8-C1 1.400(4) 1.4014 | C4-C5 1.370(5) 1.3974 | C18-C19 | 1.505(6) 1.5321
N8-C9 1.377(3) 1.3809 | C4-H4A | 0.93 1.0851 | C18-H21A | 0.97 1.0976
N8-H9A 0.859 1.0073 | C5-H5A | 0.929 1.0845 | C18-H21B | 0.97 1.0953
N16-C15 | 1.350(4) 1.3587 | C9-C11 | 1.449(4) 1.4723 | C19-C20 | 1.525(4) 1.5372
N16-H15C | 0.861 1.0178 | C11-C12 | 1.460(4) 1.461 C19-H20A | 0.97 1.0976
N16-H15D | 0.86 1.0076 | C11-C15 | 1.387(4) 1.3977 | C19-H20B | 0.97 1.0954
Cl1-C2 1.386(4) 1.4034 | C12-C13 | 1.346(4) 1.3624 | C20-H18A | 0.971 1.1002
C1-Cé 1.388(4) 1.4041 | C12-C17 | 1.516(4) 1.5169 | C20-H18B | 0.97 1.0972
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ABSTRACT

Nanocrystalline (GAG) GdAlO3:CO?%is prepaid by combustion process. The morphology, structure and particle
size of the prepared GdAlO3:CO%*sample characterized by transmission electron microscope (TEM) image. The
cyclic voltammetry (CV) and electrochemical impedance spectroscopy (EIS) studies clearly indicate that Co?*
dopant was successful doping material due to increasing the reversibility by reducing the Eo-Er value of the
electrode reaction. The Rc: and double layer capacitance of the electrodes were recognized by fitting the
equivalent circuit for EIS spectrum. GdAlOs:Co?*composite material could be a promising electrode material for

the fabrication of super capacitors.
Keywords : Perovskite, GAG, TEM, Cyclic Voltammetry (CV), Electrochemical Impedance Spectroscopy(EIS)
I. INTRODUCTION

Nanomaterials have attracted attention due to their interesting properties and potential application in many
important areas such as: microelectronics, sensing, environmental remediation, biomedicine etc. Generally, the
properties of these materials are due to their high quantum yield, high molar extinction coefficient, broad
absorption spectra ranging from ultraviolet to near-infrared with narrow fluorescence emission in the visible
region [1]. which generate interest in the synthesis of nanoparticles .Study of GdAlOs nanoparticles are
attractive for nanoscience as well as for nanotechnology applications on photoluminescence, semiconductors,
photocatalysists, gas sensors, UV photodetector, light emitting diodes (LEDs), solar cells etc [2,3].

In 21st century energy is a fundamental worldwide issue for the human society .Energy we needed is provided
by fossil fules.But it is not renewable and also it emits pollutants while burning which degrade the
environment and greenhouse gases lead to global warming problem[4,5]. Such frameworks require the
advantages of compactness and energy effectiveness while being environmental friendly [6]. The technology

and systems of an external thermal interface or that of an external electrical interface embrace by Energy
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conversion and storage systems [7] .Based on amount of energy and power available for the load they are
categorised into groups which includes batteries, fuel cells, capacitors and supercapacitors [8].

In order to study the effect of cation dopant on the structure , Cyclic Voltammetry and ac impedence of
perovskite GAAlOs, In this paper GAA1O3:CO? prepaired by solution combustion method [17]and observed its
characteristics and study of cyclic voltammetry (CV), electrochemical impedance spectroscopy (EIS)[9] in

presence and absence of Paracetamol in1 MKOH electrolyte.

II. EXPERIMENTAL

2.1 Preparation of sample

GdAIO3:CO?* (15mol) synthesised using the solution combustion method by using stoichiometric quantities of
gadolinium nitrate [Gd (NOs)3], aluminium nitrate (Al (NOs)2, cobalt nitrate CO (NOs)2, laboratory prepared
Oxalyl dihydrazide (ODH:C2HsN4O2) fuel were dissolved in doubled distilled water. A homogeneous solution
obtained after stirring 15min. The resultant solution was placed in a furnace pre heated at 400°C for, until
surplus free water evaporated and natural ignition occurred ensuing in a fine powder product obtained after
grinding. Finally, the as prepared powders were calcined at 1000°C for 3 h. The resulting GdAlOs:CO*powder

were cooled down to room temperature and mixed well by using a pestle and mortar.

2.2 Preparation of the modified electrode
The sample, graphite powder and silicone oil ratio was 15:70:15 % by weight and were mixed in an agate
mortar for about 40 min. the carbon paste was packed in to the of homemade carbon paste electrode and then

smoothened on a tissue paper till the surface become uniform.
III. RESULTS AND DISCUSSION

3.1 Transmission Electron Microscope (TEM)

In order to determine the morphology of the sample, typical transmission electron microscopy (TEM)
measurements were carried out and are presented in Fig. 1. represent the TEM micrograph of GdAIOs
containing 15mol % of CO? It is clear from Figure 1 that irregular to round shaped, nanophosphors with

particle size 100nm were formed

100 nm

Fig 1. TEM images CO*doped GdAIlO:s.
3.2 CYCLIC VOLTAMMETRY

International Journal of Scientific Research in Science and Technology (www.ijsrst.com)



Volume 8 - Issue 2 - Published : & January 20, 2021 Page No : 149-153

Cyclic voltammograms (CVs) analysis used for understand the electrochemical performance of the Cobalt
doped GdAlOselectrode for super capacitor during charging and discharging processes. In order to understand
the effect of various mol concentrations on the electrochemical performance of GdAlO3:CO?* nanoporous
carbon electrodes, the CV experiments were conducted for the electrodes with different mol concentration.
Fig.2 successively represents the CV cures for GdA1O3:CO?* (15mol%) electrodes at different scan rates (10, 20,
30, 40 and 50 mVs1')in 1 M KOH electrolyte and with 2 ml of Paracetamol electrolyte concentration using a
platinum wire as counter electrode and Ag/AgCl as a reference electrode in the potential window between -0.1
and 0.6 V[10]. Here, the capacitance was mainly based on the redox reaction because the shapes of the CVs
were distinguished from the shape of the electric double-layer capacitance, which is normally close to an ideal
rectangle [11,12].

The quantification of charge efficiency, charge-discharge of electrodes and the reversibility of the electrode
reaction were carried out using cyclic voltammetry. The reversibility of the electrode reaction was measured by
taking into account the difference between the oxidation potential (Eo) and the reduction potential (Er) [13] at
20 mV/s scan rate. Smaller the value of Eo-Er, more reversible was the electrode reaction. This result shows the

prepared electrode material is used for sensor applications.

0.00008 + 15 mol with out paracetamole
0.00006 + 10mV/S
E 20mv/s
0.00004 + 30mVv/s
< 1 40mV/s
= 0.00002 + 50mV/S
[ 4
£ 0.00000 -
= 4
© _0.00002
-0.00004 -
-0.00006 -
-0.00008 T T T T
0.6 0.4 0.2 0.0 -0.2 -0.4

Potential /\V/

Fig.2. a) Cyclic voltammogram of Cobalt doped GlAlOsin 1M KOH electrolyte.
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-0.0005 ] s50mVv/sS
-0.0010 -
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+—-0.0015
—
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Fig.2 b) Cyclic voltammogram of Cobalt doped GIAlOzin 1M KOH electrolyte with 2 ml of Paracetamol
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3.3 AC IMPEDENCE

Electrochemical impedance spectroscopy (EIS) measurements are very essential in assessing the resistive
characteristics of the electrode. It shows the response of components performance in the frequency domain
[14]. EIS were carried out with ac amplitude of 5 mv and frequency range of 1hz to 1Mhz in order to evaluate
the frequency response of GdAlOs:CO?*(15mol%) electrode in 1 M KOH electrolyte and with 2 ml of
Paracetamol. The Nyquist plots for the electrodes are depicted in Fig. 3The EIS data was analysed using Nyquist
plots and each data point is at a different frequency. The Nyquist plots consists of two frequency regions, a high
frequency region denoted by a semicircle which represents the transfer of charges occurring at the electrode/
electrolyte interface and the low frequency region signified by a straight line representing the diffusion of ions
in the electrolyte. The equivalent series resistance (ESR) can be obtained from the x- intercept of the Nyquist
plot and the charge transfer resistance Rct can be directly measured as the diameter of the semicircle arc on the
real axis [15]. The ESR and Rct values of the electrochemical is indirectly proportional to results of the specific
capacitance, specifically, the higher the Rct value, the lower the specific capacitance of the electrochemical

capacitor . specific capacitance get affected due to the presence of paracetamol in the electrolyte

; -20
2000 n
_ 15 Mol with parecetamole
-18004 15 mol with out paracetamole -18 4
-1600 = -16 <
-1400 = -14 -
-1200 - 12
€.1000 4 E
S S -10
=~ -8004 =
N N .84
-600 =
-400 4 61
200 41
0+ -2 1
200 T T T T 0 T T T T T T
-50 0 50 100 150 200 0 10 20 30 40 50
Z'/lohm Z'lohm

Fig.3.a) Nyquist plot with simulation of Cobalt doped GdAlOszin 1M KOH electrolyte .
b) Nyquist plot with simulation of Cobalt doped GdAlOsin 1M KOH electrolyte with 2 ml of Paracetamol

Table 1 Impedance parameters of GdAlO3:CO? and Oxidation potential (Eo), reduction potential (Er), the

difference between Eo and Er

CO?*mol% ESR(Q) Re(Q2) Eo(V) Er(V) Eo-Er(V)
15 15 13 -0.2 -0.300 -0.1
15 with parecetamol 14 11 0.08 -0.02 0.06
IV.CONCLUSION

Cobalt doped GdAIOs compositions were prepared by solution combustion method. The structure were
analysed by TEM. The CV studies clearly indicate that Paracetamol additive were successful in increasing the

reversibility by reducing the Eo-Er value of the electrode reaction. Paracetamol additive enhances the
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performance of the positive electrode by reducing the resistance of the GdAlO3:CO%*electrode. As a future
perspective, we believe that GdAlO3:CO? composite material could be a promising electrode material for the

fabrication of various sensors, super capacitors and solar cells .
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ABSTRACT

Ammonium dihydrogen phosphate well known as ADP is a non-linear optical material having wide
applications in non-linear and integrated optics. With appropriate dopants, the ADP crystals exhibit several
properties. The behavior of these crystals in radiation fields is also of importance, for technology of the
radiation induced formation of the optical wave guide (in these crystals). In the present work pure ADP and
ADP doped with inorganic compounds like ferrous sulphate, Nickel chloride and Cuprium chloride have been
investigated. Crystals were grown from supersaturated solution at room temperature by natural evaporation
process. Grown crystals were characterized using X-ray diffraction and EDAX. The grown crystals were
subjected to hardness studies to know the mechanical properties of NLO crystals which is essential for
understanding the origin of laser induced damage in them. Hardness is calculated by Vicker’s method. It has
been observed that hardness increases in these crystals with load and the cracking has developed around 50gm.
Dielectric constant and Dielectric loss is measured as a function of frequency. Study confirms the contribution

of space charge polarization.

Keywords: - NLO crystals, Microhardness, Dielectric constant, Dielectric loss, Polarization, SHG efficiency.

I. INTRODUCTION

In the last few decades, significant advances have been made in the field of non-linear optics and optical
computing. Since the invention of the first laser, the frequency conversion of laser radiation in nonlinear
optical (NLO) crystals has become an important technique widely used in quantum electronics and laser
physics for solving various scientific and engineering problems. Use of NLO materials makes it possible to
extend the optical frequency range from ultraviolet to infrared. Non linear optical crystal ammonium
dihydrogen orthophosphate (ADP) has gained considerable importance in recent years because of its non-
linear, ferroelectric, piezoelectric and electro-optic properties.

We have made an attempt to modify ADP crystals by adding inorganic compounds like ferrous sulphate,

Nickel chloride and Cuprium chloride in definite ratios with the aim of discovering new useful materials for
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academic and industrial use. Present paper reports the studies of Vickers microhardness and dielectric constant

of solution grown ADP crystals containing FeSO4, NiCl2 and CuCle.
II. METHODS AND MATERIAL

2.1 CRYSTAL GROWTH

Single crystals were grown from supersaturated solution at room temperature by natural evaporation process
using AR grade samples of ADP, FeSOs, NiCL2 and CuCl..

ADP was added with FeSO4, NiCl> and CuCl2. Separately, each in definite molecular ratio, viz. ADP: X (X
represents dopants added in one molar weight i.e. in 10:1 ratio).

Grown crystals were found to be transparent and exhibited scalenohedral (twelve sided polyhedron)
morphology. Crystals with high transparency were used for microhardness and dielectric measurements.

The Grown crystals were characterized using X-ray diffraction and energy dispersive X-ray spectroscopy

(EDAX). Data confirms that the impurities have entered into the lattice of the ADP

2.2 DIELECTRIC MEASUREMENTS

The extended portions of the crystals were removed completely and the samples were ground to proper
thickness and polished. The final dimensions of the samples were about 1.5 to 2 sq.cm and 0.1 to 0.3 cm in
thickness. Each sample was electroded on either side with air-drying silver paste so that it behaved like a
parallel plate capacitor. A 4275A, Multi frequency LCR meter (Hewlett-Packard) was used to measure
capacitance (C) and dissipation factor (D) of the sample as a function of frequency. The dielectric constant (&r)
and dielectric loss (tand) were calculated from C and D using the relations,

_ Cd

A
Where,

C is the capacitance of the sample, d the thickness of the sample,

€r and tand =D er

A area of the face in contact with the electrode and €. the permittivity of free space.

2.3 Microhardness studies

Microhardness measurements were carried out using Zwick 3212 hardness tester fitted with a Vicker’s
diamond pyramidal indenter. All the indentation measurements were carried out on the freshly cleaved
samples. The indentation was made varying a load from 5 to 25 gm and the time of indentation was kept at 10
sec. The indented impressions were approximately square. The crystal surfaces were indented at different sites.
Diagonal lengths of the indented impression were measured during calibrated micrometer attached to the
eyepiece of the microscope. Several indentations were made on each sample. The average value of the
diagonal lengths of the indentation mark was used to calculate the hardness. The Microhardness is calculated
using the expression [1]

H-1.8544 P/d?* Kg mm?

Where,P is the applied load in Kg and d the average diagonal length of the Vickers impression in mm after

unloading.
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2.4 SHG EFFICIENCY

The grown crystals of pure ADP and doped ADP were subjected to Kurtz second harmonic generation (SHG)
test. A Q-switched Nd: YAG laser whose output was filtered through 1064nm narrow pass filter was used for
the purpose. To measure the SHG efficiency, the powder of the samples were derived from the crystals grown
with full morphology, which ensure homogeneity of the material. The input power of the laser beam was
measured to be 6.6 mJ/pulse. Pure ADP was used as reference sample. Both the reference and test samples had

uniform particle size of 30-50pm.
III. RESULTS AND DISCUSSION

The variation of dielectric constant(er) and dielectric loss (tand) at room temperature for ADP and ADP
containing FeSOs4, NiCL2 and CuClz.are shown in Figs 1 and 2. It is observed that the dielectric constant (:)
decreases with the increase in the frequency. Values of dielectric constant and dielectric loss at 100 kHz and 1
MHz frequency for pure ADP and ADP crystals containing FeSO4, NiCL2 and CuCl2 are given in Table 1. The
dielectric constant of a material is generally composed of four types of contributions, viz ionic, electronic,
orientational and space charge polarizations. At low frequencies all polarizabilities are operative hence and are
high. As frequency increases one polarization mechanism after another is frozen out. The first to stop
contribution to and is orientational compound, then the ionic and the lastly the electronic [2, 3].The dielectric
loss (tand) is due to the resistive component that makes them loose, so that they dissipate some of the applied ac
energy. tand in the present study was found initially to decrease with frequency and later almost a constant
over a range of frequency for all the three dopants.

Fig.3 shows the variation of microhardness with indenter load. The microhardness increases with increase of
indenter load (from 5 to 25g). With gradual increase of the applied stress, the elastic limit of the material can
be exceeded and the specimen will not restore its original shape on removal of the stress.

Presence of Fe3+ Cu* and Ni?* ions has resulted in decreased microhardness value.
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Figl. Variation of dielectric constant with Frequency in pure and doped ADP crystals
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Fig3. Variation of microhardness with load in pure and doped ADP crystals

The hardness or softness of the material can be determined by using Meyer’s equation, P=ad» where P is load in
kg, d is diagonal length in mm and n is work hardening number. The n value tells us about the hardness or
softness of the material [6]. A graph of log p versus log d has been plotted for pure ADP and doped ADP
crystals. The slope gives the n value and the same are shown in the table2. The increase in n values of the
doped ADP crystals confirms that, the material become soft on doping.

The SHG efficiency of ADP containing Cuprium chloride is found higher than pure ADP. It is surprising that
the other metal additives FeSOs, NiCl are acting aspoison, not favoring SHG efficiency. In the present study
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the additives and host are in the molar ratio of 1:9.1t is interesting to carry out the work at lower ratios to know
exactly at what molar ratio the materials start nullifying the SHG efficiency and making the host crystal lose
the NLO property. Definite conclusion regarding the result requires further work on phase matched efficiency

of single crystals. The measured SHG efficiency of the crystal is as shown in the table.3

IV.CONCLUSION

In summary, the ADP is turned out to be useful NLO device material for several reasons. It can be grown easily
with suitable habit faces. It is transparent, so that phase matching for second harmonic and frequency mixing
processes can be achieved well into the visible region. So higher efficiencies could be achieved by increasing
the intensity of input signal. From the study of indentation hardness measurement in pure ADP and ADP
containing FeSO4, NiCl2 single crystals, crystals have answered for different hardness values. Presence of Fe3~
Cu* and Ni* ions has resulted in decreased microhardness value. The hardness measurements may be useful in
indicating the order of magnitude to be expected for the elastic constant in a new material. Dielectric constant
and Dielectric loss decreases with frequency. Large value of dielectric constant at low frequencies in the
present study confirms the purity of the sample, secondly, as due to the space charge polarization [4]. Values of

hardness and dielectric constant in doped ADP crystals prove to be a useful candidature for many applications.

Tablel. Values of dielectric constant (&) and dielectric loss (tan 8) of pure and doped ADP crystals

At 100 kHz At 1 MHz
Sample

& tan § & tan §
Pure ADP 61.94 0.25 56.66 0.06
ADP+FeSO4 60.074 0.0047 60.125 0.0044
ADP+C.Cl2 47.169 0.0069 47.169 0.0042
ADP+NiCI2 63.1 0.042 62.44 0.011

Table2. Work hardening number of ADP and ADP doped crystals

Sample Work hardening number (n)
Pure ADP 0.995
ADP+ CuClz 6.429
ADP+ FeSO4 6.43
ADP+ NiCl 6.41
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Table3.SHG efficiency of pure ADP and doped ADP crystals.

Sample SHG efficiency with respect to ADP
Pure ADP 1.000
ADP+ CuCL 2.158
ADP+ FeSOs 0.928
ADP+ NiCL 0.916
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ABSTRACT

In this paper, first we define a Rounded Super mean labeling and a Rounded super graph. We proved that the
cycle, kite, complete bipartite of ¥zn and the ladder are R-super mean graphs.

Keywords : Rounded Super Mean Labeling, R-Super Mean Graph.
I. INTRODUCTION

In this chapter, we introduced a new concept, known as rounded super mean graph. Formally, we define a
rounded super mean graph or R — super mean graph.

Basic Definitions and Notations Definition

Let G be the (Pq) graph and letf:V = {L23......p + 4} be an injection function. For a
vertex labeling f, the induced edge labeling f(¢ = ¥} is defined by f(e) =T[f(u}+ f(v]] / 2](or)

Lf(u) + f(¥)] / 2] Then f is called a rounded super mean labelling if

fWVED U{f(e):e € E(G)} ={L.23......p + g}, A graph that admits rounded super mean labeling is called

rounded super mean graph. It is denoted by R — super mean graph.

Definition

The chord of cycle €, adjoined by a path R It is denoted by €4 A B and is shown in Figure 1

Vi
Figure 1
Theorem.
The cycle €. is a R-super mean graph
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Proof.
Let be the vertices of the cycle Crn Vi V2 Vae v es Ty

Page No : 160-163

In the cycle Cn, » = n and g = n To consider the vertex labeling of f, we consider the following two

cases

Case(1). When n is odd

We define f:V(Cn) = {1.2,3,.....2n} by

-1 for 1l=i=in+1)/2 1
IEE for m+1) /2 =i =n fivi)
By the definition of R-super mean labeling, we

obtain

FOr(Cy)) = (13,5 c,mn + 3,n + 5,.....2n)

and

FE(C,)) = {24.6,wn — Ln + Ln + 20 + 4..2n — 1},

Then f is R-super mean labeling.

F(E(C,) = {24,on — 2n + L....2n — 1}
Then f is R-super mean labeling.

Thus the cycle C,, is a R-super mean graph.

Example

The R-super mean labeling of the cycle £-is shown in Figure 2.

Figure 2
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The R-super mean labeling of the cycle £g¢ is shown in Figure 3

Figure 3

Theorem
The kite k(4.7) is a R-super mean graph.

Proof
In the kite k(4¢.n).p = n + 3and g = n + 3, Let ViV V. Vnez be the vertices of the kite

We define f:V({K) = {L.2.3.....2n + &} by

- _f2-1 for 1
fo) = |
=4 &

2i for 3 <i

By the definition of R-super mean labeling, we obtain f(V{K)) = {1.3.6.8,10,.....2n + 6} and
FIE(K)) = {2.4.5,7.9,11.....2n + 5}. Hence f is R-super mean labeling

Thus the kite K (4.n) is a super mean graph

Example

The R-super mean labeling of the kite K{(4.5} is given in Figure 4

Figure 4

Theorem
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The graph C4A F, is a R-super mean graph

Proof

Let VirV2: V3. Vnia be the vertices of (A F,. Inthisgraphp = n + 3andg = n + 4
We define f: V(€ AR, .} = {L.2.3......2n + T}

By

' 2i for Moo |
Fv) ={2i+ 1 for 3<i

b

< 2
=n+3.

By the definition of R-super mean labeling, we obtain

FIV(C,ARY) = [1L3.7.89.1L....2n + T}
And

FE(C,ARY) = {2.4.6,10,12,....2n + 6}

Then f is R-super mean labeling.
Hence the graph €4 4 £, is a R- super mean graph
II. CONCLUSION

In this paper, we introduced a new concept named as rounded super mean graph or R-super mean graph. First

that the cycle, kite, complete bipartite graph K2,n and the ladder are R- super mean graphs.
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ABSTRACT

Nd3+ added nanocrystallite ferrite samples with general formula CdxMgl-xFe204 (x = 0.5) were prepared by
oxalate Co-precipitation method from high purity sulphates. The XRD, SEM and FT-IR Techniques were used
for characterization of the samples. The XRD confirms cubic spinal structure with orthoferrite secondary phase.
The XRD confirms cubic spinel structure with orthoferrite (NdFe20O3) secondary phase. The crystallite size is
57.67 nm. The surface morphology SEM study shows highly pours in nature and located in loosely algglomeate
state particles. The FT-IR spectra show two strong absorption bands in the range of 350- 800 cm-1. The
response and recovery time of Nd3+ added Mg-Cd ferrite studies for two gases (Acetone and LPG) Acetone gas
shows good sensitivity as compare to LPG gas. The respond depends on the composition, test gas and grain size
of the material.

Keywords : Nanocrystallite, Chemical Synthesis, Response, Selectivit,Y Response Time.

I. INTRODUCTION

Nano particles of spinel ferrite draw significant consideration due to their lower density and higher specific
surface area and distinct optical, catalytic and magnetic properties [1]. Study of spinel ferrite MFe204 ( Where
M= metal ion) nano particles has significant application in modern technologies such as contrast enhacement
of magnetic resonance imaging, high density data storage and magnetic carries for site specific drug
delivery[2]. Spinel ferrites have the general molecular formula MFe204 where M2+ and Fe3+ are the divalent
and trivalent cations occupying tetrahedral (A) and Octahedral (B) interstitial positons of the FCC lattice
formed by O2- ions. Among the spinel ferrites, MFe204 nanoparticles finds extensive applications in magnetic
based diagnosis and treatment devices [3], potential magnetorheological fluids[4]. Gas sensor [5], catalysts [6]
and lithium ion batteries [7]. Magnesium ferrites is a soft magnetic n-type semiconducting material [8,9].

Recent increasing attention to nanostructures of magnetic materials has been due to their unique material
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properties that are significantly different from those their bulk counter parts [10,11]. Physical, chemically and
structural properties of oxide powders depend during preparation. A wide variety of methods are being used to
synthesize spinel ferrite nano particles including citric acid combustion [12]. Sol-gel auto combustion[13] ,
hydrothermal [14] , co- precipitation methods [15,16]. In addition thermolysis [17]. Wet chemical co-
precipitation technique[18]. Self propagating and microemulsion[19,20] are also used. The nano crystallite
material provides absorption sites for test gases. The existence of large surface to volume ratio in
nanostructured material facilities better response towards specific gases thermophogy and particle size is this

material depends on method preparation and sintering temperature.

This communication reports the effect of Nd3+ion addition on gas sensing properties of nano crystallite Mg-Cd

ferrites prepared by Oxalate Co- precipitation method for liquid petroleum gas(LPG), clorine(Cl2) and ethnol.

II. EXPERIMENTAL DETAILS
Nd3+ ions added spinel ferrites with general formula Mg0.5Cd0.5Nd0.01Fe1.995SO4 The starting materials
namely AR grade MgSO4-6H?0 (Thomas baker), CdSO4-6H20 (Thomas Baker).

FeSO4-7H20 (Thomas Baker) and Nd2(SO4)3- 8H20 (purity 99.9%, alfa Asar) weighed in the required
proportion. These matters are dissolve in double distill water. The pH of prepared solution was maintained by
solution H2SO4 (Sd fine chem. Ltd.) drop by drop. The solution was heated for 1h so as to optimize the
complete ionization of metal stirring until the complete precipitation was formed. The precipitate of
ammonium oxalate was sulphate. Then AR grade ammonia oxalate (Thomas baker) was added slowly in the
solution with constant heating on hot plate till precipitate settle down. The precipitant was filtered and
washed several time with distill water using what man filter paper number 41. The Barium chloride test was
used to confirm the removal of sulphate ions. The precipitates were dried and pre sintered for 1h at 200°C. The
pre sintered powders were milled in an agate motor the powder was finally sintered for 5h at 500°C. By using
various binders such as 4 wt % ethyl cellulose, 5 wt % 2-(2- butoxy ethoxy) ethyl acetate, 1 wt% ethyl acetate

in addition to 90 wt % were used. The thick films were prepared by screen printing technique.
The test gases acetone and LPG were obtained in the form of gas cylinder available in the market.

III. RESULTS AND DISCUSSION
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Fig.2. XRD of Mgo5 Cdos Ndoo1 Fe1.99 O4
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The structural analysis (XRD, SEM and FT-IR) of Nd3* ion added Mg-Cd ferrites under investigation are already
reported [21]. The typical XRD pattern of Nd* ion added MgFe20O4 presented in Fig. 2. The X- ray analysis
confirms cubic spinel structure with ortho ferrite (Nd* FeO3) secondary phase of all the samples under

investigation.

a=d, Nh? +k?+1° .

The average crystallite size of the samples is in the range of 8.3731 nm. The average grain size in the samples
calculated by linear intercept method is presented in Table 1. The addition of Nd3 ions reduces the grain
growth probably due to deposition of Nd** on the grain boundaries which in turn hampers its motion [21]. Fig.
4 presents the typical FT-IR of Mg0.5Cd0.5Nd0.01 Fe204. It shows two absorption bands in the range of (v1
and v2) 437.11and 523.14 respectively. These two bands show well formation of ferrites.

The crystalline size for (311) plane was determined with the help of Debye Scherriter formula
0.944

Pcosb a)

Where N’ is the wavelength of X-ray, B is the full width at half maxima, and 0 is the Bragg’s diffraction angle.
The average crystalline size ‘D’ of the samples lies in the nano particle range (57.67 nm) as shown in tablel. X-
ray density (».)for all compositions of Mg-Cd ferrites changes with increasing cadmium content as shown

in table 1. The X-ray density of the sample is calculated by using Standley (1962) relation

8M
3
Na @

Where, N is the Avogadro’s number, a is lattice constant and M is the molecular weight. This may be due to the

px =

larger ionic radii of Cd». which replaces Mg,.and Fes. of smaller ionic radii at octahedral site [21]. The bond lengths
(A-0O, B-0) and ionic radii (rA, rB), on tetrahedral (A) and octahedral (B) sites of cubic spinel structure are

calculated by using the following equations suggested by Standely

AOziuﬂaﬁ 5)
B0 {T—u)u (6)
[ ‘EJ 3-r(0™ ) (7

;b:[:g—n}a—r'(Oz ) (8)
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FTIR

The FTIR spectra present in fig. 3 are found to exhibit two major bands in the range 352-800 cm-1. The higher
and lower frequency bands are in respective ranges of 437.11 - 523.14 cm-1 are they common characteristic
of spinal structure. Waldron has detected the vibration of unit cell of the cubic spinel can be constructed in
the tetrahedral (A) site and octahedral (B) site. Accordingly the absorption band (V1) caused by stretching

vibration of tetrahedral metal-oxygen bond and absorption band (V2) by metal- oxygen vibration in octahedral

sites.
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Fig. 2 FTIR of Mgo.s Cdo.s Ndo.o1 Fe1.99 04
SEM

The scanning electron microscopy (SEM) micrographs are Mg0.5Cd0.5 Nd0.01 Fe1.9904 system (shown in
fig. 4) are highly porous in nature and located in loosely packed agglomerate state spherical particles. So it
cannot identify shape and size of the indusial particle. The FE-SEM of Mg-Cd ferrites thick film at 100K
magnification (shown in fig. 5) are nano- grained structure with uniform granular morphology. It is evident
from fig. 4 that morphology of cadmium added sample deviated from fine structure of pure ferrite. The
addition of Nd3+ results in to formation of the MFeO3 crystalline phase conformed by XRD studies. The
formation of crystalline phase shows a very good densification of cadmium containing ferrites. The average

grain size was calculated from SEM micrograph surface using the equation [e-14].
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Fig.5. SEM Mg0.5 Cd0.5 Nd0.01 Fel.99 O4

Gas sensing properties In case of ferrite sensor the gas sensing mechanism is mainly a surface controlled
mechanism the change in resistance is a result of amount of chemi absorbed oxygen on the surface and the

species [19]

The oxygen absorbed chemically on the surface of Mg-Cd ferrite sensor undergoes the reaction

O2gas‘_)o2adsto_adstoz_ads
(10)
This depicts how Mg-Cd ferrites are influenced by Oxygen absorption on the surface.

With increases in temperature, the equilibrium shifts to the right which results in the decreases in
conductance. The conductance decreases significantly shown of that the effect of equilibrium is significant at
higher temperatures. The oxygen from Mg-Cd ferrite sensors capture electrons leading to decreased

concentration of electron and hence increased resistance of the sensors [13].

However when Mg-Cd sensor is exposed to the reducing gases such as LPG, and acetone is found that the
resistance of the sensor decreases. This may explained as the result of reaction of the reducing gases with
chemi adsorbed oxygen resulting in the release of electrons back to the conduction band. The general
reaction of reducing gases with oxygen species O- and O2- on the surface of the ferrite are given below [22-
24].

R(gas} > R(ads) (1 l)
R(ads) +O—(ads) «>ROads) + €— {12)

i) When ferrite sensor is exposed to LPG, the LPG reacts with chemisorbed oxygen. The absorbed oxygen is removed as a
consequence of interactions of hydrocarbons (CnHan+2) of LPG to from gases species and water vapor. The reaction, in general,
may be represented as follows [25]

2ChHone2 202 =2CGiHO+2H0+F2¢
Where 2CnH2n+2 represents various hydrocarbons of LPG.
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This reaction shows that the concentration of conduction band electron increases their by resistance of ferrite
senor decrease [ 22, 26].

ii) The reaction show that the absorbed acetone interacts with oxygen ions (O) which release carbon dioxide,
water vapor and electrons to the conduction band [18].

C-HgO +80 —3CO, +8H,O+ e
So it may be conclude that, the sensor with lower operating temperature is favored than higher operating temperature.

We can explain the conduction mechanism of gas sensor at different operating temperature depending on the reaction
mechanism of surface observed oxygen O-2 ions and sensor resistance is high sensor resistance decreases reaches minimum
value at particular temperature (6a to 7a) this shows that conduction electron generated due to transformation of ferrite sample
in surface absorbed O-2 ions . As the temperature increases the conversion of O-z2 ions to O-ion in the following reaction
02—20—e-. The generated electron increases their concentration over up ferrite sample. Thus there is increase of conductivity
(decreases of resistance).

The variation of sensor resistance with operating of temperature is shown in Fig 6a and 7a. Sensor resistance decreases
becomes minimum and increases with operating temperature. Where Ra and Rg are resistance of sensor at air and gas. The
minimum temperature range for acetone and LPG are 275 oC and 290 oC Respectively. This shows that different gases show
different operating temperature which depends on nature of gases. The sensor sample x=0.5 shows good sensitivity for three
gases.

The variation sensor resistance with time as shown in fig 6b and 7b. The sensor response for composition x=0.5 studies for the
two gases the response time is defined as the require to from 90% of the conductivity of equilibrium value of the conductivity
of equilibrium value of the applying the test gas. The recovery time is the time needed for initial conductivity in air to be
established in the sensor. The LPG gas 500 ppm at their optimum temp 300°C and 290 as shown in Fig 6b and 7b. While the
gas input is for LPG the value found to be 25s and relaxation time is found 80 sec. for LPG for the acetone input gas value
found to be 43 sec. and relaxation time is found to 62 sec. Above observation was found that acetone gas good time sensitivity
than LPG.

The variation of sensor response with gas concentration for different gases is shown in Fig. 6a to 7c. The maximum value of
sensor response is 1.8 for acetone, 1.5 for LPG at x= 0.5 respectively. The value of response decreases.

R;[M ohm)

T T T T 1
0 100 200 300 400 500
Operating temperature °c

Fig.6.a. LPG variation of sensor resistance with operating temperature
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Content | Crystal | Lattice | X-Ray
Size (D) | constant | density | Bond length(A?) Ionic radia Abortion Band
nm (A9
A-O B-O Ta s Y1 Y2
site site
0.5 57.67 8.3731 8.773 1.6406 1.7703 02906 | 03937 | 437.11 | 52314

IV.CONCLUSION

The preparation of Mg-Cd ferrites was carried out using oxalate co-precipitation method at sintering

temperature of 500°C for 5 h. It is found that the average crystalline size lies in the nano particle range

57.67nm. With increase in Nd2+ content the lattice constant as well as the grain size increase. The band

boarding is also observed which suggests the occurrence of octahedral B site. . The samples show increase in

sensitivity with the operating temperature. The operating temp of thick film Nd doped ferrite found to be

300°C and 275°C for acetone and LPG gases. The thick film of ferrite shows good sensitivity for acetone gas.
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ABSTRACT

For the past three decades, a hefty number of numerical graph invariants (topological indices) encompass are
defined and worn for correlation analysis in theoretical chemistry, pharmacology, toxicology, and
environmental chemistry. The TIS are numerical measure based on various invariants or characteristics of
molecules graphs. For the convenience of the discussion these indices are classified according to their logical
derivation form TIs, rather than according to their sequential growth. Structural compassion is one of the most
important and the least investigated property of the topological molecular descriptors. Here, I plan to present

some works and avenues allied to the Topological indices.
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ABSTRACT

Nanocomposite Zn2SnO+/ZnO was prepared by facile hydrothermal method with the support of NaHCOs
mineralizer. Characterization techniques such as powder - X-ray diffraction, Raman spectroscopy and Scanning
electron microscopy were used to analyze the phase purity and morphology. XRD study revealed that
Zn:Sn04+/ZnO composite phase with the crystallite size of 20 - 25 nm range, which was calculated using
Scherrer expression. SEM analysis shown agglomerated particles of spherical shape morphology. Photocatalytic
degradation studies of Methylene Blue dye under UV irradiation shown superior degradation activity by the

prepared product, which suggested the formation of type II heterojunction nanocomposite.
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ABSTRACT

The paper describes the key characteristics of novel Anion Exchange Membranes (AEM) derived from a
commercial bifunctional epoxy resin. AEMs have been under intense study in recent years [1,2] due to their
intrinsic advantages like low cost, ease of synthesis, enabling use of non-noble metal (Ni, Co, Fe)
electrocatalysts [3] significantly lowering the overall cost of fuel cell over the conventional Proton Exchange
Membranes (PEMs) which require noble metal (Pt, Ru, Pd) based electrocatalysts, besides being very expensive.
However, the limitations of AEMs include lower ionic conductivity due to poor mobility of bulkier hydroxyl

ion responsible for lower performance of the fuel cell.

The author presents the typical characteristics of anion exchange membranes (AEMs) prepared from
Quaternized Epoxy Ionomer (QEI) and their Composite Ionomer (QECI) made by incorporating
montmorillonite (MMT) nano-clay in proportions from 1 to 8% by weight of the polymer (QEI). Addition of
MMT has shown significant improvement in mechanical properties like tensile strength and elongation at
break, alkaline stability, and increase in thermal stability in air from 170°C to 180°C according to
thermogravimetric analysis (TGA), as compared to those for the pristine QEI. Results show marginal reduction
in Water Absorption (WA) by about 10% and the Swelling Ratio (SR) by about 15%. However, there is
improvement in Ion Exchange Capacity (IEC) and Hydroxyl Conductivity of QECI membrane, however small,
as compared to that of the pristine QEI. These results indicate good potential of these anion exchange
membranes for application in Alkaline Polyelectrolyte Fuel Cells.

Keywords : Anion-exchange, Epoxy, Fuel Cells, Ionomers, Membranes; Quaternary
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Studies on Acoustic Behaviour and Molecular Interactions of MgS04 in

Galactose-Water Mixed Solvent Systems

D. N. Ganesh and Susmita Kamila*

Department of Chemistry, Rajiv Gandhi institute of Technology, Bangalore, India
ABSTRACT

Acoustic studies in liquid and their mixtures are of great importance in different fields of research. Presently,
the ultrasonic velocity, viscosity and density measurement have been carried out for MgSO4 in aqueous
galactose mixed solvent systems at 303.15K temperature and atmospheric pressure. From the measured data,
different acoustic parameters such as isentropic compressibility, Bs, intermolecular free length, Lf, acoustic
impedance, Z were calculated. The results were interpreted in terms of molecular interactions. It has been
observed the presence of inter-molecular interactions among the component molecules in the mixed solvent

systems.
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Effect of Discrete Heating on Natural Convection in an Inclined

Parallelogrammic Enclosure

Ravindra P!, Pandurangappa C? and M. Sankar?
'Department of Mathematics, East Point College of Engineering and Technology, Bangalore, India
2Department of Mathematics, UBDT College, Davanagere, India

3Department of Mathematics, Presidency University, Bangalore, India

ABSTRACT

In many heat transfer applications, the physical configuration of equipment may not be of regular shape and
one or more geometrical parameters in such non-regular shaped enclosure significantly influence the
convective flow and associated thermal transport processes. Therefore, in this paper, numerical simulations are
presented to understand the influence of inclination angle of a tilted parallelogrammic enclosure as well as
partial heating and cooling of side walls. The upper and lower boundaries of the enclosure are treated as
thermally insulated; side walls are considered to be single thermal source-sink pairs of two different lengths
located at various locations. Using Darcy law, the momentum equations are modeled and unsteady energy
equation is considered. The model equations are numerically solved using finite difference method, in
particular, using ADI and SLOR methods. Based on standard coordinate transformations, the governing
equations are transformed to rectangular shaped enclosure computational domain. In this analysis, due to large
number parameters, the side wall inclination angle of the enclosure is fixed. The flow and thermal processes are
depicted through streamlines and isotherms, while the thermal transport rates are illustrated through Nusselt
number profiles. Numerical simulations capture the effects of side wall inclination angle and the effect of
discrete heating on the flow and thermal patterns, heat transport rates for various parametric ranges of the
problem.
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Semi Graph and its Associated Topological Space
Bhuvaneshwari. R. H!, Satymurthi. P2
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?Jain Institute of Technology Belagum, Karnataka, India
ABSTRACT

In this paper, definition of semi graph, some properties of degrees of vertices of a semi graph have been
discussed. Definition the Topological space and Define the semi graph is associated with topological space.

Keywords : Semi graph; Adjacency and Degrees in Semi graph; Associated Topological space.
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Dispersion of Tracer Particles in a Channel Bounded by Porous Media using

Residual Shear Slip Condition
Dr. N. G. Siddagangamma

Assistant professor, Department of Mathematics, Siddaganga Institute of Technology, Tumkur, Karnataka, India
ABSTRACT

In the present paper an attempt is made do study the flow of a steady fluid through a channel under the
influence of residual shear slip condition at the fluid deformable porous wall interface on steady arterial blood
flow. The porous wall is modelled as a continuous binary mixture of solid and fluid phases. These equations are
linear and are amenable to Fourier analysis. Analytical expressions for the velocities of fluid and dust particles
are obtained by using Fourier series analysis technique. Results have been discussed with the help of graphs.

Keywords : Channel Flow, Two-Phase Flow, , Incompressible Flow, Volume Fraction
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Testing BNBRU Ageing Class of Life-Time Distribution Based on Moment
Inequality

A. Touseef Ahmed and U. Rizwan
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ABSTRACT

In this paper, new moment inequality is derived for Bivariate New Better than Renewal Used (BNBRU) ageing
class of life-time distribution. This inequality demonstrates that if the mean life is finite, then all higher order
moments exist. Based on the Moment inequality, new testing procedures for testing bivariate exponentiality
against BNBRU ageing class of life-time distribution is introduced. The asymptotic normality of the test statistic
and its consistency are studied. Using Monte Carlo Method, critical values of the proposed test are calculated
for n = 5(5)100 and tabulated. Finally, the theoretical results are applied to analyze real-life data sets.

AMS Subject Classification: 60K10

Keywords : Classes of life-time distribution, BNBRU, Moment inequality, U-statistic, Life testing

Certain classes of life-time distributions and their variations have been introduced in reliability theory, the
applications of these classes of life-time distributions can be seen in engineering, biological science,

maintenance and biometrics. The main aim of constructing new tests is to gain higher efficiencies.

Testing bivariate exponentiality against some bivariate ageing classes of life-time distributions has seen a good
deal of attention. The moment inequality for the Bivariate New Better than Renewal Used (BNBRU) Ageing
Class of life-time distribution can be found in the work of Sathiyaraj and Rizwan (2019). Now we propose a test
statistic testing Bivariate Exponentiality Against Bivariate New Better than Renewal Used (BRNBU) Ageing

Class of life-time distribution, based on the moment inequality.
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Combined Effect of Surface Roughness and Micropolar Fluids on Squeeze Film

Lubrication between Porous Rough Curved Annular Plates

Hanumagowda B N ! and Chaithra N 2
IREV A University, Bangalore, India

2Department of Mathematics, East Point College of Engineering and Technology, Bangalor, India
ABSTRACT

In this present article discuss the combined impacts of surface roughness and micropolar fluids on the squeeze
film lubrication between porous curved annular plates. Two forms of one dimensional surface roughness
patterns (radial and azimuthal) are used on the basis of Christensen stochastic theory of surface roughness. The
stochastic modified Reynolds equation is derived and the closed form expressions are obtained for the mean
squeeze film pressure, mean load carrying capacity and squeeze film time. It was observed that the radial
(azimuthal) roughness decreases (increases) the squeeze film characteristics

Keywords : Porous, Curved Annular Plates, Squeeze films, Micropolar fluids, Surface Roughness.
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A Study on The Combined Effect of Couple Stress and MHD on Sine Slider

Bearing Having Rough Surface
Hanumagowda B N, Tesymol Cyriac?®”
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ABSTRACT

The present study is aimed for analyzing steady and dynamic characteristics of a sine slider bearing whose
surface is assumed to have transverse or longitudinal roughness pattern. The stochastic model of Christensen
theory is applied to analyze the roughness effect. Apart from this, the influence of couple stress parameter and
magnetic field is also analyzed. It is observed that steady state pressure, steady state load carrying capacity,
dynamic stiffness and damping coefficient increase with the increase in couple stress parameter and magnetic
field. Also, the bearing characteristics are found to increase with the increase in the roughness parameter
accounted for transverse roughness and decrease with the increase in the roughness parameter accounted for

longitudinal roughness.
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Analysis of Squeeze Film Lubrication Between Curved Circular Plate and

Porous Flat Plate - A micropolar fluid model

Hanumagowda B. N.

School of Applied Sciences, Department of Mathematics, REVA University, Bangalore, Karnataka, India

ABSTRACT

The study of the effect of micropolar fluid between the circular plate and the porous flat plate is presented in
this paper. The generalized Reynolds equation is derived for the curved circular plate and porous flat plate.
Squeeze film characteristics are derived using the Reynolds equation. From the outcomes it is found that the
influence of micropolar fluid enhances the pressure, the load carrying capacity and lengthen the squeezing time.
Pressure, load carrying capacity and squeeze film time decreases with increasing values of porosity parameter.

Keywords : Micropolar Fluids, Porous, Curved Circular Plates
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Combined Effect of Micropolar Fluid and Roughness on Curved Circular Plate

and Rough Porous Flat Plate

Hanumagowda B. N.
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ABSTRACT

This paper describes a theoretical analysis of the effect of surface roughness on the squeeze film lubrication
between curved circular plate and flat plate with micropolar fluids. On the basis of Christensen stochastic
theory modified Reynolds equation is derived for the study of impact of surface roughness on squeeze film
characteristics of curved circular plate and flat plate with micropolar fluid. The expressions for the mean
squeeze film pressure, mean load carrying capacity and squeeze film time are obtained. It is found that the
squeeze film characteristics are increasing (decreasing) for the azimuthal (radial) roughness pattern. The effect
of porosity decreases the squeeze film characteristics.

Keywords: Micropolar fluids, Surface roughness, Porous, curved circular plates.
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Mixed Convection of Couple Stress Fluid in a Vertical Porous Stratum in the

Presence of heat source or Sink and Thermal Radiation Effect
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ABSTRACT

The fully developed mixed convection of couple stress fluid in a vertical porous channel in the presence of heat
source or sink and thermal radiation effect is analyzed. The two boundaries of the channel are considered as
isothermal-isothermal, isothermal-isoflux and isoflux-isothermal for the left and right walls respectively. The
governing momentum and energy equations are coupled and nonlinear due to the viscous effects. The results
are represented graphically for different values of buoyancy parameter A, couple stress parameter 'a', porous
parameter ‘K’ and radiation parameter F on velocity and temperature profiles. We observe that for purely
viscous fluid for 4 = —500 the flow reversal was at the hot wall whereas for couple stress fluid through porous
channel, there is a flow reversal both at left and right walls. The effect of & on the flow for couple stress fluid is
dominating compared to viscous fluid both on velocity and temperature. The profiles of temperature are
significant for couple stress fluid for different values of & whereas the profiles were not sensible for different

values of & for viscous fluid.
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Study of Non Linear Optical Properties of Inorganic Compound Doped ADP

Crystals
G. Maruthi

Department of Physics, East Point college of Engineering and Technology, Bangalore, Karnataka, India
ABSTRACT

Ammonium dihydrogen phosphate well known as ADP is a non-linear optical material having wide
applications in non-linear and integrated optics. With appropriate dopants, the ADP crystals exhibit several
properties. The behavior of these crystals in radiation fields is also of importance, for technology of the
radiation induced formation of the optical wave guide (in these crystals). In the present work pure ADP and
ADP doped with inorganic compounds like ferrous sulphate, Nickel chloride and Cuprium chloride have been
investigated. Crystals were grown from supersaturated solution at room temperature by natural evaporation
process. Grown crystals were characterized using X-ray diffraction and EDAX. The grown crystals were
subjected to hardness studies to know the mechanical properties of NLO crystals which is essential for
understanding the origin of laser induced damage in them. Hardness is calculated by Vicker’s method. It has
been observed that hardness increases in these crystals with load and the cracking has developed around 50gm.
Dielectric constant and Dielectric loss is measured as a function of frequency. Study confirms the contribution
of space charge polarization.

Keywords : NLO, ADP, Dielectric, EDAX, Inorganic
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ABSTRACT

For the first time nanoparticles of RE3+(Eu, Sm, Tb, Dy) doped (7 mol %) Lal0Si6027 have been prepared
using low temperature (4500C) solution combustion technique. The photocatalytic degradation of Congo Red
(CR) dye was evaluated under UV light irradiation by using synthesized photocatalyst. The catalyst showed an
excellent photocatalytic activity (PCA) for the decoloraization of CR dye due to reduction of photo generated
electron-hole pair recombination. The high excellent catalytic activity of Lal0Si6027: RE3+ make it promising
for multifunctional applications.

Keywords : Lal0Si6027: Eu3+; Sm3+; Tb3+; Dy3+; Photocatalytic
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