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Editorial

Complexities of human mind is something that is yet to be resolved by the most
advanced science of the world. Human mind is an entangled web of thoughts
and with the passage of every minute it becomes more and more difficult to
untangle this web as the strands of new thoughts keep on forming. As known to
many writing is a way of expressing these unspoken thoughts.

Research and Development remains as the strength of any society and culture.
Ancient time onwards human being has been applying the knowledge gained
through experience and experiment for the advancement of society and
surrounding conditions. Every phenomenon in the universe has a reason behind
itand the aim of research is to understand and evaluate what is happening. The
purpose of the original research is to produce new knowledge rather than to
present the existing knowledge in anew form.

During this pandemic year Baselius Researcher, a biannual publication of
interdisciplinary research, provides a platform for academicians and research
students to express their views and ideas to the society which contribute towards
creating a better world.

Regards,

Editors

Dr. Jyothimol P (Vice Principal) Dr. Jalaja J. Malayan

3-1-2021
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From the Principal’s Desk

Human mind is characterised by the quest for knowledge. This
yearning is the mould for human development. Through search
and research, he attempts to answer questions that perplex him.
Research activity provides him with a lot of questions and answers
which again open up new vistas of knowledge.

The dynamics of higher education rests mainly on research.
Original thoughts and enquiry are the prerequisites of research.
Technology should not carry us unethically to plagiarism and
plunder.

Baselius College is releasing 2™ issue of the 21 volume of its
research journal Baselius Researcher in January 2021. The lock
down period following the Covid-19 pandemic has allowed us to
keep in touch with our creative side.

I'sincerely hope that Baselius Researcher would provide an ethical
platform for development of the spirit of enquiry and the emergence
of unique thoughts in the field of Humanities, Commerce and
Science.

All the best wishes to Baselius Researcher and all those who have
worked behind it.

Dr. Biju Thomas
Principal
3-1-2021 Baselius College, Kottayam
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Preparation of Copolymers of Acrylic acid
and Acrylamide for Copper (II) Capture
from Aqueous Solutions

| Suma Bino Thomas, Meera Jaison |

ABSTRACT

Hydrogels based on acrylic acid and acrylamide copolymers were
studied for water sorption and copper (II) ion removal from aqueous
solutions. Copolymers of acrylic acid and acrylamide were synthesized
by free radical polymerization in aqueous solutions. The copolymers
were comprised of different contents of acrylic acid and were cross-
linked with N,N’- Methylene bis acrylamide (NNMBA). The polymers
were chatacterised using FTIR. These copolymers were tested for pure
water sorption and copper sorption from aqueous solutions. The effect
of macromolecular structure on water sorption and metal ion (Cu*)
uptake is systematically investigated. With an increase in the content
of the acrylic acid, copper ion uptake increases. Water sorption
decreases quickly and then gradually increases when the acrylic acid
content is high enough. Increasing the percentage of the carboxyl
groups increases the uptake of copper sulfate and water. From the
study it can be concluded that hydrogels containing acrylic acid can
be used successfully for the removal of copper ions from aqueous
solutions.

NTRODUCTION

Hydrophilic gels that are usually referred to as hydrogels are networks of
polymer chains that are sometimes found as colloidal gels in which water is the
dispersion medium. Hydrogels can be classified based on their polymeric
composition. (a) Homopolymeric hydrogels (b) Copolymeric hydrogels and (c)
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Multipolymer Interpenetrating polymeric hydrogel (IPN) The classification of
hydrogels based on their physical structure and chemical composition are
amorphous (non-crystalline), semicrystalline and crystalline.

With the establishment of the first synthetic hydrogels by Wichterle and Lim
in 1954, the hydrogel technologies have been applied to hygienic products,
agriculture, drug delivery systems, sealing, coal dewatering, artificial snow, food
additives, and pharmaceuticals. They are also widely used in biomedical
application, tissue engineering and regenerative medicines, diagnostics, wound
dressing, separation of biomolecules or cells and barrier materials to regulate
biological adhesions and Biosensor.

The wet and soft hydrogel materials are based on cross-linked hydrophilic
polymers. Some hydrogel materials are cross-linked polyelectrolytes with ionic
groups on the macromolecular chains. Therefore, the polyelectrolyte gels possess
unique physical and chemical properties. They can hold a large amount of water
molecules in their pores of the network but do not dissolve in aqueous solution.
One of the most important applications of hydrogel materials is to bind and capture
metals (especially heavy metal ions) from water.

Heavy metal ions are harmful and toxic to human beings and the environment.
For example, copper ions can damage kidneys and the liver, causing anemia. In
this project, hydrogels based on acrylic acid and acrylamide copolymers were
studied for water sorption and copper (II) ion removal from aqueous solutions.

Objectives of the study
@ Synthesis of NNMBA crosslinked copolymers of acrylic acid and acrylamide

@ Preparation of three samples by varying the monomer ratio ie; 1:1, 1:2,
and 2:1

@ Characterisation of polymers using FTIR
@ Water and copper ion intake by three polymers

@ Comparison of Cu ion intake as a function of AAc concentration.
2. MATERIALS AND METHODS

H.C H,C

COOH CONH,

Acrylic acid Acrylamide

Monomers
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NH NH
NNMBA

Crosslinking agent
2.1. Synthesis of Copolymer of Hydrogel

Cross-linked copolymers of acrylamide and acrylic acid were prepared by free
radical polymerization. Using monomers acrylamide and acrylic acid and cross-
linking agent N, N-methylene bis acrylamide (MBA).

Copolymer hydrogel of three different compositions having the proportions
1:1, 1:2, and 2:1 of acrylicacid and acrylamide respectively were prepared.

For synthesizing 1:1 sample, first 0.05 M solution of acrylic acid and acrylamide
was prepared. Then 4% of MBA, that is, 0.161g of MBA was taken in a beaker,
followed by adding the prepared acrylic acid and acrylamide monomers. 20ml of
water was added as the solvent. The solution was mixed very well and heated it in
mantle. After a few minutes 0.16g of potassium per sulfate, the initiator was added.
Continued heating the mixture up to 70°C with constant stirring. The hydrogel
formed was removed from the mantle. Filtered and washed with methanol and
acetone. It was then taken in a china dish and heated in an air oven for about 30
minutes to get the dried copolymer.

For the preparation of 1:2 composition of AAc: AAm, 0.05M acrylic acid and
1M of acrylamide was prepared, and 4% MBA, that is, 0.925g was taken. The
hydrogel sample was prepared following the same procedure as above. Table 3.1
summarizes the compositions of the reaction mixtures.

For the preparation of 2:1 composition of AAc:AAm, 1M of acrylic acid and
.05 M of acrylamide were taken, and 4% MBA, that is, 0.925g was taken. The
hydrogel sample was prepared following the same procedure as above.

The hydrogel samples thus synthesized were weighed and yield of each sample
produced were noted.

2.2. Water and Copper Ion Intake by the Hydrogel Samples
2.2.1. Pure Water Sorption

The polymer samples were tested for water sorption. The polymer samples
were grinded into fine powder. 0.5g of each sample was taken in a beaker. 10ml
of distilled water was added and beakers were closed with a watch glass and kept
for 24 hours. After 24 hours, the water that was not adsorbed by the polymer was
filtered off. The weights of the swollen hydrogels were measured. From these
values amount of the water adsorbed by each hydrogel sample were calculated.
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SW = 1’rlw - mO
S, =water sorption up take, m = mass of swollen gel, m = mass of the initial

dry sample
2.2.2. Copper Uptake from Cuso, Solution

Colorimetric method was used for finding the CuSO, intake by the hydrogel.
For this study first, 0.1M of CuSO, was prepared as stock solution. From this
copper sulfate solution of different concentrations, 0.01, 0.02, 0.03, 0.04, 0.05,
0.06 were prepared. 10ml from each solution was pipetted out into different
beakers and 5ml of 1:1 ammonia was added to each. Absorbance of these solutions
was measured colorimetrically using the photo colorimeter. A graph was plotted
between the absorbance and the concentration to obtain a standard curve.

To study the copper sulfate intake of synthesized hydrogels, 0.5g of each sample
was taken in different beakers. From 0.1M stock solution of CuSO, solution, 0.5
M solution was prepared in a 100 ml standard flask. From these 10ml was pipetted
out into the beakers containing the samples. Kept it for 6 hours. After 6 hours
remaining solution was filtered off from the samples. To these filtrates 2.5 ml of
1:1 ammonia was added. Absorbance was measured.

The absorbance values were marked in the graph of standard curve that we
have already obtained. The concentrations corresponding to each absorbance
values were determined. The differences of the observed concentration values
from 0.05M were calculated. Thus the amount of the copper sulfate intake by
each sample was determined.

3. RESULTS AND DISCUSSION
3.1 Synthesis of Copolymer of Hydrogel

Cross-linked copolymers of acrylic acid and acrylamide of three different
compositions were synthesized. NNMBA was used as the crosslinker and
potassium persulphate, the initiator. The polymers obtained were washed and
dried. The dried polymer samples were weighed and percentage yield was
calculated. Table 3.1 shows the amount of each samples obtained. Figure 3.1 shows
the synthesized hydrogels.

Table 3.1 Chemical composition of hydrogel samples prepared in
aaueous solution

Sample | AAc(M) | AAm(M) | MBA (g) | K2S:0s(g) | WATER
(4%) (ml)
1:1 0.05 0.05 0.616 0.16 20
1:2 0.05 0.1 0.925 0.16 20
2:1 0.1 0.05 0.925 0.16 20
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Table 3.2. Weight and percentage yield of the copolymers

SAMPLE WEIGHT(g) % Yield
1:1 4.78 61.49
1:2 6.30 54.14
2:1 8.30 76.78

acrylamide N,N'-methylenebisacrylamide  acryfic acid
nCH=CH 4  (CH;=CHCONH),.CH, 4 nCH,=CH

|
LONH: COOH(Na)

intiator | porassium per sulfate

"\ CH,-CH-CH,-CH-CH-CH,-CH-CH,-CH-CH,-CH-CH,”” "\

R N S A
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CH, CH
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Figure 3.1. Syntheses of NNMBA crosslinked copolymers of acrylic acid
and acrylamide

3.3. FTIR Characterisation of Hydrogels

The infrared spectra of the three samples were obtained with a Perkin-Elmer
Spectrum One FTIR Spectrophotometer in the range 400-4000 cm™. The FTIR
spectra of 1:1, 1:2 and 1:3 samples are given in Figures 3.2-3.4. The characteristic
peaks of acrylic-based copolymers were found at about 1458 cm™ attributed to
the -CH, group (Silverstein and Bassler, 1966). As expected, these peaks were
observed in all spectra. In the case of the Aac-AAm based copolymers the double
peaks observed at about 1649 and 1606 cm™ correspond to the carboxyl groups
and amide groups (Silverstein and Bassler, 1966), respectively.
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Fig.3.2. FTIR Spectrum of Sample 1 (1:1) & 2 (1:2)
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3.4.1. Pure Water Sorption

Table 3.3 shows the percentage sorption of pure water by each sample. It can
be seen that the water sorption capacity of the hydrogel sample increases when
the content of acrylic acid in the copolymer increased. The sample with 2:1
proportion of AAc: AAm shows more water sorption. When the AAc: AAm
composition changes from 1:2, 1:1, 2:1 proportions, the water sorption capacity
of the polymers increased dramatically, suggesting that the microstructure of the
hydrogel has experienced a big change. This can be attributed to the intermolecular
H bond formed in the hydrogel copolymer.

Table 3.3. % of water adsorbed by the hydrogel

Composition | % Acrylic acid | % Water Adsorbed

1:2 33.33 35%
1:1 50 42%
2:1 66.66 50%

Fig.3.4. Variation of water sorption with % of acrylic
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Figure 3.4. shows that as the amount of acrylic acid increases, the water sorption increases.
It indicates that the acrylic acid has a strong influence on the water sorption capacity due
its hydrophilicity.

3.4.2. Intake of CuSO . Solution

A standard curve was prepared colorimetrically for CuSO, using different molar solutions
of CuSO,.
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Figure 3.5. Standard curve of CuSO,
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The absorbance of the copper sulfate solutions before and after the addition of
the polymer was measured. From the standard curve, corresponding
concentrations were determined. Figure 3.6 shows the variation in the Cu ion
intake by three different polymers. Table 4.5 shows the CuSO, intake.

Table 3.4. Colorimetric estimation of Cu ion intake

Composition Cuso4 Intake
0.019M

: 0.015M

2:1 0.021M

Figure 3.6 shows the variation in CuSO, intake with the percentage of acrylic
acid monomer. The graph shows that the copper ion intake increases as the
percentage of acrylic acid in the copolymer increases.
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Figure 3.6. Copper ion intake percentage of acrylic acid%
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The carboxyl groups in the polymers are primarily responsible for the sorption
in the copolymer hydrogel. Copper ions have strong interaction with the carboxyl
group in the macromolecular structure than amide groups. When the copper
ions are associated with macromolecular ligands, both mononuclear and binuclear
copper ion chelate complexes will be formed. A portion of the active sorbent sites
in the hydrogel copolymer are occupied by the copper ions to form chelate
complexes. And the chain segments of the copolymers are confined. But the amide
groups in the copolymer do not form complexes with copper ions and thus do
not contribute to metal uptake significantly.

CONCLUSION

Copolymers of acrylic acid and acrylamide were synthesized by free radical
polymerization in aqueous solutions. The copolymers were comprised of different
contents of acrylic acid and were cross-linked with NNMBA. The polymers were
chatacterised using FTIR. These copolymers were tested for pure water sorption
and copper sorption from aqueous solutions. The effect of macromolecular
structure on water sorption and metal ion (Cu*) uptake is systematically
investigated. With an increase in the content of the acrylic acid, copper ion uptake
increases. Acrylic acid has a strong influence on the water sorption capacity due
its hydrophilicity hence water sorption increases when the acrylic acid content
increases. Copolymers of acrylic acid and acrylamide crosslinked with NNMBA
is an efficient hydrogel to remove Cu ions that causes water pollution.
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Migration of Africans to
United Kingdom: an Overview

| Aleena T Sabu |

ABSTRACT

The aim of this article is to understand the changing dynamics of
citizenship and how it has affected United Kingdom and its migrant
population from Africa. Migration has been an emerging topic of
discussions and heated debates due to its sensitivity. Under the
umbrella of migration also comes Refugees and asylum seekers. This
article will focus on the emerging issues of migration as well as how
they are dealt in United Kingdom. The idea is to understand why
Africans were migrating in mass numbers and seeking asylum in
European nations, particularly United Kingdom. The scope of the
study extends to categorizing this migration in terms of gender and
age and reasons by which people would have a clearer picture of the
socio-economic and political conditions behind the departure from
their home country. This article will focus in a comprehensive manner,
taking into account all aspects of the case study.

KEYWORDS

Migration, Economy, Khartoum Process, Human Trafficking, UNHCR

INTRODUCTION

With the offset of Globalization, migration had become a phenomenon with
people travelling between nations and settling in far off lands. The idea of
citizenship has constantly been changing and evolving, making it very important
to people to understand this change and have a cosmopolitan approach. The idea
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of heterogeneous identities in one nation has become a rather easier to spot because
of the accommodating nature of different nation-states.

The objective of this article is to understand the following
Why were Africans migrating to the United Kingdom?
What were the problems faced by Africans in the United Kingdom?
How did the United Kingdom deal with the migrant crisis?
How did the migration benefit both the countries?
How are refugees treated in the United Kingdom?

Has cosmopolitan approach towards citizenship changed lives of
refugees

These are the broad objectives on which the article is based on. Migration has
been an emerging concern in many nations after ethnic conflicts between various
communities broke out. Thinkers around the world are extremely sceptical about
how migration would affect different communities. There are two schools here,
one’s who believe that migration would lead to better interconnectedness and
integration between nations resulting in ensuring that global needs like World
peace, eliminating global poverty and human rights violation could be solved.
While the other side focuses on the repercussions of migration on communities
which have been prejudiced for various matters. There have been various examples
of how certain ethnic conflicts have led to genocides and riots breaking out, putting
the idea of migration into a red light.

Despite the efforts of global leaders to bring in changes and offer asylum to
refugees, not much has changed in terms of how these people are treated in a
foreign country. People in various nations are rooted in the idea of nationalism
and state sovereignty that they are not ready to accept refugees into the country.
Although this cannot be said the same for every nation, there are nations like
India which receive refugees from neighbouring countries and have done so for a
very long time too. People in India are more cosmopolitan in nature due to the
diverse country they live in. They have learned to live peacefully with people
from different languages, culture, traditions, culture etc.

WHY AFRICANS WERE MIGRATING

The Africans were migrating and seeking asylum into the United Kingdom for
various reasons, including political unrest, economic issues and high
unemployment. Africa has been a land of little to no opportunities for the people
living there, people living facing extreme poverty and hardships in their lives,
hoping to seek asylum in various countries of Europe. Most African countries
haven’t embraced modern culture and the change of attitudes that have happened
in other continents, African nations still live by their rooted traditions.

One of the major reasons why people migrate or seek asylum in other countries
is because of poverty. People in most African nations find it extremely difficult to
make their ends meet. Many find it very difficult to afford two meals a day, making
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poverty and hunger a very prominent reason for Africans to migrate to countries
with great economic stability like the United Kingdom.

One of the main reasons why poverty, famine and hunger exists in African
countries is because of the prolonged political unrests in the countries. Countries
like Nigeria, Sudan, Somalia and Eritrea are a few examples of countries which
experience very long political unrests. Very recently in Guinea, the military took
over the constitution and called a coup because the President re-elected himself
by changing the constitution for the third time. In Eritrea, people have little to
no freedom to speak their minds and they live in constant fear of their own
governments. Government system changes and falls apart every now and then
giving no space for the country to grow fully. Most people migrate during crises
in their own nations, since they would be left with no option but to flee from
their nations.

High unemployment rate and low wages per hour also causes a huge concern,
Most of the African men are unemployed and gender studies reveal that women
and people from other genders face inequality in receiving jobs and education.
Along with the problem of unemployment comes the problem of low wages,
Africans on a minimum only receive 1 dollar an hour for work, while on an
average people in other countries get a minimum of 10 dollars. This unequal
wage rate causes a lot of problems especially with the way people live and the
kind of lifestyles they adopt.

Another problem which the African community face are environmental issues
like pollution, lack of energy, deforestation and wetland degradation. Africa has
always been a dry land and due to rising global warming situations there have
been traumatic events. Even though environmental problems are common in
most developing nations, the difference here is that in Africa the government
isn’t concerned with these issues and don’t take appropriate actions for them
leading to extremely huge disasters. It is very important to acknowledge
environmental problems as well as take proper actions against them.

The migration observatory revealed that most Africans who migrated were
either seeking their families who have settled already before ages in the UK or
asylum seekers. Given below in figure 1.1, you would understand the ratio of
people migrating and for what reasons.
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Number of People who Moved to UK from Africa
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Figure 1.1 (Source — University of Warwick, Research Journal on Migration Studies)

Figure 1.1 (Source — University of Warwick, Research Journal on Migration
Studies)

WHY UNITED KINGDOM

The United Kingdom comprising England, Northern Ireland, Wales and
Scotland is a country with a huge economy having a really high foreign exchange
rate and stock market reserves. It is one of the world’s biggest economies right
after the US and EU. The United Kingdom even pulled out of the EU because it
felt that working independently would do better for the country in terms of
economic well-being and sovereignty.

There are so many reasons why people would choose to go to the United
Kingdom, one of them would be job prospects, world class education and a stable
economy. The United Kingdom has been a country of migration for people
belonging to different ethnicities. Recent changes in the immigration policy had
made more people feel welcomed and accommodated into the United Kingdom.
One major reason Africans migrate to the United Kingdom is because of its
infrastructure and facilities which they cannot dream of in their own nations.

The top universities in the world are located in the United Kingdom making it
an attraction for students who want to pursue their studies, since better chances
of studying at a world class university would give people high paying jobs and
stable income. The United Kingdom also has a minimum wage system of 8 dollars
an hour, making the United Kingdom one of the highest paying nations in terms
of hourly pay when comparing it to other nations.
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Most people also migrate or seek asylum because they want to reunite with
their family who had already settled in United Kingdom centuries before when
slave trade system existed. For some it has been liberation moving to the United
Kingdom but for others it’s a journey between life and death, especially those
seeking asylum and smuggling into the United Kingdom. Figure 1.2 shows the
reasons why Africans were migrating to the United Kingdom.

Chart Title

60
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40
30

20
0
B Work MStudy M™Family M Other

Figure 1.2 (Source — The Migration Observatory)

BENEFITS

Both the countries are benefited by this migration essentially because of the
following factors. One of the main reasons why the United Kingdom is very
accommodative to the migrants is because of the need of workforce in the nation.
Fertility rates in the UK are decreasing, making it hard to find people to do some
jobs, the workforce population (16-54) are decreasing. This decrease in the
workforce population has a drastic influence in the development and economy
of the country, because of which there arose a need for migrants to help with
nation building.

Since most of these African migrants tend to stay back and settle in the UK,
they spend their money in the UK, adding to the economy and having benefits
for the economy as well as the society as a whole. Having more people spend
money in the UK in addition leads to the development of the country, making it
very effective for both the parties.

While we discussed the UK’s benefits, the people who are mostly benefited are
the Africans, since now they have access to world class facilities, education,
institutions etc. They are able to have a job with good pay and a good lifestyle
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which they couldn’t even dream of in their native lands. Having a better future
for them and their further generations seem like the best possible benefit and
advantage for Africans.

PROBLEMS

With advantages also comes disadvantages too, just like how a coin has two
sides. Africans who migrate or seek asylum face lots of difficulties in making a
good life in the UK. One of the common problems which is prevalent is the
problem of racism and differential treatment of African people in nations across
the globe. When arriving in the UK, many Africans find it extremely difficult to
adjust to the changing lifestyles and even sometimes language acts as a barrier,
especially for those who come from countries where English isn’t taught at primary
levels. The lack of large-scale research and exclusion of these communities from
the mainstream have led to the communication gap.

Just like the problem in adoption and racism another very crucial problem
they face is in the inaccessibility of Health care services. This isn’t because they
are not provided or because they are discriminated against, this is because of the
language barriers that exist, which prevents Africans from approaching health
care services. Most Africans who have come to seek asylum don’t know the English
language because of which very low records of them receiving health care
treatment have been recorded. One of the major reasons why this happens is
because of the lack of research that hasn’t been done in this field. Translators who
were supposed to help aren’t always regular as per some records making it
extremely hard for people with language problems to seek health care benefits.

The United Kingdom also faces problems of accommodation in terms of space
and resources for these people, as around 1 lakh applications for just asylum are
sent to the United Kingdom and so it has become extremely difficult to
accommodate a huge influx of population. Another problem which is being faced
is also along the lines of health care services. The UK as everyone knows provides
free health care services for everyone, but in order to avail them you have to have
an identity card and most of these asylum seekers don’t have it with them, they
lose it on their risky journey to the UK. This has led to problems for health care
service workers in terms of their workload and lack of resources. This adds
problems into a properly functioning system which then has to change its route.

LAMPEDUSA TRAGEDY AND HUMAN TRAFFICKING

Most of the migrants who make it to Africa don’t make it through proper
routes, they smuggle into the country and seek asylum. The Mediterranean Sea
route is the most common route used by people to cross to European nations.
These asylum seekers go through extreme hardships to reach the UK to live a
better life and one such example is of the Lampedusa Tragedy. On 2013, October
32013 a ship capsized near Lampedusa, carrying people who were trying to escape
from African nations to Europe in hope of a better life. These people had paid a
lot of money and some even sold their homes to come to Europe.

One of the survivors of the Lampedusa incident told “The Guardian’ that they
were forced into prostitution by the smugglers and that in order to get on the
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ship they had to pay a lot of money. The survivor also spoke about how one of
those men was caught by the authorities after someone spotted him at a survivor
camp.

This incident grabbed a lot of attention around the world, making it hard for
the European Union to ignore it like previous incidents where many asylum seekers
lost their lives. As a counter action, the Khartoum Process came into being.

Khartoum process was a series of under spoken discussion between the EU
and the nations in the Horn of Africa regarding the human trafficking issue. Under
this one of the under-spoken assumptions was that the physical burden of
managing the crisis should be with the country of origin. While the EU would
compensate them for the work they do. The following were examples of methods
adopted under Khartoum Process

Y Border Security

Upgrading national legislature

Y Disrupting or dismantling migrant smuggling and human trafficking
circles in countries like Egypt, Kenya, Sudan and Eritrea.

Here everyone have to understand a very important detail, which is that the
attention was turned to who was behind the migrant smuggling and how they
did it and not why they were ready to take such risks which puts their life at risk.
The whole world failed to understand why these people were ready to take such
drastic measures but instead it started pointing fingers and blaming each other.

ASYLUM SEEKERS AND CITIZENSHIP

Most asylum seekers who reach the UK apply for refugee status which is
universal for everyone under the system the UN made. These people send
applications which can get rejected or get accepted, if the application is rejected
then these migrants are asked to move away from the UK. Usually when asylum
seekers arriving at any European nation have to be registered at the country they
arrive at and it cannot be changed but since the UK is not part of the EU anymore,
a refugee reaching there could register at any country of their choice.

If people are given the choice to be registered as refugees, then they can stay in
the UK for five years and then apply for resettlement. This five year includes
dependents. They will be provided with free housing and health care services.
Refugees cannot choose the place to live, that would be determined by the
government. Each person will be provided with 38 dollars a week to live and
they won’t be able to do any jobs. Children will receive free education. Under an
active application free health care services and education services will be provided.

Another set of reasons by which people could apply for citizenship is
Humanitarian reasons, which are different from Refugee status. Under the
following Humanitarian reasons a person could apply for citizenship in the UK.

@ Death penalty or execution in home country

e Unlawful killing
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@ Torture/inhumane or degrading treatment in the country of return

® Threat to life/ indiscriminate violence

Although these services are explicitly talked about, they aren’t always available
to people, making the lives of refugees harder. Health services are hardly provided
due to the communication gap between the natives and the refugees. Many also
complain about poor conditions of housing during their stay in the UK in the
tirst few years. Another important thing we have to understand is that the UK
also accepts a handful of these applications, crushing the hopes of thousands of
refugees.

CHANGING DYNAMICS OF CITIZENSHIP

Recently there have been changes in the way refugees and migrants are treated
across the world due to the emerging awareness on this issue. People have turned
to being cosmopolitan in terms of their acceptance of other cultures and
communities, making it a bit easier to get citizenship in the UK. There are many
ways to be a citizen of the UK. A few are naturalization, having property, parents
or relatives born in the UK, marrying a citizen etc.

Under naturalization if you meet the following conditions then you are eligible
to be a citizen of the United Kingdom.

® Above 18 years of age

@ Currently living in UK and have had stayed for 12 indefinite months
without leaving UK

@ English language requirements
@ Passing life in UK test
e Havingajob

As migration and refugee issues are gaining a lot of attention recently, United
Nations High Commissions for Refugees have taken various steps to tackle this
issue. Many talks and discussions are being held globally to understand the
problem in a multidimensional way. A holistic approach is very important to
understand the varying concerns of refugees as they belong to different cultures,
countries and communities.

United Nations High Commissions for Refugees have engaged in various global
events initiating High Level Dialogue on International Migration and Development
between UN, NGO'’s, Private sector etc. Global Forums on Migration and
Development have also been formed to discuss the multidimensional ways to
approach the issue and funds are being raised and distributed according to needs
of differing nations.

The question of how welcome Africans are in the UK has differing views. There
are people who feel very welcomed and there are people who felt quite the opposite
and some people in the middle. It was more about the different approach people
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had and wasn'’t just about how the whole nation treated them. But mostly people
are accommodative of each other due to the mutual benefits they receive from
each other. This has led to changing attitudes especially for the host nations.

CONCLUSION

From the article it became easier to understand the various nuances of how
migration affects citizenship. Citizenship has always been quite a controversial
topic to study and learn since it has various other factors that need to be
understood. Migration just like globalization comes with various problems too,
of which a few have been explained in the article. However, we cannot conclude
that only these problems exist since it was a case study of just two countries.

Africans often face discrimination in countries they arrive at because of the
long history of inhumane treatment they have faced. Yet, this is no excuse for the
kind of treatment that they should be receiving in the modern world. The world
has to move forward and treat people with kindness. Accepting refugees has
become more of a burden to many countries in recent times causing trouble
globally. Citizenship and Migration are closely interrelated terms and they put a
burden on each other because of the complexity of the matter. It has to be dealt
with proper care so as to ensure that there won’t be any casualties.
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The Recent Upsurge of Korean Economy:
A Study Based on Historical and Cultural
Aspects

Milin Mary Mathew

ABSTRACT

Recent decades have witnessed the upsurge of Korea in the
international market making South Korea the cynosure of global
media. What led to this increased focus on South Korea is worth
pondering. This study attempts to explain the relevant socio-economic
and cultural milestones that have moulded the South Korean economy,
as it is today from a historical perspective. The government
interventions and the hard work of citizens have led South Korea to
be what it is today

INTRODUCTION

Korea remained a single country till 1953 when it was divided after the Korean
war, into North and South, politically, economically and socially, and with two
different political systems. Today, the economies of these two nations widely vary
in terms of GDP and involvement in international trade. South Korea is the 12"
largest economy in the world having a GDP of $1.531 trillion. A close analysis of
the history and culture of South Korea as a nation easily reveals the tools or events
that have paved the foundation of this stable economy.

During the Middle Ages, there were no divisions between the two parts of
Korea. Bothwere unified under the Silla Kingdom, one of the strongest king
doms in the Asian continent. The emergence of the Silla Kingdom led to the
involvement of the Korean peninsula in SilkTrade. Ancient Korean exports included

98 | Vol. XXI No. 02 July - December 2020 |



Baselius Researcher ISSN 0975-8658

iron, gold, silver, copper, ginseng, hemp goods, pine nuts, furniture, paper and
horses. During a period when industrialization and different sectors of the economy
were yet to be invented, the exports of Korea greatly depended on the topography
of land, vegetation and mining of the metal ores. The major importer of Korean
goods was China while China exported tea, silk, books and scripts. Even the
innovative agricultural methods of1China were imported to Korea to compensate
for starvation or famine. While the details of exports of Silla Kingdom are less
available, excavations at archeological sites point to the wealth of Silla Kingdom
as international antiques, carpets, jewels and sculptures were retrieved from these
sites, especially from Persia.

The drastic events that helped in shaping the modern-day Korean economy
during the pre-world War 1 period are explicit. Korea was annexed to the Empire
of Japan in 1910 and hence the economic activities of Korean people and in the
Korean peninsula during that time cannot be traced as a tool that supported the
Korean economy because all profit went to the Japanese Empire. Korea, as a
country, suffered under the rule of Japan which waged a war against Korean
culture and language exactly like what Germany did to France during the period
of World War II. In 1945, Korea gained independence from the thirty-five-year
long rule of Japan. And the Korean economy started to flourish after the release
from the Empire of Japan.

During the period of resurgence of the Korean economy, educational institutions
and industrial enterprises were given utmost importance. If the present-day
industrial sector of Korea is known for the automobiles and electronic products,
flour, sugar and cotton industries were the prime industries back then. The flourish
in establishments of industries and educational facilities led to the migration of
people from rural areas to urban areas. Migration led to the development of the
major cities of Korea, i.e., Seoul, Busan and Incheon which naturally led to a
decline in the traditional family system. Extended families and the traditional
family arrangements began to collapse eventually leading to the upsurge in
economic, social and political activities of women with more women contributing
positively to the Korean economy, adoption facilities and women'’s rights gained
more popularity. Thej government of that era contributed greatly to the
development of human resources rather than agriculture, which might be one of
the reasons why South Korea’s most contributing economic sector in the 21*
century is Service sector, essentially the epitome of human resources.

While the sole reason for the development of South Korea was the wise decisions
of the government coupled with the great effort and support from people, some
criticize that Japan is the reason for Korean development, though the atrocities
done by Japan on Korea are limitless. Even though the period after the
independence of Korea from Japan was a period of development, the
commencement of the Korean war instantly thwarted it. What started as a civil
war later took a drastic turn when international powers took sides with the two
different parts of Korea: South and North. The war that lasted for 3 years led to
the collapse of the Korean economy, yet the South Korean economy emerged
powerfully after the war. The Korean war led to the destruction of industrial
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facilities, disruption of productive activities, hyperinflation and extreme over issue
of money. The expenditure of war and defense mechanisms required printing a
vast number of fresh notes of Korean Hwan that led to the over issue of money
which in turn led to hyperinflation. The destruction of industrial facilities led to
the unemployment of vast multitudes which culminated in the death of nearly 4
million people. With the support of the US, South Korea emerged powerfully.
Even though the agricultural aid of the US government was available for Korea,
it could not utilize it as Taiwan did. Taiwan used the US government’s agricultural
aid for agricultural products to alleviate hunger and reduce starvation while
marketing the agricultural products in international markets at a vastly inflated
price. Korea could not produce any international competitive agricultural products
due to inherent and unfavorable natural conditions.

The process of industrialization started vigorously in South Korea in the 1960s.
In 1962, the Korean government announced the Automobile Industry Promotion
Policy that barred foreign automobile markets from operating except in joint
ventures in South Korea and this decisive step led to the establishment and
development of three Korean based companies namely, Kia, Ha Dong Hwan and
Saenera. Within a few years, Hyundai and Asian motors were also established.
Today Korea is the 5" largest producer and the 6™ largest exporter of automobiles.
Up to the early 1990s, during industrialization, the share of both industry and
service sector in the employment field was high leading to the flow of rural
residents, especially young people to cities. Since the early 1990s, with the advent
of deindustrialization, the Republic of Korea entered the postindustrial phase.
The share of industry gradually fell but ironically the services continued to rise.

While the service sector of Korea is the best in the world, it is still unidentifiable
with the world class manufacturing sector of South Korea. The biggest export of
South Korea, crude oil, gives evidence to this. Refined petroleum is South Korea’s
biggest import even though it does not produce Crude Oil. Crude Oil is imported
to South Korea, processed into refined petroleum and then exported. South
Korean music and TV shows also gained wide prominence since the mid1990s
and the sudden popularization of Korean TV shows and music in China and the
Philippines later festered to other parts of the world. The release of K-pop,
Gangnam style by PSY which held the record of most viewed song in a while
changed the face and fate of Korean music. The Internet served as a major
facilitating channel for the global listeners and viewers of K-pop and K-dramas. A
major intriguing addition made to the South Korean economy, that also aided in
cultural globalization, is the South Korean media. Popularly known as Hallyu
wave, this blast of South Korean media won global popularity at an astoundingly
fast rate. Even though this may not have a significant direct impact on the
economy, it definitely had a different impact in terms of the GDP. It is also
worthwhile to note that K-dramas have greatly contributed to the cultural
globalization of Korea. The renown of Korean food, language, fashion and
traditions attract millions to South Korea. Youth are drawn to the language and
faces of Korea while people all around the world listen to Korean songs, and
imitate Korean beauty routines. Social media platforms like Instagram and
Facebook give regular outlooks of the private life of Kdrama actors and K-pop
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idols. The revenue collected from these platforms is huge though not as huge as
the one from the industrial sector.

The emergence of BTS upheld the use of the Korean language and the songs of
this boy band led millions around the world to listen to Korean interviews, and
podcasts as well as to learn Korean language. The economic impact of BTS is
evident in the fact that the revenue collected from their English song was enough
to produce 7,928 jobs in the middle of Covid-19. BTS alone contributes 0.5% of
the entire country’s GDP. This group is one among the many like EXO, Blackpink,
etc. Mass media representation of music groups, their live performances,
exhibitions, world tours, their influence on the billboard, met gala, and ministry
of tourism is undeniable. It is also to be noted that the merchandise of Korean
bands is sold across the world to their fans.

Parasite, a Korean movie that won an Oscar in 2019, gained $258 million
worldwide. Through the presentation of “dirt spoons’ in Parasite the social division
prevailing in South Korean society was exposed which led to widespread attention,
popular acclaim, and criticism making it a commercial success. The sudden bloom
of the film industry has led to multiple cultural as well as economic benefits too.

The rapid spread and appreciation of the Korean lifestyles, stories, filmmakers
and language has attracted millions of students to study in Korea as exchange
students or tourists to visit Korea. Hallyu has tremendously influenced people
around the world to contribute to the Korean economy, even by popularizing
and marketing Korean cutleries and traditions.

A significant outcome of the popularization of Korean TV is that it has led
Korean people to produce startups that stream these shows like Viki and
dramacool and to collect the revenue from these websites. International streaming
platforms like Netflix have started recruiting Korean filmmakers and actors to
produce shows in Korea to be streamed worldwide, further adding to the economy
and culture of Korea.Fashion designers, beauticians, shoemakers, and chefs have
begun to start their own startups since people around the world are impressed
by the Covid-19 garnered more viewers for Korean TV shows.

In 2020, the electronics companies of Korea witnessed a sudden bloom in the
sales of laptops, phones, video camcorders, TV and other electronic devices since
education and work were restricted to residential areas. Companies like Samsung,
LG, Panasonic and Sony which have stores all over the world started gaining
profits. Also, the demand for K-pop idols to market the products of the Korean
industry has led to a rapid increase in the sales of Korean products. Beauty industry
has begun to gain international recognition and beauty products from Korea are
in great demand today, everywhere. South Korea has gained the trust of people
as a result of Hallyu in the 21* century. Today, less than 2% of South Korea’s GDP
is contributed by the agriculture sector which means South Korea has now risen
to the status of a developed country, 57% is contributed by service sector and
32.8% by manufacturing service.

CONCLUSION
It is to be noted that the prudent steps taken by the South Korean government
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have played a pivotal role in taking its economy to a prime position among the
world economies. The decision to invest more in human resources rather than
agriculture resulted in the greatest contribution of the service sector and the
resultant economic growth. Another reason could be traced to the international
popularity of Hallyu culture which is enchanting young minds all over the world
today which may possibly make the Korean economy a leading economic force
in the near future.
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A Green Chemistry Approach for the
Synthesis of Dispersions of Nanosized
Copper Particles using Anacardium
Occidentale Leaf Extract

| Jintha Thomas and Irene Maria Philip |

ABSTRACT

This article reports a green chemistry approach for the synthesis and
characterization of dispersions of copper nanoparticles using plant
based reducing agents. A solution of copper sulphate is reduced to
copper nanoparticles using the extract of Anacardium Occidentale
leaves. Synthesis is carried out both by conventional heating and
microwave heating. The presence of copper nanoparticles was
indicated by the formation of brown coloured dispersion. UV Visible
spectra was measured to confirm the formation of copper
nanoparticles.

INTRODUCTION

Nanoparticles have attracted a lot of attention in the scientific community and
industry in recent years due to their unusual physicochemical qualities, which
may be attributed to their tiny size and high surface area-to-volume ratio. The
term metal nanoparticles are used to describe nano-sized metals with dimensions
within the size range 1-100 nm. Metallic nanoparticles are versatile and have
been utilized widely in a number of industries and medicine, including medication
delivery, cancer treatment, wastewater treatment, and DNA analysis, as
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antibacterial agents and biosensors, and solar power production and catalysis. [1]
A cost-effective and ecologically friendly alternative to chemical and physical
processes has been proposed: green synthesis of metallic nanoparticles. [2]

Copper nanoparticles in particular are fascinating due to their unique catalytic,
optical, thermal, magnetic, antibacterial, electronic, and electrical conducting
capabilities. They show a wide variety of nanotechnology applications, including
catalysts, lubricant additives, heat transfer nano-fluids, electrical and optical device
manufacturing, conductive inks, solar energy conversion materials, biosensors,
antibiofouling agents, and cancer cell therapies. Furthermore, copper nanoparticles
have the potential to replace more expensive noble metal nanoparticles like silver
and gold. Copper nanoparticles can easily oxidize to form copper oxide. To protect
copper nanoparticles from oxidation, they are usually encapsulated in organic
and inorganic coating such as carbon and silica. [3, 4, 5]

Nowadays, there is increased demand for the Green chemistry techniques which
employs chemical products and processes that minimise or eliminate the use and
production of hazardous chemical substances. [6] The major concern in the field
of nanomaterial science is the selection of of nontoxic chemicals, environmentally
friendly solvents and renewable materials that point towards the necessity of Green
Chemistry strategies. According to this strategy, many green synthetic methods
for the synthesis of metal nanoparticles have been reported till date, out of which
reduction of metal salts to nanoparticles using plant extracts has attracted wide
interest.

As plants contain a vast number of bioactive chemicals, many plant parts or
complete plants have been employed for green production of Copper
nanoparticles. Plant extracts have proven to be effective in this regard. [2] Copper
nanoparticles have been synthesized using extracts from Punica granatum peel,
Zingiber officinale stem, Citrus medica Linn, and Ziziphus spina-christi, asparagus
adscendens Roxb root and leaf, Eclipta prostrata leaf, Ginkgo biloba Linn leaf,
Plantago asiatica leaf, Thymus vulgaris L and black tea leaf. [7]

Anacardium occidentale leaf, a tropical evergreen tree that produces cashew
seeds and cashew apple, has been chosen for the current study as it is easy to
cultivate and available everywhere. Cashew nut oil, made from the seeds of
Anacardium occidentale, has been used to treat a variety of ailments, including
cancer, diabetes, arthritis, vascular disease, and liver inflammation. It includes
phytochemical components such cardol and anacardic acid, which have been
shown to have medicinal value. [8] It can help with cravings, depressed symptoms,
melancholy, disappointment, anxiety, shortcoming, scurvy, paleness, and the
treatment of stomach, chest, urinary, and liver disorders. Cashew pieces may be
made into a herb to cure snakebites, and nut oil can be used to heal cracked heels
or as a fungal specialist, according to studies. The bark and leaves of the natural
product are used to treat parasite activity, wounds, rashes, and may also be used
as an antipyretic and for diarrhea. [9]

This research work reports the synthesis of copper nanoparticles mediated by
Anarcadium occidentale plant leaf extract. The integration of bioactive compounds
of this plant with Copper nanoparticles is believed to be extremely beneficial for

104 | Vol. XXI No. 02 July - December 2020 |



Baselius Researcher ISSN 0975-8658

varieties of ailments. This green synthesis method was devised to eliminate the
use of toxic chemicals which play roles of reducing agents and capping agents
during chemical synthesis. The biologically synthesized Copper nanoparticles were
characterized using UV-visible spectroscopy method.

MATERIALS AND METHODS

Copper sulphate (CuSO,.5H,0) of analytical grade (Sigma Aldrich) acted as
the precursor for the formation of Cu nanoparticles. Anarcadium occidentale leaf
extract acted as reducing agent. Deionized water was used in all experiments.

Preparation of dispersions of nanosized copper particles
(i) Preparation of Plant Leaf Extract

The leaves of Anarcadium occidentale were surface cleaned and washed
repeatedly with tap water followed by deionised water to remove dust particles
and then allowed to dry. The leaves were cut into pieces. After homogenization
100 ml of double deionised water was added and heated to boiling. The extract
obtained was filtered through a Whatmann no: 1 Filter paper and used immediately
for the biosynthesis of copper nanoparticles.

(ii) Green Synthesis of Copper Nanoparticles
(a) By conventional heating

A 0.02 M CuSO,.5H,0 solution was prepared using deionised water and
stored in brown bottles. 10 ml of the leaf extract is added to 20 ml of boiling 0.02
M copper sulphate solution in a beaker with vigorous stirring. After further boiling,
a colour change of the solution from blue to green was noticed, indicating the
formation of copper nanoparticles. The experiment was repeated using 20 ml of
the leaf extract.

(b) By microwave radiation

20 ml of 0.02 M copper sulphate solution is taken in a beaker and 10 ml of the
sample extract is added to it. It is then kept in a microwave oven for the action of
microwave radiation for 2 minutes. The colour of the solution changed from blue
to green indicating the formation of copper nanoparticles.

Characterization

The reduction of copper sulphate to copper was monitored by recording UV-
Visible spectrum of the reaction mixture after diluting a small portion of the
sample with deionised water. The measurements are recorded on Shimadzu UV-
visible spectrometer (model UV-2450).

RESULTS AND DISCUSSION

Nanoparticles are known for exhibiting distinct optical properties having an
exponential-decay Mie scattering profile with decreasing photon energy. Some
transition-metal nanoparticles also show a distinct surface-plasmon band. [10]
The peak positions and shapes of the U V Visible spectra are sensitive to particle
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size and hence UV-Vis absorbance spectroscopy has proved to be a very useful
technique for studying metal nanoparticles. The UV-visible absorbance and
reflectance spectra of the samples were recorded in the range of 200-800

nm using Shimadzu’s UV-2450, UV-visible spectrophotometer. The UV-visible
spectrum of Copper nanoparticles prepared by conventional heating method is
shown below in Figure 1 and microwave heating is shown in Figure 2.
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Figure 1. UV - Visible spectra of copper nanoparticles synthesized by
heating
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Figure 2: UV - Visible spectra of copper nanoparticles synthesized using
microwave radiation
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The surface plasmon peak of copper nanoparticles has been reported to appear
at around 570 nm. However, when the particle size is less than 4 nm, the distinctive
plasmon peak is known to be broadened and replaced by a featureless absorbance,
which increases monotonically towards higher energies. [11]

Colloids produced by conventional heating of copper sulphate solution with
plant extract showed peaks at wavelengths 230 nm and 258 nm. For reduction
carried out using 10 ml of plant extract the absorption was found at 230 nm and
the wavelength increased to 258 nm for and 20 ml plant extract. This red shift in
the wavelength from 230 nm to 258 nm with the increase in amount of leaf extract
can be explained on the basis of increased nucleation rate due to greater amount
of reducing agent and generation of smaller nanoparticles in the solution.

In the case of colloids prepared using microwave energy, the optical absorption
was found at 330 nm. The copper dispersion did not show a plasmon peak around
the expected wavelength of 570 nm, but displayed a broadened peak at a short
wavelength, indicating the presence of very small separated Copper nanoparticles
as in the literature. [11]

The presence of polyphenols and other phytonutrients present in aqueous leaf
extract of Anacardium occidentale was mainly responsible for the bio-reduction
process. Polyphenolic compounds are very important plant constituents because
of the scavenging ability of their -OH groups. The antioxidant property of
polyphenolic compounds is mainly due to the redox property which allows them
to act as reducing agents.

CONCLUSION

Plant mediated synthesis of nanoparticles is a green chemistry approach that
connects nanotechnology and biotechnology. This article we have used a fast,
convenient and environment friendly method for the synthesis of copper
nanoparticles by biologically reducing copper sulphate solution with aqueous
leaf extract of Anacardium occidentale. The formation of copper nanoparticles was
indicated by the sudden colour change from light blue to green and then gradually
to dark brown colour. The presence of active polynutrients and phenolic groups
present in aqueous extract are responsible for the reduction and stabilization of
copper nanoparticles. The U V visible spectra showed peaks at 230 nm and 258
nm indicating the formation of small sized copper nanoparticles. A red shift was
observed on increasing the volume of the plant extract indicating increased
nucleation rate due to greater amount of reducing agent and generation of smaller
nanoparticles in the solution.
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Studies on Pesticidal Efficacy of the
Plant-Calotropis Procera Against Stored
Grain Pest- Sitophilus oryzae

| Mity Thambi & Tom Cherian |

ABSTRACT

Calotropis procera plant which was the native of Kerala collected from
Palakkad district. In the present study reveals that, plant extracts of
Calotropis procera plant in ethyl acetate solvent is highly toxic against
adults of Sitophilus oryzae. Higher doses and exposure time are
required to achieve 100% mortality for the adults of Sitophilus oryzae.
The ethyl acetate extract of Calotropis procera could be used as a
potential grain protectant against Sitophilus oryzae. The use of
botanical materials as insecticides will benefit our agricultural sector.
They are not only of low cost, but have no environmental impact in
term of insecticidal hazard. Therefore, the findings of the current
experiments strongly support the use and exploration of botanicals
in pest management practices.

INTRODUCTION

For global food security, the agricultural sector of the world economy must
achieve a production level that ensures adequate food supply to feed the increasing
population as well as provides raw materials for the industries. This is particularly
so as the energy sector is vigorously pursuing research into the use of grains and
root crops as sources of starch for conversion into bio-fuels.[1].

Prevention of food losses during postharvest storage is of paramount economic
importance [2]. Sitophilus oryzaelt is commonly called the rice weevil. It is the
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most common and the most destructive pest of stored grains. It enjoys worldwide
distribution and is found in stored gains such as rice, wheat barley, bajra, etc.
which attack economically important crops [3]. The use of plant material can
lead to the identification of new bio — insecticides for the benefit of agricultural
production and human health. Therefore, this study attempted to evaluate
pesticidal activity of some plant extract (Calotropis procera) against Sitophilus
oryaze in the rice grains.

MATERIALS AND METHODS

Plant leaves were collected from different areas of Mannarkkad in Palakkad
district and the experimental pests were collected from the local market. The
collected study materials were brought into the laboratory condition. The
experiment was conducted in the Chemistry laboratories of Baselius college,
Kottayam. Extracts were prepared from plant leaves. The plant used in this study
is Calotropis procera. The plants were collected in the middle of January 2019.
Leaves were randomly collected and shade dried. All the leaf materials were air
dried for 10 days. After drying the plant materials were powdered with the help
of mixer blender. Powders of the leaves were used for extraction in three different
solvents. Solvents used for extraction are petroleum ether, ethyl acetate and
ethanol.

The adults of Sitophilus oryzae were collected from infested grains purchased
from local market. The pest along with the grains was stored in a plastic container.
Adult insects were sorted out after sieving the grains. The adults were used for
subsequent experiment. They were maintained in containers throughout the study
period. Small holes were provided on the plastic container for proper aeration.[4].

PREPARATION OF PLANTEXTRACTS

Extraction of plant material was carried out with the help of Soxhlet apparatus.
[4,5]

(a) EXTRACTION OF CALOTROPIS PROCERA
Extraction using Petroleum ether as solvent

50g of leaf powder was tightly packed with Whatman No: 4 filter paper. It was
then carefully transferred into Soxhlet extractor for extraction. Petroleum ether
(160ml) was used as the solvent for extraction. Extraction continued until the
solvent changes to colourless. Extraction took about seven hours. Extract was
stored at cold temperature.

Extraction using Ethyl acetate as solvent

50g of leaf powder was tightly packed with Whatman No: 4 filter paper. It was
then carefully transferred into Soxhlet extractor for extraction. Ethyl acetate
(160ml) was used as the solvent for extraction. Extraction continued until the
solvent changes to colourless. Extraction took about seven hours. Extract was
stored at cold temperature.
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Extraction using Ethanol as solvent

50g of leaf powder was tightly packed with Whatman No: 4 filter paper. It was
then carefully transferred into Soxhlet extractor for extraction. Ethanol (160ml)
was used as the solvent for extraction. Extraction continued until the solvent
changes to colourless. Extraction took about seven hours. Extract was stored at
cold temperature.

b) CRUDE EXTRACT DILUTION

From each crude extract 15mg, 30mg and 50mg extracts were accurately
weighed and serially dissolved in 1ml of acetone. Then it was made upto 100ml
by using distilled water. Thus, from each extract 150ppm,300ppm, and 500ppm
concentration of test solutions were prepared. Test solutions of three different
concentrations of each of the nine extracts were used for testing the Sitophilusoryzae
in three time periods (24hr, 48hr, 72hr).[6]

¢) TREATMENT- PESTICIDALACTIVITY

Lab studies have been carried out to ascertain pesticidal property of the plant
extract against Sitophilus -oryzae.

DISC METHOD

The methodology used for contact assay with impregnated filter paper was
proposed [7]. Sheets of filter paper (diameter 3cm) were impregnated with test
solution (500ppm, 300ppm, 150ppm). One ml of each extract solution was spread
with the help of pipette over the filter paper and placed into petri dishes, while
control sheets were impregnated by without any plant extract. The filter paper
discs impregnated with extracts were air dried until complete evaporation. Then
they were placed into and 25 adults of Sitophilus oryzae were released in each
treatment and control dish, with three replicates per treatment and control plate.
The plates were wrapped in plastic film to prevent escape of pest. Small holes
were made on the plastic film for aeration. Mortality counts were taken after
24hr, 48hr, and 72hr intervals of treatment and expressed as percentages of
mortality. Dead insects were counted, death being ascertained by the complete
absence of movement.

DATA ANALYSIS

The pests Sitophilus oryzae were collected. Only adults were taken for bioassay.
Plant leaves were sorted and identified to species level.

Three plants screened for pesticidal activity was made. Data were grouped
into three tables (Table 1, Table 2, Table3). Pest mortality was measured in
percentage and if the control mortality was ranged between 5-20%, it was corrected
using Abbotts formula (8)

Corrected Mortality = % of mortality - % Control mortality) X 100
100 - % Control Mortality
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Standard deviations were calculated for three replicates and recorded for 24hr,
48hr and 72hr.

Where n = the number ot samples, Xi = Mortality (%) Percentage of pest
mortality can be calculated by using the formula

= (Number of dead pestx100)/(Total number of pest)

Using the data in the table graphs was prepared. Graphs were based on time
intervals (24hr, 48hr, and 72hr). Microsoft Excel package was used to prepare
percentage mortality graphs against different concentrations of plant extract. Each
graph compares the percentage of mortality of three solvents (petroleum ether,
ethyl acetate, and ethanol).

RESULTS AND DISCUSSION

Pesticidal activity of the plant extract Calotropis procera in three different
solvents (Petroleum ether, Ethyl acetate, Ethanol) was tested against adults of
Sitophilus oryzae, at different concentrations (150ppm, 300ppm and 500ppm).
The experiment showed a relation of pest mortality level among 3-time intervals
(24hr, 48hr and 72hr). The results indicate variation in mortality among the plant
extracts tested against the selected pest. The summary of results, in which the
percentage of mortality of adults of Sitophilus oryzae caused by different plant
extracts, are represented in table 1, table 2 and table3.

The results indicate that mortality values significantly increased depending on
the increasing plant extract concentration and with time of exposure. As
considering Leaf extracts in ethyl acetate medium Calotropis procera is more
effective than ethanol and petroleum ether at the three concentrations in three
time intervals. More over at 500ppm concentration it gives 100%mortality.

The order of increase of mortality rate is: Calotropis procera(ethylacetate)
>Calotropis procera(ethanol)>Calotropis procera(petroleum ether).

PESTICIDAL ACTIVITY OF CALOTROPIS PROCERA AGAINST
SITOPHILUS ORYZAE

The leaf extract of Calotropis p rocera in three solvents (ethanol, petroleum
ether, ethyl acetate) at three time intervals (24hr.,48hr and 72hr.) also at different
concentrations (150 ppm, 300 ppm and 500 ppm) the more effective one is ethyl
acetate extract of Calotropis procera. The most significant result is produced after
72hr treatment i.e. 100% mortality.
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Table 1: Mortality percentage of Sitophilus oryzae treated with plant extracts of
Calotropis procera by disc method

MNo.of M ot Lt [%40)
Mame of the plant Conc [ppr) |insects need
Ak ppt RO IO R

Calotrop s 500 25 SeH0R | 6RH006 | THDOR
proceral Petrolenm 300 25 S0H003 | 634005 | aEHD08
ether) 150 25 A5HI 08 | S7HI09 | &3HI07T

ontrol - 25 - - -
Colotrom s procera 500 25 FHI08 | FIHI07 | 84005
(Ethanol 300 25 0005 | T2H0 06 | TEHD08
150 25 A0 07 | 5HI0R | T4 0B

Control - 25 - - -
Calotrom s procera 500 25 B4 02 | 931005 | 1004003
[(Ethyl acetute) 300 25 TeHl 04 | Betdne | 5008
150 25 FOHI08 | 83006 | 0007

Control - 25 - - -

*values ate mean percentage of three replication of experitnent with 25 insects, £ 50 Graphs we e
prepared in three tirne perods using abowe table. Thesv were descrbed below.

Graph 1: Mortality percentage after 2 dhrs treatment of Stophilius Ovy s with
Calotrapis procera
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Here petrole um ether extract showws less morahtyand ethyd acetate extrac t shows higher
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mortality. Whereas ethanol extract shows medium mmostality,

Calotropis procerafpetroleum ether) <Calotropis proceraethanol) <Cafotropis proceral ethyl
acetate).

Graph 2: Mortality percentage after 48hes treatment of SZephilus Omvze with
Calatrapis pracem
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Here ethyl acetate extract shows higher mortality. Whereas ethanol and petroleum ether estract
shows similar mortality rates. Cafotrapis proceralethyl acetate) = Chalotropss proceraethanol)
=Calotropis proceralpetrol eumether).

Graph 3: Mortality percentage after T2hrs treatment of Sitophilis OQryze with
Calatrapis pracem
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Here ethyl acetate ewtract attains 100%wmortality. Whereas ethanol and petrolenm ether estract
shows accurately simiar results.

Calairopis proceral ethyl acetate) =Cafotrapis proceral ethanol) >Calotropis proceralpetroleum
ether)
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From the analysis of above three graphs, it shows that ethyl acetate extract of
Calotropis procera produce higher pesticidal activity than ethanol and petroleum
ether extract. Mortality value increases with increase in concentration of extract
and also with time of exposure.

The present work reveals the pesticidal effect of the leaf extract of Calotropis
procera in three solvents (petroleum ether, ethanol and ethyl acetate and) against
adults of Sitophilus oryzae. The experiments reveal that ethyl acetate extract of
Calotropisproceraoffers higher percentage of mortality to Sitophilus oryzae.

The toxicity of plant extract to stored product pest, Sitophilus oryzaei s
influenced by the chemical composition of the plant, time of exposure, plant
parts used, method of extraction and concentration of the plant extract.

The results of the present study indicate that, by considering the percentage
mortality as a main index, Calotropis procerain ethyl acetate proved to be the
most effective plant extracts having greater potential to be use as a grain protectant.
These plants have a range of chemicals which can be isolated and used for pest
control. The test plants being medicinal would yield environmentally sound
chemicals having no harmful effects on the non target organisms also these
pesticidal properties can be harnessed cheaply for use in agriculture and related
fields.

CONCLUSION

The current study strongly recommends the need of exploring botanical
derivatives as pest control agents. Even though there are differences in
concentration of extracts, all solvent extracts could act as a toxic agent to prevent
the proliferation of the test animal.

After completing this study we can conclude that plant used in this study;
Calotropis procera possess pesticidal activity against Sitophilus oryzae. The studied
plant extract of Calotropis procera leaves in ethyl acetate solvent is highly toxic
against adults of Sitophilus oryzae. Higher doses and exposure time are required
to achieve 100% mortality for the adults of Sitophilus oryzae. The plants which
process pesticidal activity could be used as a potential grain protectant against
Sitophilus oryzae. The use of botanical materials as insecticides will benefit our
agricultural sector. They are not only of low cost, but have no environmental
impact in term of insecticidal hazard. Therefore, the findings of the current
experiments strongly support the use and exploration of botanicals in pest
management practices.

The results of pesticidal activity of a number of higher plants based on traditional
knowledge strongly indicate that plants are endowed with pesticidal property
that can be harnessed cheaply for use in agriculture and related fields. The need
to use plant-based products arises from the fact that the synthetic pesticides are
harmful to humans, and the entire ecosystem due to high toxicity and persistence.
Also, they are too expensive for the poor farmers in the developing countries of
the world. On the other hand, plant- based products are cheap and bio- degradable
and are therefore environmentally friendly. However, an agricultural programme
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that depends essentially on plant-based materials must be backed-up by a
vigorous research programme into new plant sources.

Therefore, the leaf extract of Calotropis procera in ethyl acetate solvent, a

potentially useful agent to control Sitophilus oryzae, has to be better explored by
doing detailed chemical analysis of the active compounds present in it and by
understanding the mechanism involved in action.
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Huckel Molecular Orbital Calculations of
Linear Conjugated Systems

| Jalaja J. Malayan, Sonia George and Sruthy P. R. |

ABSTRACT

HMO Program is based on HMO theory which is a semi empirical
method. HMO theory is the more sophisticated technique that can
provide quantitative information about eigen values, eigen vectors,
charge density, electron density, electron energy, pi bond order and
free valence for linear, branched, cyclic, polycyclic, charged and
uncharged hydrocarbons and hetero atom containing pi systems. One
of the important assumptions of HMO theory is that pi electrons move
in a fixed electrostatic effective potential due to the sigma frame work
of the molecule. The sigma electrons are described in terms of localized
hybrid bond orbitals and the pi electrons are described by molecular
wave functions that extend over each of the atoms that contribute a
pi electron. Thus, the pi electrons are delocalized and allocated to the
orbitals which spread over the molecule as a whole. Delocalization
energy of a conjugated system is the additional energy lowering from
allowing the electrons to associate with all the nuclei. The pi bond
order is Prs, representing the degree of pi bonding between adjacent
carbon atoms ‘r’and ‘s. Bond order is inversely proportional to bond
length. Pibond order, free valence, electron density and charge density
of conjugated polyenes can be calculated using molecular orbital
coefficients of pi molecular orbitals.

Key Words; HMO theory, Bond order, Free Valence, Electron density,
Charge density, Electrostatic effective potential
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INTRODUCTION

HMO theory is based upon variation method. It is an approximation procedure to find out the
ground state energy of a quantum mechanical state. In order to find out the energy level we have
to solve the Schrodinger equation HWY = EY

VYHY dr
Ywvdr

for a real function ¥ = ¥ .complex conjugate is the function itself

Multiplying by ¥" and integrating over all space E= f

according to the LCAO approximation, the molecular orbital is written as

LPJ = Z CJr d)r _— 1

Where ¢ is the 2pz orbital of carbon atom r. It is assumed that each of the carbon atoms is sp’
hybridized and has one 2pz orbital available for MO formation. A linear combination of nr orbitals

should lead to n pi MOs, each of which may be represented in the form of above equation. The
possible energies for the one —electron MOs are obtainable by solving the secular equations[1].
The pi molecular orbital energies for ethylene can be represented as

1 & : = LUMO
: ok

= E e

= '

=

S
e & HOMO

B 4

For a cyclic or acyclic conjugated polyene with n pi electrons there are n pi molecular orbitals and
these MO functions are unique [2,3]. HMO is a semi empirical method based on approximate
solutions of the Schrodinger equation with appeal to fitting to experiment (using parameterization
[4]. The Secular equations are solved based on Huckel approximations [5]. The available pi
electrons are accommodated in these molecular orbitals in the increasing order of energy, taking
care of Pauli’s Principle and Hand’s rule.

Thus, two electrons with opposite spins can be filled in non-degenerate levels according to Pauli
Principle. When two electrons are to be placed in a doubly degenerate level they are placed singly
in the two levels with like spins according to the Hund’s rule[6]. Pi bond order can be calculated
using the formula. Prs=ZnjCjrCjs

Prs, representing the degree of pi bonding between adjacent carbon atoms ‘r’and‘s’ was first
introduced by Coulson[7]. A high bond order means a high pi electron density in the bonded region
Coulson’s formula for calculating bond length in conjugated hydrocarbons is ( bond length in A%)
=1.518-0.18P

‘P’ is the Pi bond order( [8].
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Theoretically electron density at different sites can be calculated using the formula[6]

= Yn.c: 2
4= <0Gy
The contribution of a molecular orbital to the electron density at an atom is given by the square of
the coefficient of atomic orbital used for the atom in the linear combination of atomic orbitals for
that molecular orbital. The total electron density is then the sum of all contributions over all
occupied molecular orbitals.
In a pi system a neutral carbon atom is associated with an electron density of 1.00 and the net

charge density is defined as  &=1-q; . For example, in ethylene,

& at C1=1.0-1.0=0
& at C2=1.0-1.0=0

In allyl cation (C=C—C)"

& at C1=1.0-0.5=0.5
& at C2=1.0-1.0=0
& atC3=1.0-0.5=0.5

In allyl anion C=C—CY

& at C1=1.0-1.5=-0.5
& at C2=1.0-1.0=0
& atC3=1.0-1.5=-0.5

Thus, in ethylene each carbon atom is neutral whereas in allyl cation the positive charge is
distributed equally among the terminal carbon atoms and the central carbon is neutral. In the same
way it can be shown that in the allyl radical, each carbon is neutral; in allyl anion the additional
electron distributes its charge between the two terminal carbon atoms without affecting the central
carbon atom.

CHy=CH—CH: , CH:=CH—CH; *, CHy=CH—CH;
allyl radical allyl cation allyl anion

CH,=CH—CH, < CH;—CH=CH;

CH,'—CH=CI, <> CH,=CH—CH:"

CHy —CH=CHsz+> CH;=CH—-CHy

The HMO method can be applied to explain the reactivities of conjugated molecules in terms of
what are called reaction indices or free valence [9]. Free valence can be calculated using the
formula Fr=Nmax-XP.

ZP is the bond order that a carbon atom actually does have. Nmax is the maximum possible pi
bonding that a carbon atom is capable. In straight chain conjugated polyenes, the free valence is
larger at end carbon atoms and are more susceptible to free radical addition of electrophiles.

Here we have studied the pi molecular orbitals, their energies, delocalization energy, pi
bond order, bond length, electron density, charge density and free valence index of linear
conjugated hydrocarbons using HMO - Huckel Molecular Orbital Calculations. The homo-lumo
gap of linear polyenes was calculated by the application of Woodward Fieser rules and Planck’s
equation
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RESULTS AND DISCUSSION

The Huckel method or Huckel Molecular Orbital Theory, proposed by Erich Huckel in 1930, is a
very simple method based on linear combination of atomic orbitals for the determination of
energies of molecular orbitals of pi electrons in pi delocalized conjugated systems. The linear
conjugated systems studied are given in Tablel

Table 1

SL Linear conjugated molecules Number of carbon atoms
No

1 Ethylene 2

2 1.3-Butadiene 4

3 1,3,5 -Hexatriene 6

4 1,3,5,7 -Octatetraene 8

5 1.3,5,7,9-Decapentacne 10

The pi molecular orbital energies are presented in Table2

Table 2
Linear system | Homo&lumo Energy Degener | Number | Molecul
acy of ar
electrons | orbitals

Ethylene LUMO -1.0008 + o 1 0 2
HOMO 1.0008 + a 1 2 1
Butadiene -1.6188 +a 1 0 4
LUMO -0.6188 + a 1 0 3
HOMO 0.6188 + « 1 2 2
1.618B + « 1 2 1
-1.8028 + o 1 0 6
-1.2476 + 1 0 5
1,3,5- LUMO -0.4458 + o 1 0 4
Hexatriene HOMO 0.4458 + 1 2 3
1.2478 + a 1 2 2
1.8028 + « 1 2 1
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-1.879 B+«
-1.532B8 + «
- 1.0008 + «
1,3,5,7- LUMO 03478 + &
Octatetraene HOMO 0.3478 + «
1.0006 + a
1.33208 +a
1.879 B +a

el Ll el Ll e e el
NN NN S|
=D (G| e [ QN =T G0

—
<

1,3,5,7,9- -1.9196 + o
Decapentaene -1.683B + a
-1.3106 + o
-0.8315 + o
LUMO -0.2858 + @
HOMO 02858 + «
0.8318+a
13108+ a
1.683B +
19196+ a

el Ll L R Rl el e el el
(NS RRSVRE V) BV ] ) ) Fenl Kenl Fen) fan) fan]
=R W N[00\

HOMO-Highest occupied molecular orbital LUMO-Lowest uneccupied molecular orbital

As the number of carbon atom increases energy levels become closer, homo-lumo gap decreases,
wavelength of absorption is shifted to longer wavelength (bathochromic shift) and also there is an
increase in the length of the conjugated polyene. Huckel method ignores electron repulsions and
takes the total @ electron energy as sum of the orbital energies. There are several properties of
conjugated hydrocarbon that can be defined using HMO theory we begin with delocalization
energies; the corresponding valence bond term is resonance energy. As the number of carbon atom
increases the delocalization energy also increases. Resonance stabilized structures have more
delocalization energy than the non resonance stabilized structures. The pi electron energies and
delocalization energies obtained are given in Table3, the pi bond energy due to localized structures
will be because of just one ethylenic bond in each case, is 2.

Table 3
Linear Conjugated Pi electron Delocalization Homo-Lumo
Molecules energy energy gap
Ethylene 2a+2pB -28
1,3-Butadiene 4a+4.472p 472B -1.236pB
1,3,5-Hexatriene 60+6.988B 988 -0.890pB
1,3,5,7-Octateracne 8u+9.518B 1.5183 -0.694p
1,3,5,7.9-Decapentaene 10a+12.056f3 2.056P -0.570B
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The delocalization energy, pi bond orders and pi electron population are chemically significant
parameters that can be obtained from the orbital energies and coefficients that are the direct outputs
of Huckel theory. Delocalization energy is defined as the difference in energy between that of the
most stable localized structure and the energy of the molecule, computed from Huckel theory
orbital energy and occupancies. Here 1,3,5,7.9 —Decapentacne is more stable due to large

delocalization energy and small homo-lumo gap. If Amax s known the gap can be calculated using
the Planck’s equation [10,11].

119,600 (KJ x nm)
Aum) = TN )

The B values can be calculated using HMO and by the application of Woodward Fieser rules [12].
The values are given in Table 4. The average B value based on Woodward Fieser rule was found
to be -575.5 KJ/mol. The homo-lumo gap calculated using average [ is also given in the Table4.
The homo-lumo gap is related to the reactivity of the system.

Table 4
Linear Polyene Amax N- Value Empirical Homo-lumo gap
(Wavelengthof parameter 3 (KJ/mol) using
maximum (KJ/mole) average [ value
absorption )nm (Based on Np
Woodward Fieser
rule)
1,3,-Butadiene 217 1.236 -452.16 711.3
1,3,5-Hexatrene 247 0.890 -544.05 5122
1,3,5,7-Hexatriene 277 0.694 -622.14 399.0
1,3,5,7,9- 307 0.570 -683.46 328,0
Decapentaene

The molecular orbitals of conjugated systems are given in Table 5

Table 5 —Pi Molecular Orbitals( bonding and antibonding)

Molecular orbitals are represented as ¥ = Ci'¥1 + C2 W2 (Ethylene-bonding)

Y represents atomic orbital functions
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Table 5
R ¥, W3 ¥y Ws W ¥y W
Ethylene C | 0.707 | 0.707
1C 0.707 | -0.707
2C1 0.372 | 0.602 | 0.602 [0.372
C2 | 0.602 | 0.372 | -0.372 | -0.602
]13’3‘[-adiene Cs; | 0.602 | -0.372 | -0.372 | 0.602
Cs | 0372 |-0.602 | 0.602 |-0.372
C; | 0232|0418 | 0.521 |0.521 |0.418 [0.232
C; | 0418 | 0.521 | 0.232 |-0.232|-0.521 | -0.418
1,3,5- C3 | 05210232 | -0.418 | -0.418 | 0.232 | 0.521
Hexatriene | C4 | 0.521 | -0.232 | -0.418 | 0.418 | -0.232 | -0.521
Cs | 0.418 | -0.521 |1 0.232 | 0.232 |-0.521 | 0.418
Cs | 0.232 | -0.418 | 0.521 | -0.521 | 0.418 | -0.232
C; | 0.161 | 0.303 | 0.408 | 0.464 | 0.464 |0.408 [0.303 |0.161
C2 | 0303 | 0.464 | 0.408 |0.161 |-0.161 [-0.408 | -0.464 | -0.303
Cs | 0.408 | 0.408 | 0.000 |-0.408 | -0.408 [ 0.000 | 0.408 | 0.408
1,3,5,7- Cys | 0.464 | 0.161 | -0.408 | -0.303 | 0.303 [ 0.408 |[-0.161 | -0.464
Octatetrae
ne Cs | 0.464 | -0.161 | -0.408 | 0.303 | 0.303 | -0.408 [ -0.161 | 0.464
Cs | 0.408 | -0.408 | 0.000 | 0.408 |-0.408 [ 0.000 | 0,408 is0.408
C; | 0303 | -0.464 | 0.408 | -0.161 | -0.161 [ 0.408 |-0.464 | 0.303
Cy | 0.161 | -0.303 | 0.408 | -0.464 | 0.464 [-0.408 | 0.303 | -0.161

The molecular orbital energy increases with increase in the number of nodal planes, nth MO is
associated with n-1 nodal planes, where n is the number of carbon atoms. The pi bond order,
electron density, charge density and free valence can be determined using pi MO coefficients.
According to Huckel theory the pi bond order can be calculated using the formula, Prs=ZnjCjrCjs,
the summation is over all the occupied molecular orbitals, nj is the occupation number of the jth
molecular orbital[13]. Cjr is the coefficient of atom r in the jth molecular orbital and Cjs is the
coefficient of atom s in the jth molecular orbital. Coulson’s formula for caleculating bond length in

conjugated dienes is
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( A®)=1.518-0.18P

pi bond order, total bond order and bond length obtained from HMO calculations are
given in Table 6

Table 6
Molecule Bond Pi bond | Total order | Bond
C-C order Length
(pm)
Ethylene 1- 2 1.000 2.000 134.0
1.3- 1- 2 0.894 1.894 135.7
Butadiene 2-3 0.447 1.447 143.7
3-4 0.894 1.894 135.7
1,3,5- 1- 2 0.871 1.871 136.0
Hexatriene 2-3 0.483 1.483 143.0
3-4 0.783 1.785 137.5
4-3 0.483 1.483 143.0
5-6 0.871 1.871 136.0
1,3,5.7- 1- 2 0.862 1.862 136.2
Octatetracne 2-3 0.495 1.495 142.8
3-4 0.758 1.758 137.9
4-5 0.529 1.529 142.1
5-6 0.758 1.758 137.9
6-7 0.495 1.495 142.8
7-8 0.862 1.862 136.2
1,3,5,7.9- 1-2 0.838 1.8358 136.3
Decapentaene 2-3 0.500 1.500 142.7
3-4 0.747 1.747 138.1
4-5 0.544 1.544 141.8
5-6 0.730 1.730 138.4
6-7 0.544 1.544 141.8
7-8 0.747 1.747 138.1
8-9 0.500 1.500 142.7
9-10 0.858 1.858 136.3

The lincar conjugated molecules show variation in bond order and bond lengths due to
delocalization of pi electrons i.e., double bond acquires single bond character and single bond
acquires double bond character. The calculations show that the C-C bonds have a pi bond order of
less than unity. The greater the bond order greater the strength and shorter the bond length. The
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middle bonds are weaker and longer than end bonds (R Anantharaman). The electron density and
free valence are shown in Table7

Table7
Molecule Carbon atom k Pi count gr-electron Free valence Fr
drnsity
Ethylene Cl1 1.000 0.732
C2 1.000 0.732
1,3-Butadiene Cl1 1.000 0.838
C2 1.000 0.390
C3 1.000 0.390
Cc4 1.000 0.838
1,3,5-Hexatriene C1 1.000 0.861
C2 1.000 0.377
C3 1.000 0.464
Cc4 1.000 0.464
C5 1.000 0.377
Co6 1.000 0.861
1,3,5,7-Uctatetraene Cl1 1.000 0.870
Cc2 1.000 0.375
C3 1.000 0.479
(OF:) 1.000 0.445
C5 1.000 0.445
Cé6 1.000 0.479
c7 1.000 0.375
Cg 1.000 0.870
1,3,5,7,9- Cl1 1.000 0.874
Decapentaene C2 1.000 0.374
C3 1.000 0.485
Cc4 1.000 0.441
C5 1.000 0.458
co 1.000 0.458
c7 1.000 0.441
Cg 1.000 0.485
C9 1.000 0.374
C10 1.000 0.874
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The electron density at a carbon r according to Huckel theory qr= ancjr2 n; is the number of
electrons in the jth molecular orbital, ¢jr is the coefficient of atom r in the jth molecular orbital

Free valence can be calculated using the formula Fr=Npmax-ZP.

Ninax 18 the maximum bond order that a carbon atom can have and XP is the actual bond order that
a carbon does have, maximum bond order is calculated using trimethylene methane diradical. The
free valence is larger at a terminal position than at an internal position. This explains why 1.4
addition reaction takes place so easily in butadiene. All the computational calculations are based
on the HMO program. This program can also be used to work out the similar calculations on
conjugated cyclic and hetero cyclic systems.

CONCLUSION

HMO program is an interactive program to perform electronic structure calculations within the
Huckel Molecular Orbital Approximations (HMO 1.0 Copyright (C) 1996, 2000 by Ajit J. Thakkar,
Huckel Molecular Orbital Calculations of Planar Conjugated Hydrocarbons, all pi electron
propertics can be calculated, it performs calculations for structures containing up to 22 carbon
atoms) The linear conjugated system can be considered as one dimensional box and AE (NP) =
An? h? /8ma?.. If length of the conjugated system is known homo lumo gap can be calculated.

If homo-lumo gap and wave length of maximum absorption are known, the empirical parameter

[ can be calculated using Planck’s equation AE =N he/i(for one mole). As the energy gap
decreases the wave length of maximum absorption (pi electronic energy level transition) is shifted
to longer wavelength, i.e. bathochromic shift. The pi-one electron energy and molecular orbital
wave functions are calculated by using variation method. The number of secular equations
obtained is equal to the number of carbon atoms in the linear chain. The additional stability
acquired due to delocalization is maximum for decapentaene, which is a C-10 conjugated
hydrocarbon. For all the carbon atoms in all conjugated molecules the net charge density is zero.
The pi electronic properties, like p1 bond order, electron density and free valence obtained using
the above program are in close agreement with that calculated, based on basic equations in Huckel
theory.
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ORIGIN OF LIFE - A REVIEW

Elizabeth Kuruvilla

ABSTRACT

The origin of life is an intriguing question that has attracted
widespread interest in the scientific community. Wide ranging
competing ideas such as the protein world, RNA world, metabolism
and lipid worlds have been proposed by different research groups.!
The retracing of the events that led to the extant form of life is
challenging since the evidence of the formation is gone long ago and
what we can now do is to simulate the conditions of prebiotic earth
and try to construct step by step what might have led to the extant
life forms.

INTRODUCTION

The unique characteristics of life are reproduction, transfer of hereditary
information, transformation of energy, growth and response to environment. So
far no one has yet created a living cell from organic molecules. How could life
have formed on earth around 3.8 billion years ago? According to Oparin-Haldane
hypotheses, the key steps involved in the origin of life are: formation of the building
blocks of cells, like amino acids, nucleotides etc; formation of polymers from
these building blocks that can carry out metabolic reactions and replicate;
formation of protocells, an enclosed system separated from the environment by a
semi-permeable membrane.

The problem of understanding the origin of life can be broadly dealt with by
two ways, the bottom-up approach and top-down approach.” In the top down
approach, the intricate structure and functioning of cell components such as
ribosomes and iron- sulfur centres are analysed.’> Some of the elements of these
systems are conserved throughout different forms of life, hence are called fossils,
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from which we can understand the origins of life. In the bottom up approach,
researchers try to understand the origin of life by investigating the building blocks
of life including amino acids, nucleic acid bases and how they could assemble
into the macromolecular assemblies that we see now.*

DISCUSSION

Miller and Urey in 1953 showed the formation of amino acids under simulated
conditions of early earth.’ Later on it was reported that nucleobase adenine could
be produced under similar conditions.® Research showed that many building
blocks of life can be made from simple molecules under plausible prebiotic
conditions. Earlier attempts to synthesize nucleosides by connecting a preformed
nucleobase with performed sugars were of little success often resulting in messy
reaction products. However, Sutherland et. al showed that by using just
cyanamide, glycolaldehyde and glyceraldehyde, the nucleosides can be
synthesized.” How these building blocks are assembled to give rise to functional
molecules that can perform functions such as transfer of information, replication
and catalytic functions remains a challenging question. Since it is known that
some RNA can show catalytic activities®, it is worthwhile to think RNA might
have evolved first. Also, RNA being comparatively less stable than DNA can slowly
evolve into more stable DNA.’

If it was the RNA that had evolved first, then the bases should undergo ligation
in the absence of enzymes. Ferris et al. have shown that clay based minerals such
as montmorillonite can catalyze the formation of RNA oligomers upto 30-50 bases
long." Studies have shown that the building blocks such as nucleobases seen in
the extant world do not efficiently assemble and undergo ligation non-
enzymatically. The oligomers formed tend to cyclize once they are 4 to 8 bases
long. This led to the realization that the nucleobases should have a greater surface
area which can enable them to stack and give rigidity to the oligomeric chain that
is forming. To prove this, planar polycyclic aromatic molecules were added to the
oligomerization mixture. This gave oligomers that were 100 nucleobase long."

Further studies with modified nucleobases suggested that the RN A bases might
have evolved from heterocyclic molecules that has a greater tendency to stack
and form stable assemblies. This gave rise to the idea that the RNA might have
evolved from ancestral polymers or proto- RNA."

The complex functioning of multi-protein assemblies such as enzyme action
uses several non-covalent interactions such as the electrostatic, H-bonding and
Van der Waals forces. These principles of supramolecular chemistry were used to
design suitable proto-RNA bases that could show excellent self-assembly in
aqueous media forming supramolecular polymers of infinite length."

Similar to the proto-RNA bases, there are also proposals of the existence of
non-canonical sugars too which might have given way to the ribose sugars. TNA
(threose nucleic acid), ANA (arabino nucleic acid), Pyranose nucleic acid are some
of the examples studied."

The other mystifying challenge to the understanding of the origin of life, is the
origin of homochirality from achiral precursors. Almost all chiral molecules in
biological systems are exclusively found to be single handed. All the amino acids
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are L-amino acids, all the sugars are D-sugars and DNA, RNA, polypeptides all
are found to form right handed helix."> Experiments have shown that
polymerization of RNA is inhibited if a nucleotide of wrong chirality is
incorporated into the growing chain showing the importance of homochirality.'®

There are different models for how homochirality might have arisen at
molecular level, what causes the biased formation of one enantiomer over the
other, how this has sustained and propagated. ‘Symmetry breaking’ is the term
used to describe this biased formation. One of the hypotheses is that the excess of
one enantiomer is seeded from an extraterrestrial source. Another chemical model
is the chiral amplification via autocatalysis. An example of this is the alkylation of
pyrimidyl aldehydes, wherein the product formed leads to the autocatalytic
amplification of enantiomeric excess. Other prebiotically plausible reactions which
can lead to modest enantiomeric excess are Formose reaction, Strecker reaction,
Breslow chirality transfer via transamination."”

In synthetic systems that can self-assemble, it is found that presence of a small
amount of a chiral additive can control the chirality of an entire assembly."® It is
also possible that dominance of one handedness arose by accident. Another
possibility, showed by Hud et. al. using the TAP-Cy hexad rosettes, is that there is
a formation of local patches with uniform chirality that has comparatively lower
free energy, which then leads to the formation of macroscopic homochiral
domains"
CONCLUSION
Recent progress in the study of evolution of life has given insights into some of
the long-standing problems of origin of life. A systematic understanding of the
chemical evolution of life still remains a scientific endeavor requiring an
interdisciplinary approach. It is a fascinating journey that may illuminate the
principles that led to the development of life.
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GROM ag(6NIn0l0 @RAIMGla{lenan).  TVIEO, af)OM @ELInLl aljano NIAIdKIMS
Ma0BIWOS H@Q{lCWOLI al)al}o aBHERU0 B0)GIINL! GRGLI? @POEBNZIW]
@loe0o EMEBBOS, a)AIMEHIFHOS BREZaOOMING MONGIIIGE B0} HElHe)IN®).°
N1UBNIIS MVaOBIWOS MREEMVITI A YAUMBEBHIFIOW B0} HB0S)BN)AN HS)(EAV®
Q02100O@® (alalNa0IVOOUWELNGIRIE ¢R06MB GRAIGGl lE9;IM). DOMOo GG
B0aH6EMEBBUE HINWIG3 @YSBaNY0 HIEMDo.
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OS] 2J2)NBIRHOT )M HOBAI alOMEa]0U8 HAIS] 2]}V (AIBI®IV)0L6F
mloaBeg B30 GR®IOM 2lMCleeglenam &loemeaBs)es B086EBSEcs Mlamlom)
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WIS16169}aM &) 6100} 2EMABIOAF ©)alQl}o HENBEAJOUd H)MIIG)H)B1U0)AI04])." @RAIRO
0a1BElE90a]5 dMUIODR (1D THDOV0 ABBHIHIHBOQW AMULO}OS TVIDIM S
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GUOAUTMLNOMo GMS)AMENE. MDEODIDL! AV):Hla )0003 af)ID HLOWIOEI MOV BGHOHM
@RA®Bo {l89)EMI0PI0 &)G1UT BOGIIWIW)0 AlURIDAMEIBYUOIAOW)o DSoallSlen)am).
“@R) @06M)IM WDAICHNISVIM, H)O1UD)AOMEBBBINS BOBMABU3 BRSIVWOAT alOTID).
IO B)QENIOWONIC3 A2} BISHNIM @RYCROLOBYNS MBHSIE3 Mlandio Hmilw)o
OHHO6TE AR 3H)B1UBIT3 210G1V1}AM) 2 NHANS)AN BMUIMIEN D MUNOOBIHG
TM)BH [}30003. GRWIWBHE HOLIGOMNOBo MOAN alPHHAYENE. TVOULdWN)AENSH;1M3
@REIDAUINIHBOW MV af) LNHEBIS) ¢210612J0@3 AG]. C6NEOWI00 QI@aHo B>$16IMII
HGOMOQ] HBBOMEa|0OR! @IBl2AIBlH@)0 af)2RBWBH6 D0aflOAUBH)HWo O6NED
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Qa0 AMOO BRWMIE: MNORIAUMETMIS G130 AlloyERLIGD ] (Irony) qLYa%S]
B9)B>WIEM LN O10).
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(30l2}Gal00. GRAIM B0} HY;OWIHS MISIOWE] H6ME). HOHMIG] af)S)OM). @)
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oaiglajo aAlem&lsajens ¢RoeMloM aflel HINHSIE. “caimeilom @)sdaolad am
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a000@EMIOELI (AI0@IMIWIIVIGOAUMBS al((MENE HLOGSO6M HMIM @rRYWIO0.

aomImMilud @IaHW)o HeULINW)o

066n1eNnilud BRANO1SHHIV AHSHE BIUHV V)0 HOUWLINHVW)Io TVAV)EEN0 DalGWO
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MINBYGAlIB)IM CORIBHUB af)D HINWOLI MIVWBHM H5leileiloyam oomavimo
QW6 56M. “af)o@ (allew, M1 qv)mal, M1 MVYBE @oa. MO 2)S)alSOWIG3
ms)eal MO HEM (a10all8 &6P)&a8Ealoeel MGElena). Mo @eims] loelwod
22106@10)alle8 H1SHN)AM EHILIGIMWH)Go CaldPRIWIMH)N). MM ale] GdRo & (@)
2fI§ ©)8a))50C1AI0)M GRYS)HOBEA|IOLI DAIHO)IN). VVERIDEAIME C0RNHMG ‘DTN
20 1@’ ovleel D AGClHU8 @Y HLNaD(@ODIOG 2EMIAilaldaEBUd HAISHa]SIOmO
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2)9eil0909100§ 01001 af)D HINWIG »)O1UBlEG BDETVal ®FIMBayOCMIAT
HOMBONIV H)S)0NIneINIUE AVlenmM@INg allaioema)ms. “e0ld:)EMOOI)
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2)5)015005)00 @oaN NSl eemimilgloal 9eialmla V@ HOICE VIITa0089)0
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GAIHO00) QIDaVILNLI, MVIBYROMIeLIV)o B)AIVIALIWI0 aDMo af)MN] GHLOHSICS
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SI0OI0R1 310107240 DEQINIOMEa|InRI AGRLHITMIORI BQealSeljo TVEMa0]
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am). eOM af)®ag BOTVEM aflglay). @EAIME EHUBH)IVILL )] QIO HIHIENE GNI3
@PAICMIS W2 {lEHPMEINIO)IM). af)®G U0IOTMVO af)HF BOOYWEE GRAVAOYAN0 af)DY
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OME 0Ll @M ILNIGENIOWo OBHIG3 Gal0)IMENE &1AI0OMAT) GENIOWWIBITVEE: )
ODIRNOS HLOIBHIOD AUYBMDOHN)IN). MVIBYROTIIOLIW)e B)AITIORIW)0 ADMo af)aM
HLOWI0ElH)IMM )0 DEQINIHM o)V HODIOLI AIGlHSILI06M). “DEaj0ud GREED
af)®3 (a106Ma3 afls@aM). B)BI®EIMEBUD af)OMM allSle:)Slvlclen)mm). (@] afead
@RMLAHOS B2 H@OYIN). af)OdD HOGMMGIMAN CAUBMTVEH Balzalo Mel.
0630l af)dan alglenmElcelss aleilea]oletmlClen)an). 6moad WSlW)o aldMIe)o
Gal0pRIVOW.’ MeYIMIlDad aRMMBHOWIORI AIGlH:U a0yElIMLORSSIV alDERIDA]
)M HLN0ald(@o (al@ITVaW] cLI1g6aBSI3 @Y QI0H6)GHSI03 @RYUDWAlo BRERWAI0
BOEMBOMAN). @RYAIOMOMITI O66NIMNIUWE QB IEBOS8 Gal@OM)Ala] &HLOE S
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