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Spectrum is an annual magazine issued by the Organic
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Institute of Chemistry Ceylon, to inspire Organic
Chemistry enthusiasts just like you!
Our issues highlight real world themes in Organic
Chemistry and its related fields while keeping it
interesting and simple, covering the entire "spectrum"
of Chemistry to enhance your knowledge. 
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  ... The Spectrum 

The Organic
Chemistry Club of CCS 
The Organic Club of College
of Chemical Sciences (OCC-
CCS), since its inception in
2016, has remained strong in
driving passion in Organic
Chemistry in the
Undergraduates of CCS. It
remains as the sole
academic-based club at CCS. 

Our Vision  
To empower the curiosity of young
chemists towards Organic Chemistry
and related fields, whilst promoting
teamwork and leadership in all.

Our Mission
To provide a platform of knowledge,
discussion, and critical thinking in
Organic Chemistry and related fields for
undergraduates at College of Chemical 
Sciences.
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Special thanks to the
Editor-In-Chief, Sachini
de Silva and the Editorial
Committee of 2020/2021
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It is with great honour and immense pleasure that we bring you the 2nd issue of
‘The Spectrum’ magazine. While always putting forward our mission and vision - to
promote, discuss, critically think, and empower curiosity towards the field of
organic chemistry, the Organic Chemistry Club of College of Chemical Sciences, has
been hard at work ever since the release of the previous edition of this magazine, to
release yet another issue and deliver the best experience and a broad spectrum of
knowledge to our readers. 

I would like to thank our lecturer-in-charge Dr. Dinusha Udukala, current President
of club, Mr. Deepadul Perera, and the Past President of the club Mr. Dilhan
Jayasinghe for their guidance. Furthermore, I would like to thank the Editor-in-
Chief, Sachini de Silva and the Editorial Committee of 2021/2022 and the current
Editorial Committee, without their continued support this magazine would not have
been possible. A special thank you goes to Dr. Upul Kumarasinghe and Dr. Thelma
Abeysinghe for helping us by proofreading these articles to bring our readers the
most factually accurate information.

The 2nd issue of The Spectrum includes an article from Prof. Dilip de Silva & an
interview conducted with Prof. Eugene de Silva. The magazine also consists of
articles from students as well as CCS alumni. The magazine addresses the chemistry
of things we come across every day as well as global issues like climate change and
antibiotic resistance. 

One of our main goals in the creation of this issue was to make it more accessible to
our readers, while not compromising the information, and the knowledge being
offered within its pages. I believe that we have achieved that to a good degree
despite the challenges and obstacles that got in our way. I am therefore very excited
to share this with you, and I hope you all find this a valuable, informative and
enjoyable read. 

Mithuni Senadeera

Editor in Chief - The Spectrum Magazine
Year 4 - B.Sc. (Hons.) in Chemical Sciences

Notes and Messages

Editor's Note
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This magazine has created a platform for students at CCS to showcase and express their ideas and
interests in various fields of Chemistry but particularly in the field of Organic Chemistry. This project
was launched by the OCC with the intention of encouraging young chemists to improve their
academic writing skills while igniting their interest in Organic Chemistry. It is truly a delight to see the
contribution our students have made to this magazine, and from all the articles written to all the
editing, the efforts made are worth immense appreciation.

It is our duty as the only academic club at CCS to come up with a magazine of higher quality and
higher accuracy in terms of the content we present. Along with the help of Dr. Upul Kumarasinghe and
Dr. Thelma Abeysinghe, our talented team of editors worked very hard in the reviewing process to
make sure that the content we put forward through this magazine is accurate and well organized. 

I take this opportunity to give out my utmost gratitude to the current Dean of CCS, Prof. Namal
Priyantha for his constant support and guidance, Dr. Dinusha Udukala for the constant motivation,
guidance, and valuable pieces of advice she gave us throughout making this project a reality, and the
immediate-past executive members of the OCC for the year 2021/2022 for their guidance and support
given. I would fail in my duty if don't extend my gratitude to the Editorial board headed by Miss.
Mithuni Senadeera, for all the hard work and the countless nights spent on making this issue of The
Spectrum a reality. I should also thank the experienced and talented senior academics and the past
students of CCS, who contributed and showed their support towards this magazine. Finally, I should
mention the valuable contribution made by all of our writers - the enthusiasm they showed was very
valuable and highly appreciated.

I hope that the readers will learn and benefit from "The Spectrum".

Notes and Messages

Message from the President of OCC-CCS

It is with great privilege that I present the second issue of The
Spectrum magazine, which is undoubtedly one of the most
important projects done by the Organic Chemistry Club of the
College of Chemical Sciences. 

As the years pass, new executive committees are appointed and
new individuals take up the existing roles. However, legacies that
have been passed through will continue to thrive for many more
years to come. Among the many activities that we, as a club, give
out to the student body of CCS, this magazine takes a special place
because it is one very important legacy. The idea of The Spectrum
magazine initiated by the previous board came to light as a result
of widening the scope of the club and involving students’
participation in club activities more actively than ever before. 
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Deepadul Perera

Year 4 - B.Sc. (Hons.) in Chemical Sciences



Notes and Messages

Message from the Past President of OCC-
CCS
I am pleased to pen a message as the immediate past president of
OCC, as the club completes the 2nd edition of ‘The Spectrum’, the
scientific magazine published by the club. ‘The Spectrum’ was
initiated during my tenure as President, with the hope of giving an
opportunity for the students of CCS to write articles linked with
organic chemistry and other related fields. From the first edition
which was successfully launched in August 2021, we observed a high
level of enthusiasm in our students as it received many appreciations
from the readers including senior lecturers. 

I must greatly value the contributions of all members of the editorial committees of 2020/2021 and
2022/2023 headed by Sachini De Silva and Mithuni Senadeera respectively, in addition to the
academic reviewers of ‘Spectrum’, Dr. Upul Kumarasinghe and Dr. Thelma Abeysinghe for all their
commitments and hard work in making this 2nd edition successful. OCC is blessed to have Dr.
Dinusha Udukala as the lecturer-in charge of the club, who has been a great strength throughout the
years, and I am thankful to her for all the support and guidance. Furthermore, I express my gratitude
to Retired Prof. Dilip de Silva, who contributed to the editorial section of this edition with a very
valuable article and Prof. Eugene De Silva for attending a live interview with us and revealing
important values to students from his extraordinary career, amidst their busy schedules. Moreover, the
efforts of the current President of OCC, Deepadul Perera is commendable, as the club continues to
serve the members and the entire student community within the CCS. I am also pleased to see the
interests of our members and students of CCS in writing and submitting articles, and I believe this
enthusiasm towards the fundamentals and applications of the subject will help them to reach high in
their careers in the future.  
While congratulating everyone who contributed, I hope the readers will find this edition of ‘Spectrum’
to be informative and worth reading.

Dilhan Jayasinghe

B.Sc. (Hons.) in Chemical Sciences
A. I. Chem. C.
B.Sc. (Hons) in Polymer Science (UJP) (UG)
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It is great to witness another edition of the ‘The Spectrum’
magazine issued by OCC, which focuses on organic chemistry
and related topics. Since its inception in 2016 as an academic
based club, OCC has become one of the most active clubs by
now, which continues to popularize organic chemistry as an
important branch of chemistry among our students. It is
indeed a pleasure to see our students taking maximum
advantage from these opportunities. 

Message from the Lecturer In Charge
of OCC-CCS

Dr. Dinusha N. Udukala

B.Sc. (Colombo), Ph.D (Kansas)
M.I.Chem.C.
Senior Lecturer I
College of Chemical Sciences, Institute of Chemistry Ceylon

Notes and Messages

Dr. Dinusha Udukala is an experienced Senior Lecturer (Grade 1) at the College of Chemical Sciences, sharing
her expertise in Organic Chemistry and Material Chemistry. Her research group also focuses on these areas,
and currently she plans to study about the synergistic effect between the pheromones of the insect pests and
allelochemicals of the plants, along with studies in urease and tyrosinase activity in plant varieties. 

There are interesting areas covered in this edition with emphasis on organic chemistry, including
fungi of Sri Lanka for the discovery of novel natural products by Prof. Dilip de Silva, antibiotics,
fuels, renewable energy, water treatment processes, applications of biological molecules such as
enzymes, lipids and DNA, to name a few. This content which covers important applications of
organic chemistry in the real world will certainly enhance the interest of students in these areas of
studies, especially with relevance to organic chemistry. I must appreciate all the academics and
students who immensely contributed to the 2nd edition of ‘The Spectrum’ by writing articles and
through interviews. From this year onwards, we have introduced academic reviewers to this
magazine, and I am thankful to Dr. Upul Kumarasinghe and Dr. Thelma Abeysinghe for
volunteering in this role. 
The ‘Spectrum’, is a wonderful achievement by the OCC and I sincerely wish the students all the
very best as they build on this success and move forward with incredible projects that will inspire
students to learn and participate.
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Prof. Namal Priyantha

B.Sc. (Peradeniya), Ph.D. (Hawaii), FNASSL, F.I.Chem.C.
Dean, College of Chemical Sciences

Message from the Dean of CCS

Notes and Messages

It is with great pleasure that I provide a brief message
for the second issue of “The Spectrum”, an annual
publication of the Organic Chemistry Club of 
 College of Chemical Sciences, Institute of Chemistry
Ceylon. 

The Organic Chemistry Club was initiated in 2016
with the guidance of Dr. Dinusha Udukala in an
attempt to popularize organic chemistry among the
students of CCS, as well as to promote organic
chemistry related careers locally and globally. This is
a vital task because organic chemistry has become
essential in a diversified spectrum of sectors, such as
pharmaceutical sciences and drug development, food
science and technology, forensic analysis, textiles and
clothing technology, and environmental science.
Among those who have been employed as organic
chemists, the most common educational qualification
is the bachelor's degree with more than 75%,
indicating that those who do advanced degrees in
organic chemistry are not adequate. 

The organic chemistry club aims to provide a greater insight to the field of organic chemistry
through popular lectures by well renowned organic chemists, and fun filled activity sessions
that help students to motivate themselves in studying organic chemistry. The Spectrum is also
another activity to achieve the goals stated above. 
I would like to thank those who have spent their valuable time contributing to the success of
this issue of The Spectrum. I would also appreciate the efforts of the organizing team of 'The
Spectrum' headed by Dr. Udukala. I wish all the success toward future activities of the Organic
Chemistry Club.

Prof. Namal Priyantha, an eminent Scientist in Sri Lanka, assumed duties as the acting Dean of College of
Chemical Sciences in November 2022 for the year 2022/23. Having obtained the B.Sc. (special) degree in
Chemistry from the University of Peradeniya, Prof. Priyantha proceeded to obtain the Ph.D degree in
Electrochemistry from the University of Hawaii, USA. His research interests include construction of low-cost
electrodes for field measurements, electrochemical sensors, corrosion inhibition by natural substances, and
development of environmentally friendly methods for treatment of industrial effluents.

JA
N

U
A

R
Y

  2
0

23
 IS

SU
E 

0
2

08



News and Events

Annual General Meeting of OCC CCS 2022/2023

Founded in 2016, the Organic Chemistry Club of the College of Chemical Sciences) is the leading academic-
based club at CCS. While being in line with the vision of empowering the curiosity of young chemists
towards Organic Chemistry and related fields, and promoting teamwork and leadership overall, it was vital
to appoint the next group of leaders for the board of officials to lead the club for the year 2022/2023. These
appointments were to be made during the Annual General Meeting which was planned to be held at the
Institute of Chemistry Ceylon. However, the situation in the country at the time forced the organizers to
limit the event to a virtual platform. Thus, the Annual General Meeting for the year 2022 was held online via
Zoom on the 9th of July 2022. 

The event was attended by over 50 participants including  Prof. Ramanee Wijesekara, the Dean of the
College of Chemical Sciences, Dr. Dinusha Udukala, the Lecturer-In-Charge of the Organic Chemistry Club
of CCS, Teaching Assistants, Members of the outgoing board of officials, Members of the incoming board of
officials, and members of the Organic Chemistry Club of CCS. Miss. Sachini De Silva, editor-in-chief for the
year 2021/2022 welcomed all the distinguished guests for the event, followed by the address of the
Immediate Past President Mr. Dilhan Jayasinghe, who highlighted the key events conducted during his
tenure and also shared his experience as a president with the incoming board. The lecturer in charge of the
Organic Club of CCS, Dr. Dinusha addressed the audience and shared her wise words of wisdom. The
incoming board of Officials was then introduced and appointed starting with Mr. Deepadul Perera who took
up the role of the President for the year 2022/2023 and delivered his address. Following the address, Mr.
Uthsara Malaweera Arachchi was appointed as the Vice President, Miss. Kawya Madawala was appointed as
the Secretary, Mr. Ruwan Dhananjaya as the Treasurer, Miss. Mithuni Senadeera as the Editor in Chief. Miss
Nipuli Weligamage, Miss. Dasuni Dissanayake, Mr. Senan Alwis, Miss. Chamenu Atapattu, Mr. Nadun
Guruge, Miss. Yohara Ranasinghe and Mr. Dhanushka Rajapakse were appointed as committee members for
the year 2022/2023. The year plan for the year 2022/2023 which included the key events the club had
planned to conduct along with the objectives of each event was revealed by Mr. Deepadul Perera.
Mr.Uthsara Malaweera Arachchi finally voted to thank all guests and participants including the host of the
event Miss. Yohara Ranasinghe and the event concluded on a high note.

09/07/2022
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The Organic Chemistry Club organized a field visit to Link Natural Products Pvt. Ltd, which
is a research-based company located at Dompe, driven by the inspiring corporate philosophy
of blending the knowledge of Ayurveda and other traditional practices of medicine with
modern science and technology. 

Upon arrival, we were warmly welcomed by the staff personnel, who briefly introduced the
organization and played an introductory video, through which we were able to catch a
glimpse of the wonderful site. We learned that the organization has a current product range
of two hundred products and that their main pillars of maintenance are safety, efficacy, and
quality, to which they make no compromise. They export to many different countries and
thereby comply with the international regulations. All their products are processed in
accordance with ISO 9001, ISO 14001, HACCP and GMP certification. 

The maintenance of the cleanliness of the premises is a significant factor for the sustainability
of the organization and we were provided with Personal Protective Equipment, which
included a lab coat, head cap, shoe cover and face mask, and started off on our tour, forming
two groups. Firstly, we visited the Link Sudantha toothpaste manufacturing unit and we
witnessed the smartly engineered equipment and the employees assembling the batches of
toothpaste boxes. Our guide explained that the pH of the churned toothpaste is periodically
checked to ensure that it has a value of approximately six and that whitening toothpastes are
generally more acidic in nature.

Next, we saw complex essential oil extraction equipment. The range of herbal personal care
products are introduced to the market under the name “Earth essence”, and they have a wide
variety of products including facial cleansers, facial toners, facial moisturizers for both
normal and oily skin, face scrubs, masks and many more. Although we weren’t allowed to
enter the personal care manufacturing unit, due to issues of contamination, we could look at
the intricate machinery used in the development of these products, through a glass viewing
panel. 

News and Events

Field visit to Link Natural Products
A field visit to Link Natural Products Pvt. Ltd was organized by the Organic Chemistry Club on the 26th
of January. Here is our club member Ayesha Hettige's experience that day!

26/01/2023
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News and Events

Then we headed off towards the essential oil and oleoresins section, where products like
Kesha, Swastha Thriphala, Akalapalitha and Hair care cool oils are produced. Our guide told
us that considering the needs of the younger generation who are more reluctant to use
products like hair oil due to its sticky nature, the Kesha oil was formulated with a texture
similar to that of baby hair oil products, which has a lower viscosity. We also witnessed the
packaging of the very common drink we all consume when encountered with a cold,
Samahan. And we also saw the usage of a laser printer, to add in the manufacturing date,
expiry date, batch no. and other related information on the Link natural enriched
paspanguwa packaging. 

Finally, we arrived at the Research and Development Center. This modern facility has a full
range of state-of-the-art equipment and laboratory facilities required for high-level basic and
applied research. It is manned by trained, experienced and skilled scientists supported by a
team of advisors and experts. We were amazed by the high maintenance of these lab facilities
and the complexity of the equipment being used. There are standard and regulatory
laboratories, microbiology laboratories, analytical laboratories, laboratories for product
development and further enhancement of already existing products. To develop a new
product, almost six months of the literature review is needed and there is a library within the
premises for this purpose, consisting of countless books, research articles and review papers.
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 Lunch was then provided, and after a final meet up with the staff personnel, sadly our field
visit came to an end. Each of us was given a gift bag to take back home, along with the ample
amount of knowledge gained within the day. We learned about the workings of a laboratory,
maintenance of various equipment, handling of the mass manufacturing units, coordinating
tasks and duties amongst employees and much more. It was a precious learning experience,
as we also understood the performance of good manufacturing practices and various quality
management criteria. Many questions were asked by our students throughout the day, and
the doubts were cleared by the kind folks of the organization. We are very thankful for the
information shared through the guides, and for the great hospitality extended towards us by
Link Natural Products Pvt Ltd staff members. We had lots of fun and gained a lot of
knowledge and all in all it was a great day!



Retrospective

The Nobel Prize in Chemistry for the year 2021 had been awarded to German chemist Benjamin List
and Scottish chemist David MacMillan for the development of asymmetric organocatalysis. Before
talking about their discovery in detail, let us have a look at the Nobel Prize in general. 

History

Alfred Nobel, a Swedish chemist who was known for the invention of dynamite, stated in his will to
establish five prizes using his assets. The five prizes became known as ‘Nobel Prizes’ and are awarded
in the fields of Physics, Chemistry, Physiology or Medicine, Literature, and Peace which were first
awarded in 1901. The Central Bank of Sweden known as ‘Sveriges Riksbank’ established the Nobel
memorial prize in Economic Sciences in 1968. Laureates for the six prizes are selected annually by the
Royal Swedish Academy of Sciences (for Physics, Chemistry, and Economic Sciences), the Nobel
Assembly at the Karolinska Institute (for Medicine or Physiology), the Swedish Academy (for
Literature), and the Norwegian Nobel Committee (for the Peace prize). The Nobel Prize is regarded as
the most prestigious award in the respective fields and the awardees are known as ‘Laureates’. 

“This concept for catalysis is as simple as it is ingenious, and the fact is that many people have
wondered why we didn’t think of it earlier,” 

 
Johan Åqvist, 

Chair of the Nobel Committee for Chemistry  2021

Facts and Figures

As of 2021, 609 Nobel Prizes have been awarded to 975 laureates (28 organizations and 947 individuals).
In chemistry, 113 prizes have been awarded among 186 laureates. There were 49 occasions where the
Nobel Prizes were not awarded, most notably during World Wars I and II. The prize may be awarded
to one laureate or shared by two or three laureates.

The inaugural Nobel Prizes were awarded to Wilhelm Conrad Röntgen, an engineer from Germany (in
Physics), Jacobus Henricus van't Hoff who is a Dutch Chemist (in Chemistry), Sully Prudhomme, a
French Poet (in Literature), Emil von Behring, German Physiologist (in Physiology or Medicine), and
Jean-Henri Dunant, A Swiss humanitarian (the Peace prize) way back in 1901.

The youngest person ever to receive the Nobel Prize was Malala Yousafzai from Pakistan. She won the
Nobel Peace Prize in 2014 at the age of just 17. French physicist, Frédéric Joliot-Curie was the youngest
laureate in Chemistry, winning the award at the age of 35 in 1935. He shared the award with his wife
Irène Joliot-Curie who was the elder daughter of Marie and Pierre Curie.
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There are only four individuals who won the award on multiple occasions. John Bardeen (in Physics),
Marie Curie (in Physics and Chemistry), Linus Pauling (in Chemistry and the Peace Prize), and
Frederick Sanger (in Chemistry) won the award twice each. Polish chemist and physicist Marie Curie
was the first woman to win the Nobel Prize and the only woman to win the award twice. Remarkably
she is the only person to win the award in two scientific disciplines, winning the award in Physics and
Chemistry in 1903 and 1911 respectively.  

The oldest person to win the Nobel Prize was American physicist John B. Goodenough. He was finally
“Goodenough” to win the Nobel Prize in Chemistry in 2019, 3 years before his upcoming 100th
birthday. The Nobel Prize cannot be awarded posthumously unless the death of the laureate has
occurred after the announcement of the Nobel Prize.

Retrospective

Benjamin List David MacMillan

The Nobel Prize in Chemistry – 2021

The most recent Nobel Prize in Chemistry was awarded to Benjamin List (left) and David MacMillan
(right) for their work on asymmetric organocatalysis by the Royal Swedish Academy of Sciences on 4   
October 2021.

Benjamin List from Max-Planck-Institut für Kohlenforschung, Germany and, David MacMillan from
Princeton University, USA worked independently towards the same goal of providing a ‘new tool’ that
can be used to synthesize various molecules efficiently.

Before talking about this new tool, it is worthwhile mentioning the ‘old tools’ that chemists had before
the development of organocatalysis.

What are those ‘old tools’? Well, they are catalysts. Catalysts can accelerate chemical reactions and give
products in a relatively shorter period. The process by which the reactions are accelerated is known as
catalysis. Before the year 2000, there were only two types of catalysts: metals and enzymes.

th
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Enzymes
Enzymes are proteins that catalyze biochemical reactions of organisms. For example, the enzyme
amylase acts on starch to convert it to maltose. Proteins are formed by the polymerization of amino
acids with the help of peptide bonds. Most of the enzymes are substrate-specific and yield only one out
of two possible mirror images. This is known as asymmetric catalysis which is one of the most
important properties of enzymes. Another important quality of enzymes is that they can work side by
side. When one enzyme finishes its activity, another one takes over subsequently. This results in
building complex molecules so precisely.

Benjamin List’s work

Retrospective

An enzyme is made of hundreds of amino acids. List questioned if all the amino acids of the
enzyme are needed in catalysis or it is just one or two amino acids that are actively involved in
catalysis. There was information available on his question as some research work had already
been carried out on the topic by the time List started being curious about this. Going through the
research done in the 1970s, List knew an amino acid called proline can be used as a catalyst.
Therefore, he assumed that catalysis of an enzyme with hundreds of amino acids can be done
with a single amino acid as well. Even though there was evidence for proline’s usage as a catalyst,
List somewhat doubted it since no further studies had been done on this phenomenon after the
1970s. 

Metals                                                                                   
Most of the metals (d-block metals in particular) are good catalysts. They can momentarily abstract or
donate electrons and thereby loosen the bonds in other molecules. This helps in breaking down
existing bonds of molecules and forming new bonds. For instance, iron (Fe) catalyst is used in the
Haber process of producing ammonia (NH ) using hydrogen (H ) and nitrogen (N ) gas. When a
compound with an asymmetric carbon atom is produced as a result of metal catalysis, it gives us a
mixture of two products more often than not. These are the mirror images of each other and are
known as enantiomers. However, in many cases, chemists want just one of those two products, in the
pharmaceutical industry for instance. Another problem that arises with metal catalysts is that they are
sometimes heavy metals and can be harmful environmentally as well as medically. And of course, they
are quite sensitive to atmospheric oxygen and water. Therefore, an oxygen-free and moisture-free
environment is needed when dealing with these metal catalysts.

3 2 2
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Retrospective

He thought it might have been ineffective to use proline as a catalyst. However, with no real
expectations, he experimented whether proline can act as a catalyst in the aldol reaction. But the
results suggested that what he assumed was correct. Not only did List’s experiments suggest that
proline can act as a catalyst, but it could also yield one of the two possible mirror images of the
compound significantly more than the other. In other words, proline is an efficient asymmetric
catalyst. Proline has a nitrogen atom that can accommodate or provide electrons which helps in
catalysis.

David MacMillan’s work

List was not alone with his novel idea. David MacMillan, who was at the University of California,
Berkeley at the time, was working towards the same goal. MacMillan’s research, when he was at
Harvard University, was based on metals that can drive asymmetric catalysis. However, MacMillan
realized that using sensitive metals for large-scale industrial purposes was too expensive because
providing a moisture-free and oxygen-free environment was extremely difficult with the available
technology. At Berkeley, he started designing organic molecules that can accommodate or provide
electrons like metal catalysts. With all his knowledge and experience MacMillan assumed the need for
an organic compound to have an iminium ion for it to be able to catalyze chemical reactions. An
iminium ion contains a nitrogen atom that can abstract electrons. Having selected a few organic
molecules with the right properties, MacMillan tested them for the Diels-Alder reaction. The results
turned out to prove MacMillan’s assumption and amazingly it generated one of the two possible
mirror images significantly more than the other. MacMillan named his discovery “organocatalysis”.

Organocatalysis is a tool that can be used in asymmetric catalysis. Therefore, the Nobel Prize in
Chemistry 2021, was awarded “for the development of asymmetric organocatalysis” which sums up
this wonderful idea by two of the greatest chemists of our generation. List and MacMillan published
their work in the year 2000, and since then, they were able to design many organocatalysts that can
drive various chemical reactions. This simple but revolutionary concept has seen a great deal of
development over the years and indeed has been a handy ‘new tool’ for chemical craftsmen.
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Retrospective

The importance and applications

Just like enzymes, organocatalysts can drive asymmetric catalysis and thereby increase the
productivity of the desired compound. This is very important in the pharmaceutical industry as most
of the drugs are stereospecific.

Unlike enzymes, organocatalysts are simple organic molecules and hence are easily synthesized. 

Organocatalysts can work side by side like enzymes. This eliminates the necessity of isolating and
purifying intermediate products when building a molecule. In addition, it reduces chemical waste in
the manufacturing process.

One example that shows the importance of organocatalysis, is the synthesis of strychnine. In the early
days, 29 different chemical reactions were needed to synthesize this complex compound and the yield
was about only 0.0009%. Now, thanks to organocatalysis, the same synthesis can be done in just 12
steps and it is 7000 times more efficient.

Most of the biomolecules and pharmaceuticals are extremely stereospecific. There are instances where
one compound helps in curing diseases while the mirror image is toxic or harmful. Thalidomide is a
drug that is used to treat cancers where one of its mirror images can cause deformities in human
embryos. This can be avoided by organocatalysis as it can drive asymmetric catalysis where only one
of the two mirror images is produced.

Written by
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 Voicing The Silenced

Women Chemists Section

What does the DNA double helix model, CO2 as a greenhouse gas and the first treatment for leprosy have in

common? They were all first discovered by women. 

 from the meeting proceedings publications, and
would only be published later in the year by the
American Journal of Science and Arts. Summaries
that later appeared about her work would either omit
her conclusions regarding climate change or be
incorrectly credited to her husband, Elisha Foote,
who ironically, fought alongside his wife for
recognition of women’s rights.

Seven years before her publications, she was present
at the first Women’s Rights Convention at Seneca
Falls, NY, where she joined long-oppressed women as
they demanded equal rights to men, including the
right to vote. Foote would later go on to author her
second publication, a note in the Proceedings of the
American Association for the Advancement of
Science which attempted to find a connection
between fluctuations in the pressure of air and small
variations in its electrical charge. It would not be until
2010, 156 years later that geologist Ray Sorenson
would come across this remarkable woman’s paper,
laying the first cobblestones on the path to reclaiming
the honour she deserved. A short film from 2018
named “Eunice” narrates the journey that led to her
discovery. 

Sadly, there is no definite photograph of this amazing
woman – only speculative art and a photo of her
daughter. Her work continues to be more recognized
and appreciated over the last decade, most notably by
Dr. Ortiz who marvels, “Despite the challenges, her
work was remarkable for its time. I have no doubt she
would have been an influential scientist, had she the
resources and interest that were afforded to male
European scientists of her day.”

Figure 1: Eunice Foote's paper in the American
Journal of Science and Arts

On August 23   1856, at the 8th Annual meeting of the
American Association for the Advancement of
Science, Prof. John Henry presented a paper titled,
“Circumstances affecting the heat of the sun's rays.”
However, it was not his paper. He began the
presentation by saying, "Science is of no country and
of no sex. The sphere of women embraces not only
the beautiful and the useful but the true." This was his
preface in presenting a paper that was written by the
amateur scientist, women’s rights campaigner and
inventor, Eunice Newton Foote. 
Unfortunately, this name may not ring a bell, a
hindrance we hope to address in this article. Her
work, however, is of extreme importance and is
believed to lay the first foundations of modern
theories surrounding global warming, which are
largely credited to English scientist John Tyndall and
his paper “Note on the Transmission of Radiant Heat
Through Gaseous Bodies.” 
Eunice Foote performed a sequence of experiments
that established the interactions between the sun's
rays, carbon dioxide gas, regular air, and hydrogen
gas. She used glass tubes to capture samples of the
gasses, exposed the samples to sunlight for a set time
and measured their temperature, and the time they all
took to return to ambient temperature. Her
conclusions included that "The action of the sun’s rays
was found to be greater in moist air than dry air” and
“The highest effect of the sun’s rays I have found to
be in [carbon dioxide] gas” which many scientists
agree today can be taken as the first direct link
between variation in atmospheric gas’ temperature to
climate change; more specifically, the greenhouse
effect of carbon dioxide and water vapor. Foote’s
paper was swept under the carpet for more than a
century, speculated to be due to the resources she
lacked as an amateur female scientist. After its
presentation, her paper would be crudely disregarded

rd

Figure 2: Signatures to the "Declaration of
Sentiments" which demanded equal rights to men -
the 5th signature down the first row is Mrs. Foote's.
Her husband also signed this document.
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Women in Chemistry

A similar tale of a name almost lost in history comes
from chemist Alice Augusta Ball. Until her death in
1916, the first woman and first African-American to
earn a master’s degree in Chemistry from the
University of Hawaii worked tirelessly on an ideal
treatment for Hansen’s disease – commonly known
as leprosy. The medication already available at the
time was largely based on ‘chaulmoogra oil’; a
substance extracted from the seeds of Hydnocarpus
wightianus (Chaulmoogra). It had major issues,
including vastly inconsistent results and also caused
great pain to the patients due to its side effects. Over
the course of just a year, Ms. Ball would
systematically uncover a way to extract the active
compounds responsible for the leprosy-alleviating
properties of the chaulmoogra oil and create a water-
soluble solution that can be safely given to patients as
an injection, with minimal side effects. Sadly, she
would pass away towards the end of the year due to
chlorine poisoning, a prevalent cause of death among
scientists at the time because ventilation hoods were
not mandatory in laboratories. 

After her death, her work was continued by the
president of her university, Arthur Dean, as the
commercial need for injections that depended on Ms.
Ball’s work skyrocketed in demand worldwide.
However, Dean never credited Ms. Ball for her
innovative discovery. Her name would only be
preserved in a few sentences within a 1922 medical
journal, by surgeon Harry T. Hollmann, who had
approached Ms. Ball earlier that year with the need
for a better remedy for leprosy.

He clearly mentioned that Ms. Ball was to be credited
for the groundbreaking solution, and dubbed it “Ball’s
Method.” Her work would gain recognition as the
years go by, albeit much later and far less than
deserved, in many forms including the “Alice Augusta
Ball Scholarship” introduced by her alma mater for
students who “typify the characteristics that Ball
displayed in her studies and research,” and a
posthumous Medal of Distinction.

Any student who has followed a high school level
biology course would recognize the names “Watson
and Crick.” But what about “Rosalind Franklin”?
Since 1950, English chemist and crystallographer Dr.
Rosalind Franklin and her student Raymond Gosling
worked on a DNA sample to try and deduce its
structure. The most notable accomplishment this duo
managed using Franklin’s refined & adjusted
diffraction techniques was the capture of “Photo 51”,
the first X-ray diffraction image of a DNA fibre.
Franklin made keen observations in her lab
notebooks using this photograph, such as “Evidence
for spiral [meaning helical] structure. Straight chain
untwisted is highly improbable.” 

She went as far as describing the helical A and B
forms of DNA, and that the phosphate groups lay
towards the periphery of the structure, and started
working on drafts for publications on A & B DNA
helices. Watson & Crick were part of a “rival” team of
scientists who were working on the same topic and
were given the chance to peek at Rosalind’s work,
specifically, Photo 51. This led the duo to form a
model of the double helix structure based on B DNA
and their own drafts on the matter. Dr. Rosalind’s
drafts on A DNA are said to have reached the editorial
office of “Acta Crystallographica” one day before
Watson and Crick’s. She later worked on modeling
evidence-based structures for Tobacco Mosaic Virus
(TMV) and published her findings which would serve
as a critical stepping stone in early molecular biology
and cracking the genetic code.

In 1953, she & Gosling’s work which included an
evidence-based model of A DNA, along with Watson
& Crick’s papers was published in the same issue of
Nature where Rosalind’s paper resided just on the
back of Watson & Crick’s. Lamentably Dr. Rosalind
would pass away from ovarian cancer in 1958,
thought to have stemmed from radiation exposure. 
In 1962, Watson & Crick were awarded the Nobel
Prize in Chemistry for their 1953 paper, which had a
mere footnote mentioning Franklin. The Nobel Prize
was not extended to Franklin because the awards
committee does not make posthumous nominations.
Dr. Rosalind’s last colleague Dr. Aaron Klug had to
author a publication defending Dr. Rosalind’s work
responding to to an incomplete picture painted by
Watson in his memoir.

Figure 3: Alice Augusta Ball
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Women in Chemistry

 In 1982, Klug, as her successor to the Polio structure
research group, would win the Nobel Prize in
Chemistry for his work published based on, and in
memory of Dr. Rosalind Franklin. Had she been
alive, there is no doubt she would have received the
award alongside him.
 Throughout history, science has been a challenging
field for a woman – oftentimes females were
disregarded as their minds were considered “not up
to par” to have scientific thoughts and observations.
Eunice Foote, Alice Ball, Rosalind Franklin and the
many other female scientists who have dedicated
their lives to this craft should not be left buried in
history. They have painstakingly paved the way for
every girl that came afterwards, to pursue science as a
passion. The world spins on a much better axis today,
where a majority of girls are allowed access to
resources that were mere dreams decades ago. 

Figure 3: Tagged as 'Photo 51' it is a X-ray
diffraction image of  the double helix structure of
the DNA molecule. This was taken during the time
he worked with Rosalind Franklin on the structure
of DNA. 

Figure 4: Rosalind Franklin at work by MRC
Laboratory of Molecular Biology (right)

 However, there is still a long way to go, and with the
help of great men of science like Elisha Foote, Dr.
Hollmann and Dr. Klug the path would be that much
easier. The day we overcome this age-old divide is
the day societal views will change to the point where
when we say “scientist”, we do not think only of a
white-coated man.
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Fungi of Sri Lanka: an exciting frontier for the discovery of novel biologically

active natural products 
Prof. E. Dilip de Silva

Retired Senior Professor of Organic Chemistry

Department of Chemistry, University of Colombo.

Guest Editorial

Fungi classified under the kingdom fungi are a distinct group of eukaryotic microorganisms which are neither
plant nor animal. Most fungi are filamentous and are composed of individual microscopic filaments called
hyphae which exhibit apical growth and branch to form a mycelium. Devoid of chloroplasts, fungi are
heterotrophs and acquire their nourishment typically by secreting digestive enzymes into their environment and
absorbing dissolved molecules and thus perform the vital function of decomposing organic matter in their natural
environment.  Fungi are widespread in nature and include the familiar mushrooms as well as molds and
unicellular yeasts. In addition to the free-living forms, fungi exhibit symbiotic and parasitic relationships with
both plants and animals. High-throughput sequencing has estimated that there are over 5.1 million fungal species
spread out worldwide.

Since ancient times, humans have made use of fungi in a variety of ways. Edible mushrooms are a rich source of
proteins with low-fat content and in many cultures, they are considered to be a culinary delicacy. Fungi are also
used in a variety of other commercial activities mostly linked to the fermented food and beverage industry. 
 Examples include the production of beer, wine, bread, cheeses, cider and soy sauce. In addition, fungal enzymes
have been used to make certain foods more edible or desirable by removing, adding, or modifying components
such as vitamins, nutritional elements, pigments, and flavors. Furthermore, the ability of fungal enzymes to break
down plant cell walls has applications in the fiber industry.

However, the serendipitous discovery of penicillin by Alexander Fleming from Penicillium notatum in 1928
revolutionized the commercial uses of fungal metabolites in the field of medicine.  This remarkable discovery
opened up a whole new area of research where numerous microorganisms, both fungi, and bacteria, were
investigated for the production of useful antibiotics and paved the way to the golden age of antibiotics.  While soil
actinomycetes have proven to be a major source of antibiotics some very significant contributions have come
from fungi. Presently, the beta-lactam antibiotics that include the penicillins, cephalosporins, clavulanic acid, and
the carbapenems constitute a major part of the antibiotic market. Of these, penicillins and cephalosporins are
both fungal metabolites. Other antibiotics produced by fungi and in clinical use include cerulenin, an antifungal
agent produced by Acremonium caerelens, antibacterial fusidic acid, a steroidal antibiotic produced by Fusidium
coccinium, and the antifungal agent griseofulvin produced by Penicillium nigricans. The utility of fungal metabolites
in medicine is certainly not confined to antibiotics. Some significant examples are Cyclosporine A, an
immunosuppressant drug widely used in organ transplant patients to prevent rejection. It is a cyclic nonribosomal
peptide of 11 amino acids and was initially isolated as an antifungal agent from the fungus Tolypocladium inflatum
(Beauveria nivea). Statins (or HMG-CoA reductase inhibitors) are a class of drugs widely used to lower cholesterol
levels in humans by inhibiting the enzyme HMG-CoA reductase, which plays a central role in the production of
cholesterol in the liver. Lovastatin, a compound isolated from Aspergillus terreus was the first statin to be marketed
as a cholesterol lowering drug in the treatment of hyperlipidemia. 
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Guest Editorial

The steroids in “the pill” and steroids such as cortisone are also produced in the industry via fermentation
technologies involving fungi. In addition to their significant contributions to medical science, fungal metabolites
have also served as lead compounds in agrochemical, cosmetic, and food industries. However, fungi are also
known to produce a variety of highly toxic secondary metabolites known as mycotoxins. Mycotoxins have
detrimental effects on human and animal health and are also involved in plant diseases. Among the well-known
examples of mycotoxins are aflatoxins, trichothecenes, fumonisins, ochratoxin, cytochalasins and ergot alkaloids.

About half a million secondary metabolites (or natural products as they are commonly known) have been
characterized up to date. About 100,000 of these are derived from animals, 350,000 are from plants, and 70,000
are from microbes. Among the known secondary metabolites, approximately 33,500 bioactive microbial
metabolites have been described. Of these, about 12.5% (4,200) are metabolites of unicellular bacteria and
cyanobacteria, 41% (13,700) are products of actinomycetes fermentations, and about 47% (15,600) are of fungal
origin. The fungal metabolites exhibit an impressive array of structural types and a wide spectrum of biological
activities.  However, so far, only about 5% of world’s fungal species have been investigated for the presence of
useful metabolites.  Therefore continued investigations of fungi will be highly beneficial to the human society.

Sri Lanka is known to have an exceptionally high degree of biodiversity and endemism among its flora and fauna  
and understandably the main focus of natural products research in Sri Lanka has been on medicinal plants.  The
number of fungal species of Sri Lanka is reported to be 1920 with an unknown degree of endemism.  Until
recently little research has been done to investigate the secondary metabolites and the biological activities of the
indigenous fungi. This article provides a broad overview of the research carried out on fungal species of Sri Lanka
by the author’s research group at the Department of Chemistry, University of Colombo, Sri Lanka with some
selected examples. 

Many of us are familiar with the appearance of mushrooms and toadstools. These structures are simply the large
spore-bearing macroscopic fruiting bodies produced by some groups of fungi. Initially, our interest in fungi was
focused on the fruiting bodies of Ganoderrma applanatum collected from the Western Province where it is
commonly found. Ganoderma species have been widely used in traditional Chinese, Japanese and Korean
medicine to treat a variety of conditions and are known to be prolific producers of lanostane-type triterpenoids
and over 100 such compounds have been isolated from this genus. In our initial investigation, the ethyl acetate
extract of G. applanatum showed in vitro cytotoxicity against P388 murine leukemia cell line. Bioassay- guided
fractionation of this extract led to the isolation and characterization, mainly by high resolution NMR studies, of
five lanostane triterpenoids (1 to 5). Out of these five compounds, two compounds (1 and 2), proved to be new
compounds while compound 3 proved to be responsible for the cytotoxic activity (111 µg/mL, 237 µM).
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Guest Editorial

Next, our attention was directed towards the fruiting bodies of the rare macro-fungus Serpula sp. collected from
the Monaragala District. The same procedure as above, led to the discovery of three novel metabolites,
Serpulanine A (6), B (7), and C (8). Serpulanine A and B contain the rare (E)-2-hydroxyimino hydroxamic acid
functional group array. The only previously known natural product that has this functional group is the fungal
metabolite sarcodonin. The serpulanines have a mixed isoprenoid/amino acid biosynthesis where serpulanine A is
an O-prenylated N-oxidized tyrosine amide derivative while serpulanine B is a prenylated and N-oxidized Ala-
Tyr dipeptide.                                 

Furthermore, Serpulanine A shows a close structural resemblance to the natural product trichostatin A isolated
from the actinomycetes Streptomyces hygroscopious. Trichostatin A is a potent inhibitor of mammalian histone
deacetylases (HDACs) both in vitro and in vivo and shows potent in vitro antiproliferative activity against a variety
of human cancer cells. The ongoing interest in HDAC inhibitors as potential therapeutic agents prompted us to
test serpulanine A for its ability to inhibit HDACs. It was found to inhibit total class I/II HDAC enzymatic activity
in murine metastatic lung carcinoma cells in a dose-dependent manner with an IC    of 7 µM and thus represents a
new natural product in the HDAC inhibitory scaffold.

The third project described herein is a collaborative effort between the Faculty of Science and the Faculty of
Medicine, of the University of Colombo where up to twenty five fungal fruiting bodies collected from the dry
zone of Sri Lanka were screened radical scavenging activities  and for cytotoxic activity against human muscle
rhabdomyosarcoma (RD) and Human hepatocellular carcinoma (HepG-2) cell lines. Bioassay-guided fractionation
of the fungus Fulviformes fastuosus, which exhibited potent cytotoxic activity among the fungi screened, led to the
isolation and characterization of inoscavin A (9) as the active compound. Inoscavin A exhibited remarkably potent
cytotoxic activity against RD cell line at 12.8 ng/mL (27.99 nM). It also showed very high selectivity index for RD
cells with a much lower toxicity for normal epithelial cells.
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Guest Editorial

Current, treatment regime of rhabdomyosarcoma comprises of surgery along with chemotherapy and radiation
which produce adverse side effects including neurotoxicity, hepatotoxicity, and cardiotoxicity. Fulviformes fastuosus
belong to the family Hymenochaetaceae which includes many edible mushrooms. Therefore, it is likely that
inoscavin A has a greater potential to act with less severe side-effects in the human body than the existing
chemotherapeutic agents making it a promising drug lead to develop an effective chemotherapeutic agent against
rhabdomyosarcoma. This discovery also has resulted in the first international patent to be awarded to a team of
scientists from the University of Colombo. 10

Endophytic fungi purportedly colonize internal tissues of all plants worldwide without causing any apparent
negative effects. Recent research has proven that endophytic fungi are prolific producers of secondary metabolites
with diverse chemical structures and varied biological activities and assist the host plants to overcome both biotic
and abiotic stresses in their natural environments.  The high degree of endemic speciation in both plants and
microbes found in Sri Lanka offers a great opportunity to investigate unique plant/endophytic interactions not
found anywhere else in the world. With this in mind, we have investigated the biological activities of a large
number of endophytic fungi isolated from a variety of endemic and/or medicinal plants from varied ecological
settings of Sri Lanka. Described below are the outcomes of three selected investigations that resulted in the
isolation of novel metabolites with potent biological activities from laboratory cultures of endophytes of Sri
Lankan flora. 

Cyperus rotundus (known as kaladuru in Sinhalese) is a sedge commonly found in Sri Lanka. The tubers of this plant
are used in indigenous systems of medicine in Sri Lanka and other Asian countries in the treatment of various
conditions such as digestive system disorders and fever. Use of standard procedure for the isolation of endophytic
fungi resulted in the isolation of ten pure fungal cultures from the internal tissue of surface sterilized tubers of this
plant. Among these, the ethyl acetate extract of Rhizoctonia solani exhibited potent in vitro antimicrobial activity.
Assay-guided fractionation of this extract led to the isolation of solanioic acid (10) which features an
unprecedented carbon skeleton and a highly functionalized conjoint ring system.

11

12

Solanioic acid exhibited potent activity against Gram-positive bacteria,  Bacillus subtilis, Staphylococcus aureus and
methicillin-resistant Staphylococcus aureus (MRSA) at a MIC of 1 µg/mL. It showed weaker activity against the yeast
Candida albicans (MIC 16 µg/mL) and no activity against the Gram-negative bacteria Escherichia coli and
Pseudomonas aeruginosa. Solanioic acid thus represents a new scaffold for the development of clinically useful
antibiotics.

It can be envisaged that the novel carbon skeleton of solanioic acid can arise from the degradation and
rearrangement of a steroidal precursor such as fungisterol. In order to test this hypothesis we carried stable
isotope feeding experiments with [1-  C]-acetate, [2-  C]- acetate, and [1,2-  C]-acetate. Analysis of high-resolution
NMR data of the labeled solanioic acid revealed that the biogenesis of solanioic acid is consistent with an oxidative
cleavage of the steroid ring B, followed by an aldol condensation and a Bayer-Villiger oxidation leading to the
cleavage of the steroid ring C as outlined in Scheme 1.13
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Guest Editorial

Scheme 1 – Biogenetic scheme for solanioic acid   

The leaves of the medicinal plant Costus speciosus (Thebu in Sinhalese) are commonly included in their diet by Sri
Lankans to control blood sugar levels.  Isolation of the endophytic fungi from the fresh asymptomatic leaf tissues
of this medicinal plant resulted in the isolation of twelve endophytic fungi. Based on the biological activities of the
organic extracts, Setosphaeria rostrata was selected for further investigation. Chromatographic fractionations of the
organic extract led to the isolation of three new thiodiketopiperazine derivatives which we have named
rostratazine A (11), rostratazine B (12) and rostratazine C 1 (13) along with two known and closely related
metabolites, exserohilone (14) and boydine A (15). The chemical structures of the compounds were elucidated on
the basis of a detailed interpretation of 1D- and 2D- NMR data and comparison to known compounds.
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Guest Editorial

Larvae of the diamond black moth (DBM), Plutella xylostella, are a major pest of cruciferous crops including
cabbage worldwide. The estimated cost of the control of  P. xylostella using conventional pesticides in Sri Lanka is
over US $ one million. Furthermore, the continuous application of synthetic pesticides in agriculture causes
considerable environmental pollution and resistant strains. Thus, there is a crucial need to seek natural
alternatives with minimal detrimental effects. With this in mind, a study was carried out, in collaboration with the
Uva Wellassa University, to investigate the antifeedant activities of endophytic fungi of the sedge Cyperus iria. Of
the seventeen endophytic fungi isolated from this plant, Diaporthe miriciae showed potent antifeedant activity.
Further bioactivity-directed studies led to the isolation of two active cyclohexeneoxidediones, phyllostine acetate
(18) and phyllostine (19) from the ethyl acetate extract of this endophyte.  Both are known compounds. However,
this is the first report of phyllostine acetate occurring as a natural product. The simple structures of these
cyclohexeneoxidediones make them amenable to laboratory synthesis and are attractive targets for commercial
production. 16

These two compounds exhibited potent antifeedant, contact toxicity, and oviposition deterrent activities against P.
xylostella larvae at low concentrations. In the no-choice leaf disc assay, Phyllostine acetate and phyllostine showed
feeding deterrent indexes of 100% at 50 µg cm  and 50% feeding deterrence (DC  ) values of 9 and 4.7 µg cm  
 respectively. The median lethal concentration (LC₅₀) values of phyllostine acetate and phyllostine were 4.38 and
6.54 µg/larva in the contact toxicity assay. The oviposition deterrent indexes of the two compounds were 100% for
phyllostine acetate and 28.6% for phyllostine at 50 𝛍gcm . These results make Phyllostine acetate and phyllostine
promising candidates for the control of P. xylostella.16

-2 50 -2

-2

The compounds 11–15 were subjected to α-glucosidase inhibitory and porcine pancreatic α- amylase inhibitory
assays and 14 showed α–glucosidase inhibitory activity with an IC₅₀ value of 82 μg/mL (195 μM)  while 12 showed
porcine pancreatic α-amylase inhibitory activity with IC   value of 250 μg/mL (578 μM) compared to acarbose (IC 
 : 310 μM).

Thiodiketopiperazines belong to a small group of fungal metabolites. Interestingly, in a collaborative effort with
the University of Peradeniya, we have isolated two more phenylalanine-derived thiodiketopiperazinems,
ambewelamide A (16) and B (17), from the organic extract of the lichen Usnea species. Lichens are symbiotic
organisms between algae or cyanobacteria and fungi. Thus, ambewelamides can be considered as fungal
metabolites. Ambewelamide A exhibited potent in vitro cytotoxicity (murine leukemia P388: IC₅₀ = 8.6 ng/mL) and
also showed significant in vivo antineoplastic activity (P388 % T/C 140 @ 160 mg/kg) making it one of the most
potent anticancer compounds to be isolated from a Sri Lankan source.
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Guest Editorial

Figure 1 – Structures of the meroterpenoids - dhilirolides A to N

In addition to the free-living saprophytic fungi and symbiotic endophytic fungi, a considerable number of fungi
exist as parasites. Parasitic fungi obtain nourishment by invading the tissues of a living host, either plant or animal,
and bring about considerable damage to host cells. In fact, phytopathogenic fungi are responsible for a large
number of plant diseases often causing serious damage to agricultural crop plants. Our investigation of the rare
pathogenic fungal species Penicillium purpurogenum parasitic on fruits of Averrhoa bilimbi (commonly known as
“Biling” in Sinhalese) was extremely productive and led to the isolation and identification of fourteen highly
functionalized novel natural products which we have named as dhilirolide A to N (20 to 31) (Figure 1). 17, 18
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Guest Editorial

Figure 2 – New carbon skeletons of the dhilirolides

Above account amply demonstrates that Sri Lankan fungi are a remarkable resource that has a high potential for
the discovery of novel metabolites with useful biological activities useful in many areas of medicine and
agriculture. Due to the non-availability of modern sophisticated instrument facilities, all isolations mentioned in
this article were done utilizing well-established traditional methods of bioassay-guided fractions which are labor-
intensive and time-consuming. Apart from the highly successful projects described above, a majority of our
attempts ended up in the isolation of a large number of already known biologically active natural products.
Considering the extremely high probability of finding known chemistry in fungal sources, modern strategies to
isolate novel fungal metabolites depend heavily on rapid dereplication methods such as HPLC-UV-DAD, UPLC-
MS, and UPLC-MS/MS techniques and also make effective use of databases such as Global Natural Products Social
Molecular Networking (GNPS). Further efforts in combination with such modern approaches to investigate Sri
Lankan fungi, a virtually inexhaustible resource, can be expected to produce exciting results. 

Last but not least, I would like to thank all undergraduate and graduate students and all collaborators for their
tireless efforts in bringing out these hidden treasures of Sri Lankan fungi. A special word of thanks goes out to
Professor Raymond Andersen, of the University of British Columbia (UBC) for providing laboratory facilities at
UBC for Sri Lankan graduate students and assistance with NMR spectral determinations.        
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Remarkably, among them, the dhilirolides contained four unprecedented carbon skeletons new to science (Figure
2). These interesting metabolites were named “dhilirolides” based on the Sinhalese name “Dhilira” for fungi to
reflect their fungal origin. Whereas names of natural products often have a Latin or a Greek origin, this is a rare or
probably the only instance of a Sinhalese origin.

Considering the novel nature of these metabolites, we probed the biogenetic origins of the dhilirolides with
doubly labeled [1,2-  C ]acetate as the biogenetic precursor and established by NMR studies that dhilirolides are
biosynthesized by a mixed terpenoid/polyketide pathway involving the coupling of farnesyl pyrophosphate and
3,5-dimethylorsellinate. Thus these interesting metabolites belong to the relatively small class of natural products
classified as meroterpenoids. Furthermore, dhilirolides were shown to possess potent insecticidal activity against
the important agricultural pest, the cabbage looper Trichoplusia ni with Dhilirolide L giving a DC   of 5.9 µg/cm  in
a two-choice feeding bioassay.     18
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Increasing Awareness on Antibiotic Use
and Resistance

Antibiotics are a type of antimicrobial substance
that can be used to prevent and treat bacterial
infections. They are the most important type of
antibacterial agents that are used to fight bacterial
infections. Antibiotic drugs are designed and
developed to provide the basis for controlling
infectious diseases. Resistance to antibiotics arises
when changes in bacterial response occur due to
the prolonged use of these medicines. With
widespread drug resistance and multidrug
resistance of bacteria, it has become a major health
issue in the world.

Antibiotic resistance leads to higher medical costs, prolonged hospital stays, and increased mortality.
Even though new medicines without behavioral change are introduced and developed, antibiotic
resistance will be a major threat to global health, food security, and development.

Reducing the spread of infections
through vaccination
Washing hands regularly
Practicing safe sex
Having good food hygiene
practices

It can affect anyone regardless of age
or country. The misuse of antibiotics
in humans and animals will
accelerate the problem of antibiotic
resistance. To protect ourselves from
bacterial infections, Some of the
measures we can take are;

Infections such as pneumonia,
tuberculosis, blood poisoning, and
gonorrhea become harder and even
sometimes impossible to treat with
antibiotics due to antibiotic
resistance. 

Chemical structures of some common antibiotics

Antibiotics
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To improve awareness and understanding of antimicrobial
resistance
To strengthen surveillance and research
To reduce the incidence of infection
To optimize the use of antimicrobial medicine
To ensure sustainable investment in countering antimicrobial
resistance.

World Antimicrobial Awareness Week (WAAW), is a global
campaign that aims to increase awareness of antimicrobial
resistance worldwide and encourage best practices among the
general public, health workers and policymakers to avoid the
further emergence and spread of drug-resistant infections.
Antimicrobials are critical tools that aid in fighting diseases in
humans, animals and plants. These antimicrobials include
antibiotics, antivirals, antifungals and antiprotozoals.

Use antibiotics only when prescribed by a certified health professional.
Never demand antibiotics if your health workers say you don’t need them. 
Never share or use leftover antibiotics.
Prevent infections by regular hand washing, preparing food hygienically, and avoiding close
contact with infected people. 

To prevent and control antibiotic resistance the following steps can be followed;

Eating and preparing food hygienically following the ‘Five keys to safer food’ by WHO (which are keep
clean, separate raw and cooked food, cook thoroughly, keep food at safe temperatures, use safe water
and raw materials and choose food that has been produced without the use of antibiotics for growth
promotion or disease prevention in healthy animals) can prevent and control antibiotic resistance.

In the modern day, there are some new antibiotics in development, but none of them are expected to
be effective against the most dangerous forms of antibiotic-resistant bacteria. When infections can no
longer be treated by first-line antibiotics, more expensive medicine must be used. A longer duration of
illness and sickness, often in hospitals, increases healthcare costs as well as the economic burden on
families and the society.

Written by

Risini M. Weerathunga
Level 3

OCC CCS Member

Antibiotics

The ‘Global action plan on antimicrobial resistance’ aims to ensure the prevention and treatment of
infectious diseases with safe and effective medicines. This plan has 5 strategic objectives.
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The Process of Manufacturing Antibiotics
Antibiotic resistance is a growing threat to global health as bacteria evolve and develop immunity to antibiotics,

making once easily treatable infections increasingly difficult to manage.

Antibiotics have become a vital component of human lives due to the different bacterial infections. An
antibiotic is a type of antimicrobial substance active against bacteria. Therefore, antibiotic medications
are widely used to treat and prevent infections caused by bacteria. Antibiotics are secondary
metabolites of bacteria, that kill or inhibit the growth of bacteria. Alexander Fleming discovered the
first antibiotic in 1928. Due to the specificity of antibiotics, they can battle against that specific
bacterium.
 
Currently, the production of antibiotics is a multibillion-dollar industry. It continues to develop each
year. This process is generally defined as the fermentation process. The production of antibiotics can
be done anywhere, and it takes about five to eight days. The raw materials of this process include an
antibiotic-producing organism kept isolated under cold conditions in a laboratory and the compounds
that make the fermentation broth. Some commonly used antibiotic-producing organisms are
Streptomyces fradiae, Streptomyces griseus, and Streptomyces rimosus. The fermentation broth is an aqueous
solution made of ingredients necessary for the proliferation of microbes. 

A carbon source like soymeal or molasses made of lactose or glucose sugars, serves as a food source
for the microbes. An ammonium salt functions as the nitrogen source for the metabolic cycles of
these organisms. Trace elements such as phosphorus, sulfur, magnesium, and zinc present in the
broth help in the growth of microbes. Anti-foaming agents such as lard oil, octadecanol, and silicones
prevent foaming during fermentation. The fermentation and seed tank are the two major equipment
used in the fermentation process. The basic steps of this process are the initiation of culture,
fermentation, isolation, purification, and refining. There are also specific measures taken for the
quality control of the final product.

The first step of this process is the initiation of the microbial culture. To grow the initial culture, a
sample of the organism is kept isolated under cold conditions, and is transferred to a plate containing
agar. After preparing the initial culture, it is transferred into the shake flask, which includes the
fermentation broth. Next, it is transferred into the seed tanks for further growth. The seed tanks are
made of steel and are made to provide an ideal environment for the growth of microbes. In addition
to the ingredients of the fermentation broth, it contains vitamins, amino acids, acetic acid, alcohol,
and hydrocarbons. The mixers of the seed tanks stir the growth medium while the pump delivers
sterilized, filtered air into it. 

Antibiotics

JA
N

U
A

R
Y

  2
0

23
  I

SS
U

E 
0

2

31



Written by
B. H. Hasangee Gunasinghe

Level 2
OCC CCS Member

The fermentation step is the second step. Before the initiation of this step, the material in the seed tank
is transferred to the fermentation tank after about 24-28 hours. The fermentation tank distinguishes
itself from the seed tank by its larger size and capacity of 30,000 gallons. The microbes are allowed to
grow and multiply during this step. The microbes excrete large amounts of antibiotics, which are
secondary metabolites of those microbes. The tanks are cooled to maintain the temperature between
73℉ -81℉ (23℃-27.2℃). After that, a continuous stream of sterilized air is pumped into the fermentation
tank, and anti-foaming agents are added periodically. Acids or bases are added for pH control since it is
a vital factor for the optimal growth of microbes. After three to five days of fermentation, the isolation
and purification process is carried out. Within this period, a large amount of antibiotics will have been
produced. Different isolation and purification methods are used to process the fermentation broth.
The isolation and purification method used for a particular antibiotic depends on its chemical nature.
Water-soluble antibiotic compounds are purified and isolated using an anion exchange process. Oil-
soluble antibiotics like penicillin are isolated and purified using solvent extraction. Organic solvents
such as butyl acetate, and methyl isobutyl ketone (MIBK) are used to dissolve the antibiotic. After the
isolation and purification, the antibiotic is improved using various organic chemical methods.
Therefore, the final result of this step is a purified, powdered antibiotic. 

Refining is the final step of this process. In this process, the final form of the antibiotic is produced.  It
can be a solution in an intravenous bag, a pill, or a powder incorporated into a topical ointment. The
refining method depends on the final form of the antibiotic. When the final form of the antibiotic is a
solution, the antibiotic is dissolved in a liquid, added into an intravenous bag, and hermetically sealed.
In making the pill form, the powdered antibiotic is physically fitted into the bottom half of a capsule,
and the top half is mechanically sealed. When making topical ointments, the antibiotic is mixed into an
ointment. After the final forms are obtained, the antibiotic products are transported to the packaging
places. In these places, the products are stacked and placed in boxes. 

Since this process involves a fermentation step, measures must be taken to prevent contamination.
Contaminated antibiotics are of poor quality and not suitable for use. Therefore quality control
measures are taken throughout the entire manufacturing process. The processing equipment and the
culture medium are steam sterilized. The qualities of compounds in the fermentation broth are
checked regularly. During the fermentation step, the microbial culture conditions are frequently
examined using chromatography techniques. The physical and chemical properties of the antibiotic
are inspected before the refining process. Those properties include pH, melting point, and moisture
content.
 
The process of manufacturing antibiotics concludes in this manner, where we receive the final product
from a pharmacy, only as prescribed by a doctor when we are infected with a bacterial infection. 

Antibiotics
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Ocean Buffer in the Anthropocene

Climate Change

Although climate change is gaining global
concern, CO  levels are still increasing in a rapid
pace since the industrial revolution. We have
broken the human population barriers through
the industrial revolution, and the human
population and its ever-growing needs are
peaking. Our population growth represents a "J"
shape, curving up from the 19  to the 20 
 century with industrialization. In facilitating
the population curve, industrial production, and
emission curves should go hand in hand in
satisfying supply demands. 

th th

2

JA
N

U
A

R
Y

  2
0

23
  I

SS
U

E 
0

2

33

Impacts of human activities on climate change, including ocean acidification caused by CO  absorption

and changes in ocean chemistry.
2

In the current context, personal “wants” and “expectations” keep expanding in comparison to what it was a century
ago. People are consuming excessively, rising demands are being met with ever-growing technologies and
sciences are facilitating industries. But in the fast-growing “human world”, I find some fundamental questions are
forgotten or highly underrated, such as - where do the energy and raw materials come from to support the ever-
growing production supply? What are the costs of our improved living standards? What would be the actual limit
or the tipping boundary for CO  emissions? The list could go on. In this context, some scholars argue that we have
entered a novel geological epoch called Anthropocene. The term was coined by the popular Nobel laureate, Paul J.
Crutzen during a conference in the year 2000. This term is used to denote the present time interval in which
many geologically significant conditions and processes have been profoundly altered by human activities.
To go a bit further, now we are in the Holocene geological epoch, which started during the last ice age, roughly
11,500 years ago. Even though from geological perspectives it may look unreasonable to pose a novel, human-
dominated epoch called the Anthropocene, it is true that humans have been interfering with geological processes
and actively contributing to global warming alone. The starting point of the Anthropocene is in debate, yet some
scientists believe that the Anthropocene initiated from the agricultural revolution, which is the probable critical
step in humanity towards where we are now, being the most dominant and a highly technologically evolved
species on the planet. Humans have successfully overcome population demands, therefore, population curves
don’t apply to us any further. This article discusses how anthropogenic CO  has interfered with ocean chemistry
and briefly introduces you to the cost of ocean acidification on a local and global scale.
 
A collective of the world’s leading scientists from the Stockholm resilience centre based in Stockholm Sweden
have proposed a conceptual frame called “planetary boundaries”, where they have introduced 9 boundaries
defining a safe operating space for humanity. They have said that once we cross a boundary, the planet will
irreversibly change, entering a risky state threatening human existence. One such boundary is ocean acidification. 
Ocean acidification is a critical aspect of climate change enforcing a multitude of global stressors. Oceanic uptake
of anthropogenic CO  has caused an increase in dissolved CO  and total Dissolved Inorganic Carbon (DIC), while
decreasing carbonate ion concentration and ocean pH resulting in ocean acidification. As global warming has
caught the public eye regarding climate change, scientists pose ocean acidification as the other CO  problem.   
   
The ocean is the largest carbon dioxide sink; it fixes roughly one-fourth of the global anthropogenic CO
emissions. It acquires this role by the function of a homogeneous buffer. As per a study by Gruber et. al., 2012,
anthropogenic CO  uptake by the ocean is 2.5±0.6 pg C year   (pg = 1015g) in the last decade, which amounts to 23%
of annual CO  emissions due to fossil fuel combustion, cement production, and land-use changes. Another study
by Freidlingston et, al 2019 shows that the cumulative total release of CO  from 1850 to 2019 amounts to 655±65 pg
C out of which 160±20 pg C has accumulated in the ocean, which is about 24%.
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The ocean buffer can be identified as the resistance of ocean chemistry to change. Ocean buffer action can be
understood in 2 types; homogeneous buffering and heterogeneous buffering. A homogeneous buffer is more
spontaneous and plays a critical role in buffer action. Whereas a heterogeneous buffer functions very slowly and
takes years. A heterogeneous buffer usually follows when the ocean chemical equilibriums shift irreversibly. In
other words, a heterogeneous buffer initiates when the homogeneous buffer reaches its limits. Heterogeneous
buffering action is visible, which usually indicates permanent shifts in ocean chemistry and devastating loss of
biodiversity (Edgerton et al. 2010).
 
Also, ocean chemical buffers can be viewed as a result of a multitude of chemical equilibria resulting in a very
complex system. To break down, seawater is a solution with multiple weak acids and bases in contact with both the
atmosphere and sediments containing minerals. This complex co-existing equilibrium, in turn, provides
resistance to change (physically or chemically) as a function of the Le Chatelier’s principle. As previously
mentioned these complex equilibria account for both a homogeneous buffer as well as a heterogeneous buffer. In
which a homogenous buffer is governed by the carbonate system. Which is represented as follows (Scheme 01):

 

Climate Change

REACTION SCHEME 01

Once CO  is dissolved in water, it readily converts into carbonic acid as depicted in reaction 1. It is shown that 19
out of 20 carbonic acid molecules formed by the dissolution of atmospheric CO  will get deprotonated either to
bicarbonate or carbonate ions. Carbonates and bicarbonates are not directly exchangeable with the atmosphere,
thus CO  is fixed. The released protons will react with limited carbonate ions present in the system forming
bicarbonate ions. Accordingly, carbonate ion concentration and pH of the medium will decrease with the
dissolution of carbon dioxide.
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Aragonite concentration is a direct indicator of biodiversity. Thus ocean acidification can be effectively measured
by the parameter aragonite saturation state. Which is a ratio implying the carbonate ion concentration in water at
an instance. Studies have shown that for healthy growth of calcifying organisms, the aragonite saturation state
should be above 3. When the aragonite saturation state is between 1 to 3 it is said calcifying organisms are under a
stressed situation. If the aragonite saturation state drops below 1 that means shells of calcifying organisms are
dissolving and they cannot prevail. It is estimated that in the average preindustrial era aragonite saturation state is
3.4 whereas now the average aragonite saturation is around 2.4. Real-life observations are standing in support of
this data. Worldwide degradation of coral reefs is being observed. Now, scientists are thinking of coral banks to
preserve corals in hope of future restoration uses as conditions are degrading day by day. Also, scientific studies
claim that under stressed aragonite saturation state conditions, hard corals could be replaced by other organisms
such as calcifying algae. Converting ecosystems from coral-rich to algae-rich environments. Hard corals are
crucial because they provide shelter to a large diversity of marine organisms. This amounts to 1/3   of total marine
biodiversity, including fish. 

Climate Change

Heterogeneous buffer mainly accounts for the interactions between ocean water and sediments. It connects to the
homogeneous buffer and overall buffering as a whole, through the carbonate ion concentration. Carbonate ion
concentration in the medium is limited due to the low solubility of calcium carbonate (the medium is rich in
calcium ions). As mentioned previously, rising CO  levels will depreciate carbonate ion concentration. In this
context, the heterogeneous buffer will function to restore depreciated carbonate by dissolving precipitated
calcium carbonate sediments. Mainly there are two polymorphs of calcium carbonate, namely Aragonite and
Calcite. Out of the two, Aragonite is the most soluble. All shell-forming organisms precipitate calcium carbonate in
the aragonite form. Therefore, the first to dissolve will be the shell-forming organisms including corals to
molluscs ranging in a wide diversity. Shell-forming organisms such as corals are considered to be the base of the
ocean ecosystem. Loss of biodiversity will have a direct impact on the economies of developing countries such as
Sri Lanka, where the cost most heavily affects the coastal reef fishing communities, who earn the least.   
 
The above-represented equilibria are understood and quantified by scientists through ocean alkalinity
measurements primarily. However, by now, scientists are trying to perceive the ocean as an interconnected
system, and therefore, one can only understand dynamics in the complex web of chemical equilibria. Hopefully,
the growth of scientific knowledge in this manner will provide valuable insights into the changing environment. 
 
 In an attempt to understand ocean buffers in much closer detail, scientists are now focusing on ocean sensitivity
factors. The brief idea is that they are looking for the interactions between ocean parameters. In other words, they
are trying to quantify how a change in one parameter drives a change in another parameter in oceanic chemical
systems. For instance, let’s consider our major problem, the partial pressure of atmospheric CO  (pCO ) driven
sensitivity factors. They measure the response change of pH, Total alkalinity (TA), or Carbonate ion concentration
with unit changes in pCO . This explicit quantification of sensitivities has allowed the estimation of simple
projections or contradictions. Simply, they allow us to foretell the future fates of our Earth systematically and
methodically based on scientific data. By the work of Hagens and Middleburg regarding ocean sensitivity, they
have estimated that Oceanic pH would decrease by 0.0011 units for a ppmv (part per million volume) unit rise of
atmospheric carbon dioxide. Combining this value with a global annual increase of pCO  of 1.1 to 2.1 ppm v   for
the periods 1964-1975 and 2005-2014 generates annual ocean pH declines of about 0.012 to 0.023, which has
doubled approximately within two decades. Behind these stats is a tragic loss of biodiversity.
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Climate Change

Written by

Vihanga Thibbatuwawa
B.Sc. (Hons.) in Chemical Sciences

The social impacts of ocean acidification can be broadly categorized into two branches. First is the local impact
due to biodiversity loss. The impact is mounted in several directions. Such as tourism, nutrition, fisheries, and
pharmaceuticals. Sri Lanka is an island in the tropics with a developing economy, heavily dependent on tourism,
which has a higher economic value to coral reef diversity compared to other countries. By now, this valuable
attraction is degrading. As previously mentioned, coral reefs are the base of marine ecology amounting to one-
third of the total diversity. This biodiversity includes fish populations eroding with the dissolution of aragonite
precipitates or to put it simply, with the destruction of corals. Being surrounded by oceans, our communities are
historically adapted to fish as a staple diet, a reliable source of proteins, vitamins, and “good” lipids. Our
fishermen, especially the small-scale coastal communities are highly dependent on reef fisheries. Being one of the
lowest income earning communities, their situations will worsen with degrading fish densities forcing them to
follow malpractices which will even catalyze the existential crisis. Those are a few of the dominant local impacts of
ocean acidification. In addition, diverse coral reefs have gained recent popularity as a potential source of natural
products for cancer medicine in the pharmaceutical industry, which may be a potential opportunity for our
struggling economy. All these sectors, and maybe many more are under threat of biodiversity loss due to ocean
acidification. 

Additionally, ocean acidification has a global impact threatening human existence in the context of global
warming. Scientists are warning that the ocean's capacity to function as a CO  sink is degrading due to the
degradation of the buffer action. If so, global warming rates will accelerate. If we cross the tipping point of ocean
acidification as posed by the concept of planetary boundaries, our planet will be further stressed and will catalyze
and accelerate our phase toward a planetary functional collapse.

The planet’s age up to now is 1.5 billion years, whereas humans only had a 300,000 years lifespan. For the record,
the driving force of geological eras up to now is entirely driven by physical or chemical conditions that are
completely circumstantial. However, just after 300,000 years, humans have managed to interfere with the earth's
geological processes. To arrive at a crossroad where human existence is in balance. Maybe the idea of the
Anthropocene is just nothing compared to the geological time scale. Earth will prevail for sure with or without us.
But it is for real that we have interfered with planetary processes; it is a fact that we are the dominant species, cost
aside. These facts show that humans are significant. As we were able to create the crisis, we humans should have
the potential to resolve this crisis through shifts in our perspectives and values towards the environment
surrounding us. These shifts may come out of extensive debates. However, in my opinion, I find those shifts in
perspectives of the public should be in a direction that is more inclusive towards the environment surrounding us
and inequalities among us. Education, the progress of scientific knowledge, and sustainable practices will be the
frontiers of change. 
 

 
 

2

JA
N

U
A

R
Y

  2
0

23
 IS

SU
E 

0
2

36



Renewable Energy

As the world population rises, so is the demand for energy to power our homes, businesses, and communities.
Since the Industrial Revolution, the energy mix of most countries across the world has been dominated by fossil
fuels. This has had and continues to have major implications for the global climate and human health. Three-
quarters of global greenhouse gas emissions result from burning fossil fuels for energy, which is also responsible
for large amounts of local air pollution – a health problem that leads to at least 5 million premature deaths each
year. To reduce CO  emissions and local air pollution, the world needs to rapidly shift towards low-carbon sources
of energy – nuclear and renewable technologies.

Renewable energy will play a vital role in decarbonizing our energy systems in the coming decades. But how
rapidly is our production of renewable energy changing? What technologies look most promising in transforming
our energy mix? Innovation and expansion of renewable energy sources are key to maintaining a sustainable
energy level and protecting our planet from climate change. Renewable energy is the energy that does not run
out, it may perhaps be known as the endless energy, like the sun.

Renewable energy is produced from naturally replenished resources, including solar, wind, hydro, tidal,
geothermal, and biomass. Renewables are becoming a more important power source, accounting for more than 20
percent of total energy generation worldwide. The expansion in renewables is also happening at scales large and
small, from giant offshore wind farms to rooftop solar panels on homes, which can sell power back to the grid.

Solar energy is extracted from the continuous radiation of the sun, converting sunlight to electricity using
photovoltaic systems. The major constituent of solar panels are layers of crystalline silicon & phosphorous
alongside boron which create electrons and holes, respectively to complete the semiconductor circuit using the
energy generated from photons striking the surface of the solar panels. The main advantage of solar energy is that
there is a limitless supply of solar energy through daytime sunlight. Some of the main drawbacks are the low
efficiency of energy conversion to electrical energy and the initial capital being a significantly larger cost for the
purchase of panels and the associated appliances for the process making it a burden for common households.
However, it is reported that the price of solar PV panels has declined over the last four decades by 99%. Also, many
countries and regions have understood the value of solar energy generation, considered the initial capital as a
massive “investment opportunity” and promoted the implementation of large solar farm projects from barren
lands, especially in rural states like Tamil Nadu in India. Government intervention in the investment has provided
loans to individuals purchasing solar panels for domestic power generation and entrepreneurs entering the
trending energy industry.

Renewable Energy

A New Era: Journeying Into The Future
With Renewable Energy
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Wind is another sustainable source that can be used to generate energy. Many countries such as China, US,
Germany, India, Spain, UK, France, Brazil & Italy have already invested in wind power and generated over 732
GW by the end of 2020, as indicated by the International Renewable Energy Agency (IRENA). To harness
electricity from wind energy, turbines are used to drive generators which feed electricity into the National Grid.
Although domestic or ‘off-grid’ generation systems are available, not every property is suitable for a domestic
wind turbine. Also, the amount of energy generated would depend on the pattern of wind currents in the confined
region where the plant is established.

Tidal Energy is another form of hydro energy
that uses twice-daily tidal currents to drive
turbine generators. Although tidal flow unlike
some other hydro energy sources isn’t
constant, it is highly predictable and can
compensate for the periods when the tide
current is low. These power systems take
advantage of differences between high tides
and low tides by using a  “barrage”, which is a 
 block a type of dam that instantaneously
blocks the process of water moving out to the
sea. This system takes advantage of ocean
currents to drive turbines, especially around
islands where currents are much faster. This
has a symbiotic advantage by solving coastal
erosion to a satisfactory level by installing these
power systems as a fence where turbines are
stretched across a channel. 

Renewable Energy

The best fact is that flowing water is indeed
free, and it’s a clean energy source! These
power plants can supply a large amount of
energy & can be controlled by controlling
water flow rate through turbines. However,
some common issues are the disruption of
river ecosystems and the increased risk of
drought in certain regions due to the blockage
of water flow. Still, it is believed that the
environmental impacts of hydroelectric power
can be mitigated and remain low compared
with burning fossil fuels. 

Hydropower is one of the oldest commercially developed renewable energy sources. A typical hydroelectric plant
is a system with three parts: a power plant where the electricity is produced, a dam that can be opened or closed to
control water flow, and a reservoir where water is stored. The water behind the dam flows through an intake and
pushes against the blades in a turbine, causing them to turn. The turbine spins a generator to produce electricity. 
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Renewable Energy

The exponential rise in demand for energy in the recent past and the depleting non-renewable energy sources
like petroleum, gas, and coal have raised the question of how future energy demands are to be met. The only
viable yet sustainable solution is to shift to renewable energy sources. It is evident of the importance of this sector
as in the recent past, investment in renewable energy has surpassed fossil fuel investment & the global renewable
energy market is currently worth over $250 billion. Many questions are yet to be answered about how can the use
of fossil fuels be replaced by these non-renewable sources. It is up to the future generation of scientists to find
solutions to alter the current causes of action amidst climate change & global warming from the use of these
traditional fossil fuels. Thus, there lie many opportunities in the energy sector for better efficient renewable
energy generation processes in the new phase of modern “green industrialization” for years to come.

Geothermal and biomass energy sources are another two trending fields in this area. However, these are not
carbon neutral sources, unlike the aforementioned ones as they emit a significant quantity of greenhouse gases
like carbon dioxide and methane. By harnessing the natural heat below the earth’s surface, geothermal energy can
be used to heat homes directly or to generate electricity. Conversion of solid fuel made from plant materials into
electricity is done through biomass energy production. Biomass involves burning organic materials to produce
electricity; nowadays, this is a much cleaner, more energy-efficient process. By converting agricultural, industrial,
and domestic waste into solid, liquid, and gas fuel, biomass generates power at a much lower economic and
environmental cost while minimizing the solid waste emission to the environment by recycling waste material for
sustainable energy generation.

Written by
Vinuja Fernando

Level 4
OCC CCS Member

Renewable energy is produced from naturally replenished resources, including, including solar, wind, hydro, tidal,
geothermal, and biomass. Renewables are becoming a more important power source, accounting for more than 20
percent of total energy generation worldwide. The expansion in renewables is also happening at scales large and
small, from giant offshore wind farms to rooftop solar panels on homes, which can sell power back to the grid.
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Did you know that we all have our own, personal laboratory? 

You don’t have to go too far to find it, in fact, it is right at your home. Your lab is “The Kitchen”. Most daily
activities happening in the kitchen are related to chemistry. Although it doesn’t look like a typical laboratory, there
are many chemical reactions going on without our knowledge. As they say, chemistry is truly everywhere, and the
kitchen is the best place to start observing some of these reactions. Some of these marvelous phenomena have
been illustrated below. Let’s take a look at why these things happen, and how chemistry takes place in our
kitchens.

Making Cream Cheese 

To make cream cheese, we mix vinegar and milk. A white solid clump is then formed, leaving behind a green
colored solution. 
Milk is a liquid having fat & proteins. Vinegar is acidic and it lowers the pH. So, it will change the structure of these
proteins in the milk, and form a clump when it is added.   

Lab Kitchen
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Making Bread

Many people around the world consume bread. For most bakery products, dough is needed to be prepared first.
In order to make it, we need yeast, water, flour, oil, sugar & salt. Making the dough is not difficult but have you 
ever thought about why we add these ingredients? Have you ever thought about whether it is possible to make a
soft dough without adding these ingredients? Let’s take a look at why these ingredients are necessary. Yeast is a
fungus which helps the bread rise. It acts on carbohydrates and produces CO  & ethanol. As the CO  gas is trapped
inside, it will cause the dough mixture to rise. The optimal temperature is necessary for the yeast to activate, since
if it’s too low, yeast will be inactive & at very high temperatures, yeast will be killed. 

Oil makes the bread softer and prevents water from escaping the dough during baking.

Sugar acts as the energy source for yeasts and will give a brown crust on bread via the Maillard reaction. The
sugar & proteins break down and rearrange into ring-like structures, which reflect light & give a brown color.

Water helps to interact with the protein in flour to form gluten. Salt helps the gluten molecules to get closer,
strengthening the dough.

After mixing these ingredients, the dough must be kneaded. When dough is stretched, more hydrogen bonds can
be formed in between gluten proteins to make the dough sufficiently hard. 

2 2
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Boiling eggs

When an egg is boiled, we see the egg becomes hard
inside the shell. Have you thought about why this
occurs?

Eggs contain different types of proteins, each with a
unique function. At high temperatures, the proteins
unfold, get denatured & combine with neighboring
proteins and make a linked structure. This makes the
eggs solid when boiled.

Browning of apples

When an apple is cut and left for a little while, we see it starts turning brown due to an interesting phenomenon.

This happens due to an enzymatic browning. Enzymatic browning is caused by an enzyme in apples called
polyphenol oxidase. In order to prevent this, it is important to not let the apples come into contact with the
atmosphere. What could instead be done is dip the apple slices in honey water. Peptide compounds in the
honey stops the enzyme from activating, hence preventing the enzymatic browning. 

Something Smells Fishy

Most of us can agree that a good fish curry is delicious and smells good. But the raw flesh itself has a very bad
odor. 

The smell of fish slices is due to trimethylamine in the fish. However, there is a very simple technique to
eliminate the odor. Soak the fish in milk for about 20 minutes, then drain the milk away and the odor will be
gone. The casein in milk binds with the trimethylamine and when it’s drained, it takes the fishy odor along with
it.

Chem 360o
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Prepare a solution of turmeric powder by adding water.
Take around 25 mL of soap water & lime juice into separate bowls.
Add the turmeric mixture dropwise to both solutions and observe how the color changes. 

Indicators in the Kitchen

We all know about acid-base indicators such as methyl orange, bromothymol blue, and phenolphthalein. But did
you know that there is also an indicator in our kitchens? It’s none other than turmeric powder.

Tumeric is a well-known spice that is a staple in Asian kitchens. However, did you know that it has potential, albeit
rudimentary applications as a chemical too?
The main component of turmeric is Curcumin, which is a polyphenol that gives turmeric its yellow color. It’s a
fascinating molecule as its chemical structure can change slightly when exposed to an alkaline or acidic solution.
In an alkaline solution, it retains a diketone form and its yellow hue as well. However in the presence of alkalis
with a pH above 8 a hydrogen atom present in the molecule shifts changing its structure to a keto-enol, as well as
shifting its color to a red hue. Thus curcumin, or turmeric can act as a pH indicator.

Try out the following procedure at your kitchen laboratory.

Written by

N.A.S.Bandara
B.Sc. (Hons.) in Chemical Sciences
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Must be aesthetically satisfactory – colourless, odourless, and tasteless.
Must be free from pathogens.
Must be satisfying the physical and chemical requirements. 
 

The environment can be considered as a thermodynamically well-balanced, earth-air-water factory. Water plays a
very important role in the environment. In ancient times, water quality depended on interactions between gas-
liquid and solid-liquid. 

During early civilizations, the conservation of surface water and the exploitation of groundwater for man’s use has
been a common practice. The aim of the supply of good quality drinking water is to achieve economic
development through the improvement of the health of the people. However, the thermodynamic balance of the
earth-air-water factory is now affected by anthropogenic inputs from man-made factories. Therefore, it’s essential
to take adequate measures to maintain the thermodynamic balance of the earth-air-water factory because of
environmental pollution. 

Why is water treatment required?

The water which is available in the source is not suitable to drink as it does not fulfill the drinking water standards.
Drinking water should satisfy the following criteria,

Drinking water has to comply with stipulated water quality parameters in SLS 614:2013. To fulfill the above-
mentioned standards, water treatment is required.

The conventional water treatment process

This is a brief overview of the conventional water treatment process in Sri Lanka. The process will vary with many
factors. e.g.:- the quality of raw water.

Step 1 - Intake

Significant things such as logs, sticks, fish and plants are screened out as the water is drawn into the treatment
plant from a river, lake or other surface sources. If the source is groundwater, the “screening” is done by nature as
the water travels under the surface of the earth. Micros trainers remove the algae and cyanobacteria from the
source water.

Step 2 - Aeration

The aeration process is designed to achieve the removal of gases and volatile compounds by air stripping. Oxygen
transfer can usually be achieved using a simple cascade or diffusion of air into water. For oxygen transfer, cascade
or step aerators are designed so that water flows in a thin film to achieve efficient mass transfer. These types of
aerators are used for the oxidation and precipitation of iron and manganese. 

Water We Drink
Chem 360o
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Step 5 - Coagulation and flocculation 

The water is sent to a large basin where the chemicals cling to the impurities in the water (coagulation) causing
them to form larger heavier particles called a flock. 

Step 6 - Sedimentation

These larger particles settle at the bottom of the sedimentation basin so that chemicals and impurities can be
removed from the water. It is a physical treatment process, where gravity is used to remove suspended solids
from water.

The sedimentation process usually takes place in tanks with various shapes.

Step 7 - Filtration

Particulate matter can be removed from raw water by rapid gravity, horizontal, pressure, or slow sand filters.
Slow sand filtration is essentially a biological process, whereas the others are physical treatment processes. Rapid
gravity, horizontal, and pressure filters can be used for direct filtration of raw water without pre-treatment but
rapid gravity and pressure filters are commonly used to filter water that has been pre-treated by coagulation
and sedimentation. 
In the filtration process where the flock settles (sedimentation basin) the water continues on its trip through the
filter. Layers of sand, gravel, and sometimes hard coal (anthracite) are used to remove any other impurities that
are left in the water. The filtration process removes 99% of bacteria in water. Another filter may be used to
remove toxic organic substances. As the water passes through this layer, certain impurities stick to the filter
material. This is called adsorption.

Step 3 - Pre-chemical dosing

Chlorine and other chemicals, such as alum or lime, are added to the water to help remove impurities and destroy
any bad taste and smell. Sometimes chemicals are included to remove excess minerals that make the water “hard”
or cause rust to form.

Step 4 - Mixing

The water is then mixed rapidly to distribute the chemicals evenly.

Chem 360o
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Analysis of water for physical and chemical parameters
Microbiological analysis of water
Analysis of heavy metals
Analysis of toxic substances

Step 8 - Disinfection

Now that everything has been removed from the water, a small amount of disinfectant is added to keep the water
from developing bacteria as it travels to you. There are different types of disinfectants used in the water
purification process in Sri Lanka namely ; chlorine, hypochlorite, ozone etc. Liquid gas chlorine is widely used in
Sri Lanka and the amount of chlorine is carefully measured to be the lowest possible amount needed to keep the
water free of germs. The gas is withdrawn from the cylinder and is dosed into the water by a chlorinator, which
both controls and measures the gas flow rate. Chlorine, whether in the form of chlorine gas from a cylinder,
Sodium hypochlorite or calcium hypochlorite, dissolves in water (hydrolysis) to form hypochlorous acid (HOCl)
and ionizes to form hypochlorite ion (OCl ). Other disinfection methods include chlorination, the use of chlorine
dioxide, ultraviolet (UV) radiation and an advanced oxidation process. In some countries fluoride is also added. It
has been found to help prevent tooth decay. Fluoridation is not required in our country because some natural
water sources already contain fluoride so this step is not always included.

Step 9 - Distribution

To maintain the raw water quality within the SLS 722: 1985 limits, regular monitoring of water quality is carried
out by NWSDB and CEA. The purpose of testing the water quality is to supply good quality drinking water to you.

Water quality analysis
As per the SLS 614: 2013 following areas were considered for the drinking water standards

  
Therefore, NWSDB tests for physical, microbiological and chemical parameters in treated water according to SLS
614: 2013 standard. 
Apart from that, heavy metal analysis is done in clear water reservoirs and distribution systems to ensure the
quality of drinking water. Past analytical reports revealed that the heavy metals were not detected or the heavy
metal content is below the limits of drinking water standards.

Chem 360o
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"To eat is a necessity, but to eat intelligently is an art."

Humans have inherited an attraction towards flavorsome lipid-rich foods. This behavior has been studied actively
over the past few decades and evidence suggests that in addition to desirable flavor and textural preference
towards fats, interactions between long-chain fatty acids and specific receptors in taste bud cells evoke
physiological changes that affect both food intake and digestive functions. This temptation humans have for
lipids, probably might be an evolutionary advantage imposed on us to survive, considering lipid-rich foods are
not only the highest source of energy in our dietary intake but also contain essential fatty acids and lipid-soluble
vitamins (A, D, E, K) which are involved in pivotal biological functions in the human body. Nonetheless,
researchers have also pointed out that certain types of lipids increase the risk of heart diseases, increase levels of
low-density lipoprotein or "bad" cholesterol, and influence inflammatory cascade resulting in inflammation, and
obesity. All this complicated scientific interpretation is to say that we all love our “fats” for better or for worse.
From butter, cheese, beef, milk, and mackerel; to coconut oil, olive oil, palm oil, sunflower oil, peanuts, cashews,
and sesame seeds, all of these accommodate a high content of lipids and are undoubtedly a necessity in our diet.
So, it is very important to be conscious and well-informed on how to wisely include them in our diet while
enjoying the best out of our plates because once again, "We all eat, and it would be a sad waste of opportunity to
eat badly." 
Cooking oil is an essential kitchen staple in all households. It always puzzled me why there was so much
controversy over which oils are healthier and which ones are not. With so many types of oils on the shelves, how
can we decide which oil is the healthiest option to cook with? Either in our salad dressing, deep-frying some
potato chips, or when baking chicken, can we use the same type of oil? To begin with, let us dive in a little bit into
their chemistry to take a much closer look.

Cooking oils and fats are either plant-based, animal-based, or synthetically produced lipid-containing food. They
range from plant-based oils such as olive oil, palm oil, soybean oil, coconut oil, corn oil, peanut oil, and vegetable
oils; to animal-based lipids such as butter and lard. They are characterized by their high-fat content, which is
mainly categorized into saturated fats and unsaturated fats.

Let's get to know our oils!

On the other hand, unsaturated fatty acids contain one or more double bonds or triple bonds in their chemical
structure. Fatty acids with one degree of unsaturation are called monounsaturated fatty acids, while fatty acids
which contain more than one degree of unsaturation are called polyunsaturated fatty acids. Oleic acid is one
such monounsaturated fatty acid example and Linoleic acid, and Linolenic acid are some examples of
polyunsaturated fatty acids.

Chem 360o

Saturated fatty acids are
monocarboxylic acids made up of an
aliphatic carbon chain with no double
bonds. As the name implies, they are
saturated with hydrogen atoms and do
not undergo rancidity due to the
absence of double bonds. Caproic acid
and Lauric acid are some examples of
saturated fatty acids which are
commonly found in coconut oil.
Saturated fatty acids are usually solids at
room temperature. Normally meat and
dairy products such as butter, beef,
pork, and milk contain high levels of
saturated fatty acids, and some plant-
based oils such as coconut oil, palm oil,
and palm kernel oil also contain high
amounts of saturated fats. Source: verywellhealth.com
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Now that we have some idea about the classification of fatty acids, let us take a look at the common kitchen oils in
our households. Even though we classified the fatty acids so easily, most fatty foods contain a combination of
these different types of fatty acids. Hence, it’s difficult for us to choose which oils are better to use. To determine
the amount of unsaturation in oils, the “iodine value ” is used in food chemistry. The iodine value indicates the
degree of unsaturation of a fat or oil. It is defined as the number of grams of iodine absorbed by 100 g of fat. In
fatty acids, the double bonds are highly reactive toward halogens and this principle is used in the calculation of
iodine value. A higher iodine value indicates a higher degree of unsaturation in fats and oils. 

Most common oils such as olive oil, peanut oil, vegetable oil, sunflower oil, sesame oil, and corn oil
Fatty fish such as mackerel, salmon contain essential polyunsaturated fatty acids that cannot be synthesized
within the human body and should be taken from the diet.
Nuts and seeds such as almonds, peanuts, cashews, and sesame seeds

. Dietary sources of unsaturated fatty acids include; 

The chemistry of unsaturated fatty acids is more complex than saturated fatty acids due to their unsaturation.
There are two types of unsaturated fatty acids depending on the relative position of the H-atom in the double
bond; cis and trans fatty acids. Most naturally occurring unsaturated fatty acids are cis isomers, apart from a few
exceptions such as elaidic acid, present in very minute quantities in caprine and bovine milk. Unsaturated fatty
acids are generally liquids at room temperature. However, some industries use the hydrogenation of unsaturated
fats during food processing to solidify them, such as the margarine industry which leads to the production of trans
fatty acids. Trans fats are known to be the most dangerous type of fats which increases bad cholesterol levels in the
body, increases inflammation, and increases the risk of heart diseases and type-two diabetes. Trans fats are mostly
present in processed food such as donuts, cookies, and commercially deep-fried foods, mainly if the
manufacturers used partially hydrogenated oils in food processing.

Chem 360o

Figure 1: Chemical structures of saturated fatty acids (caproic acid, lauric acid), monounsaturated
fatty acids (oleic acid, elaidic acid), and polyunsaturated fatty acids (linoleic acid, linolenic acid)
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According to the above table, we can have some idea about the degree of saturation in oils we use in our kitchen.
Coconut oil and palm oil contain high levels of saturated fatty acids while olive oil, sesame oil, corn oil, and
sunflower oil contain higher levels of unsaturated fatty acids. 

For decades researchers have studied the health effects of saturated and unsaturated fats on the human body. A
study done under the title “Saturated Fat Consumption and Risk of Coronary Heart Disease and Ischemic Stroke”
in 2017 concluded an association between dietary consumption of higher amounts of saturated fatty acids and a
higher risk of heart diseases. The strong evidence in the study supports the partial replacement of saturated fatty
acid-rich foods with those rich in cis-poly unsaturated fatty acids can lower Low-Density Lipoprotein cholesterol
which is considered “bad” cholesterol, and reduce coronary heart disease risk. However, a more recent study done
under the title “Dietary Total Fat, Fatty Acids Intake, and Risk of Cardiovascular Disease: A Dose-Response Meta-
Analysis of Cohort Studies'' has challenged the link between saturated fatty acids and heart diseases. It stated “This
current meta-analysis of studies suggests that saturated fatty acid, monounsaturated fatty acid, and
polyunsaturated fatty acid intake were not associated with the risk of cardiovascular disease. However, we found
that higher trans fatty acid intake is associated with a greater risk of cardio vascular diseases. Furthermore, found a
cardio-protective effect of polyunsaturated fatty acids in studies followed up for more than 10 years”. 

Overall, too much dietary intake of saturated fats may increase body weight and the risk of cardiovascular diseases
while in contrast health benefits of unsaturated fats are well established. The general notion is that the
consumption of unsaturated fatty acids is a healthier option, because unsaturated fats help lower LDL cholesterol
levels, reduce the risk of heart diseases and reduce inflammation in the body. But that’s only as long as you do not
tamper with their chemical structure. Oils that contain a high amount of unsaturated fats are considered the
healthier option to use under low-temperature food preparations and to use unheated when drizzling them over
food and using in salads and dressings. But a problem arises when they are heated. Polyunsaturated oils contain
fatty acids which break apart more easily when heated, releasing more free radicals. When cooking oils are
exposed to heat, oil degradation occurs in the form of hydrolysis, oxidation, and polymerization causing the
production of by-products such as free fatty acids, glycerol, secondary products of oxidation, and polar
compounds. Some by-products of oil degradation have adverse effects on health such as increasing free radicals in
the body which can cause inflammation and reduce immunity.

Chem 360o
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But it is known that smoke points could greatly vary depending on factors such as the volume of oil utilized, the
size of the container, the presence of air currents as well as the quality of the oil, and its free fatty acid content.
Therefore, the smoke point may not be the most definitive indicator to determine an oil’s heat-withstanding
capacity or its safety. That’s when “Oxidative Stability” comes into play. 

Oxidative stability is how resistant an oil is to reacting with oxygen, breaking down, and potentially producing
harmful compounds while exposed to continuous heat. It is a more important indicator than the smoke point
when determining how oil behaves during heating and how safe they are to be used in cooking. The oxidative
Stability Index (OSI) is a method that determines the relative resistance of fats or oils to oxidation. The OSI
analysis can be used to compare various oils to predict their respective shelf-life and to evaluate the effectiveness
of antioxidants. It is measured as "induction time" and recorded as the total hours before the oil breaks down. For
example, one study found that canola oil requires 7.5 hours, whereas extra virgin olive oil and virgin coconut oil
will last over a day, at 110 °C of continuous heat. Another study found that extra virgin olive oil and coconut oil to
be two of the most stable oils confirming the results of the former study. This suggests extra virgin olive oil and
coconut oil might be the most suitable oil for deep-frying considering their stability under heat. The differing
stabilities correlate with lower levels of polyunsaturated fatty acids, which are more prone to oxidation. Extra
virgin olive oil is high in monounsaturated fatty acids and antioxidants, conferring stability, and has anti-
inflammatory properties. On the other hand, coconut oil is high in saturated fats, and its resistance to oxidation
makes it a stable cooking oil. 

The bottom line is, saturated oils such as coconut oil, palm oil, and monounsaturated oils such as olive oil, and
avocado oil are the most stable oils to cook under heat since higher saturation levels of these oils make them more
resistant to oxidation. Oils with high content of unsaturated fatty acids and free fatty acids are not as safe as
saturated fat-containing oils when it comes to frying. Also, many unrefined oils are packed with enzymes and
minerals, which are again unstable under heating.

Chem 360o

Table 2- smoking points of some common fats and oils

The smoke point of oil could be used as an indicator of the capacity of oil to withstand heat. The smoke point is the
temperature at which oil begins to produce smoke and starts to break down. Once it is beyond the smoke point, it
releases free radicals. Overall, oils with much higher smoke points tend to be more stable under heat, therefore making
them more suitable for frying. 
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To sum it up; the most healthy option when it comes to low-temperature cooking is unheated meal preparations,
like drizzling over food or using them in salads, oils with high content of unsaturated fats such as olive oil, canola
oil, soya oil, sesame oil, sunflower oil, corn oil and avocado oil. But when it comes to high-temperature cooking
such as deep-frying or baking; it’s better to choose an oil with high oxidative stability such as coconut oil, olive oil,
or avocado oil which also have high smoke points. Even though one might assume going for oil such as coconut
oil may be wise, it’s still better to use coconut oil in moderation because studies have shown that coconut oil raises
both High-density lipoprotein or “good cholesterol” and Low-density lipoprotein or “bad cholesterol”. On the
other hand, trans fats should be avoided at all costs. With given scientific data it’s safe to assume that Extra virgin
olive oil might be a very good option in any sort of cooking, given its low profile in saturated fats and high
stability under heat. So after considering and weighing on these few indicators of stability and safety of oils;
maybe next time when you go shopping or when you decide which oil to use in your salad dressing and when you
deep-fry some potato chips; you’ll have some idea on which bottle of oil on your shelf to reach for. 

Chem 360o

Table 3- Oxidative Stability of some common cooking oils
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An Insight Into Petrol & Diesel
Fossil fuels are energy sources derived from the fossilized, buried remains of plants and animals that lived millions of years
ago, according to the National Resources Defense Council. Fossil fuels have a significant amount of carbon due to their
origins.
Estimations coinciding with evidence indicate that fossil fuel creation began about 300 million years ago in the
carboniferous period. This was about when amphibians emerged from the primordial seas, and the forests were dense and
swampy. It created the perfect conditions for plants, algae, and other microscopic organisms to flourish and often times
when they died, they would fall into the water or settle at the bottom of the ocean bed, lake floors, or beneath ancient
swamps. 
This dead biomass continued to accumulate and settle in areas with virtually no oxygen. Over time across vast forests,
gigantic deposits of plant material accumulated, and in turn, it was covered with sand, mineral, and rock. These covering
materials continue to press down upon these carbon-rich organic matter, and over millions of years, they are ultimately
changed into fossil fuels. Dead plant matter was the precursor to coal whereas oil and natural gas mainly originated from
microscopic plankton.

There are three types of fossil fuel: solid, gas, and liquid. Petrol (also known as gasoline) and diesel are liquid fossil fuels
that are produced from the distillation of petroleum/crude oil. Crude oil is a mixture of different hydrocarbons; it is often a
dark and sticky liquid that cannot be used without refinement. It must be recovered from reservoirs located within
sedimentary rocks or in oil sands. Refining crude oil occurs by piping crude oil through hot furnaces which yield many
petroleum components called fractions. After distillation further processing converts these fractions into intermediate
components called streams. The most widely used method is cracking, which uses heat, pressure, catalysts and
occasionally hydrogen to crack large hydrocarbon molecules into smaller ones. Molecules can also be rearranged to create
other products. Finally, the streams are combined by technicians to produce the final product that is burnt or used in
various industries.
The composition and characteristics of gasoline and diesel differ slightly. Petrol is made using fractions having boiling
points ranging from 35 to 200 degrees Celsius, whereas diesel is made using fractions with boiling points ranging from 250
to 300 degrees Celsius. Initially, petrol had no practical use, and it was discarded. The importance of petrol was realized in
1892 with the widespread adoption of the automobile. 

The next best-known fuel, Diesel was patented in 1892 by its founder and namesake Rudolf Diesel. It is usually refined from
crude oil and biomass materials. Both petrol and diesel are hydrocarbon mixtures. Petrol contains hydrocarbons with
chains ranging from five to twelve carbon atoms long, whereas diesel contains chains ranging from ten to fifteen atoms
long. Diesel also has more energy per liter than petrol, enhancing its value and efficiency.
The value of fossil fuel is primarily measured in two ways, fuel density, and life cycle emissions. On a volume or weight
scale, fuel density is the number of fuel molecules or hydrocarbons in fuel. Lifecycle emissions is a methodology to account
for a product's or service's environmental impacts throughout its entire life cycle.
Diesel’s high fuel density presents a challenge despite its value as higher fuel density corresponds to less complete
combustion. However, the complete combustion of any fossil fuel is not possible. The more energy-rich the fuel, the lower
the percentage of that fuel that burns completely. Diesel is also more stable allowing it to be stored and transported more
easily than other fossil fuels.
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Thomas Midgley Jr. was an American mechanical and chemical engineer and is regarded as the man who poisoned the
world with lead by developing tetraethyl lead and promoting it throughout his life. His story, however, doesn't end with
tetraethyl lead. He was also involved in the discovery of Freon, which was later discovered to contribute significantly to the
depletion of the ozone layer. Freon was widely used as a refrigerant gas. Midgley Jr. did not live to understand the
devastating environmental consequences of both discoveries because he contracted polio at the age of 51, which left him
disabled. Four years later, in 1944, he was strangled to death after being entangled in the sophisticated pulley system he had
designed to lift his paralyzed body out of bed and into a wheelchair.

Here pockets of air/fuel detonate ahead of the flame front created by the spark plug which in turn increases the pressure
inside the cylinder and causes the piston to move abnormally due to the increased force. This produces a knocking or
pinging sound, which can harm the engine.
Over the years, scientists have added a variety of compounds to prevent engine knocking in petrol. The octane rating of a
fuel indicates how well it manages to avoid the knocking problem. It refers to two distinct compounds: isooctane and n-
heptane. Isooctane has a standardized octane rating of 100, while n-heptane has a rating of 0. The fuel is more effective at
preventing knocking if it has a greater octane rating. The numbers between 0 and 100 in an octane rating provide a
comparison to mixtures of isooctane and n-heptane used. For example, a fuel with an octane rating of 95 would possess a
similar resistance to knocking as in a mixture containing 5% n-heptane and 95% isooctane. However, it is crucial to
remember that this is not the same as a fuel that only solely contains isooctane and n-heptane. The existence of several
other compounds that are even superior to isooctane at preventing knocking makes higher octane ratings possible. For
example, an octane rating of 101 is possessed by benzene. 
Tetraethyl lead was added to petrol as an anti-knocking agent along with 1,2-dibromoethane. This would react with lead,
thus preventing its deposition in the engine. But this is now banned in many countries as it releases toxic lead fumes.
Presently, unleaded petrol still includes anti-knock agents, but they are made from a variety of non-lead containing
substances such as ethanol, toluene, and benzene.

Diesel is also known to have the highest energy production to low
emissions ratios. Furthermore, diesel emits fewer emissions than
petrol and causes far less environmental damage than natural gas.
Petrol and diesel are also used in several types of engines. In petrol
engines, fuel and air are taken in and compressed before the
engine's spark plug ignites the fuel. In contrast, only air is taken in
and compressed in diesel engines. Next, the fuel is injected. Diesel
engines do not require spark plugs to start the combustion process
because the fuel auto-ignites because of the heat produced by
higher compression in diesel engines.

Premature combustion can be an issue in petrol engines. Because
the fuel is injected at the start of the process, fuel combustion can
sometimes occur during the compression process before the fuel is
ignited by the spark plug.

Rudolph Diesel

Written by
Uthsara Malaweera Arachchi & Mithuni

Senadeera
OCC CCS Members

Chem 360o

JA
N

U
A

R
Y

  2
0

23
 IS

SU
E 

0
2

52



Prof. Eugene has obtained his PhD from the Manchester Metropolitan University, and is currently a
professor in chemistry and physics. He has held the post of Director at the International Institute for
Specialized Education and Research (1994-2006), and currently holds several positions; President of
Society of Martial Arts (1993-present), CEO of National Accrediting Commission for Martial Arts (2004-
present) and Director at Virginia Research Institute. Prof. Eugene is focusing on linking STEM subjects
with non-STEM subjects through his own educational models. 

1.    To start off, can you tell us a bit about your childhood, some life changing experiences you had that led
you into becoming a professor in physics and chemistry, and a renowned educator?

I studied at St. Joseph’s College (Colombo 10). I had a strict, disciplined childhood. My father bestowed his
wisdom and love for martial arts, and my mother taught me the importance of hard work and perseverance.
As a child, I was very much interested in science (primarily physics and chemistry) and business, since my
father was involved in that field. The most significant parts of my childhood were spent studying and
practicing martial arts. Yet, I was also involved in extracurricular activities. I was the President of the Sinhala
Literary Association, and Captain of the college karate team and debating team. In fact, I was also the
President of the Students Association at IChem, at one point.

Later, after leaving school, I worked with the late Sir Arthur C. Clarke for a short period of time at the age of
21. I also worked with Mr. Vijitha Yapa, as a stringer journalist for the Island newspaper and later the Sunday
Times. These individuals were just as influential to me as my father. Along these lines, individuals that
inspired me from the Institute of Chemistry Ceylon were Late Prof. J.N.O Fernando and Prof. H.D.
Gunawardana. Each of these individuals helped me to do better in life and gave me opportunities to further my
career and personal growth.

INSPIRATIONAL

An Interview with Prof. Eugene De Silva
Interviewed by Pevindra Ratnayake, Sachini de Silva and Dilhan Jayasinghe 
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Prof. Eugene (far right) during his days at 
Institute of Chemistry Ceylon

Prof. Eugene with his daughter



2. So, you developed the first martial arts education degree in the world. Could you explain how that came
into existence; from getting the idea to executing it?

I have always had the ability to envision new things that could be created or developed, and how they could be
made successful. This is something anyone can develop by specializing in many fields. I studied martial arts
from a very young. My father taught me Jiu Jitsu, my uncle was a champion in Judo, and my karate master in
Sri Lanka was the late Mr. Dammitha Jayakody. While I was a student of Chemistry, Physics, and Management,
I also continued to study martial arts. What I realized during this period was that the original martial arts
masters must have been good in physics, anatomy and physiology, history, communication, sports, etc. To
become masters in this sport, it was clear that they needed this knowledge and most likely had a broad
understanding of such academic disciplines to become so successful in their sport. So, when I was in England,
I decided to introduce a degree in martial arts, which wasn’t available anywhere in the world. At the right time,
meeting the right people helped me to establish this degree in martial arts and successfully set up my
organization - ‘The Society of Martial Arts’ in 1994.
For the first time, the world was able to see the grandmasters of martial arts in graduation caps and gowns
receiving their qualifications. This recognition was well overdue. Collectively, martial arts is a way of life more
than a mere form of fighting. It is an art filled with subjects, such as philosophy, psychology, physiology,
physics, etc. I was able to develop the degree easily because I saw the connection and the path to developing
those connections. I must mention a few names in the UK, who helped me and supported my vision. They are
Ronnie Green, Dr. Peter Lewis, Bob Sykes, Geoff Thompson, Peter Consterdine, Sam Kwok, Bill Davidson,
Mark Hewett, Prof. David Collins, Prof. Roger Bartleet, Matthew Clempner and Masters Woody and Krin.
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Teaching physics through Martial Arts

Then, before the age of 21, I was able to secure an international patent in graphite lead manufacturing
and start up my own company. In the UK, I then set up the International Institute for Specialized
Education, and the Society of Martial Arts. In 2004, after moving to the US, I also set up the Virginia
Research Institute, National Accrediting Commission for Martial Arts, and E and E Enterprises LLC.
Those were some of my life-changing decisions. 

While studying Chemical Sciences at the Institute of Chemistry, I also pursued degrees and
professional qualifications in the UK in business, as well as in Physics, Management, and Marketing. 
My main strength was the multidisciplinary approach I developed from a young age, and the numerous
post-graduate qualifications I have in a range of fields, such as management, manufacturing, quality
assurance, etc. I am currently a professor of chemistry and physics and head a multidisciplinary
research center. My focus is linking STEM subjects with non-STEM subjects. As such, I have developed
educational models to this effect.



4. As a professor and an educator who has been all around the world and has had decades of experience in
the education sector, how do you think as a country, Sri Lanka can develop its education sector? What do
we lack the most? And how can we inculcate and develop what we lack? 

We need to change our educational system to better serve our country. After we change it to serve the needs of
our country, then we can take it to the international platform and say, “These are our qualifications, and they
serve the needs of our country because they are relevant to our country. And these qualifications are
equivalent to the qualifications in your country.” 
We have followed the British system for a very long time, and we need to move away from this because, to me,
it is a waste of time. The number of students passing with A grades in A/L’s in Sri Lanka is high. So, as per that
rate, we should have intellectuals in every country competing for a Nobel prize. It should happen, but it has
not happened, because we are just testing students’ memory more than the application of knowledge. So, as a
country, we need to change.
Also, I believe that up to the high school level, maybe up to the 10th grade, students should be taught all
official languages English, Sinhala, and Tamil. This is just my idea by combining my personal experiences.
Then, subjects like sciences (combining all sciences), mathematics, social studies, ethics, civics, logic could
also be introduced within those 10 years because I don’t think children know their civic duties. Many lack
ethics and are weak in their logical approaches. Therefore, these subjects should constitute the foundation of
education. 
For example, if you teach logic first, and then introduce the application of the scientific method, students will
be more fact-based and rational. These students, who are the future of a country, will make decisions based on
facts and not simply because somebody else convinced them. It will change Sri Lankan society for the better.
Children will understand their civic duties, their voting rights, and then will make better decisions when
electing leaders. This approach will help to produce professionals in every field and improve society more
generally. 
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The establishment of the Society of Martial Arts by Prof. Eugene and the
introduction of a degree in Martial Arts

So, I began to connect physics theories to martial arts practices, since I knew martial arts before studying
physics. Then, I wanted to introduce a syllabus that incorporated the mechanics section of physics to martial
arts and other sports. It was very successful; the students liked it mainly because they could use their new
physics knowledge and apply it to their sports as athletes. In the US, in various states such as Virginia,
Kentucky and Tennessee, I used to conduct one-day demonstrations on how martial arts could be studied
through physics. These demonstrations had around 200 participants twice a year. At one of these shows, a
representative of the educational institution, WonderWorks, was in the audience. WonderWorks is an
educational institution that combines education with entertainment. The representative then offered me a
contract to perform at their centers. These demonstrations were successful and gained popularity, since I was
showing the relevancy of physics in daily activities.



You must reflect and define your goals. Yet, many students are confused and not clear about their goals.
Honestly, I feel this is mostly the fault of parents. If parents want their child to be independent and
successful, then parents need to provide independence to their children to make such decisions. They can
provide advice but should not force them. 
So, if one chooses the path of natural sciences, then one must clearly define the reason for that selection. Is it
because one’s parents prefer that field? Or is it because there are more opportunities for employment in that
field? One must be honest and reflect on such questions.

In the UK, it is noted that there are six key skills that are recognized as essential to do well in one’s career.
Firstly, you need to be good in IT. Secondly, you need to be skilled in communication. Thirdly, you need to
be good in the application of numbers. The other three are, working with others, improving your own
learning, and logical thinking. Parents should support their children in developing such skills irrespective of
the chosen field of study. Parents should not force their children to do something just so that they can live
vicariously through their children. Children should also have a good and honest chat with their parents
about the field of study they want to embark on.
Let us assume that you had an honest reflection and selected the path of chemistry, then you need to
establish a long-term goal. If you are a very good chemist, the highest position you can aim for is the
laboratory manager or the technical director/general manager, if you are lucky. 

If this is your goal, I would say go for it, since the goal is clearly your personal choice. However, if you are
someone who wants to be very financially successful and happy, but your passion is not chemistry, then I
would say to reassess if studying chemistry is the best choice. There are many other paths you can take that
will get you money and happiness, if chemistry is not your passion. 

The 2nd secret is the balancing of money. Many people think in a certain fixed manner. For example, they
think that if they get 1000 USD per month, they will be happy by saving most of their money and living a very
average or below average life. They hope to save up for their children. This is a noble approach, but fraught
with many misconceptions. They must plan, without comparing themselves to anyone else, what level of
living makes them truly happy. This needs to be an honest decision. Then, they should budget and see how
much they need to live that life. At that point, go out and look for a job that pays that minimum amount plus
25% more. Then, they know that they can enjoy a happy life while also saving that 25%. They will then pass
this thought process to their children, too. This is the path to a happy, stress-free life. One should never
compare what one has to another person’s possessions. The person with a bigger car or a bigger house may
have a bigger debts, too. So, it is best not to compare.

The qualifications we pursue now become very important later on in our lives. Whatever one ends up doing
should have been planned many years earlier. Therefore, planning ahead, individually, is very important. 
In summary, be skillful and confident about your skills and be clear about what you want out of your life.
So, when we come to the third secret, I am going to end this interview. This is because I want everyone to go
and search for his/her own 3rd secret. If one embarks on a multidisciplinary pathway, one will eventually find
it.
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5. Finally, what advice do you have for us, young undergraduates, especially the ones who have chosen the
path of natural sciences which includes chemistry, physics and many other subjects?
There are 3 secrets to success that I share with my students. First, you have to be honest with yourself. If you
are pursuing a science degree, you need to first ask yourself if you will truly be happy. I have seen many
instances wherein parents are paying for the students’ degrees; therefore, the students are not truly happy in
the selected fields, but are simply doing it for the sake of it. You need to be clear about your objectives from
the beginning. Most of the time, the purpose of studying may be to find a job that can make one happy.
However, you need to also think about whether you will be happy just working for someone or some
organization. You may want to consider whether you are working toward a 9-5 job or looking to establish your
own business in the future. 
In fact, I have also seen many students, not just female students despite stereotypical ideas, who do a degree,
but then just get married and stay at home. There are some who even do degrees with the idea of elevating
their position in society to ultimately find a better partner. If you are studying with this intention, then that is
fine, but you need to be honest with yourself from the beginning.
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ACROSS

3. The unit of measuring the cross-sectional area of nuclear reactions

4. The general name for mercury alloys

7. Solute + ________ = solution

8. An allotrope of carbon

10. ____________ acid is another name for hydrochloric acid

11. An alkaloid present in black peppers

12. The last name of the chemist that devised the electronegativity scale

DOWN

1. A terpenoid found in caraway seeds and spearmint

2. The last name of the scientist that discovered chromatography

5. _____________ acid is vitamin C

6. The smallest repeating unit in terpenes

9. A spherical aggregate of lipid molecules
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