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Outline of our Institute
The Institute of  Chemistry Ceylon  is a   professional  body and a learned 
society founded in 1971 and incorporated  by act of Parliament No. 15 of 
1972. It is the successor  to the Chemical Society of  Ceylon which was 
founded in 1941. Over 50 years of existence in Sri Lanka makes it the oldest 
scientific body in the country.

The Institute has been established for the  general  advancement of the 
science and practice of Chemistry and for the enhancement of the status of the 
profession of Chemistry in  Sri Lanka. The Institute represents all branches 
of the profession and its membership is accepted by the government of Sri 
Lanka (by establishment circular 234 of 9-3-77) for purposes of  recruitment 
and promotion of chemists.

Corporate Membership
Full membership is referred to as  corporate membership and consists of two 
grades:  Fellow (F.I.Chem.C.) and  Member (M.I.Chem.C.)

Application for non-corporate membership is entertained for four grades: 
Associate (former Graduate) (A.I.Chem.C.), Licenciate (L.I.Chem.C.),                 
Technician (Tech.I.Chem.C.) and Affiliate Member. 

Revision of  Membership Regulation 
All  Special Degree Chemists can now apply directly to obtain Associate        
(Graduate) Membership. Three year B. Sc. Graduates (with an acceptable  
standard of Chemistry) can
(i)  directly become Licentiate 
(ii) obtain corporate membership in a lesser number of years.

Tech.I.Chem.C.
Those who have passed the DLTC examination or LTCC examination or 
have obtained equivalent qualification and are engaged in the practice of 
Chemistry (or chemical sciences) acceptable to the Council are entitled to 
the designation Tech.I.Chem.C.
Members/Fellows with Membership for Life are entitled to the designation 
of Chartered Chemist (C.Chem.)  on  establishment of a high level of 
competence and professionalism in the practice of chemistry and showing 
their commitment to maintain their expertise.

All corporate members (Members / Fellows) are  entitled to vote and become 
Council/ Committee members whether Chartered Chemists or not.

Membership Applications
Any application for admission to the appropriate class of membership or for 
transfer should be made on the  prescribed form available from the Institute 
Office.

Current Subscription Rates
Fees should be payed on 1st of July every year and will be in respect of the 
year commencing from 1st July to 30th June

 Fellow  Rs.   2000
 Member  Rs.   2000
 Associate  Rs.   1500
 Licenciate  Rs.   1200
 Technician  Rs.     750
 Affiliate  Rs.   1200
 Membership for Life   Rs. 15000

Entrance Fee 
 All the grades            Rs.  1000
 Processing Fees*         Rs.    500  
 Processing Fee for
 Chartered Chemist designation    Rs. 5000
 Institutional Members  Rs. 2500
 *per application for admission/transfer to any grade
 
Headquarters Building
Adamantane House
341/22, Kotte Road, Welikada, Rajagiriya                    
Telephone : 2861653,  2861231, 4015230 Fax      : 2870587              
e-mail : ichemc@sltnet.lk  web     : www.ichemc.edu.lk

Council 2020/2021
President   : Prof  (Mrs) S Ekanayake
President Elect   : Prof  (Mrs) S A Deraniyagala
Vice President   : Mr N M S Hettigedara
Immediate Past President : Prof.(Mrs)P A Paranagama 
Hony. Joint Secretaries : Dr Udaya Jayasundara 
            Dr N D A Wageesha
Hony. Treasurer  : Dr A A P Keerthi
Hony. Asst. Treasurer : Dr K M Thilini Gunasekara
Hony. Editor  : Dr S R Gunathilake
Hony. Asst. Editor  : Dr Manuja Lamabadusooriya
Secretary for International 
 Relations   : Prof  (Ms) R D Wijesekera
Chairperson/AB-IChemC    : Prof  (Mrs) S Ekanayake
Chairperson/AB-CCS    : Prof  (Mrs) S Hewage
Hony. Secretary/AB-IChemC : Dr (Mrs) T Gobika  
Chairman, Admission & Ethical 
   Practices Committee : Mr E G Somapala
Secretary, A & EP Committee : Mrs Deepika Senevirathne
Chairman, Board of  Trustees : Mr K R Dayananda 

Elected Members
Prof  Sudantha Liyanage  Prof  Janitha Liyanage 
Prof  N A K P J Seneviratne Prof  Nimal Punyasiri
Prof  S P Deraniyagala   Dr Chayanika Padumadasa
Mr M R M Haniffa   Dr Ireshika de Silva
Dr Piyal Ariyananda  Dr Medha Gunaratna 

Editorial and Publicity Committee 
Dr S R Gunathilake (Editor) 
Dr M Lamabadusooriya (Asst. Editor) 
Dr D N Udukala  Mr N I N S Nadarasa
Dr Pradeep Samarasekera Dr N D A Wageesha 
Mr M R M Haniffa   Mr Sahan Jayasingha

CHEMISTRY  IN  SRI  LANKA
 Chemistry in Sri Lanka is a tri-annual publication of 
the Institute of Chemistry Ceylon and is published in January, 
May and September  of  each year. It is circulated among the 
members of the Institute of Chemistry and students of the 
Graduateship/DLTC course and libraries. The publication has a 
wide circulation and more than 750 copies are published. Award 
winning lectures, abstracts of communications to be presented 
at the annual sessions, review papers, activities of the institute, 
membership news are some of the items included in the magazine.
 The editor invites from the membership the following 
items for publication in the next issue of the Chemistry in Sri 
Lanka which is due to be released in  January 2021.
• Personal news of the members
• Brief articles of topical interests
• Forthcoming conferences, seminars and workshops
• Latest text books and monographs of interest to 

chemists 

 All publications will be subjected to approval of 
the ‘Editorial and Publicity Committee’ and the Council of the 
Institute of Chemistry Ceylon.
 Further, prospective career opportunities for chemists, 
could be advertised in Chemistry in Sri Lanka at a nominal 
payment. The editor welcomes suggestions from the members for 
improvement of the publication.
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Committees 2020/2021
Admission & Ethical Practices Committee
Mr. E G Somapala (Chairman)
Mrs Deepika Seneviratne (Secretary)
Members
Prof  S Liyanage  
Prof  S Hewage
Prof  S P Deraniyagala
Prof  P A Paranagama   
Prof  K R Mahanama
Mr N M S Hettigedera   
Mr K R Dayananda  

Academic Board of  Institute of  
Chemistry Ceylon (AB-IChemC)
Prof  Sagarika Ekanayake 

(Chairperson/President)
Prof  S Hewage (Vice Chairman
Dr T Gobika (Secretary, AB-IChemC)
Ms Sajeewani Narasinghe (Assistant Secretary)

Ex-Officio Members
Dr N D A Wageesha (Hony. Joint Secretary) 
Dr A A P Keerthi (Treasurer)
Mr E G Somapala 

(Chairman, A & EP/ Director, DLT) 
Dr Sisira Weliwegamage

 (Head/ Dept of  Allied Sciences) 
Prof  Namal Priyantha (Visiting Professor)
Prof  M D P de Costa (Visiting Professor)
Mr N I N S Nadarasa (Registrar)
Ms B I Hendavitharana (Librarian)

Elected Members
Prof  A M Abeysekara  
Prof  S A Deraniyagala
Prof  P A Paranagama 
Prof  S Liyanage 
Prof  K Seneviratne  
Prof  J Welihinda
Prof  R Wijesekara
Prof  N Wickramarathna
Mr M R M Haniffa   
Mr K R Dayananda  
Ms P M Jayasingha   
Mr N M S Hettigedara

Co-opted Members
Dr G Sashikesh   
Prof  MeththikaVithange 

House, Finance & Membership Committee
(All Ex-Officio Committee)
Prof  Sagarika Ekanayake 

(Chairperson/ President)
Prof  P A Paranagama (Past President)  
Prof  Sujatha Hewage (Dean/CCS)
Dr A A P Keerthi (Treasurer)   
Dr T Gunasekera (Asst. Treasurer/Secretary) 
Dr U K Jayasundara (Hony. Joint Secretary) 
Dr S R Gunatilake (Editor) 
Mr K R Dayananda (Chairman, BOT)  
Dr T Gobika (Secretary, AB-IChemC) 
Mr E G Somapala (Chairman, A & EP)  
Mrs D Seneviratne (Secretary, A & EP)

On Invitation
Mr N I N S Nadarasa (Registrar)   
Mrs A C Wijesuriya (Accounting Officer) 
Mrs C Fonseka (Auditor)

Committee for Training Seminars /
Workshops
Dr Udaya K Jayasundara (Chairperman)
Members
Prof  Sagarika Ekanayake  
Prof  M Vithanage 
Dr T Gobika
Dr Lakshmi Arambewela  
Dr S Weliwegamage 
Dr Piyal Ariyananda
Dr C Padumadasa   
Mr EG Somapala 
Dr Kasuni Akalanka
Dr Thilini Gunasekara  
Mr Chandana Perera/Ms Hiruni Gunathilaka

Board of  Trustees
Mr K R Dayananda (Chairman)
Members
Dr A A P Keerthi 

(Treasurer/ Ex-officio Secretary)
Prof  Tuley de Silva
Mr M R M Haniffa 
Mr E G Somapala
Prof  S Liyanage   
Dr T Anver Dole    
Prof  S P Deraniyagala

College of  Past Presidents
Prof  S Liyanage (Chairman)
Prof  P A Paranagama (Convener)
All the past presidents

Social Affairs Committee
Prof  Nimal Punyasiri (Chairman)
Members
Dr Udaya K Jayasundara  
Dr Piyal Ariyananda 
Dr N D A Wageesha
Mr N M S Hettigedara  
Mr N I NS Nadarasa 
Dr M Lamabadusooriya 
Dr Kasuni Akalanka  
Dr Eranga Karunarathna
Ms Anoosheya Kuganesan  
Dr G Rajanayake

Awards Committee
Prof  Namal Priyantha (Chairperson)
Members
Dr N D A Wageesha (Secretary)  
Prof  A M Abeysekera 
Prof  S Ekanayake
Prof  Ramanee Wijesekera  
Prof  Preethi de Soyza 
Prof  S A Deraniyagala
Prof  Jayantha Welihinda
Prof  K Senevirathne 
Prof  J Liyanage 
Prof  N Wickramarathna

National Australian Chemistry Quiz 
Committee
Mr N I N S Nadarasa (Chairman)
Members
Dr Kushan Weerasiri  
Dr Medha Gunaratne 
Dr A A P Keerthi
Dr R Senthilnithy   
Mr E G Somapala 
Dr T Gobika
Ms Anoosheya Kuganesan  
Mr Sahan Jayasinghe

All Island Inter-school Chemistry Quiz 
Committee
Dr Dinusha Udukala (Chairperson)                               
Members
Prof  K Seneviratne  
Dr A A P Keerthi 
Dr R Senthilnithy 
Dr S R Gunatilake  
Dr T Gobika  
Dr Thilini Gunasekara

Annual Session/ Sponsorship Committee
Prof  Sagarika Ekanayake (Chairperson)
Members
Dr D N Udukala (Secretary)  
Prof  Nimal Punyasiri  
Dr N D A Wageesha
Dr A A P Keerthi   
Dr S R Gunathilaka  
Dr T Gobika
Dr Udaya K Jayasundara  
Mr K R Dayananda  
Mr N I N S Nadarasa
Mr N M S Hettigedara  
Dr Sisira Weliwegama
Ms Anoosheya Kuganesan

Chemistry Olympiad Sri Lanka Committee
Dr C N Ratnaweera (Chairman)
Members
Dr Ireshika De Silva (Secretary) 
Prof  J Liyanage  
Prof  Namal Priyantha
Dr Poshitha Premarathne  
Dr Upul Kumarasinghe 
Dr Medha Gunaratne
Dr D N Udukala   
Dr S R Gunathilaka 
Dr Kushan Weerasiri
Dr Nishantha Kalutharage

Professor JNO Fernando Memorial 
Committee
Mr K R Dayananda (Chairperson)
Members
Dr A A P Keerthi   
Dr S R Gunathilaka  
Dr N D A Wageesha
Mr Shehan Kumarathunga  
Mr Ruvin Yapa   
Ms Purnima Jayasinghe
Dr Piyal Ariyananda
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Women Chemists Committee
Prof  P A Paranagama (Chairperson)
Members 
Dr D N Udukala (Secretary)  
Prof  S A Deraniyagala  
Prof  Janitha Liyanage
Prof  Siththi Iqbal   
Dr Lakshmi Arambewela 
Dr T Gobika
Dr Chayanika Padumadasa 
Dr Ireshika De Silva  
Dr Medha Gunaratne
Dr Thilini Gunasekara  
Dr Kasuni Akalanka

Professional Recognition of  Chartered 
Chemists
Mr N M S Hettigedara (Chairperson)
Members
Dr Piyal Ariyananda (Secretary) 
Ms Purnima Jayasinghe  
Dr T Gobika
Dr S R Gunathilaka   
Mr K R Dayananda   
Dr A A P Keerthi
Dr N D A Wageesha   
Prof  Sagarika Ekanayake

Building Committee
Prof  Sagarika Ekanayake (Chairperson)
Members
Prof  S A Deraniyagala  
Mr N M S Hettigedara  
Prof  P A Paranagama
Prof  S Liyanage   
Prof  Sujatha Hewage  
Dr A A P Keerthi
Mr K R Dayananda   
Mr E G Somapala  
Prof  Namal Priyantha
Dr T Anver Dole   
Dr Sisira Weliwegamage  
Dr S R Gunathilaka
Mr M R M Haniffa   
Dr T Gobika   
Mr N I N S Nadarasa
Dr N D A Wageesha  
Dr Udaya Jayasundara 

(Laboratory Coordinator)
Mr Chandana Perera  
Ms A C Wijesooriya
Mrs C Fonseka (Auditor)

International Relations
Prof  Ramanee Wijesekara (Chairperson)

Salary and Cadre Committee
Prof  Sagarika Ekanayake (Chairperson)
Members
Dr N D A Wageesha (Secretary) 
Prof  P A Paranagama  
Dr T Anver Dole
Prof  Sujatha Hewage(Dean)              
Dr Poshitha Premarathne 
Prof  S Liyanage
Prof  S A Deraniyagala  
Mr K R Dayananda  
Mr E G Somapala
Mr N M S Hettigedara  
Dr A A P Keerthi (Treasurer) 
Dr Thilini Gunasekara (Asst. Treasurer)

On invitation
Ms A C Wijesooriya (AFM)  
Mrs C Fonseka (Internal Auditor)

Convocation Committee
Prof  S Hewage (Chairperson/ Dean CCS)
Members
Prof  Sagarika Ekanayake  
Prof  S A Deraniyagala  
Dr T Gobika
Dr A A P Keerthi   
Dr S Weliwegamage  
Mr N M S Hettigedera
Mr N I N S Nadarasa               
Ms Anoosheya Kuganesan

Committees 2020/2021 (contd.)
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 I consider it a great privilege to have been bestowed 
the prestigious position of President of Institute of 
Chemistry Ceylon 2020/2021. Aligning with the vision 
and the mission of the Institute, it is evident that progress 
in the field of chemical sciences has the potential to 
take us to the next level in sustainable development. 
As chemistry is a vast area encompassing many 
other subdivisions, it plays a direct role in the overall 
knowledge dissemination, and the goods and services 
provided. Thus, developing the chemistry related sectors 
can have a massive impact on the socio-economic status 
of Sri Lanka and can eventually lead to the successful 
accomplishment of the sustainable development goals 
identified by the United Nations.

 During my term, I plan to work closely with the 
Council, committee members and the staff at the College 
of Chemical Sciences (CCS) as I strive to align the 
Institute objectives under the theme set out for this year; 
“Sustainable Development through Chemical Sciences”.

During my time as the President, I hope to execute all the 
activities conducted by the Council of IChemC, and bring 
forth several practices and additions with the support of 
all stake holders to strengthen its pillars.  We will strive 
to work mainly on three areas i.e.; 1) promotion of 
IChemC as an educational and professional organization, 
2) strengthening the collaborations we have with the 
industry and 3) continuing with the development projects 
at hand. To achieve these goals, I plan on initiating the 
following with the help of my Council.

 We believe that the promotion of our educational 

programmes such as the BSc, GIC and DLT in schools 
through workshops and social media, updating the 
IChemC website to make it more interactive and 
informative and developing an e-repository to further 
increase the ranking of the Institute are several measures 
that can help elevate the identity of our Institute. Moreover, 
I hope to initiate the enrollment of foreign students to 
the above educational programmes, especially into the 
Ministry of Higher Education (MOHE) recognized 
BSc in Chemical Sciences, as this will open up a golden 
opportunity for the Institute to stand even higher and 
contribute to worldwide knowledge distribution.

 For promotion of IChemC as a professional 
organization, we will work to gain recognition for the 
Graduateship in Chemistry (GIC) as a professional 
qualification under the MOHE and obtain legal 
recognition for Chartered Chemists.  With the help of 
the council, we will work to attract more young chemists 
to the Institute and individuals who have been working in 
the chemical industry or in any field of chemical sciences 
for an extended period.  

 Increasing the number of collaborations between 
industries and the Institute is another area that we opt 
to improve. Here, we will explore the opportunities to 
foster and strengthen partnerships with industries and 
to enhance opportunities for research collaborations, 
innovations and employment for our graduates.  More 
emphasis will be into areas such as food, mineral 
resources and the environment and polymer industries. 
Furthermore, we hope to use the latest technologies such 
as webinar and broadcasting to facilitate the participation 
of resource persons and delegates.

 We will also proceed with the development projects 
at the Malabe Campus to make the building a reality. 
The current situation permits the utilization of the land 
donated by Ms. Clodagh Nethsingha and her family as 
a source of revenue for the Institute.

 The Golden Jubilee Annual Sessions in 2021 will 
have a session dedicated to the Institute’s postgraduate 

Message from the President
Senior Professor Sagarika Ekanayake  

BSc (Peradeniya), MPhil (Sri Jayewardenepura), PhD (Lund, Sweden), C.Chem., F.I.Chem.C.
President, Institute of Chemistry, Ceylon 

Senior Professor of Chemistry, Department of Biochemistry, University of Sri Jayewardenepura
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students who are overseas or in Sri Lanka. It is our 
intention to mark this event with the publication of a 
book on the 50-year history of the Institute.

 All the above activities will be carried out in keeping 
with the core values of the Institute and I look forward 
to the support of all our members during this period.

Professor Sagarika Ekanayake obtained the BSc from the University of Peradeniya, Sri Lanka, MPhil from the University of Sri 
Jayewardenepura, Sri Lanka and PhD from the University of Lund, Sweden. She is currently a Senior Professor at the Department 
of Biochemistry, Faculty of Medical Sciences, University of Sri Jayewardenepura. She serves as a visiting professor at the College of 
Chemical Sciences.

Forty Ninth Annual Sessions and 
Seventy Ninth Anniversary Celebrations 2020

Presidential Address
Senior Professor Priyani A Paranagama

Bsc (Kelaniya), MPhil (Kelaniya), PhD (Glasgow), C.Chem., F.I.Chem.C.
Immediate Past President, Institute of Chemistry Ceylon

Director, Institute of Indigenous Medicine, University of Colombo
Chair and Senior Professor, Department of Chemistry, University of Kelaniya

  A country's potential to show economic growth 
depends on how well its people utilize its resources. 
Therefore, it is vital for the different sectors in a country 
such as education, transport, finances, agriculture, etc. 
to be well integrated to harness maximum benefit for the 
country and its people. The Institute of Chemistry Ceylon 
is known as a giant in the field of education in Sri Lanka.  
It has been responsible for assisting the private and public 
sectors in our country and catering to the chemists in 
general for nearly five decades. Therefore, IChemC plays 
a vital role in shaping the careers of chemists in Sri Lanka. 
As is common knowledge, chemistry is a central science, 
and from it emerges a variety of employment avenues. 
Chemists around the world are engaged in a multitude 
of disciplines such as pharmacology, nanotechnology, 
analytical chemistry, biochemistry, forensic chemistry, 

synthetic chemistry, etc. The Institute of Chemistry 
Ceylon has assisted its graduates and diplomats to acquire 
new skills, face challenges in their careers, and to develop 
and manage a healthy professional network. During my 
tenure as the President of IChemC, I was determined 
to work together with my team to contribute towards 
strengthening careers and the professional development 
of our students.

 A noteworthy achievement we had this year 
was gaining approval from the University Grants 
Commission to offer the BSc in Chemical Science 
at IChemC. It is a milestone for the Institute and will 
provide more opportunities for our prospective students. 
With the introduction of the BSc program, the Institute 
recognized the importance of expanding the available 
space for our students. Thus, the building project at 
Malabe commenced last year, and the foundation stone 
laying ceremony was held last September. Secondly, we 
have taken the initiative to establish the first Women's 
Chemist Committee (WCC) of Sri Lanka. Through 
WCC, we hoped to enhance the leadership and career 
development of women chemists, increase engagement 
and retention of women chemists and prioritize their 
active participation in the field of harmless chemistry. 
In support of our objectives, we have organized a 

Presidential Address and Awards Ceremony
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popular lecture titled “Prognostic markers for diabetic 
nephropathy” which was delivered by Prof Kiran 
Kalia, Director of National Institute of Pharmaceutical 
Education and Research, Ahmadabad, India. Thirdly, 
for the popularization and dissemination of knowledge 
in chemistry, we organized the international conference 
on Frontiers in Chemical Technology 2020, which was 
held successfully in July 2020. Moreover, we organized 
several training seminars, workshops, and colloquiums 
as well. The annual Chemistry Olympiad, Australian 
national chemistry quiz competition, and Inter-
University Chemistry debating competition were hosted 
by IChemC to enhance networking and encourage 
scientific discussion among the participating educational 
Institutes. 

 This year, I had the privilege of participating at the 
18th Asian Chemical Congress and 20th General assembly 
of the Federation of Asian Chemical Societies in Taiwan 
and the IUPAC Annual General Meeting held in France. 
In recognition of our participation, IUPAC appointed 
two fellows as representatives from Sri Lanka, Prof 
Sagarika Ekanayake, and myself. Further to this, IChemC 
became a member of Commonwealth Chemistry, and 
I have been made a member of the Commonwealth 
Chemistry Executive board for two years. Through this, 
we were able to widen our scientific network and meet 
eminent figures in the field of chemistry.  Three of our 
members who are early career chemists were selected 
to participate in the first Commonwealth Chemistry 
Congress, which will be held in West Indies in 2021. 

 IChemC promotes young chemists to strengthen 
their research career, and under my leadership, I have 
been involved in conducting many research projects 
related to natural product chemistry. Sri Lanka is 
a biodiversity hotspot and is among the thirty-five 
biodiversity hotspots in the world. Our island is blessed 
with in spices, arable lands, gemstones, Eppawala rock 
phosphate, minerals, etc. We must understand that the 
abundance of natural resources in our country provides 
ample research opportunities. For most of my career, I 
have worked with essential oils, which are considered 
as an important sector for foreign exchange. Therefore, 
the efficient extraction of these oils, appropriate quality 
management schemes, and value addition to products 
are prospective areas of research in Sri Lanka. Despite 
the heavy administrative work I engaged in, my research 

team and I were involved in exploring the potency of these 
natural resources for fruitful purposes. Ceylon cinnamon 
(Cinnamomum zeylanicum) is an endemic plant species 
in Sri Lanka. Different parts of the cinnamon plant 
constitute different types of essential oils. In addition 
to the main variety of cinnamon, there are many other 
wild varieties available in Sri Lanka. It was found that 
the Sri Gemunu variety had the highest Cinnamaldehyde 
content in its bark and the highest eugenol content in 
its leaf oil. The highest antioxidant activity was from 
Cinnamomum sinharajaense. I am proud to say that this 
year, the first book on Ceylon cinnamon was published 
and I was fortunate enough to contribute one chapter on 
the chemistry of cinnamon.

 Secondly, I was involved in a study to assess the 
extracts of different varieties of piper available in Sri 
Lanka. The different piper varieties possessed high 
antioxidant and anti-inflammatory activities. Black 
pepper, Piper nigrum L., is commonly called the “King 
of Spices” and has a great demand in Sri Lanka due to 
the high content of piperine and alkaloids present in this 
species. There are many methods to extract piperine from 
pepper. One such method is supercritical fluid extraction 
which, though expensive, is efficient. Maintaining better 
yields and good quality is vital if we are to harness the 
many uses of piperine. Unfortunately, the value addition 
of piperine is not done in Sri Lanka and is an area that 
requires focus. In another study, we attempted to add 
value to the different mango varieties in Sri Lanka, 
and it was found that, as compared to the pulp which 
is the most popularly consumed, the mango peels and 
the kernel consisted of the highest amount of bioactive 
compounds. These compounds showed antioxidant, 
anti-inflammatory, and anti-tyrosinase activity. As the 
kernel and the peels showed high anti-tyrosinase activity, 
which is related to the reduction of melanin production, 
we have been successful in preparing a prototype of a 
fairness cream using these parts of the mango fruit. 

 Furthermore, giving due priority to Ayurveda, we 
have attempted to prepare several indigenous mixtures. 
Osbeckia octandra (Heen Bovitiya) and Wrightia 
antidysenterica (Wal Idda) have been used to prepare 
a mixture that is high in anticancer and antioxidant 
properties. Dashanga Lepa is an ayurvedic formula 
used for Arthritis and is prepared using Albizia Lebbeck 
(Suriya mara).  As it is challenging to find this particular 
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species of mara, local practitioners use other varieties as 
an alternative. After conducting systematic clinical trials 
with the other varieties, it was found that Albizia Lebbeck 
gave the highest activity and was the best. Further to this, 
Unani medicine mixtures have been tested for controlling 
female obesity and were found to be effective when 
used along with mind-calming exercises. In another 
study, essential oil treatment was tested for protecting 
traditional rice varieties from stored grain pests. For 
varieties such as Pachchaperumal and Rathkanda Al, the 
best combination was using citronella and cinnamon leaf 
oil. It was found that Suwandel repelled insects naturally 
owing to the volatiles that it released and that an external 
applicant was not necessary. In a similar experiment, 
a biopesticide was developed using pheromones and 
semiochemicals to prevent brinjal fruit and shoot borer. 
Volatiles that were present in different parts of the plant 
were isolated, identified, and the behavioral pattern of the 
insects studied via greenhouse experiments. As a further 
development, we are hoping to conduct field trials in 
the future. In another project, a mosquito repellant 
was developed by identifying the best essential oil 
combination. Several essential oils that were used include 
lemongrass, citronella, cinnamon, coconut, and neem.

 I have been particularly interested in the isolation of 
bioactive compounds from fungi as it directly contributes 
to global drug discovery programmes. There are more 
than 3000 lichen species in Sri Lanka which are found 
in high elevated montane habitats. I am currently 
collaborating with the lichenologist, Dr. Gothamie 
Weerakoon at the Field Museum of Natural History in 
London in this regard. We are working with endolichenic 
fungi, and Dr. Renuka Attanayake from the University 
of Kelaniya is assisting me with the identification of 
these fungi using molecular biology techniques. One 

such species that was identified was Curvularia trifolii, 
which contained compounds that showed anticancer 
properties. Compounds isolated from species such as 
Penicillium citrinum and Daldinia eschscholzii showed 
very high antioxidant activities. In another project, we 
attempted to isolate compounds from endolichenic 
fungi residing in mangrove lichens. These types have 
not been studied in Sri Lanka and are abundant in salty 
regions. Our motive was to see whether these organisms 
produced novel compounds when subjected to extreme 
stress, similar to those found in their natural habitat. In 
an ongoing project, we are hoping to isolate and assess 
these compounds for their anticancer, anti-inflammatory, 
and antibacterial properties. It is our understanding that 
these compounds could be used for the biodegradation 
of polythene. Six types of fungi that have been identified 
are in the process of being characterized using FTIR. 

 The results discussed are the fruits of the hard work 
and dedication put forth by all the postgraduate, doctoral, 
MPhil, MSc, and undergraduate students who have and 
are still working under me. They have contributed to the 
groundwork that will open up many avenues in Sri Lanka 
in the field of natural products. As such, it can be seen 
that by exploring research directions, we can contribute 
towards shaping the careers of chemists in Sri Lanka. I 
acknowledge all my local and foreign collaborators and 
funding agencies for the support given to conduct my 
research projects.  I especially thank my mentor, Prof 
Leslie Gunatilake, for guiding me on how to conduct 
microbial studies. To the academics at the Department 
of Botany and the Department of Chemistry at the 
University of Kelaniya, SLINTEC, Industrial Technology 
Institute, Rice research development Institute, and Tea 
research institute, I owe my sincere appreciation.

Professor Priyani Paranagama obtained the BSc and MPhil from University of Kelaniya, Sri Lanka and the PhD from University 
of Glasgow. She is a Senior Professor and the Chair of Chemistry at the University of Kelaniya, Sri Lanka. She is also the Director 
of Institute of Indigenous Medicine, University of Colombo and serves as a visiting professor at the College of Chemical Sciences.
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 Congratulations to all the dear students and award 
winners of the 49th Annual Sessions. Having listened to 
the address by the President of the Institute of Chemistry 
Ceylon, Professor Priyani Parangama, I realized that we 
have so much to do for our country through Chemistry 
and through our students. Students nowadays have 
greater access to information to step out of the traditional 
box of learning and career pathways for the betterment 
and development of Chemistry in Sri Lanka. Prof. 
Paranagama’s speech also made me realize that Chemists 
are not only conscious of the environment around them 
but are also very comfortable with the vast biodiversity in 
Sri Lanka and have shown commitment for highlighting 
the value of getting back to our nation’s natural practices, 
rather than being purely mechanical and artificial.

• Such studies that proved the seed/peel of the mango, 
that we throw away, may be more supportive and 
protective to our health than the pulp we actually 
enjoy is highly relevant.

• In the medical field, we provide healthcare and not 
well-being. The first choice for treatment of pains 
and aches in the body would always be “paththu”, 
which further proves the reliability of natural 
products.

• Similarly, in an agricultural country like Sri Lanka, 
post-harvest production and productivity seem to 
be the way forward and this can be incorporated 
into natural products Chemistry.

• I would also like to suggest we chase behind 

darkening creams than whitening for once because 
Black is beautiful.

 I’m truly impressed by your Institute and the fact 
that it has an educational arm, the College of Chemical 
Sciences, and thereby a degree-awarding institute, to 
cater to the enthusiastic youngsters of Sri Lanka. The 
Institute has paved way for the children to branch out of 
the options laid out for them and be even better than their 
leaders, rather than just treading on the same footsteps 
of the teacher. The College of Physicians, having 800 
members, being a neighbor of the College of Chemical 
Sciences, Institute of Chemistry Ceylon, which contains 
3000 members, cannot offer a degree in the absence of 
protests. This shows that there is a distinct difference 
between Chemistry and medical/ health care services.  
Encouraging interdisciplinary functions, research 
and mutual respect to bridge the two aspects for the 
betterment of the future of our country is very necessary.

 Taking into consideration the long-term downfall 
of 2020 due to Covid19, the Chemists of the house 
have to think long and hard about going back to our 
indigenous practices that have to be dealt with proper 
science. The President of the Institute, Professor Priyani 
Paranagama has done a wonderful job by managing, with 
excellence, to balance the supervision at the Institute of 
Indigenous Medicine and the research studies at Institute 
of Chemistry Ceylon.

 There seems to be a waning culture of recognizing 
the budding scientists. So I want to encourage and wish 
all the Chemists and future Chemists to understand that 
they have a huge role to play in order to move forward 
with a purpose. Chemistry is indeed the mother of all 
sciences. The introduction of the history of Chemistry, 
knowledge of existence of biological life in the past, the 
improvement of the mathematical aspects of a Chemist 
and most importantly, value addition to the central 
science to aid the country and beyond, is extremely vital 
for the proper understanding of this remarkable subject.

Chief Guest's Address
Senior Professor Chandrika Wijeyaratne

Vice Chancellor, University of Colombo

Professor Chandrika N Wijeyrathne obtained her MBBS, MD and Doctor of Medicine by Research from the University of Colombo. 
She is the Vice-Chancellor of the University of Colombo and a Senior Professor in Reproductive Medicine, in the Department of 
Obstetrics and Gynecology, University of Colombo, Sri Lanka.

Presidential Address and Awards Ceremony
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Ramakrishna Memorial Award
Awarded for an exceptional research contribution of an original nature in the field of Inorganic and/or 
Analytical Chemistry and/or related areas such as Bio-inorganic Chemistry or Bio- analytical Chemistry.

Ramakrishna Memorial Award - 2020

From biomass to biochar: A potential means of solid waste management in 
Sri Lanka

Sameera R. Gunatilake
College of Chemical Sciences, Institute of Chemistry Ceylon

 Biochar (BC) is a carbonaceous adsorbent that 
is produced by the thermal decomposition of organic 
biomass under oxygen-deficient conditions. This 
process is commonly termed pyrolysis. The recalcitrant 
carbon pool of BC contributes to its longevity, making 
it resistant to decomposition and its porous features 
make it an excellent adsorbent. Therefore, BC has gained 
widespread acclaim as an agricultural soil amendment 
and in pollution remediation schemes. Three factors 
govern the characteristics of BC; feedstock type, pyrolysis 
conditions, and physical and chemical value additions 
incorporated. The value addition of BC can result in 
either an increase in surface sorption sites or an elevated 
porosity. The surface area can also be increased as a result 
of demineralization and removal of trapped constituents 
in the feedstock. A chemist's contribution towards 
manipulating these factors becomes vital if optimum 
features of the BC are to be harnessed. 

 Being the fourth-largest producer of tea in the world 
and the second-largest exporter, Sri Lanka generates a 
significant amount of tea-waste. A harmful repercussion 
of this is the adulteration of our authentic tea. With the 
aid of existing literature, a possible direction in waste 
management, which was to use tea-waste as a viable 
feedstock for BC production, was explored. In doing 
so, a substantial contribution has been made to the 
knowledge hub on prevailing methods of solid waste 
management in not only Sri Lanka, but the world at 
large. By nature, tea-waste biochar (TWBC) has a low 
pore size as compared to most of the other frequently 
used BC types. Hence, its adsorption capacity is not very 
high. Researchers worldwide have conducted studies 
to incorporate modifications to TWBC to enhance its 
adsorption capacity for a specific analyte. However, a 
research gap is created as no comprehensive study has 

been done to evaluate how value additions influence 
the physicochemical properties of BC. The work titled 
"The influence of three acid modifications on the 
physicochemical characteristics of tea-waste biochar 
pyrolyzed at different temperatures: a comparative 
study", was an initiative to bridge this gap. Three of the 
most common types of acid modifications were selected 
and a comparison was established between the changes 
in physicochemical characteristics that took place upon 
modification of the TWBC. The effect of pyrolysis 
conditions were also evaluated by producing BC at three 
different temperatures. This systematic comparison will 
aid in the preliminary planning of any study related to 
TWBC. The research was published in RSC Advances 
having an impact factor of 3.049 and an intellectual 
contribution was made as the corresponding author of 
the publication. Eighty percent of the bench work related 
to the study was carried out at the IChemC premises. 

 It becomes essential that the metallic composition 
of a carbonaceous adsorbent is known for an effective 
adsorption study to be carried out. Even though Energy-
dispersive X-ray spectroscopy (EDX), X-ray diffraction 
(XRD) and X-ray photoelectron spectroscopy (XPS) are 
available for the determination of metal composition, 
these techniques can only give an idea of the surface 
elemental composition of the BC. To get a better picture 
of the metallic components in the entire BC sample, it 
has to be digested. Many EPA methods are reported 
for the digestion of matrices that are siliceous, organic-
based, and sludge-based. However, the standard EPA 
methods defined for the digestion of biomass-based 
carbonaceous adsorbents, such as BC, were inadequate 
and were associated with several discrepancies. The 
time taken and the hazards associated with the reagents 
used to obtain complete digestion made the existing 
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techniques for BC digestion unfavorable. The objectives 
that the work on "Microwave and open vessel digestion 
methods for biochar" coveted to achieve were two-fold. 
Firstly, a relatively fast and simple open vessel digestion 
technique for the digestion of BC was to be developed. 
Secondly, a novel method for the digestion of BC using 
the microwave digester was to be established by a trial 
and error method. These objectives were successfully 
achieved and the work was published in Chemosphere 
which carried an impact factor of 5.108. In this study, a 
contribution was made as the corresponding author of 
the publication and it must be stated that all the bench 
work related to the research was carried out using the 
research facility at IChemC.  

 The strong scientific network that has been 
maintained within Sri Lanka and among eminent 
scientists from abroad opened up the remarkable 
opportunity of contributing to important research 
projects related to BC. Solid waste management is a 
definite problem in the current context of Sri Lanka 
and recently, there has been much focus on the disposal 
of municipal solid waste (MSW). Garbage generated 
mainly from household wastes can lead to the production 
of harmful landfill gases. The landfill gas can contain 
harmful volatile organic compounds (VOCs) such as 
benzene, toluene, ethylbenzene, and xylene. Pyrolysis 
is a technique popularly used to manage such solid 
wastes. A timely initiative was taken to remediate VOCs 
released from landfill gas by using MSW derived BC. 
A contribution was made in a research project which 
was done in collaboration with Sri Lankan researchers 
who were actively engaged in BC research. The work 
was titled "Sorptive removal of toluene and m-xylene by 
municipal solid waste biochar: Simultaneous municipal 
solid waste management and remediation of volatile 
organic compounds" and was published in the Journal 
of Environmental Management which bears an impact 
factor of 4.175. The magnetization of BC is an important 
value addition that enables the rapid and easy retrieval of 
exhausted BC from aqueous media. Douglas fir is a highly 
porous BC produced as a byproduct of gasification. A 
magnetization step has been incorporated to this BC 
for the adsorption of Arsenic and phosphate from water. 
Arsenic can exist under different oxidation states in the 
environment and its remediation from aqueous media 
using BC was less studied. A comprehensive study on the 

mechanisms of As(III) adsorption and the redox effects of 
As(III) to As(V) on magnetite surfaces were evaluated in 
the study "Removal of As(III) from water using magnetite 
precipitated onto Douglas fir biochar" which was 
published in the Journal of Environmental Management. 
Phosphate, even in concentrations as low as 100 μg/L, can 
cause eutrophication. Remediation techniques studied for 
phosphate are still in its preliminary stages and the work 
"Fe3O4 Nanoparticles Dispersed on Douglas Fir Biochar 
for Phosphate Sorption" is a noteworthy contribution 
made towards the progress in this field. Studies related to 
pH optimization, kinetic studies, and isotherm modeling 
were done at the Institute. Contribution was made to 
each of these publications as a co-author. 

 Magnetic BC has been made with tea-waste 
and kohila (Lasia Spinosa) as well. These projects 
were conducted as Undergraduate research projects. 
Magnetized TWBC was utilized for the adsorption of 
cadmium, lead and copper from aqueous media and 
the magnetized kohila BC was used for the adsorption 
of methylene blue, which is a synthetic organic dye. 
Moreover, when considering the use of BC in agriculture, 
there is no literature to support the use of modified 
TWBC as an agricultural soil amendment. To evaluate 
the influence that acid-modified TWBC had on soil 
health and soil nutrients cycling, modified TWBC was 
applied in a greenhouse experiment involving the growth 
of Red Onions. The research was done in fulfillment of an 
MPhil project where guidance and intellectual support 
was rendered as the principal supervisor. Additionally, 
the groundwork for a chemical education research is 
also in progress. Biochar is usually produced inside a 
muffle furnace. However, considering the widespread 
acclaim of pyrolysis, it becomes important to introduce 
a simpler method of BC production. This experiment is 
mainly targeted at imparting knowledge on pyrolysis to 
high school students so that they can produce BC using 
minimum facilities. The work described has produced 
promising results and the manuscripts for each are still 
in preparation. 

 A significant contribution has been made for the 
dissemination of knowledge related to BC, its application 
and mechanistic approaches. Even though much research 
is conducted globally, knowledge related to specific topics 
tends to remain scattered. The article "Biochar Based 
Removal of Antibiotic Sulfonamides and Tetracyclines 
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in Aquatic Environments: A critical review" was aimed 
at bringing the detailed mechanisms associated with 
the adsorption of sulfonamides and tetracyclines to one 
place. In doing so, knowledge on the variety of ways that 
different functionalities on the BC surface interacted 
with other organic functionalities have been discussed. 
The article was published in Bioresource technology 
which had an impact factor of 5.807. This review gained 
the limelight as the first article to be published under the 
Institute address to achieve the Presidential award for 
scientific research in Sri Lanka and currently, it has more 
than a hundred citations in Google Scholar. Furthermore, 
a book chapter titled "Biochar for Sustainable Agriculture: 
Nutrient Dynamics, Soil Enzymes, and Crop Growth" 
was written for the book "Biochar from Biomass and 
Waste". Furthermore, going beyond the comfort zones of 
analytical, physical and environmental chemistry, a book 
chapter on the "Determination of steroidal estrogens in 
food matrices: current status and future perspectives" was 
published for "Current Opinion in Food Science". The 
review on "Recent advancements in analytical methods 
for the determination of steroidal estrogen residues 

in environmental and food matrices" was the debut 
publication under the Institute address. A chapter on 
the "Phytoremediation for E-waste contaminated sites" 
which was written for the "Handbook of Electronic 
Waste Management" has been published as well. An area 
that is gaining significant interest is the remediation of 
particulate plastics. An attempt was made to coalesce the 
scattered knowledge on different analytical remediation 
methods that existed for microplastics. The book chapter 
titled "Analytical methods for particulate plastics in soil 
and water" for the book "Particulate Plastics: Sources and 
Eco-toxicity in Terrestrial and Aquatic Environments" 
has been accepted and is currently with its publisher, 
the CRC press.  

 Thus far, having published fifteen research articles, 
having supervised over twelve undergraduate projects, 
and one MPhil study, and serving as a reviewer in 
several acclaimed peer-review journals, a prominent 
contribution has been made towards the development 
of rational thinking skills of students and to the scientific 
knowledge hub.  

Dr Sameera Ranmal Gunatilake obtained the GIC qualification from the Institute of Chemistry Ceylon and the PhD from Mississippi 
State University, Mississippi State, USA. He is currently serving as a Senior Lecturer at the College of Chemical Sciences, Institute 
of Chemistry Ceylon.

Kandiah Memorial Awards
Awarded for the best research contribution in Chemistry carried out by a postgraduate student registered for a 
postgraduate degree by either course work or/ and research at a Higher Educational Institute in Sri Lanka and 
for work carried out in Sri Lanka, with the exception of special analysis that cannot be done in the country. 
Such results should be less than 20% of the findings from the work. Sandwich programs carried out partially 
abroad do not qualify for the award.

• Kandiah Award for Basic Chemistry
 For research predominately in basic Chemistry (Organic, Inorganic, Physical, and Analytical).

• Kandiah Award for Applied Chemistry 
For research in Chemistry related areas such as polymer, food, biochemistry, biotechnology, where 
interdisciplinary research is involved and provided that chemistry has a central role and comprises at 
least 50% of thecontent.

• Kandiah Memorial Graduateship Award
For the best piece of research in the Chemical Sciences carried out by a Graduate Chemist of the College 
of Chemical Sciences/Institute Chemistry Ceylon registered with a Higher Education Institute for a Post 
Graduate Degree.
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Kandiah Award for Applied Chemistry - 2020

Toxicity studies on ethyl acetate soluble proanthocyanidins and aqueous extract 
of the immature inflorescence of Cocos nucifera L. in female Wistar rats.

C. P. Ekanayake
Department of Chemistry, University of Sri Jayewardenepura

 Ayurvedic and traditional medical practitioners of 
Sri Lanka use the aqueous extract (AE) of the immature 
inflorescence of Cocos nucifera L. (IC) var. aurantiaca for 
the treatment of menorrhagia. The progestogenic effect of 
the ethyl acetate soluble proanthocyanidins (EASPA) of 
the IC in female rats at a dose of 3.5 mg/kg body weight 
has been reported. Acute and subacute toxicity studies of 
both EASPA and EA of the IC carried out using female 
Wistar rats according to the Organization for Economic 
Co-operation and Development (OECD) guidelines 423 
and 407, respectively, are reported herein. In the acute 
toxicity study, a single dose of EASPA (2000 mg/kg body 
weight) was orally administered to the rats, which were 
monitored for 14 days. In the subacute toxicity study, rats 
were orally administered with EASPA daily, for 28 days, 
at doses of 1.75, 3.5, 7, and 14 mg/kg body weight. Acute 
and subacute toxicity studies of AE were carried out in 
a similar manner to those of EASPA. Dose levels of 150, 
300, 600 and 1200 mg/kg body weight of AE were used for 
the subacute toxicity study. No rat in either of the acute 
or subacute toxicity studies of EASPA exhibited mortality 

or clinical signs of toxicity. Further, these treated rats 
did not show any significant changes in their mean 
body weight, food, and water intake, haematological 
and biochemical parameters as well as in the results 
of their histopathological examinations compared to 
those of control group rats. Similar observations were 
made for treated rats in both acute and subacute toxicity 
studies of EA. However, in the acute toxicity study of 
EA, histopathological examination of liver of treated rats 
showed some signs of toxicity indicating hepatotoxic 
nature of EA at the tested dose level. According to results 
of the acute toxicity, the LD50 of EASPA and AE are 
estimated to be greater than 2000 mg/kg body weight. 
Considering the results of the subacute toxicity study, 
the oral administration of EASPA and EA daily for 28 
days was well tolerated, up to the doses 14 and 1200 
mg/kg respectively, by rats. These results will be useful 
in the development of a novel therapeutic agent from 
EASPA of the IC for the treatment of menorrhagia, 
which incapacitates a considerable proportion of women 
worldwide. 

Ms C P Ekanayake obtained the BSc from University of Ruhuna and MPhil from University of Sri Jayewardenepura. She served as 
a Research Assistant at Hettigoda Industries (Pvt) Ltd and is currently involved in writing several review papers as a collaborative 
work with the research group of Dr Mani Naiker in Central Queensland University, Australia.
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Exploring the role of biochar as a soil amendment
Chathuri Peiris

College of Chemical Sciences, Institute of Chemistry Ceylon

 The anaerobic, thermal decomposition of biomass 
leads to the formation of a stable carbonaceous adsorbent 
that is termed biochar (BC). In the recent past, BC has 
gained remarkable research interest as a cost effective 
alternative to activated carbon. Major areas of BC 
application include the improvement of soil quality 
and health, pollution remediation, and climate change 
mitigation. Factors that govern the characteristics of 
BC include pyrolysis temperature, feedstock type and 
the nature of the value additions done. Therefore, it is 
essential that these factors are optimized in order to reap 
maximum benefit from BC. Pre- or post- modifications 
can have a significant impact on the surface area, pore size 
distribution, and surface functionalities of the BC. Upon 
registering in 2017 for a Master of Philosophy (MPhil) 
degree in University of Colombo, extensive research 
and literature survey has been conducted to investigate 
the efficacy of BC in environmental management. The 
MPhil study was titled “Enhancing crop productivity 
and minimizing toxic heavy metal uptake of four 
economically important agricultural plants in Sri Lanka 
by using Tea waste biochar”, and was broken down into 
several important segments. 

 The first stage of the MPhil project involved the 
characterization and production of BC. Solid waste 
accumulation in Sri Lanka has increased due to the 
progress in industrial, urban and economic development. 
Therefore, disposal of solid waste is becoming an area 
of concern. Tea is a popular beverage consumed by 
people worldwide and around twenty percent of it comes 
from Sri Lanka. Therefore, the waste that is generated 
by its production is significantly high. Unwanted 
accumulation of tea-waste can lead to the adulteration 
of our tea exports. As evident from available literature, 
tea-waste has attracted attention as a potential biomass 
for BC production. The porosity of tea-waste biochar 
(TWBC) is, however, not as high as in the other 
types of BC. To increase its capacity, researchers have 
incorporated many physical and chemical modifications. 
Nonetheless, a comprehensive evaluation of the changes 
in physicochemical properties that take place upon 

modification was not done before.  Bridging such a 
gap becomes beneficial for any preliminary study that 
uses tea-waste as a feedstock. Tea - waste was pyrolyzed 
at three different temperatures and subjected to acid 
modification. In the work, three of the most frequently 
used types of acid modifications; hydrochloric, nitric 
and sulfuric acid modifications, were used to establish a 
comparison in physicochemical properties between the 
raw and modified TWBC.  

 Surface morphology, surface acidity, surface 
functionality, ultimate and proximate analysis, point 
of zero charge, cation exchange capacity (CEC) and 
thermal stability are physicochemical properties that 
have been examined. It was found that with increasing 
temperature, the amount of carboxylic acids that were 
present on the BC surface decreased, the hydrophobicity 
of the BC increased and the CEC decreased. The nitric 
acid modification led to an increase in the nitrogen 
moieties on the BC surface and led to an increase in the 
surface area as well. Upon modification with sulfuric 
acid, the pore walls were destroyed and the pore volume 
was enhanced. This research, therefore, gave an insight 
into the specific morphological alterations that took 
place upon acid modification and will help scientists 
in manipulating the chemistry related to TWBC. The 
research findings were published in RSC Advances under 
the title “The influence of three acid modifications on 
the physicochemical characteristics of tea-waste biochar 
pyrolyzed at different temperatures: a comparative 
study”.  The journal had an impact factor of 3.049 
and a contribution was made as the first author of the 
publication. The fruits of the project were reaped after 
two years of hard work and a significant portion (~eighty 
percent) of the experiments were conducted at IChemC.  

 It was required in the project to determine the 
metallic composition of BC. Though techniques are 
available for the determination of surface composition, 
in order to find the metallic composition of the entire BC 
sample, it had to be digested. The challenge was to come 
up with a fast and cost effective open vessel digestion 
method.  Also, the development of a microwave digestion 
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method was tested as well. Although EPA methods for 
digesting organic, siliceous and sludge based matrices 
existed in literature, there was no method specified for 
the digestion of carbonaceous material. Moreover, the 
reagents used in existing methods were hazardous and 
consumed a lot of time to reach reaction completion. 
An attempt was made to fill this research gap by using 
different types of acid mixtures on nine different types 
of carbonaceous adsorbents. For this purpose, TWBC 
and king coconut BC produced at three different 
temperatures were used alongside Douglas fir BC, steam 
activated coconut shell BC and sludge waste derived BC. 
Experiments revealed that mixtures of fuming nitric acid 
digested all the samples and gave minimum matrix effect. 
Except for peroxide mixtures, other reagent mixtures 
were successfully utilized in the microwave digestion 
procedure. The findings were published in Chemosphere 
under the title “Microwave and open vessel digestion 
methods for biochar” which had an impact factor of 
5.108. A contribution was made as a co-author of the 
publication. It is important to mention that the research 
facility at IChemC was used to the fullest for all the 
experiments related to this project. 

 Testing the effect of BC amendment on plant growth 
was the final part of the MPhil study. The crop trials were 
done at the Wayamba University of Sri Lanka. However, 
evaluation of the greenhouse experiments were done at 
IChemC. Red Onion was selected for the experiment as 
it is an important commercial crop that is used for its 
medicinal and flavor properties. Soil was amended with 
raw and modified TWBC at different application rates 
prior to planting Red Onion. A comparison was made 
of the differences in shoot, and root length in addition to 
the number of bulbils and leaves that grew on the plants. 
A microbial study was conducted to assess the influence 
of BC amendment on the growth of microorganisms. The 
results showed that microorganism populations were 
high in the modified BC amended pots. Higher crop 
yields were observed in pots amended with modified 
TWBC. The results of the study are yet to be published 
though the completed thesis has been submitted for 
examiner review. Going very much in par with the final 
research work of the MPhil study, a chapter on “Biochar 
for Sustainable Agriculture: Nutrient Dynamics, Soil 
Enzymes, and Crop Growth” for the book “Biochar 
from Biomass and Waste” was published. This chapter 
managed to discuss in depth the topic of sustainable 

agriculture and how BC influenced it. It is evident that 
the physicochemical properties of soil such as pH, soil 
organic matter, water-holding capacity, water infiltration 
and soil aeration are all affected by BC application. 
Moreover, BC can enhance the retention of nutrients in 
soil. Contribution to the chapter was made as the first 
author. 

 During this time, a review article was written 
which was titled “Biochar Based Removal of 
Antibiotic Sulfonamides and Tetracyclines in Aquatic 
Environments: A critical review”. The work was published 
in Bioresource technology which had an impact factor of 
5.807. The antibiotics tetracyclines and sulfonamides are 
pharmaceutically active compounds that are considered 
as contaminants of emerging concern. Biochar has been 
used extensively as a cost effective alternative for the 
adsorption of these compounds. However, a research 
gap existed as only minimum attention was given to the 
mechanisms by which antibiotics were taken up by BC. 
The article’s main purpose was to provide an in detail 
understanding of the sorption mechanisms related to 
BC-antibiotic uptake by revisiting the relevant literature. 
Bringing this scattered knowledge to one place has given 
a clear understanding of how contaminants are removed 
by BC. It also provides valuable information on how to 
best engineer BC to gain maximum adsorption capacity 
for these analytes. The review article is a frequently read 
piece of work. Currently, it has over a hundred citations 
in google scholar and was nominated for both the 
Presidential award for scientific research 2017 and the 
Bioresource technology, most highly cited review article 
of the year award 2018. A noteworthy contribution has 
been made as the first author of this review.  

 Magnetization is an important modification as it 
enables the ready remediation of exhausted BC from 
water systems. A manuscript is in preparation for a 
research that incorporated a magnetic modification on 
TWBC for the adsorption of three different metal ions. 
Magnetization has also been done for BC made from 
Kohila (Lasia Spinosa). A review article regarding the 
uptake of estrogen using BC is under preparation as well. 
While serving as the research assistant of IChemC (2017-
2019), there has been a substantial contribution made to 
the prevailing knowledge on BC. Undergraduate research 
students have also benefitted from this expertise and 
knowledge, especially when it came to laboratory skills 
and work ethic.
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Professor M. U. S. Sultanbawa Award for Research in Chemistry
Awarded for the best research paper presented at the Annual Sessions of the Institute of Chemistry Ceylon, 
for work carried out and completed in Sri Lanka.

Ms T C T Peiris obtained the GIC qualification from the Institute of Chemistry Ceylon, and is reading for her MPhil at the University 
of Colombo, Sri Lanka. She is currently serving as a Graduate Teaching/Research Assistant at the College of Chemical Sciences, 
Institute of Chemistry Ceylon.

Professor M. U. S. Sultanbawa Award for Research in Chemistry- 2020

A novel immunoanalytical method for obesity biomarker detection
using antibody functionalized silver nanoparticles

A. A. D. T. Abeysinghe
Department of Chemistry, University of Sri Jayewardenepura

 Obesity is a serious health issue related with 
increased body fat content. Escalating numbers of 
patients have been reported worldwide throughout the 
recent past, associated with a high cost in the health 
care sector. Other than being a disease condition by 
itself, it also acts as a risk factor for many metabolic and 
cardiovascular diseases. There is no definitive treatment 
available and control of the disease is achieved via 
lifestyle modifications; hence, early detection of the risk 
to be obese is of paramount importance. Nevertheless, 
accurate diagnostic methods for obesity are not widely 
available in the current clinical setting due to the high 
cost and associated drawbacks. Utilization of ‘leptin’, 
which is an accurate indicator of body fat content, has 
gained the attention of researchers as a biomarker for 
obesity.1 Therefore, this study was conducted with the 
aim of developing a novel immunoassay for the detection 
of leptin; a biomarker of obesity.  

 Leptin detect ion was done using an 
immunoanalytical method by surface functionalization 
of silver nanoparticles using anti-leptin antibodies.2 

Silver nanoparticles were synthesized by reduction 
of silver nitrate using sodium borohydride. Prepared 
silver nanoparticles were characterized using UV-
Vis spectroscopy, dynamic light scattering (DLS) and 
scanning electron microscopy (SEM). The SPR peak 
was found to have a λ max of 405 nm with a FWHM 
of 72 nm and the average particle size was recorded 

as 40 nm. Bovine serum albumin (BSA) was used to 
stabilize the synthesized silver nanoparticles sterically 
and the optimum BSA concentration required was 
found to be 10 µg/ml. Synthesized nanoparticles were 
surface functionalized using anti-leptin antibodies 
which specifically bind with leptin. These antibody-
nanoparticle conjugates were characterized by a currently 
used immunoassay technique named Enzyme Linked 
Immunosorbent Assay (ELISA), UV-Vis spectroscopy 
and SEM and corresponding data verified the successful 
functionalization. Optimum pH and antibody-
nanoparticle ratio for this functionalization process 
were determined using ELISA and according to obtained 
results, pH 9.5 and 1:10 ratio were selected to be the 
best conditions. Detection principle of this novel assay 
was based on the immuno-aggregation of anti-leptin 
functionalized silver nanoparticles in the presence of 
leptin. Changes in surface plasmon resonance due to this 
leptin induced aggregation were manifested via UV-Vis 
spectroscopy and spectral changes in the absorption peak 
confirmed the leptin detection ability. 

 This nanoparticle based detection system could be 
used as an intermediate detection step for qualitative 
analysis of samples as positive or negative for leptin. It 
could be further developed as a novel method to measure 
body fat content thereby allowing the early diagnosis 
of the risk towards obesity. This study gives insight to 
a promising alternative method to existing detection 
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Long service awards - 2020

Dr. U S K Weliwegamage

Dr. U S K Weliwegamage joined the College of Chemical Sciences in 2005, as the first, full 
time and permanent Senior lecturer of the College of Chemical Sciences. Currently, he is 
the Acting Head of the Department of Allied Sciences, College of Chemical Sciences. His 
contribution to the advancement of the College of Chemical Sciences as well as the progress 
of the Graduateship in Chemistry programme has been enormous. He has served as the 
Assistant Treasurer and a Council member of the Institute of Chemistry Ceylon and as the 
Senior Students’ Mentor, College of Chemical Sciences. 

Long Service award is presented to Dr. U S K Weliwegamage in recognition of his valuable and devoted contribution 
over a period of 15 years. 

Mr H L R H Abeyrathne  

Mr. H L R Hasantha Abeyrathna joined the Institute of Chemistry in 2005, as a Laboratory 
Assistant. After successfully completing the Diploma in Laboratory Technology in Chemistry 
programme conducted by the Institute, he was promoted to the post of Laboratory Technician 
in 2008. In 2016, Mr. Abeyrathna was appointed as the Education Assistant, in which he 
continues his duties with great dedication to this date. In appreciation of over 15 years of 
devoted service to the Institute of Chemistry Ceylon, Mr. H L R Hasantha Abeyrathne is 
awarded with the Long service award.

Mrs. H L Anoma Champanie 

Long service award is presented to Mrs. H L Anoma Champanie, in appreciation of her 
uninterrupted, dedicated and loyal service to the Institute of Chemistry Ceylon for 30 years. 
Mrs. Anoma Chamapanie joined the Institute in 1990, as a Trainee Accountant Clerk and 
was then promoted to the post of Senior Accounts Assistant in 1998. In 2008 she assumed 
duties of the post of Assistant accounting officer and was promoted to the post of Senior 
Accounting officer in 2013. From January 2020 she serves the Institute as the Assistant 
Finance Manager. 

methods which are more expensive and time consuming. 

Key words: Obesity, Leptin, Silver nanoparticles, Anti-
leptin antibodies  
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Ms A A D T Abeysinghe obtained the BSc from the University of Sri Jayewardenepura as well as the GIC qualification from the 
Institute of Chemistry Ceylon. Currently she is working as a Graduate Research Assistant at the Department of Chemistry, Faculty 
of Applied Sciences, University of Sri Jayewardenepura.
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The 49th Annual Session and 79th Anniversary 
Celebrations of the Institute were held on the 13th of 
August 2020 at the Sri Lanka Foundation Institute. 
The highlights of the event included the presidential 
address delivered by Prof. Priyani Paranagama on 
the theme “Shaping careers of chemists through the 
advancement of chemical technology”, followed by the 
award ceremony. Three special awards were distributed 
on this day to individuals who have made significant 
research contributions in the field of Chemistry in Sri 
Lanka. The Ramakrishna Memorial Award 2020 was 
awarded to Dr. Sameera R Gunatilake for his work 
under the theme “From biomass to biochar: A potential 
means of solid waste management in Sri Lanka”, while 
Ms. Chathuri Peiris was awarded the Kandiah Memorial 
Graduateship Award 2020 for her research on “Exploring 
the Role of biochar as a soil amendment”. Ms. C P 
Ekanayake was awarded The Kandiah Award for Applied 

Chemistry 2020 for her research on “Toxicity studies on 
ethyl acetate soluble proanthocyanidins, and aqueous 
extract of the immature inflorescence of Cocos nucifera 
L. in female Wistar rats”, while Ms. A A D T Abeysinghe 
was awarded the Professor M U S Sultanbawa Award 
for Research in Chemistry 2020 for her work under the 
theme "A novel immunoanalytical method for obesity 
biomarker detection using antibody functionalized silver 
nanoparticles". Finalists of both the National Chemistry 
Olympiad Competition and All Island Inter School 
Chemistry Quiz, along with scholarship and subject prize 
winners of the Graduateship in Chemistry examinations, 
were among the award winners of the ceremony. Dr. 
U S K Weliwegamage, Mrs. H L Anoma Champanie 
Wijesuriya and Mr. H L R Hasantha Abeyrathna 
became the proud recipients of the distinguished long 
service award. 

Presidential Address and Awards Ceremony of the 49th Annual Sessions and the 
79th Anniversary Celebrations of the Institute of Chemistry Ceylon

Chief Guest lighting the oil lampChief Guest lighting the oil lampCouncil processionCouncil procession

ParticipantsParticipantsParticipantsParticipants

Head Table at the 49Head Table at the 49thth Annual Sessions Annual Sessions
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Prof Priyani Paranagama, Prof Priyani Paranagama, 
President of IChemC, delivering President of IChemC, delivering 

the Presidential Addressthe Presidential Address

Prof. Chandrika Wijeyaratne Prof. Chandrika Wijeyaratne 
Chief Guest, delivering her Chief Guest, delivering her 
AddressAddress

Kandiah Award Lecture Kandiah Award Lecture 
for Applied Chemistry by         for Applied Chemistry by         
Ms. C P EkanayakeMs. C P Ekanayake

Kandiah Memorial Kandiah Memorial 
Graduateship Award Lecture Graduateship Award Lecture 

by Ms. Chathuri Peirisby Ms. Chathuri Peiris

Dr. U S K WeliwegamageDr. U S K Weliwegamage

Mr. H L R Hasantha AbeyrathnaMr. H L R Hasantha Abeyrathna Mrs. H L Anoma Champanie WijesuriyaMrs. H L Anoma Champanie Wijesuriya

Vote of Thanks by Vote of Thanks by 
Prof Sagarika Ekanayake,Prof Sagarika Ekanayake,

 President-elect President-elect
Winners of the Chemistry Olympiad Sri Lanka 2020  Winners of the Chemistry Olympiad Sri Lanka 2020  

with Officialswith Officials

Professor M U S Sultanbawa Award for Research  Professor M U S Sultanbawa Award for Research  
- Ms. A A D T Abeysinghe- Ms. A A D T Abeysinghe

Ramakrishna Memorial Ramakrishna Memorial 
Award Lecture by                      Award Lecture by                      

Dr. Sameera R GunatilakeDr. Sameera R Gunatilake

Long Service AwardLong Service Award

Long Service AwardLong Service AwardLong Service AwardLong Service Award
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The induction of the 83rd President, Professor Sagarika 
Ekanayake, and the annual dinner of the Institute 
of Chemistry Ceylon, was held on the 15th of August 
2020, at the Galle Face Hotel, Colombo. Emeritus 
Professor Savitri Kumar, University of Peradeniya, and 
Visiting Research Professor at the National Institute of 
Fundamental Studies, Kandy, graced the evening as the 
honorable Chief Guest. She is a holder of many scientific 
and research awards and a bearer of over 18,000 citations. 
The distinguished gathering was welcome by Professor 
Priyani Paranagama, the Outgoing President of the 
Institute of Chemistry Ceylon. The Guest of Honour, 
Professor Jayantha Welihinda, introduced the incoming 
president to the audience and proposed a toast to her 
success.

In her address, the newly inducted President, Professor 
Sagarika Ekanayake, gave an insight into her future 
objectives as the president of IChemC and what she 
intended to implement to make the Institute a better 
learning and administrative facility. Furthermore, she 
expressed her gratitude towards all those who helped 
her reach the milestones in her career. The entertainment 
item by our very own graduates added more glamor to 
the event. The evening ended with the Vote of Thanks 
delivered by Prof. Chayanika Padumadasa, followed 
by the raffle draw and a few performances by the staff at 
CCS. We all wish our newly inducted president, Professor 
Sagarika Ekanayake, all the best in her future here at the 
Institute of Chemistry Ceylon.

Induction of the 83rd President and 
Annual Dinner of the Institute of Chemistry Ceylon

ParticipantsParticipants
 Chief Guest, Emeritus Prof  Chief Guest, Emeritus Prof 

Savitri KumarSavitri Kumar

Prof. Sagarika Ekanayake being inducted asProf. Sagarika Ekanayake being inducted as
the 83the 83rdrd President of the IChemC President of the IChemC

Prof Sagarika Ekanayake Prof Sagarika Ekanayake 
addressing the gatheringaddressing the gathering

Prof Jayantha Welihinda Prof Jayantha Welihinda 
proposing the toastproposing the toast

Vote of Thanks  by Vote of Thanks  by 
Prof. Chayanika PadumadasaProf. Chayanika Padumadasa
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The International conference on “Frontiers in Chemical 
Technology (FCT-2020)” was held from the 20th-22nd 

of July 2020, at the Institute of Chemistry Ceylon. The 
International conference on FCT-2020 was organized in 
celebration of the 79th anniversary of the Institute, and 
marked an important milestone in its glorious history, 
having served as "the center of excellence in Chemical 
Sciences for the socio-economic development through 
education, research, and innovation" in Sri Lanka.  First 
of many to come, the conference served as a kaleidoscope, 
offering a glimpse of a multitude of domains under 
chemical technology. 

Having received over 130 abstract submissions from 
renowned institutions, placed both nationally and 
internationally, the conference saw the participation 
of over 100 academics, professionals, and delegates. 

Technical sessions were held both physically at the 
Institute premises and via online sessions. Resource 
persons holding positions in local and foreign universities 
as well as in the industry joined with us to share their 
expertise. The Chief Guest for the event was Prof. Janitha 
Liyanage, Vice-Chairperson of the University Grants 
Commission. Other highlights of FCT-2020 were the 
poster presentation session held on the second day of the 
conference and the technical session held on the third 
day, dedicated to the Women's' Chemists Committee of 
Sri Lanka. Despite the prevailing pandemic, the team 
behind FCT-2020 toiled day and night to make this 
event a reality. The conference was brought back on track 
following a month's postponement, enabling participants 
worldwide to join the sessions either physically or online.

The International Conference on Frontiers in Chemical Technology 2020

ParticipantsParticipants

  President of IChemC,   President of IChemC, 
Prof Priyani Paranagama, Prof Priyani Paranagama, 

addressing the audienceaddressing the audience
Prof Janitha Liyanage, Prof Janitha Liyanage, 

Chief Guest, delivering her addressChief Guest, delivering her address

Head Table at the FCT 2020Head Table at the FCT 2020

Technical sessionsTechnical sessions
Prof. Sujatha Hewage, Prof. Sujatha Hewage, 

chairing the sessionchairing the session
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Reminiscing the life of Prof. W S Fernando: a story told through the eyes of a 
Graduate Chemist of the Institute of Chemistry Ceylon

Sameera R Gunatilake
College of Chemical Sciences, Institute of Chemistry Ceylon

Appreciation

 It is no doubt that Prof. W S Fernando was a 
remarkable individual. To be an academic is no easy task, 
but he bore it well. Sadly, a few weeks ago, Prof. Fernando 
passed away after contributing immensely to the lives of 
many students for over four decades.

 He joined the Institute of Chemistry Ceylon as a 
visiting lecturer in 1984. Up until his retirement in 2012, 
Prof. Fernando conducted lectures in the areas of physical 
chemistry, inorganic chemistry, and mathematics to the 
undergraduates of the Graduateship Programme in 
Chemistry (GIC). I was introduced to Prof. Fernando 
back in 2003 as a freshman when he came to teach us 
molecular spectroscopy. Prof. Fernando was always 
admired for his way of lecturing and presenting. His 
explanations were to the point and comprehensive. As 
undergraduates, we had the privilege of having extensive 
discussions with him regarding the topics he taught 
during class. All he needed to clarify our doubts was a 
piece of white chalk and a blackboard. He did not have 
to refer to any textbook, which was an indication of the 
depth of knowledge that Prof. Fernando had.  

 Back in the day, there were two senior academics 
assigned per physical chemistry lab. On some occasions, 
it was Prof. W S Fernando along with Prof. J N O 
Fernando, Founder of CCS, who taught our labs. They 
were two of the best physical chemists that we had 
back then. Therefore, it became a unique educational 
experience for us. Prof. Fernando executed his duties 
as a visiting Professor of the Institute while holding 
several noteworthy positions at the University of Sri 

Jayewardenepura. He was appointed as the Head of the 
Department of Chemistry from 1990 – 1998, and Dean 
of the Faculty of Applied Sciences from 1998 – 2004. He 
served as the Deputy Vice-Chancellor and acting Vice-
Chancellor on several occasions as well. Regardless of 
the weight of his responsibilities, Prof. Fernando never 
missed any of his lectures or practicals.

 At one point, Prof. Fernando served at the Faculty 
of Applied Sciences at the Sabaragamuwa University of 
Sri Lanka during his sabbatical. On days that he had 
lectures at IchemC, he would get into the bus on early 
Saturday morning, come to the Institute, and wash 
his face from one of our washrooms before going to 
deliver his lecture. As students, we were grateful for the 
commitment and effort that he put into his lecture hours. 
Prof. Fernando was always a lecturer who did not hesitate 
to recommend his students. Many of us have got letters 
of recommendation from him to pursue our doctoral 
studies. 

 Even before his demise, Prof. Fernando visited the 
Institute premises frequently. He constantly asked about 
the current status of research being done at the Institute, 
and whether we were actively conducting research at the 
Institute premises. He served as a member of the council 
of the Institute of Chemistry Ceylon for eight consecutive 
years, the President of the Institute of Chemistry from 
2002-2003, and as a member of the academic board of 
the College of Chemical Sciences. Prof. Fernando was 
also the chairman of the Royal Society of Chemistry (Sri 
Lanka section). 

 Prof. Fernando was a humble and simple individual. 
He treated everyone he met with the same respect, 
regardless of whether it was a student or a lab attendant. 
His personality as a senior professor reflected well in his 
actions and deeds. 

Having lit the path of many, he has faded away
To be remembered by those in whose hearts
His memory will forever remain!
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Guest Editorial
Neurobiochemistry of Emotional Empowerment with New Normal

The shift from “old normal” to “new normal”.   
The emergence of a “VUCA” world.

Sanath Mahawithanage
Department of Biochemistry, University of Sri Jayewardenepura

 

 Measles infected people for 1,500 years. The disease 
killed more than one million people annually during the 
20th century for years before the vaccine was developed 
in 1954. Yet it took decades to bring the pandemic under 
control. Now there is evidence of reemergence of measles 
worldwide [1].    

 History is likely repeating as the world is now 
experiencing the epidemic of coronavirus infections. At 
the time of writing this article, there are nearly 40 million 
cases confirmed with over one million deaths across the 
globe.  

 The COVID 19 pandemic, given its central position to 
the global economy, has presented a new set of challenges 
to the humankind, making the world more “Volatile”, 
“Uncertain”, “Complex” and “Ambiguous” (VUCA) as 
compared to the old normal of the pre-pandemic era. The 
acronym, VUCA, describes the countless unpredictable 
variables and factors that affect a global shifting from the 
old normal to the new normal. Everything is becoming 
volatile while uncertainty increases to the extent to which 
we can no more predict the future. Complexity increases 
as we need to consider a large number of highly diverse 
factors to make a decision. The lack of clarity about how 
to interpret something causes the ambiguity. The ultimate 
result is that we are experiencing low-level stressors 
constantly.  

The stress response that helps survive humankind 
becoming a cause of extinction under the new normal 

 A combination of reactions to stress, known as 
the “fight-or-flight” response, evolved as a survival 
mechanism, have enabled humankind and other 
mammals to react quickly to life-threatening situations. 
The carefully orchestrated yet near-instantaneous 
sequence of biomolecule changes and physiological 
responses helps us to fight the threat off or flee to safety. 
Unfortunately, the body can also overreact to stressors 
that are not life-threatening, such as traffic jams, work 
pressure and family difficulties which are now becoming 
more common. The outcome is increased blood pressure, 
heart rate, and breathing rate. Digestion, learning and 
memory, repair and growth and reproductive function, 
which is not essential for fighting or fleeing, decrease. 
These changes of physiology were essential for our 
ancestors who were living as hunter-gatherers to react 
quickly to life-threatening situations. On the contrary, 
the chronic activation of this survival mechanism impairs 
health and contributes to high blood pressure, promotes 
the formation of artery-clogging deposits and causes 
brain changes that may contribute to anxiety, depression 
and addiction. Thus these disproportionate emotional 
reactions exacerbate the damage to us. 

Molecules of emotion; the new science of 
psychoneuroimmunology 

 Emotions, previously thought to be purely 
psychological, have now been linked to specific chemical 
processors taking place through the body, and not just 
only to the emotional centres of the brain such as the 
amygdala, hippocampus and hypothalamus but other 
types of centres scattered throughout the body. For 
example, neuropeptides, playing a vital role in neural 
information transmission and processing, are associated 
with specific emotions and behaviors. For example, 
oxytocin and vasopressin have specific effects on social 
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behaviors such as maternal behavior in the mother-
child bonding process, and pair bonding in mutual 
interpersonal relationships. The kind of neuropeptides 
available to cells is constantly changing, reflecting 
variations in one’s emotions throughout the day. The 
exact combination of neuropeptides released during 
different emotional status has not yet been identified. 

 Neuropeptides are biomolecules that regulate almost 
all life processors on a cellular level. They are “messenger 
molecules” and involved in sending chemical messages 
from the brain to receptor sites on cell membranes 
throughout the body. An average cell has thousands 
of receptor sites for neuropeptides. Because of this 
nature, they were termed as molecules of emotions by 
Dr. Candace B. Pert, a molecular biologist who played a 
pivotal role in the discovery of the endorphin molecule 
and widely regarded as the mother of a new field of 
science known as psychoneuroimmunology. 

 Internal feeling state (emotions) elicits neuropeptide 
responses impacting even at the cellular level of the 
body. For example, consider a feel-good peptide such 
as serotonin. When it binds to its specific receptors on 
the cell membrane, the neuropeptide is able to transmit 
a feel-good message right into the nucleus of the cell. As 
a result, this feel-good message influences every function 
the cell is responsible for. The body responds favourably 
to positive emotions (Eg: joy, love, hope, optimism, 
kindness and humour) and negatively to negative 
emotions such as sadness, anger, despair, loneliness, 
worry, depression, etc. Thus, it is postulated that if one is 
resentful, harbour anger and sustain negative emotions, 
it can have a definite negative impact on one’s overall 
functionally even at the cellular level due to the influence 
of neuropeptides. What does this mean? For example, 
can suppressed anger or other “negative” emotions cause 
cancer? 

 Lydia Temoshok, a psycho-oncologist, has shown 
that cancer patients who kept emotions such as anger 
under the surface, remaining ignorant of their existence, 
had slower recovery rates than those who were more 
expressive [2]. David Spiegel, in 2012 has shown that 
being able to express emotions like anger and grief can 
improve survival rates in cancer patients [3].  

 In her groundbreaking book of molecules of emotions 
[4], Candace has attempted to formulate a theoretical 
model in this regard. Accordingly, emotional expression 

is always tied to a specific flow of peptides in the body. 
The chronic suppression of emotions, such as suppressed 
anger disturbs the natural flow of neuropeptides. Let 
us consider the process of carcinogenesis. Every one of 
us has a number of tiny cancerous tumours growing in 
our bodies at every moment. The part of the immune 
system that is responsible for the destruction of these 
errant cells consists of natural killer cells whose job it is 
to attack these tumours, destroy them, and rid the body 
of any cancerous growth. In most of us, most of the time, 
these cells do their job well, which is a job coordinated 
by various brain and body peptides and their receptors. 
Thus these tiny tumours never grow large enough to 
cause us to become ill. However, in a situation where 
this natural flow of peptides is disrupted, the activity of 
the natural killer cells will be impacted.  

 The interesting point that we can argue and debate 
is “Is it possible we could learn to consciously intervene 
to make sure our natural killer cells keep doing their job? 
Or could being in touch with our emotions facilitate the 
flow of the peptides that direct these killer cells at any 
given moment?”

 This is all about establishing the natural flow of 
neuropeptides. 

Power of contemplative practices and its ability to 
establish the national flow of peptides, thereby to 
manage the stress response.  

 Dr. Pert is of the view that all honest emotions are 
positive emotions. According to her, health is not just a 
matter of thinking “happy thoughts.” Sometimes a burst 
of long-suppressed anger can jump-start the immune 
system. How and where it is done is up to you. The key 
is to express it and then let it go, so that it does not fester, 
or build, or escalate out of control.
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 We, humans, create “perceptions” about life 
situations or events. This mental habit distances ourselves 
from the true nature of things. This act of judgmental 
thinking crates an incessant stream of thoughts, making 
the mind heavy which intern interrupt the natural flow 
of molecules of thoughts, neuropeptides.  

 The “heavy mind” that interrupts the natural flow 
of molecules of thoughts, neuropeptides. 

 There is a large body of evidence on how human 
can counter the stress response by using a combination 
of approaches that elicit the relaxation response. These 
include deep abdominal breathing, focus on a soothing 
word (such as peace or calm), visualization of tranquil 
scenes, repetitive prayer, yoga, and tai chi. Most of these 
techniques evolved around shifting the body out of 
“fight or flight” and into “rest and digest.” But the “rest 
ad digest” status may not the ideal scenario live as life 
challenges always surround us. 

 The concept of “restful alertness” which has a 
historical link to the Buddhist philosophy is now under 
scientific investigation as a meaningful alternative. The 
restful alertness is a situation during which one’s mind is 
alert but that both mind and body are in a deep state of 
rest characterized by higher alpha power in the frontal 
cortex and lower beta and gamma waves in the same 
frontal areas.

 One of our recent studies on EEG patterns of forest-
monastery based Buddhist monks in Sri Lanka [5] has 
shown promising results on this perspective.  An EEG 
recording was performed on eighteen experienced 
Buddhist monks who engaged in a ‘Vipassana’ (insight) 
mindfulness meditation session for forty minutes. 
Neurovirtual Brain-Wave III EEG unit was used to 
record EEGs. Standardized low-resolution brain 
electromagnetic tomography (sLORETA) was used for 
analysis. The mean participant age was 41 years (SD 
17.5); average meditation years was 6.4 with 3-6 hours 
of daily practice. 

 We have seen a significant increase in theta and 
gamma power which are known to associate with 
cognitive control, relaxation and heightened awareness 
during mindfulness meditation. We concluded that 
cultivation of mindfulness practice may help develop 
an awakened mind with attentive calmness.

 The practice of Mindfulness Meditation focuses 

one’s attention on one’s thoughts, actions, and present 
moments nonjudgmentally. It does not encourage 
evaluating or thinking about past actions, nor does it take 
one’s thoughts into the uncertain future. Mindfulness 
Meditation helps and trains the mind from getting 
distracted by outside disturbances and enables one to 
focus one’s thoughts and relax the mind. 

 There is a plethora of evidence on the benefits of 
mindfulness practice [6,7,8], and anyone can practice 
and experience by themselves.  

A brief description of the technique of mindfulness 
practice [9].

1. Find a quiet and comfortable place. Sit in a chair or 
on the floor with your head, neck, and back straight 
but not stiff. 

2. Try to put aside all thoughts of the past and the 
future and stay in the present. 

3. Become aware of your breathing, focusing on the 
sensation of air moving in and out of your body 
as you breathe. Feel your belly rise and fall, the air 
enters your nostrils and leaves your mouth. Pay 
attention to the way each breath changes and is 
different. 

4. Watch every thought come and go, whether it be a 
worry, fear, anxiety, or hope. When thoughts come 
up in your mind, do not ignore or suppress them 
but simply note them, remain calm, and use your 
breathing as an anchor. 

5. If you find yourself getting carried away in your 
thoughts, observe where your mind went off 
to, without judging and simply return to your 
breathing. Remember not to be hard on yourself 
if this happens. 

6. As time comes to a close, sit for a minute or two, 
becoming aware of where you are. Get up gradually.
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Themed collection - The New Normal

Post Covid Stage - Role of Chemists, Scientists and Manufacturers on the 
Decision Making Front

Demethri Berman
Unilever Sri Lanka Ltd.

 As we speak, the entire global socio-economic 
matrix is resentfully affected by the new Severe – Acute 
Respiratory Syndrome Coronavirus 2 (SARS-Cov-2) 
which initially had its outbreak in the Wuhan Province 
of China in December 2019. The recently emerged virus 
strain that causes this disease (now known as Covid-19) 
is found to be highly contagious among humans. Thus 
the World Health Organization (WHO) identified it as an 
ongoing global pandemic (World Health Organization, 
2020). The total number of infected cases are currently 
reported to exceed 38 million with over 1 million deaths 
from around the world (World Health Organization, 
2020).

 In an attempt to understand the most common 
and viable modes of the virus transmission, scientists 
confirmed that the respiratory droplets ejected through 
a sneeze or a cough of an infected person could carry the 
virus into a healthy individual who is at a distance, due to 
the ability of the droplets to travel through air. Carolyn 
Machamer, a Professor of Cell Biology at the Johns 
Hopkins School of Medicine U.S, reveals information 
on the possible spread of the virus. She states that the 
Covid-19 virus is active for up to 72 hours on plastics, 48 
hours on stainless-steel, 24 hours on cardboard, 4 hours 
on copper and around 3 hours in the air. Her article in 
the New England Journal of Medicine iterates that the 
primary mode of the transition of the virus is through 
direct contact of the respiratory particles of an infected 
patient (Machamer, 2020).

 The accelerated spread of this highly contagious 
virus has led a large part of the world into a high 
socio-economic stress. With the daily increase in the 
number of patients, hospitals started running out of 
intensive care unit (ICU) beds to treat many patients 
simultaneously. Various actions such as country wise 
and state wise lockdowns, travel restrictions, limited 
crossing of geographical borders, long term temporal 
closures of businesses and import bans have driven 

societies into different dimensions in terms of lifestyle,  
now commonly termed as the “New Normal”. The only 
response that could be given to curtail the quick spread 
of the corona virus was to adapt altered ways of living, 
such as minimizing physical social interactions and 
avoiding public gatherings. Many developed countries 
with developed economies and markets, were rapidly 
facing the repercussions of extended lockdowns. 
Among such economies are the world’s largest; China, 
India, Japan, Italy, France, U.K and Canada to name a 
few. The term “New Normal” was frequently used by 
many companies to refer to new ways of living, working, 
and doing business. “A New Normal” is a “state” where 
economies and societies attempt to settle in, post a crisis. 
This “state” is way different from the previous lifestyles 
and life circumstances prior to the crisis (Pye, 2020)

 The basic principles of carrying out businesses 
changed rapidly within a short period; the needs and 
wants of communities were not the same compared to the 
pre pandemic times. This could be considered a turning 
point, where professionals from different backgrounds 
had to synergize to ensure a country’s social and economic 
activities are brought back to normal quickly. With the 
breakout of Covid-19, there was an increased need for 
sanitation and personal hygiene. A simple disinfectant 
such as a mixture of ethanol (62% - 71%), hydrogen 
peroxide (0.5%) or sodium hypochloride (0.1%) diluted 
with water is identified as a feasible mixture to break 
the delicate lipid envelope that surrounds the virus 
(Rajapakse, 2020).

 From a consumer point of view, the “soap activity” 
was never considered as a specialized and an important 
area of concern. Instead, they were more focused on 
factors such as value for money, fragrance and germ 
protection etc. at the point of purchase of a bar of soap. 
In such situations, the chemists have a huge role to play 
in working hand in hand with soap manufacturers to 
develop new innovations. The liquid form of a basic soap 
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(commonly known as a handwash with active disinfectant 
properties), skin cleansing agents with disinfectant 
properties coupled with other active features such as 
skin moisturizing, fragrance, age and gender specific 
variants are some of the options available for chemists 
to develop and an opportunity to,  synergistically, work 
with product development and marketing professionals.

Other hand sanitizing products such as hand sanitizing 
liquids, gels, sprays and wet tissues [which were minor 
product categories pre Covid-19 period], have now 
grown in volumes during the post Covid 19 period.  By 
nature, chemists are known to be creative; thus, have an 
opportunity to probe and find complementary properties 
that could be structurally coupled with the basic 70% 
ethanol hand sanitizers currently in the market. With 
increased frequency of the usage of hand sanitizers, 
there would arise a need for the alcoholic sanitizer to 
provide for skin moisturizing and aromatic properties 
at an affordable rate.  Consequently, a requirement may 
arise where hand sanitizer bottles need to be produced 
from recyclable or bio-degradable material to achieve 
business sustainability targets of their manufacturers. 
Hence, chemists would turn out to be professionals 
who are recognized for their product development and 
synthesizing skills. 

It is recommended to use fatty acids (soap) based cleansing 
agents and ethanol-based hand sanitizers to disrupt the 
lipid outer coating of the deadly virus to eventually kill its 
activity and thus, prevent its spread. Such work involving 
structural elucidation and development may be regarded 
as a joint effort of a chemist and a biologist (Rajapakse, 
2020).

Household disinfectant may be a mandatory item 
in the shopping list in future. Recommendations on 
suitable concentrations, frequency of application 
of the disinfectant and health effects are some of the 
characteristics sought after by manufacturers. Such 
household disinfectant products which were once in the 
market solely to serve the basic cleansing, disinfecting 
and stain removal purposes will now be modified into 
products with additional features such as fragrance, 
formats (sprays, diluted liquids, ready-to-use mixes, and 
automatic spray refill bottles) and specialized products 
for different surfaces etc. The need to constantly keep 
surfaces clean and “virus-free” was a basic and a primary 
need before. Claiming that a venue or a surface is sanitized, 

is considered more of a “value added requirement” at 
present.  In order to recommend such simple but effective 
and variable methods of destroying the virus, a chemist’s 
knowledge on the chemical structure of the virus and its 
3-D arrangements is required (Rajapakse, 2020).

Due to the ability of the virus to remain active for a 
significant period of time on common surfaces, hospital 
wards and other venues, new disinfectant mechanisms 
have to be developed. Paint industry will not be the 
same as before. Back then, when purchasing paint for a 
house or industrial purposes, consumers only looked for 
quality, durability, value for money, ease in cleaning and 
variety of shades. Presently, antiviral paints that could 
be used on walls and floors are already being produced 
by industrial chemists for the purpose of usage in 
hospitals. Application of such paint on walls and floors 
would significantly reduce the spread of the virus out 
of the wards and also provide some protection for the 
medical staff working within the wards. Chemists found 
that silver nanoparticle-containing wall and floor paint 
coatings would serve the purpose; apparently, it was even 
used at Wuhan province hospitals (Rajapakse, 2020). 
Silver nanoparticles are identified as antiviral agents; 
such antimicrobial paints will soon be an industrial hit. 
Consumers will discretely look for paint with antiviral 
properties, a part of what is called the new normal, in 
the near future. 

Sri Lanka was one country which was adversely affected 
by the downfall of the apparel industry, despite it making 
a huge contribution to the country’s GDP through the 
export sector. Fashionable and trendy garments which 
was once dominant in the market would not be perceived 
the same way in the New Normal.  It may sound fictional, 
but special materials are already in the market with 
antivirus or virus resistance properties. An affordable 
version of it could even be used for medical staff working 
in Covid-19 wards. Although it is not commercially 
popular yet, the time has come for apparel manufacturers 
to assess the market potential for such garments to be 
used on a daily basis. The effectiveness versus affordability 
of such material may be a key determining factor in this 
respect.

This phenomenon would also extend to laundry cleaners. 
Laundry cleaning bars, powders, liquids, tablets, will 
be mandatorily carrying antiviral and antibacterial 
qualities. Although there are few laundry cleaners with 
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antibacterial properties in the market, the consumer 
under the “new normal” phase would increasingly look 
for such properties. The chemists, in turn could attract 
the manufacturers by offering ranges of options to suit 
their customers’ needs. It sounds like a fable, but soon 
the consumer will look for creative and interesting 
options to clean their laundry, with priority on sanitation. 
Commercial laundries will have to re-position themselves 
as a service provider that washes and cleans the clothes 
with antiviral detergents, usage of antivirus after washes 
and fabric conditioners and finally steam iron using 
antivirus solvents. These are some of the few areas where 
there is potential for chemists to carry out patentable 
innovations.

 Airlines is one of the main industries that suffered 
huge losses due to Covid-19. The International Air 
Transport Association (IATA) states that international 
travel numbers will not return to the pre pandemic level 
until 2024 (Pearce, 2020). The main point of caution is 
the enclosed environment in the airplane cabin. Almost 
all airlines claim to have the best air purification systems 
within the cabin air ensuring safety of their passengers, 
but the lack of knowledge on the behavior of the droplets 
carrying the virus may turn down passengers who may 
use travel for non-essential purposes. Chemists and cell 
biologists could combine their knowledge and skills in 
the development of sanitation mechanisms of these cabin 
air purification systems. It could be a life-saving exercise 
for the entire industry.

 A similar approach may be necessary for air-
conditioners. Efficiency and durability were sought after 
factors in air-conditioners. Consumers will now be ready 
to pay a premium price for an option with automatic 
air purification including sanitation that could ensure 
deactivation of any viral and bacterial particles hovering 
in ambient air. Such novel technology will not only be 
useful in the domestic front but also in commercial 
places, hospitals etc. It could be adaptable in automobile 
air conditioning and purification systems as well. 
Lighting systems too could be developed as sanitizing 
agents which dissipates “anti-viral radiation” apart from 
its generic requirement of simply lighting up a venue.

 The “New Normal” spoken amongst almost all 
economies will now have new methods of associating 
products and services to cater to the present requirements 
(post pandemic) as compared to the pre pandemic times.  
Some industries may be suffocating during this phase; 
however, it has also given an opportunity to diverge 
into areas which were never thought of otherwise. Thus, 
when manufacturers alter their mindset in re-directing 
industries to cater to the new normal, there lie huge 
opportunities for industrial scientists to innovate and 
cater for these needs. Not only should the chemists, 
cell biologists and virologists be in the fore-front of 
innovations but also in the advisory front to spread 
scientific awareness towards curtailing the spread of the 
pandemic.
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Staying competitive during challenging times:                                                           
a glimpse of a leading Aluminum-based industry in Sri Lanka and how it 

surfs with the waves of the pandemic 
Dickshon Gange 

Alumex PLC, Sri Lanka

1. Can you brief us on the history and objective 
behind the formation of your company “Alumex"?

 Thirty years ago, we embarked on a journey with an 
aim to conserve our environment by introducing eco-
friendly building materials. We commenced operations 
with a small capital base, as a private limited liability 
company with a five-inch extruder. Alumex PLC, a 
subsidiary of Hayleys PLC, is a public limited liability 
company, listed on the Dirisavi Board of the Colombo 
Stock Exchange. In 1986, Alumex (Private) Limited was 
initiated as a South Korean - Sri Lankan joint venture, 
and the first commercial operations began with the 
5-inch extruder and the anodizing plant in 1988. 

 In 1999, the First powder coating plant was added 
to the production process. Thereafter, in 2000, a 7-inch 
extruder was installed at the Makola factory, the largest 
extruder in Sri Lanka. The Korean shareholding was 
acquired by the Sri Lankan partners in 2006, and two 
years after, a second anodizing plant and the first wood 
finish plant were installed. A second powder coating 
plant, for small orders, was added to the production line 
in 2009. In 2010, a third extruder was commissioned to 
manufacture component products. It was in this same 
year that Hayleys PLC acquired controlling ownership 
of Alumex. 

 Alumex (Private) Limited was re-registered as 
Alumex Limited in 2013, and a year after that, Alumex 
Limited made an Initial Public Offering at the Colombo 
Stock Exchange and registered as Alumex PLC. The third 
powder coating plant was added to the production line in 
2015, and the residential brand "Lumin" was introduced 
with the first Lumin Concept Centre in Nawala. Eight 
Alumex-owned tested systems were launched in 2016 
under the new brand “Alumex TS” together with the 
“AluSys” design calculation software system. In 2017, 
a centralized warehouse operation began, and steps 
were taken to develop the biggest South Asian powder 
coating plant in Ekala. The third and modern extrusion 

plant and the high-tech vertical powder coating plant 
were added to the operations at the new factory in Ekala 
by 2018. The company was privileged to have both the 
powder coating and anodizing processes accredited with 
the internationally accepted Qualicoat and Qualanod 
certifications.

2. What are the Aluminum-based products 
manufactured by Alumex PLC?

 There are seven Aluminium proprietary systems 
manufactured under a license that cannot be disclosed. 
Different types of Alumex architectural Aluminium 
extrusions (such as window, door, partitioning, 
skylights, etc.), include lift & slide, handrails, kitchen 
cabinet, shop fronts, partitioning, sliding doors/windows 
(single, double, triple, etc.), swing doors, curtain walls/ 
facades, casement windows, and turn and tilt. Industrial 
Aluminium components include ladders, solar roof 
mounting structures, lorry/ bus bodies, rails, boat/
shipbuilding, showcases, handrails, A/C diffusers, heat 
sinks, clamps and connectors, tower bolts, hinges, round 
tubes/ bars, equal/unequal angles, channels, square/
rectangular tubes, glazing beads, brackets tiles and 
carpet edgings, door handles, components for pantry 
cupboards, and customized designs to suit individual 
requirements.

 Alumex serves the domestic market with internally 
manufactured extruded Aluminium profiles in different 
finishes under its brands, 'Alumex', 'Lumin', and 'Alumex 
TS'. Further, the domestic market for accessories and 
composite panels are served with imported material, 
under the agency, in mainly two brands - Corian by 
DuPont and Alpolic by Mitsubishi Plastics. In line with 
decorative or protective finishes, mill finish products, 
natural anodized products, bronze anodized products, 
chemical polished products, powder-coated products, 
and wood finish products are also produced.  
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3. What are your company investments related 
to Aluminium product development and 
manufacturing facilities?

 Alumex has two manufacturing facilities located 
in Sapugaskanda, Makola, and Ekala, Ja-Ela. The 
Sapugaskanda facility has 7” & 6” Aluminium extrusion 
plants along with anodizing, powder coating, and wood 
effect finishing plants. The extrusions and finishing plants 
can produce over 800 MT per month. The Sapugaskanda 
plant also consists of a smelter, which is capable of 
producing its part of the main raw material called 
billets for production requirements. It is an important 
step related to the recycling of Aluminium to conserve 
environmental resources. 

 The newly added manufacturing facility consists of 
a modern extrusion line and Sri Lanka's first Vertical 
Powder Coating Plant with a capacity of 12,000 MT per 
annum. With the completion of the expansion project in 
Ekala (an investment of Rs.2.0 Billion), manufacturing 
capacity was further increased by 1,000 MT per month.

Wood finished production capacity increased to 600 
MT per annum by relocating the wood finished plant 
with a two-sided feeding system. Alumex also carries an 
in-house capability to design and manufacture its dyes 
required for the extrusion processes. A 10 MT capacity 
increase was obtained in the component manufacturing 
section by adding automated cutting, drilling, and 
tapping machines. Since 1998, we have initiated and 
conducted free-of-charge fabricator training programs 
to develop the industry. 

 Our new product development division continues 
to design and introduce new products requested by 
customers and work towards enhancing the product 
quality and performance to meet customer requirements.  
We also conform to new and more stringent environmental 
and product quality standards set by regulators such as 
the Institute for Construction Industry Development 
Authority (CIDA), the Sri Lanka Standards Institution 
(SLS), and other relevant international organizations.

  Further, we engage in process improvements while 
introducing environmentally friendly materials and 
processes. Our powder coating and anodizing processes 
have gained the Qualicoat and Qualanod accreditations. 
Furthermore, 152 new Alumex and customer-owned 
dyes were designed and tested. Most of the orders for 

these designs were completed and delivered within the 
year.

4. What are the advantages that Alumex PLC has 
over its competitors?

 Alumex has been able to retain its market leader 
position due to the superior quality of products 
manufactured as compared to competitors. Alumex 
products give value for money and customers as it 
does not compromise on product thicknesses, material 
compositions, and processing conditions, which could 
affect the overall structural strength and durability of the 
products. Further, Alumex products are certified with 
all accreditations required locally and internationally, 
including Qualicoat, Qualicoat Seaside, and Qualanod. 
Some of our systems are tested internationally and 
certified to compete with international brands.

5. Does your company have any expansion plan or 
change to product mix?

 Alumex has been able to cater to export markets 
with customized products. Also, the Sri Lankan market 
is catered for through innovative door, window, curtain 
wall, and furniture profile ranges. Furthermore, Alumex 
will enhance surface finishes, and assembled products 
offered from current levels.  

6. What are the most significant market challenges 
in the Aluminium industry at present, especially 
under the prevailing COVID-19 situation, and 
how is Alumex PLC addressing them?

 As the global economy is gradually driven into 
recession, and there will be a dearth of investment in 
all sectors, including construction, a challenge we face 
is the shortage of projects. The strategy is to secure the 
current awarded projects while winning more projects 
locally and absorbing more export orders.

 Secondly, the associated industries, mainly tourism, 
apparel, and exports, are critically affected. So, new 
project initiatives will be minimal. To overcome this, 
diversification and market penetration into other 
segments is necessary.

 Next, traveling between countries will be restricted 
or minimally allowed. As a result, there will be no freely 
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visiting foreign buyers and investors. Therefore, improved 
international communications, social networking, and 
online marketing strategies will have to be implemented. 

 Further to this, the need and demand for new spaces 
or built environments will be at an all-time low. Clients 
might abandon or postpone projects. Otherwise, they 
might continue with what they have. New apartments, 
hotel rooms, and upmarket shopping malls were reported 
to be in excess. Once again, diversification and market 
penetration into other segments is required.

 The inflow of foreign currency and remittance by 
the Sri Lankan workforce will get slashed considerably. 
The Rupee will get devalued, and the cost of construction 
will go up considerably. Therefore, we must work on cost-
effective resources and business process improvements.

7. What changes can we expect to see in the future 
as compared to the past?

 Customer focus will be on online marketing and 
the sustainability of the products. Additionally, project 
postponement by construction companies can result 
in lower Aluminum sales. Product requirements will 
get complex as customers tend to go for customized 
solutions.

8. Aluminium has an opportunity to play a vital role 
in the government-led rebuilding of economies 
following the Covid-19 pandemic. What are your 
ideas/plans in this regard?

 Research & Innovation is vital to determine the 
total (or majority) amount of construction and building 
materials being locally and cost-effectively produced. 
Such an accomplishment will be supported by bringing 
in high-tech industries to Sri Lanka and incorporating 
them into our traditional systems and procedures.

 In common buildings like schools and hospitals, 
where structures like windows, doors, etc. follow shared 
layouts and assemblies, standardization (a worldwide 
trending, cost-effective system) could save a great deal 
of money and wastage. Standardization has become a bit 
of a buzzword in the business world, but there’s a good 
reason for the concept’s popularity.

 An increase in productivity from repeatability, 
reduction in mistakes, improvement in communication, 

less burden on IT, better availability and access to 
information, scalability as your organization grows, 
and opportunities for continuous improvement are all 
advantages of standardization.

 The “National Policy Framework, Vistas of 
Prosperity and Splendor” brought forth by the New 
Government, stipulates many positive steps towards 
better governance. Policy plans on education and 
implementation will provide a positive impact to kick 
start the construction industry with more construction 
projects. Examples include new aviation, Ayurvedic, and 
sports universities; upgrading of stadiums; new housing 
schemes and initiatives to have trained human resources.

9. How mature is Sri Lanka when it comes to 
environmental conservation and practices? Is 
there any room for improvement when considering 
the Aluminium industry?

 Initiatives can be taken to increase local billet 
production to over 2000 MT, with a foreign exchange 
saving of USD 7 million. Since the recycling process saves 
95% energy as compared to virgin material, reduced 
emissions from the process will make a positive impact 
on air pollution. Moreover, this will be supported further 
by the government ban on exporting Aluminium waste 
to other countries, which will ensure material availability 
for local recyclers.

 The new production facility of Alumex uses cutting 
edge technology which significantly reduces wastewater 
discharge through a purification system. 

 At Alumex, we are committed to ensuring 
conservation of nature by adopting precautionary 
action plans and continuous improvements to our 
systems and procedures, while educating employees 
on conservation and sustainable use of biodiversity 
and development. We also conduct training programs 
to impart due diligence to our employees to safeguard 
species of plants and animals in danger of extinction. 
Systems and procedures are periodically reviewed to 
ascertain the impact of our operational activities on 
conservation. If required, revisions are made to our 
policies, and actions are implemented accordingly. 
Our research and development team, as a part of their 
responsibilities, are continuously engaged in the process 
of monitoring conservation obligations, and improving 
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and maintaining conformity with global requirements, 
while ensuring statutory requirements are complied with. 

10. What is your view on Aluminium as a sustainable 
metal?

 Nearly all branches of the global industry consume 
Aluminium, such as mechanical engineering, defense 
industry, aircraft engineering, shipbuilding, power 
production industry, and fabrication of construction 
materials. Therefore, we can identify Aluminium as a 
"strategic metal" with endless possibilities to meet the 
needs of everyday life. For most Aluminium products, the 
metal is not consumed during the product's lifetime but 
simply used, with the potential to be recycled without any 
loss of its inherent properties. This property of infinite 
recyclability, which requires up to 95% less energy than 
primary Aluminium production, has led to a situation 
where today, around 75% of the almost one billion tons 
of Aluminium ever produced is still in productive use. 
Today, more Aluminium is produced each year than all 
other non-ferrous metals combined. By using various 
combinations of its advantageous properties such as 
strength, lightness, corrosion resistance, and durability, 
Aluminium has become rooted in our lifestyles, with no 
other replacement for this strategic metal.

 The demand for Aluminium would increase 
in tandem with increased budgetary allocations for 
infrastructure development in schools, universities, and 
other high-rise buildings. The usage of Aluminium is 
gaining popularity as a sustainable construction material 
endorsed by leading Architects. It has created a demand 
for Aluminium fabrications for the construction of 
houses, which is expected to drive business volumes 
in the domestic housing sector as well. A good 75% of 
the global demand for Aluminium is met with recycled 
metal.

11. Are there any community initiatives at Alumex 
PLC? If any, what drives this keen interest?

 Our objective is to make a positive impact on the 
community through sustainable initiatives that bring 
about long-term benefits. This translates into three action 
areas. 

 Firstly, Supporting the Technical and Vocational 
Education (Alumex Training School, VTA Training, 
Government Institutions, Dealers & Fabricators Training, 
Professional and Private Institutions, Technical Colleges, 
and NVQ Certification).

 Secondly, we focus on developing the social and 
physical infrastructure of the community (Ethical 
Business & Alumex Values, Regulatory Compliance, 
Environment Protection Licenses, Tax, and Other 
Statutory Payments, and Engaging with the Community 
around the Factory).

 Finally, we have dedicated ourselves to enhancing 
the quality of life of the local community. 

 In keeping with our commitment to the community, 
Alumex initiated several CSR programs. Every year since 
2012, the company donates 3,000 foldable white canes 
to the blind community. Starting from 2018, Alumex 
distributed school bags, books, and other stationery 
items to the pupils in the Meegaswewa School in 
Anuradhapura District annually. We also contributed to 
the construction of a house for a long-service employee, 
when his house collapsed due to rain.

Questionnaire by: Dr. Samith Rathnayake, Rajarata 
University of Sri Lanka

Final draft by: Samadhi Nawalage, Institute of Chemistry 
Ceylon

Mr. Dickshon Gange obtained his MBA from the University of Colombo, Sri Lanka, MEng from the University of Moratuwa, Sri 
Lanka, B.E from the National Institute of Technology Durgapur and the Professional Diploma in IT from the National Institute of 
Information Technology. He currently serves as the Deputy General Manager – R&D/ Engineering at Alumex PLC.
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Battle with COVID19: 
SLINTEC’s story of uncovering opportunities through a pandemic

Lakshitha Pahalagedara
Sri Lanka Institute of Nanotechnology

 December, 2019 is a haunting month not only to 
the people in Wuhan, China but also to the entire world. 
COVID19 was first identified in Wuhan, however it 
started spreading so fast in almost all the continents and 
became the defining global health crisis of our time. It has 
posed great challenges to the world economy and people’s 
daily lives and will have far-reaching consequences 
beyond the spread of the disease. We’re yet to see its 
major consequences, which have to be identified in terms 
of both measurable and unmeasurable damage. These 
adverse effects would not just be economical but also 
social and psychological, and they will last for decades 
letting entire sectors of economy collapse causing serious 
potential implications such as changing consumer 
behavior and purchasing patterns. It has been predicted 
that 50% people will spend less, buying only what they 
need. New habits will also emerge through technological 
advances and new ways in which consumers have learned 
to cope with work, leisure, and education. However, 
food, household supplies, personal care items, and home 
entertainment may not lose its grip while new markets, 
mainly focused on the healthcare would be created. In 
Sri Lanka, the economic behavior is almost similar to 
the global state of affairs. However, as a nation which is 
focusing on growing its exports after suffering through 
a long term conflict, and also as a country which is still 
struggling to bridge its import-export gap due to the 
huge amounts of imports which is two times the value 
of the country’s total exports. COVID19 brought adverse 
effects on almost all our major export sectors including 
tea, readymade garments and rubber etc. During the 
lockdown period which lasted more than two months, 
the entire production within the country stood still; 
but it also put the healthcare sector at center stage with 
unparalleled demand for diagnostic tests, personal 
protective equipment (PPE), and other critical medical 
supplies. 

 Sri Lanka Institute of Nanotechnology (SLINTEC) 
was established in 2008 in order to uplift the high tech 
and value added production in the country by assisting 

the local industries to serve both local and international 
market needs. From its inception, SLINTEC has 
mainly been focusing on doing R&D in areas that are 
relevant to the country’s economy. The major research 
areas of SLINTEC are sustainable agriculture, smart 
textiles, coatings and composites, medical diagnosis 
and preventive medicine and printable electronics and 
sensors. Out of these research areas, the first three were 
greatly disrupted by COVID19 during to the lockdown 
conditions and even after that (not during and post-
COVID, as we’re yet to define the post-COVID period), 
as the market is still not ready to accept large amounts of 
these goods. However, the story in the agriculture might 
change in a positive way as there will be a great need to 
produce food within in the country to face situations 
such as COVID19. As private enterprises were struggling 
to keep their businesses afloat while the government was 
busy with controlling the spreading of the disease and 
providing financial aid to protect the local enterprises, 
it is natural for one to assume that there was no way 
of surviving for a public-private research institute like 
SLINTEC.

 SLINTEC, being a science based research institute, 
is highly human resource-dependent and operated on a 
hard-to-digitalize environment. Hence, SLINTEC had 
to go through all the challenges from getting curfew 
passes to arranging transport for employees during the 
lockdown. As a research institute, which is not fully 
supported by the state through a funding mechanism, 
SLINTEC faced (is facing) the pandemic situation by 
taking two specific approaches; one considering the 
immediate requirements and the other considering the 
long term requirement by both the local and international 
market. Out of these two approaches, the first approach 
was put in to practice during the peak of COVID19 
in Sri Lanka during the initial phase of the lockdown. 
At the early stages of pandemic, SLINTEC identified 
that there is a great need for the country to do tests for 
COVID19 as much as possible in order to prevent it from 
being spread across the nation. SLINTEC identified that 
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there was a shortage of specimen collection devices due 
to high global demand. SLINTEC did not stop by just 
identifying the problem, instead our scientists were 
able to reverse engineer the technology and meet the 
country’s requirement by producing COVID19 swabs 
in large scale with the collaboration of Medical Research 
Institute (MRI) and a few private entities. At the same 
time, SLINTEC started developing an antimicrobial 
coating which can be applied on any surface (walls, 
wood, glass, paper etc.) and it is currently being tested 
for its antiviral activity in the UK.. The most recent 
success story of this development was launched on the 
18th September, 2020 where we collaborated with Atlas 
Axilia Co. (Pvt) Ltd. to apply the coating on a stationary 
product range that includes exercise books, pens etc. One 
of the most important initiative that SLINTEC took as 
an immediate response to the situation was to develop a 
fast and cost effective substitute for the RT-PCR (Real-
time polymerase chain reaction) technology which is 
considered as the gold standard to detect COVID19. 
The new technology is named as LAMP-PCR (Loop-
mediated isothermal amplification polymerase chain 
reaction) and it gives results much faster compared to RT-
PCR. SLINTEC is currently conducting clinical studies 
with the help of University of Sri Jayewardenepura. 
This initiative will not only grab the attention of local 
authorities but also being recognized globally. Also, with 
the increase of various types of masks being produced 
in the country, SLINTEC created a mask testing facility 
to standardize the quality of masks coming to the both 
local and international market. 

 In the second approach where we expect to come up 
with innovations focusing on their long term impacts, 
SLINTEC is mainly targeting the fields of agriculture, 
textile and, healthcare in terms of preventive medicine. 
SLINTEC is currently developing a digital soil test kit 
to detect main components of soil and a nitrogen-user-
efficiency-improved fertilizer. Also SLINTEC initiated a 
project to use Sri Lankan rock phosphate as a substitute 
for triple super phosphate (TSP). These innovations this 
will help to control the amount of urea usage and will help 
reduce the dependency of fertilizer being imported. On 
the other hand, SLINTEC is focusing on projects related 
to textile and apparel, mainly focusing on incorporating 
antimicrobial properties. Also, SLINTEC partnered with 
a leading garment manufacturer to develop a detachable 
mask sensor which would detect the breathing patterns 
and notify the wearer when the mask is no longer safe 
to use. SLINTEC also initiated a few projects to find 
the possibility of using nutraceuticals as a preventive 
medicine for deceases such as COVID19.

 Considering the activities taking place at SLINTEC, 
it is very clear that these initiatives definitely have a 
strategic approach to enhance SLINTEC’s core business 
of R&D. However, it should be noted that these are 
not just initiates which were taken by considering 
only the commercial aspect. As a high tech national 
research institute, we have always considered our social 
responsibility to serve the country in terms of innovations 
when it is needed more than ever.
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COVID 19 vaccine trials: Where are we? 
Narmada Fernando

Institute of Biochemistry, Molecular Biology and Biotechnology, University of Colombo

 Coronavirus-induced disease 2019 (COVID 19) 
was first reported in Wuhan, China in December 2019 
and subsequently spread worldwide. SARS-CoV2 virus 
is a single stranded RNA virus which is the etiological 
agent of this respiratory disease spread rapidly. Statistics 
revealed that 29,698,932 individuals have been infected 
by SARS-CoV2 virus from 213 countries and territories 
with 938,104 deaths (as of 15th of September 2020). The 
globe has experienced two major corona virus outbreaks 
during the twenty years prior to COVID 19 outbreak.  In 
2002, a fast spreading respiratory infection was reported 
namely, severe acute respiratory syndrome (SARS) and 
the corona virus which caused this illness was named as 
SARS-CoV. Many countries were affected by the SARS 
and the total number of cases reported was above 8000 
with 774 deaths (1). Thereafter, the world experienced the 
second corona virus-induced disease known as Middle 
East respiratory syndrome (MERS). Unlike SARS or 
COVID 19, MERS was reported only from the Middle-
East region in the Arab. MERS resulted more deaths 
(858) despite the less number of infected cases (nearly 
2500) compared to SARS (2). Apart from these three 
corona viruses, a number of human corona viruses are 
known to cause mild cold conditions and cases have been 
reported from Sri Lanka as well (3). However, of the three 
serious corona virus-induced diseases, COVID 19 is the 
only disease reported in Sri Lanka.

 Successful prior studies on vaccine development 
against a virus in the same viral family of any new virus 
accelerate the novel vaccine development by provision of 
a platform for clinical trial approaches. However, in the 
case of COVID 19, no prior studies had been successful 
against the other viruses in the same family. Moreover, 
although SARS-CoV and MERS-CoV epidemics occur 
a considerable time prior to the occurrence of COVID 
19 pandemic, production of a vaccine against SARS-
CoV2 virus has not been supported by the attempts taken 
to produce an effective vaccine against SARS-CoV or 
MERS-CoV. The reason behind this was that none of the 
trials conducted against SARS-CoV or MERS-CoV could 
advance beyond the phase I safety. By the same token, no 

vaccines are available for other human coronaviruses as 
well (3).

 Of more than 200 vaccine trials which are being 
conducted against SARS-CoV2, nearly one fifth has 
shown to be successful in pre-clinical phase and are in 
the clinical phase of development. Six leading phase 
III vaccine trials are reported as of early September 
2020 escalating the hope of an effective vaccine against 
COVID 19 in near future (4). These vaccines are 
developed based on different strategies with a variety of 
vaccine candidates including modified RNA (Candidate 
mRNA-1273), whole organism (Candidate CoronaVac) 
and recombinant vaccines using vectors (Candidates 
Ad5-nCoV and AZD1222) (3, 4). Mode of action of the 
vaccine is based on the vaccine strategy as mechanisms 
involved in rising and maintenance of immunity by each 
type of vaccine candidate may be different. 

 The strategies which have already been used for 
vaccine development are an important context to be 
reviewed. In RNA vaccine, the injected viral RNA is taken 
up and viral proteins will be translated by the recipient’s 
cells. RNA vaccines are well advantageous compared to 
most of conventional vaccine strategies. The production 
of RNA vaccines is much cheaper and faster compared 
to traditional vaccine strategies. Therefore, it is expected 
to allow quick responses to outbreaks like COVID 19. 
However, there are no RNA vaccines available for human 
use up to date (5). Therefore, more studies are much 
needed for better understanding of potential side effects 
and evidence on long term efficacy. Two approaches 
that are being followed as whole organism vaccines are 
based on live attenuation and inactivation of the virus. 
Use of these as vaccines also has a mix of advantages 
and disadvantages. Live attenuated vaccines include the 
live organism which has been chemically or physically 
treated to suppress the disease-causing ability. As the 
treated weaken organism is still capable of multiplying 
inside the recipient body, a single dose of vaccination 
is sufficient to provide a long-term (maybe life-long) 
protection. However, the process of attenuation must 
be done perfectly in order to minimize the risk of 
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reversal of the attenuated organism to pathogenic form. 
Genetic engineering is a promising solution to produce 
attenuated organisms irreversibly. Removal of genes 
which are essential for virulence or growth in selected 
types of cells increases the safety of the live attenuated 
vaccines. Injection of inactivated (killed) virus is potent 
in inducing immune response at least for some of the 
viral antigens. Relative safety, stability and ease of storage 
are advantageous over the need of booster doses and 
higher cost of production. Recombinant vector vaccines 
are safer and effective in inducing long term immunity. 
The genes encode key antigens of the desired organism 
are inserted into another attenuated virus or bacteria in 
the development of recombinant vector vaccines. This 
application maintains the advantage of live attenuated 
vaccines while avoiding the risk of reversal to pathogenic 
form (6). Apart from these strategies, trials are in 
operation to develop vaccines using protein subunits 
and with modifications of standard approaches.   

 Vaccines are administered through different routes to 
have high vaccine efficacy while minimizing the possible 
adverse reactions. Oral (by mouth), subcutaneous 
(into the area just beneath the skin), intramuscular 
(into muscle tissue), intradermal (into skin layers) and 
intranasal (into nose) are the standard routes of vaccine 
administration (6). 

 The process of development of a vaccine for any 
novel disease is challenging. Limited knowledge on viral 
biology and immune responses against a novel virus 
make the process more challenging. Already available 
knowledge on molecular virology, viral biology of SARS-
CoV and MERS-CoV had enormously contributed for 
the immediate development of vaccine candidates that 
are being trialled (3). Studying subjects from different 
ethnic groups and geographical locations in vaccine trial 
is important in order to determine the effectiveness and 
the safety of the novel vaccine (7). The existing logistic 
and travel limitations may have a negative impact on 
trialling out the novel vaccines on a variety of ethnic 
groups. Further, it is not possible to conclude about 
the efficacy or safety of any developed vaccine until 
the results of phase III trials are analysed. Outcomes 

of successful phase III trials will provide answers for 
standard questions such as the strength of the dose, level 
of immune response induced and need of booster doses. 

A vaccine comes to the market succeeding at laboratories 
and clinical testing set-ups for decades. However, in 
the case of COVID 19, it has been estimated that the 
time required for an effective vaccine to be available 
for community would be 12-18 months from the 
commencement of vaccine trials. If ongoing phase III 
clinical trials success as anticipated, curtailing the rapid 
spread of SARS-CoV2 will not be impossible. People who 
survived from this serious pandemic will witness the 
fastest-ever development of an effective vaccine through 
endless and tremendous work done by trial volunteers, 
scientists and health professionals. 
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Biotoxins: Invisible threat to mankind
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 Biotoxins or germ weapons are infectious (disease-
producing) agents such as bacteria, viruses, rickettsiae, 
fungi, or other biological agents – that may be utilized 
as weapons against humans, animals, or plants. Biological 
toxins are living organisms or replicating entities, and a 
human infected with deadly virus or bacteria could pose 
a threat to humans. In wars, victims of infectious diseases 
could become weapons themselves. Use of biotoxins by 
terrorists is called bioterrorism. Terrorists have used 
biotoxins in many ways; they may contain in a letter sent 
to you by post. 

 At the beginning of the recent outbreak of COVID-19, 
US administration accused Chinese government for 
experimenting and producing this corona virus in one 
of their laboratories situated in Wuhan City. Whatever 
the origin natural, accidental or intentional it is leading 
to unprecedented loss of lives and livelihoods globally. 
The question in front of us is; can we call COVID-19 a 
bioweapon? Ease of production and the broad availability 
of biological agents and technologies have led to a further 
spread of such biotoxins and there is an increased desire 
among developed and developing countries to possess 
and experiment up on them. As we experience it now, 
even an accidental release could be a real threat to 
mankind.

 Biotoxin has a long history dating back to the siege 
tool of spreading infection by catapulting corpses into 
a fortified enclosure. In the early days of the colonies of 
the United States, blankets infected with smallpox virus 
were given to the Native Americans, and many died as 
a result. Many pathogens were weaponized by the great 
powers and tested as a warfare agent. For military use, 
the ideal BW is the one that is nonlethal but debilitating, 
and many of these have been identified. Furthermore, 
biotoxin is a potent anti-population tool, as exemplified 
by the Black Death of the Middle Ages (from 1347-1351), 
the Spanish Flu of 1918-1919, and the potential impact of 
smallpox in a population with no immunity to smallpox 
virus. Diseases can be separated well into two categories; 
(i) those that are simply infectious from the pathogen 
initially distributed and (ii) those that have a high degree 

of contagion, spreading from one human host to another 
as in the case of influenza, smallpox, measles and the 
common cold. Some diseases are largely nonlethal, but 
even among influenzas, the mortality can vary from well 
below 1% to 50%.

 Biological warfare agents differ greatly in the type 
of organism or toxin used in a weapons system, lethality, 
length of incubation, infectiousness, stability, and ability 
to be treated with current vaccines and medicines. There 
are five different categories of biological agents that could 
be weaponized and used in warfare or terrorism. These 
include:

Bacteria – it is not the most harmful biological warfare 
agent, however, due to lack of understanding it of the 
severity of the infection. It can be more dangerous due to 
the self-replication behavior, lowest population generation 
time and the ability to tolerate various environmental 
conditions. Bacteria are single cell organisms that cause 
diseases such as anthrax, brucellosis, tularemia, and 
plague.

Anthrax, also called malignant pustule, is an acute, 
infectious, febrile disease of animals and humans caused 
by Bacillus anthracis, a bacterium that under certain 
conditions forms highly resistant spores capable of 
persisting and retaining their virulence for many years. 
Although anthrax most commonly infects grazing 
animals such as cattle, sheep, goats, horses, and mules; 
humans can develop the disease by eating the meat or 
handling the wool, hair, hides, bones, or carcasses of 
affected animals. Plague, an infectious fever caused by 
Yersinia pestis, a bacterium transmitted from rodents to 
humans by the bite of infected fleas. It was the disease 
behind the Black Death of the 14th century, which was 
the most-devastating epidemic in history. 

Rickettsiae - microorganisms that resemble bacteria but 
differ in as they are intracellular parasites that reproduce 
inside cells. Typhus and Q fever are examples of diseases 
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caused by rickettsia organisms. Q fever, also called 
rickettsial pneumonia, an acute, self-limited, systematic 
disease caused by the rickettsia Coxiellaburnetii. Q fever 
spreads rapidly among cows, sheep, and goats, whereas in 
humans, it tends to occur in localized outbreaks. 

 This disease is usually mild, and complications are 
rare. Contamination of the environment leads to airborne 
dissemination of the rickettsiae; infection happens to 
persons in close contact with livestock, contaminated 
clothing, and other infected sources.

Fungi – pathogens that can be weaponized for use 
against crops to cause diseases such as rice blast, cereal 
rust, wheat smut, and potato blight. Rust is a plant 
disease caused by more than 4000 species of fungi and 
fungus like organisms of the phylum Oomycota. Rust 
affects many economically important plant species and 
usually appears as yellow, orange, red, rust-brown or 
black powdery pustules on leaves, young shoots, and 
fruits. In general, plant growth and productivity are 
commonly reduced, and some plants wither and die back. 
Blight, any of various plant diseases whose symptoms 
include sudden and severe yellowing, browning, spotting, 
withering, or dying of leaves, flowers, fruits, stems, or 
the entire plant. 

Figure 1: Potato blight and rice blast diseases

 Most blights usually attack the shoots and other 
young, rapidly growing tissues of a plant; and many 
economically important plants including tomatoes, 
potatoes, apples, and ornamental species are susceptible 
to one or more blights. 

Toxins – poisons that can be weaponized after extraction 
from snakes, insects, spiders, marine organisms, 
plants, bacteria, fungi, and animals. An example 
of a toxin is ricin, which is derived from the seed of 
the castor bean. Ricin, a toxic protein (toxalbumin) 
occurring in the beanlike seeds of the castor-oil plant 
(Ricinus communis), and one of the most toxic substances 
known. It is of special concern because of its potential 
use as a biological toxin. The most famous use of ricin as 
a biotoxin of assassination occurred in 1978, which was 
the death of Georgi Markov, a Bulgarian exile lived in 
London. His death confirmed that he had been poisoned 
by a device designed in the Soviet Union using the ricin. 
Ricin can enter the body through ingestion, inhalation, 
or injection; hence very small doses of ricin can be lethal 
if inhaled or injected, since these routes of exposure 
enable the toxin to immediately enter the bloodstream, 
resulting in its rapid distribution throughout the 
body. Ricin toxicity is based on the substance’s ability 
to inhibit protein synthesis and to stimulate cells to 
undergo programmed cell death (apoptosis). Ricin is still 
considered to be a possible weapon of terror, and some 
terrorist scenarios might be the inoculation of ricin into 
food or water supply or the dispersal of a ricin aerosol in 
a confined indoor space or the sending of small quantities 
of ricin anonymously through postal systems.

 Viruses are always communicable agents, and it is 
the most harmful biological warfare agent due to its size. 
These are obligate intracellular parasites and are generally 
made of a protein coating and a core containing genetic 
material, and about 1/100 the size of bacteria. Unlike 
other biological warfare agents, viruses contain both 
living and nonliving characteristics, and cannot survive 
under the normal physiological conditions; hence they 
are completely dependent on host cells for the replication. 
Most viruses contain single strand RNA except for few 
other viruses which contain DNA. Antiviral drugs aimed 
in treating viral infections are most effective during the 
replication of viruses as they do not have any other crucial 
metabolic reactions like bacteria do, which are targeted 
by antibiotics. The main challenge faced in prescribing 
antiviral drugs is that symptoms start appearing at later 
stages during a viral infection, and by this time most 
of the viral multiplication have taken place. In such an 
instance, antiviral drugs will have little to no effect in 
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controlling the disease.

 Viruses can be weaponized to cause diseases such 
as equine encephalitis (Venezuelan equine encephalitis, 
eastern equine encephalitis, and western equine 
encephalitis viruses), smallpox (variola virus), Russian 
flu, Spanish flu, Asian flu, chikungunya fever, bird flu, 
swine flu, Nipah virus disease, Hanta virus disease, 
Lassa fever, Ebola virus disease, Middle East Respiratory 
Syndrome (MERS), Severe Acute Respiratory Syndrome 
(SARS), and novel corona virus disease – COVID-19 
(Sars-CoV-2).

Equine encephalitis is a severe viral disease that 
commonly affects horses and mules, and it sometimes 
affects birds, reptiles, and humans. Of the several strains 
of the virus, the most prevalent are the A group, which 
includes the Eastern, Western, and Venezuelan strains. 
The virulent Western type has mortality as high as 90% in 
horses and 10% in humans. Birds appear to harbour the 
disease but do not exhibit any definite symptoms, since 
mosquitoes behave as the carrier that transmit the virus 
from birds to horses, mules, or humans. This disease can 
cause permanent brain damage.

Smallpox, also called variola major, was caused by 
variola virus belonging to the orthopox virus genus. It 
was an acute infectious disease that begins with a high 
fever, headache, and back pain and then proceeds to 
an eruption on the skin that leaves the face and limbs 
covered with cratered pockmarks, or pox. For centuries, 
smallpox was one of the world’s most-dreaded plagues, 
killing as many as 30% of its victims, most of them being 
children. Smallpox continued to spread until the early 
19th century, when vaccination was established against it.

Chikungunya fever is a viral disease transmitted to 
humans by infected mosquitoes. It is often characterized 
by fever, headache, rash, and severe joint and muscle 
pain. This virus was first detected in an epidemic 
that occurred in 1952-1953. This fever was caused by 
chikungunya virus and it is debilitating, but in certain 
individuals can be life threatening. In infants and older 
adults, infection may lead to encephalitis and long-term 
neurological disability. 

Lassa fever is a haemorrhagic fever which is caused by 
the Arena virus, and it typically occurs in West Africa. 
Lassa virus is transmitted to humans mainly through 
handling rats, food or house-hold items contaminated 
by rats’ urine and faeces. The virus can spread between 
people through direct contact with the body fluids of a 
person infected with Lassa fever, as well as contaminated 
bedding and clothing. 

Ebola virus disease (EVD), formerly known as Ebola 
haemorrhagic fever; is caused by the Filo virus. It is most 
commonly associated with bioterrorism, and is a severe, 
often fatal illness affecting humans and other primates. 
The virus is transmitted to people from wild animals 
(such as fruit bats, porcupines and non-human primates) 
and then spreads among the human population via direct 
contact with the blood, secretions, organs or other bodily 
fluids of infected people, and with surfaces and materials 
contaminated with these fluids. The average EVD case 
fatality rate is around 50%. It is thought that fruit bats 
of the Pteropodidae family are natural Ebola virus hosts. 

Nipah virus disease - this virus is considered very 
dangerous due to high mortality and inability to control 
the disease. The highly virulent virus easily infects pigs 
and transmits to humans, especially those who come in 
close contact to them. Dogs, cats, horses are also natural 
reservoirs. Clinical symptoms include brain dysfunction 
with hypertension and tachycardia, followed by rapid 
deterioration which leads to irreversible hypotension 
and death. 

SARS is caused by a coronavirus, a type of virus usually 
associated with pneumonia and the common cold. It 
is a highly contagious respiratory illness characterized 
by a persistent fever, headache, and bodily discomfort, 
followed by a dry cough that may progress to great 
difficulty in breathing. This appeared in November 2002 
in Guangdong province, China, where it was diagnosed 
as an atypical pneumonia. SARS coronavirus (SARS-
CoV) was transmitted to humans from an animal 
reservoir, believed to be horseshoe bats. Among humans 
the virus is transmitted from an infected person through 
bodily secretions, usually droplets expelled by sneezing 
or coughing. By the end of May 2003, more than 8000 
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cases had been reported, and approximately 800 people 
had died from the disease. Diagnosis of SARS is made 
after other illnesses such as pneumonia and/or influenza 
are ruled out and a history of the patient’s movements 
has established the likelihood of exposure to an infected 
person. Since no specific medication is available against 
the SARS coronavirus, treatment is usually restricted to 
easing the patient’s symptoms until the illness has run its 
course. By June 2003 the contagion had been controlled 
to the point where restrictions were eased.

MERS is an acute viral respiratory illness that is 
characterized primarily by cough, fever, and shortness 
of breath and is sometimes associated with severe and 
potentially fatal complications such as pneumonia and 
kidney failure. This is caused by a coronavirus known 
as MERS-CoV, which attacks the respiratory system. 
The illness was first observed in June 2012 in Jeddah, 
Saudi Arabia, and soon afterward it was reported in other 
countries in the Middle East. Later, it was detected in 
European countries, North African countries, and in 
countries more distant from the Middle East, including 
China, Malaysia, South Korea, and the United States. This 
shows that MERS had the potential to escalate into an 
international public health emergency. More than 60% of 
infected persons who developed serious illness required 
hospitalization, and individuals died in more than 30% 
of the reported cases. Close contact is thought to be the 
primary means of disease transmission among humans. 
Similar to the SARS-CoV, MERS-CoV also has a very 
large RNA genome. Bats are a suspected natural reservoir 
of coronaviruses, and genomic analyses showed that 
MERS-CoV is closely related to coronaviruses derived 
from bats. However, research has indicated that infection 
with the virus may be widespread among camels in the 
Middle East and Africa. The high likelihood for direct 
or indirect human contact with camels in those regions 
suggested that camels were a probable source of human 
infection. Yet, there is no clinically proven therapy for 
MERS-CoV; thus, symptomatic treatment and supportive 
care is given to patients.

COVID-19

In November 2019, Chinese researchers identified a 
novel coronavirus, subsequently named severe acute 

respiratory syndrome coronavirus 2 (SARS-CoV-2), 
COVID 19, which had been isolated from a patient 
with severe pneumonia who was hospitalized in Wuhan 
City, Hubei province, China. By the end of August 2020, 
infection with COVID-19, had been confirmed in more 
than 25,384,000 individuals around the world, where 
more than 850,590 died and over 17,493,850 recovered 
(see Table 1)

Table 1: Situation of Coronavirus disease, by country, as 
at end August 2020.

 In addition, millions of people’s lives have been 
affected as a result of mandatory isolations or quarantines. 
Novel finding of the COVID-19 is that it contains a 
collection of various types of corona viruses derived 
from bats, including the SARS and MERS coronaviruses 
as well. The novel virus shared 79% of its genome in 
common with a previously reported SARS coronavirus 
originally isolated from bats, which raised concerns that 
COVID-19 represented a global disease threat, which is 
most similar to the SARS coronavirus. 

This virus currently spread to more than 216 countries 
around the world. Coronaviruses (CoVs) are relatively 
large spherical viruses containing a single-stranded 
positive-sense RNA (+ssRNA) genome encapsulated 
within a membrane envelope. The viral membrane is 
studded with glycoprotein spikes that give coronaviruses 
their crown like appearance. SARS-CoV-2 viral pathogens 
bind to the human angiotensin-converting enzyme-2 
(ACE-2) receptor through these glycoprotein spikes.

Country
Total 

confirmed 
cases

Total 
deceased

Total 
recovered

USA 6,173,236  187,224 3,425,723

Brazil 3,862,311 120,896 3,031,559

India 3,619,169   64,617 2,772,928

Sri Lanka        3,012          12        2,860
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Figure 2: Schematic diagram representing structure of 
SARS-CoV-2

 According to the novel findings, ACE-2 gene is 
actively expressed the goblet cells and club cells found 
in the bronchial epithelium of current smokers and 
non-smokers, respectively. While corona viruses infect 
both humans and animals, certain types of animals such 
as bats that host the largest variety of coronaviruses 
appear to be immune to coronavirus-induced illness. 
The SARS-CoV-2, SARS-CoV and MERS-CoV can be 
classified under the beta-coronavirus class; since all 
these viruses attack the lower respiratory system to cause 
viral pneumonia. Furthermore, SARS-CoV-2 may also 
affect the gastrointestinal system, heart, kidney, liver, 
and central nervous system leading to multiple organ 
failure. Current information indicates that SARS-CoV-2 
is more transmissible and contagious than SARS-CoV. 
Transmission of the SARS-CoV-2 virus occurs via 
respiratory droplets released by coughs and sneezes 
within a range of six feet, which comes in contact with 
another person's mouth or nose, seldom through eyes. 
This virus is capable of surviving on different surfaces 
with a life span ranging from hours to days. Therefore, 
the threat of contracting the virus is extremely high, and 
the cure still being unknown, prevention remains to be 
the best opinion at this time.

      To date, there are no SARS-CoV-2 specific antiviral 
agents, but researchers have been racing to discover 
possible treatments and effective therapeutic agents to 
save lives and produce safe vaccines for future prevention. 
Researchers are testing 36 vaccines in clinical trials on 
humans, and at least 89 preclinical vaccines are under 
active investigation in animals. But Russia and China 
have already approved one vaccine each, without waiting 
for the results of phase III clinical trials, which are being 
planned to be done now. 

 An economic and efficient therapeutic strategy is 
to repurpose existing drugs, due to the costly, lengthy 
and arduous process of new drug development. Thus, 
scientists have been able to rapidly respond with a 
suggested list of existing drugs with therapeutic potential 
for COVID-19, which are mentioned below;

• Barictinib - proposed due to its anti-inflammatory 
effect and possible ability to reduce viral entry. A 
fixed dose of the anti-HIV combination, lopinavir-
ritonavir, is currently in clinical trials with Arbidol 
or ribavirin. 

• Remdesivir - previously tested in humans with 
Ebola virus disease and has shown promising results 
in animal models for MERS and SARS. This drug 
is currently being studied in phase III clinical trials 
in both China and USA. 

• Favipiravir - a purine nucleoside leading to 
inaccurate viral RNA synthesis and has recently 
been approved for a clinical trial as a drug to treat 
COVID-19.

• Chloroquine - an antimalarial drug that has proven 
effective in treating coronavirus in China. 

 Since there is limited clinical and basic research 
information at this time, treatment options for 
COVID-19 currently comprise of investigational drugs 
and management of symptoms.

 The ripple effect of the COVID-19 outbreak 
could potentially bring major challenges to worldwide 
health systems and have far-reaching consequences 
on the global economy if the spread of the virus is not 
effectively controlled. Therefore, a concerted effort to 
develop effective drugs and vaccines against existing 
and potential future coronavirus infections and other 
highly pathogenic virus outbreaks is necessary to reduce 
overwhelming impacts on human life and worldwide 
healthcare systems. 

Prevention of future global pandemics 

 We are hopeful, under the terms of the Biological 
Weapons Convention (BWC), member states are 
prohibited from using biological weapons in warfare 
and from developing, testing, producing, stock- piling, 



Vol. 37 No. 3,  September 2020

Chemistry in Sri Lanka

43

or deploying them. However, there are instances of 
acquiring and using of biotoxins by terrorists. Indeed, 
in such situations, misuse of potential bioweapons was 
responsible for spreading of diseases, which caused 
more deaths than reported, though they have not been 
consciously used as bioweapons. Now it is high time 
that the UN and WHO carried out proper monitoring 
and enforcing stringent guidelines in order to handle 
the consequences of a global pandemic more effectively, 
and to prevent the occurrence of such an outbreak in the 
future.  
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Digital Disruption in Learning: Overcoming the challenges in Digital 
Technology in Science Education

Kaushalya Yatigammana
Department of Commerce & Financial Management, University of Kelaniya

 As learning became a fundamental requirement of 
the modern-day world, rapid development of technology 
has reshaped the education with digitally enabled 
teaching and learning methods. Thus, electronic form of 
learning has revolutionized the society by transforming 
the traditional classroom method into virtual method of 
learning. This allows the learner to be more empowered 
with anywhere anytime learning with flexible learning 
schedules. Further it allows the learner to be central in 
the learning process, offer more flexibility, enhancement 
of collaboration and idea sharing with own pace of 
learning. With the Covid-19 outbreak e-learning has 
become a most sought method of continuation of the 
education process. 

 Despite all these positive sides and benefits of 
e-learning, there is always a debate on implementing 
e-learning for the subjects with practical component. 
Especially when it comes to the science education, a 
practical component in physical mode is vital for subjects 
such as Botany, chemistry, Zoology, Physics, etc.  Thus, 
Science education is one of the disciplines which needs 
more face-to-face practical hours.  Furthermore, the 
supervisor’s guidance is much needed in the practical 
environment.  Further, it is important to maintain the 
quality of the learning process as well. Kinesthetic 
learning or tactile learning (https://www.wgu.edu/
blog/what-tactile-learning2008.html) happens when 
students carrying out physical activities in face-to-
face learning environment, than listening to a lecture 
or watching demonstrations. However, in recent year’s 
budgetary constraints of maintaining laboratories, 
increasing student population has led to a decrease 
of the student-staff direct contact hours.  Therefore, it 
is vital to investigate the technology assisted modern 
teaching methods to overcome the challenges in Science 
education.  

Blended learning for Science Education 
 When electronic learning is combined with the 
traditional face-to-face method of learning, it is known 

as blended learning.  (J. & Graham, 2005). In blended 
learning, some components of a particular subject are 
delivered in online mode and rest will be delivered 
with physical presence. In designing a blended learning 
course, the flexibility of accessing online component at 
anytime from anywhere should be given to the students 
while the face-to-face components should focus on the 
physical engagement of the learning community. This 
is known as Asynchronized learning where the digital 
contents are available for the students to access them over 
the Internet in their own time schedules from different 
geographical locations. However, in Synchronized 
learning where the lessons are delivered online-real time 
does not give the much-needed flexibility to the students 
learning schedules. During the Covid-19 pandemic, both 
Synchronized and Asynchronized learning could be 
observed. In Synchronized learning mode, a traditional 
lecture delivered by a lecturer/ teacher was captured by 
a camera and delivered online through the Internet. 
Students were asked to logon to the system in a given 
prescheduled time and listen to the lecture. The duration 
of a lecture is normally an hour. These lectures were 
sometimes recorded and kept in an LMS so that students 
can listen to the lecture repeatedly any number of times. 
Another form of asynchronized learning was provided 
with carefully designed and developed digital learning 
materials. The feedback from teachers clearly shows that 
they spent more time on lesson planning when they were 
asked to prepare digital contents for e-learning than for 
asking online – real time deliveries. These planning 
requires help of Instructional designers. Therefore, 
teaching and learning is no longer an individual task. 
It has become a multi-disciplinary task which need the 
support of subject matter experts as well as instructional 
designers. Choosing of suitable blended learning format 
is crucial for a successful learning process. 

 Blended learning allows the learner to follow the 
Kolb’s learning cycle of concrete experience, reflective 
observation, abstract conceptualization and active 
experimentation. If the science education is delivered 
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in a blended learning mode, students can be given 
theoretical knowledge through electronic mode using 
audio and video-based materials, discussion forums, 
interactive lessons etc. Not only theoretical parts, but 
practical components can be also delivered through 
video recorded lectures and the assessments can be done 
face-to-face in a laboratory environment. (P.-E. Sautière, 
2019; Donkin, 2019; P.-E. Sautière, 2019) in addition to 
the virtual laboratories. 

Virtual Reality (VR) and Augmented Reality (AR) for 
Science Education
 Since most of the subjects in science education is 
having practical component, it is always a challenge 
for the educators to deliver the practical component in 
pure online mode. However, due to the advancement of 
technology, innovative tools have been developed to give 
the learner a near real life experience. One such technology 
is virtual reality programs. Virtual reality is creating a 
stimulated environment using computer technology. VR 
allows the learner to interact with 3D worlds. For this 
purpose, virtual laboratories can be established. Further, 
VR technology can be used in blended learning mode as 
well where the teacher can provide an opportunity for the 
students to practice in virtual laboratory before entering 
into physical laboratory. Furthermore, learner can be 
given the opportunity to experience the situations where 
they never might get such occasion such as stepping on 
the moon, getting onto a helicopter, watch the northern 
light etc. 

 Augmented reality enables the learner to experience 
a real-life environment in front of them. The AR systems 
builds a real-world environment with superimposed 
computer-generated images/graphics which makes 
changing the perception of reality. As an example, a 
learner will go through a forest with hearing all the 
sounds and seeing the wildlife moving there. These 
systems would give the learner the exact feeling of a real 
environment.  This kind of environment is widely used 
in driving simulators and flight simulators. 

 A virtual laboratory provides the opportunity to train 
students in safety procedures and how to use laboratory 
equipment before moving into the physical laboratory. 
This will minimize the damages to the equipment and 
improve the safety in labs. Virtual laboratories can also 
provide Kinesthetic learning to some extent. 

 On the other hand, today, the learner is more 
empowered with the technology and the educators 
should deal with the digital natives who are born to 
the technological world. Thus, using technology for the 
education process is becoming a paramount.  

 Therefore, it is important to find out the innovative 
ways of delivering the science education using modern 
technologies to overcome the challenges in traditional 
teaching/learning environment. 

Micro-learning for Science Education
 Micro-learning is referred to as ‘bit-sized” education 
as it breaks a subject into several short size lessons 
together with interconnected learning activities which 
are no longer than few minutes. Students feedback shows 
that they prefer short lesions with compared to lengthy 
lessons. It is recommended that a micro lesson be less 
than 15 minutes. Micro lessons enable the learner to 
assemble and remember course contents more efficiently 
and effectively as they are in shorter length. Further the 
course content is more focused to a specific sub topic.  
This allows the learner to locate the exact topic more 
easily especially during the time of examination in which 
searching of peace of knowledge should be supported.  
Flashcards and quiz books are known primitive forms 
of micro learning. The power of micro learning has 
been increased when these primitive micro learning 
techniques combined with modern technology. Micro 
learning has been very useful in adult learning too.

Gamification for Science Education 

 Gamification is the process of adding games 
mechanics to processes, programs and platforms that 
would not use such concepts traditionally.  Education 
industry also use gamification or game-based learning 
as a learning approach.  Gamifying educational content 
is one of the most interesting and effective learning 
methods developed recently. Gamification in learning 
is used to motivate the students to learn through video 
games. The objective of such gamification is to ensure 
that the learner engages with the learning process 
enthusiastically.  Also, a deeper and complex concepts 
in Science can be easily taught through gamification. 
(Hursen & Bas, 2019). The learner can be given points/
badges if she/he achieved an objective, solved a problem, 
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or proceeding to a new section etc. Also, the teacher can 
make a competition among the students in the classroom 
make them motivated for learning.  

More challenges to overcome 
 However, despite all the benefits and availability 
of the technology for e-learning, there are many other 
challenges that should be addressed. It is observed that 
lack of written policies for adopting e-learning will be 
the main barrier in e-learning implementation. Without 
proper guidance it is impossible to inculcate e-learning 
practices in a country and in the institutions. Therefore, 
development of e-learning policy is a must in today’s 
context. 

 Also, less preparation and lack of training given 
to the teachers on e-learning methods/tools is another 
challenge that majority are facing. Currently, not all 
Science teachers and students are technical oriented. 
Therefore, it is high time to integrate e-learning into the 
curricular and train the respective parties towards it.  

Further, shortages of devices for the teachers and 
students to connect to e-learning environment will be 
another massive problem that every community is facing 
at present. Moreover, Internet connectivity problems 
hinder the usage of e-learning mode. This problem of 
digital divide should be addressed in national level. 
However, as a solution, commonly accessible Television 
mode can be used in those instances. 

 Also, there is a less attention is given to the differently 
abled students in e-learning mode. In such situation 
the lesson script can be provided for the hard hearing 
students to follow. Furthermore, video transcription 
and voice-to-text applications and more advanced AI 
techniques can be used in this kind of situations.

 Security and privacy concerns are also a much-
neglected fact in e-learning mode, especially during 
the Covid-19 situation. Teachers used all the informal 
methods such as social media to distribute the lessons 

without think of personal data privacy. Also, the sensitive 
data can be stolen in the Internet environment. Therefore, 
it is always advised to access only the safe web link, open 
only reliable emails and update software regularly. 

 Further, it is much beneficial to use mobile e-learning 
platforms as majority of the teachers and students are 
using mobile phone than laptop/desktop computers.

 The science education should be empowered 
by using state-of –art technologies which allows the 
learner to equip with rich array of knowledge and to 
make unreachable knowledge reachable. Therefore, it 
is suggested to integrate the newest technologies into 
Science education to keep abreast with the digital 
disruption happened in the education industry.  
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Bioprospecting Endolichenic Fungi from lagoon associated mangrove 
ecosystems in Sri Lanka; An Untapped Treasure Trove for Discovery of 

Special Structures and Bioactive Compounds
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 Natural product chemistry has kept researchers on 
toes for many years owing to its distinctive caliber in 
providing new hopes to quench necessities of mankind. 
The uncovered metabolites have served in many aspects 
such as in food industry, energy generation, fabric 
production, and most importantly, drug discovery. Even 
though the focus of discovering new natural products 
mainly lingered around higher organisms such as plants, 
the discovery of penicillin from Penicillium notatum by 
Alexander Fleming in 1928 immensely shifted the focus 
towards microorganisms as more prominent    prospects1. 
The recent developments in discovering bioactive 
secondary metabolites from microorganisms have reached 
a peak due to the easiness in handling and minimum 
impact on the loss of biodiversity when obtaining 
sources. Hence lichens, inevitably, draw attention due 
to being a symbiotic product of such three Kingdoms; 
algae from Kingdom Protista and/or cyanobacteria from 
Kingdom Monera as the photobiont and filamentous 
fungi from Kingdom Mycota as the mycobiont. In 
my research, fungi which live asymptomatically on 
the thalli of this fascinating micro-environment, thus 
named endolichenic fungi (ELF), are explored in order 
to find new bio-active molecules. Since the initiation 
of the discovery of heptaketides from Corynespora sp. 
inhabiting the Cavern Beard Lichen, Usnea cavernosa 
conducted by my supervisor Prof. Priyani Paranagama2, 
the interest towards exploiting these captivating group 
of microorganisms have grown all over the world. So far 
such bio active compounds uncovered from ELF exceeds  
176 in number3. Sri Lankan records of polyketides 
obtained from ELF Penicillium citrinum and Curvularia 
trifoli isolated from lichens Parmotrema sp. and Usnea 
sp. respectively, also are included in the said listing4,5. 
The attention towards the ELF inhabiting the lichens 
found in mangrove eco-systems was inspired due to the 
assumption that the constantly changing and challenging 

environment to which the ELF are exposed can induce 
them to produce remarkable secondary metabolites. In 
the study conducted using the ELF inhabiting the lichens 
collected from mangrove associated plants of Puttalam 
lagoon6, some promising compounds were discovered, 
which included a cytotoxic compound from the ELF 
Xylaria psidii isolated from the lichen Amandinea 
medusulina7 along with two anti-oxidant and anti-
inflammatory compounds from Neurospora udagawa, 
two cytotoxic compounds from Talaromyces pinophilus 
and an antibacterial compound from Lasiodiploidia 
pseudotheobromae (in the process of being published). 
With such proven evidence, moving the next focus to the 
mangrove ecosystem of Negombo Lagoon was almost 
inevitable. The collection of lichens obtained from the 
“Kadol Kale” area of Negombo lagoon, which also is 
the first study of lichens conducted in the said area, 
consisted of 31 lichens. Following the identification of 
lichens conducted with the assistance of Dr. Gothamie 
Weerakoon (Senior Curator, National History Museum, 
London), it was found that the majority of the samples 
belonged to the Crustose category, which included 
Pyrenula ochraceoflava, Bactrospora myriadea, Graphis 
librata, Graphis furcata, Arthonia parantillarum, Arthonia 
antillarum, Opegrapha medusulina and Graphis  caesiella. 
The Foliose lichen Pyxine cocoes and Fruticose Roccella 
montagnei completed the variety of the collection. The 
total of 65 ELF, isolated from the aforementioned lichens, 
belonged to 26 different species after being identified 
using rDNA-ITS region sequence homology to the 
GenBank accessions under the supervision of Dr. Renuka 
Attanayake (Senior Lecturer, University of Kelaniya). 
Ethyl acetate crude extracts of these identified ELF were 
then used to screen for different bio activities. For this 
purpose, several bio assays were conducted to screen 
anti-oxidant, anti-inflammatory, tyrosinase inhibitory 
and anti-bacterial activities of the crude extracts. All the 
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extracts ultimately showed at least one of the potencies 
screened for, while some even surpassed the capacities of 
the positive controls they were compared with. Namely, 
the crude extracts of the ELF Hypoxylon anthochroum, 
Hypoxylon lividipigmentum, Curvularia lunata, 
Chaetomeum globusum showed anti-oxidant activity on 
par with the commercially available antioxidant butylated 
hydroxytoluene (BHT) and the same extracts showed 
comparable anti-inflammatory activity analogous to 
Aspirin which is in use as a remedy for inflammation. 
While showing anti-inflammatory activity, Xylaria 
feegenesis exhibited antibacterial activity for the three 
aerobic bacterial strains Escherichia coli, Bacillus subtilis 
and Staphylococcus aureus. Moreover, the extract of 
Curvularia lunata showed superior anti-bacterial activity, 
not only against the aforementioned aerobic bacterial 
strains but also against the anaerobic strain Streptococcus 
mutans (critically responsible for tooth decay) even 
exceeding the potency of chlorohexidine found in the 
market. In order to identify the real heroes behind these 
amazing abilities, many of the bioactive compounds have 
been and are being isolated using chromatographic 
techniques. With the collaboration of The National 
Institute of Pharmaceutical Education and Research, 
Ahmedabad, India of the Indo-Sri Lanka grant (funded 
by the Ministry of Science Technology and Research), the 
spectroscopic facilities needed to elucidate the structures 
of the isolated compounds will thankfully be fulfilled. 
The mutual exchange of knowledge and facilities between 
the two countries have immensely benefitted both the 
parties alike. 

 Almost at the last phase of my project, I’m eagerly 
waiting to be a contributor to the pharmaceutical industry 
at the inceptive level by providing them with a few novel 
bio active compounds to bring to the market. With 
crossed fingers, I sincerely hope that they will be able to 
give better curing abilities with less side effects or become 
solutions to overcome issues such as antibiotic resistance. 
No matter how many medicines are already in use, the 
need for new drugs will never be extinguished. Hence, 
the search for new bioactive compounds from natural 
sources will never go out of trend. And I’m humbly proud 
to be an active researcher adding to the knowledge pool 

of this unceasing demand of drug discovery. 
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The new era of biochar in environmental chemistry: Microcarbon materials
Sammani Ramanayaka

Ecosphere Resilience Research Centre, University of Sri Jayewardenepura

 Biochar is renowned as a solid carbonaceous material 
which is commonly used in various environmental 
applications; as a material for soil amendment, 
sustainable option for solid waste management, 
wastewater treatment, and carbon sequestration. Natural 
organic waste material such as wood waste, compost 
residue, rice husk, corn cob, coconut and fruit shells (e. g. 
Dorian shell) are some of the feedstock materials utilized 
in the production of biochar. Specific properties, such 
as biochar yield, elemental composition, surface area, 
and porosity, are governed by feedstock characteristics, 
the production process, temperature, and residence 
time [1]. The relative fractions of lignin, cellulose, and 
hemicellulose in lignocellulosic biomass also play a major 
role in the dominant properties of the final biochar 
product [2]. Considering these exceptional and various 
properties, biochar is now being explored for energy 
production, use in electrodes, supercapacitors, and 
sensors and healthcare applications [3]. Nevertheless, 
scientists have introduced different modification 
methodologies to enhance the inherent properties of 
biochar. 

 Preparation of biochar based composites and 
biochar/nanocomposites are some of the successful 
modifications. However, activation of biochar has 
gained the most exceptional research attention due to 
the simplicity of the method. Physical and chemical 
activation processes are the two major types of activation 
techniques; each can be further separated into pre and 
post-modification processes [4]. However, based on the 
chemical-free green production pathway, the milling 
process, which is a physical modification, has gained 
the most considerable attention. Therefore, enhancement 
of properties by reducing the particle size into colloidal 
and nanocarbon has initiated the new era of biochar, 
introducing a paradigm shift in biochar research. 
Mechanical grinding of biochar using a ball mill is 
the prominent preparation method of nanobiochar. 
Macroscale biochar (particle size of 1 µm or higher) has 
been ground to the nanoscale to produce nanobiochar 
(NBC), which is <100 nm at least in one dimension [5]. 

When the ground biochar dissolved in water or ethanol 
and centrifuged, it separates the nanobiochar fraction. 
Colloidal biochar is an intermediate product in the 
preparation process of nanobiochar, which presents in 
size range of 1 µm – 100 nm. 

 Nanobiochar demonstrates higher surface area to 
mass ratio, excellent adsorption potential, and other 
prospective applications, for instance, as a sensor, 
capacitor and photocatalytic material. Scaling down 
biochar to the nanoscale, using a top-down approach, is 
the most common method to prepare nanobiochar. The 
very first successful attempt of nanobiochar preparation 
has been carried out by Liu et al 2013 using sawdust 
biochar to form a solid acid catalyst using a fast pyrolysis–
sulfonation process [6]. An interesting study that is 
unique has been conducted to produce nanobiochar 
using pretreatment and high-temperature thermal-
chemical flash exfoliation for corn cob. Production of 
carbon nanosheets with a high specific surface area 
without the milling process was revealed through this 
study [7]. In 2016, Oleszuczuk and colleagues reported 
the first publication on nanobiochar characterization. 
They produced various nanobiochars which, upon the 
characterization, showed considerable structural and 
chemical differences to their macroscopic counterparts 
[8]. Similar research interest has been exhibited for 
colloidal biochar as well. The very first study on a 
colloidal fraction of biochar reported in 2017 by Kumari 
et al 2017 to assess the effects on the dispersibility of 
biochar colloids in agricultural soils. Nevertheless, no 
studies published in 2018 and from 2019 onwards a 
considerable increase in the number of studies can be 
observed up to date.  

 Nanobiochar has been used in many different 
purposes; as a material for contaminant removal, catalyst, 
sensing material, and battery industry. Both organic 
and inorganic substances, potentially toxic elements 
[Ni(II) and As(III)], agrochemicals (phenanthrene) and 
pharmaceuticals (Carbamazepine) have been examined 
for their removal using nanobiochars with a 94.7% 
increment in adsorption capacity was observed with 
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increased milling time from 3 to 6 hrs for pinewood 
nanobiochar [9]. Compared to carbonaceous materials, 
such as activated carbon, carbon nanotubes, and 
graphene oxides, pinewood NBC demonstrated higher 
adsorption capacity for organic substances specifically 
for carbamazepine (95%) [9]. Rice straw derived NBC 
was mixed with goethite to form a composite that 
was then used to remove phenanthrene indicated a 
maximum adsorption capacity of 253.9 mg/g at 700 °C 
[10]. Interestingly, literature revealed that NBC disperses 
minerals, becomes efficient adsorbents and at the same 
time, potential vectors for organic contaminants via 
forming stable clusters in the environments [11], [5]. 

Colloidal biochar similarly demonstrates high adsorption 
capabilities. Safari et al. 2019 have demonstrated the 
removal of Cu(II) with a maximum adsorption capacity 
of 22 mg/g [12]. Despite adsorptive removal, colloidal 
biochar demonstrated its possibility of transport of 
biochar colloids in porous media. Literature confirms 
the high stability and mobility of colloidal biochar over 
macrobiochar and it becomes more hydrophilic with 
the time. However, the research on colloidal biochar is 
limited. 

 Recently our research group at the Ecosphere 
Resilience Research Centre, University of Sri 
Jayewardenepura has published a study on the removal 
of both organic (i.e. Oxytetracycline and glyphosate) and 
inorganic contaminants (i.e. Cd(II) and Cr(VI)) using 
nanobiochar as an adsorbent [13]. The nanaobiochar 
used in this study presented a graphitic nature which 
was unique. This nanobiochar was produced by dendro 
biochar which was a by-product of a dendro power 
industry. The disc milled biochar was dispersed in 
ethanol and the nano fraction of biochar was separated 
using the density separation method. In another study 
which is under revision, the efficiency of adsorptive 
removal between macro, colloidal and nanobiochars 
was compared for antibiotics in synthetic hydrolyzed 
human urine and observed that colloidal biochar 
demonstrates an efficient removal capacity over macro 
and nanobiochar. Nevertheless, more studies are needed 
to assess the adsorptive removal as well as their enhanced 
capacities to be used in other fields of science, i.e. battery, 
capacitors, sending etc. The next generation biochar 
applications depict a range of new fields which will have 
a paradigm shift from the conventional biochar research.
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Glowing the nano-bio world
Aashani Tillekaratne

Department of Chemistry, University of Colombo

Introduction

 Nanotechnology is a common technological term 
in the current world, and it has received wide attention 
of scientists, medical personnel, and the public, due 
to its vast variety of applications ranging from your 
food plate and water bottle to more sophisticated 
industries. In technical terms, a nanoparticle has one 
of its dimensions within the range 1 – 100 nm. The size, 
shape, morphology, surface functionalities and the type 
of the nanoparticle decide its suitability to be used in an 
application. Nanomaterials are used in many chemical 
industries as catalysts to facilitate chemical reactions. 
Recently, their use in biomedical applications has gained 
much attention as they have been used in biosensors as 
well as in biomedical imaging.

Fluorescent silica nanoparticles

 Biological imaging itself is a broad topic to be 
discussed but here, our focus would be to discuss biological 
imaging with the use of ‘glowing’ nanoparticles. The term 
‘glowing’ may sound too general and therefore, let us 
focus our attention only on fluorescent nanoparticles. 
Fluorescent nanoparticles are mainly of two types. They 
are, those that can emit a specific fluorescence signal on 
their own (e.g. quantum dots) and those that need to be 
tagged with fluorescent labels (e.g. mesoporous silica 
nanoparticles)1. This article will focus on fluorescent silica 

nanoparticles and some of their popular applications in 
the chemical and biological world.

 Silica nanoparticles are very easily synthesized by 
the traditional Stöber method which was developed 
by Werner Stöber and co-workers2 in 1968. This sol-
gel method by far is the most popular method used in 
the synthesis of silica nanoparticles using an alkoxide 
precursor such as tetraethyl orthosilicate as the precursor 
in ethanol medium in the presence of an acid catalyst or a 
base catalyst. However, in the preparation of fluorescent 
silica nanoparticles, reverse microemulsion method 
has proven to be more successful in the “doping” of the 
fluorescent dye molecules to the nanoparticle. 

The reverse microemulsion method

 We are mostly familiar with the term “emulsions”. An 
emulsion is a dispersion of immiscible liquids and it is 
not thermodynamically stable, whereas a microemulsion 
which generally consists of a polar phase (usually 
water), oil phase and a surfactant is thermodynamically 
stable.  Schulman et al., proposed this magic word 
called “microemulsion”3 as early as 1959. The interfacial 
region between the oil phase and the water phase, which 
is formed by the surfactant, may contain oil droplets 
dispersed in a continuous water phase or water droplets 
dispersed in a continuous oil phase. The former is called 
an oil-in-water (O/W) microemulsion and the latter is 
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called a water-in-oil (W/O) microemulsion4. It is the 
water-in-oil microemulsion that we are interested in, as 
these water droplets act as nanoreactors in the synthesis 
of fluorescent silica nanoparticles which facilitate the 
effective conjugation or “doping” of the dye molecules 
to nanoparticles. Water-in -oil microemulsions are also 
called reverse micelles and in a reverse micelle, polar 
head group of the surfactant is towards the water phase 
with the non-polar tail is directed outwards into the oil 
phase (Figure 1).

 The advantages of reverse microemulsion synthesis 
are; (1) the method does not require extreme conditions 
of temperature and pressure, and (2) the particle size and 
shape can be controlled by varying the microemulsion 
parameters.

Figure 1: A representation of a reverse micelle

The synthesis of fluorescent silica nanoparticles using 
reverse microemulsion method5

 The nanoparticles can be turned into fluorescent 
particles by doping with a fluorescent dye molecule 
such as fluorescein, rhodamine, ruthenium dyes or any 
other fluorescent dye. The first step in this synthesis is 
to synthesize the dye conjugate using a linker molecule 
such as 2-aminopropyltriethoxysilane which will then be 
added to the reverse microemulsion formed by dissolving 
a surfactant in a hydrocarbon oil such as cyclohexane 
or heptane, or a mixture of hydrocarbons. In some 
instances, in addition to a surfactant, a co-surfactant is 
also used in the preparation of the microemulsion. In this 
microemulsion, an alkoxide precursor can be reacted in 
the presence of an acid or a base catalyst to form the silica 
nanoparticles. As mentioned earlier, the water droplets 
dispersed in the oil phase act as nanoreactors in which 
the nanoparticles are formed which are simultaneously 
doped by the fluorescent dye by making a link between 
the nanoparticle and the dye molecule via the linker 
molecule used in the synthesis of the dye conjugate. 
These nanoparticles can then be functionalized to have 
various functionalities such as carboxyl group or amino 
group on the nanoparticle surface, to facilitate its further 
conjugation to biological molecules like antibodies 
(Figure 2). These bioconjugated nanoparticles can be 
used in a variety of further applications.

Applications of bioconjugated fluorescent silica 
nanoparticles 

 Bioconjugated fluorescent silica nanoparticles are 
used as a popular fluorescence probe in biology and 

Figure 2: The sequential attachment of different moieties to produce the antibody-conjugated fluorescent silica 
nanoparticles.
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medicine, in the detection of bacteria, biomolecules 
and cancer cells. The ease of functionalization of the 
silica nanoparticle surface makes this a reality and these 
nanoparticles show excellent photostability compared to 
free fluorescent dyes, which enables their use in biological 
imaging and biomedical imaging applications. These 
nanoparticles are also used in drug delivery systems. 

 Through antigen-antibody interactions, these 
fluorescent nanoparticles can be used as probes for 
identification of whole bacterial cells and cancer cells 
such as breast cancer cells.6-12 They can also be used 
in the synthesis of multifunctional probes for imaging 
cells, tissues and other organs, as well as in delivering 
therapeutic agents.13,14 They can further be used for live 
cell and in vivo bioimaging.15 Apart from their use in 
bioimaging applications, they have also been used in 
biosensors.16-21

Concluding remarks

 Fluorescent silica nanoparticles have the unique 
properties such as strong fluorescence intensity, 
excellent photostability and ease of surface modification 
which makes them suitable candidates in bioimaging, 
biomedical imaging and development of biosensors. 
The low cytotoxicity of silica nanoparticles compared 
to other fluorescent nanoparticles such as quantum 
dots ensure their safe use in biological systems, such as 
in bioimaging of cancer cells and also in targeted drug 
delivery. Although it is a research area that is widely 
studied, new modifications resulting in new applications 
in biomedical field, bio sensors as well as in theranostics 
keep emerging. 
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Water – The Life Saver
K. Sarath D. Perera and Ovini N. Malawalaarachchi

Department of Chemistry, The Open University of Sri Lanka

 

 Water is a truly amazing resource on Earth that 
nature offers us absolutely free of charge, and it is ranked 
second only to oxygen as being essential for life. More 
than 70% of the Earth’s surface is covered with water. 
However, fresh water comprises only 2.5% of the total 
water content on Earth and the rest is too salty to use. 
From the available fresh water content, less than 1% 
is easily accessible for Earth’s biota. These accessible 
fresh water sources are streams, lakes, reservoirs and 
underground sources.

Figure 1: Percentage distribution of water on Earth

Biological availability in human body

 More than half of the body weight is made up of 
water. The quantity of water in our body is determined 
in particular by the age: young people have a higher 
quantity of water in their bodies than old people. Hence, 
as we grow older the quantity of water present in our 
organs diminishes. Furthermore, distinct parts of the 
human body contain different quantities of water as it 
depends on the function of the different organs of our 
body.
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Importance of water

The human body can resist only a few days without 
water! Without food, we can survive much longer!

Water Therapy: Begin to drink water early in the 
morning…

       In the early morning, drink 3 glasses of fresh drinking 
water (1.0 liter). It is essential to note that nothing else 
– neither drinks nor solid foods should be taken within 
the one hour before and after the therapy.

 Without spending money on medicine, tablets, 
injections, diagnosis and doctor fees, just by drinking 
fresh water, one will find that many diseases (headache, 
blood pressure, anemia, obesity, arthritis, rheumatism, 
cough, asthma, bronchitis, meningitis, constipation, 
diabetes, kidney stones, urogenital diseases, hyperacidity, 
gastroenteritis, eye diseases, irregular menstruation, 
leukemia, uterine cancer, breast cancer, tuberculosis etc.) 
can be cured. Therefore, consuming water regularly helps 
to purify the human body and restores good health.

Daily requirement and uses of water

 Every day, our body loses 2-3 quarts (8-12 glasses) 
of water through sweat, urination and evaporation. 
Therefore, it is important to drink at least 8-12 glasses 
(2.5 liters) of water per day to maintain a healthy body 
and to avoid heat strokes or exhaustion.

 Water travels throughout the body carrying 
nutrients, oxygen, and wastes to and from the cells and 
organs. Moreover, it takes part in regulating the body 
temperature and helps to maintain a healthy weight 
by assisting the digestion and absorption of food. 
Furthermore, it cushions the joints, and protects the 
tissues and organs from vibrations, and acts as a lubricant 
in the joints, mouth and digestive system. Water is really 
important for maintaining hygiene, and to prevent 
proliferation of harmful bacteria in our body and to avoid 
their transmission to others. 

 In addition to that, water is especially valuable for 
sustaining life. Water is used for domestic, commercial, 
agricultural, irrigation, industrial, mining, livestock, 
hydro-power generation and public supply as well as 
for many other purposes. These categories of water 
usage show continual increase due to the increasing 

population, urbanization, and industrialization. 
Therefore, inadequate access to safe drinking water has 
become a significant problem. Therefore, it is essential 
to make incremental efforts to keep the drinking water 
quality at the highest achievable level: as the quality of 
water is extremely important for the health and well-
being of all living creatures.

Water Pollution

 Water pollution has become a severe environmental 
problem mainly due to the extensive anthropogenic 
activities: direct or indirect discharging of effluents 
containing toxic materials into water ways without proper 
treatment which causes chemical, physical and biological 
changes in water bodies. Hence, the depletion of suitable 
water quality causes life threatening waterborne diseases 
like cholera, typhoid, diarrhea, bowel diseases, and 
chronic illnesses in those people who rely on these water 
sources for their domestic activities.

Figure 2: Water Pollution

 Organic contaminants (polychlorinated biphenyls, 
pesticides and herbicides, petroleum wastes and organic 
phosphates etc.), inorganic contaminants (heavy metals, 
nitrates, fluorides and phosphates etc.), microbial 
contaminants (virus, bacteria, fungi, protozoa and 
pathogens etc.), radioactive contaminants (radio nuclides 
(Pu), by-products of nuclear fusions, nuclear reactors and 
explosive wastes etc.), sewage, sediments and heat are the 
major pollutants which contaminate the water bodies.

 Therefore, waste water needs to be properly treated 
before being discharged into the environment or reused 
by the population to maintain the water cycle and long-
term sustainability.

Water purification techniques

 Water purification is the process of removing 
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harmful contaminants from contaminated water and 
making it suitable for reuse, drinking or irrigation. 
With the improvement of science and technology, a 
wide range of water purification techniques ranging 
from simple water boiling through biological water 
purification using organisms, to chemical treatments 
have been introduced. These are different methods used 
in water purification; Boiling, distillation, filtration 
(slow sand filtration, rapid sand filtration, ceramic 
filtration, charcoal filtration etc.), membrane filtration, 
deionization, ion exchange, adsorption, biological 
treatment, chemical disinfection methods (chlorination, 
hydrogen peroxide disinfection etc.), solar disinfection 
ozone disinfection and electrochemical treatment. 
It is difficult to implement these techniques due to 
various factors like high installation cost, complexity, 
requirement of high level of expertise knowledge and 
less awareness among the population to reuse treated 
effluent. Therefore, nanotechnology is being used to 
develop effective strategies to minimize limitations 
associated with water purification techniques due to its 
unique physicochemical and surface properties.

Nanotechnology for water purification

 Water purification using nanotechnology exploits 
nanoscopic materials like carbon nanotubes, graphenes 
and alumina fibers. The impurities that nanoparticles 
can tackle depend on the stage of water purification to 
which the technique is applied.

 Carbon based nanomaterials (carbon nanotube 
membranes, graphene etc.) have been used to remove 
almost all kinds of water contaminants including 
turbidity, heavy metal ions, organic dyes, oils, bacteria 
and viruses. Nanofibrous alumina filters and other 
nanofiber materials are used to remove contaminants 
such as viruses, bacteria, and organic and inorganic 
colloids at a faster rate than conventional filters. Metal 
oxide nanoparticles (iron oxide, zinc oxide, magnesium 
oxide, and titanium oxide etc.) are the other important 
nanomaterial that is used in water purification. 
Nanosensors based on palladium nanoparticles are also 
used for the analytical detection of contaminants in water 
bodies.

 The neat nanoparticles also contain certain 
drawbacks such as poor stability with reduced size, 

easy agglomeration, reduced adsorption capacities 
and difficulty in separation after its usage in water 
purification. Hence, neat nanoparticles are incorporated 
into porous supporting materials like activated carbon, 
clay minerals, zeolites, natural and synthetic biopolymers 
and apatite. 

 Nevertheless, further research may of course explore 
all possibilities to find the best solution, not only for 
purifying water, but also for harvesting it, e.g., Metal 
organic frame-works are porous materials with a sponge-
like chemical structure, which can be used to harvest 
drinkable amounts of pure water from the dry desert 
air. It requires no extra energy and can be used in the 
presence of natural sunlight. 

 

“A drop of water is worth more than a sack of gold to 
a thirsty man”

If you save water, it will save you, because water is the 
driving force of all nature. Therefore, all human beings 
need to be a part of the solution, not part of the pollution.
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Basics of Patenting for Scientists
M. N. Kaumal

Department of Chemistry, University of Colombo

 Scientific findings are published in multiple platforms 
such as journal articles, abstracts and theses. Intellectual 
assets of those findings have become freely accessible 
and used by other parties in order to gain commercial 
advantages. This can demotivate scientists, innovators 
and investors to create knowledge with commercial 
value and to invest in product development. The patent 
system is the legal mechanism to protect the right of 
obtaining commercial advantages from intellectual assets 
or properties. These intellectual properties (IP) can be 
divided into multiple categories, based on the properties 
of the IP as follows: 

Category 1. 

 Literary; artworks, scientific publications and novels 
are a few examples for this category. These creations can 
be protected under the law related to copyright. In most 
countries, the software can also be protected under 
copyright law.  

Category 2. 

 A television program or recorded musical program 
that is based on Copyrighted materials such as songs 
and music can be protected under the law concerning 
Copyright Related Rights. 

Category 3. 

 Any scientific invention of a tangible product which 
can be protected using law related to Patent.

Category 4. 

 A shape of a product package or a design of a 
product which can be protected using the law related to 
the Industrial Designs or the law related to Copyright.   

Category 5. 

 Trademarks, commercial names and marks can be 
protected using law related to Trademark.

 Obtaining a patent for an IP created in a University 
research is not common in Sri Lanka. The outcome of a 
research project may not be patentable always, however, 
when required, it is essential to protect the created IP 
to obtain benefits. It is common practice to retain the 
ownership of the invention by the institute in all leading 
Universities around the world. However, the research 
team will be listed as inventors in the Patent document 
and economic benefits will be shared among the inventors 
and the University.   

 Reverse engineering or copying an invention must 
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be legally stopped to obtain economic benefits from 
inventions. This legal protection can be acquired by 
obtaining a Patent for the invention. Most Universities 
have many patents under them, and they provide licenses 
to outside parties for commercial use of IP by paying 
a fee. This fee can be a one-time payment or a royalty 
payment, based on the earnings.  Patent-based legal 
protection is territorial, and multiple patents must be 
obtained to protect an invention in several countries 
or territories. For example, for an invention, a patent 
obtained in the USA is only protecting the rights of the 
inventor within the USA. Anyone in Sri Lanka can copy 
the invention and reproduce it, however, someone in the 
USA cannot copy and reproduce it. Even though it can 
be reproduced in Sri Lanka, it cannot be exported to the 
USA but can be exported to India or any other country. 
To have protection in India, the inventor must obtain a 
patent from India. 

The owner of the patent has few main rights. They are;

1. Only the owner of the patent or a party/parties 
authorized by the patent owner can produce/sell 
the product protected by the patent 

2. Only the owner of the patent or a party/parties 
authorized by the patent owner can export or import 
the product to a territory protected by the patent. 

3. Owner of the patent or a party/parties authorized 
by the patent owner can take legal action against 
unauthorized use (infringement) of the patent

 However, these rights are only limited for 20 years. 
After this period, it will become open to anyone to use 
with no legal restrictions. When an application is lodged, 
a qualified application can obtain a patent. However, after 
the initial period, the owner must pay an annual fee to 
maintain the patent. In most countries, obtaining and 
maintaining patents are expensive processes. 

Obtaining a Patent 

 Even though many scientists perform a literature 
search before starting a research in scientific journals   
they only contain limited details related to current 
knowledge.  Most of the current knowledge related to 
inventions are published as patents and can only be found 

in Patent documents. Also, some countries such as Japan, 
China and Korea publish patent documents using the 
native language, making it possible to miss some recent 
scientific findings. Hence, it is essential to perform a 
proper literature search and a Prior art search before 
starting a research project to avoid repetition.

 Identification of patentable work is essential to 
obtain a Patent. The scientific finding must be tangible 
and novel. It must not have been reported in any form by 
the inventor or any other. Hence, it is advisable to submit 
the patent application before submitting an abstract or 
a journal manuscript. Some countries provide a grace 
period to obtain the patent even after publishing, but 
this can be complicated and have many disadvantages. 
The second criterion to obtain a patent is that an 
invention must not be an obvious fact to a person with 
enough knowledge in the relevant field. For example, 
when a compound with acidic properties is mixed with 
an oxidizing compound, the mixture has both these 
properties, and a person with a considerable chemistry 
knowledge shall know the properties of the resultant 
mixture. However, if the mixture exhibits a new property, 
that is not obvious, that finding can be a patented as an 
invention. This criterion is also known as the inventive 
step of innovation. The third and last condition that must 
be satisfied by an invention to be patented is that the 
innovation must have an industrial usage. Any invention 
that fulfils these conditions is eligible to obtain a patent. 

Drafting a patent application requires a special set of 
skills. The first step is to perform a patentability search 
to confirm that the invention is eligible to be patented. 
The next step is to draft the patent application, which 
must be done targeting the territory/country in which 
the patent application is filed. If the patent is granted, a 
validity period of 20 years is counted usually from the 
day it was filed, and that day is referred to as the priority 
date. However, the evaluation of the application is a long 
process, the date on which the Patent Office will publish 
the patent can be a few years after applying and is known 
as the publication date. 

 After filing the first application, the inventor has 
a period of one year to submit another application to 
obtain a patent for a different territory/country. However, 
an inventor who wishes to protect multiple territories 
can use the PCT (Patent Cooperation Treaty)-based 
application path. In this path, the application can be 
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submitted to a national office or to the WIPO (World 
Intellectual Property Office) to obtain an international 
search report. The main advantage is that the inventor 
has 30 months to apply to any territory/country. Also, 
an international search report can reduce the cost and 
time to review any application submitted to a territory/
country. 

How to use a Patent?

 Submission of an application for a patent must have 
a proper commercial plan to obtain benefits. Before 
applying or obtaining the patent, it is difficult to expose 
all the information to a commercial partner. Hence, 
entering the patenting process always provides better 
chances of finding the most suitable commercial partner. 
A patent never gives the right for the owner to produce 
and sell the invention, it only stops others from using 
the invention without the consent of the inventor. It is 
essential to find out when the product described by the 
patent is produced whether that can infringe any other 
patent. This investigation before the use of a patent is 
known as the freedom to operate search.  

Important Links 

Free Patent database to perform a Prior art search 

(a)  Google Patent (maintained by Google): https://
patents.google.com

(b)  PATENTSCOPE (maintained by WIPO):: https://
patentscope.wipo.int 

(c)  Espacent (maintained by European Patent office): 
https://worldwide.espacenet.com 

Patent office 

(a)  NIPO (National Intellectual Property Office): 
https://www.nipo.gov.lk

(b)  USPTO (United States Patent and Trademark 
Office): https://www.uspto.gov 

(c)  WIPO (World Intellectual Property Office): https://
www.wipo.int 
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Chemical composition of leaf  

The main classes of phytochemicals present in an aqueous leaf extract are flavonoids, glycolipids, 
alkaloids, aromatic hydrocarbons, phenols, sugars, steroids and terpenes (Fig 01). The terpenes 
identified in oil samples are mainly mono and sesquiterpenoids. The composition of oil is as 
follows1;
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A             B              C             D           E              F

Figure 01: Thin layer chromatogram of crude aqueous leaf extract of A. glabra observed under 
UV light at (A) 254 nm (B) 360 nm (C ) 360 nm, showing flavonoids (D) showing glycolipids (E) 
alkaloids and aromatic hydrocarbons (F) Phenols, sugars, terpenes, steroids.2
C, D, E and F are treated with spray reagents.

Dengue Fever

 

β-Caryophyllene (21.5 %),  

Germacrene D (17.7 %),  

α-Cadinol (5.4 %)  

β-Elemene (5.2 %) 

α-Phellandrene (4.3%) 

α- Caryophyllene (3.6%) 

 

Annona glabra Leaf Extract as a Dengue Mosquito Larvicide
S. R. Wickramarachchi1 and L. D. Amarasinghe2

1Department of Chemistry, University of Kelaniya
2Department of Zoology & Environmental Management, University of Kelaniya

Annona glabra

 A. glabra is a tropical fruit tree belonging to the family 
Annonaceae and related to several commercially grown 
Annona species, including A. cheromola (cherimoya), 
A. muricata (soursop), A. reticulata (custard apple or 
bullock’s heart) and Annona squamosa (sugar apple). 
It is commonly known as pond apple, alligator apple 
swamp apple, corkwood, bobwood, and monkey apple.1 . 
A. glabra is native for North, South and Central America 
and West Africa. It is regarded as an invasive weed in 
Sri Lanka and Australia where it grows in estuaries and 
chokes mangrove swamps. The tree grows up to 12 m in 
dense thicket. The trunk is narrow and gray in colour and 
the leaves are ovate to oblong. The upper surface of the 
leaf is light to dark green. Leaves have a distinct smell, 
similar to green apples, which makes it distinguishable 
from mangroves.

Uses 

 The fruit is edible and can be made into jam. It is a 
popular ingredient in fresh fruit drinks in Maldives. The 
crushed seed cooked in coconut oil was applied to get rid 
of head lice in older days. A. glabra is used in traditional 
medicine against several human ailments and disorders 
such as constipation, fever, ulcers and tumor including 
cancer.

Chemical composition of leaf  

  The main classes of phytochemicals present in an 
aqueous leaf extract are flavonoids, glycolipids, alkaloids, 
aromatic hydrocarbons, phenols, sugars, steroids and 
terpenes (Fig 01). The terpenes identified in oil samples 
are mainly mono and sesquiterpenoids. The composition 
of oil is as follows1;   

Annona glabra

Figure 01:  Thin layer chromatogram of crude aqueous 
leaf extract of A. glabra observed under UV light at (A) 
254 nm (B) 360 nm (C ) 360 nm, showing flavonoids 
(D) showing glycolipids (E) alkaloids and aromatic 
hydrocarbons (F) Phenols, sugars, terpenes, steroids.2

C, D, E and F are treated with spray reagents.

Dengue Fever

 Dengue is a mosquito borne tropical disease. 
According to statistics 390 million infections per year are 
reported worldwide. Common symptoms of dengue are 
high fever, headache, vomiting, muscle and joint pains 
and a characteristic skin rash. It is an arboviral disease 
of humans that has four distinct serotypes of dengue 
virus (DEN 1–4).  The mosquito, Aedes aegypti, is the 
main vector responsible for virtually all dengue virus 
serotypes causing dengue fever, dengue hemorrhagic 
fever and dengue shock syndrome. Aedes albopictus 
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has been considered as a vector in which the DENV is 
maintained but does not contribute to the transmission 
rate in epidemics. Both species of Aedes mosquitoes are 
primarily container breeders and they thrive in both 
clean and organically rich water in both natural and 
artificial containers.

   

Aedes aegypti (female)3 Aedes albopictus (female)3

Control of Dengue Fever 

 No vaccine is currently available for any of the 
Dengue viral fever types. The disease prevention is 
mainly achieved by controlling the mosquito population. 
Traditional methods use chemical pesticides targeting 
both adults and larvae. DDT and malathion were widely 
used to control all mosquito vectors in the past.   

Mosquito Larvicides

 Larvicides are among the main tools in recent 
mosquito control programs. The most widely used 
larvicides are organophosphates such as Temephos, 
Methoprene and biological control by Bacillus 
thuringiensis israelensis (Bti). Since the larvicides are 
applied to either natural or artificial bodies of water, 
they must be harmless to beneficial and other nontarget 
organisms, including humans. Effect on non-target 

populations, high toxicity to mammals, bioaccumulation 
in non-target organisms, non-biodegradable nature, 
ecological imbalance, the emergence of refractory vector 
behaviour and environmental pollution are some of the 
drawbacks of synthetic chemical insecticides. Hence, 
there is a high demand for botanical based natural 
insecticides.  

Annona Extracts as a Larvicide 

 It is reported that the genus Annona shows strong 
insecticidal properties. According to reports A. crassiflora 
shows larvicidal activity against Ae. Aegypti.  A. squamosa 
have a larvicidal activity against Ae. albopictus and Culex 
quinquefasciatus. Seed extract of A. muricata shows 
larvicidal activity against Ae. aegypti.4  

Larvicidal Efficacy of A. glabra

 Ethanol stem bark extract of A. glabra is larvicidal 
to Ae. aegypti.5 A. glabra aqueous leaf extract shows 
larvicidal properties on Ae. aegypti and Ae. Albopictus 
(5.94 mg/L and 5.00 mg/L respectively) (Figure 2 & Table 
01).4 

 A. glabra nano formulations of silver has shown 
enhanced larvicidal efficacy on Ae. aegypti and Ae. 
Albopictus (LC50 = 2.51 mg/L and  2.43 mg/L respectively)
(Figure 3 and Table 02).4 

Larvicidal Efficacy of A. glabra

Ethanol stem bark extract of A. glabra is larvicidal to Ae. aegypti.5 A. glabra aqueous leaf extract 
shows larvicidal properties on Ae. aegypti and Ae. Albopictus (5.94 mg/L and 5.00 mg/L 
respectively) (Figure 2 & Table 01).4 A. glabra nano formulations of silver has shown enhanced 
larvicidal efficacy on Ae. aegypti and Ae. Albopictus (LC50 = 2.51 mg/L and  2.43 mg/L 
respectively)(Figure 3 and Table 02).4

(a) (b) 

(b)  

Figure 02: Mean mortality percentage of A. glabra leaf extract on Ae. aegypti and Ae. albopictus
larvae at different concentrations; (a) after 24 h and (b) after 48h exposure

(a) (b)

(c ) (d)

(b) (a) 

 

 

(a) (b) 

 

(c) (d) 

Figure 02: Mean mortality percentage of A. glabra leaf extract on Ae. aegypti and Ae. albopictus larvae at different 
concentrations; (a) after 24 h and (b) after 48h exposure
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Larvicidal Efficacy of A. glabra

Ethanol stem bark extract of A. glabra is larvicidal to Ae. aegypti.5 A. glabra aqueous leaf extract 
shows larvicidal properties on Ae. aegypti and Ae. Albopictus (5.94 mg/L and 5.00 mg/L 
respectively) (Figure 2 & Table 01).4 A. glabra nano formulations of silver has shown enhanced 
larvicidal efficacy on Ae. aegypti and Ae. Albopictus (LC50 = 2.51 mg/L and  2.43 mg/L 
respectively)(Figure 3 and Table 02).4

(a) (b) 

(b)  

Figure 02: Mean mortality percentage of A. glabra leaf extract on Ae. aegypti and Ae. albopictus
larvae at different concentrations; (a) after 24 h and (b) after 48h exposure

(a) (b)

(c ) (d)

(b) (a) 

 

 

(a) (b) 

 

(c) (d) 

Figure 03. Percentage mortality ± SD of Ae. aegypti and Ae. albopictus after exposing (a & c) 24 hours (b & d) 48 
hours to different concentrations of A. glabra nano formulations of silver. (a & b) Plant extract : AgNO3,  1:10 (c & 
d) Plant extract : AgNO3,  2:10

Table 01: Larvicidal activity of A. glabra crude leaf extract against Ae. aegypti and Ae. albopictus

Table 02:  Larvicidal activity of A. glabra nano formulations of silver against Ae. aegypti and Ae. albopictus

Mosquito species Exposure period 
(hours) LC50 (mg/L)

95 % confidence interval for LC50

LCL (mg/L) UCL (mg/L)

Ae. aegypti
24 5.94555 5.33000 6.55850

48 3.54850 3.06765 3.99527

Ae. albopictus
24 5.00402 4.43068 5.55518

48 2.73467 2.31874 3.11563

Product Mosquito 
species

Exposure 
period (hours)

LC50 
(mg/L)

95 % confidence interval for LC50

LCL (mg/L) UCL (mg/L)

Plant extract : 

AgNO3 

1: 10

Ae. aegypti
24 5.29 5.08 5.49
48 1.51 1.34 1.65

Ae. albopictus
24 3.02 2.86 3.17
48 1.14 1.01 1.33

Plant extract:

AgNO3 

2:10

Ae. aegypti
24 2.43 2.19 2.45
48 1.17 1.01 1.36

Ae. albopictus
24 2.51 2.4 2.64
48 2.10 2.01 2.18
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Summary: Dengue is a widely spread arboviral disease 
of humans. It is mainly transmitted by mosquito vectors, 
Aedes aegypti and Aedes albopictus. A. glabra is an 
invasive weed in Sri Lanka. Annona sp. are known to 
possess insecticidal properties. A. glabra is larvicidal to 
A. aegypti and A. albopictus.
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 In an insertion reaction, Y gets transferred on to 
a ligand (AB). This can be considered as a migration 
reaction as shown below. 

M

Y

(AB) M (AB) Y
L

M

L

(AB) Y

 Hence, these types of reactions are also known as 
migratory insertion reactions. In almost all cases, Y is 
a mono anionic ligand while AB is a neutral ligand with 
a multiple bond between A and B. Often, the first step 
of the insertion or migration reaction can be reversible; 
coordination of a suitable incoming ligand (L) make the 
process irreversible. The reaction of [MnMe(CO)5] with 
1 equiv. of PPh3 gives cis-[Mn(COMe)(PPh3)(CO)4]. 

 Mechanism of this simple, two-step insertion 
reaction is as follows:

Mn
CO

OC

CO

Me

CO
OC

Insertion

Deinsertion
Mn

CO
OC

CO

C
OC O

Me

�PPh3�PPh3

Mn
CO

OC

CO

PPh3

C

OC O
Me

VEC = 18
O.N. = +1
C.N = 6

VEC = 18
O.N. = +1
C.N = 6

 During this process, the oxidation number (O.N.), 
coordination number (C.N.), and VEC of the metal 
remain unchanged. 

 First, methyl group migrates on to CO ligand which 
is situated at cis position to form an acetyl group, and 
then PPh3 group fills that vacant site. Therefore, PPh3 
group and acetyl group are cis to each other.

1,1-Insertion

 Insertion can be either 1,1-insertion or 1,2-inserton. 

In 1,1-insertion, AB ligand is a neutral, η1-type ligand 
with a multiple bond such as CO and isonitriles. Due to 
the migration of Y on to A, both M and Y are bonded 
to A atom to give anionic ligand -A(=B)Y, and a vacant 
site on the metal.

M

Y

M A
Y

A B
B

1,1-insertion

 In the Monsanto process, before the final reductive 
elimination of MeCOI, the Me group migrates on to a 
CO ligand and the vacant site generated on Rh(III) is 
filled by another CO ligand. 

Rh
COI

I

Me

COI

�

1,1-insertion

CO

Rh
CI

I

CO

COI

�O
Me

1,2-Insertion

 In this case, ligands which are coordinated to a metal 
atom in the η2-fashion, such as alkenes and alkynes 
undergo 1,2-insertion reaction as they contain double/
triple bonds. 

M

Y

B

A 1,2-insertion
M A

B
Y

or
M B

A
Y

 However, with unsymmetrical olefins, formation 
of two types of products (Markovnikov and anti-
Markovnikov) is possible during this reaction. 

CH2

CHRR/

M
CH2

CHR
M

R/

anti-Markovnikov
Product

CHR

CH2R/

M
CHR

CH2
M

R/

Markovnikov
Product

Insertion and deinsertion reactions
K Sarath D Perera

Senior Professor in Chemistry, Department of Chemistry, The Open University of Sri Lanka
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Reductive Elimination Reactions
K. Sarath D. Perera
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 Reductive elimination (R.E.) is the opposite or the 
reverse of oxidative addition (O.A.), in which X-Y 
oxidatively adds on to LnMn+ to give Ln(X)(Y)M(n+2)+. 

LnM Y
(n+2)+

X

R.E.

O.A.
LnM

n+
+ X Y

 X and Y groups are combined to form X-Y, just 
before they are eliminated from the metal. Some reactions 
are reversible, e.g., addition and elimination of H2 and 
O2. R.E. is the last step in catalytic cycles.

 During this process, the oxidation number (O.N.), 
coordination number (C.N.) and valance electron count 
(VEC) of the metal get reduced by two units as shown 
below.

H3N
Pd

Me

H3N Me

Me

Br

H3N
Pd

Me

H3N Br
+    C2H6

VEC = 18e
C.N. =   6
O.N. = +4

VEC = 16e
C.N. =   4
O.N. = +2

 During this process, Pd(IV) is reduced to Pd(II), 
octahedral → square-planar, and d6 → d8. Some of the 
common conversions are given below: e.g., 

Rh(III) → Rh(I), Ir(III) → Ir(I), 

Co(III) → Co(I), Pt(IV) → Pt(II), 

Pd(II) → Pd(0), Ni(II) → Ni(0).  

 The groups that are easily combined (and then 
eliminated) include R-H, R-R’ to give alkanes; 
H-C(=O)R to give aldehydes; R’-C(=O)R to give 

The product depends on the properties of the metal and 
ligands attached to it.

Deinsertion

 Deinsertion can be simply known as the reverse or 
opposite reaction of the insertion reaction. To take place 
deinsertion reactions, there should be either a vacant site 
in the cis position of the metal centre, or coordinatively 
saturated metal should lose a ligand to generate a vacant 
site. 

Deinsertion is somewhat similar to β-hydride 
abstraction by a metal centre: as the β-H of the alkyl 
group migrates to fill a vacant site in the metal centre.

M
CH2 CH2

H �-H abstraction
Insertion

CH2

CH2

Ln MLn

H

 Some examples for deinsertion of N2, CO2 or SO2 are 
given below. These reactions take place by the action of 
heat or light. (L = PPh3)

[PtPh(N=NPh)L2]  →  [PtPh2L2]+  N2

[Rh(CO2Ph)L3]  → [RhPhL3] + CO2

[(OC)2CpFeSO2Ph]  → [(OC)2CpFePh] + SO2

Problems

1. Suggest products for the following insertion and 
deinsertion reactions.

 (i) [Cp*2ZrMe2] + CO  →

 (ii) [Cp2MoH(η2-C2H4)]+  +  PMe3  →

 (iii) [CpCo(Et)PMe3]
+  →  deinsertion  

2. Suggest a suitable mechanism for the following 
reaction. 

[MnMe(CO)5] + CF2=CF2  → [MnCF2CF2Me(CO)5]

3. Draw the structures of A, B and C of the following 
reaction scheme.

[Mn2(CO)10]              A                      B             C
Na
(i) (ii)

MeCOCl
(iii)

 (A, B & C are 18e-complexes; (i) Reduction; (ii) 
Substitution; (iii) Deinsertion)
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ketones; and X-C(=O)R to give acid halides, etc.

 The driving-force for these elimination processes 
could be the formation of stable organic molecules and/
or metal complexes.

Importance of cis arrangement

 The two groups (to be eliminated) must be in the 
cis positions before elimination can take place. Because, 
only the cis arrangement of ligands can form a 3 centred 
transition state with the metal. 

L Mn

X

Y

 Creation of this transition state is crucial: as 
reductive elimination occurs via a concerted process, 
hence, all bond breaking and bond-forming occur 
simultaneously in a single step.  

 In square-planar complexes, trans groups must 
rearrange to cis positions before the elimination step to 
take place; e.g., trans-[PtH(CH2CN)(PPh3)2] reductive 
eliminates MeCN, after isomerising it into the cis-
isomer, cis-[PtH(CH2CN)(PPh3)2].

Reductive elimination is facilitated:

(i) when the positive charge on the metal centre is 
increased due to the formation of a cationic complex. 

(ii) when electron density (or π-basicity) of the metal 
centre is reduced by dissociating a good σ-donor 
ligand/s.

 Sometimes, reductive elimination process is 
accelerated by prior coordination of another ligand/s; 
for example, in the presence of 2 equivalents of PPh3, 
[(η5-C5Me5)ZrMe2] eliminates an ethane molecule.

Problems

1. Suggest the metal complex and the organic 
product(s) formed from the following reactions.

           (dppe = Ph2PCH2CH2PPh2)

 (i) [(η5-C5Me5)ZrMe2] + 2 PPh3 →

 (ii) [(η5-C5Me5)Zr(H)Me]  +  dppe →

 (iii) fac-[PdIMe3(dppe)] → (heat)

 (iv) fac-[RhI3(COMe)(CO)2]
- → (heat) 

 (v) trans-[PtI2(Ph)2(PEt3)2] → (heat) 

2. [TiMe4] decomposes above –50 oC, but 
[TiMe4(Me2PCH2CH2PMe2)] is stable at room 
temperature. Explain.

Student Corner

Metal Carbonyls
K. Sarath D. Perera

Senior Professor in Chemistry, Department of Chemistry, The Open University of Sri Lanka

 Carbon monoxide is a good π-acceptor and the 
M-C bond in metal carbonyls [M(CO)n] has a significant 
π character. Thus, the M-C bond is strengthened and 
the carbon oxygen bond is weakened with the increase 
in back bonding. 

 The common coordination modes of CO are; (i) 
terminal, (ii) doubly or edge bridging M2(μ2-CO), and 
(iii) triply or face bridging M3(μ3-CO).

M CO M

C

M

O

(i) (ii)

C

M M

O

M

(iii)

 The carbonyl stretching frequency ν(CO) decrease 
in the following order, M-CO >M2(μ2-CO) >M3(μ3-CO): 
as back donation increases with the increase of  number 
of metal atoms. 

  Bond type ν(CO)/cm-1

  M-CO     2150-1900

  M2(μ2-CO)       1900-1750

  M3(μ3-CO) 1750-1600

 μ2-CO ligand donates one electron to each of the 
two metal centres. μ3-CO ligand donates 2/3 of electron 
to each of the three metal centres.
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Mononuclear metal carbonyls

 The simplest metal carbonyls are of the type              
[M(CO)n], and are called binary carbonyls or 
homoleptic carbonyls. The stable binary carbonyls of 
transition metals (e.g., [Cr(CO)6], [Fe(CO)5], [Ni(CO)4]) 
have 18 valence electrons except [V(CO)6] (17e). 

Synthesis of metal carbonyls

 The reductive carbonylation of metal salts in 
the presence of CO is the most common method of 
preparation. The reducing agents used are Na, Al, Mg, 
AlR3, H2 or CO. The other method is the direct reaction 
of a metal with CO ligands.

(i)   CrCl3 + Al + CO         [Cr(CO)6] + AlCl3
(ii)  Fe + CO          [Fe(CO)5] 
(iii) CoCO3 + H2  +  CO          [Co2(CO)8] 
(iv) Ni + CO          [Ni(CO)4]     
(v)  2[Fe(CO)5]  +  h�          [Fe2(CO)9] + CO 
(vi) [Fe2(CO)9]  +  h�           [Fe3(CO)12]
(vii)  Re2O7  +  CO            [Re2(CO)10]  +  CO2

Polynuclear metal carbonyls

 Most polynuclear metal carbonyls satisfy the 
18e-rule. Some important polynuclear metal carbonyls 
are given below.

Binuclear metal carbonyls

 Binuclear metal carbonyls contain a M-M bond, 
and sometimes bridging carbonyl ligands. Some 
examples are with -

 Group 7 metals - [M2(CO)10];  M = Mn, Tc, Re 

 Group 8 metals - [Fe2(CO)9]

 Group 9 metals - [Co2(CO)8].

 In Group 7 metal carbonyls, each metal centre is 
octahedral and adopts staggered conformation in the 
solid state. Photolysis of [Fe(CO)5] gives the binuclear 
complex [Fe2(CO)9], containing a Fe-Fe bond and three 
bridging carbonyls. 

MOC
OC CO

M
COOC

CO

CO

CO

CO

OC
FeOC

OC
C

Fe

COC

CO

CO
CO

C

O

O O

M = Mn, Tc, Re

Dimerization of two 17e [Co(CO)4]
• radicals gives the 

18e-complex [Co2(CO)8].

CoOC

OC CO
Co

CO CO

CO

CO

OC CoOC

OC
C

Co

OC

CO

CO

CO

C

O O

(In solution) (Solid state)

Note: In the solid state, [Co2(CO)8] has one Co-Co bond 
and two bridging carbonyls; however, in solution it does 
not have bridging carbonyl ligands.

Trinuclear metal carbonyls

 In these complexes, the metal atoms form a 
triangular arrangement. Examples include carbonyls 
of Group 8 metals - [M3(CO)12]; M = Fe, Ru, Os.

Fe

CO

CO
OC

OC Fe

Fe

C

CO
OC O

OC COOC

C O

[Fe3(CO)12]

OC

 [Fe3(CO)12] has two bridging carbonyls, but less 
reactive [Ru3(CO)12] and [Os3(CO)12] have a strongly 
bonded triangular cluster with no bridging carbonyl 
ligands. 

Tetranuclear metal carbonyls

 Tetranuclear clusters of the type [M4(CO)12] possess 
tetrahedral M4-framework, e.g., [Ir4(CO)12] shows twelve 
terminal carbonyl ligands on the tetrahedral Ir4-unit.

Ir

OC
Ir

Ir
OC

OC Ir

OC CO

CO

CO

COOC

CO

CO

CO
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 Unlike [Ir4(CO)12], in the solid state, Co and Rh 
analogues contain three μ2-CO ligands. In solution, 
[Co4(CO)12]and [Rh4(CO)12] are fluxional.

Reactions of metal carbonyls

Let us discuss some of the reactions of metal carbonyls.

(a) Substitution with PPh3 

[Fe(CO)5]  + PPh3 [Fe(PPh3)(CO)4]  +  CO

[Fe(PPh3)(CO)4]  +  PPh3 [Fe(PPh3)2(CO)3]  +  CO

(b) Substitution with olefins
[Fe(CO)5] + C4H6         [Fe(CO)4(�2-C4H6)] + CO
[Fe(CO)5] + C4H4         [Fe(CO)3(�4-C4H4)] + 2 CO

 (C4H6 = cyclobutene and C4H4 = cyclobutadiene)

(c) Protonation with acids
[Fe(CO)5] + CF3SO3H         [HFe(CO)5]+ + [CF3SO3]�

(d)  Reaction with KOH (attack by OH-), gives an   
 anionic metal hydride 

[Fe(CO)5] + KOH         K[HFe(CO)4] + CO2

(e)  Oxidation with Cl2 gives a chloride

[Mn2(CO)10]  + Cl2            2[MnCl(CO)5]

(f)  Reduction with Na gives a metal carbonyl anion          
[Fe(CO)5]  +  Na Na[Fe(CO)4]  +  CO

Na[Fe(CO)4]  +  Na Na2[Fe(CO)4]

(g)  Addition of H- generates a CHO group

(h)   Reaction with CpH (C5H6)

2[Fe(CO)5] + 2CpH [(���C5H5)Fe(CO)2]2-heat

Stretching frequencies of metal carbonyls

 IR spectroscopy is an important tool for the study 
of metal carbonyls. The free CO has a ν(CO) value of 
2143 cm-1. The ν(CO) is proportional to the C-O bond 
strength and it is a measure of the extent of back bonding. 

An IR spectrum can provide the following information. 

(i) Bonding mode of CO - whether it is terminal, doubly 
or triply bridging.

(ii) Geometry of the molecule - the number of bands 
tells us the symmetry of the M(CO)n fragment; for 
example, cis/trans and fac/mer: trans-complex shows 
only one band.

(iii) Electron donor and withdrawing nature of other co-
ligands - electron donors lower the CO stretching 
frequency. 

(iv) Oxidation state or the charge on the complex 
ion - anionic complexes show lower stretching 
frequencies.

The metal carbonyls [M(CO)6], [M(CO)4], trans-
[M(CO)4L2] and [M(CO)3(Laxial)2] show only one 
carbonyl stretching frequency whilst fac-[M(CO)3L3] 
shows two IR bands. 

Problems

1.  [W(CO)6] reacts with two moles of PMe3 to give an 
18e-complex X. X shows only one IR band in the 
carbonyl region, draw the structure of X.

2. Draw the structure of [Os(CO)3(PMe3)2] which 
shows only one IR band in the carbonyl region. 

3. Predict the product(s) of the following reactions.

   (i)  [Fe(CO)5]   +   1,3-butadiene  
    
   (ii)  [W(CO)6]   +   MeSCH2CH2SMe

   (iii) [MnCl(CO)5]  +  NaCp          
                                                    
   (iv) [W(CO)6]   +  bipyridine        
          
   (v)  [W(CO)6]   +   1,3,5-cycloheptatriene

4. Explain the variation in ν(CO) of the following 
compound/ions?    

       Compound/ions ν(CO)/cm-1

 [Mn(CO)6]
+  2090

 [Cr(CO)6]          2000
 [ν(CO)6]

-  1860
 Free CO  2143
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