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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
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Hony. Editor  : Dr. S R Gunatilake
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Mr K R Dayananda

Committee for Training Seminars /
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(Treasurer/ Ex-officio Secretary)
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Mr K R Dayananda
Prof  S Samarasinghe              

Social Affairs Committee
Mr S Kumarathunga (Chairman)
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Ms P Jayasinha                 
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Dr T Gunasekara 
Mr Sachith Weerasinghe  
Ms Kumudini Gunathileke
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Dr G Rajanayake

All Island Inter-school Chemistry Quiz 
Committee
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Members
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Dr N D A Wageesha
Prof  R Senthilnithy   
Dr T Gobika            
Dr T Gunasekara
Mr S Kumaratunga
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Prof  Namal Priyantha (Chairman)
Members
Dr A G M J Gunaratna (Secretary)
Prof  K R Mahanama        
Prof  A M Abeysekera                
Prof  S A Deraniyagala                        
Prof  S Ekanayake            
Prof  R D Wijesekera 
Prof  P A Paranagama          
Prof  N Wickramaratne    
Prof  J A Liyanage
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Prof  Preethi Soyza

National Australian Chemistry Quiz 
Committee

Mr N I N S Nadarasa (Chairman)
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Dr K Weerasiri   
Dr Asanka Rathnayake    
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Mr E G Somapala    
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Ms Anoosheya Kuganesan  
Mr Sahan Jayasingha

Annual Session/ Sponsorship Committee
Prof  S A Deraniyagala (Chairperson)
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Dr M R Lamabadusuriya (Joint Secretary)
Dr A G M J Gunaratna (Joint Secretary)
Dr T Gobika
Dr S Weliwegama
Mr N I N S Nadarasa                     
Dr Asanka Rathnayake
Ms Kumudini Goonathilake
Dr G Rajayanake
Mr N M S Hettigedara
Dr U K  Jayasundara                
Dr D N Udukala                                      
Prof  C Padumadasa    
Dr N D A Wageesha
Ms P Jayasinha 
Dr H I C de Silva
Mr K R Dayananda                    
Dr S R Gunatilake          

Chemistry Olympiad Sri Lanka 
Committee

Dr H I C de Silva (Chairperson)
Members
Dr C N Rathnaweera               
Prof  J A Liyanage           
Prof  Namal Priyantha
Dr Asanka Rathnayake  
Dr Upul Kumarasinghe           
Dr P S Jayewardene 
Dr Nishantha Kalutharage              
Dr S R Gunatilake           
Dr K Weerasiri

International Relations
Prof  Ramanee Wijesekara (Chairperson)
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Women Chemists Committee
Prof  P A Paranagama (Chairperson)
Members 
Dr D N Udukala (Secretary)  
Prof  S A Deraniyagala                             
Dr H I C De Silva                  
Prof  C Padumadasa
Dr A G M J Gunaratne                             
Prof  J A Liyanage                  
Dr T Gobika
Prof  Siththi Iqbal   
Dr Lakshmi Arambewela       
Dr Kasuni Akalanka     
Dr T Gunasekara                                      
Prof  Suranga Wickramarachchi
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Prof  S Hewage (Chairperson)
Members
Mrs Deepika Seneviratne (Secretary)       
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Mr Shehan Kumarathunga  
Mr Ruvin Yapa  
Mr Sachith Weerasinghe
Dr Piyal Ariyananda

Building Committee
Prof  S A Deraniyagala (Chairperson)
Members
Prof  R D Wijesekera (Dean)                   
Prof  S Ekanayake (Past president)
Mr N M S Hettigedara (President elect)  
Dr A G M J Gunaratna (Joint Secretary) 
Prof  K Seneviratne (Treasurer)
Prof  S Liyanage
Prof  P A Paranagama
Mr M R M Haniffa
Dr S R Gunatilake
Dr U K Jayasundara 

(Laboratory Coordinator)
Dr S Weliwegama
Mr E G Somapala
Mr K R Dayananda
Prof  K R Mahanama                  
Dr T Anver Dole
Ms A Wijesooriya  
Mr G Karunaratne (Registrar)  
Mr Chandana Perera (Scientific Officer)

Salary and Cadre Committee
Prof  S A Deraniyagala (Chairperson)
Members
Prof  R D Wijesekera (Dean)                    
Prof  S Liyanage                       
Prof  S P Deraniyagala
Dr A G M J Gunaratna (Joint Secretary)    
Prof  P A Paranagama               
Mr E G Somapala
Prof  K Seneviratne (Treasurer)       
Prof  Sujatha Hewage    
Prof  J A Liyanage                                              
Dr G Rajanayaka (Asst. Treasurer)         
Mr N M S Hettigedara             
Dr M Mubarak                                                                      

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

Convocation Committee
Prof  R D Wijesekera (Chairperson/ Dean 
CCS)
Members
Prof  S A Deraniyagala  
Mr N M S Hettigedara  
Dr D N Udukala
Prof  S Hewage
Dr U S K Weliwegamage 
Mr G Karunarathne
Dr T Gobika                                       
Dr U K Jayasundara        
Dr Asanka Rathnayake                    
Ms Anoosheya Kuganesan

Quality Assurance Committee
Prof  S Hewage (Chairperson)
Members
Dr R D Wijesekera (Dean)         
Prof  J A Liyanage                            
Prof  P A Paranagama                  
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Ms Hiruni Gunathilake (in attendance)

Committees 2021/2022 (contd.)

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 500 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 2022.
• 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 in chagrge welcomes suggestions from the members for improvement of the publication.
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 I am deeply honored to be inducted as the President 
of the Institute of Chemistry Ceylon for the Year 
2021/2022 and I take this opportunity to thank the 
members for the confidence placed in me.

 Having served as a Senior Academic at University of 
Colombo for over 4 decades, I have also been associated 
with the Institute of Chemistry Ceylon for 3.5 decades. 
I have watched the Institute of Chemistry Ceylon grow 
productively in many spheres in keeping with the Vision 
and Mission of the Institute and encompassing the fact 
that Chemistry is the Central Science.

 The Institute of Chemistry has played a pivotal 
role in being the largest provider of Graduate Chemists 
to a vast array of organizations in the country. This 
has been largely due to the ‘Educational Arm’ of the 
Institute, the College of Chemical Sciences (CCS), which 
administers the Graduateship in Chemistry (GIC) course 
(since 1979). In this respect, I must acknowledge the 
pioneering efforts and visionary leadership of the late 
Professor J.N.O. Fernando, who was my teacher, as well as 
colleague in later years. A University Grants Commission 
accredited B.Sc. program in Chemical Sciences has also 
got off the ground (commencing 2020) with the 2nd 
batch being just enrolled.  The Diploma in Laboratory 
Technician (DLT) course (since 1973) has also been 
very successful in providing the Industry with technical 
personnel of high quality and in-depth knowledge. 
The Ceylon Medical College Council recognized the 
DLT Course as a qualification to obtain the Medical 
Laboratory Technology status.

 The GIC course has produced over 125 graduates 
annually and the recipients have not only gained 
employment in the private sector but have secured 
scholarships to universities in developed countries to 
pursue higher studies leading to a Doctoral Degree. I am 
proud to have been associated with the CCS for many 
years and thereby had the opportunity to “shape” the 
minds of students enabling them to carry out cutting-
edge research in countries overseas.

 Although we at the institute may not have facilities 
to break through frontiers in chemical research, the 
introduction of the research project into the curriculum 
has been a great means to create an interest in research 
among students. This would have no doubt helped them 
in their postgraduate studies overseas; some having 
excelled in breaking through the frontiers.

 During my tenure as President, I will continue some 
activities conducted by the Institute over the years, and 
also incorporate new ones aimed at exposing young 
minds to frontiers in chemical research, enhancing 
creativity, developing analytical skills, and improving 
broad-based knowledge in chemistry, as well as help, 
develop soft skills in students at the tertiary level of 
education.

 Creating an interest in Chemistry at the secondary 
level of education in order to steer students towards an 
outcome-oriented career is also of prime importance. 
Young minds need to be guided through a process of a 
wholesome education. As in some developed countries 
students need to be encouraged to be innovative when 
they are in grade school. With the view of shaping minds 
at a young age, activities are planned to inculcate interest 
for further study of science and to cultivate interest 
and enthusiasm for Chemistry among school children, 
emphasizing its importance in today’s world.

 I plan to organize Seminars on scientific topics 
of current interest which give exposure not only to 
undergraduate students of the Institute but will also 
benefit scientific personnel/ technicians in the industry 

Message from the President
Professor Srianthie Deraniyagala  

B.Sc (Hons, Colombo), Ph.D (Dalhousie, Canada), F.IChemC, C.Chem.
President, Institute of Chemistry, Ceylon

Former Senior Professor, Department of Chemistry, Faculty of Science, University of Colombo
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and other scientific organizations. This will particularly 
benefit the DLT Course where most of the students 
are employed in industry and analytical laboratories. 
Furthermore, I will strive towards shaping the Institute 
– Industry interaction for the betterment of society.

 This year we would see the intended new building of 
the Institute of Chemistry at Malabe get off the ground. 
This building will enable CCS to expand its educational 
activities. Importantly, the new laboratories would enable 
students to engage in research at a higher level. Analytical 
services to the industry could also be carried out 

effectively with the availability of additional laboratory 
space. This could be quite an income generator. 

 During my term as President, I will endeavor to 
steer the Institute of Chemistry to greater heights by 
contributing towards intellectual growth through 
education in Chemical Sciences. I am sure I will gain 
much support from the members of the Council, 
Academic Board, Internal Academic Staff, and the Non-
Academic staff to fulfill my goals during the year of my 
Presidency.

Prof. Srianthie Deraniyagala graduated from the University of Colombo with a BSc (Honours) in Chemistry, and obtained her 
PhD from Dalhousie University, Canada in the area of Bio-Organic Chemistry. She has over 42 years of service at the University of 
Colombo where she served as a Senior Professor in the Department of Chemistry. She currently serves as a visiting lecturer at the 
College of Chemical Sciences, Institute of Chemistry Ceylon.

Cover Page

 The artwork featured in this cover page is a portrait of late Dr. R.O.B. Wijesekera who was not only a 
past President of the Institute of Chemistry Ceylon but also a well-loved scientist pioneering in the field 
of Natural Products Chemistry. His portrait decorates the walls of the Institute in a lecture hall that is his 
namesake, standing proud in the Adamantane House. The portrait was brought to life by Mr. Mevan Pieris.

 It is with great sadness that we announce the passing of Dr. R.O.B. Wijesekera, a much-loved figure at 
the Institute of Chemistry Ceylon. This issue of Chemistry in Sri Lanka includes a segment dedicated to his 
memory, in appreciation of the invaluable service rendered by him to IChemC.
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 I first met ROB more than fifty years ago, soon 
after his return from the USA after a postdoc year at the 
University of California, Davis campus in 1969.  When I 
applied for a research officer post in Natural Products at 
the Ceylon Institute of Scientific and Industrial Research 
in Colombo, Prof. Percy Wannigama in the chemistry 
department at the Peradeniya campus told me, his 
class-mate ROB Wijesekera was the head of the Natural 
Products Section (NPS).  When I joined the NPS ROB 
was on his way to Davis, California and one year was to 
pass before I met him. Dru Fonseka from the University 
of London had joined the Fats and oils section the 
previous year and the two of us worked diligently to get 
an old Unicam-Pye gas-chromatography instrument 
into working order. When ROB returned he was able 
to garner sufficient dollars to purchase a set of the latest 
Varian gas-chromatography (GLC) instruments and an 
Infra-red Spectrometer. ROB drafted a program for the 
systematic study of the chemistry and technology of the 
local growing aromatic plants and spice varieties. We 
were a small group of four graduate research officers 
and a few laboratory technicians and a secretary-clerk.  
Within a few months we had the new instruments 
in working order and began analyzing the volatile 
constituents of locally produced aromatic essential oils.  
The field engineer from Varian company came a few 
months later and just had to sign the papers to formalize 
the warranty.  During the postdoc year at Davis, ROB 
had used the very same GLC equipment to analyze 
the constituents of essential oils of the valuable spice 
cardamom growing in Sri Lanka, India and Guatemala.  
At the NPS we then began a systematic examination 
of the volatile constituents of our own Ceylon 
cinnamon bark and leaf. Another of our efforts was the 
commercially produced essential oil from citronella 
grass that had a very low market value due to the stigma 
of adulteration that was attached to this product. This 
story was legend in the essential oil markets around 

the world. The sole basis of this slander was the quality 
test on which citronella is judged, this is the infamous 
Schimmels test which is a solubility test in ethyl alcohol 
of various strengths. The citronella oils from many 
other countries all passed the Schimmels test using 
80% ethanol in water, whereas even freshly distilled 
citronella oil from plantations in the south of Sri Lanka 
invariably failed this test. One text book on essential 
oils quote instances where the oil sellers were asked if 
they were selling citronella oil or kerosine. ROB, Dru 
Fonseka and the author worked on this problem and 
very quickly found that Ceylon citronella oil contains 
a fairly large percentage of terpene hydrocarbons and 
much less oxygenated terpene compounds than the 
oils from other countries. It is well known that terpene 
hydrocarbons do not dissolve in aqueous ethanol 
consequently Ceylon citronella oil will not pass the 
Schimmels. We were also able to show that there was 
no so-called adulteration with kerosine, based on a 
simple test using a gas chromatograph. When these 
results were published in the Phytochemistry journal it 
was gratifying to note the improved market value of our 
local oil of Citronella. The Tropical Products Institute in 
London organized an international conference on spices 
in 1972 and ROB and the author were able to attend 
this meeting to present our research on local spices and 
essential oils to this forum.  These were difficult days for 
a small developing country with dire shortage of foreign 
currency so much so that each of us was allowed only a 
measly five US dollars for the whole visit to the UK. The 
British Council and the Commonwealth Foundation 
gave generous funds to support us. I remember very 
clearly that after ROB presented our paper, a member in 
the audience commented that the market price of spices 
from Ceylon were quite high. ROB’s response was “I can 
only quote what a merchant from China said, “Good 
Things Not Cheap and Cheap Things No Good,” the 
organizing secretary was so thrilled with this repartee 

R.O.B. Wijesekera: In appreciation of 
an outstanding mentor and a good friend

A. Lakshman Jayewardene
School of Pharmacy, University of California, San Francisco, USA

In Memoriam

In Memoriam
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that local newspapers in London mentioned this quote 
during reporting on summary of the proceedings of the 
conference.  

 ROB had contacts in many places high and low 
in the government and in scientific circles around 
the world.  When the prevailing economic problems 
caused many training programs for young scientists 
to be curtailed, he told me that his research section 
was cut off from the available scholarships for foreign 
training. However, within a short time he was able to 
organize a one year training program with the help 
of his friend Finn Sandburg from the University of 
Uppsala, Sweden under the auspices of the Swedish 
International Development Agency (SIDA). This 
International Seminar in Chemistry as it was called was 
very successful and valuable. It facilitated the training 
of five other young research officers who were invited to 
participate in various pharmacognosy programs.  Two 
of them were able to apply the results of this training to 
partially fulfill the requirements of doctoral programs 
jointly with local Universities in Sri Lanka. I was able 
to use the research results from my work on Spices and 
Essential oils under the mentorship of ROB, to submit 
a dissertation for a doctorate. ROB was also concerned 
about the technology of the essential oil industry which 
was of the early twentieth century vintage.  A survey of 
the equipment used in rural Sri Lanka for distillation 
of oils of Citronella, Cinnamon bark and Cinnamon 
leaf oils indicated no modern stills or boilers for steam 
generation etc. were being used at this time.  Many of the 
still bodies were made of timber and the steam for the 
distillations were generated in steel drums, fired with 
fire-wood and dried spent leaves or spent grass from 
earlier citronella distillations. He instituted a program 
for the development of new technologies for processing 
local aromatic plants and spices. Cisirill Manakoka still 
(ROB’s name for this equipment) was specially designed 
for use in dry-zone rural areas where water for cooling 
the condensers was scarce. His team also designed 
a distillation unit for fine spices called SPICA which 
was originally heated with electric heating elements, 
unfortunately the prevailing economic conditions 
obligated that the locally manufactured heaters had to 
be installed and there was catastrophic failure of these 
poor quality elements within a very short time.  As a 
remedy LP gas heated SPICA stills were manufactured 

in small numbers. This research and development work 
was reported at the International Congress of Essential 
oils in 1974 in San Francisco. In 1975, ROB led the Sri 
Lankan scientific team opposite Prof. Carl Djerassi and 
his team during the US/Sri Lanka Workshop on Natural 
Products held in Colombo. 

 The innovative and productive research 
work performed by Dr. R.O.B. Wijesekera was 
recognized internationally by the presentation of the 
Guinness Award for Scientific Achievement by the 
Commonwealth Science Council in 1976. He was 
the first Sri Lankan to win this award for research 
performed solely in the country. In the same year he 
was chosen as a specialist consultant expert by UNIDO-
ESCAP. What did this pioneering and hard work get us 
from the trade and government of Ceylon? Absolutely 
nothing, no words of appreciation. There is a saying at 
the American Chemical Society to the question, ‘why 
do chemists practice their profession so diligently”? 
The answer is because they pay us to do what we love 
to do’. ROB and his team did not stop at this point, but 
continued to develop new technology and generate new 
knowledge about aromatic plants and spices, after ten 
years of selfless service it needed a foreign organization 
to recognize these efforts. As mentioned above ROB 
was awarded the coveted Guinness Award for sustained 
R&D efforts in developing country.  ROB left Ceylon 
soon after, but he did not give up on the people of 
Sri Lanka. Many opportunities were found for young 
scientists to be funded to start projects or opportunities 
to work as consultants in other developing countries, 
while he worked for the different branches of the United 
Nations Organization. Finally, ROB wrote me a note 
indicating his final retirement from full time work 
and that he and Marina will be returning to Sri Lanka. 
Characteristically it was not to idle away the well-
earned rest, but to work in a consultant position with 
over fifty years R&D experience. Link Natural Products 
(Pvt) Ltd, gladly took him on as a member of the board 
of management. On my retirement from the University 
of California, San Francisco Campus I too was invited 
to join the company. I am happy to mention that over 
25 years ago the Chairman and MD of Link Natural 
Products asked me for help in setting up the small 
essential oil producing facility. It is with great pleasure 
that I rejoined that small venture which has now grown 
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to be an industry leader in spices and essential oils and 
scientifically formulated herbal health products which 
have international recognition.  Link Natural Products 
has a well-equipped quality control and R&D laboratory 
and a team of qualified scientists working all the time 
assuring the quality of raw materials, intermediate 
and final products manufactured at this facility. The 
raw materials are the key to running a profitable and 
well-regarded industry and I personally know the great 
effort needed to maintain the high standards for which 
this company is recognized. The list below is the ROB’s 
R&D team and many others who helped us in many 
ways. I would also like to pay a personal tribute to Prof. 
Tuley de Silva who was in the Department of Applied 
Science at the University of Sri Jayawardenapura whose 
vision of industry/University joint post-grad research 
program enabled me to register for my doctoral degree 
and I was the first in the chemistry program.

 The ROB.Wijesekera R & D Team 1969 – 1977 
consisted of late Upali Senanayake, late Drupadha 
Fonseka, Lakshman Jayewardene, Ph.D., Lakshmi 
Rajapakse-Arambewela, Ph.D., Kanthi Fonseka-
Hettiarachchi, Ph.D., late Roshantha Chandraratne, 
Anura Senaratne, late Donald Wijekoon, V.U. 
Ratnayaka, Azeez M. Mubarak, late K Ratnasingham 
Philomena Ambrose, Lakdas Fernando, Nissanka de 
Silva, Kamalita Fernando, Ranjith Dayananda, late Miss 
C.L.M Nethsingha, Arthur Bamunuarchchi, Shiranee 
Samaranayake, PCM Fernando and Mr. Monis, our lab-
attendant. Many of the research officers and graduate 

students were able to complete doctoral programs later 
in laboratories in the developed world. One of ROB’s 
last activities was taking on the task of chief editorship 
of the Link NP Digest, which he continued with able 
assistance of Dilmani Warnasuriya until the very last 
weeks of his long and successful career. During his 
Chairmanship of the ITI (former CISIR) he associated 
with Mr. Dayananda and Dr. Upali Senanayake to write 
chapters for the well renowned book published on 
Ceylon Cinnamon "Cinnamon and Cassia - Genus of 
Cinnamomum" edited by Prof P N Ravindran by CRC 
press. 

 Accolades from far and wide have been written 
about him and his part autobiography Clouds Are 
Not Spheres, Nor Mountains Cones is subtitled, a 
scientist’s personal kaleidoscopic story of professional 
& family life in an international milieu. One of his later 
collaborators says this “What a gentleman Dr ROB was, 
he never ever tried to find the wrongs of others, helped 
all who wanted to work hard and deliver for the country, 
always without bias, not considering how fluent or not 
in English or what level of society they came from.

 Farewell ROB, we will all remember the great work 
you did for us and the country and the qualities of 
leadership, and as a teacher. A man who deserves the 
highest respect from all who knew him.

May your soul rest in peace.

Dr. A. Lakshman Jayawardene has served at the Ceylon Institute of Scientific and Industrial Research (CISIR), and was as a 
Consultant chemist attached to Link Natural Products (Pvt) Ltd. He is currently working as a bio-analytical chemist at the School 
of Pharmacy, University of California, San Francisco, USA.
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It is with great sadness that we record the passing away 
of Vidya Jyothi Dr R O B Wijesekera (or R O B to many) 

on 12 July 2021. He was 93.

 Dr Wijesekera took chemistry at the University of 
Ceylon and started his career as a Research Officer at the 
Medical Research Institute (MRI), primarily working 
on medicinal plants. He had his postgraduate studies 
at the University of Sheffield in late 1950's and was well 
known for his work on tannins. He later joined the 
Ceylon Institute for Scientific and Industrial Research 
(CISIR and ITI now) where he took the lead in building 
the portfolio of projects on natural products. I first met 
him during this time when he, as a Visiting Lecturer, 
taught us Organic Chemistry. I was often fascinated 
by his lectures not because of the organic chemistry 
content but because he would always connect natural 
products and plants to organic chemistry. I am not 
sure whether the syllabus had these elements, but he 
would go deep into plant products, and on medicinal 
properties of plants, just as a Weda Mahatmaya would 
explain. Amongst the academic staff, he held a special 
place as he looked very dapper in matching clothes with 
a smoking pipe tucked into the trouser belt. When I was 
doing my postgraduate studies in England, one of the 
Professors, having learnt that I came from Sri Lanka, 
asked me about Dr ROB. They had been in Sheffield 
together, and he held Dr ROB in high esteem. Whenever 
he saw me, he would ask me about my teacher – that 
was the respect he had for him.

 Dr Wijesekera then moved to the international 
arena, mostly with UNIDO; he was in the West Indies 
for a considerable time working on essential oils and 
was later responsible for developing UNIDO's technical 
assistance programme on medicinal and aromatic 
plants. His work was well received by the international 
community; he was the proud recipient of the Guinness 
Medal for outstanding achievements. His interest in 
natural products never faded, and was always eager 
to research on new areas, especially on medicinal 
properties of plants.

 Upon retirement from UNIDO, he was appointed 
the Chairman of Industrial Technology Institute (ITI 
formerly CISIR); our paths crossed again when he was 
appointed the first Chairman of the newly established 
National Science & Technology Commission 
(NASTEC), the apex body to coordinate science and 
technology. I had just left the Sri Lanka Council for 
Agricultural Research Policy (CARP) which has a 
similar mandate on agricultural research. Since he was 
very keen on having NASTEC achieve its objectives, we 
would have long discussions on these 'apex' bodies, and 
how these could be used for betterment of coordination 
in science and technology. However, at the end of his 
tenure at NASTEC, he was quite disappointed; the 
'apex' bodies which have mandate over several different 
Ministries could not function properly because 
coordination was almost impossible – with Ministries 
having their own empires and doing what they want.

 Dr R O B continued to support the scientific 
community in Sri Lanka. He was a Founder Fellow and 
an active member of the National Academy of Sciences 
of Sri Lanka. He was also a Past President of the Sri 
Lanka Association for the Advancement of Science and 
the Institute of Chemistry. One of the lecture halls of 
the Institute of Chemistry is named after him.

 Dr R O B's immense contribution to the 
development of natural products is well recognised. 
In the recent past, he helped the private sector in 
developing natural products. He was a forthright 
person and would express his views without fear or 
favour – which he tried hard whilst at NASTEC. His 
wisdom and the splendid gift of repartee will be sorely 
missed by the scientific community. His autobiography, 
Clouds are not spheres, nor mountains cones, is a rich 
collection of his work and life and as he says, a world of 
experience to look back on.
 We offer our heartfelt condolences to his family, 
who steadfastly looked after him during the recent 
months when he was occasionally unwell. 

An appreciation - Vidya Jyothi Dr R O B Wijesekera
Ranjith Mahindapala

Immediate Past President, National Academy of Sciences of Sri Lanka

In Memoriam
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Dr. Ranjith Mahindapala obtained his PhD in Plant Pathology from the University of Exeter, UK. He served as the Director of the 
Coconut Research Institute of Sri Lanka before joining the International Union for Conservation of Nature (IUCN). Dr. Mahindapala 
has served as the President of the National Academy of Sciences, Sri Lanka, and as Executive Director of the Delhi-based Community 
of Evaluators, South Asia. He currently works as an Independent Evaluator.

  I came to know Dr. Wijesekera in 1971 when he 
recruited me as a technical assistant to his Natural 
products laboratory at CISIR (Ceylon Institute of 
Scientific and Industrial Research). I was just out 
of high school, with a passion for mathematics and 
engineering. Dr. Wijesekera took a leap of faith with me 
and introduced me to advanced chemistry. He exposed 
me to a new subject area that grew into a passion. It 
was his guidance and advice that made me who I am 
today. At the beginning of my career, natural products, 
essential oils and their chemistry were somewhat 
foreign to me. Dr. Wijesekera’s guidance made the 
transition much easier for me. He was an industry 
leader specializing in natural products with a focus 
on essential oils and spices. He is a man of vision, 
compassion and full of empathy. He encouraged me to 
study further and strive for more in my career. I have 
seen Dr. Wijesekera helping so many graduate students 
to obtain scholarships or assistantships in foreign 

universities in order to advance their careers. When 
I indicated to him that I too would like to further my 
knowledge especially in analytical chemistry, without 
any hesitation he requested the director board to 
nominate me for a scholarship. In 1977, I was awarded 
a Colombo Plan Scholarship to study in Australia. I am 
so much indebted to him for making my dream come 
true and guiding me in the right direction. He was 
there to give me a hand when I applied and landed a 
position in the U.S. Dr. Wijesekera always made time 
to connect with me when I visited Sri Lanka years later. 
His friendship has been such a guiding force in my life. 
He will be greatly missed. As a Buddhist, we learnt in 
“Mangala Sutta”, out of the 38 blessings “To associate 
with the wise” is one blessing. I certainly had that with 
Dr. Wijesekera. Thank you for such a blessing. 

May you attain the supreme Nibbana!

Dr. R.O.B Wijesekera, The Man Who Changed The Direction Of My Life, 
My Mentor And My Best Friend

L.N. Fernando
Research Analyst (retired), Department of Food Science, University of Missouri-Columbia, USA

In Memoriam

Mr. Lakdas N. Fernando was in the first batch of Laboratory Technicians Training Course (LTTC) conducted by the Institute of 
Chemistry, Sri Lanka. He obtained a MS in Food Science and Human Nutrition, and later on worked as a Research Analyst at the 
Department of Food Science, University of Missouri-Columbia, USA.
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 Rahula Oliver Barnes Wijesekera (ROB to his 
many friends and colleagues) was the eldest son in 
a family of 7 siblings. He was an excellent student 
at Royal College Colombo. He graduated from the 
University of Ceylon with a BSc (Hons) degree in 
Chemistry. He then joined MRI as a Research Officer 
and was awarded a government scholarship in 1955 to 
follow post graduate studies in University of Sheffield 
where he obtained his PhD in 1958, and later DSc 
from the same university. On his return in 1959 from 
the UK, he moved to CISIR in 1966 and founded the 
Natural Products Section (NPS) of CISIR. Dr. ROB led 
NPS team initiated systematic scientific research on Sri 
Lankan medicinal and aromatic plant extraction and 
distillation technology.  His publications on Ceylon 
Cinnamon, Ceylon Citronella and other spices and 
essential oils are still popular as reference material for 
most scientists not only in Sri Lanka but internationally 
as well. 
 In 1977, he left to British Guyana to serve as a 
scientific advisor. In 1978, he joined WHO in Geneva 
and worked as an expert on medicinal plants. In 
1980, he was transferred to UNIDO in Vienna where 
he served until his retirement as Expert Technical 
Advisor. Dr. Wijesekara a fellow of Royal Society of 
Chemistry, Chartered Chemist and also fellow of the 
National Academy of Science (Sri Lanka), he has also 
been awarded a DSc Honoris Causa by the University 
of Peradeniya, Sri Lanka.  Just to name some of the 
key positions held during his illustrious career. He 
was one of the past presidents of Chemical Society, 
Ceylon. He served in the capacity of President of 
SLAAS, Chairman -National Science & Technology 
Commission, Chairman of CISIR and Director, Link 
Natural Products. He was the recipient of the title 
“Vidya Jyothi”, presented by the President of Sri Lanka, 
the highest award given away by the Government in 
recognition of his achievements as a scientist. Also, he 
was the recipient of the famous Guianese Award for 
Scientific Achievement in 1976 which is given as stated 

“In recognition of service in applying science to the 
service of the community” and was administered by the 
Commonwealth Science Council.  
 Dr. Wijesekera happened to be the founder 
member of Asian Symposium on Medicinal Plants 
and Spices (ASOMPS) representing IChemC. He was 
a member of the Ceylon Chemical Society established 
in 1941 and instrumental in changing the British 
Colonials background of the Chemical Society and 
transforming it into IChemC what it is today, a well-
recognized Govt. approved professional Institute. The 
IChemC logo -Adamantane structure- was one of the 
ideas; of Dr. ROB and that time President of Chemical 
Society Dr. Devanandan, it symbolizes strength and 
stability. In recognition of his valuable contributions 
towards the advancement of IChemC, he was invited 
to lay the foundation stone for the construction of 
the headquarters of IChemC, presently known as 
Adamantane House and to open the building. Further a 
lecture hall also named after him and Dr. ROBs portrait 
was unveiled, on his 82nd birthday 10th Oct 2010 by 
diplomat Jayantha Dhanapala.

Let me quote from Dr. R.O.B Wijesekera book 
‘Clouds are not spheres, nor mountains cones’ posted 
on January 9, 2012 by Smriti Daniel:
“In these pages, Dr. Wijesekera recounts science and 
research ‘missions’ that took him to Guyana, Geneva, 
Vietnam and Vienna and also details trips to London, 
Madagascar, Hawaii, Seoul, Hong Kong, Chambésy, 
Mali, Mulund, Budapest, Kathmandu, Hangzhou, Bonn, 
Prague, New York, Delhi, Portofino, Barbados and 
Chicago with most of personal experiences during his 
missions.”

 On a personal note, may I take this opportunity 
to offer a “special thank you” to Dr ROB for his role 
in supporting me in many ways. During his tenure at 
UNIDO as Expert Technical Advisor not only myself 
but the entire CISIR staff benefited immensely from 

With highest respect and gratitude to a Chemist who led IChemC to the top: 
Dr R O B Wijesekera

K. R. Dayananda
Past President, Institute of Chemistry Ceylon

In Memoriam
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his advice and guidance. With his numerous contacts 
with many countries, several of us were afforded 
opportunities to spend time in Perfumery Flavour 
laboratories in Grasse-France, Poznan, essential oil labs 
in Poland and India. I well remember the plaque "Finn 
Sandberg Laboratory'' at Natural Products Section of 
CISIR (established before I joined) that was unveiled 
in appreciation of the Swedish Govt. assistance through 
Uppsala University for the development of medicinal 
plant research. He could have named it as “ROB 
Laboratory” like our politicians; he did not. After he 

returned to ITI as the Chairman, he was very much 
closely associated with me and Dr. Upali M. Senanayake. 
Dr. ROB encouraged us to write chapters for the book 
published on Ceylon Cinnamon "Cinnamon and Cassia 
- Genus of Cinnamomum".
 Let us all remember Dr. ROB as a great scientist 
for his contribution to the nation and for all the great 
work he did for the IChemC. Let us try to emulate the 
exemplary life of Dr. ROB and follow in his footsteps. 
Let his memory linger in our hearts and minds for 
posterity.

Mr. Ranjith Dayananda graduated from the College of Chemical Sciences, Institute of Chemistry Ceylon and obtained his MPhil 
from the University of Kelaniya. He has served at the Industrial Technology Institute and Silver Mill Group, and as a Past President 
of the Institute of Chemistry Ceylon.

 Dr. R. O. B. Wijesekera, the doyen of Natural 
Product Chemistry, and a much loved figure among 
all those he worked with, passed away on the 13th July 
2021 after a brief illness. He was 92 years at the time of 
his demise, and knowing his abiding love of cricket, he 
would have said with a satisfied smile, “I have batted 
a good innings”.  Dr ROB leaves behind his charming 
wife Marina.
 Dr. Wijesekera’s illustrious career as a natural 
product chemist and research manager is well known 
among the scientific community.  But not many know 
about his endearing qualities as a human being. I will 
endeavor to give justice to both these aspects.   
 Dr. R.O.B. Wijesekera started his research career 
at the MRI in 1952 where he worked on indigenous 
medicinal plants. He proceeded for his PhD to the 
University of Sheffield in 1955 and returned in 1959.  
He joined the CISIR in 1966 and built up a vibrant and 
active Natural Products Section   producing research 
papers and patents at a prolific rate, and gaining 
much fame in the field of spices and essential oils.  
His immense contribution towards human resources 
development was the concept of a two-part Ph.D. 
system where several of his protégés were sent to spend 
brief periods in European laboratories by arrangement 
with his colleagues at foreign universities. Their work 

was then used for presentation of doctoral theses at 
local Universities. He was thus responsible for the 
conferment of PhD s on several of his staff, for which 
their gratitude is palpably displayed by their devotion 
to him.  Although scattered far and wide across the 
world they never fail to pay homage as it were to their 
beloved guru on their regular visits to their homeland. 
The words of one of his students L N Fernando, now 
domiciled in the United States, says it all. “Dr. R.O.B. 
Wijesekera, the man who changed the direction of my 
life, my mentor and my best friend”.
 For the performance of research in this sector and 
his leadership, he was awarded the Guinness Award for 
Scientific Achievement in 1976 administered by the 
Commonwealth Science Council. The citation starts off 
with “The Sri Lankan Scientist to receive the award is Dr. 
ROB Wijesekera of the CISIR. Dr. Wijesekera has for the 
past ten years built up a unit to study and develop the 
extraction of essential oils from plants notably cardamom, 
citronella, and cinnamon,- ….”
 Dr. ROB’s international career took off from here, 
when he served as a consultant to UNIDO-ESCAP 
on the essential oil industry. Thereafter to Guyana as 
Special Consultant to the Government and in 1978 he 
was selected by the WHO as Task Force Manager of 
their International Research Programme on Plants for 

Dr. R O B Wijesekera: A Scientist with Humane Qualities 
Dilmani Warnasuriya

Editor, Link Natural Digest

In Memoriam
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Fertility. Having proven himself as an able research 
manager, he was recruited by UNIDO in 1980 as a 
Special Technical Advisor to the Chemical Industries 
Branch and was responsible for the Industrial Utilisation 
of Medicinal and Aromatic Plants programme in 
several countries. He was instrumental in initiating 
major UNIDO projects in the areas of essential oils 
and medicinal plants in several countries, mainly in 
Asia and Africa. His extensive travels into the exotic 
and little-known areas in the world is vividly described 
in his autobiographical treatise titled ‘Clouds are not 
spheres nor mountains cones’, which was published in 
2011.
 After his return to Sri Lanka, Dr. Wijesekera 
came back to CISIR (then ITI) as the Chairman, in 
1995, before taking over as the inaugural Chairman 
of the National Science & Technology Commission 
(NASTEC), when the S&T Development Act came into 
force in 1998. Although I meant to list his impressive 
achievements in brief it would be remiss of me to omit 
the letters behind his name. Dr. Wijesekera was awarded 
an honorary DSc from the University of Sheffield, a 
DSc Honoris Causa by the University of Peradeniya, 
was a Fellow of the Royal Society of Chemistry and 
a Chartered Chemist of the U.K., and Fellow of the 
National Academy of Science (Sri Lanka). He was a past 
President of both the Institute of Chemistry and the Sri 
Lanka Association for the Advancement of Science, and 
was also the recipient of the Presidential Vidya Jyothi 
Award.  He was much sought after as a Consultant in 
both the private and public sector, and internationally. 
Almost till the time of his demise he served as Director/
Consultant at Link Natural Products Pvt.   
 It is at Link Natural where I worked as the Editor 
of the Link Natural Digest with him as the Editor in 
Chief that I really got to know Dr ROB on a personal 
basis and I learnt so much from him. However much 
he aged, his love for reading scientific material never 
abated, and his innate ability to just skim through an 
article and identify areas of research potential never 

failed to amaze me. He was a scientist with an incredible 
vision and he had an uncanny insight into what subjects 
would draw the interests of the readers when compiling 
the Digest. During his tenure as Editor Chief of the Link 
Natural Digest, the accolades he received from eminent 
scientists all over the world are indeed gratifying. 
 Another unique characteristic he had was his 
phenomenal memory. He could recall events of his 
childhood as if they happened just the other day and 
even quote verbatim conversations that took place. At 
first I was skeptical and thought it was just a figment of 
his imagination, but when it was repeated (on several 
occasions actually) the content was the same. And the 
most endearing quality about him was his genuine 
concern for the welfare of his staff, professional and 
domestic, going to extraordinary lengths to assist 
them in any way he could.  As for me, he leaves an 
irreplaceable void in my working life as a mentor and 
sounding board. He influenced my thinking patterns 
immeasurably. As for his personal life, he was very much 
a family man and was an amazing husband, father and 
grandfather. He was so proud of their achievements and 
would talk about them so much that I felt I knew them 
personally.  So much so that even before I met them, I’m 
sure I would have been able to identify each one of them 
if I saw them for the first time. 
 Finally, I think he would also want it mentioned 
that he was an FRCS, not a medical one but a Former 
Royal College Student who distinguished himself both 
as a scholar and in sports having represented his school 
in cricket and rugby. He would talk nostalgically about 
his school days and eulogize his Principal, Bradby who 
seemed to me to be in another plane when compared 
to present day teachers. Sri Lanka could do with more 
Principals like him. 
 Dr. Wijesekera led a good life, and I know he will 
reach a place where his actions will be richly rewarded. 
May attain the supreme bliss of Nibbana.

Ms. Dilmani Warnasuriya has served the CISIR for over three decades, having been attached to the Food Technology Section and 
Microbiology Section, and later on being appointed as Manager of Information Services Centre at ITI. She has served as the President 
of the National Library Association and as the Editor of Link Natural Products Digest.
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Guest Editorial
The Untold Truth about Cosmetics

Savini Thrikawala
Department of Biological Sciences, Clemson University, South Carolina, USA

 Now, more than ever, the use of body and personal 
care products is escalated around the world as a form of 
boosting one’s self-esteem by increasing attractiveness. 
Consequently, women and men of all ages use at least 
one personal care product. It is expected that the 
world cosmetics industry would reach a $429.8 billion 
market by 2022. According to the US Food and Drug 
Administration (FDA), articles applied to the human 
body for cleansing, beautifying, promoting attractiveness, 
or altering the appearance are defined as cosmetics. These 
include but are not limited to moisturizers, deodorants, 
shampoos, hair colors and other hair care products, 
nail polishes, perfumes, and makeup products. More 
than 12,000 synthetic and industrial chemicals are 
used in these products as preservatives, fragrances 
and surfactants, but less than 20% of those chemicals 
have been identified as safe for human use. One of the 
main factors contributing to the overuse of industrial 
chemicals in cosmetics is the lack of proper regulatory 
measures. For example, while the US FDA is responsible 
for regulating cosmetics, and requires toxicity testing 
of the active compounds, chemical additives are not 
required to pass toxicity testing prior to cosmetic product 
release to the market. 
 When toxicity testing for a particular product is 
conducted, it is often limited to acute toxicity such as 
skin sensitization—dermal or ocular irritation. And if a 
low enough dose is used with no acute toxic reaction, it 
is considered ‘safe’ for human use. However, if a single 
cosmetic product is used on a regular basis for a long 
time, it increases the exposure levels much higher than a 

single recommended low dose. Once applied, chemicals 
can enter the body via dermal absorption, inhalation, 
and ingestion, circulate through the bloodstream, and 
accumulate in tissues and organs. With long-term 
exposure, these chemicals could become carcinogens, 
mutagens, genotoxic, neurotoxic etc. 
 Among the many industrial chemicals found in 
cosmetics, a variety of organic compounds and heavy 
metals are of major concern. A growing body of literature 
provides evidence for possible toxic outcomes of 
exposure to these constituents. Formaldehyde-releasing 
compounds are commonly found as a preservative 
in numerous cosmetics products. Consequently, 
formaldehyde is one of the most common chemical 
contaminants found indoors. Formaldehydes are 
cytotoxic in bronchial cells—cell lining of airways to 
the lung—causing allergy and altered lung conditions. Its 
pro-allergenicity is also related to skin, ocular, nose, and 
throat irritations. High levels of formaldehyde increase 
the risk of developing myeloid leukemia, establishing its 
role as a carcinogen. Imidazolidinyl urea and diazolidinyl 
urea are two other compounds known for their notorious 
release of formaldehydes. They are used as antimicrobial 
agents in cosmetics, skin care products, eye and face 
makeup products, products for hair and nails and 
even in childcare products. The toxicity mechanism 
of these chemicals is rooted in hyper-production of 
reactive oxygen species (ROS) and resulting aberrant 
mitochondrial functions. In addition to dermatitis and 
allergies, imidazolidinyl urea and diazolidinyl urea 
chronic exposure is associated with fatigue, nausea, 
dizziness, migraines, and insomnia.
 Benzalkonium chloride (BAC) is a quaternary 
ammonium compound with antimicrobial properties, 
and one of the most widely used preservatives in 
cosmetics. By the year 2013, 567 cosmetics products 
are reported to be using BAC at concentrations ranging 
from 0.01%-0.5%. Nonetheless, its hazardous outcomes 
span across multiple tissues and organ systems being 
neurotoxic, ocular toxic, pulmonary toxic, and genotoxic. 
BAC exposure induces neurite degeneration, ROS 
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generation and apoptosis of neurons in in vivo models. 
Upon nasal exposure, it decreases the viability of 
epithelial tissues in airways. BAC exposure alters DNA 
synthesis, repair, cell division—such that it can cause 
reproductive and genotoxic effects. Multiple other in vivo 
and in vitro reports suggest that BAC can cause ocular 
irritations, skin complications, cardiovascular issues, etc.
 Esters of p-hydroxybenzoic acid (parabens) are 
perhaps the most extensively used chemical agent 
in cosmetics. They are used as preservatives and 
antimicrobial and antifungal agents in hair and shaving 
products, deodorants, toothpaste, moisturizers, and 
makeup. Due to their relatively low toxic effects reported 
from a variety of in vitro and in vivo trials, parabens 
are widely accepted by regulatory authorities. Low cost, 
stability over a wide pH range and broad activity spectrum 
have further widened their popularity as chemical 
additives to cosmetics and even some baby products. 
However, recent studies emphasize that parabens can 
be estrogenic and can have anti-androgenic properties 
interfering with male reproductive health. They can also 
be cytotoxic, immunotoxic, genotoxic, clastogenic and/
or mutagenic.
 Body care products such as shampoo, toothpaste and 
mouthwash carry 1, 4-Dioxane, a byproduct that is often 
not listed as a chemical component. It helps to create foam 
and alleviate harsh sensation of other chemicals. While 
toxicity reports of short-term 1, 4-Dioxane exposure 
is limited to irritations in eyes, nose, and throat, high 
concentration can cause breast, liver and skin cancers. It 
also acts as an endocrine disruptor, mainly by interfering 
with biosynthesis and metabolism of hormones. 
Phthalates are another group of organic molecules 
extensively used in lotions, perfumes, nail polish and 
hair care products. It is estimated that >3 million tons 
of phthalates are used per year. Exposure to phthalates 
is associated with improper sexual development and 
adverse neuronal, immune and respiratory functions 
in children, and pregnancy complications, obesity, 
diabetes, increased risk for breast cancer and metastasis 
of malignant cancers in adults. Last but not least, heavy 
metals, such as antimony (Sb), arsenic (As), cadmium 
(Cd), chromium (Cr), cobalt (Co), copper (Cu), nickel 
(Ni), manganese (Mn), and lead (Pb) are unfortunately 
a major chemical additive to personal care products, 

especially makeup. Although low doses of these are 
found in cosmetics, products like makeup are in daily 
use with repeated exposure to these metals, circling back 
to the fact that they can accumulate in the body causing 
undesirable outcomes. 
 There are still plenty of gaps in our knowledge on the 
actual causative role of each of these chemicals on human 
health conditions. The general belief is that if a product 
is used as per manufacturer’s instructions, the harmful 
effects of its chemical compounds are little to none. Yet, it 
is often overlooked that prolonged low dose exposure and 
possible bioaccumulation may pose undesirable health 
risks. For example, parabens have been detected in breast 
tumor tissues, and given it’s estrogenicity, are parabens 
a major culprit for increasing breast cancer incidence in 
women? Such causative relationships between chronic 
chemical exposure and health risks can be derived from 
wide-scale epidemiological studies, which can then 
be tested in the laboratory. While this is a plausible 
approach for the cosmeceuticals already in the market, 
new cosmetics products should follow a thorough risk 
assessment for all its chemical constituents and for both 
acute and chronic exposure prior to market release. 
Similarly, these proper toxicological testings must be 
a pivotal part of acceptance by regulatory authorities. 
Cosmetics and personal care products have already 
become an integral part of human life, hence a massive 
industry. Overall, a coordinated effort between scientific 
investigations and regulatory authorities is the solution to 
mitigate cosmetics-related human health vulnerabilities.
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1. Can you provide a brief insight on the 
products and services currently offered by your 
organization?

Siddhalepa manufactures over 200 authentic 
Ayurveda medicinal products and OTC Ayurveda 
products, ranging from cosmetics, medicines, 
and food items, conforming to international and 
local Standards. Furthermore, we have vertically 
diversified in to hospitality and healthcare too. 
Today we excel in disseminating our time-tested 
Ayurveda heritage and experience via Siddhalepa 
Ayurveda Hospital (1st Privately owned Ayurvedic 
Hospital), Siddhalepa Ayurveda Health Resort, 
local and international Siddhalepa treatment 
centers in Europe, where customers come for 
massages and other facilities at the treatment center 
where they are initially checked by an Ayurvedic 
doctor.

2. Would you brief us on the history and objective 
behind the formation of your company?

Siddhalepa was developed in 1934 by my 
grandfather, a 4th Generation Ayurvedic doctor 
(Kidney Specialist) and Astrologer Dr. Hendrick 
de Silva Hettigoda. He was the President of the 
Astrological Society of Sri Lanka. While he was 
travelling between India and Sri Lanka in the 1920s, 
he was handed the miracle recipe of Siddhalepa by 
a yogi rishi from Himalaya, who was his teacher. 
Then Dr. Hendrick de Silva Hettigoda handed the 
product to his talented visionary son Dr. Victor 
Hettigoda, who founded the Hettigoda industries in 
1971. My father, the current chairman Deshabandu 

Dr. Victor Hettigoda built an enormous brand 
equity over five decades for Siddhalepa to become 
the “Vedamathmaya” in every home. We have a 
history of over 85 years in terms of the product 
being in the market. Along the way, we have 
diversified from product manufacturing to service 
sector. 

3. Hettigoda Industries is a leading manufacturer 
of indigenous medicines and ayurvedic remedies 
in Sri Lanka. What makes your organization 
unique from other competitors in the Ayurveda 
product industry?

The Hettigoda group started creating a market for 
Ayurveda in commercial space which was highly 
risky against multinational cooperations (MNCs). 
Soon Siddhalepa created the brand USP based on 
the unique benefits and formulae of over 200 years 
old Ayurvedic heritage of the Hettigoda family. 
We were the first to introduce many Ayurvedic 
products to the local market, having launched the 
Ayurvedic soap - “Visaka” for the very first time in 
1981 and Ayurvedic toothpaste – “Supirivicky” in 
1988 to name a few. We were the first company to 
have a private Ayurvedic hospital. 

4. Can you brief us on the focus given at Hettigoda 
Industries to R&D? How do you incorporate the 
traditional knowledge on indigenous plants with 
conventional scientific methodology and what 
are the state of art technologies employed in the 
manufacture of ayurvedic cosmetic products at 
your organization?

From Pioneers To Front-runners, As Innovation Meets Tradition : 
How Siddhalepa Remains At The Forefront Of The Ayurvedic Industry

Lankani Hettigoda
Hettigoda Industries (Pvt) Ltd
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We invest heavily into research to verify that these 
ancient Ayurvedic formulas with already proven 
efficacies, are safe, effective, and packaged to comply 
with current rules and regulations stipulated by 
respective markets. Mainly our R&D work involves 
producing Ayurvedic medicines. At a given time, 
we would be working with over 20 to 30 products. 
Some research has been going on for the last 10 
to 15 years, with the aim of trying to improve the 
stability or safety of the products. Coming from 
a family of entrepreneurs and Ayurvedic doctors, 
even I was surprised how traditional knowledge on 
preparation systems have been there, but we never 
expressed in scientific terms. Bio-transformations 
are employed in the manufacture of Arishtas but 
never labelled as such but a normal fermentation 
process. The rishis who are gurus in creating these 
formulations, had known bio-transformations but 
had never used the term. With the changing world, 
we need to incorporate certain safety aspects and 
good manufacturing practices into traditional 
preparatory methods. Modern machinery in 
process technology is used to ensure that the 
products are manufactured while maintaining the 
true essence of the original formulas. Machinery is 
used in powdering, cutting, or sorting like stirrers 
and homogenizers to quicken the process, while 
also being employed in testing processes as well. 

5. How does your organization ensure that the 
physical and analytical characteristics of raw 
materials that are utilized are up to the standard 
required for the manufacture of an Ayurvedic 
cosmetic product? How do you ensure safety and 
efficacy of the final product in order to maintain 
the highest standards of quality?

This ensure through two phases of analytical 
strategy:

i. Traditional analysis (by colour, aroma, taste 
etc.) though our Ayurvedic committee 
comprising of Ayurvedic doctors to experts 
in plants. We have our own methods to 
determine the plant characteristics of the raw 
materials, whether it is of fresh form or dried 
form. For example, “Nil averiya” is crushed 
and the oil colour is checked to test whether 

it has been harvested within 6 hours. Our 
raw material inventory is about 600, where 
traditional methods are employed to analyze 
them. 

ii. Scientific botanical/chemical analysis is 
conducted to make sure that they are the 
correct species from our vast reference 
library of specimen Herbarium sample sheets 
authenticated by the Peradeniya Botanical 
Gardens as well as the testing procedures like 
cross sectioning and slide preparation. 

The safety and the efficacy of the product are 
maintained all throughout by stringent quality 
control and quality assurance procedures from the 
moment we receive the raw materials to in-process/
finished product sample testing to make sure we 
comply with both internal and external testing 
protocols and standards. Once in manufacturing, 
the products are under the supervision of 
Ayurvedic doctors. The products are manufactured 
under GMP and ISO standards, and released to 
the market only when all the parameters are met. 
Internal analysis reports are also produced for the 
released products. We get our statistically selected 
samples routinely tested by a third party as well. 

6. Siddhalepa already has a global presence, having 
entered the foreign market with the export of 
its products. Can you elaborate on the kind of 
products and services you offer, and how you 
cater to your customers on a global scale?

Siddhalepa went in to the global market in the 
1950s when late Dr. Hendrick de Silva obtained 
the medical license for the Siddhalepa balm from 
Switzerland. Today we export to many countries 
all over the world like the USA, South America, 
China, Australia etc. while Europe remains as our 
main market. The European market is extremely 
into massage oils, elixirs and various food 
supplements. Our treatment centers are available in 
Germany, Czech Republic, Slovenia and Maldives 
with doctors and therapists who are trained in 
Ayurvedic practices. We comply with certain trends 
and cater products and services which are region-
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specific in demand. There is quite a demand for 
the Ayurvedic tea, ”Ayur Diacin” which supports 
sugar metabolism in China. The Japanese prefer 
toothpastes which do not cause foaming, and their 
demand is also catered to accordingly.

7. What are the standard certifications that are 
being specified when catering to the local and 
global market?

Our company has been recognized as a company 
with both local and global quality standard 
certifications such as ISO 9002 in 1994 as the 
1st Ayurvedic Company in Asia to receive ISO 
certification, ISO 9001 in 2000 for research 
development & manufacturing of Ayurvedic 
products, ISO 22000: 2005, HACCP, ISO 14001, 
GMP SLS, ISO 22716, OHSAS 18001: 2007, ISO 
14064 - 1:2006 Carbon Foot Print SLS 275. All 
products are manufactured under the licenses of 
Departments of Ayurveda, Ministry of Health, Sri 
Lanka. Right now, we are in the process of building 
a production facility in compliance with EUGMP 
standards. 

8. Sustainability is a key component in every 
industrial establishment. What are the 
approaches undertaken at your organization 
to implement green practices and maintain 
sustainable ethics and values?

To provide quality herbs for our manufacturing 
process we maintain plantations at Wanathavilluwa, 
Anuradhapura, Rathnapura and Katuwana. 
We maintain a green cover of over 13 hectares 
that helps sustain the environment. We provide 
plants to school children and teach them how to 
practice herbal gardening. Furthermore, we run 
many women empowering projects alongside 
the plantations. We were the first Ayurvedic 
company to have organic fertilizer as an organic 
input certified by the National Association for 
Sustainable Agriculture Australia (NASAA). We 
are in the process of utilizing plant waste as input 
raw material to manufacture briquettes for biomass 
boiler. We have opted for recycled paper packing 
and using biodegradable polythene as well.

We have won many awards to name a few,

- Presidential environment awards

- Asia Responsible Entrepreneurship awards 
under Green Leadership Category awards

- Cleaner Production awards excellence in 
water, material, and energy efficiency, and 
excellence in Cleaner Production Practices 

Annually on average about 1000 garbage bins and 
instructions boards are being distributed among 
temples, schools, churches, and public places. 

9. Can you brief us on the CSR projects and 
community initiatives undertaken by your 
organization?

CSR projects that are conducted, are mostly social 
and environment beneficial as well as supportive 
in brand building and loyalty building. As the 
leader in Ayurveda sector of Sri Lanka, Siddhalepa 
consider human and environment as equally 
important for sustainable development and 
existence. The Sripada Health camp is one of our 
major CSR projects since 1978. We run a free health 
camp for pilgrims near Makarathorana. Also, we 
maintain a bathing area and a lavatory complex 
too to ensure comfort and hygiene of all pilgrims. 
Further, we assist local authorities and the temple 
to maintain cleanliness and environment harmless 
by placing garbage bins and advice boards. Kandy 
Asela Perahera, Katharagama perahera, Seruwavila 
perahera, Devinuwara, Gatabaruwa, Bellanvila 
perahera, Nallur festival, Thewaththa feast are 
some of the religious festivals that we do as CSR 
projects where we donate first aid supplies, garbage 
bins and instruction boards/signs. 

Kekulu art competition is a project to develop 
the creative and sensitive mindset of our younger 
generation since 2012. The competition is open for 
preschools and we receive about 50,000 paintings 
a year. 

School herbal garden project is one of the unique 
environment projects we do with school children 
with an objective to inculcate values on environment 
protection and learning endemic herbs. We donate 
herbal plants, equipment, and label boards to 
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schools to maintain an herbal garden at school 
premises. Currently we are maintaining 656 school 
herbal garden across all districts.

10. What are the most significant market challenges 
in the Ayurveda product industry at present, 
especially under the prevailing COVID-19 
situation, and how is your company addressing 
them?

Amidst the COVID-19 pandemic, the demand for 
Ayurveda medicines and treatment have increased. 
It has opened the eyes of many Sri Lankans of how 
useful Ayurvedic products are. Ayurveda products 
boost immunity and helps to stay healthy and 
fit. Also, it was widely reported that none of the 
COVID patients who were admitted to Ayurvedic 
hospitals, succumbed to the illness. However, 
following this immense recognition for Ayurveda, 
there is a huge trend of new entrants who are not 
well rooted into traditional Ayurveda. We see this 
as a challenge for the entire Ayurveda sector and 
as the sector leader, we propagate the important 
of consuming Ayurveda products with accepted 
standards and quality.

11. How does your organization contribute in 
creating employment opportunities and 
uplifting the economy of the country in general, 
particularly in raking in forex to the country? In 
your opinion, what measures should be taken to 
develop the local herbal cosmetic industry such 
that it adds value to the Sri Lankan economy? 

We have over thousand direct employees while 
thousands more indirectly benefitting as suppliers. 
A considerable number of villages are being 
employed at our plantations and, we support and 
encourage out grower programmes with farmers 
to cultivate Ayurvedic plants in their own lands 
with a 100% buy back guarantee from Siddhalepa. 
This project helps to empower the villages and to 
improve their living standards. Also, we conduct 
many projects to empower women and children 
to lift them through the poverty line. As per the 
service sector hotels, foreigners are attracted which 
provides a huge foreign exchange to the country. 

Before, the pandemic the largest contingency 
of tourists to Sri Lanka were for the Ayurvedic 
experience. Foreign students are coming as well 
to learn about Ayurveda. Even now, foreigners 
are at our hotel in Wadduwa to get away from the 
Covid-19 situation. Hence, Siddhalepa contributes 
to the sustainable development of rural economy 
and macro economy of the nation.

12. What are the major challenges faced by your 
organization with regard to the development, 
manufacture and sales of Ayurvedic products 
when catering to the local and foreign market? 

Facial masks and creams have always been used 
traditionally. The major challenge is how to make 
these traditional formulations into a product 
format, which is easily accessible to urban and 
cosmopolitan population. It is rather sad that 
we have not been able to promote and position 
authentic Ayurveda cosmetics to Sri Lankan 
consumer due to many reasons including the 
huge influence of the Multinational companies 
promoting their products through media. Today 
the western world has gone full circle and now 
actively promote and seek products with natural 
claims. In a way the consumer is rejecting the 
artificial ingredients for more natural products, 
where especially in Europe we have been extremely 
successful. So, I believe it is a matter of time before 
Asian consumers will also align with this thinking.

The huge challenge these days with quarantine is 
manpower. In Sri Lanka, it is going to be problem 
as well to get people to work in manufacturing 
industry. We had issues with sourcing as well 
which we overcame by having our own plantations 
so that the quality and consistency of supply can be 
guaranteed.

Obviously to compete globally we need to match 
with some of the technologies, scientific research 
and trials adopted by western synthetic cosmetics 
which costs enormous amount of money which is 
a huge obstacle.

13. Our country is blessed with a unique opportunity 
to showcase its abilities in the ayurvedic sphere, 
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with the world moving towards natural, 
authentic, and therapeutic practices. However, 
the supply of herbal cosmetic products from 
Sri Lanka is still very limited on a global scale. 
What are the constraints faced by the Ayurvedic 
cosmetic industry in this regard and what, in 
your opinion, are the proactive measures that 
can be taken to cater to the global market on a 
larger scale?

There are testing procedures, analysis reports to 
be provided to enter European market. Some of 
them are not available in Sri Lanka which had to be 
done in European testing laboratories costing huge 
amounts of money. The packaging must be relevant 
to the particular market. Another constraint 
is getting the product registered. Though the 
government helps in certain aspects it still costs a 
lot of money and is a huge challenge.   

We need to understand the importance of brand 
building through value addition and positioning. 
We are strategically focusing on developing skilled, 
trained labor, research, and innovation to make 
Siddhalepa Ayurveda truly a unique concept at 
health and well-being spectrum. Ayurveda medical 
tourism is another significant avenue that we play 
a major role in promoting exports. Hence, we 
have given our serious concerns in brand building 

to enter new markets locally and globally rather 
than getting ourselves limited to traditional sales 
objectives. 

14. What are the future prospects of your 
organization in terms of the development of 
Ayurvedic products?

As mentioned earlier we are working on developing 
20 to 30 products at a time, medicinal products 
in particular. Recently, we released a product 
called Liv Pro, which is a fatty liver and dietary 
supplement, and a TurmeriN Ayurveda Wound Gel 
for cuts and wounds. Our product development 
portfolio in the future will specifically target 
ailments. As explained, we are highly committed 
to improve the validity and authenticity of those 
ancient time-tested Ayurveda formulas. We look 
forward to obtaining the government’s support to 
improve lab facilities, research conferences, clinical 
trials and obtaining GMP certification. We see 
many prospects in expanding our presence in the 
global market and while we are working towards 
product innovations and brand building we expect 
financial assistance from government organizations 
in trademark registration and product registrations 
in export countries. 

Mrs. Lankani Hettigoda obtained her BSc (Hons) in Chemistry and a MSc in Natural Products Chemistry from University College 
London (UCL), UK. She currently serves as the Director - Research and Development of Hettigoda Industries.
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1. Could you give a brief introduction about 
yourself?

 I am Nalaka Gunawardana, and I am a physical 
science graduate of the University of Peradeniya. 
I did my Masters in the same university in 
Analytical Chemistry. After I completed my first 
degree, I joined Multichemi International, and 
my task was to develop a cosmetic range for the 
organization, which I completed successfully. 
Within a year, we were able to launch more than 
20 products, under the Nature’s Secret brand, to 
the market in the year 2001. Then I shifted my 
career into general management, and I followed 
my MBA at the University of Colombo to enhance 
my understanding in general management. This 
is my first job, and I have been working with the 
Multichemi Group for more than 21 years.  

2. Could you please introduce us to the company, 
how it came into existence and the products and 
services that NBC offers?

 Nature’s Beauty Creations Ltd (NBC) is under the 
Multichemi group, and the Multichemi group was 
established in 1993. It was a small entity at that 
time, with an investment of Rs.1.2 million capital 
and started with just 12 employees. The turning 
point of NBC was in 2008, where we split NBC 
from Multichemi International as a separate entity 
and shifted to Millewa. Initially, we had 8 acres of 
land with an ultra-modern, top-notch factory to 
manufacture cosmetics. Cosmetics are a subset 
of personal care, and there are many branches 
under cosmetics. We are not into every segment, 
like color cosmetics (e.g.: hair dyes, lipsticks), as 
its production is environmentally hazardous. We 
engaged in soap production very recently, not 
more than 5-6 years ago, and I believe that this was 
our second turning point, because it gave us more 
presence in the market. We also have a baby care 
range, which is well accepted by the local and the 

foreign markets.

3. As veterans in the cosmetics industry, NBC has 
a diverse range of products. What challenges 
do you face maintaining this and what aspects 
do you consider when manufacturing a new 
product?

 The cosmetic market is always evolving and is 
very volatile in nature, as some products available 
today may not be there after a couple of months. 
We always try to incorporate natural ingredients 
as much as possible into our products. There 
are simply two terms involving cosmetic raw 
materials: chemicals and ingredients. Chemicals 
may be used to give quick results which gives a very 
adverse effect to the user later on, as an example 
bleaching materials which are used in whitening 
products. In our products, we never use such 
chemicals as a company policy. If we draw a line 
between ingredients and chemicals, we always lean 
only towards the cosmetic ingredients. The raw 
materials that we use in our products are often 
derived from natural sources. As an example, we 
use surfactants to create foam which are derived 
from coconut oil, palm oil and other natural 
oils. We always try to incorporate more natural 
ingredients or its derivatives in our products and 
this is one of our main concerns when developing 
a product. Quality is our utmost priority till the 
product reaches the user. Other factors looked 
into are, the market volatility, customer perception 
about the product, and analysis of the customer 
needs. The Sri Lankan and the Indian markets 
are very similar, but Sri Lankan customers are 
more quality conscious than Indians, according 
to my understanding. Most of the cosmetics 
imported from foreign countries are not resisted 
by the National Medicines Regulatory Authority 
(NMRA) which is the government authority which 
gives registrations for cosmetics. All the products 
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we manufacture are registered under the NMRA 
and the products we export are registered in 
respective countries under their guidelines. In our 
premises, we have a number of laboratories, some 
laboratories are directly associated with quality 
assurance and product development, while others 
are used to conduct research on plant materials 
to be incorporated in products. Sometimes our 
findings on plant materials may not be applicable 
for our own product development. In such a 
situation, we share the knowledge gained from 
those findings with relevant parties who might 
benefit from that knowledge.   

 
4. Amongst the large range of products available, 

what are most in-demand locally and in the 
foreign market? NBC exports to over 20 
countries. Are export products region specific? 
Which country has the largest market?

 We manufacture over two hundred odd products. 
In the local market, considering just cosmetics 
excluding soaps, the most popular products are 
facial washes and baby products, like creams and 
shampoos, and these products have a good market 
share. Taking facial washes as an example, the 
same product in the local market is sent to the 
other countries, as well. This is because the product 
complies with European standards, and as shown 
on the label, all the regulatory requirements are 
fulfilled. Allergens are also mentioned on the label, 
even if present in very minute concentrations, 
as this helps customers with allergies to avoid 
usage. Almost all the products that are sent to 
other countries are the same products distributed 
locally, as we do not discriminate between the local 
market and the foreign market, and this is one of 
our policies. In some countries, we do not have our 
brand rights, and unfortunately, the biggest market 
for us is the USA, where we don’t have brand rights, 
and third-party labeling is done. Third-party 
labeling is when we manufacture the product and 
export, but it is sold under a different brand.

 
5. NBC products are not animal tested. Is 

animal testing a requirement in the cosmetic 
manufacturing industry? What are the standard 
certifications that need to be adhered to when 

catering to the local and global market, in terms 
of safety and efficacy?

 Animal testing is now banned by the European 
Union’s Cosmetics Regulation, but we have not 
conducted any animal testing since we started, 
back in 2001. The entire cosmetic and personal 
care manufacturing sector came into an agreement 
in 1980 to avoid animal testing, and gradually 
regulatory authorities also supported that. In 
2013, the European Union’s Cosmetics Regulation 
completely banned conducting animal testing 
because alternative tests can be done. Some also 
known as in vitro tests, use bacteria, isolated cells, 
cell cultures, or tissues. Another approach involves 
the use of computational methods (mathematical 
and computer models) to predict adverse effects. 
However, if the need arises to check for toxicity, 
when alternatives cannot be used, then there is 
a chance for animal testing to be allowed. Some 
countries, like China, still have animal testing 
as a requirement, and it differs from country to 
country according to their regulations. NBC does 
not conduct any animal testing, and we test our 
products from the USA, especially baby products, 
where pediatric and dermatologist testing is done. 
Even if the testing is expensive, we conduct them as 
they are very sensitive products. All raw materials 
NBC uses are approved by the EU, and we usually 
bring down raw materials from Europe, USA and 
Canada, as we mostly try to source the raw material 
from its origin. Considering almond oil, it is mostly 
made in America or Canada, and we directly 
source from the manufacturer and not from a third 
party because it gives better stability and efficacy to 
the product. Since we send our products to Europe, 
there are some specific regulatory requirements 
that need to be met.

 Since we export on a large scale as the nation 
needs more foreign earnings, we also follow EU 
regulations on cosmetics. We use EU approved 
raw materials according to the recommended 
percentages. We also have ISO 9001:2015, ISO 
14001:2015 and ISO 22716:2007 Cosmetics Good 
Manufacturing Practices. ISO 19001:2015 (process)

 All our products are registered under the National 
Medical Regulatory Authorities (NMRA) and if 
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SLS standards are needed for some products, we 
look into that as well. The exported products are all 
registered in their respective countries, under their 
regulations accordingly.

 
6. The vision of the organization is to be the most 

eco-friendly cosmetics manufacturer in the 
world. What measures have been implemented 
to ensure that the process of manufacturing 
the product and the product itself are 
environmentally friendly?

 To measure the environmental impact, we consider 
the carbon footprint of the product. When 
manufacturing a product, it generates greenhouse 
gases like carbon dioxide and methane, and this 
contributes to the greenhouse effect. Carbon 
footprint is the total amount of carbon dioxide 
equivalent emitted to the environment during 
the entire process, from utilizing raw materials 
to distributing the final product to the end user.  
Considering the production of paper, the total 
amount of greenhouse gases emitted, from the 
cutting down of the tree to converting it into 
paper and transporting it to the end user, is the 
carbon footprint of that paper. That is the simple 
explanation of the carbon footprint of a paper.  
Similarly, we are concerned about the carbon 
footprint of our products. As an example, we have a 
product that contains 96% pure aloe vera, which is 
extracted from the natural aloe plant, more natural 
means less carbon footprint. We directly extract the 
gel from the plant, and convert it into the product. 
This immensely reduces the carbon footprint of 
the product. Since we use plant materials that are 
grown in the country, transportation distances 
are minimal and therefore the carbon footprint 
of products is reduced further. We always look 
at the bigger picture and try to contribute to 
decreasing the carbon footprint of our products, 
as manufacturers, and give an environmentally 
friendly product to the customer. 

 7. Nature's Beauty Creations own a 13 acre land 
where over 800 species of medicinal plants are 
grown. Does the company plan on expanding 
its ayurvedic product line? What is the demand 
like for ayurvedic products in comparison to 

synthetic alternatives?

 We have a precious garden, where over 800 plants 
are grown, and have more than 100 aquatic 
plants. Additionally, more than two acres of land 
is dedicated to aquatic life and plants. Actually, 
we have more than 800 plants, and some aren’t 
validated yet, and many of them are very rare. Our 
medicinal garden is only second to one medicinal 
garden in the country, which belongs to the 
government. It is rich in biodiversity. We lean more 
towards herbal cosmetics, rather than Ayurveda, 
where we focus more on traditional knowledge and 
try to incorporate the validated knowledge into 
our products. We use our laboratories to conduct 
research and always try to extract information 
from traditional knowledge. Herbal cosmetics is 
a trendy market with good growth, as customers 
prefer using natural ingredients, so we try to fulfill 
those needs, and this trend is also seen in the 
foreign market. We always show our ingredient list 
in an orderly manner, with the highly concentrated 
ingredients at the top, so you can easily find out 
what the product consists of. The trend is towards 
herbal cosmetics, yet synthetic products are also 
available in the market from competitors. Most of 
the time customers are confused with the synthetic 
products due to wrong communication from 
advertisements and promotions.

 
8. NBC is an organization that goes beyond its 

objectives of being a profit-oriented organization 
and plays an important role in contributing 
to the country’s development. What kind of 
Corporate Social Responsibility movements are 
being implemented by NBC?

 Since we are a herbal cosmetics manufacturing 
organization, we use a lot of herbal materials. We 
always try to support our local farmers, scattered 
all over the country. And even if they are far from 
us, we still consider them and give them a good 
opportunity and good price for their products. 
Considering CSR, it is a vast area. In simple terms, 
you can’t utilize the resources that you have to 
secure for the next generations and to do so we 
must consider the economic factor, environmental 
factor, and the social factor, which are in harmony, 
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without compromising each other.  These three 
factors are known as the triple bottom line. So, the 
balance of the three factors is very important, and 
that is how sustainable industries exist. In Nature’s 
Beauty Creations, we are always committed to 
balance these three factors which is a difficult task. 
If we are not sustainable in the economic factor, our 
existence is doubtful, and so there are no resources 
for the environment or society. Therefore, our 
main focus is to balance the three factors, without 
compromising as much as possible. Everyone 
living in this world are our stakeholders, not just 
the employees or customers, and they are linked to 
us somehow, and this is how we always think.

9. The prevailing pandemic situation has brought 
forth a lot of change globally, over the past 
one and half years. How has NBC handled the 
COVID-19 pandemic? What kind of changes 
have you noted among your customers and how 
have you adapted to them?

 Firstly, I would like to mention that during this 
pandemic we were closed down only for two to 
three days. All our employees reported to work 
since we manufacture some essential products 
and they willingly attend to work. This is due to 
the culture that we inculcate in our employees. 
No covid patient clusters were formed within our 
staff in the factory, only some individual covid 
cases were recorded. Our staff members follow 
the set of values and ethics at our organization 
and that is why we survived up to now and didn’t 
feel much of an effect from this pandemic to our 
production, sales, and other functions of the 
organization. There were some hiccups, but I think 
we managed well compared to other organizations. 
Considering the customer behavior, due to the 
lockdowns imposed, customer behavior changed 
and we adapted to different approaches. We not 
only manufacture cosmetics, but we also produce 
personal care products like soap and sanitizers, 
and these markets prospered, as everyone widely 
uses them during the pandemic. We entered the 
market in a big way with sanitizers, and even 
medical devices like ECG gels, ultrasound gels 
were manufactured as there was a scarcity for these 
in the market. Overall, there wasn’t much of a big 

increment in growth, but we still managed, with 
fewer difficulties in the pandemic.

 
10. Now people are adapting to the “New Normal''. 

What are the strategies and ambitions in terms 
of sustainability of the organization within the 
industry for the next few years?

 As I mentioned before, this market is very volatile, 
and it is difficult to predict what the customer needs 
in the future. But during this pandemic, human 
behavior changed and since we are into different 
products as well, we didn’t face many difficulties. In 
the future also, we will be monitoring the market, 
and since we are a very flexible organization, at 
any given time, we can shift to a different area of 
production. If tomorrow we need to produce a 
different product, our team is capable of adapting 
to it. The period of time taken to change and adapt 
is very short, and if the customer needs a particular 
product and the demand for that is increasing, 
we are ready to take that challenge and do the 
needful to fulfill the market needs. And this is how 
we are supposed to behave in these situations, as 
no one can predict what will happen in the next 
few months, so we have to be flexible and fit into 
whatever situation the market creates.

 
11. Could you brief us on the significance of Research 

and Development at Nature’s Beauty Creations 
Ltd.?

 We do a lot of research and developments, and 
we have a very good research facility with good 
equipment. We are a diversifying organization, and 
we do research for other organizations under the 
same Multichemi group, as well. And recently, we 
started a research project to form a biofertilizer, 
of a different format. Usually, compost has less 
than 1% of nitrogen, but we are trying to form a 
new product with around 5% of nitrogen, and 
we are doing a lot of research regarding this. And 
we have a different entity where we manufacture 
biofertilizers, not in compost form, but as a liquid 
with microorganisms, called biofilms, and we are 
the biggest manufacturer supplying this to the 
government as a fertilizer replacement. And these 
aren’t brought on the screen, as they are not related 
to cosmetics. We have a separate lab facility in the 
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NBC premises to do non-cosmetic related research 
as well, where university students also can do their 
research. 

12. What kind of career opportunities would the 
R&D sector present to Chemistry graduates?

 Most chemistry graduates like to do research and 
development, but there are also so many avenues 
that you can go with and if we change our track 
there may be a lot of opportunities. Sometimes 
when we see someone with potential in another 
particular area, we shift them towards that; let’s 
say supply chain or production sectors. I don’t 
believe that just because you obtain a degree in 
chemistry, you have to apply just that knowledge. 
A degree will give you some confidence, but not 
everything else, is what I think. Like how our 
organization is flexible, all graduates should take 
up challenges and be able to change their minds 
according to situations and should always focus 
on their careers. After graduating with a chemistry 
degree, you can be a process-controlled chemist, 
lab-quality control chemist, or you can even work 
under finance. As an example, we had a finance 
controller, who was a chemistry graduate and a 
chartered accountant. We also had supply chain 
managers, who were chemistry graduates. So 
likewise, don’t find an opportunity where your 
degree fits in, but find an opportunity where you 
can fit in! Always think about the environment 
and your career progression. There are a lot of 
opportunities for chemistry graduates to work 
here, and I also believe that chemistry graduates 
should not always be chemists. You should analyze 
yourself and challenge yourself, and that is how 
you can have better progress.

 
13. You have been a part of NBC for over 20 years, as 

well as a veteran in the cosmetic industry. What 
do you think makes NBC unique compared to 
other cosmetic companies?

 I believe there are three main pillars regarding this. 
Quality, genuineness, and trust by the customer. 

These are the three factors that we have as plus 
points. Considering the quality, before the product 
goes to the end user or the final customer we have 
supplier-customer relationship in every transaction 
of the process. As an example, the lab could be the 
supplier and production is the customer in one 
stage of the process to ensure the above factors, and 
this relationship continues till the end user or the 
final customer gives a feedback. We have a unique 
way of customer complaint handling and that is a 
part of the entire process. In every aspect, we cover 
these three factors: quality, genuineness, and trust 
with our stakeholders. We never compromise our 
quality, genuineness and trust and that is why we 
are here today.

 
14. What is the standpoint of the cosmetic industry 

in Sri Lanka and what part does it play as a 
source of revenue and economic stability in the 
country?

 The cosmetic industry is one of the most fast-
growing industries, both locally and globally, and 
we use cosmetics daily. The trend has reduced 
due to the covid situation, but it will be stabilized 
probably in a couple of months, I suppose. Since 
this is a very promising and fast-growing market, 
it can generate a lot of revenue for the country. If 
we block cosmetic imports completely, we will be 
able to increase the local production and there is 
an opportunity for the local entrepreneurs to put 
up new factories and increase the production 
according to the demand. If the country can 
produce more, that means we can save foreign 
exchange more, and it will boost the economy of 
the country. Moreover, if we consider the exports, 
which will also bring the foreign exchange, it 
would be great to penetrate the global market since 
there is a favorable growth in the herbal cosmetics 
market in foreign countries. 

Interviewed by: Ayesha Hettige (Level 3 GIC student)

Mr. Nalaka Gunawardana obtained his BSc from the University of Peradeniya, followed by a MSc in Analytical Chemistry and 
received his MBA from the University of Colombo. Mr. Gunawardana currently serves as the General Manager of Nature's Beauty 
Creations Ltd. (NBC) having served at Multichemi International for more than 20 years.
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 The use of natural-based cosmetic active ingredients 
is on the rise worldwide, particularly in anti-aging and 
skin lightening (brightening) skin care cosmetics. The 
bulk of the world's aging population seeks anti-aging 
cosmetics that are derived from nature. As a result, 
there is a surge in demand for natural components to 
make anti-aging treatments. Asian, African, and other 
dark-skinned people, on the other hand, are looking for 
cosmetics to help them acquire lighter complexion.

 The PI of this project did some study in this area 
and was able to provide a leaflet to the public outlining 
the dangers of mercury-containing creams. As a result, 
formulating highly effective skin lightening skincare 
with natural ingredients may be critical.

 The world demand for cosmetics is expanding year 
after year, and the market is growing at an exponential 
rate. Cosmetics market was estimated to be $380.2 
billion in 2019, and is predicted to enhance at a rate 
5.3%  from 2021 to 2027, to achieve  $463.5 billion 
by 2027. The exponential expansion of the worldwide 
cosmetic market is depicted in Figure 1.(https:// www.
alliedmarketresearch.com/cosmetics-market).

       
       
       
       
       
       
       
       
       
       
       
       
       
       
   

Figure 1: (Source -https://commonthreadco.com/
blogs/coachs-corner/beauty-industry-cosmetics-

marketing-ecommerce)

 The world demand and value for nature-based 
cosmetics is estimated to increase by two-fold from 2018 
to 2027 to around 553.5 billion USD, indicating global 
preference for nature-based and organic cosmetics 
(Figure 2)

Figure 2: (Source - https://www.alliedmarketresearch.
com/cosmetics-market).

 As per one of the major leading cosmetic producers, 
the demand for cosmetics has not been diminished even 
during the COVID-19 pandemic which affected the 
markets in late 2020. The rise of the middle and upper 
classes, as well as the increasing  number of old citizens 
and other people on the lookout for items that match 
their various targets are driving the lasting prospectives 
(https://www.loreal-finance.com/en/annual-report-
2020/cosmetics-market-2-1-0/

 Anti-aging and skin-brightening skin care 
products are among the most in-demand cosmetics. 
The following four factors, according to market 
researchers, are contributing to the global skincare 
products market's growth:

• Mounting need for anti-aging cosmetics
• Growing need for skin lightening skincare
• Ever increasing requirement for natural and 

organic cosmetics
• High demand for men's skin care cosmetics

 Skin ageing can be intrinsic, or age-related and 
genetically determined, or extrinsic, or photoaging, 
which is caused by external factors such as UV 

Foundation of Anti-ageing and Skin Lightening Skincare Products
Nimal Punyasiri

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

Themed Collection
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exposure, which causes oxidative stress and the creation 
of reactive oxygen species. This could cause elastin, 
collagen, and hyaluronic acid degradation, as well as 
melanin production, resulting in wrinkles, creases, and 
uneven skin pigmentation.

 This is because UV light can stimulate the 
development of enzymes such as elastase, collagenase, 
and hyaluronidase, which destroy the molecules 
essential for photoaging reduction. A person's self-
esteem and confidence may be lowered as a result of 
aging and damaged skin. As a result, many synthetic 
skin care products are widely available and in high 
demand; however, the toxic substances used in these 
products may have other negative consequences, and 
certain products may cause diseases such as cancer. As 
a result, scientists are researching the skin-enhancing 
qualities of natural-source compounds, which may have 
fewer side effects and other advantages. Hence, the most 
effective anti-aging treatments would be to inhibit the 
key enzymes elastase, collagenase, and hyaluronidase, 
which might be accomplished with plant extracts.

 In the same manner inhibition of tyrosinase 
activity, which is the most prominent enzyme in the 
biosynthesis of melanin. This could be used to enhance 
skin lightening (brightening) and reduction of melanin 
synthesis. Inhibitory effects of tyrosinase are shown by 
many plant species.

 Melanin, a pigment, is primarily responsible for 
skin color. Melanin is made by melanocytes during a 

process known as melanogenesis. The difference in skin 
color between people who are lightly pigmented and 
those who are darkly pigmented is attributable to their 
level of melanocyte activity.

 Melanogenesis is the process of synthesizing 
melanin, imparts colour to human skin, eyes, and 
hair. Tyrosinase, in particular, is a crucial enzyme that 
catalyzes a rate-limiting step in melanin formation, and 
inhibiting tyrosinase is the most common technique 
for developing melanogenesis inhibitors. As a result, 
various tyrosinase inhibitors have been produced in 
recent years. Tyrosinase is an oxidoreductase that 
is significant in medicine and cosmetics because 
hyperpigmentation is caused by excessive melanin 
production. The search for new and effective tyrosinase 
inhibitors has been going on for a long time.

 By studying the enzymological data from assays 
on anti-ageing, anti-collagenase, anti-elastase, anti-
hyaluronidase, and anti-tyrosinase activities of plants, 
a fresh set of skincare products (Anti-ageing and Skin 
Lightening creams, body lotions, and facial cleansers) 
can be developed. The plant extracts could be screened 
using these assays to identify them as possible cosmetic 
ingredients.

 In addition, the plant species could also be 
quantified for secondary metabolites where flavonoids 
are of paramount importance imparting anti-ageing and 
skin lightening to plant extracts. The quantification of 
the flavonoids, mainly Flavone (Apigenin & Luteolin), 

Figure 3: Melanin Biosynthetic Pathway – note the first 2 steps involving Tyrosinase
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Flavonols (Quercetin, Kaempferol, Myricetin), 
Flavanols (all the catechins) and Anthocyanidins 
(Cyanidin, Delphinidin, Pelargonidin, Malvidin, 
Peonidin, Petunidin), is done by High Performance 
Liquid Chromatography (HPLC) and Liquid 
Chromatography – Tandem Mass Spectrometry (LC-
MS/MS).

 Enzymological screening for anti-collagenase, 
anti-elastase, anti-hyaluronidase, and anti-tyrosinase 
activity is required for any researcher looking for new 
plant species with anti-ageing and skin lightening 
potential.

 Most essential, the selected plant species' 
sustainability should be preserved without allowing 

their natural habitats to be abused. Following the 
identification of the plant species, a propagation 
method (tissue culture, cell culture, etc.) is developed 
in consultation with experts in the field of agriculture / 
plant breeders, etc.

 There is no doubt that the universal market for 
nature-based and organic cosmetics products is rising 
and developing, with a forecasted value of USD 15.98 
billion by 2020. To enhance the presence and percentage 
of natural skincare and cosmetic goods on the global 
market, North American and international enterprises 
are conducting strategic activities from now through 
2027. Rather than synthetic products.

Prof Nimal Punyasiri obtained his GIC qualification from the College of Chemical Sciences, Institute of Chemistry Ceylon and received 
a Postgraduate Diploma in Advanced Biochemistry and Phd in Biochemistry from the University of Peradeniya.  He has served at the 
Tea Research Institute of Sri Lanka, Industrial Technology Institute, Nature`s Beauty Creations Ltd, and currently serves as Professor 
and Chair of Biochemistry at the Institute of Biochemistry, Molecular Biology & Biotechnology (IBMBB), University of Colombo.

Introduction

 When Cleopatra set sail to greet Marc Antony’s 
fleet, sailors reported that the entire sea smelled of 
incense to announce her arrival. The ancient Egyptians 
were famous for their lavish use of cosmetics and 
perfume and Cleopatra, the Queen of Egypt was doubly 
so. She was rarely seen in public without a face made 
up of blush, lipstick, multicolored eyeshadow, darkened 
eyebrows, and flattened eyelashes.

 

 Cleopatra has used honey, sour milk, and cucumber 
to enhance the glow of her skin. Ancient French women 

have washed their faces with fruit wine to make their 
skin more attractive. Scientists have later found that 
hydroxy acids are the workhorses of these natural skin 
care agents.

What are hydroxy acids?

 Hydroxy acids are a group of organic chemical 
compounds that consists of a carboxylic acid group 
and one or more hydroxyl groups. These acids naturally 
occur in sugarcane, sour milk, honey, cucumber, 
lemon, grape, apple etc. Hydroxy acids are also called 
fruit acids as they mainly present in fruits. α-hydroxy 
acids, β-hydroxy acids, polyhydroxy acids, polyhydroxy 
bionic acids and aromatic hydroxy acids are the 
groups of hydroxy acids that can be found in skin care 
formulations. α-hydroxy acids are carboxylic acids with 
hydroxyl groups attached to the alpha carbon (E.g., 
glycolic acid and lactic acids). If the hydroxyl group 
is attached to the beta carbon that hydroxy acids are 
considered as β-hydroxy acids. (E.g., β-hydroxybutyric 
acid). Polyhydroxy acids are hydroxy acids that contain 

Beauty Secrets: Hydroxy Acids in Cosmetics
Wandana Sathsarani and Suranga Wickramarachchi

Department of Chemistry, University of Kelaniya, Sri Lanka
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more than one hydroxyl group (E.g., Gluconolactone). 
Poly hydroxy acids with an additional sugar molecule are 
known as polyhydroxy bionic acids (E. g., maltobionic 
acid and lactobionic acid). Aromatic hydroxy acids are 
the carboxylic acids with phenolic rings (E.g., salicylic 
acid). [1, 2, 3]

                          

Figure 1: Structures of common hydroxy acids

Chemistry of hydroxy acids

 Solubility and the ability to penetrate the skin 
are the major properties that are important in skin 
care product formation. Based on the solubility the 
applications of hydroxy acids vary. α-hydroxy acids, 
β-hydroxy acids, polyhydroxy acids, and polyhydroxy 
bionic acids are highly soluble in water because of 
their polar nature. However, salicylic acid is sparingly 
soluble in water. Due to the close proximity, hydroxyl 
group and carboxylic group, salicylic acid forms strong 
intramolecular hydrogen bonds instead of forming 
hydrogen bonds with water molecules. In addition to 
that, benzene rings of salicylic acid molecules tend to 
form strong π-π interaction with each other. Therefore, 
salicylic acid shows non-polar properties. 

 

Figure 2: Salicylic acid with intramolecular H-bonds

 The ability of hydroxy acids to penetrate the skin 
depends on the size of the molecule. If the molecule is 
smaller it can penetrate deeper in the skin and cause 
exfoliation of deep skin layers. This can cause severe 
side effects such as enhanced photosensitivity. Amongst 
the groups of hydroxy acids used in skin care products, 
polyhydroxy acids and polyhydroxy bionic acids show 
the lowest ability to penetrate into the deeper layer of 
the skin since they are relatively larger in size. Hence 
polyhydroxy acids and polyhydroxy bionic acids are 
considered as the most appropriate type of hydroxy 
acids which can be used to treat the sensitive skins with 
minimal risk of side effects. [2]

What are the skin conditions that can be treated with 
hydroxy acids?

 Based on the properties of hydroxy acids, they have 
been incorporated into many skin care formulations 
such as exfoliants, anti-acne  creams, anti-pigmentation 
creams and anti-aging creams to treat skin conditions 
including dry skin, acnes, hyperpigmentation, and aged 
skin respectively. 

 Some of the hydroxy acids can be used in sunscreens 
as photoprotective agents to protect the skin from UV 
radiation. 

 

     

 

Figure 3: a) Dry skin, b) Acnes, c) Hyperpigmentation, 
d) Aged skin

Mechanisms of action of hydroxy acids                                                                                                               

 The mechanisms of action of hydroxy acids in 
skin care products that have been developed to treat 
different skin conditions differ from each other based 

Glycolic acid                                Lactic acid

β-hydroxybutyric acid                      Gluconolactone

Lactobionic acid                      Salicylic acid

a b

d
c
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on the purpose. 

 

Figure 4: Cross section of the skin

 α-hydroxy acids, β-hydroxy acids, polyhydroxy 
acids, and polyhydroxy bionic acids have been 
incorporated into exfoliants that are being used to 
treat skin conditions such as dry skin, roughness of 
the skin and aged spot. They can thin or remove the 
stratum corneum, the outermost layer of the skin. It 
consists of dead keratinocytes called corneocytes. Ionic 
interactions are responsible for keeping corneocytes in 
contact with each other. These ionic interactions arise 
as a result of the electrostatic interactions between Ca2+ 
ions and the negatively charged ions like SO4

2- and 
PO4

3-. Hydroxy acids can weaken these interactions 
by chelating Ca2+ ions. The ability of α-hydroxy acids, 
β-hydroxy acids, polyhydroxy acids, and polyhydroxy 
bionic acids to hydrate the skin by absorbing water also 
can cause the exfoliation of the outermost dead cell 
layer of the skin. When the water content in the stratum 
corneum is high the distance between charged ions 
becomes increased and the ionic interactions become 
weakened. As a consequence of the weakening of ionic 
interactions, exfoliation of corneocytes occurs. [2, 3, 6, 
7]

 Anti-acne products are considered as a type of 
exfoliants. Most anti-acne products contain salicylic 
acid as their working agent. Acne occurs when the hair 
follicles are blocked by dead cells, oils and/or bacteria. 
Due to the nonpolar nature of salicylic acid, it can 
penetrate through clogged hair follicles and dissolve 
oily intercellular cement. This causes the exfoliation of 
dead skin cells and bacterial cells that are present in the 
clogged hair follicle. As a result of that, the acne will 

disappear. [2, 8]

 Moisturizers are skin care products that are applied 
on the skin to keep it hydrated. Since α-hydroxy acids, 
β-hydroxy acids, polyhydroxy acids, and polyhydroxy 
bionic acids can absorb water, they are present in most 
of the moisturizers as a major ingredient. [2, 3] 

 Hyperpigmentation is a common skin condition in 
which some area of the skin appears darker compared 
to the surrounding skin. This occurs due to the 
localized accumulation of melanin pigments. Anti-
pigmentation creams are used worldwide to treat this 
condition. Some α-hydroxy acids such as glycolic acid 
and lactic acid are the major active compounds in most 
anti-pigmentation creams. α-hydroxy acids help to get 
rid of hyperpigmentation by exfoliating the stratum 
corneum that contains a higher amount of melanin. In 
anti-pigmentation creams, lactic acid shows a specific 
mechanism of action by on-competitively inhibiting 
tyrosinase enzyme. Tyrosinase is a major enzyme that 
is required for the melanogenesis process. Therefore, 
the inhibition of tyrosinase causes the suppression of 
melanin formation. [2, 9]

 

        

          

    

Figure 5: Effect of lactic acid on melanogenesis 
process; (a) schematic diagram of melanin formation 

in the absence of lactic acid, and (b) schematic 
diagram of the suppression of melanin formation in 

the presence of lactic acid.
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 Anti-aging formulations contain α-hydroxy acids, 
polyhydroxy acids, and polyhydroxy bionic acids as 
their active compounds. The loss of elasticity and the 
strength of the skin and increased thickness of the 
stratum corneum are major reasons for the aging of 
the skin. The elasticity and the strength of the skin are 
maintained by a protein called collagen. Polysaccharide 
which are known as glycosaminoglycans physically 
supports the collagen molecules to do their functions. 
α-hydroxy acids, polyhydroxy acids, and polyhydroxy 
bionic acids act in anti-aging creams via stimulating 
the synthesis of collagen and exfoliating the stratum 
corneum. [3, 10]

 Hydroxy acids such as salicylic acid, polyhydroxy 
acids and polyhydroxy bionic acids show sunscreen 
properties. Salicylic acid and its salts like sodium 
salicylate show their sunscreen properties by directly 
absorbing UV radiations. Polyhydroxy acids and 
polyhydroxy bionic acids minimize the effect of UV 
exposure by scavenging the formed free radicals. [2, 11]

Beware of side effects

 Despite all the benefits of  hydroxy acids, sometimes 
they might  cause severe side effects such as stinging 
or burning sensation, persistent erythema, blistering, 
purpura, skin irritation and increased photosensitivity.

     

       

Figure 6: a) Erythema   b) Blistering   c) Purpura  

 The side effects depend on the concentration 
of hydroxy acids, pH and the time duration of the 
treatment. If the concentration of hydroxy acids and the 

time duration of the treatment is higher and the pH is 
very low the risk of causing side effects is higher. [3, 6]

Next generation hydroxy acids 

 Since polyhydroxy acids and polyhydroxy bionic 
acids show similar mechanisms of action as α-hydroxy 
acids in a milder manner, they will be used as the major 
ingredient in skin care products in the future. Due to 
the presence of multiple hydroxyl groups, polyhydroxy 
acids and polyhydroxy bionic acids can function as 
anti-oxidants and better humectants such as propylene 
glycol and glycerol. Therefore, by incorporating them 
into cosmetic formulation instead of α-hydroxy acids 
multiple benefits can be obtained. Hence, polyhydroxy 
acids and polyhydroxy bionic acids are known as the 
next generation of α-hydroxy acids.  Lactobionic acid, 
a well-known polyhydroxy bionic acid, has shown 
inhibitive effects on matrix metallo-proteinase (MMP) 
enzymes. MMPs are responsible for the photoaging 
process since they catalyze the degradation of collagen 
after exposure to sunlight. By inhibiting this enzyme, 
the photoaging process can be suppressed. Since, 
traditionally used α-hydroxy acids in skin care products 
are highly polar, they do not effectively act on oily skin. 
Therefore, skin care products with lipophilic α-hydroxy 
acids such as mandelic acid and benzilic acid can be 
produced to specifically treat oily skins. [1, 12]

    

Figure 7: Structures of Mandelic acid and Benzilic acid

Summary

 Hydroxy acids, which are used in skin care products 
can be classified into different groups as α-hydroxy acids, 
β-hydroxy acids, polyhydroxy acids, polyhydroxy bionic 
acids and aromatic hydroxy acids. These hydroxy acids 
are widely used in chemical peelers, anti-acne creams, 
moisturizers, anti-pigmentation creams, and anti-
aging creams due to their specific chemical properties. 

Mandelic acid                      Benzilic acid
a b

c
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Amongst the above mentioned groups of hydroxy acids, 
polyhydroxy acids and polyhydroxy bionic acids show 
milder mechanisms of action in the skin compared to 
the others. Therefore, they can be used to treat more 
sensitive skins. Since traditionally used α-hydroxy acids 
are highly polar, lipophilic hydroxy acids should be 
incorporated into the skin care products to treat oily 
skins.
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 With the advancement of technology, the problems 
associated with the ecosystems are also increasing. As 
a result, the components of the ecosystem; water, land, 
and air are contaminated with pollutants. Water is used 
for domestic, commercial, industrial, and agricultural 
activities. Wastewater released from such activities 
usually contains many hazardous substances that could 
be harmful to both the environment and humans. Oil, 
dyes, heavy metals and their derivative compounds, and 
pesticides are some examples of hazardous substances 
that could lead to health issues. Industrial processes 
release large quantities of heavy metals and dyes 
containing water. If the wastewater released from such 
processes is not treated properly, these contaminants end 
up in nearby water streams polluting the environment. 

 Generally, the heavy metals are defined as the metals 
with density of at least 5.0 g cm-3. Among the heavy 
metals, Cd, Cr, Cu, Ni, As, Pb and Zn are considered 
as the most hazardous heavy metals used in chemical-
intensive industries. Many industries, especially the 
garment industries, release dyes and wastewater 
containing dyes to the environment, which are usually 
considered difficult to treat. Some examples of hazardous 
dyes used in industries are malachite green, rhodamine 
B, methylene blue, methyl violet and methyl violet 2B. 
Moreover, toxic anionic and cationic surfactants are 
added to detergents, cleaning agents, and agrochemicals 
in order to enhance the surface characteristics. When 
mixed with water bodies, these surfactants result in 
harmful health problems to living beings.  Anions such 
as sulfate, nitrate, and phosphates are another group 
of environmental hazards which are released into the 
environment during some industrial processes, whereas 
these ions usually cause eutrophication of the water 
bodies.     

 Many contaminants mixed with water can be 
removed using the biosorption techniques, which 
use biomaterials for the adsorption process. Different 
types of food wastes have been investigated as effective 

biosorbents for the removal of water contaminants in 
the recent past. Biosorbents possess many advantages 
as absorbent materials, given they are less toxic, 
environmentally friendly and low-cost material. Some 
examples of biosorbent materials investigated in the 
recent past are jackfruit peel and core, breadfruit peel and 
core, rice husk, wild breadfruit peel, orange peel, potato 
peel, coconut waste, maize cob/husk, tea waste, eggshells, 
fish scales, and chitosan. An attractive feature of such 
biosorbents is that they possess functional groups, such 
as hydroxyl, amine, ester, and carboxyl, which attract 
positively charged metal ions, thereby removing metallic 
contaminants in water [1]. 

 Some drawbacks of using food waste as biosorbents 
are their limited capacity and lack of selectivity. These 
issues can be resolved to some extent through chemical 
modification. Once the surface of the material is 
chemically modified, it usually behaves as a different 
material having similar characteristics to the modifier. 
As such, chemically modified biosorbents have received 
a great deal attention among the research communities 
in this field. Method development through optimization 
of process parameters and solution parameters are some 
of the critical steps in optimizing the most desirable 
conditions for the contaminant removal process. Some 
reports on surface modifications provide the evidence 
for closer to 100% biosorption capacity. Ethylenediamine 
tetraacetic acid (EDTA), sodium dodecyl sulfate, strong 
bases (e.g. sodium hydroxide, potassium hydroxide) 
and acids (e.g. nitric acid, citric acid, acetic acid) are 
some examples of the modifying agents used for 
chemical modification processes. Selection of a suitable 
modifying agent depends on the intended application. 
Depending on the agent, different chemical processes, 
such as complexation, ion exchange, hydrolysis of surface 
functional groups, and protonation take place during 
the biosorption process [1,2,3]. In addition to chemical 
modification of adsorbents, thermal treatment methods 
have also provided positive results for adsorption. The 
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enhancement of adsorption results from the increase 
of the porosity of the adsorbent surface. Moreover, 
conversion of food waste into biochar or activated carbon 
also leads to enhanced contaminant removal. However, 
these processes are not considered a cost-effective strategy 
due to the high energy requirement. Furthermore, 
treatment of food waste at high temperatures would 
also destroy functional groups present and therefore, 
chemical attractions of certain contaminants would not 
be possible.

 Today, researchers are investigating the biosorption 
behaviors of food wastes, in raw or modified forms, 
and under static and dynamic conditions. In static 
conditions, optimization parameters such as biosorbent 
dosage, particle size, contact time, and solution pH are 
considered as critical parameters, while the flow rate and 
biosorbent column height are considered under dynamic 
conditions.  Out of all these parameters, pH of the system 
is very important for biosorption processes, given that 
both the kinetic and equilibrium processes are directly 
influenced by pH. Investigation of kinetics is important as 
the mechanism of biosorption can be explained using the 
kinetics of the contaminant removal. When analyzing the 
kinetics behavior, the data is interpreted in terms of the 
curve fitting to pseudo-first-order, pseudo-second-order, 
etc. and diffusion models. The equilibrium studies are 
performed to check the validity of adsorption isotherms. 
Two-parameter models such as Langmuir, Freundlich, 
Temkin and Dubinin Raduskevich, and three-parameter 
models, such as Sips, are the most common isotherms 
used for the purpose [2]. Adsorption equilibrium data 
can be fitted to both linear and non-linear forms of 
isotherms. In the analysis of adsorption isotherms, the 
maximum biosorption capacity is a critical pentameter, 
which is a measure of the efficiency of the removal.  This 
is important when expanding to large-scale applications 
[3,4]. Detailed studies of biosorption processes, such 

as thermodynamics, desorption and interference 
characteristics, are performed for better understanding 
of the biosorption process. 

 In large-scale industries, ion-exchange membrane 
filtration, chemical precipitation and oxidation, and 
electrochemical methods are used for the treatment 
processes. These methods are highly capital intensive 
and require trained personnel to operate. Biosorption is 
an alternative for such methods because of its efficiency, 
being able to handle large volumes, and the possibility of 
extending toward static and dynamic conditions through 
prototype treatment systems.
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 Gas chromatography (GC) is one of the versatile 
analytical techniques used in both qualitative and 
quantitative studies. With the increasing synthesis of 
chemical compounds, the hazardous materials released 
to the environment increases at an alarming rate. So the 
importance of analyzing and separately identifying these 
contaminants in the environment increases at the same 
rate. The separation power of Gas chromatography using 
traditional single column fails when analyzing samples 
containing more than 150 to 250 compounds [1] 

 The resolution of a separation depends on several 
factors as shown in the equation (1),

R k
k

N
s

1 1 4
            (1)

 Where N is the number of plates, α is the separation 
factor of a pair of solutes, and k is the retention factor 
of the most retained solute. If we think of the column 
properties, increasing the number of plates (N) should 
improve the resolution of the separation. But the number 
of plates depends on the plate height and column length. 
To increase N, plate height should be minimum while 
having a long column length. Most straightforward 
option is to increase the column length as several factors 
such as mobile phase and stationary phase properties 
affect the plate height. But this results in a much higher 
analysis time. A better example is once a 450 m column 
was used by T. A. Berger [2] to separate constituents in 
Gasoline. He was able to separate 970 constituents but 
the analysis time was 11 hours. So the best possible way 
to improve the resolution is to increase the separation 
factor α.

 The recent studies have expanded the capabilities of 
GC to a much higher level. Among them Multidimensional 
Gas Chromatography (MDGC) provides promising 
capabilities which increases the separation factor. 
Multi-dimensional analysis in chromatography can be 
considered as any technique that connects two or more 
different separation steps of which at least one of the 
steps involves a chromatographic separation. So that 
Liquid chromatography (LC)-GC, GC-GC and GC-

spectroscopic detection like GC-mass spectroscopy (MS) 
are typical multi-dimensional methods.[3] 

 Simply this is achieved by connecting multiple 
(mostly 2) columns with different phase sensitivities 
by a modulation device.[4]. This approach consists of 
two distinct methods. “Heart-cut” approach (GC-GC), 
where only a fraction of the sample from the first column 
is guided to the next column and the Comprehensive 
2D GC (GC-GC) all the compounds eluting from the 
first column are subjected to a second dimension of 
separation. This technique is called comprehensive two 
dimensional (2D) gas chromatography (GC×GC).

 The Heart cut approach (GC-GC) is helpful in 
separating compounds with similar retention times. 
This is done by connecting two classical columns. So 
the compounds with similar retention time in the first 
column would resolve in a second column with different 
separation properties.

 In the second method, the comprehensive 2D GC 
(GC×GC), improves the peak resolution and the peak 
capacity related to the separation.  For an effective 
separation using GC×GC, a set of rules are being followed 
as presented by J. C. Giddings [5]. 

1. Sample analytes must undergo 2 different separation 
mechanisms

2. The separation resulted by a one column must be 
retained by the other (Avoid mixing)

3. The second column/ dimension must be significantly 
faster than the first one 

 Although it is difficult to have completely different 
separation mechanisms [4], columns with different 
polarities are used. A combination of polar and Non-
polar are generally being used. To ensure a faster second 
column, usually a shorter column is being used, which 
fulfills the 2 and 3 criteria. If the column 1 is non-polar 
and the second column is polar, the arrangement is 
known as “conventional” as it was the earliest practice. If 
a polar column placed as first column, known as inverse 
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set.[6]

 As the main emphasis of this article is on 
Comprehensive 2D GC, understanding the main 
components is important.  The following diagram shows 
the basic parts of the setup. 

  

 

Basic parts of a comprehensive 2D GC system

 The setup differs from the conventional GC system 
with the “modulator” mechanism which connects 
two columns. The modulator is responsible for rapid 
sampling of eluent from column 1 and “comprehensively” 
directing it to the second column. It actually acts as the 
injector for the second column. The sampling rate is 
known as Modulation period and can be adjusted from 
1-10 s. This is adjusted in a way to ensure the separation 
from column 1 is retained at the end of the whole process. 
The injection pulses are narrow and result in faster 
secondary separations.[4] There are mainly two types 
of modulators as Thermal and Flow modulators based on 
their mechanism. The thermal modulators use cryogenic 
conditions to trap and focus the analytes coming from 
column 1 and then heat up rapidly to direct them into 
the second column. The flow modulators on the other 
hand are simple and low costly to maintain [6].

 For the detector data-acquisition rate of 50–200 Hz 
will be necessary. This allows flame-ionisation detection 
(FID) and electron-capture detection (ECD) and time-
of-flight mass spectrometry (TOF-MS) to be used as 
detectors.[3]

 If the two columns were directly connected to each 
other, the resulting data from the detector will be just data 
for a mixed phase separation which is one dimensional. 
But the modulator provides a reference time signal for 
sampling the first column and injecting the second 
column. So that the continuous signal obtained from 
the single detector at the end of the second column can 
be resolved into a 2D signal. [5]

 The process related to operation and data obtaining 
can be summarized as Modulation, Transformation 

and visualization. The results come from continuous 
analysis of column 2 eluents, a large number of short 
chromatographs (resolved co-eluted peaks from the first 
column). These short chromatographs are summed up to 
obtain a raw chromatograph also with the experimental 
modulation data. Then the data converted to a 2D plot, 
retention time in the first column vs. Retention time 
in the second column using software programs. For 
the visualization, 3D plots are prepared. This GCxGC 
chromatogram (contour plot) is similar to a topographic 
map where the first dimension/column retention time is 
on the x-axis, the second dimension/column retention 
time on the y-axis, and peak intensities are on the z-axis 
[6].  

 Considering some of the applications of this 2D GC, 
all of them make use of the high resolution power of this 
method. The Petrochemical and geochemical analysis has 
many advantages from this method to resolve compounds 
from natural samples with closer retention times. Also 
the fact that it can be operated with a FID detector instead 
of a Mass Spectroscopic detector while giving highly 
resolved results has raised the interest in the industry. 
Similarly, in the natural product sector this method can 
be used to resolve compounds which were difficult to 
study with conventional 1D GC. As mentioned at the 
beginning, this method is also helpful in environmental 
analysis, where hundreds of compounds can be identified 
at a single run.[3] GCxGC fingerprinting has been used 
successfully in the analysis of petroleum hydrocarbons, 
polychlorinated biphenyls (PCBs), polycyclic aromatic 
hydrocarbons (PAHs), and volatile organic compounds 
(VOCs).   

 Although this is a recently introduced adaptation of 
gas chromatography, endless application in a variety of 
fields will make it a common lab technique in the near 
future.
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Sri Lanka going ‘Organic’ - a practical, workable approach
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 The Sri Lankan people have bravely faced crisis 
after crisis in the past five decades – beginning with the 
‘71 insurrection to the prolonged ‘tiger’ terrorism, the 
tsunami, the CKDu affecting the farming community, the 
Easter bombings and now the Corona epidemic.  Amidst 
all of this, the people faced many other difficulties and 
hazards, the most formidable of all of these being the 
“vasa-visa ahara” (food containing toxic substances) 
due to the alleged use of (or over-use of) agrochemicals.  
Hence the need to produce organic agricultural products 
in a scientific, organized manner, which also has a huge 
global demand. 

I. Why ‘modern’ agriculture uses large quantities of 
inorganic fertilizer?

The global population currently stands at ~7.7 
billion and is projected to reach 8.5 billion by 2030 
and 9.7 billion in 2050. The land area suitable for 
growing crops is shrinking continuously because of a 
variety of reasons. Some of the productive lands are 
‘lost’ to urbanization (i.e. population pressure) while 
some are converted to alternative non-agricultural 
uses (e.g. industrial purposes). On the other hand, 

a portion of lands available for crop production 
is gradually, but continuously, lost because they 
become unproductive and economically non-viable 
due to climate change (e.g. temperatures becoming 
too warm, rainfall becoming insufficient, etc.) and 
soil degradation (e.g. loss of fertile topsoil due 
to erosion, loss of soil fertility due to continuous 
cropping and removal of nutrients without adequate 
replenishment, development soil problems such as 
salinity, acidity and accumulation of toxic material).

Increasing population and decreasing arable land 
area means that we are continuously challenged to 
increase crop yields per unit land area (usually called 
‘crop productivity’) to fulfil the increasing demand 
for food, feed and a variety of products from 
agricultural crops. To produce a greater amount of 
yield from the same unit of land, a crop requires a 
greater quantity of essential nutrients provided in 
the form of fertilizer. 

Prof. W.A.J.M. de Costa (University of Peradeniya), 
stated in a news media article titled “Inorganic 
vs organic fertilizers “that inorganic fertilizers 
(normally called chemical fertilizers) contain 

Contemporary Feature



Vol. 38 No. 3,  September 2021

Chemistry in Sri Lanka

39

nutrients in a concentrated form (i.e. fraction of 
the nutrient in a unit weight of the fertilizer is 
high). They are produced via industrial processes 
or by refining mined minerals containing the 
nutrient. Three major plant nutrients, viz. nitrogen, 
phosphorus and potassium are supplied as inorganic 
fertilizers, either individually (‘straight fertilizers’) 
or in a mixture (‘compound fertilizers’). Organic 
fertilizers (organic manures) are raw materials of 
plant, animal or human origin. When applied to the 
soil, they decompose and release their nutrients. In 
comparison to inorganic fertilizers, the fraction of 
nutrients in a unit weight of organic manure is much 
lower. Therefore, to give a crop/soil the same amount 
of a nutrient, a much greater quantity of organic 
manure than inorganic fertilizer has to be applied. 
All organic fertilizers are ‘compound fertilizers’ in 
the sense that they contain a mixture of nutrients 
though in depleted quantities.

When applied to the soil, the inorganic fertilizers 
release their nutrients quickly. In recent times, 
nano-scale materials have been used to slow down 
the release of nutrients from inorganic fertilizers 
(known as ‘nano-coated slow-release fertilizers’). 
When applied to the soil, organic fertilizers 
release their nutrients slowly, because the organic 
raw material has to first decompose to release its 
nutrients. Natural decomposition occurs due to the 
action of naturally-occurring soil microorganisms. 
At present, formulations of microorganisms are used 
to accelerate decomposition and nutrient release 
from organic fertilizers. 

Moreover, some of Sri Lanka’s leading agricultural 
economists have indicated that the immediate, non-
phased replacement of chemical fertilizers with 
organic counterparts will result in significant drops 
in crop yields.  Some predict crop losses as much 
as 33 % in rice and 35% in tea, leading to export 
income losses as well.

From ancient times, Sri Lanka has been identified as 
a country that produces some of the best spices in the 
world, especially Ceylon cinnamon (Cinnamomum 
zeylanicum), pepper (Piper nigrum), nutmeg 
(Myristica fragrans) cloves (Eugenia caryophylata), 
ginger (Zingiber officinale) and cardamom (Elettaria 
cardamomum).  Moreover, organic spice products are 

in great demand in the world market, particularly in 
the EU. However, the impact of the recent chemical 
fertilizer ban may have significant negative effects on 
over 95% or more conventionally produced spices, 
which are commonly available to the consumers.

II.  Moving towards an ‘Organic’ era.

So, how can we go about making Sri Lanka a model 
‘organic’ country? Decisions taken without any 
scientific basis are bound to bring disaster.  With a 
well-prepared National Plan that includes strategies 
and activities, and proper implementation, it can 
be done in a stage by stage, time-targeted manner.  

 So then, how can we do this?  

III.  New ‘Organic’ varieties

The “Green Revolution” plant varieties grown 
all over the world were the result of scientifically 
changing the genetic architecture of the plants 
to respond rapidly and efficiently to chemical 
fertilizers.  Chemical pesticides will then get rid 
of any hazardous insect pests, while chemical 
weedicides (herbicides) will kill all types of harmful 
weeds.  The production escalated many-fold.  This is 
the modern, chemical world of agriculture.  Without 
chemical inputs, these varieties will struggle and 
significantly decline in production in a new organic 
farming environment.  Much scientific evidence has 
pointed to this downfall.  

Strategy: The first solution is to scientifically 
produce/breed varieties that can perform 
substantially well, without added agrochemicals.  It 
would take at least 5-8 years to get the first favorable 
results. 

Activity: A new plant breeding programme will 
have to be initiated in every Plant Breeding Station 
of the country, in parallel with all other activities 
stated below.  

IV.  Compost

In organic farming, this is one of the most important 
alternate sources of nutrients to the plants.  In 
this case, two very important criteria have to be 
considered – Quantity and Quality of compost.
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 (i)  Quantity

Compost has very little of the major nutrients N 
(nitrogen), P (phosphorus) and K (potassium) while 
having many micronutrients.  

Strategy: Large quantities of compost need to be 
produced throughout the year to cater to crops 
that are grown in the rainy seasons of Maha and 
Yala as well as others such as the plantation crops 
(Tea, Rubber, Coconut etc.)  and Spices, that require 
nutrients at different times of the year.  How can 
this be done? 

Activity: The proposed plan is to make use of 
the research institutes / centres of the Dept. of 
Agriculture (also DEA) spread across the country.  
Each can have a division to produce compost (and 
biofertilizer) that is required for the specific crops 
of the area.  For example, Vavuniya, Kilinochchi 
and Samanthurai Agricultural Centers can produce 
compost specific for Chilli and Onion cultivations 
in the north and east of the country.   They can get 
further assistance and expertise from the University 
of Jaffna and Eastern & South-Eastern universities 
respectively. The Mahailluppallama Research and 
Development Institute can produce compost specific 
for crops grown in the North-Central province with 
assistance from the Rajarata University.  The whole 
country can be covered in this way.  

Appropriate quantities of compost could be 
produced in this way for appropriate crops 
throughout the country in a holistic manner by 
linking institutes and expertise, making sure that 
essential raw materials are available year after year!

 (ii) Quality

This is another important criterion. Different 
crops require different proportions of N, P and K 
(micronutrients have been left out for the moment 
due to space limitations) at different growth stages 
of the relevant crop. Compost made for Tea is not 
suitable for Rubber or for Spice crops and vice versa, 
just as much as feed suitable for chicken cannot be 
given to cattle and vice versa.  Hence a quality check 
is mandatory.  How can this be done? 

The nutrient content of compost can vary from bag 
to bag, day to day, season to season, depending on the 

raw material used, type of composting technology 
adopted, duration, storage, and transport.  The 
nutrient content will determine the quantity to be 
applied at different stages of a specific crop.  

How can the former know this when purchasing a 
bag of compost that does not indicate the nutrient 
content in it?  

 
V.  Specific Crop requirements - some examples.

Plant nutrition is the only way to optimize crop 
yields, where a healthy plant has the capacity to 
resist disease and in the case of spice crops, to 
maintain authentic flavor and aroma of the final 
product.  Given below are the fertilizer application 
recommendations for the spice crops pepper and 
cinnamon by the Department of Export Agriculture, 
in order to obtain expected annual crop yields. 

Pepper 

Recommended mixture:

2380 kg/ha (without Gliricidia lopping)

1190 kg/ha (with Gliricidia lopping)

Components of the mixture Parts by 
weight

Nutrients in 
the mixture

Urea (46% N) 4 14% N
Rock phosphate (28% P2O5) 5 11% P2O5

Muriate of potash (60% K2O) 3 14% K2O
Kieserite (24% MgO) 1 2% MgO

Cinnamon 

Recommended fertilizer mixture – 900 kg / ha /yr

Components of the mixture Parts by 
weight

Nutrients in 
the mixture

Urea (46% N) 2 23% N

Rock phosphate (28% P2O5) 1 7% P2O5

Muriate of potash (60% k2O) 1 15% K2O

Age of plantation
Maha  

(mixture 
kg/ha)

Yala 
(mixture 
kg/ha)

1st Year (six months after 
planting) 150 150

2nd Year (kg) 300 300
3rd Year and onwards (kg) 450 450
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VI.  How can organic fertilizer, as an alternative, 
provide the above nutrients?  

This has to be clearly identified for all crops.

Strategy: A single company cannot produce a 
mountain of compost for the whole country and 
then distribute it across the country ‘just like that’.  
It is not workable, as standards must be maintained 
and specific crop requirements have to be met.  The 
production has to be decentralized. 

Activity: Specific provinces can produce the 
compost for appropriate crops, get it analyzed and 
recommended as per nutrient content.  Institutes 
such as the ITI (Industrial Technology Institute) can 
set the standards in consultation with the relevant 
crop specialists / institutes and carry out nutrient 
analyses of compost in its accredited laboratories in 
order to provide the necessary certification.  Every 
‘bag’ (miti) must indicate the authentic nutrient 
contents.  This should apply to any imported 
compost as well.  

Some research institutes may be able to do the 
analyses in their own laboratories and get the 
certification from the ITI. 

Certified Quality is of utmost importance.  

Corrupt, rogue practices should not be entertained 
at any cost.

VII. Biofertilizer                                   

Strategy: The University of Peradeniya established 
the technology for preparation of biofertilizer using 
azolla and other such organisms many decades ago. 
‘Re-ignite’ the use of this technology.  

Activity: Adopt this technology and expand to 
commercial scale.  What is required is quality 
assurance (nutrient content) through certification 
and commercial production, as for compost. 

VIII.Biochar fertilizer and Vermiculture

Strategy: Biochar is fine-grained charcoal obtained 
by burning wood and agricultural byproducts while 
vermiculture refers to the artificial cultivation of 
earthworms to convert garbage into compost. These 
can be used as supplements.

Activity: We have the know-how of both of these 

bio-technologies which can be introduced across 
the country to supplement the above products, on 
a commercial scale.

IX.  Biopesticides and Bioherbicides – the forgotten 
poisons!

It is of importance to note that much poisoning of 
our food comes from the extensive use of chemical 
pesticides and herbicides. Being a rich tropical 
country, pest attacks are common on every crop.  
So are the growth of weeds. We thus require bio-
products as alternatives.  

Strategy: It will be necessary to identify/establish 
centers for production of specific Biopesticides and 
Bioherbicides. 

Activity: For example, we may need a biopesticide 
for control of brinjal pod borer, one for rice, Brown 
Plant Hopper and so on – targeted products.  The 
necessary resources are available in this country to 
form small teams of expertise to lead the research and 
development activities in these areas.  Traditional 
knowledge would provide clues to creating specific 
bioproducts.

The general public is more “scared” of this type of 
poisoning than from fertilizer!!

X.  First, show how it could be done- Model Farms / 
Plantations

Strategy: A model organic farm/plantation must 
first be established in order to show how it can be 
done. 

Activity: It is proposed that such farms be established 
in several Cantonments of the armed forces in the 
different provinces.  The armed forces personnel will 
only plan, administer and monitor the activities.  
The actual farm work will be done by employing 
people from the neighboring villages, especially the 
womenfolk and youth, thus providing employment 
as well as training.  

The Provincial Governors and officials can provide 
additional support to this national effort. 

XI. Focal Point and Organic Farming Clearing House

It is presumed that the Ministry of Agriculture is the 
Focal Point for development of organic agriculture.  
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Strategy: Much research has been conducted 
and results published on many aspects of organic 
agriculture carried out in Sri Lanka. Collation of this 
information would contribute to the rapid adoption, 
development and success of organic farming.  

Activity: This information must be collated into a 
database so as to identify the expertise and possible 
centers to be developed.   The database must also 
have information on both public and private 
involvements in organic farming and must act as 
the Organic Farming Clearing House mechanism 
to provide necessary advice when requested, as well 
as to plan public awareness programmes.  

The Council for Agricultural Research Policy 
(CARP) and the National Science Foundation (NSF) 
must be ‘roped in’ to play major roles in facilitating 
this national programme.

XII. The Private Sector

Strategy:  The private sector must be ‘installed’ as a 
partner in this national endeavor.  

Activity: Establishing their own organic fertilizer 
units in all the provinces and also playing a role in 
the transport and marketing activities as well, in a 
typical PPP involvement.

XIII. Step by step - from GAP Certification to Zero 
tolerance or Dual farming system? 

Strategy: Have interim options.

Activity 1:  Until all of the above needs are ‘installed’ 
in a targeted period of time, we can implement 
the approved GAP (Good Agricultural Practices) 
technology and demand GAP certification for 
marketing.  Thereafter, chemical use can be gradually 

decreased with time, to finally reach zero tolerance.  

Activity 2: As another interim option, we can also 
establish a dual farming system, running parallel, 
where a limited number of particular crops, 
especially the plantation crops, including the spices 
can be allowed to use, just the essential quantities of 
chemicals, to begin with, until all necessary resources 
are available to gradually convert to organic culture.

XIV. Let us all pull together

One may say that it is easy to sit and prepare plans 
but the crux of the matter is to execute such plans.  
This proposed national plan is a result of discussions 
and planning held with many stakeholders including 
both public and private, which began many decades 
ago.  

As shown above, a ‘massive’ plan with strategies and 
activities, needs to be prepared and implemented 
stage by stage.  To achieve a model organic country 
label will take time, but we must start at some point 
without continuously talking and talking and talking 
about it and then taking drastic, baseless decisions.  

This proposal may take 10-15 years or even more 
to get the final results.  Many other experts such as 
the organic farmers themselves, economists, food 
scientists, soil scientists etc. will air their views, and 
should rightfully do so and should be heard and 
considered in this huge national endeavor.  

The enormity of the challenges and tasks that lie 
ahead can be overcome by preparing a National Plan 
with time-targeted activities, along with monitoring.  
Then, the knowledgeable and the experts will join 
the effort.  If not, this country will face yet another 
major calamity.
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 Ancient Sri Lanka was well known as it was situated 
at the centre of the Silk Road. Ceylon cinnamon has 
become one of the main exports over a long period of 
time. According to “Mahavamsa” or the great chronicle 
of  Sri Lanka, the first European invaders, the Portuguese, 
came after the aroma of this sweet cinnamon. 

  

 Amongst the many species of cinnamon that can be 
found in the Cinnamomum genus (Family: Lauraceae); 
the most popular species around the world are the true/
sweet cinnamon or Ceylon cinnamon (Cinnamomum 
verum or C. zeylanicum), Chinese cinnamon (C. cassia 
and C. wilsonii), Saigon or Vietnamese cinnamon 
(C. loureirii) and Java or Indonesian cinnamon (C. 
burmannii). Ceylon cinnamon is expensive and has a 
higher demand in the world market compared to the 
other species. There are nine Cinnamomum species 
found in Sri Lanka, among which C. verum is considered 
as the most important one, contributing to 70 % of the 
world’s true cinnamon bark production. C. verum has 
been found in Matara, Kalutara, Galle, Rathnapura, 
Kurunegala and Hambantota districts. 

 Bark oil and leaf oil are the two important essential 
oils that are extracted from this cinnamon plant. 
Scientists have discovered that Ceylon cinnamon or 
“Canela” has a remarkable medicinal value to cure 
diseases such as diabetes, high cholesterol, high blood 
pressure etc. when compared to other Cinnamomum 
species.

Constituents of cinnamon oil

 The composition of the phytochemicals depends 

on part, age, growing season, demography, and the 
extraction method.

Cinnamon bark

 Cinnamon bark contains at least 90 volatile 
compounds. Cinnamaldehyde (55-76%), eugenol (5-
18%) and safrole (up to 2%) are the main compounds 
present in the bark. Cinnamyl acetate, cinnamyl alcohol, 
eugenol acetate, methyl eugenol, benzaldehyde, benzyl 
benzoate, cumin aldehyde, linalool, and monoterpene 
hydrocarbons are some of the other volatiles that can 
be found in the essential oil extracted from cinnamon 
bark.  

 According to Sri Lanka Standards (SLS), cinnamon 
bark oil should contain a refractive index between 
1.555-1.580 and specific gravity between 1.010-1.030. In 
Sri Lanka, manufacturers produce four grades of bark 
oils (depending on the percentage of cinnamaldehyde); 
superior grade contains not less than 60% m/m, special 
grade (55-60% m/m), average grade (45-55% m/m) 
and ordinary grade (30-45% m/m). However, phenol 
content in the oil should not exceed 18% in superior, 
special, and average grades. 

H

O

Cinnamaldehyde

O

O

Safrole

HO

Linalool

H

Cuminaldehyde

O

Cinnamon leaves

 Eugenol (80%) and cinnamaldehyde (16%) are the 
two main components present in the leaf oil; eugenol 
acetate, benzaldehyde, benzyl benzoate, humulene, iso-
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caryophyllene, α-ylangene, methyl cinnamate, ethyl 
cinnamate and conifer aldehyde are the other chemicals 
that can be extracted from the leaf. SLS Institute has 
recommended the consumption of cinnamon leaf oil 
which has a refractive index between 1.530-1.540 and 
specific gravity 1.034-1.050.  

O

OH

Eugenol iso-Caryophyllene

Conifer aldehyde

H

O

O

HO

Humulene 

 Oligopolymeric procyanidins and phenolic acids 
are volatiles of cinnamon essential oil, which are 
present in minor quantities, while coumarin, flavanol 
glucosides, β-sitosterol, cinnamic acid, cinncassiols 
and cinnzeylanol are some of the non-volatile chemical 
compounds that can be found in cinnamon oil. 

�-Sitosterol

HO
 

Coumarin

 Coumarin is a well-known hepatotoxic 
phytochemical and the optimum dose to consume is 
0.1 mg/day per kg. Chinese cinnamon is composed 
of 3.6 g coumarin per kg of cinnamon whereas for 
Ceylon cinnamon, the ratio between this toxin to 1 kg 
of cinnamon is 0.017 g/kg. 

OO

Coumarin

 

Extraction methods 

 As mentioned previously, leaves and inner bark 
of the shoots are taken as the ingredients to extract 
essential oils using conventional methods such as steam 
distillation, Soxhlet distillation, and advanced methods 
such as supercritical fluid extraction (SFE), ultrasound-
assisted extraction, microwave-assisted distillation, etc.

Uses of cinnamon

 Cinnamon is considered as a “holy” plant in 
various cultural and religious societies. As an example, 
according to the bible, Moses had used sweet cinnamon 
for someone holy. In ancient Egypt, dead bodies of Royals 
were preserved as mummies, using true cinnamon as 
an embalming agent due to its antimicrobial properties. 
In addition, the ancestors of Egyptians had been using 
the aroma of cinnamon as a perfume. 

 Parts of this amazing plant have been used as a 
folk medicine for eye-inflammations, rheumatism, 
toothaches, loss of appetite, bronchitis, itching, urinary 
disease, cold, influenza, fever, and wounds. 

 Most Asian housewives use cinnamon bark as a 
spice for several reasons such as enhancing the appetite 
for food, increasing the pleasant appearance (due to a 
fragrant aroma) and for preserving food. People who 
live in European countries, add cinnamon powder 
while preparing chocolates, desserts (such as apple pie, 
doughnuts, cinnamon buns, etc.), soups, canned fruits, 
tea, coffee, etc. “Cinnamon liquor” is one of the popular 
beverages among western society. 

 Various types of cancers cause agony, misery, 
and severe pain for many cancer patients. Due 
to the inevitable side effects of radiotherapy and 
chemotherapy, modern scientists have attempted 
discovering medicines from phytochemicals. Eugenol, 
cinnamaldehyde and β-caryophyllene interfere with the 
viability of cancer cells. 

 Over 350 million of the world population suffers 
from diabetes. There are two types of diabetes: defects 
in-vivo insulin production are known as type-1 
diabetes, while the dysfunction of insulin production 
is considered as type-2 diabetes. Patients were forced 
to control diabetes by taking oral drugs or insulin 
injections. Nowadays, people prefer to use alternative 
herbal medicines to control/cure diabetes. Ceylon 
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cinnamon can lower the prandial glucose absorption 
in the intestine by inhibiting the enzymes involved in 
carbohydrate metabolism. 

 Saponins, tannins and phenolic compounds 
in cinnamon act as anti-diarrhea, anti-cancer and 
antioxidant agents. Cinnamon is also known to reduce 
unwanted mucus and low-density lipids (LDL) in the 
body. 

 Cinnamon oil is one of the well-known broad-
spectrum natural anti-microbial agents. Eugenol acts 
against both gram-negative and positive bacteria. 
Therefore, cinnamon oil destroys pathogens which 
are present in respiratory and gastrointestinal tracts. 
Similarly, cinnamaldehyde destroys 17 species of 
micromycetes and repels disease causing vectors such 
as mosquitoes.

 The strong aroma, non-toxicity to humans and 
eco-friendly nature of cinnamon oil, influence the use 
of it as an agricultural pesticide.  

 The latest trend in cinnamon oil is the use of 
it as a corrosion inhibitory agent for stainless steel. 
Researchers have found that amine (NH2), carbonyl 
(CO), and aldehyde (CHO) groups can adsorb onto the 
metal surface and disperse as a defensive layer. There 
are several advantages for the use of cinnamon oil 
for this purpose; this is mainly due to low cost, non-
toxicity, and high effectiveness.

 Though cinnamon has prodigious medicinal value, 
there is a recommended dosage for daily consumption. 
If you are a healthy person you may consume 1 - 4 g per 
day as a solid or 0.05 - 0.2 g per day as oil. Cinnamon 
lowers the menstruation pain (which is known as 
dysmenorrhea), however it is not recommended for 
consumption during pregnancy and breast-feeding.  

 In ancient times, Sri Lanka was named “The Isle 
of Cinnamon”, since no one could find “divine/holy” 
cinnamon in any other part of the world.
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Natural product inspired molecular therapeutic development and micro-
wave-assisted organic synthesis as a tool in drug discovery
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 The translation of basic research discoveries from 
chemical synthesis of compound libraries, medicinal 
science, into therapeutic medicines is an iterative, 
multidisciplinary, and challenging journey. Chemical 
synthesis attempts the practical/scalable production 
of potential drug-lead compound libraries with 
reduced structural complexity and improved drug-
likeness. Natural products have famously been used as 
structural platforms for small molecular drug syntheses. 
Structurally, the major biosynthesis of active constituents 
of plants are complex and nature is the best chemist. 
Therefore chemical-biology oriented synthetic research 
is a way that synergises the discovery of bioactive 
products in order to generate target leads towards 
therapeutic applications.1 Natural products encompass 
a wealth of structural diversity. The last two decades have 
demonstrated the success of synthesis of many natural 
products. Whilst natural product total synthesis is always 
exciting and here to stay, the lengthy, time-consuming, 
less-energy-efficient synthetic methodologies have 
limited their translation and multi-scale production 

towards drug leads. 

 The knowledge translation for the generation of 
biologically relevant/valuable therapeutic molecules is 
a major challenge that synthetic chemists face. Chemical 
sciences are at the heart of methodological advances/
productiveness that evolve, generate useful quantities 
of natural and simpler structures of complex natural 
products. To develop a drug to target a specific disease, 
researchers try to understand the biological mechanism 
responsible for that condition. If the biochemical 
pathways leading up to the disease are understood, 
scientists attempt to design drugs that will block one or 
several steps of the disease's progress. Once the drug's 
structure is known, the drug can serve as a prototype or 
"lead compound" for designing more effective therapeutic 
agents of similar chemical structure. Lead compounds 
are molecules that have some biological activity with 
respect to the condition under investigation. However, 
the lead compound may not be effective in combating 
the disease, or it may produce undesirable side effects. To 
overcome that, lead optimizations are performed which 
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involve chemical modifications to the lead compound to 
produce a more potent drug, and/or one with fewer or 
decreased adverse effects.

 Computers have elaborately transformed the drug 
discovery process. Rational drug design now involves 
computer-assisted approaches to design molecules 
with desired chemical properties. It is based on the 
molecular understanding of interactions between the 
drug and its target in the biological systems. Molecular 
modelling software depicts three-dimensional images of 
a chemical. Mathematical operations adjust the positions 
of the atoms in the molecule in an attempt to accurately 
portray the size and shape of the drug, and the location 
of any charged groups. Chemists can vary the atoms 
or groups within the model and predict the effect the 
transformation has on the molecular properties of the 
drug lead. In this way, new and improved compounds 
can be designed without compromising hours spent on 
a laboratory environment.

 Advances in technology have made it possible for 
medicinal chemists to synthesize an enormous number of 
compounds in a relatively short time, a process referred 
to as combinatorial chemistry. In this technique, one part 
of a molecule is maintained, as different chemical groups 
are attached to its molecular framework to produce a 
series of similar molecules with distinct structural 
variations. Combinatorial libraries of these molecular 
variants are thus created.

 Contrary to the traditional synthetic approaches 
which have been practiced for centuries, microwave-
assisted organic synthesis (MAOS) approaches are 
increasingly receiving attention of medicinal chemists 
due to the ease of synthesis and most importantly, time 
and energy efficiency. Traditional heating techniques 
such as oil baths, sand baths, and heating mantles take 
time to reach a particular temperature and often yield 
undesired by-products as a result of substrates and 
products decomposing on the hot surface. In contrast, 
microwave energy is applied remotely, and creates a 
uniform heat distribution. Flash heating and cooling 
associated with MAOS has less propensity for molecule 
decomposition. The first research findings on MAOS were 
reported in 1986 by Gedye and Giguere.2 They utilized a 
household microwave oven to successfully perform Diels-
Alder cycloaddition, Claisen condensation and Alder-
ene reactions. Minimising the environmental impact 

of organic synthesis procedures has been the primary 
intention towards exploring microwave radiation as an 
alternative energy source. Over the past two decades, 
the use of microwaves as a primary energy source to 
perform organic synthesis has been widely investigated. 
Also, in recent years, MAOS has become a powerful tool 
to rapidly and efficiently synthesise organic compounds 
utilising less power, time and organic solvents compared 
to conventional synthetic methods.3 

 MAOS depends on the ability of the reaction mixture 
to absorb microwaves. Microwave reactors produce 
an electromagnetic field which causes polar materials 
in the reaction mixture to induce an electrical dipole 
moment. This would ultimately align the molecules 
with the field and rotate them along with the dipolar 
axis. These movements would transfer energy amongst 
molecules, hence the energy from the microwave source is 
transmitted to the molecules within the reaction mixture. 
This scenario would convert microwave radiation energy 
to thermal energy and this phenomenon is referred to 
as “microwave dielectric heating” and it provides the 
activation energy for the particular reaction. 

 A “good” MAOS solvent should be able to absorb 
microwave energy effectively. The efficiency of a 
particular solvent to transform microwave energy to 
thermal energy is expressed as loss tangent (tan δ). The 
loss tangent of a solvent at a given temperature and 
frequency is directly proportional to the efficiency of 
the solvent in terms of energy conversion. Loss tangents 
are classified as high (tan δ > 0.5), medium (tan δ 0.1-0.5) 
and low (tan δ < 0.1) for solvents. Therefore, the higher 
the loss tangent the more effective it is as a solvent for 
microwave reactions.

 MAOS has also been developed to successfully 
utilise solvent-free synthesis approaches making them 
an attractive technique in green chemistry. A recent study 
revealed that MAOS was 85-fold more energy efficient 
when compared to traditional oil-bath based organic 
synthesis in heterogeneous Suzuki reaction between 
2-chloro-5-nitroyridine with boronic acid catalysed by 
silicon catalyst in xylene. Under the conventional heating 
at 120 ºC the reaction takes 8 hours to complete, however 
it only takes 4 minutes at 180 ºC  under the microwave 
condition.4 Amidst the great array of advantages in 
using MAOS, challenges faced in reproducing successful 
reactant to product conversion, product selectivity, 
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multi-scaling and yields have limited the use of MAOS. A 
reaction powered by microwave irradiation might reduce 
the reaction time significantly over that of conventional 
reactions, but extensive reaction condition optimization 
is necessary to select the ideal conditions to obtain high 
product yields and specificity. However, at the current 
rate of technological advancements associated with 
organic synthesis, scientists would overcome these 
hurdles in due course.

 MAOS has revolutionized synthetic organic 
chemistry and enabled chemists to reduce reaction 
times from days or hours, to just minutes or seconds. It 
has also opened many gateways to explore new reaction 
methodologies which could not be accessed before. The 
ultimate goal of a medicinal chemist is to translate their 
research findings to actual therapeutics to treat the wide 
range of diseases which require immediate cure, and 
MAOS will be another important tool that would be used 
to accelerate the process.
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 Nuclear Magnetic Resonance spectroscopy is 
probably the most powerful tool available for structure 
determination of organic, inorganic and organometallic 
compounds. It is also used by chemists to study 
mechanisms, molecular interactions, rates of chemical 
reactions and to identify intermediates formed during 
reactions.

Magnetic properties of nuclei

 Over fifty isotopes of the elements in the Periodic 
Table are NMR-active. Elements with nuclear spin (I) 
greater than zero are called NMR active nuclei. The 
numerical value of I is related to the atomic number (Z) 
and the mass number (A) as follows. 

A Z I Examples

odd even or 
odd

½, ³⁄₂, 
⁵⁄₂

1H, 13C, 19F, 31P,  11B, 
103Rh, 195Pt

even even 0 12C,  16O,  32S, 194Pt

even odd 1, 2, 3 2H,  14N, 10B

 These NMR-active nuclei behave like magnets in 
an applied magnetic field (Bo) and will have (2I+1) 
orientation ranging from +I to –I. These are called 
magnetic quantum numbers (mI). For example, when a 
nucleus with a nuclear spin of ½ is placed in an applied 
magnetic field (Bo), it can have two orientations; the low-
energy α-state (mI = +½) and the high-energy β-state (mI 
= -½) in which the nuclear magnetic moment is aligned 
anti-parallel to the external field. 

 The energy difference between α and β levels is related 
to the operating frequency (ν) of the spectrometer and 
γBo = 2πν. ν is directly proportional to the applied 
magnetic field Bo. γ is the gyromagnetic ratio and it is a 
constant for a given isotope. 

Quadrupolar nuclei 

 Nuclei with I ≥ 1 can possess an additional nuclear 

electric quadrupole moment because the positive 
charge distribution within the nucleus is not uniform. 
As a result, these nuclei relax very fast via spin-lattice 
relaxation, thus, spectral lines become very broad or non-
observable. 

Chemical shifts

 NMR-active nuclei in a molecule experience 
different local magnetic fields due to varying electron 
densities around them. A nucleus in a particular chemical 
environment is characterized by a chemical shift (δ) with 
respect to a reference (or standard). The chemical shift 
of a sample is defined in terms of δ as given below.

�
� �

�
�

�sample reference

operating frequency
10

6
ppm

 The chemical shift of the reference is taken as zero, 
δ = 0 ppm. 

 δ is a dimensionless quantity independent of the 
applied magnetic field. Chemically equivalent nuclei give 
rise to one NMR signal at a specific δ value. i.e. they are 
isochronous.

 The reference compound used can either be an 
internal or an external compound depending on the 
way it is used during the analysis. The references used 
for some common NMR-active nuclei are given below.

Nuclei Reference
1H, 13C, 29Si TMS

19F CFCl3

31P 85% aq. H3PO4

11B Et2O·BF3

17O Water
14N, 15N Liquid NH3

195Pt Na2[Pt(CN)6]

Shielding and deshielding effect

 The shielding and deshielding effects depend on the 
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electron density around a nucleus. The electron density 
around a nucleus depends on the electron donating / 
withdrawing ability of the other nuclei attached to it. A 
nucleus is said to be shielded when its electron density 
is increased, whereas deshielding is caused due to the 
reduction of electron density. The orientation of electrons 
around the nucleus generates a counter magnetic field, 
which opposes the applied magnetic field. Thus shielding 
(or screening) of a nucleus by surrounding electrons 
reduces the total influence of the applied magnetic field.

 

 If the nucleus is shielded, it absorbs radio frequency 
radiation with a lower energy (low frequency), giving rise 
to a lower (more negative) chemical shift (δ) in ppm.

 The trend in chemical shifts can be easily explained 
by considering the proton chemical shifts of methyl 
halides as given in Table 1. 

The electronegativity (EN) decreases in the following 
order F > Cl > Br > I. Accordingly, substituents on carbon 
reduce the electron density around the methyl protons 
of halomethanes.

Table 1: Relationship between EN and δH of CH3X 

CH3X

TMS

X EN δH

H 2.1 0.23
I 2.5 2.16

Br 2.8 2.68
Cl 3.1 3.05
F 4.0 4.26

Si 1.8 0.00

 The methyl protons in CH3F are the most deshielded 
and give the highest chemical shift of 4.26 ppm. 

 Similarly, the proton chemical shifts of CH3Cl, 
CH2Cl2 and CHCl3 are 3.05, 5.30 and 7.27 ppm, 
respectively. The chemical shifts have been increased due 
to the higher deshielding effect imposed by the increase 
of electronegative substituents.

 A proton attached to a transition metal centre is 
significantly shielded by the d-electrons present in the 
valence shell and metal hydrides show negative chemical 
shifts. 

Intensity of peaks (Integration)

 Generally, the peak intensity resembles the number of 
chemically equivalent nuclei present in a given compound 
and it is very helpful in structure elucidation. However, 
it is not always possible to determine the number of 
nuclei in a particular environment by calculating the 
intensities of peaks. Particularly, in a carbon-13 NMR 
spectrum, the intensities of different carbon atoms (e.g. 
primary, secondary, tertiary and quaternary) depend on 
the number of protons attached to a particular carbon 
due to the varying rates, at which these nuclei return 
to the ground state. The quaternary carbon atoms relax 
much slower resulting in weak signals.

Spin-spin coupling 

 The interaction between magnetically non-
equivalent nuclei which are from the same compound 
will lead to spin-spin coupling. As a result of this 
phenomenon, single peaks turn into doublets, triplets, 
quartets etc.

 Multiplicity is simply the splitting of single peaks due 
to spin-spin coupling. Apparently, it is determined by the 
relationship 2nI+1 where, n = number of isochronous 
nuclei coupled and I = nuclear spin of the coupled nuclei.

 Pascal’s triangle gives the relative intensities of the 
(n+1) lines of A in an AXn spin-system where I of X is 
equal to ½.

 

Fig. 1 Pascal’s triangle

 Some spectra picturing the relative intensities of 
(2nI+1) line(s) in a multiplet of A, in an AXn spin system 
are given below, I of X equals to ½, 1 or ³⁄₂.

 

Fig. 2 Multiplicity in AXn systems
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 When n dipolar nuclei (I = ½), are coupled to a 
magnetically active nucleus, the peak for this nucleus 
splits into (n+1) lines. This relationship is called the 
(n+1) rule.

Coupling constant

 The spacing between the lines in each peak is a 
measure of the degree of interaction between the two 
nuclei. This interaction is completely independent of 
the value of the applied magnetic field and is always 
measured in Hertz (Hz). For example, (i) the one bond 
coupling constant between H and F in HF is 1J(HF); (ii) 
the two bond coupling constant between H and F in 
CH3F is 2J(HF).

 The superscript at the symbol J is to indicate the 
number of bonds through which the interaction occurs.

 The magnitude of the coupling constant depends on 
the number of bonds between the two atoms. Various 
factors influence the strength of interaction between two 
nuclei, in general, one-bond couplings are larger than 
two-bond couplings.

The J value is directly proportional to the γ, therefore 
 � �

� � D

H  
 

HX 

�
�

�
DXJ

J     

 J values can be positive or negative. Coupling 
through an odd number of bonds is expected to be 
positive, i.e., 1J, 3J… are positive. 2J, 4J… are expected to 
be negative. By looking at a spectrum it is impossible 
to tell whether the J value is positive or negative. If two 
nuclear spins are coupled such that the spins are anti-
parallel, then J is positive. Nuclear spin and electron 
spin in a bond prefer to be paired, making 1J(CH) values 
always positive.

 Some one-bond coupling constants (1J) are given in 
Table 2. Note that the 1J(13CH) value increases with the 
increase of s-character in the bond. 

Table 2: Some one-bond coupling constants

Coupling Constant (J) Frequency/Hz
1J(CH)     (sp3 carbon) 115-125
1J(CH)    (sp2 carbon) 150-170
1J(CH)    (sp carbon) 240-270
1J(CD) 20-45
1J(PH) 190-700
1J(CF) 165-370
1J(CP) 45-60

 2J(HH) is called geminal coupling (Latin, gemini = 
twin); 3J(HH) is sometimes called vicinal coupling (Latin, 
vicinus = neighbour); some absolute values for 2J and 3J 
are given below.

2J Frequency/Hz 3J Frequency/Hz
2JHH 9-5 3JHH 6-8
2JFH 50 3JFH 5-20
2JPH 7-15 3JPH ca.15

Magnetic equivalence

 Identical nuclei in a symmetrical molecule are said 
to be chemically equivalent. Thus, those chemically 
equivalent nuclei are said to be magnetically equivalent 
only if they have the same chemical shift (isochronous) 
and are equally coupled to all other sets of nuclei in 
the molecule. The protons in ethene (CH2=CH2) are 
magnetically equivalent; and they do not split each other 
and only give rise to a single proton signal. In CF2=CH2, 
the two protons are not magnetically equivalent because 
they are not equally coupled to the fluorine atoms.

Spin decoupling 

 Spin decoupling or double resonance is a technique 
used to simplify NMR spectra and it can be used to 
identify the spin-spin interaction between two nuclei. In 
a spin decoupling experiment, a second radio frequency 
signal is applied while the spectrum is scanned in the 
usual manner. The 13C NMR of CH4 gives a quintet in 
the intensity ratio of 1:4:6:4:1 while the proton decoupled 
13C NMR gives a singlet. The proton decoupled 13C NMR 
is symbolized as 13C-{1H} NMR.
 
Dynamic processes

 The common dynamic processes observed with 
organic molecules are 

a)  conformational changes (e.g. cyclohexane) 

b)  exchange processes (e.g. proton exchange  in 
alcohols) and

c)  atom inversions in amines.                        

NMR spectroscopy can be used to study these inversions 
and exchange processes. 

1D and 2D NMR spectroscopy

 We are familiar with one dimensional (1D) NMR 



52

The Tri-Annual Publication of the Institute of Chemistry Ceylon

Vol. 38 No. 3,  September 2021

spectroscopy of proton and carbon nuclei. The major 
drawback of it is that it is difficult to confirm the 
interactions between all the protons present in a complex 
organic molecule. 

 In the 1D 1H NMR spectrum (Fig. 3) of n-propanol 
the four signals appeared for H1 (triplet, 3H), H2 

(multiplet, 2H), H3 (triplet, 2H) and H4 (singlet, 1H, 
OH). 

CH3 CH2 CH2 OH
1 2 3 4

123 4

 

Fig. 3: 1H NMR spectrum of n-propanol

 2D NMR spectroscopy is very helpful in assigning 
all protons and carbons in almost all organic or 
organometallic compounds. 2D-spectra have two 
frequency axes and the signal intensity in the z-dimension.

 2D NMR spectroscopy can be divided into two 
types: homonuclear and heteronuclear. Each type can 
provide either through bond or through space coupling 
information. There are three main 2D NMR experiments.

1.  1H-1H COSY (COrrelation SpectroscopY)
It shows correlations between protons that are 
coupled to each other.

2.  HSQC or HMQC - Heteronuclear Single/ Multiple 
Quantum Coherence which shows correlations 
between protons and carbons that are bonded 
directly to one another.

3.  HMBC - Heteronuclear Multiple Bond Correlation 
which provides correlations between protons and 
carbons that are two or three bonds apart.

 1H-1H COSY spectrum (Fig. 4) clearly indicates the 
three bond coupling/interaction   between (i) H1 and H2 
and (ii) H2 and H3. There is no coupling between H1 and 
H3. Due to rapid exchange among OH protons, H4 is not 
coupled to H3.

4

3

2 1

1

2

4

3

CH3CH2 CH2 OH

1 2 3 4

Fig. 4: 1H-1H COSY spectrum of n-propanol

 HSQC spectrum is two-dimensional with one axis 
for protons and the other for a heteronucleus, which is 
usually 13C or 15N. 

 HSQC spectrum of γ-lactone (Fig. 5) clearly 
indicates the one bond coupling/interaction   between 
(i) H2 and C2; (ii) H3 and C3; (iii) H4 and C4 and (iv) H5 
and C5.

H5 H2

H3 H4

C3

C4

C2

C5
O O

1
2

3
4

5

(X)

 

Fig. 5: HSQC spectrum of γ-lactone (X)

DEPT (Distortionless Enhancement by Polarisation 
Transfer) experiments are used to distinguish CH3, CH2, 
CH and quaternary carbons. Diastereotopic CH2 groups 
can be easily identified by recording DEPT-ed-HSQC 
spectra. 

Different types of correlation spectroscopy with 
differentiation are given below.
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 Arenes are aromatic compounds which can act 
as π-electron donors. Organometallic complexes with 
such ligands are commonly known as arene complexes, 
arene metal complexes or metal arene complexes. Arene 
ruthenium complexes have shown better anticancer 
activity than the well-known drug cisplatin, cis-
[PtCl2(NH3)2]. Benzene or benzenoid rings are the most 
common arene ligands. Since these aromatic ligands use 
their π-systems to bond with metal centers, they are able 
to show multiple coordination modes which are referred 
to as the hapticity. The most common hapticity is 6 (η6) 
with all six adjacent atoms in the ring linked to the 
metal, in addition to hapticities 4 (η4) and 2 (η2). We 
know that benzene undergoes electrophilic substitution 
reactions. Once an arene ligand coordinates with a metal, 
the ring becomes more electrophilic (electron-poor), 
which makes the nucleophilic substitution on the ring 
more feasible.

 Arene complexes are mainly of two categories: half-
sandwich and sandwich. In half-sandwich complexes, 
[(C6H6)Cr(CO)3] (1a), the metal is coordinated only 
to one arene ligand with other ligands such as halides, 
hydrides, alkyls, carbonyls and phosphines. 

M
COOC

CO

M Fe+

(1) (2) (3)

    M
a  Cr
b  Mo
c  W

 

Fig. 1: Piano-stool & sandwich complexes 

 These complexes with three simple ligands are called 
piano-stool complexes (1). When a metal is sandwiched 
between two arene ligands such complexes are known as 
sandwich complexes, e.g. (2) and (3).

 In homo-sandwich complexes, [M(η6-C6H6)2] (2), 
both arenes are the same whilst hetero complexes, [(η6-
C6H6)Fe(η5-C5H5)]

+ (3), have two different arenes. Arenes 
show a higher selectivity towards chromium due to its 
higher stability. Many d-elements form arene complexes; 
some obey the 18-electron rule.  Some of the exceptions 
are [Ti(C6H6)2] (16e), [V(C6H6)2] (17e) and [(C6Me6)2Fe] 
(20e).  Examples for 18e half-sandwich complexes or ions 
include (1), [(C6H6)Mn(CO)3]AlCl4, [(C6Me6)Fe(CO)2], 
[(C6H6)V(CO)4]

+ and [(η4-C6H6)Ru(η6-C6Me6)]. 

Synthesis of arene complexes

 The accidental synthesis of the first arene complex 
took place in early 1919, when Hein mixed Grignard 
reagent (PhMgX) and CrCl3, but he failed to identify the 
product as bis(benzene)chromium, [Cr(η6-C6H6)2]. 

CrCrCl3 PhMgX

 

Fig. 2: Hein synthesis of [Cr(η6-C6H6)2] (2a)

 A more rational procedure was put forward in 1955 
by Fischer and Hafner (Fig. 3). In this procedure, Al 
powder is a reducing agent and AlCl3 is a catalyst which 

Name F1 nucleus
vertical axis

Mixing F2 nucleus
horizontal axis

COSY 1H J 1H
TOCSY 1H J, J, J.. 1H
NOESY 1H NOE 1H
HETCOR 1H 1JCH 13C
HMQC 13C 1JCH 1H
HMBC 13C 2,3JCH 1H

TOCSY = Total Correlation Spectroscopy

NOE = Nuclear Overhauser Effect

HETCOR = Heteronuclear Correlation
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can generate AlCl4
- anion. The 17e Cr(I) salt (4), which 

seems to be quite stable, can be reduced by Na2S2O8 to 
form zerovalent arene Cr(0) complex (5). This method is 
not suitable for arenes with substituents such as halogens 
or NMe2 groups which tend to interact with AlCl3.

CrCl3
Al / AlCl3

Cr

Na2S2O8

R

R

R

Cr

R

R

+

(4)

(5)

AlCl4

R = H, organic group

 

Fig. 3: Fischer-Hafner synthesis

Co-condensation

 In this co-condensation method, the vaporized 
metal and the arene vapor are condensed at very low 
temperatures to form sandwich and half- sandwich 
complexes. 

Ti

R

R
R

Ti(g)   +

Vapor

Low

Temp

(6)R = H, alkyl 
Fig. 4: Synthesis of bis(arene)titanium

 This method is even feasible for the preparation of 
arene complexes with low electron count metals such 
as Ti, Nb, Y, Gd, Zr, Hf etc. Unlike in Fischer synthesis, 
arenes with reactive lone pairs (e.g. chlorobenzene) can 
be used. Co-condensation technique can also be used to 
synthesize a wide range of arene complexes, using even 
sterically strained/demanding arenes as shown below.

Cr

(S)(S)
(R)(R)

Cr

(7) (8)

 

Fig. 5: Sterically strained arene complexes

Complexes with large fused arenes

 Fused aromatic molecules, with a large delocalized 
π-electron cloud, form arene complexes by reducing 
the metal centre. For example, with Li or Na metal, 
naphthalene forms the reducing agents, metal 
naphthalide [C10H8]

-. Li[C10H8] reduces [CrCl6]4
- to 

form [Cr(η6-C10H8)2] (9). The superbenzene (10) also 
forms arene metal complexes, e.g. sandwich complexes 
such as [(η5-Cp*)Rh(η6-10)], [(η5-Cp*)Ru(η6-10)]+ and 
[(η5-Cp)Fe(η6-10)]+ ; and the half-sandwich complex 
[(OC)3Cr(η6-10)], (Cp* = C5Me5).

Cr

(9)

(10)

R

R

R

R

R

R
 

Other common synthetic routes to half-sandwich 
complexes are given below.

[M(η6-C6H6)2]  +   [M(CO)6]   →   2 (1)  

[Fe(η5-Cp)2] + C6H6  + AlCl3  →  (3)[AlCl4]  

RuCl3:nH2O         [(η6-C6H6)RuCl(μ-Cl)]2  

 Phellandrene can reduce RuCl3 to form the dimer 
[(η6-Cymene)RuCl(η-Cl)]2.  Reaction of Ph3Cr(THF)3 

with MeC≡CMe produces [Ph3Cr(η6-C6Me6)].

Note: other small arenes such as cyclopropenyl (η3-
C3H3

-), cyclobutadiene (η4-C4H4) and cyclopentadienyl 
(η5-C5H5

-) ligands also form sandwich and half-
sandwich complexes; their synthesis and reactions will 
not be discussed here.   

Reactions of half-sandwich complexes

 Upon coordination, the electron density of the 
π-cloud of the arene is reduced. Thus, when compared 
to benzene, the coordinated arene is less susceptible 
to electrophilic attack but more susceptible towards 
nucleophilic attack. Some of the reactions of [(η6-C6H6)
Cr(CO)3] (1a)  are given below.  

 When (1a) is treated with BuLi, the lithiated arene 
complex (11) is formed. (11) serves as a nucleophile and 
reacts with I2, CO2/H

+ and Ph2PCl to yield complexes 
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(12), (13) and (14), respectively. 

Li

Cr(CO)3
Cr(CO)3

BuLi

I2

Cr(CO)3

PPh2

Cr(CO)3

CO2H
Cr(CO)3

I

[Cr(CO)6]

C6H6
CO2

Ph2PCl

(1a) (11) (14)

(12)

(13)

Fig. 6: Synthesis & reactions of (1a)

 The type and reactivity of the nucleophile, and the 
conditions used (e.g. reaction temperature) determine 
the final product of the reaction. Some of the reactions 
of [(η6-C6H6)Mn(CO)3]

+ (15)  are given in Fig. 7.  

+

Mn
COOC

CO

Me

Mn
COOC

CO

Mn
MeOC

CO

Mn
PPh3OC

CO

H

Mn
COMeOC

CO

Me

H

LiMe

LiCuMe2
PPh3

LiCuMe2 -78 oC

0 oC

(15)

(17)

(18)
(19)

(16)

  

Fig. 7: Reactions of (15)

 With MeLi, the cation (15) undergoes nucleophilic 
addition to form (16) due to the exo-attack of the arene 
ring by the methyl anion. At -78 oC, with LiCuMe2, methyl 
anion attacks the carbonyl ligand to form acetyl-complex 
(17). At 0 oC, the methyl anion attacks the metal centre 
to form methyl-complex (18). In the presence of PPh3, 
(18) affords the endo-product (19) via intramolecular 
methyl transfer to arene ring.   

 Arene complexes undergo nucleophilic substitution 
reactions, for example, the complex (20) with MeONa 
yields (21).

NaOMeCl

Cr(CO)3 Cr(CO)3

OMe

(20) (21)

Fig. 8: A nucleophilic substitution reaction

Reactions of bis(arene) complexes

 Homo sandwich or bis(arene) complexes (2) are 
air sensitive and get oxidized to form stable 17e cations. 
Mono- and dilithiation (or deprotonation) of (2a) can 
be achieved to form (22) and (23), respectively. Some 
reactions of (22) and (23) are summarized in Figs. 9 and 
10 respectively.  Reaction of (22) with acetyl chloride 
forms (25) resulting in ring expansion. 

Cr Cr

Li

Cr

CHO

(2a) (24)(22)

Cr

R

(26)

Cr

(27)

Cr

(25)

Me

DMF

MeCOCl
RX

H

R

R.

BuLi

 

Fig. 9: Reactions of (2a) and (22)

 The dilithiated product (23) can be used to introduce 
two functional groups on to both arene rings as shown 
in Fig. 10. 

Cr Cr

Li

Li

Cr

PPh2

PPh2

(2a)

(28)

(23)

Cr

CHO

CHO

(29)

TMEDA

Ph2PCl

nBuLi

DMF

 

Fig. 10: Reactions of (23)

Ligand exchange reactions

 It is observed that the metal prefers to bind to a 
ring with the highest aromaticity. Thus, the metal center 
exchanges bound arene(s) in the presence of arene 
ligand(s) with higher aromaticity. For example, Cr(0) 
exchanges naphthalene in (9), for phenanthrene forming 
(30) as shown below.
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CrCr

(9) (30)

Fig. 11: A Ligand exchange reaction

 Usually, the exchange of a free arene with the 
coordinated arene requires high temperatures. This 
ligand exchange can take place either (i) via a dissociative 
pathway, where the coordinated arene dissociates first 
followed by the coordination of the free arene or (ii) 
via an association, in which bonding of free arene and 
dissociation of bound arene takes place simultaneously.

Problems

1. Suggest possible product/s for the following 
reactions.

(i) (1a)  +  PPh3    →  (substitution)

(ii) (1a)  +  K    →  (reduction)

(iii) (1a)  +  NaOMe    →  (addition)

(iv) (15)  +  3 MeCN   →  (substitution)

(v) (15)  +  NaOMe/Et2O  →  (addition)

(vi) (15)  +  NaOMe/MeOH  →  (addition)

(vii) (2b)  +  3 PMe3  →  (substitution)

(viii) (3)  +  MeLi    →   (addition)

(ix) [CpFe(η6-C6H5Cl)]+  +  NaOMe   →  

(x) [CpMn(η6-C6H6)]  +  MeCOCl   →  

(xi) [CpRe(η6-C6H6)]  +  NaPh   → 

(xii) [Re(η6-C6H6)2]
2+  +  2 LiPh  → 

(xiii) (2a)  +  2 C6Me6   →  (substitution)

(xiv) [(η6-C6H6)Cr(η6-C6F6)] + BuLi  →

(xv) [(η6-C6H6)RuCl(μ-Cl)]2  +  2 PPh3    →

(xvi) [(η6-C6Me6)Ru(η6-C6H6)]2+ + 2 Na →

(xvii)  Mn(g)  +  C5H5Me  +  PhMe   → 

(xviii) (9)  +  3 PPh3    →  (substitution)

(xix) (9)  +  3 bipyridine   →  (substitution)

(xx) (2a)  +  NaH    →   (addition) 
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 Organic chemistry is basically the study of synthesis, 
reactions, properties, and structures of carbon-containing 
compounds. Organic reactions can be classified into four 
main types: addition, elimination (E), substitution, and 
rearrangement reactions. The movement of electrons 
during these reactions play a vital role in understanding 
and identifying the processes behind them. Electron 
movement is involved in bond breaking, bond forming 
and when depicting resonance structures. During 
homolytic cleavage, a single bond cleaves leaving one 
electron at each side while in the heterolytic cleavage, a 
single bond is cleaved leaving both electrons on one side 
of the bond. Homolytic bond cleavage is shown with a 
curved fishhook arrow (  ) and heterolytic bond 
cleavage using a normal curved arrow (  ). This 
phenomenon is used in bond formation and depicting 

resonance structures as shown below.

H
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H H

H

H

H

H

HH

H

 

 

H3C O O CH3 H3C O2

C
H O

O

H
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H O

O
C

H O

O-H+

 

Fig. 1: Examples for resonance structures, homolytic 
and heterolytic bond cleavages

 In substitution reactions, the incoming group 
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(a nucleophile or electrophile) attacks the substrate 
replacing a similar group (called leaving group or 
nucleofuge) present in the substrate. Here, we will discuss 
only the nucleophilic substitution reactions, e.g.

HO����������CH3CH2Br           CH3CH2OH   +   Br�
    nucleophile  substrate         product     nucleofuge

 

 Nucleophile can be considered as a negatively 
charged ion, group or molecule with a lone pair of 
electrons (Lewis base) or π-electron pair of a multiple 
bond, e.g. halide, RO-, HO-, HS-, H2O,  amine, alkene, 
alkyne etc. 

 Nucleophilicity is the reactivity of the nucleophile 
which increases with the basicity and the atomic number 
of an ion. But nucleophilicity decreases with increasing 
solvation.

← Nucleophilicity increases

RS- > R3P > I- > NC- > R3N > RO- > Br- > PhO- > Cl- > 
RCO2

- > F- > CH3OH > H2O

 There are three types of nucleophilic substitution 
reactions.

- Bimolecular nucleophilic substitution (SN
2)

- Unimolecular nucleophilic substitution (SN
1)

- Internal nucleophilic substitution (SN
i)

 Sometimes the carbocation intermediate formed 
may undergo a rearrangement reaction, e.g. SN

1ʹ (SN one 
prime). 

SN
2 Reactions

 SN
2 reactions are concerted and stereospecific 

with the inversion of configuration. Thus, the bond 
breaking and bond forming happens in a single step or 
simultaneously. SN

2 reactions show second order kinetics, 
i.e.

Rate = k[substrate][nucleophile]

 

 Generally, substitution occurs on a sp3-hybridized 
carbon bonded to an electronegative atom/group. The 
nucleophile attacks the carbon from the opposite side 
of the leaving group while forming a trigonal planar 
transition state. Since nucleophile and the leaving group 

are in the same axis the product shows the inverse 
configuration.

C

D

H

BrMe C

H

Br

D

Me

HO
�� ��

��

C

D

H

HO Me +   Br�

Tetrahedral
(Substrate) Trigonal Planar

 (Intermediate)

    Tetrahedral
(Inverted product)

OH�

(Nucleophile)

(Nucleofuge / 
leaving group)

Fig. 2: Mechanism of a SN
2 reaction 

R-X + Nuc

CNuc X

Single transition state
Energy

Reaction coordinate

R-Nuc + X
�

 

Fig. 3: Energy diagram of a SN
2 reaction

Factors that affect SN
2 reactions

 Main factors that affect SN
2 reactions are: the nature 

of the substrate, nucleophile/base, solvent and leaving 
group.
 
Nature of the substrate

 Unhindered substrates (e.g. MeX, RCH2X) show 
higher reactivity since the attack of the nucleophile takes 
place from the side opposite to the leaving group, X. 
Therefore, primary substrates react faster. Vinyl and 
aryl substrates are unreactive towards SN

2 or SN
1 reactions 

since the π-electron cloud tends to block the nucleophile 
from attacking the carbon atom. SN

2 reactions do not 
occur with tertiary substrates (R3CX).

Nature of the nucleophile/base

 Negatively charged nucleophiles are much more 
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reactive than neutral nucleophiles.  SN
2 reaction, are 

favored by primary and allylic substrates. Secondary 
alkyl halides can undergo either SN

2 or E2 reactions.  SN
2 

reactions are favored by strong ionic nucleophiles/weak 
bases. E2 reaction is favored by strong bases (e.g. DBN, 
DBU, tBuO-). 

OTs  NaCl

DMSO

Cl

Br
N

N

(DBN)

Br  NaCN

 DMF

CN

 

Fig. 4: Examples with secondary substrates for  SN
2 and 

E2 reactions

HO- and H2N
- are strong bases as well as good 

nucleophiles.

Nature of the Solvent

 Polar solvents favorably increase the reaction rate 
than non-polar solvents. Polar aprotic solvents e.g. 
Acetone, MeCN, DMF (Me2NCHO), HMPA [P(NMe2)3] 
and DMSO (Me2SO) promote SN

2 reactions. The presence 
of protons can form hydrogen bonds with the nucleophile 
and hinder the attack by the nucleophile. Protic solvents 
(e.g. H2O, ROH, HOAc) promote SN

1 reactions.  

Nature of the leaving group

 Since leaving groups depart as anions, the leaving 
ability is higher when the negative charge is stabilised. 
Generally, weak bases are good leaving groups. Leaving 
ability decreases in the following order.

Tosylate (OTs-) > I- > Br- > Cl- > F-

SN
1 Reactions

 In a SN
1 reaction, the substitution takes place via two 

steps (Fig. 5). In the first step, the leaving group departs 
and the substrate forms a carbocation intermediate; this 
is the rate determining step. The second step involves 
bond formation with the new nucleophile. 

 

R-X + Nuc

Energy

Reaction coordinate

R-Nuc + X
�

Rate limiting transition state

Intermediate
2#

R+ + X�

���Nuc

1#

 

Fig. 5: The energy diagram of SN
1 reaction

 Since the rate of the reaction depends only on the 
substrate concentration, it shows first order kinetics, 
i.e. Rate = k[Substrate], Thus, the configuration of the 
substrate not retained and leads to a racemic mixture 
(Fig.6). 

I OMe
MeOH

Br HOAc OAc

a)

b)
 

Fig. 6: Examples for SN
1 reactions

Factors that affect SN
1 reactions

 Since the reaction passes through an intermediate, 
the substrate should be able to form a stable carbocation. 
Therefore, tertiary (3ry) substrates undergo SN

1 reactions 
more favorably. 

C

Br

Me
Pri

Et
C

Me
Pri

Et

C

OEt

Me
Pri

Et

+     Br-

C

OEt

Pri

Me
Et

EtOH
+

EtOH

+

 

Fig. 7: Mechanism of the SN
1 reaction where EtOH 

act as the nucleophile which attacks the tertiary 
carbocation, forming a mixture of two products.

 The stability of the carbocation increases in the 
following order.  Me < 1ry < 2ry < 3ry 

 As the concentration of the nucleophile does not 
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affect the rate of the reaction, the nature of the nucleophile 
does not play a vital role. Usually, polar solvents are used 
to stabilize the carbocation intermediate via solvation. 
Good leaving groups also promote faster formation of 
carbocations. 

 SN
1 reactions are prone to side reactions, e.g. 

elimination and carbocation rearrangements. For 
example, in water, neopentyl bromide (Fig.8) does not 
undergo SN

2 reaction (due to steric factors) to form a 
primary alcohol, instead the attack of the Me group 
generates a stable tertiary carbocation, affording a 
tertiary alcohol. In boiling water, Me3CBr produces an 
alkene via E1 mechanism. 

Br
SN1

OH
(i)

H2O

Br E1
(ii)

H2O/� 

Fig. 8: Examples for SN
1 with a Me group transfer and 

E1 reactions

SN
i Reactions (i = internal)

 In SN
i reactions, the attacking nucleophile is a part 

of the substrate, which is produced by ionizing the 
substrate. Even though all parameters are similar to that 
of SN

1, the reaction always proceeds with the retention 
of configuration.

 

Fig. 9: Example for an internal nucleophilic 
substitution (SN

i) reaction

Problems

1. Draw the resonance structures of allyl group. 
Propose the SN

iʹ (SN one prime) mechanism for the 
reaction between CH2=CHCH2Br and HO- ion.

2. Write the reaction mechanisms for conversions 
given in Figs. 4, 6 and 7.

3. Write the reaction mechanisms for the following 
conversions.

  

H2O

MeOH

Br

OMe
(iii)

Br OH
(iv)

Br

(ii)
OH OH

+

60% 40%

I-

Br

(i)
I

H2O

4. Discuss the nucleophilicity and basicity of halide 
ions in protic and aprotic solvents.

5. Write the reaction mechanisms for the following 
conversions.

Br(i)
tBuONa

Br(ii) OMeMeONa

(iii)
EtOH/�

Br
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Student Corner

Beauty of Physical Chemistry – Part 1
New definitions of SI Units and Physical Chemistry

Chinthaka Nadun Ratnaweera
Senior Lecturer, Department of Chemistry, University of Ruhuna

 Let’s begin with something everyone knows, SI units! 
Everyone of us applies them, but do you know the concept 
behind its definitions? Very recently definitions of SI 
units were changed and they are now defined by natural 
constants of nature. Concepts of these new definitions 
relate more towards physical chemistry principles. Let’s 
explore!

 Historically, humans learned to measure even before 
they learned to write. Our ancestors used their fingers to 
count, the position of the sun to tell time, feet or hand 
to measure length, earthly objects to measure weight. 
However, from civilization to civilization and country 
to country measurement units were different until the 
establishment of the International System of Units which 
is commonly known as SI units or metric system. Today, 
trade, construction, travel, astronomy, and scientific 
research are impossible without precise measurements 
based on SI units. Technical regulations for quality 
assurance of products are decided by commonly accepted 
standards which are essentially based on SI measurement 
units.

 There are seven SI base units as depicted in Table 1 
and all other measurement units are derived using them. 
For example, Newton (unit of force) is a derived unit that 
is expressed in kilograms, meters, and seconds. 

 Initial discussion for SI units began at the Metre 
Convention of 1875 at the General Conference on 
Weights and Measures in France but the system was 
published and established internationally only in 1960. 
The international body responsible for SI units and 
measurement standards and is the Bureau of Weights 
and Measures (BIPM) located in France (BIPM stands 
for Bureau International des Poids et Mesures in French).

 Early definitions of SI units were based on artifacts 

and physical measurements. For example, a kilogram 
and meter were defined using special artifacts made from 
Platinum – iridium alloys. Experimental uncertainties in 
physical measurements of these artifacts were a major 
concern among the scientific community. Therefore, in 
order to improve the precision, reliability, reproducibility, 
and accuracy with reduced measurement uncertainty 
initial definitions were changed from time to time in 
history. The last redefinition was in May 2019 during 
which four of the base SI units such as the kilogram (mass), 
mole (amount of substance), Kelvin (temperature), and 
Ampere (current) were redefined. With these changes, 
current SI base unit definitions are entirely based on the 
several physical constants of nature as shown in the third 
column of Table 1. Nevertheless, the new definitions do 
not change the values of SI units, so we can still use the 
existing measurements without any issue. 

Table 1: Seven SI base units

Quantity Unit 
Physical constants 
associated with the 

new definition 

1 Time second (s) Hyperfine transition 
frequency of Cesium 

2 Length meter (m) Speed of light 

3 Mass kilogram 
(kg) Planck constant 

4 Amount of 
substance mole (mole) Avogadro number 

6 Temperature Kelvin (K) Boltzmann constant 

5 Current Ampere (A) Electron charge

7 Luminous 
intensity Candela (cd)

Monochromatic 
radiation of 
frequency 540  Hz

 Following discussions summarize the historical 

Learning physical chemistry is equally important as other areas in Chemistry. Unfortunately, lot of students (and also lecturers) 
give less attention to it. However, concepts in physical chemistry such as quantum mechanics, thermodynamics, kinetics, statistical 
mechanics, etc. are really important to understand the fascinating world of Chemistry. Considering this, I wish to make this 
series of articles an eye opener and to boost your curiosity in learning physical chemistry. To get the full benefit, please explore 

the concepts and problems given in boxes by yourselves.



Vol. 38 No. 3,  September 2021

Chemistry in Sri Lanka

61

definitions and introduce the new or current definitions 
of the seven base units. 

Time (second)

 Definition of time has a long history similar to the 
many other units of measurement. I suggest you read the 
article https://www.nist.gov/si-redefinition/second-past 
to explore more. 

Atomic clocks

 By the 19th century, the mechanical clock was 
widespread, but scientists realized that these were not 
suitable to set standards because they were/are prone to 
errors due to friction and changes in temperature. Later, 
physicist James Maxwell proposed the use of atomic 
vibrations as the “natural standard” to measure time. The 
frequency of atomic transitions is unique and does not 
change with disturbances. Over the years, highly precise 
‘atomic clocks’ were developed based on the hyperfine 
energy splitting of the Cs-133 isotope.   

Figure 1: World’s first Cs-133 atomic clock developed 
by Louis Essen and Jack Parry in 1955 at the National 

Physical Laboratory in the UK 
(https://www.wikiwand.com/en/Atomic_clock)

Atomic clock is indeed a fascinating concept which involves 

physical chemistry. Now it is your turn to explore it. 

Read and find out more about the types of atomic clocks, 

ultrafine energy splitting, type of spectroscopy etc. We’ll 

discuss them in detail in the future articles of this series.

Definition of a second; old and new

 The early definition of a second was based on the 
period of earth’s rotation which is not a very accurate 
measurement. Therefore, in 1967, the SI definition of 
a second was revised based on the hyperfine energy 
splitting of C-133.  

 The energy gap between two hyperfine energy 
states of Cs-133 in a magnetic field was experimentally 
expressed in units of Hz as Δνcs= 9192631770 Hz (1 Hz=1 
s-1). This is indeed a very accurate value. 

Therefore, the definition of 1 s is given by,

1
9192631770s

Cs

�
��

 (1)

 In other words, 1 s is 9192631770 times longer than 
the time of the transition, which is the new definition of 
1 s. The atomic clocks are so accurate that it was found 
that the one built at NIST won’t lose or gain a second in 6 
million years (Refer NIST: National Institute of Standards 
and Technology).

Length (meter)

A brief account on the long history 

 In the past, different countries used different 
standards to measure distances. The first widely 
accepted one-meter length standard was a prototype 
bar of platinum and named the French meter, as it 
was set up in France. However, it was impossible 
to verify whether copies of this meter bar have the 
same lengths. This prototype was later changed to a 
platinum-iridium bar since it was significantly more 
durable than the pure platinum bar and remained as 
the standard until 1927. The next length standard was 
based on the interferometry technique which enabled 
the measurement of the wavelength of waves precisely. 
Accordingly, in 1940, measurement scientists were able 
to develop a reproducible and convenient methodology 
to define the meter using the precise measurement of the 
wavelength of the green emission light of mercury-198. 
However, in 1960, another length standard was defined 
using the wavelength of the krypton-86 atom at 605.8 
nm. Nonetheless, the krypton standard didn’t last 
long, and ultimately, the speed of light has become the 
measurement standard of length until now. 

 

Figure 2: Platinum – iridium meter standard. 
(https://www.nist.gov/si-redefinition/meter)
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Even though mercury and krypton wavelengths are now 

not being used to determine length standards now, it is 

indeed another fascinating idea in Physical Chemistry. 

Find out what these characteristic wavelengths of atoms 

are and how they are found precisely before I discuss it in 

detail in the future.

The new definition of a meter 

 The speed of the light was accurately calculated 
by using the wavelength and frequency measurements 
of characteristic laser light. The accurate value for the 
experimental speed of light was found to be 299,792,458 
meters per second in a vacuum. 

 The meter is defined as the distance that light travels 
in 1 s divided by the numerical value of the speed of light 
in vacuum c to be 299,792,458 when expressed in the 
unit m s−1. Definition of second is then applied in terms 
of Δνcs

1
299792458

9192631770

299792458
30 63319 2m c

s s
c c

Cs Cs

� � �
� �� �

. ( )

 The length was now no longer an independent 
standard but rather was derived from the extremely 
accurate standard of time and a newly defined value for 
the speed of light.

Mass (kilogram)

International Prototype of Kilogram (IPK) to Planck 
constant 

 Before the introduction of SI units, different 
methods/artifacts were used as mass standards. One of 
such methods was the measurement of the mass of water 
at a given volume and a specified temperature. In 1875, 
at the Meter Convention, the kilogram was defined using 
the International Prototype of Kilogram (IPK) which is 
an artifact made of an alloy of 90% platinum and 10% 
iridium (Figure 3). IPK and its six replicas were kept 
inside triple-locked vaults at the BIPM in France. All 
other countries have to keep their primary 1 kg standards 
and calibrate against IPK periodically at their national 
metrology institutes. These laboratories have to maintain 
their own working standards to calibrate the balances in 
the country. 

 However, this has been a very laborious task and also 
problematic since each of these individual standards is 

changed or drifted by a small amount over time. Owing to 
this situation the relative uncertainties increased during 
scaling down of standards such as standards of mg range 
and below. As researchers, we know how important it is 
to measure milligram to microgram quantities accurately 
in research work. Moreover, even the mass of the IPK 
can drift over time. Accordingly, these drawbacks led 
the international measurement science community 
to decide to change the IPK based mass standards to 
a system where scaling measurements do not increase 
uncertainty.  As a result, the kilogram is now defined by 
taking the fixed numerical value of the Planck constant. 

 

Figure 3: A replica of an IPK in a Science Museum 
(https://en.wikipedia.org/wiki/International_

Prototype_of_the_Kilogram) 

Quantum mechanics & the Planck Constant

 Planck constant was named after the eminent 
physicist Max Planck who first introduced the concept 
of energy ‘quanta’ which has led to the development of 
quantum mechanics in the early 20th century. 

Quantum mechanics is the major breakthrough of 

modern science. Max Planck in fact made a big role in 

development of this theory. Recall quantum mechanics you 

learnt under physical chemistry (if you have) and think 

what will happen to science if quantum mechanics has not 

evolved. Do you agree or not with the above underlined 

statement?

 
 He applied this concept to explain the spectrum of 
blackbody radiation (energy released from a hot object) 
which couldn’t be explained using classical physics. He 
postulated that the ‘quanta’ or energy of a photon is 
proportional to the frequency of the electromagnetic 
radiation (ν) and this proportionality constant was 
named as the Planck constant (h). Everyone who studies 
science today knows the famous relationship, E=nhν 
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where n is a positive integer. Accordingly, the Planck 
constant is fixed by nature and the value will never 
change. 
  
How was the Planck constant used to redefine kilogram 
units?  

 During the late 20th century scientists were able 
to determine the value of the Plank constant with 
extraordinary precision as a result of two physical 
constants related to voltage and resistance. These are 
the Josephson constant (KJ = 2e/h) and the von Klitzing 
constant (RK = h/e2). 

 From these experiments the accurate value of Planck 
constant, h was determined as 6.62607015 ×10-34 J s. Here 
the unit of h is equal to kg m2 s-1. Meter and second were 
defined in terms of c and ΔνCs as mentioned in the above 
sections. Thus, we can obtain the value of 1 kg from 

1
6 62607015 10

1

1
1 47552214 10 3

34 2

40

2
kg h s

m
h
c

Cs�
�

� ��
. ( )

. ( )
��

if we know the accurate value of h, ΔνCs and c. 

 So, how do we find the value of the Planck constant 
experimentally using a primary standard understanding 
the definition of a kilogram? 

 Currently, there are two methods that are capable of 
doing it. 

 1. Using the Kibble balance 

 2. Using silicon spheres 

Kibble balance 

 A special instrument known as Kibble balance 
could be used to measure the unknown value of h using 
an exactly defined mass. Therefore, one can measure 
unknown mass (whatever the standard material) by 
substituting in Equation 3.  

 Kibble balance was first developed by British 
physicist Bryan Kibble in 1975 at the National Physical 
Laboratory (NPL) of the United Kingdom to determine 
the value of h. However, currently, there are only a few 
Kibble balances in operation for this purpose.  

Silicon spheres 

 Silicon sphere is a 1 kg of an almost perfect sphere 
made solely of ultra-pure silicon-28. This is made with 

single crystal silicon and has a diamond-type crystal 
system with the cubic unit cell as shown in Figure 5.  
The value of the Avogadro constant can be accurately 
determined using the silicon sphere.    

Figure 4: Kibble balance at NIST USA 
(https://www.nist.gov/si-redefinition/kilogram-mass-

and-plancks-constant)

   
Figure 5: Left: True silicon sphere in NIST laboratory, 

USA. Right: Cubic unit cell of a Si crystal 

What is the most abundant element in the world? Is 

it Silicon? No. It is the second, but, silicon is the game 

changer of the world! and one of the most important 

elements in Physical Chemistry. Silicon spheres are really 

fascinating.  Find out more before we discuss it next time.

 
Primary and secondary mass standards

  Now we know how mass is defined using the Planck 
constant. The next question is how to calibrate the 
working standards. There are two types of mass standards 
such as primary and secondary mass standards. The 
primary mass standard can be an artifact (object) which 
is practically determined in terms of the Planck constant 
by the formal definition of the kilogram. Silicon spheres 
are the most acceptable primary standards. Secondary 
standards are calibrated using the primary standards and 
they are used to disseminate the mass unit.  
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Amount of substance (Mole)

 Before the new definition, one mole was defined as 
“the amount of substance of a system which contains 
as many elementary entities as there are atoms in 0.012 
kilograms of carbon-12 isotope”. Avogadro number was 
defined as the number of atoms of carbon-12 isotope 
has in a mass of 0.012 kg. This is what every one of us 
has learned in Chemistry Textbooks in our high schools. 
Accordingly, the relative atomic mass of an isotope of 
an element was defined as the weight in grams of the 
number of atoms of the element contained in 12 g of 
Carbon-12. For example, the relative atomic mass of 
copper was found to be 63.546 and that mean 63.546 g 
of copper contains the same number of copper atoms as 
12 g of Carbon-12. Thus, it requires precise measurement 
of weight to experimentally determine the molar masses.  

However, the carbon-12 definition is no longer in use.  A 
new definition for mole has a direct relationship to the 
Avogadro number. 

 One mole contains exactly 6.02214076 × 1023 

elementary entities. This number is the fixed numerical 
value of the Avogadro constant, NA, when expressed in 
the unit mol–1 and is called the Avogadro number. 

 Inverting this relationship gives an exact expression 
for the mole in terms of the defining constant NA:

1
6 02214076 10

4
23

mol
NA

�
�.

( )

 As explained in the previous discussion, the 
Avogadro number can be found using silicon spheres. 
Accordingly, in the future, any particular experiments 
involving mass measurements are not required to define 
a mole and therefore, do not involve any experimental 
uncertainties. Please do the following quiz to test your 
knowledge of silicon spheres.   

Quiz on Silicon Spheres 

Determine the number of silicon atoms 

in the above unit cell (n) 

Length of each side of the unit cell given above is a (in 

meters) and atomic mass of silicon is m (m =28.09 Da). 

Write an equation for the density (d) of silicon sphere 

using n, m, a, and NA. (NA is the Avogadro number)

Rest of the SI units will be covered in the next article. 

 Those who are interested in this subject further 
please go through the following references. 

• National Institute of Standard and Technology - 
https://www.nist.gov/si-redefinition  

• The International Bureau of Weights and Measures 
- https://www.bipm.org/en/home 

• http://hyperphysics.phy-astr.gsu.edu/hbase/acloc.
html 

Student Corner

Basic Mathematics Made Simple
M.R.M. Haniffa

Senior Lecturer, Department of Chemistry, The Open University of Sri Lanka

Introduction to Symbols and Terminology, Concepts 
and Patterns

Introduction

 Let me at the outset, share my thoughts with you 
regarding basic mathematics and its teaching. It is 
based on my teaching experience over the past couple 
of decades and based on what I learned for my O/L 

and A/L way back in the 1970s, almost 5 decades ago. 
I am deliberately using the word “decade” in order 
to emphasize an important point. The point being 
Mathematics, unlike, most other subjects, remains in 
your memory for a long, long time (maybe a lifetime) 
so that you may teach your grandchildren if needed. The 
“secret” is that there is no secret; it is simply a question 

Objective of this series is to take you through a series of topics under Basic Mathematics, one at a time, giving you 
an opportunity to appreciate, “like” (philic) and “catch” the subject. In introducing this series, I have written a 

few paragraphs to get the message across. However, the use of words will be reduced to a minimum as we cover the 
subject under different subtitles.
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of liking/loving the subject (so called Mathophilicity, a 
term coined by me) and applying the concepts learned 
in solving as many problems as possible 

 Refer to the LMS, library website of ICHEMC, and 
of course the internet.

Strategy

 My strategy would be to give worked examples 
(illustrative with all steps) giving you an insight into the 
various elements/concepts which you are expected to 
“Catch”. It is up to you to develop your own style and 
relevant skills through the recognition of patterns in 
understanding the concepts, thereby reducing memory-
based/rote learning to a minimum. 

      Q: 111,111,111 × 111,111,111?

       A: 12345678987654321         

        Q: 111 × 111?     

         A: 12321

 What about 111,111 × 111,111? Any observations? 
Can you answer based on the pattern?          

 If you are prepared to put pen to paper (plenty 
of them), then I can assure you success. Remember, I 
can only take the HORSE to the water, just as much as 
there may be two or more routes in a certain journey 
to a given destination, so are the methods involved in 
determining the solution to a given problem. Thus, we 
generally talk of “a method” rather than “the method” 
in arriving at an answer.

 Math cannot be taught, it has to be caught, a 
truism well exemplified by our language skills. How did 
you become conversant in your mother tongue? You 
caught it, right? In other words, mathematics is another 
language that has to be caught rather than taught. As 
teachers of mathematics, we can only facilitate the 
process of learning (rather than teach), enabling you to 
“catch” it. The adage “Use it or lose it” becomes relevant 
in this regard.  As far as mathematics is concerned, 
using the concepts in problem-solving is the key. 

 You may have not “caught” the essence [“joy”, 
“beauty” and appreciation”] in learning the subject 
in the formative years (primary education). It is never 
too late to “change your habits”, and enjoy the thrill in 
finding solutions to mathematical problems.

Use of Symbols

 Mathematics uses symbols, formulas, equations, 
etc. to express various relationships. The basic difference 
between Algebra and Arithmetic is the use of symbols 
instead of numbers. The following is an example of the 
application of Algebra in Arithmetic.

(a-b)(a+b) = a2 – b2

1001 × 999  = (1000+1)(1000-1)

                  = 10002 – 12

                  = 1000,000 – 1

                  = 999,999

 Specific symbols are used in keeping with the 
subject taught as illustrated below. Remember, symbols 
are part of the teaching tools and that is universally 
accepted. 

• Ideal gas law / equation PV = nRT 

Pressure (P), Volume (V) and Absolute Temperature 
(T) as the variables; 
n (fixed number of moles) and R (universal gas 
constant) being constants. 

• Boyle’s Law  PV = c (constant) at [T]

You can state this in words too. Mathematics makes it 
easier by representing it symbolically.

• Pythagoras theorem  a2 = b2 + c2

 All of us remember this. How? I may have studied 
this over 50 years ago but I have not forgotten the 
simple relationship where a, b and c represent the 
length of the three sides of a right-angled triangle. We 
can remember because it has been used many times in 
solving problems. 

Q: Write down the Arrhenius Equation and clearly 
identify all the symbols used

(A relationship learned in the study of chemical kinetics, 
part of lifetime memory!!)

  A: 
k Ae

E
RT�
�   

  
 k – Rate constant
 A – Arrhenius Constant or pre-exponential factor
  ∆E (or Ea) – Activation Energy
 R – Universal Gas Constant, 
  T – Absolute temperature
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Terminology

 Any discipline of study has a set of words 
(TERMINOLOGY) which form the CORE in 
understanding the subject. These words are highlighted 
to facilitate their recognition and to understand their 
meanings. I do not intend to define them one by one, 
though you should easily “catch” their meaning as it 
is presented to you with worked examples. Words and 
explanations would be minimal.  Let me repeat, develop 
your own style and skill in learning and understanding 
MATHS. 

Q1: A boy has the same number of brothers as sisters, 
his sisters have twice as many brothers as sisters. How 
many children are there in this family?

LO (Learning Outcome): Interpreting the Question 
(language skill), Generating and Solving a set of 
simultaneous equations using SYMBOLS. [This is a 
simple example of transforming the given information 
into mathematical expressions or equations; as a 
general convention, symbols x and y are used]

A1: Let the number of boys and girls be x and y 
respectively 

               x-1 = y  (1)

  2(y-1) = x (2)

     Now, let us solve and determine x and y.

     That is, substituting for x (as x = y +1) from (1) in (2),

     We have 2y – 2 = y + 1

     y = 3

     Hence, x = 3 + 1 = 4

Q2: Solve for x and y; 

  x2 – y2 = 4 (1)

  x + y = 2  (2)

LO: Able to Solve and Factorize in accordance what 
you have studied under algebra 

                              e.g.: (a-b)(a+b) = a2 – b2

A2: (1) is (x-y)(x+y) = 4; substituting x+y = 2 from (2),

we have (x-y) = 2 (3)

 adding (2) and (3), we have 2x = 4; x = 2

 Hence, y = 0

Q3: Factorize 3x2 – 8xy + 4y2

LO: Understand what is meant by the words in the 
phrase: expression of three terms x2, xy, y2

A3: (3x-2y)(x-2y) 
        
Q4: Simplify 

(2a – b)2 + 3a2 - 3b2 - a (4a - b) - (a+b)(a-2b)

(Note this is an expression of three terms, a2, ab, b2)

LO: Able to carry out simplification as a common 
exercise in general, involving opening/removing of 
brackets by multiplying paying due to attention to the 
signs (+/-) and bringing all the like terms together

A4: (2a – b)2 + 3a2 - 3b2 - a(4a - b) - (a+b)(a-2b)

 = 4a2 - 4ab+ b2 +3a2 - 3b2 - 4a2 + ab - a2 +ab +2b2

        = 2a2 - 2ab [bringing all the like terms together]

e.g.: 

a2 + 2a2 = 3a2, that is, we can add like terms together 
whereas in the case of unlike terms, say,

a2 + b2, they cannot be added and would remain as 
written.

GOOD LUCK!

Note: Being my first attempt in presenting this subject 
in parts (as a series), your feedback/ comments are 
welcome: send an email to razinmoh56@gmail.com
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 Energy of molecules is basic information a 
chemist needs as it is related to an unlimited number 
of applications. In this respect, the three basic modes 
of motion – translation, vibration and rotation – play 
an important role in chemistry because molecules store 
energy in these modes. Among the three modes, energy 
stored as molecular vibrations is important in structural 
identification of molecular systems because transitions 
between vibrational energy levels are characteristic to the 
nature of bonding between atoms. Since the transitions 
between vibrational energy levels are associated with 
infrared frequencies, vibrational spectra are also called 
infrared spectra. 

 Small vibrations of diatomic molecules about 
their equilibrium positions can be simulated using 
the quantum harmonic oscillator model.  This is the 
quantum-mechanical analog of the classical harmonic 
oscillator. Quantum harmonic oscillator model is one of 
the most important model systems in quantum mechanics 
because it is one of the few quantum-mechanical systems 
of which an exact solution is known. 

 The Hamiltonian operator of the particle in the 
quantum harmonic oscillator is,





H p
m

kx� �
2

2

2

1

2

where p�  is the linear momentum operator given by −i d
dx
 ;  

and k is the force constant, a measure of the strength of  
the bond between the two atoms. The first term in the 
Hamiltonian operator represents the kinetic energy of 
the particle, and the second term represents its potential 
energy. The Schrodinger equation for the quantum 
harmonic oscillator model can be written in x-direction, 
assuming that a single particle of the reduced mass (μ) of 
the two atoms represents the masses of the two atoms in 
the diatomic molecule. Solving the Schrodinger equation, 
which represents an eigenvalue problem, leads to two 
solutions – energy (eigenvalue) and the wave function 
– as given below:
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where n = 0, 1, 2, ……., is the vibrational quantum 
number, Nn is the normalization constant and H xn ( )

/α1 2  
is a polynomial of α1 2/ x . 

 The energy spectrum of the quantum harmonic 
oscillator is important for several reasons: 

(1)  The energy values of the oscillator are quantized, 
meaning that only discrete values are possible; this 
is a general feature of quantum-mechanical systems 
when a particle is confined. 

(2)  The discrete energy levels of the oscillator are equally 
spaced; this is different from the Bohr model of the 
atom, or the particle-in-a-box model. 

(3)  The lowest energy state, i.e. the state of n = 0, is 
the ground state. Its value, ½ hν, is not equal to the 
minimum of the potential well, and is also called 
the zero-point energy. Because of the non-zero 
value of the zero-point energy, the position and 
the momentum of the oscillator at the ground state 
are not fixed, but have a small range of standard 
deviation, according to the Heisenberg uncertainty 
principle. 

 The establishment of quantum mechanics 
accelerated the development of various models (e.g.  
particle-in-a-box model, harmonic oscillator model, 
rigid rotator model) and theories (e.g. valence bond 
theory, molecular orbital theory, hybrid orbital theory, 
density functional theory). These models/theories are 
important in investigation of chemical bonds with the 
aid of quantum mechanical principles. As computers 
are becoming more and more powerful, software 
applications based on these theories are frequently used 
by chemists to investigate molecular structures. With 
the development of computer programmes, chemists 
are now able to simulate the formation and breaking of 
chemical bonds, providing theoretical explanation for 
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chemical reactions even without performing them in 
the laboratory.

Example: The wave functions of the quantum 
harmonic oscillator for n = 1 and n = 2 are given by 

1 1

1 2 2

2 2

1 2 2 22 4 2
2 2

( ) ( ) ( ) [ ( ) ]/ / / /x N x e x N x ex x  and  , 
respectively. Show that the two wave functions are 
orthogonal to each other.

Answer:   

Orthogonal condition;  � �
1 2

0
*
. ( )x dx �

��
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�  

� � � � �
1 2 1 2 1

*
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Therefore, ψ1(x) and ψ2(x) are orthogonal to each other.
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