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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/Fax : 2861653,  2861231   Telephone: 4015230              
e-mail : ichemc@sltnet.lk  web     : www.ichemc.edu.lk
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      Dr. (Ms) H I C de Silva
Hony. Treasurer  : Dr. A A P Keerthi
Hony. Asst. Treasurer : Dr. S R Gunathilake
Hony. Editor  : Dr. (Mrs) Theshini Perera
Hony. Asst. Editor  : Dr. (Mrs) D N Udukala
Secretary for International 
                 Relations  : Prof. (Mrs) J A Liyanage
Chairman/Academic Board    : Prof. (Mrs) Sujatha Hewage    
Hony. Secretary for
  Educational Affairs : Dr. (Mrs) T Gobika  
Chairman, Admission & Ethical 
               Practices Committee : Mr. E G Somapala
Secretary, A & EP Committee : Mrs. Deepika Senevirathne
Chairman, Board of  Trustees : Prof. S P Deraniyagala
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CHEMISTRY  IN  SRI  LANKA
 Chemistry in Sri Lanka is a tri-annual publication of 
the Institute of Chemistry Ceylon and is published in January, 
May and September  of  each year. It is circulated among the 
members of the Institute of Chemistry and students of the 
Graduateship/DLTC course and libraries. The publication has a 
wide circulation and more than 750 copies are published. Award 
winning lectures, abstracts of communications to be presented 
at the annual sessions, review papers, activities of the institute, 
membership news are some of the items included in the magazine.
 The editor invites from the membership the following 
items for publication in the next issue of the Chemistry in Sri 
Lanka which is due to be released in  May 2019.
• Personal news of the members
• Brief articles of topical interests
• Forthcoming conferences, seminars and workshops
• Latest text books and monographs of interest to 

chemists 

 All publications will be subjected to approval of 
the ‘Editorial and Publicity Committee’ and the Council of the 
Institute of Chemistry Ceylon.
 Further, prospective career opportunities for chemists, 
could be advertised in Chemistry in Sri Lanka at a nominal 
payment. The editor welcomes suggestions from the members for 
improvement of the publication.



Vol. 36 No. 1, January 2019

Chemistry in Sri Lanka

3

Guest Editorial
Winning Back the Lost Paradise through Chemistry

Professor Nilwala Kottegoda
Department of Chemistry, University of Sri Jayewardenepura

 A tiny, yet a mighty 
island situated in a very 
strategic position of the 
silk route along the Indian 
Ocean served as a busy 
trade hub exchanging 
locally produced goods 
with international traders. 

Enriched with precious natural resources, affluent 
biodiversity and with prosperity showering upon the 
nation, there was no other word than “Paradise” to match 
this surreal island. If you rewind the time 500 years back 
from now, this was what Sri Lanka looked like. There was 
a time this Serendib island produced the world’s best high 
carbon steel using the natural monsoon wind which even 
used in the making of Damascus sword. Where do we 
stand today? How did we lose our paradise?
 During the ruling period of the Portuguese, Dutch 
and British for 450 years, the fertility of this paradise 
island was extracted to prosper their economies. Even 
after gaining independence, further to continuing with 
the ‘gunny bag’ export economy introduced during the 
colonial era, in the 1980s, men started to join armed 
forces while women moved to middle-east countries, 
transfiguring the country’s economy more towards a 

labour based economy.  
 As a nation how do we regain the lost paradise? With 
the advent of Artificial Intelligence (A.I.) traditional jobs 
are being rapidly replaced by robots and machinery. 
Blue collar jobs which involve manual labour will not 
thrive in the future world. Sri Lanka’s practice of earning 
dollars from the local labour force in foreign countries 
will soon be obsolete with new, advanced and low-cost 
technologies. How can we overcome this hurdle in this 
ever-changing technological world? The only exit would 
be to move towards a knowledge-based economy.
 Globally, ‘the creative economy’ has been 
recognised as a critical force for fostering new drivers 
of competitiveness, and promoting new business 
opportunities. In creating an innovation-based ecosystem 
in Sri Lanka we should identify the areas where we can 
generate significant value. To recoup the status of a 
centralized trade hub, Sri Lanka should identify the ideal 
entry point. 
 Chemistry, being the central science towards 
innovation, could perfectly come in as a magical hand 
to support this journey. Chemical industry is an enabling 
partner to provide technological solutions to many 
challenges of the economy – it underpins sustainability 
in all downstream and derivatized industries. 

Source: Letters to Nature, VOL 379, 1996
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 Unfortunately, at present, there is little contribution 
to Sri Lankan Gross Domestic Production (GDP) from 
chemical and other high-tech industries (<0.06%). Sri 
Lanka is a treasure trove which is rich not only with many 
varieties of naturally available mineral resources but also 
with a wide assortment of flora and fauna. If we can glue 
our knowledge of chemistry with these natural resources, 
the potential to create high revenue generating industries 
is limitless. As a head start, we could begin with low 
hanging fruits, manufacturing of products which require 
minimalistic efforts and capital such as mineral value 
addition, agricultural value-added products, high grade 
activated carbon, paints, steel, glass, ceramic and copper-
based products.
 Industrial mineral resources which have a high 
economic value take a prominent spot amongst the 
natural resources of Sri Lanka. These mineral resources 
are vividly distributed throughout the island. Rutile, 
ilmenite, zircon, monazite mineral sands, Eppawala 
rock phosphate, high-quality graphite, clays, gems can 
be named as a few of the highly pure minerals which 
are originating from the earth resources in this country. 
How can we create great value out of these industrial 
resources? For example, The North-Eastern coastal line 
of Sri Lanka consists of approximately of 8 - 9 million 
tons of ilmenite, 1 million ton of rutile with a heavy 
metal content of 60 – 80 %. At present we earn US$ 8 
million per annum by just exporting 80,000 Mt of these 
minerals which has a high demand as the raw material 
for producing high quality TiO2. Sri Lanka spends US$ 
12.5 million to import 5,000 Mt/y of TiO2 for paint 
industry only. The amount we spend to import TiO2  is 
more than what we receive from exporting raw minerals. 
According to the statistics, current global market for 
nano TiO2 and TiO2  is US$ 1.2 million and US$ 25,000 
respectively. By looking at these figures it is crystal clear 
that if Sri Lanka establishes factories to produce TiO2, 
much needed foreign exchange can be brought back to 
the country which will enable the country to reach global 
economic standards. 
 Sri Lanka is a country which was once considered 
as the “granary of the ancient east”; why don’t we try to 
win back this status today? Fertilizers play the key role in 
sustainable agriculture as it is the major factor responsible 
for increased crop yields. Eppawala rock apatite is a gift 
from nature which is a rich source to produce high-
quality phosphate fertilizers. On the other hand, naptha 

which is a by-product from petroleum refinery process 
could be used as the feedstock for a urea manufacturing 
plant. If done right, we can gain the dual advantages of 
being a country with sustainable agriculture and gaining 
foreign exchange through exporting manufactured 
fertilizers and high quality agro based products.
 A tropical island named as one of the 34 biodiversity 
hotspots in the world, Sri Lanka has a lavish distribution 
of flora and fauna with a significant number of endemic 
species. These organisms consist of bioactive compounds 
with anti-fungal, anti-bacterial, anti-cancer properties. 
Isolation these natural products from Sri Lankan 
flora and fauna would lead to new discoveries in the 
pharmaceutical/ nutraceutical arena. 
 Innovations based on diversified fields of value 
addition would be a unique catalyst for transforming 
the country’s economy that is in-line with the global 
trends of the 21st century. The “Silicon Valley” in USA 
is an economic hotspot! So are Boston in USA, Tel Aviv 
in Israel and Eindhoven in Netherlands. So why not a 
tech-valley in Sri Lanka?
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Dr. Lasantha Wickramasinghe, Graduate Chemist (First 
Class Honours, 2007) obtained his PhD in Inorganic-
organometallic Chemistry at the University of Missouri-
Columbia, USA under the guidance of Prof. Paul R 
Sharp in 2015. He was awarded the “Breckenridge / 
Lyons Award for Outstanding Graduate Research” in 
2015. Thereafter, he worked as a postdoctoral researcher 
at Massachusetts Institute of Technology (MIT) under 
Richard R Schrock (Nobel Prize winner for Chemistry 
in 2005). During his work under Prof Schrock, he 

synthesized what was "Shrock's dream compound" and 
the cover depicts a model of the compound and the actual 
crystal structure of it. These Molybdenum complexes 
that contain a Calix[6]azacryptand ligand can serve 
as catalysts for the reduction of N2 to Ammonia. It is 
heartening to note that Prof Schrock sent a replica of 
his Nobel medal to Prof S. P. Deraniyagala to show his 
appreciation for having mentored and encouraged such 
a talented researcher as Lasantha while he was a student 
of the Institute.

Cover Story

CALL FOR NOMINATIONS FOR 
INSTITUTE OF CHEMISTRY GOLD MEDAL 2019

BY 28TH FEBRUARY 2019 (Under Revised Rules) 

 This Gold Medal was the very first of such awards to be donated to the Institute and was made 
possible through a generous donation made by Mascons Ltd in memory of their founder Mr A Subramanium 
in 1978/79. The award is made to a mid-career Chemist in recognition of honorary services to the Institute. 
Nominees should be less than 55 years of age and should have been Corporate Members for at least 10 
years by 1st June 2019. They should have made significant contributions towards the activities of the Institute 
through yeoman services in an honorary capacity. These activities could include holding office, membership 
in committees, coordination of events such as workshops, social events etc. 
 Nominations should be made by any Corporate Member of the Institute and should include the 
consent of the nominee and details of the contributions made.
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Atomic Force Microscopy: Is It Just an Imaging Technique?
Dr. Thilini P. Rupasinghe 

Senior Lecturer, Faculty of Computing and Technology, University of Kelaniya

Guest Articles

 Atomic Force Microscopy (AFM), without any 
doubt can be named as one of the most sensitive 
imaging techniques which allows researchers to explore 
a broad spectrum of materials such as semiconductors, 
nanocrystals, biological materials, pharmaceuticals, 
polymers etc.1 In recent years, AFM has demonstrated 
the ability of generating images with resolutions high 
enough to visualize sample features measured in 
fractions of nanometers or “atomic resolution”. AFM 
uniquely offers unprecedented spatial resolution imaging 
owing to its high force sensing capability and nanometer 
scale position accuracy. Thus, AFM has gained a great 
interest across the disciplines having applications 
in chemistry, physics, material science, engineering 
and biology. Recently, it has also been utilized in the 
direct quantification of various properties of material 
such as electrical, mechanical, dimensional, magnetic, 
electrochemical, surface tension, protein folding and 
binding interactions.2,3

 AFM was first invented in 1986 by Gerd Binnig, 
Calvin Quate and Christoph Gerber to overcome 
the limitations of its ancestor, scanning tunnelling 
microscopy (STM).4 STM utilizes a sharp metal tip 
which is raster scanned over the surface to obtain an 

image and has the ability to reach atomic level resolution. 
Hence, it led to a great encroachment in science over the 
other microscopic techniques such as light or electron 
microscopy. Even though STM was a versatile tool, it 
suffered from limitations where atomic level resolution 
could only be attained with conducting samples under 
vacuum and controlled conditions. Further, STM was 
not capable of monitoring the force experienced by the 
samples. Hence, to overcome these limitations, AFM, 
which has the capability to achieve atomic level resolution 
even with nonconductive samples was developed.  AFM 
can be operated under ambient conditions in air and 
liquid medium while measuring forces with a piconewton 
(pN) sensitivity. AFM also has the advantage where a 
wide variety of samples including soft materials such 
as cells and flexible polymers, hard materials such as 
ceramics or metal particles, conductive or nonconductive 
material can be imaged. Furthermore, in recent years, 
AFM has been utilized to obtain images of even single 
atoms or molecules within a chemical structure. 
 The first ever atomically resolved image collected 
using force spectroscopy was reported in 1995 for a Si 
(111) -7x7 surface.5 Since then, there have been many 
major breakthroughs in developing new quantitative 

Figure 1: Few applications of Atomic Force Microscopy in Chemistry, Biology and Material Science
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AFM based imaging techniques, enabling scientists 
to visualize and map spatial arrangement of chemical 
groups on a wide variety of materials including organic 
materials, biological cells and inorganic compounds.  
Furthermore, AFMs have produced desktop-worthy 
close-ups of atom-sized structures, ranging from single 
strands of DNA to individual hydrogen bonds between 
molecules, in the recent history. Such detailed images 
of atom-sized structures led to new advents in many 
scientific fields such as biology, material science and 
chemistry.5 However, collecting these high resolution 
AFM images was a meticulous and time-consuming 
process. Therefore, until about 2005, AFM was mostly 
used to image static samples which do not undergo 
any changes during the capture.  In 2015, a group of 
Massachusetts Institute of Technology (MIT) scientists 
made a foremost discovery by introducing a high-speed 
AFM which scans 2000 times faster than an existing 
AFM, and capable of even collecting pictures of chemical 
processes taking place at nanoscale.6  Furthermore, the 
sensitivity and the speed of this newly introduced AFM 
enabled the scientists to see atomic scale processes such 
as dissolution, nucleation, condensation, deposition of 
materials, which were never observed before in real-
time. Moreover, with all these advancements, today AFM 
has become a versatile imaging technique which opened 
many new advents in science, especially at the nanoscale. 
Apart from its use as an ingenious imaging tool, AFM 
has different spectroscopic modes which measures 
electrical, mechanical and magnetic properties of 
materials at nanoscale which is of enormous important 
in understanding structure-property relationships. 
Establishing reliable structure-property relationships of 
materials is essential for the potential design of novel 

materials with tunable mechanical, electronic, optical, 
and chemical properties. For example, in organic 
solids, understanding of physical and intermolecular 
phenomenon in the context of crystal engineering and 
thereby, establishing relationships between structure 
and electrical properties is essential in order to design 
novel organic solids with improved electrical properties. 
This type of understanding can further be tailored into 
molecular level device fabrication, material science 
applications and other applications in molecular 
electronics. Furthermore, in pharmaceutical industry, 
establishing reliable structure - property relationships are 
important in achieving active pharmaceutical ingredients 
(APIs) with better tabletability, improved pharmaco-
kinetic properties, and higher stability. 
 However, a key challenge in understanding 
properties of nanomaterials is the limitation of available 
techniques that can be used to measure such properties.  
Due to size constraints, traditional methods in measuring 
electrical properties of materials cannot be applied 
in the nanoscale. However, in recent years, AFM has 
successfully faced this challenge and it has been utilized 
to quantify electrical and mechanical properties of 
novel nanomaterials such as organic-inorganic hybrids, 
graphene sheets, cocrystals, nanocrystals, thin films, 
etc.2,3 
 Electrical Characterization of Materials using AFM 
One of the unique applications of AFM is its ability to 
measure electrical properties of nanoscale materials with 
high accuracy. As traditional methods in measuring 
electrical properties of materials cannot be applied in the 
nanoscale due to size constraints, AFM based electrical 
characterization is of enormous importance as it has the 
capability to visualize different features of nanomaterials 

Figure 2: Example of an in-situ CP-AFM experiment, measuring conductivity of a nanocrystal undergoing a 
photoreaction in real time. 
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while measuring electrical properties.2 
 The specific technique which measures electrical 
properties using AFM is conductive probe AFM (CP-
AFM). Recently, this has extensively been used in the 
electrical characterization of nanowires, thin films or 
monolayers, nanocrystals, graphene sheets, etc. CP-AFM 
has the unique ability to measure force, current, and bias, 
simultaneously and independently and it allows the direct 
quantification of electrical properties. Briefly, in CP-AFM, 
a sharp conductive probe is used to electrically connect to 
nanostructures on a conductive substrate.  Then a voltage 
is applied between two electrodes (conductive probe 
and the substrate) and resulting current is recorded as a 
function of applied voltage. Resistance of the sample is 
calculated using Ohm’s law and converted into resistivity 
or conductivity.2 Importantly, CP-AFM has the ability to 
measure local electrical properties and at the same time 
imaging is not limited to conductive samples like with 
STM.

Mechanical Characterization of Nanomaterials using 
AFM
  Another important application of AFM is its unique 
capability to measure mechanical properties of nanoscale 
materials. As mentioned before, size constraints limit the 
use of traditional methods in quantifying properties at 
the nanoscale. AFM based nanoindentation technique 
has been used in the mechanical characterization of 
nanocrystals, thin films, semiconductors, nanowires, 
polymers, biological materials, pharmaceutical crystals 
etc. This technique allows direct quantification of 
mechanical properties of small volume materials in the 
form of Young’s moduli with high accuracy.3

  Specifically, the AFM tip is used to indent a sample 
of interest and force vs displacement curves are collected 
while indentation takes place and the Young’s modulus 
of the sample is calculated using well-known Hertzian 
contact model.3 Compared to other depth sensing 
instruments, AFM is advantageous as it allows us to relate 
the morphology (obtained from high resolution imaging 
capability of AFM) to local mechanical properties, which 
is not possible with other instruments. 

Applications of AFM in Biology
 Apart from the above applications, today AFM 
has become an emerging tool in the field of biology 
where AFM is used to quantifying various properties of 

biological materials. Furthermore, AFM has taken a front 
seat in driving new developments of nanobiotechnology 
and due to the unique features of AFM there is now ever-
increasing emphasis on applying nanoscale forces to 
investigate biological events. Herein, AFM’s unique ability 
of operating in several environments, including vacuum, 
air and most importantly the liquid environment, in 
which most of the biological processes take place, is of 
paramount important. In addition to the visualization 
of biological materials such as single cells, single protein 
and DNA strands in their active environment, AFM 
is capable of single-molecule manipulations through 
molecular recognition force spectroscopy, exploring 
cellular mechanics and biological mechanisms and 
enzyme-drug interactions.7 
 Over all, it can be emphasised that, although AFM 
is often considered as an imaging tool which provides 
atomic-scale resolution, it offers many other unique 
features which can be utilized in exploring new advents 
in many field such as biology, chemistry, medicine, 
nanoscience and material science. 
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Zeolites: The “Magic Stones”
Dr. C. S. K. Rajapakse

Department of Chemistry, University of Kelaniya, Kelaniya

 Zeolites are hydrated aluminosilicates having a 
microporous crystalline structure. There are 48 different 
types of zeolites known to occur naturally as minerals 
and more than 150 zeolite types have been artificially 
synthesized. The first zeolite, stilbite; a natural mineral 
was discovered in 1756 by a Swedish mineralogist and a 
chemist Friedrich Axel Cronstedt. He observed a rapid 
loss of water vapor upon gentle heating of this mineral, 
thus, Cronstedt coined the name ‘zeolite’ derived from 
the Greek words ζέω; zeo (to boil) and λίθος;'lithos' 
(stone), meaning 'boiling stones'.1 
 Even though zeolites have been discovered more 
than 200 years ago, their attractive versatile physical and 
chemical properties were identified by the researchers 
and scientists only in the middle of this century.  Since 
then extensive work has been conducted by the scientific 
community on the structure, synthesis, properties and 
applications of zeolites and today they are used worldwide 
in a wide range of applications including industrial, 
technical, medicinal, agricultural and commercial, etc. 
This article discusses the chemical structure, properties, 
general synthesis of zeolites and some of their applications 
important in day-today-life.

The Chemical Structure
 The aluminosilicate framework of zeolites is 
composed of MO4 tetrahedra, where M stands for Si or 
Al. In this arrangement, Si and Al atoms are tetrahedrally 
coordinated to four oxygen atoms. Oxygen atoms 
located at corners of each tetrahedron are shared with 
adjacent tetrahedra resulting in a macromolecular three-
dimensional "honeycomb-like" structure containing 
micro pores in the 0.3-20 Å diameter range (Figure 1). 
These pores are connected by internal channels.  The 
framework of zeolite may consists of Si-O-Si linkages and 
Si-O-Al linkages but Al-O-Al linkages are forbidden by 
the Loewenstein rule2 (no framework Al–O–Al linkages 
are present as they are thermodynamically less stable).3 
As Si is tetravalent and Al is trivalent, AlO4 tetrahedra 
are negatively charged, therefore, this negative charge is 
compensated by having positively charged non-frame 
work counterions that belong to alkaline and alkaline 
earth metals such as Na+, K+, Ca2+ and Mg2+.  As these 

mobile cations are situated in pores and loosely bound 
with the aluminosilicate structure, they are easily 
exchangeable with other cations in a contact solution. 
Since the aluminosilicate framework is hydrophilic, it can 
adsorb water from the atmosphere and thus, the pores 
of the zeolites at low temperatures are also occupied 
by H2O molecules. Therefore, zeolites can be defined 
as hydrated alumino-silicates with an "open" structure 
that can accommodate a wide variety of mobile cations, 
such as elements mainly from the IA and IIA groups of 
the periodic table. 

Figure 1:  Schematic diagram of formation of 
macromolecular three-dimensional "honeycomb-like" 
structure of zeolite.

The general chemical formula of hydrated natural zeolite 
is expressed as follows;3

Mx/n, [(AlO2)x (SiO2)y]. zH2O
where M is non-framework exchangeable cation with 
valence n. 

The Si/Al ratio of the framework is an important factor 
which affects properties of the zeolites.  For example, high-
silica zeolites (high Si:Al  ratio) are hydrophobic  whereas 
low-silica zeolites (low Si:Al ratio) are hydrophilic. 

Occurrence of Zeolites
 Many natural zeolites were formed as a result of 
volcanic activity millions of years ago and it is believed 
that natural zeolites were formed when volcanic ash layers 
reacted with alkaline water in ancient lakes and alkaline 
ground water. Therefore, large deposits of natural zeolites 
are found near active volcanoes or extinct volcanic areas 
especially in cavities of volcanic lava flows.4 Hence, 
naturally occurring zeolites are often contaminated 
with other minerals. Approximately over 40 naturally 
occurring zeolites have been identified and among 
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them analcime, chabazite, clinoptilolite, heulandite, 
natrolite, phillipsite, and stilbite are considered as the 
most commonly mined zeolite minerals.5 
 Europe, Australia, and Asia are the leading natural 
zeolite suppliers in the world and currently, about 4 
million tons of natural zeolites are produced annually.4 
 Even though zeolites occur naturally, they are also 
made commercially with different functional groups for 
specific uses on a large scale. Some important synthetic 
zeolites with wide variety of applications include A, X, 
Y, and ZSM-5 type zeolites.

Synthesis of Zeolites
 In general, zeolites are synthesized via a hydrothermal 
method which can be defined as crystallizing substances 
from aqueous solutions at high-temperature and high 
pressures. In this method, zeolites are formed by a 
process of slow crystallization of an aluminosilicate gel in 
the presence of alkali hydroxide (eg. NaOH) and organic 
templates. Templating agents are large cations such as 
quaternary ammonium salts which play an important 
role in zeolite synthesis as they control the size and shape 
of the pores of zeolites by growing the zeolites around the 
template molecular mold producing the porous network. 
 
Properties and Applications
 Zeolites are widely used worldwide in variety of 
applications in different fields and these applications are 
mainly related to the highly porous structure and ion 
exchange potential of zeolites. Some of the important 
applications of zeolites are discussed in the following 
section. 

(a) Water purification
 Zeolites are used as water purification agents for 
the remediation of heavy metals, radioactive isotopes as 
well as water hardness in both drinking and wastewater. 
In all these cases purification of water is based on the 
high cation-exchange behavior/ability of zeolites. Loosely 
bound mobile cations situated in micro-pores of zeolites 
are replaced by metal ions from waste and drinking 
water. For instance, many commercial washing powders 
contain substantial amounts of zeolites that enhance 
washing efficiency. Natrolite, Na2[Al2Si3O10] 2H2O, is 
one of the  natural ion exchangers that can be found in 
many washing powders as a water softening agent. In the 
softening process, non-framework cations, Na+ in zeolite 

are replaced by Ca2+ and Mg2+ ions from hard water. A 
schematic diagram of water softening process of Natrolite 
is shown in Figure 2. 

Figure 2:  Removal of water hardness using zeolite by 
cation exchange process: Na+ ions in zeolite are replaced 
by Ca2+ ions from water. 

 Similarly, zeolites are used for cleaning up of 
commercial wastewater containing heavy metals and 
nuclear effluents containing radioactive isotopes. For 
example, Zeolites with good selectivity for radioactive 
137Cs and 90Sr  are now commercially available to treat 
radioactive waste streams. According to Kalló,6 metal 
ions such as Cu2+, Ag+, Zn2+, Cr3+, Mo2+, Mn2+, Co2+ and 
Ni2+ and highly toxic metal ions such as Cd2+, Hg2+, and 
Pb2+, can be selectively removed from industrial effluents 
by using natural zeolites including  clinoptilotite, 
mordenite, philtipsite, chabasite.4

(b) Catalysis
 Zeolites are used as catalysts in a wide variety of 
chemical reactions including catalytic cracking in 
petrochemical industry, isomerization and alkylation 
reactions for the production of chemicals, dyes, 
detergents, perfumes and advanced materials.4 All these 
catalytic reactions take place within the cavities/pores of 
acidic zeolites. Often zeolites function as Brønsted acids 
in catalytic reactions and the structure of the Brønsted 
acid form of zeolite is shown in Figure 3.  As zeolites are 
good cation exchangers, H+ ions are readily exchanged 
for mobile cations (such as Na+) by washing with acid 
to form Brønsted acid type zeolite. Other desirable 
properties that enable zeolites to function as catalysts 
include large surface areas due to their highly porous 
structure, unique pore size, crystallinity, thermal stability, 
and possibility of producing zeolites with desirable pore 
sizes.

Figure 3: Brønsted acid form of zeolite.
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Catalytic cracking
 The process of catalytic cracking involves breakdown 
of heavier high-molecular weight more complex 
hydrocarbons of petroleum crude oils into simpler and 
lighter alkanes and olefins. In this process acidic zeolites 
are used as catalysts under lower temperatures. Nowadays, 
gasoline with a higher octane rating is produced by the 
process of catalytic cracking which was originally done 
by thermal cracking. An example of catalytic cracking of 
a long chain hydrocarbon is depicted in Figure 4. 
 

Figure 4:  Catalytic cracking of a long chain hydrocarbon.

Shape selective catalysis
 Zeolites which act as shape selective catalysts provide 
specific reaction pathways leading to desired products 
due to its selectivity towards a particular reactant, 
product or transition state according to their pore 
size and shape. Here, the catalytic reaction selectively 
proceeds if the size and shape of the reactants, transition 
states or products fit the pore size of the catalyst. Shape 
selective catalysis can be categorized into three types 
as (i) reactant, (ii) product, and (iii) transition-state 
shape selectivity. Reactant selectivity occurs, when only 
some of the reactant molecules of a reactant mixture are 
small enough to enter the zeolite pores.  As depicted in 
Figure 5, a straight chain hydrocarbon passes through the 
catalytic pore whereas a too bulky branched hydrocarbon 
is excluded from the reaction.4 
 

Figure 5: A schematic diagram of reactant selectivity 
through pores of a zeolite catalyst.

 The product selectivity results when bulky products 
formed within the pores are restricted from diffusing 
out as products. Alkylation of toluene with methanol in 
the presence of a synthetic zeolite zms-5 to selectively 
produce  p-xylene is an example for product selectivity. 
In this reaction, all three isomers; ortho, meta and para 
xylenes are formed within the pores but ortho and meta 
xylenes are too bulky to diffuse out like para xylene 
(Figure 6). These restricted products may be converted 
to less bulky para-xylene through equilibration or they 
may ultimately deactivate the catalyst by blocking the 
pores. 

Figure 6:  A schematic diagram of an example of product 
selectivity through a pore of zeolite catalyst. 

 The third type of shape selectivity, the restricted 
transition-state selectivity arises, when certain reactions 
are prevented due to the limitation of formation of 
corresponding transition state which requires more 
space than available in the zeolite pores. Reactions 
with smaller transition states proceed unhindered.7 
Disproportionation of meta-xylene to toluene and 
trimethylbenzene over acidic mordenite is an example 
for restricted transition-state selectivity of acidic zeolite. 
As depicted in Figure 7, acid catalyzed alkylation of meta-
xylene over mordenite, yields 1,2,4-trimethylbenzene 
but  not the 1,3,5 – trimethylbenzene which requires a 
formation of a bulky transition state.  

Figure 7:  A schematic diagram of an example of 
restricted transition-state selectivity through the pores 
of a zeolite catalyst.
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(c)  Selective adsorption and separation
 Selective adsorption and separation of molecules 
by zeolites is based on the size and shapes of the pores 
and the polarity (hydrophilicity/hydrophobicity) of 
zeolites. The size and the shape of pores determine 
which molecules can enter, or remain outside the crystal 
structure. As zeolites can selectively adsorb molecules of 
a specific size they are also known as ‘molecular sieves’. 
This property of zeolites is industrially used to selectively 
separate gases such as CO2, NH3, SO2, etc. from gas 
mixtures. For instance, the synthetic zeolite type 3A 
having a pore diameter of 3 A0, is used to selectively 
separate molecules with an effective diameter <3 A0, 
such as H2O and NH3 by adsorbing them into the pores of 
zeolites. Furthermore, dehydrated zeolites are extensively 
used as desiccants or drying agents to remove water 
from organic solvents in laboratories due to their high 
affinity for water.   Most importantly, the zeolite used as 
desiccants can be regenerated as water molecules can be 
reversibly driven off by heating.  

(d)  Medicinal uses 
 Natural zeolites have also shown diverse biological 
activities which lead to their use in a wide range of 
medicinal applications. It was discovered that some zeolites 
have potential anticancer, antioxidant, antiapoptotic and 
anti-inflammatory activities.3 Furthermore, zeolites are 
used in tissue engineering, implant coating and wound 
healing. They are also considered as promising drug and 
gene delivery carriers as well as promising materials for 
making biosensors.3

(e)  Agriculture
 Zeolites have also been used in agriculture especially 
in soil management as both carriers of nutrients and 
a medium to free nutrients. For example, the natural 
zeolite, clinoptilolite functions as a fertilizer of slow- 
released potassium.3 The possibility of using zeolites as 
insecticides, fungicides, and herbicides, and as a trap for 
heavy metals in soils have also been investigated.8 
 The objective of this article was to discuss the 
chemical structure, synthesis, properties and applications 
of zeolites. Even though this article covers some of the 
applications in brief, zeolites have great potential for a 
wide range of applications in many fields. Hence, due 
to its outstanding characteristics this wonderful gift of 
nature has also been referred to as “magic stones”.
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 Iron is one of the most important redox active trace 
metals present in aquatic systems. The redox cycling 
of iron is closely associated with the biogeochemical 
cycling of oxygen, dissolved organic carbon (DOC), 
and other trace metals. The redox chemistry of iron also 
affects the production and depletion of reactive oxygen 
species (partially reduced forms of oxygen).1, 2 In spite 
of being the fourth most abundant element in the earth’s 
crust (approximately 5% by weight), the dissolved iron 
concentration in oxygenated circumneutral natural 
waters is very small due to the rapid oxidation of Fe(II) to 
Fe(III). 3 The kinetics of the redox cycling of iron strongly 
depends on the chemistry of its two common oxidation 
states, the reduced ferrous iron (Fe(II)) and the oxidized 
ferric iron (Fe(III)). 
 The redox potentials of Fe(II)/Fe(III), and dissolved 
oxygen favor Fe(III) as the thermodynamically stable 
form of iron in circumneutral aqueous solutions. In 
spite of its stability, Fe(III) rapidly hydrolyzes to produce 
amorphous ferric oxide.4 The exact nature of the iron 
oxides produced by the aging of amorphous ferric oxides 
generally depends on several environmental factors, 
including pH, ionic strength, presence of organic, and 
inorganic ligands, and temperature.5 The solubility of 
Fe(III) significantly increases in the presence of organic 
ligands and approximately 99% of the total dissolved iron 
present in some aquatic systems is organically complexed. 
On the other hand, Fe(II) is thermodynamically unstable 
in oxygenated, circumneutral waters and oxidizes to 
Fe(III). Iron(II) is produced by a number of processes, 
including both photochemical and biological production, 
but then it is re-oxidized quickly by oxygen and other 
oxidants with a half-life of in the order of several minutes 
around pH 8.4

 The redox cycling of iron can significantly affect 
the quality, transportation, bioavailability, and the 
decomposition of both naturally occurring and synthetic 
dissolved organic compounds.1, 5, 6 Iron can significantly 
alter the chemistry of dissolved organic compounds by 
forming both strong and weak complexes with organic 
ligands. In addition, the reactive oxygen species (O2

·-, 
H2O2 and HO·) generated by the redox cycling of iron have 
been shown to accelerate the rate of decomposition of 

both naturally occurring and synthetic environmentally 
persistent organic matter such as humic substances, 
synthetic surfactants, herbicides, and insecticides.5, 6 On 
the other hand, dissolved organic matter can significantly 
affect the biogeochemical cycling of iron. It has been 
reported that some natural, and synthetic organic ligands 
can dramatically increase the amount of Fe(II) produced 
by the photochemical reduction of Fe(III)-organo 
complexes, and amorphous ferric oxides.7 Dissolved 
organic ligands have been reported to both decease and 
increase the rate of iron(II) oxidation.8 Furthermore, the 
presence of organic ligands significantly increases the 
solubility of Fe(III), which in turn significantly enhances 
the microbial availability and the chemical reactivity of 
iron.

Formation of Fe(II)/Reduction of Fe(III) in Natural 
Waters
 The concentration of Fe(II) observed at a given time 
is the balance between the production of Fe(II) by the 
reduction of Fe(III) compounds and the oxidation of 
Fe(II) back to Fe(III) to produce iron oxides. Therefore, 
a steady supply of electrons and energy are required to 
sustain a reasonable Fe(II) concentration in oxygenated 
aquatic systems.9 All the Fe(III) reduction processes can 
be summarized into three major reactions: photochemical 
reduction, thermal reduction and microbial mediated 
reduction.

Photochemical Reduction 
 The production of Fe(II) by the photochemical 
reduction of  both organic and inorganic complexes 
of Fe(III) and the photochemical reductive dissolution 
of amorphous ferric oxides is well documented.1,7 Two 
major reaction pathways have been recognized in the 
literature to account for the majority of photochemical 
reduction processes: (i) reduction by photochemically 
induced ligand-to-metal-charge-transfer reactions 
(LMCT) and (ii) reduction by photochemically generated 
superoxide and organic radicals.1,7
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Thermal Reduction 
 Some natural organic matter containing quinone-
type functional groups can reduce Fe(III) to produce 
Fe(II) in natural waters.1,7 The amount of Fe(II) produced 
by the thermal reduction of Fe(III) by Suwannee River 
fulvic acid (SRFA) generally decreases with increasing 
pH.7 The reduction of Fe(III) by SRFA seems to occur via 
two steps: a rapid short initial reduction process followed 
by a long slow reduction process. It is assumed that SRFA 
contains at least two types of reducing sites: a limited 
number of fast-reducing sites and a relatively higher 
number of slow-reducing sites. Once the fast-reducing 
sites are consumed, the reduction process moves to slow-
reducing sites.7

Microbial Mediated Reduction
 Microbial mediated reduction of both poorly 
and well-crystallized iron oxides, iron containing clay 
(phyllosilicates), and dissolved Fe(III) compounds are 
important sources of Fe(II) in anoxic and micro-oxic 
environments.10 Many microorganisms can reduce 
Fe(III) using a variety of substrates as electron donors, 
including hydrogen gas (H2) and fixed carbon. Microbial 
mediated reduction is favorable in acidic and anoxic/
microoxic environments because of the higher solubility 
of Fe(III) in these environments.10 The microbial 
mediated reduction of insoluble iron oxides may occur 
via several possible pathways. Geobactor species directly 
attach to the iron oxide surface and transfer electrons to 
surface bound Fe(III) via flagella or pili as conductive 
cellular nanowires. Some other iron reducing bacteria 
(e.g. Geothrix species) use exogenously and endogenously 
produced external electron shuttles to reduce iron 
oxides without establishing a direct contact between the 
microorganism and the iron oxide surface. Some of these 
electron shuttles have been identified as redox-active 
organic compounds such as humic acids, plant exudates, 
and antibodies.11 Acidiphilium species appear to produce 
extracellular compounds to accelerate the dissolution of 
crystalline iron oxides. Microbial mediated reduction 
of iron containing phyllosilicates may or may not be a 
significant source of Fe(II) because most of the redox-
sensitive iron may undergo many redox cycles inside the 
lattice without moving or mobilizing into the aqueous 
phase. 

Oxidation of Fe(II)/Formation of Fe(III) in Natural 
Waters 
The oxidation of Fe(II) in natural waters occurs via 
two major reaction pathways: chemical (abiotic), and 
microbial mediated oxidation. The chemical oxidation 
of Fe(II) is a rapid process in oxygenated natural waters 
especially at higher pH. The microbial oxidation of Fe(II) 
is important only in acidic and/or anoxic environments 
because of the very slow rate of chemical  oxidation of 
Fe(II) in these environments. 

Chemical (abiotic) oxidation of Fe(II) 
 The chemical oxidation of Fe(II) has been studied 
for several decades under a wide variety of experimental 
conditions that are relevant to freshwaters3, 4 and also 
to brines.12 The rate of the chemical oxidation of Fe(II) 
strongly depends on pH, temperature, dissolved H2O2/
O2 concentrations, ionic composition, ionic strength 
and the presence of both organic, and inorganic ligands. 
The kinetics of Fe(II) oxidation was initially investigated 
using micromolar concentrations of Fe(II); however, the 
first systematic study using nanomolar concentrations 
of Fe(II) was done fairly recently in 1995 by King and 
coworkers.13 
The homogeneous oxidation of Fe(II) in the absence of 
organic ligands is generally explained according to the 
Haber-Weiss mechanism, 

  
* rate constants (M-1s-1) summarized in King et al. (1995)
(i) valid between pH 6.0 - 8.3  
(ii) valid between pH 6.0 - 8.0

The overall reaction is:
4 Fe(II) + O2  + 2H+    →   4 Fe(III) + 2OH-

  
 At micromolar concentrations of Fe(II), a 4:1 and 
a 2:1 stoichiometric ratio have been observed for the 
oxidation of Fe(II) by O2 and H2O2, respectively. This 
observation suggests that superoxide (HO2

·/O2
·-) and 

hydroxyl (HO·) radicals can stoichiometrically oxidize 
micromolar concentrations of Fe(II).13 However, it has 
been shown that even at micromolar concentrations 
of Fe(II), only about 1% of Fe(II) is directly oxidized 
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by the hydroxyl radical and almost all of the hydroxyl 
radicals react with other reduced chemical species such 
as chloride and carbonate to produce other radicals. The 
newly generated radicals may effectively oxidize Fe(II), 
maintaining the 4:1 stoichiometric ratio between Fe(II) 
and O2. 
 The rate of the homogeneous oxidation of Fe(II) 
in carbonate buffer solutions is generally expressed 
according to rate the law (M refers to mol L-1),  

Millero and co-workers (1987)14 confirmed that the 
above rate law is valid in the pH range of 5 and 9, in ionic 
strengths between 0 to 6 m (molal) and temperatures 
from 5 ºC to 45 ºC. At a given pH, the rate law simplifies 
to:

The rate law can be further simplified if the oxidation is 
taking in solutions where [O2] >> [Fe(II)],

 

The plot of ln[Fe(II)] vs time is linear with a slope of  k'.

 According to the above equation , at a given pH and 
in the presence of excess dissolved O2, the rate of oxidation 
of Fe(II) by O2 is a pseudo first order reaction. Almost all 
the kinetic studies using micromolar concentrations of 
Fe(II)8 and a few studies using nanomolar concentrations 
of Fe(II)15 have confirmed the validity of the rate law 
given in equation . However, most of the kinetic studies 
using nanomolar concentrations of Fe(II)4, 13  and a few 
studies using micromolar concentrations of Fe(II)16 have 
reported that the rate of oxidation of Fe(II) can deviate 
from a pseudo first order reaction especially, towards the 
end of the oxidation process.
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Introduction
 Anabolic androgenic steroids (AAS) are a group 
of hormones consisting of the male sex hormone 
testosterone and its synthetic derivatives. AAS were 
initially developed in the 1930s as a drug to promote 
the growth of skeletal muscle and to develop male sexual 
characteristics, and have been used as a medication to 
treat conditions such as reproductive system dysfunction, 
breast cancer, and anaemia. In the 1950s, competitive 
athletes started using AAS as an ergogenic aid with the 
intention of promoting the growth of skeletal muscle 
mass. Furthermore, in the 1980s, non-athletes started 
using AAS for cosmetic purposes. The most common 
pattern followed by AAS users is “Stacking” (combining 
two or more oral and injectable AAS) accompanied with 
“Cycling” (taking multiple doses for a period of time, 
stopping, then restarting), which lasts for 4-12 weeks.1,2

 World Anti-Doping Agency (WADA), which was 
formed as a subsidiary of the International Olympics 
Committee (IOC), is responsible for conducting scrutiny 
of doping in sports at present. Anabolic steroids were first 
identified as a banned class by the Medical Commission 
of the (IOC) in 1974. In the 1990s, the name was changed 
to “Anabolic Agents”, so that Clenbuterol and other 
β2-agonists which possess anabolic activity could also 
be included in the group. The anabolic agents have 
been reported as the most frequently detected doping 
substance in sports. According to WADA’s Anti-Doping 
Administration and Management System (ADAMS) 
reports in 2017, 44% of the substances identified as 
adverse analytical findings were anabolic agents.3,4     

Types of Anabolic Androgenic Steroids
 The androgens naturally produced in the body 
are C19 steroids. Testosterone, the primary male 
hormone, is produced by Leydig cells in the testes of 
eugonadal men. In addition to testosterone, several other 
androgens are also present in the body. Testosterone and 
5 α-dihydrotestosterone (DHT) are characterized by a 

17-β hydroxyl and 3-oxo groups. DHT is produced by 
the action of the cytoplasmic action of 5-α-reductase. 
The oxidation of testosterone produces androstenedione, 
dehydroepiandrosterone (DHEA) and androsterone. 
Epitestosterone is an epimer of testosterone with a 17-α 
hydroxyl group. Testosterone and DHT are the most 
active forms of the androgens, and all other natural 
androgens show a weak androgenic activity compared 
to testosterone.2,5 
 The chemical structures of principal natural 
androgens are shown in Figure 1.

Figure 1: Principal natural androgens 

 Testosterone was first isolated and synthesized 
in 1935. Testosterone has been used as the template 
molecule to synthesize anabolic steroids by incorporating 
several structural modifications. Structural optimization 
of testosterone was done to minimize androgenic effects 
and to maximize anabolic effects while increasing its 
stability. Figure 2 summarizes the structural modifications 
to testosterone that affect its androgenic and anabolic 
activities. Examples of some commonly used AAS are 
given in Figure 3.5,6  
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 Designer Steroids – Designer steroids are AAS 
synthesized from a known parent steroid and chemically 
modified with the intention of circumventing controlled 
substances laws. Similar to testosterone, designer steroids 
exert their anabolic activity via androgen-receptor 
mediated mechanisms. A vast array of designer steroids 
are presently available, but most of them have not 
undergone clinical trials. Figure 4 provides an example 
of structural similarities between an AAS and its designer 
steroid counterpart.3,5,7

 Selective Androgen Receptor Modulators – 
Selective androgen receptor modulators (SARMs) were 
initially developed by the pharmaceutical companies 
as they provide a promising alternative as a group of 
compounds that exert anabolic effects without significant 
androgenic effects. An ideal SARM should possess good 
oral bioavailability, tissue specificity, and minimal off-

target effects. With the ability to target specific tissues and 
organs, SARMs may play a significant role in therapeutic 
applications. Identifying the possibility of athletes using 
SARMs as a potential avenue to achieve performance 
enhancement, WADA have included SARMs in their 
List of Prohibited Substances since 2008.5,9

Figure 4:  Structural  s imilarit ies  between 
Methylstenbolone (a designer steroid) and Stenbolone 
(a controlled AAS) (Adapted from Rahnema et al.7)

Figure 2: Structural modifications to testosterone that affect its anabolic and androgenic activities

Figure 3: Chemical structures of some commonly abused anabolic androgenic steroids (example brand names are 
given in parenthesis)
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How do Anabolic Androgenic Steroids Work in the 
Body?
 The physiological effects of androgens can be broadly 
categorized into two groups: anabolic (muscle-building) 
effects and androgenic effects (development of male sex 
characteristics). Various ergogenic effects associated with 
AAS are listed in Table 1.

Table 1: Ergogenic effects associated with anabolic 
androgenic steroids8

Increase in lean body mass and muscle cross-
sectional area
Increase in muscle strength and power
Reduced muscle damage
Enhanced recovery between workouts
Enhanced recovery from injury
Increase in protein synthesis and muscle endurance
Increase in erythropoiesis, haemoglobin and 
hematocrit
Increase in bone mineral density
Increase in glycogen storage
Increase in lipolysis
Increase in neural transmission
Increase in pain tolerance

 
 Several mechanisms have been suggested to explain 
the anabolic and androgenic activities of AAS. These 
mechanisms include modulating androgen receptor 
(AR) expression via intracellular metabolism and 
directly affecting the topology of the AR, interfering with 
glucocorticoid receptors of target tissues and acting on 
the CNS via non-genomic pathways.9,10

 The mechanisms by which testosterone exerts its 
anabolic and androgenic effects are well-understood. 
Following synthesis, testosterone is transported to the 
target cells where it can be further converted to either 
DHT or 17β-estradiol by the action of the enzymes 
5α-reductase and aromatase, respectively (Figure 5). 
These conversions play an important role in regulating 
the effects of testosterone within the target tissues. Once 
inside the target cells, either testosterone or DHT will 
bind with AR to form a testosterone-receptor complex. 
DHT has a greater affinity toward AR compared to 
testosterone. The hormone-receptor complex will 
then undergo a structural modification which allows 
it to be translocated into the nucleus, where it forms a 
homodimer that binds directly to androgen response 

elements on target genes, promoting gene transcription 
and ultimately, protein synthesis.5-10

AR: Androgen receptor; ER: Estrogen receptor
Figure 5: Metabolic fates of testosterone within the target 
tissues5

 Similar to endogenous testosterone, AAS exert 
their anabolic effects primarily through AR-mediated 
mechanisms. Within the target cells, AAS bind with 
specific AR to form a steroid-receptor complex that will 
translocate into nucleus and trigger protein synthesis 
(Figure 6). AAS have been shown to increase lean body 
mass, muscle size, strength, protein metabolism, bone 
mineral density and collagen synthesis. Skeletal muscle 
is considered as a primary target tissue for the anabolic 
effect of AAS. Testosterone has been shown to have 
dose-dependent hypertrophy on both Type I and Type 
II muscle fibres. It has been also demonstrated that AR 
can be up-regulated by exposure to AAS. Furthermore, 
AR expression can be increased by strength training, 
which could be a possible reason for the anabolic effects 
observed when supra-physiologic doses of AAS are 
combined with exercise.9-12   
 The anti-catabolic activity of AAS has been linked to 
glucocorticoid antagonism. Glucocorticoids are a group 
of stress hormones that exert a strong catabolic effect on 
human proteins via amino acid degradation, which results 
in a decrease in muscle mass and an increase in nitrogen 
excretion under stress conditions. Some evidence 
suggests that AAS competitively bind to glucocorticoid 
receptors, thereby restricting the catabolic activity of 
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glucocorticoids. However, the specific impact of the anti-
catabolic activity of AAS associated with glucocorticoid 
antagonism has not been demonstrated unequivocally 
because of testosterone’s ability to increase net protein 
synthesis without decreasing protein degradation.9-12

 Several other genomic and non-genomic 
mechanisms have been proposed to explain some 
indirect ergogenic effects of AAS. It has been suggested 
that non-genomic actions of AAS involve the activation 
of second messenger signal transduction cascades 
including increases in cytosolic calcium and activation of 
protein kinase A, protein kinase C, and MAPK (mitogen-
activated protein kinase). 2,9-12

 Smooth muscle relaxation, neuromuscular and 
junctional signal transmission and neuronal plasticity 
are among the cellular effects that result from rapid non-
genomic actions of AAS. Additionally, AAS have been 
shown to stimulate the growth hormone (GH) - insulin-
like growth factor-1 (IGF-1) axis, thereby indirectly 
stimulating muscle hypertrophy. AAS are thought to have 
a psychotic effect on brain. The long-term administration 
of AAS may cause behavioural changes in athletes that 
will allow them to follow intense exercise regimes, which 
result in an increase in muscle size and strength.2,9-12

Adverse Effects of Anabolic Androgenic Steroids
 It is well-documented that AAS administration 
could result in numerous adverse health effects that 

are dependent on the dose, frequency and the pattern 
of use. The liver and cardiovascular, reproductive, 
musculoskeletal, endocrine, renal, immunologic and 
haematological systems are among the targets for adverse 
health consequences of AAS use.13

 Adverse health effects caused by AAS administration 
are summarized in Table 2.

Detection of AAS Doping
 According to the Prohibited List annually published 
by WADA, anabolic agents fall into 3 broad categories: 
exogenous AAS, endogenous AAS and other anabolic 
agents such as Clenbuterol and SARMs. The detection of 
exogenous AAS is based on the presence of their phase-I 
and phase-II metabolites in urine. The initial testing 
procedure involves the use of gas chromatography-
(tandem) mass spectrometry [GC-MS(/MS)] to 
estimate the markers (androsterone, etiocholanolone, 
5α-Androstane-3α,17β-diol, 5β-Androstane-3α,17β-
diol, testosterone and Epitestosterone) in the urinary 
steroid profile of the subjects. The confirmation 
procedure shall be carried out based on the results of 
steroid profile analysis, which includes GC-MS or GC-
MS/MS quantification and GC/C/IRMS analysis of the 
marker(s) of the steroid profile. Most of the available 
SARMs can also be detected using LC-MS/MS and LC-
HRMS. 15-18 

AR: Androgen receptor; HSP: Heat shock proteins
Figure 6: Genomic action of AAS mediated by androgen receptor binding (Adapted from Parr and Müller-Schöll11)
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 Several novel strategies have been developed to 
address the challenges associated with AAS doping 
detection while ensuring the accuracy of testing. 
Prolongation of the detection windows for exogenous 
AAS is one such strategy. Because AAS exert long-
term effects on performance, the screening procedures 
now focus on the detection of long-term metabolites 
with the aid of more sophisticated mass spectroscopic 
methods, thereby allowing the prolongation of the 
detection window for AAS. Furthermore, non-targeted 
and indirect analytical approaches have been introduced 
to detect designer steroids. The non-targeted approach 
involves the detection of structure-specific product ions 
that are derivatives of designer steroids, by employing 
LC-MS/MS in precursor ion scan mode. The indirect 
approach, on the other hand, involves the detection of 
alterations in the steroid profile of the subjects, which 
result from AAS misuse.15

Concluding Remarks
 AAS are well known for their ability to induce muscle 
hypertrophy. Despite mounting evidence supporting the 
fact that AAS abuse can have adverse acute and chronic 
health effects, athletes tend to misuse them in an attempt 
to build muscles and to enhance performance. As a result, 
AAS has become the most frequently detected doping 
agent in elite sports. In parallel to the development of 
new androgens, the AAS detection methods have also 

been advanced. The general public, especially the athletes, 
must be made aware of the importance of abstaining 
from AAS doping to prevent adverse health effects and 
to ensure fair play in sports.   
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Creating a Vacuum on Earth
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What is a “vacuum”?
 The term “vacuum” is no stranger to humans who 
live on planet Earth. A vacuum cleaner is not at all strange 
in the everyday life of most people around the world. 
Most of us have of course been curious enough to place 
our palm at the end of the vacuum line and felt the effect 
of “sucking-in”. For scientists, “vacuum” is a very familiar 
terminology in the laboratory set up. We have seen and 
worked with vacuum lines, vacuum pumps etc. and at the 
very least, we have all performed vacuum filtrations in 
chemistry laboratory experiments. However, if someone 
asks you the question: “What exactly is a vacuum?” how 
would you explain it? For the non-scientist, you might 
refer to a vacuum cleaner, and for the scientist, you might 
refer to a vacuum pump. Or else, you might take a very 
realistic example and refer them to the atmosphere of the 
Moon. We all know that the Moon has “no atmosphere” 
and we refer to it as a “vacuum”. Then, the question arises 
into the naturally curious mind; “Do we have the same 
conditions in a laboratory vacuum line as we find on the 
Moon?”. The answer is simply “No”. 

Pressure regimes in vacuum technology
 Although we refer to all of it very simply as 
“vacuum”, it is important to know that there are different 
subdivisions of vacuum, called rough, medium, high and 
ultra-high vacuum. These different divisions of vacuum 
are based on the pressure regimes as shown in Table 
1. Furthermore, in a vacuum system, there still remain 
certain gases although in very low quantities.
 When we discuss about the value of atmospheric 
pressure on Earth, we all are aware of the fact that this 

number arises as a result of the gases that make up the 
Earth’s atmosphere. The different pressure regimes in 
vacuum technology also describe to the pressure of gases 
in that given environment, be it on the Moon or in a 
vacuum line in the laboratory. As the pressure changes, 
the behavior and characteristics such as the nature of 
gas flow also change. By defining a pressure regime in 
vacuum technology, what we actually refer to is the 
nature of flow and its characteristics. For example, in 
the rough vacuum region, gas flows like a viscous fluid, 
i.e. viscous flow regime, where the mutual interaction 
of the gas molecules with each other determines the 
character of the flow. In contrast to this, in high and ultra-
high vacuum regions molecular flow of gas molecules 
dominates, where the individual molecules can move 
freely.

Uses of vacuum technology
 By the time you reach this paragraph of the 
article, you might be wondering why we are describing 
vacuum, pressure regimes and flow types and might 
also be wondering what this ultra-high vacuum regime 
is. Vacuum technology is a separate field of study 
in advanced chemistry and chemical engineering 
applications. One such area of study is catalysis. We come 
across a wide range of catalysts when studying synthetic 
reactions in organic chemistry. We take the liberty of 
writing reactions catalyzed by a variety of catalysts, 
explaining their reaction mechanisms, but never have we 
stopped for a second and thought how anyone has come 
up with these mechanisms. Most, if not all, have been 
studied by doing surface science experiments, mostly 

Subdivision Pressure 
(torr)

Mean free 
path (cm)

Monolayer 
formation time (s) Major gases present

Rough vacuum 10-3 5.1 2.2 × 10-3 Water vapour 
(75% - 85%)

Medium vacuum 10-6 5.1 × 103 2.2 H2O, CO

High vacuum 10-9 5.1 × 106 2.2 × 103 
(37 min) H2O, CO, N2, H2

Ultra-high vacuum <10-9 5.1 × 109 
at 10-12 torr

2.2 × 106 at 
10-12 torr

(25.5 days)

CO, H2 at 10-10 torr

H2 at 10-11 torr

Table 1: The pressure regimes of vacuum technology
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heterogeneous catalysis in ultra-high vacuum (UHV) 
conditions. A regular surface science experiment would 
be to mount a well-defined catalyst surface in a UHV 
chamber (Figure 1) and perform the chemical reaction 
over the catalyst. Although the industrial heterogeneous 
catalysis would most likely use supported catalysts 
under ambient conditions, the basic surface science 
studies done in UHV conditions give very important 
information about the reaction mechanisms, reaction 
conditions, intermediates formed, rate of the reaction, 
yield, stability data and the characteristics of the ideal 
catalyst. This very basic information is used as the starting 
point to engineer the industrial catalytic processes.

Figure 1: A basic HV/UHV chamber (Photo source: 
Agilent technologies Seminar Handbook 2011)

Ultra-high vacuum (UHV)
 Why use UHV and not just a rough vacuum which 
can very easily be achieved by using a simple roughing 
pump (mechanical pump)? The answer lies in Table 1. 
Compare the pressure ranges corresponding to different 
subdivisions of vacuum. Imagine you have a well-defined 
catalyst surface which is clean and ready to be used in a 
surface science experiment. Let us take a platinum single 
crystal as an example. Assume that it is ready to be used in 
studying the hydrogenation of ethylene. In fact, platinum 
is a superior catalyst for hydrogenation reactions and 
there are many surface science studies in UHV to study 
this heterogeneous catalytic reaction.2–10 What if you 
place this catalyst in a chamber which is in the rough 
vacuum regime in which the pressure is relatively high? 
What would happen to the catalyst surface? The inherent 
nature of any surface is to adsorb material onto its surface 
due to the presence of unsatisfied valence.11 Therefore, 
by the time you start the catalytic reaction, your catalyst 
surface will be dirty, due to adsorption of the gas 
molecules from its surroundings and there will not be 
any catalytic site left for the adsorption of the incoming 

reaction molecules. A key feature in heterogeneous 
catalysis is the adsorption of the adsorbate(s) onto the 
catalyst (adsorbent) surface (Figure 2).

Figure 2: The process of adsorption.

 If it is still unclear, think about yourself. In the 
morning before you go to work or school, you definitely 
wash your body. After returning home in the afternoon, 
you take a wash again. Why? To remove dirt particles 
which are adsorbed onto your skin. It is the ‘adsorption’ 
of material onto surfaces we are referring to, and not 
the ‘absorption’ as when a liquid is soaked into a tissue 
paper. Since the surface of our skin is exposed to the 
outside atmosphere filled with particles, it gets dirty 
and we need to remove the dirt particles by washing. 
In the same manner, if a catalyst surface is exposed to 
high pressure of gas, the gas molecules will readily get 
adsorbed onto its surface and it will be “dirty” in no time. 
Therefore, a rule of thumb in surface science studies is to 
have a clean surface and the only feasible way to achieve 
it is by maintaining UHV conditions inside the reaction 
chamber where the catalyst is mounted.

Creating ultra-high vacuum conditions
 Creating and maintaining UHV conditions are 
the two most critical jobs of any surface scientist. It is 
a nightmare to lose the UHV conditions in a vacuum 
chamber because to get it back, it may take a long time. 
We can create UHV conditions by pumping down the 
gas molecules in the chamber. However, we cannot use 
any pump for this purpose. We have to seek the help 
of UHV pumps. There are different types of vacuum 
pumps available, such as roughing (mechanical) pumps, 
turbomolecular pumps, cryo pumps and diffusion pumps 
(Figure 3). The latter three types are specifically known 
as UHV pumps. 
 However, for a UHV pump to start working, pressure 
in the chamber to be evacuated by that pump should be 
much less than the atmospheric pressure. These UHV 
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pumps will not start (in fact they may breakdown), 
at atmospheric and higher pressures. Only when the 
pressure reaches at least to the level down to 10-3 torr, 
we can start using some of the UHV pumps. It is the 
roughing pumps which are also called the backing pumps 
that help to lower the pressure down to the desired level. 
By definition, they back the UHV pumps. Different 
vacuum pumps have different pumping mechanisms. 
For example, a turbomolecular pump has a number of 
blades around a spinning rotor and the impulse from 
the rotor is transmitted to the gas particles which help 
in getting them expelled out of the vacuum chamber.

Figure 3: Different types of pumps used in UHV systems; 
(a) – roughing pump; (b) – turbomolecular pump; (c) – 
cryo pump; (d) – diffusion pump 

 On the other hand, a cryo pump has a cryo surface (a 
cold surface) which gets all the molecules adsorbed onto 
it and thereby cleaning the chamber of gas molecules. 
This pump needs regeneration from time to time, in 
order to get rid of the adsorbed molecules. They fall into 
the category of sorption or entrapment pumps.
 An interesting feature that changes from one pressure 
regime to another is the so called mean free path (λ) of 
gas molecules (Table 1). Atkins et al12, in their Physical 
Chemistry textbook have defined the mean free path as 
the average distance travelled by a gas molecule between 
collisions. In other words, it is the distance travelled by a 
gas molecule in the vacuum chamber, before it collides 
with another gas molecule. In rough vacuum regime, 
the mean free path of gas molecules is smaller than the 
diameter of the chamber and there are frequent collisions 
between gas molecules. In fact, the collisions between gas 
molecules are much more frequent than their collision 

with the chamber wall. In UHV, mean free path is greater 
than the diameter of the vacuum chamber.1

 When comparing high vacuum and ultra-high 
vacuum regimes, another important parameter is the 
monolayer time (τ) as shown in Table 1.1 It is defined 
as the time taken to form a single molecular or atomic 
layer (a monolayer), on a gas free surface in the vacuum. 
This parameter also indicates how long the surface can be 
kept clean before it gets covered with gas molecules. In 
summary, it is crucial for the surface science experiments 
to maintain UHV conditions for the duration of the 
experiment.

The tedious process of pumping down a vacuum 
chamber
 From the time of exposure of the reaction chamber 
to atmospheric pressure, up to the time you read a UHV 
pressure on the pressure gauge, there is a series of steps to 
be undertaken. (i.e. Pressure gauges are used to measure 
the approximate pressure inside the chamber). Suppose 
you had to open up your chamber for a repair or for 
installing a new catalyst surface, which means, breaking 
of the UHV. After the repair or reinstallation is over, 
the surface scientist will put everything together and 
close-up the chamber. However, since it was exposed 
to atmosphere, the inside of the chamber is now at 
atmospheric pressure, and need to be pumped down 
using vacuum pumps. After the chamber is closed, it will 
first be pumped down using a backing pump and once the 
chamber pressure is low enough, then, the UHV pumps 
will take over the process. However, even if you pump 
down for days, you may not be able to reach the UHV 
pressure that you were originally having before the repair, 
and this is due to the presence of a lot of water molecules 
adsorbed onto the inner surface of the stainless steel 
chamber. These water molecules will very slowly desorb 
and fill the space inside the chamber and it is usually 
very difficult for the UHV pumps to pump down water 
vapour. Moreover, desorption of water under normal 
conditions off the walls of the chamber is an extremely 
slow process. In order to accelerate this desorption, 
usually, the chamber walls are heated. This is the so called 
“baking-out” of a vacuum chamber. The chamber will 
be wrapped with heating tapes (Figure 4A) which are 
connected to an external power source through a variable 
transformer (Variac) and the temperature of the surface 
of the chamber is monitored by thermocouples attached 

 

(a) (b) 

(c) (d) 
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onto it. The surface is heated to a temperature greater 
than the boiling point of water and throughout the bake-
out, the system will be pumped down. After carrying this 
out for several days and when the pressure drops down 
to a significantly low value, the heating is turned off and 
it will be allowed to cool down before checking the mass 
spectrum of the gas phase inside the chamber (Figure 
4B). If the percentage of water has significantly dropped 
and at a desired level, the chamber is ready to use. If 
not, another round of bake-out has to be done and this 
procedure is repeated until the desired gas composition 
is obtained.

 (a)   (b)
Figure 4: (a) - Heating tape wrapped around a port that 
connects to a UHV chamber ; (b) - Mass spectrum before 
bakeout of the chamber 

 It is important to know that even under UHV 
conditions, in a vacuum chamber, certain gases exist. 
The common gases that are present are nitrogen, carbon 
monoxide, water vapour (small amount) and hydrogen. 
The respective ratios of these gases vary when going 
from one pressure regime to another. A typical UHV 
chamber has a lot of probes connected to it. These probes 
are connected to the available ports on the chamber. 
Typically, the open end of the chamber port and the 
probe being attached to it have components called 
flanges. These two flanges are connected using nuts 
and bolts, and the sealing is ensured by placing a gasket 
(usually oxygen-free copper gasket) in-between the two 
conflat flanges (Figure 5).

Figure 5: Placement of copper gaskets on the flanges to 
make the sealing

 If there is a leak in the vacuum connections, even 
a very tiny leak, mass spectrum will detect the presence 
of molecular oxygen (at m/z = 32), molecular nitrogen 
(m/z = 28) and a huge peak at m/z = 18 corresponding 
to water. However, if the leak is significant, the pressure 
gauge will read a value higher than normal, and the 
mass spectrometer should not be turned on under such 
conditions as that can destroy its filament. If the leak is 
a considerably large one and the outside air is leaking 
into the chamber, the pressure gauges will not start up. 
Sometimes the backing pumps can back stream the 
hydrocarbon oils into the vacuum chamber. This can 
also be detected by recording a mass spectrum because 
it will be indicated by the presence of hydrocarbon peaks 
appearing at higher masses. While mass spectral analysis 
can reveal tiny leaks there are specific leak detection 
methods for identifying major leaks and the position of 
the chamber that is leaking.
 In principle, vacuum technology goes hand-in-hand 
with surface chemistry. It is more difficult to maintain the 
UHV than to do a surface reaction and get the results. 
As mentioned earlier, a surface scientist plays a key role 
when it comes to understanding reaction mechanisms 
and identifying suitable catalysts for a given reaction. 
Although it seems like this is not being recognized by 
the scientific community, I should also mention that 
there are many Nobel Laureates who worked in different 
areas of surface chemistry, inventing and reinventing 
reactions, mechanisms, devices and equipment. They 
were recognized for their contribution to science, the 
most recent being awarded to Prof. Gerhard Ertl for his 
studies of chemical processes on solid surfaces in 2007.
 Once the UHV is achieved, marvelous experiments 
can be done in surface science research. There are many 
surface analytical techniques which produce interesting 
results. Some of these are reflection absorption infrared 
spectroscopy (RAIRS), scanning tunneling microscopy 
(STM), x-ray photoelectron spectroscopy (XPS), Auger 
electron spectroscopy (AES), electron energy loss 
spectroscopy (EELS), and low energy electron diffraction 
(LEED). In XPS, high voltages are used and to avoid 
electrical discharges, it needs to be performed in UHV. 
On the other hand, techniques such as LEED use electron 
beams focused on the reactive surface and unless UHV 
conditions are maintained, these electron beams will be 
scattered off the desired pathway. Discharges may also 
happen if a vacuum is not maintained. While XPS is 

Oxygen Free Copper O-Ring

316 Stainless Steel Tube & 
Conflat Flange
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usually used for elemental analysis, LEED can be used 
to check the cleanliness of the surface and also to obtain 
the diffraction pattern of the bare and adsorbed surfaces 
(Figure 6a). Scanning tunneling microscopy (STM) uses 
a very fine, atomically sharp metal or alloy tip to raster 
across the surface. This produces a topographical image 
(Figure 6b) with atomic resolution, of the catalyst surface 
and it can further be manipulated to move atoms across 
the surface (Figure 7).

Figure 6: (a) LEED pattern of a clean single crystal 
graphite13; (b) STM image of a Cu(111) surface

 Even though one goes through all the trouble to 
maintain UHV to ensure that a clean catalyst surface is 
available for experiments, due to the presence of some 
gases in the chamber, the surface will get dirty over the 
time. Therefore, before each experiment, it has to be 
cleaned using argon sputtering to remove the adsorbed 
particles, followed by oxidation of the surface and 
annealing to high temperatures.

Figure 7: STM image of a quantum corral; an artificial 
structure created from 48 iron atoms (the sharp peaks) 
on a copper surface. Image source: https://warwick.ac.uk

To end this article, I would like to bring your attention 
back to the pressure regimes mentioned in Table 1. UHV 
is around 10-9 torr or below, while the atmospheric 
pressure on Earth is 760 torr. The surface pressure at 
night on the Moon is about 10-13 torr.  Getting back to 
my original question once again, what exactly is meant 
by a “vacuum”?

References:
1. John C. Vickerman. Surface Analysis: The Principal 

Techniques. (John Wiley & Sons, 2004).
2. Krooswyk, J. D., Waluyo, I. & Trenary, M. 

Simultaneous Monitoring of Surface and Gas 
Phase Species during Hydrogenation of Acetylene 
over Pt(111) by Polarization-Dependent Infrared 
Spectroscopy. ACS Catal. 5, 4725–4733 (2015).

3. Lee, I. & Zaera, F. Selectivity in Platinum-
Catalyzed cis−trans Carbon−Carbon Double-Bond 
Isomerization. J. Am. Chem. Soc. 127, 12174–12175 
(2005).

4. Lucci, F. R. et al. Selective hydrogenation of 
1,3-butadiene on platinum–copper alloys at the 
single-atom limit. Nat. Commun. 6, 8550 (2015).

5. Zaera, F. On the Mechanism for the Hydrogenation 
of Olefins on Transition-Metal Surfaces: The 
Chemistry of Ethylene on Pt(111). Langmuir 12, 
88–94 (1996).

6. Dong, Y., Ebrahimi, M., Tillekaratne, A., Simonovis, 
J. P. & Zaera, F. Hydrogenation: Vs. H-D isotope 
scrambling during the conversion of ethylene with 
hydrogen/deuterium catalyzed by platinum under 
single-collision conditions. Phys. Chem. Chem. 
Phys. 18, (2016).

7. Salciccioli, M. & Vlachos, D. G. Kinetic Modeling 
of Pt Catalyzed and Computation-Driven Catalyst 
Discovery for Ethylene Glycol Decomposition. ACS 
Catal. 1, 1246–1256 (2011).

8. Beier, M. J., Andanson, J.-M. & Baiker, A. Tuning 
the Chemoselective Hydrogenation of Nitrostyrenes 
Catalyzed by Ionic Liquid-Supported Platinum 
Nanoparticles. ACS Catal. 2, 2587–2595 (2012).

9. Dong, Y., Ebrahimi, M., Tillekaratne, A. & Zaera, 
F. Direct Addition Mechanism during the Catalytic 
Hydrogenation of Olefins over Platinum Surfaces. 
J. Phys. Chem. Lett. 7, (2016).

10. Zhivonitko, V. V et al. Role of Different Active 
Sites in Heterogeneous Alkene Hydrogenation 
on Platinum Catalysts Revealed by Means of 
Parahydrogen-Induced Polarization. J. Phys. Chem. 
C 115, 13386–13391 (2011).

11. Tillekaratne, A. Applications of ‘Un’popular Surface 
Science. Chemistry in Sri Lanka 32, 24–28 (2015).

12. Atkins, P. & Paula, J. de. Atkins’ Physical Chemistry. 
(W. H. Freeman and Company, 2006).

13. Ferralis, N. et al. Low-energy electron diffraction 
study of potassium adsorbed on single-crystal 
graphite and highly oriented pyrolytic graphite. 
Phys. Rev. B 70, 245407 (2004).

 

(a) (b) (a) (b)



Vol. 36 No. 1, January 2019

Chemistry in Sri Lanka

27

Biomimetic Smart Polymer Materials
Dr. Thilini Kuruwita Mudiyanselage

Senior Lecturer, Department of Chemistry, University of Sri Jayewardenepura

 Five decades ago, polymers were just plastic and 
rubber that were limited mostly to day to day household 
applications such as car tyres, slippers, cups, plates, etc. 
We simply would not able to persist today even a day 
without using any polymeric material. Whether we accept 
it or not, the reality is that we live in an era of polymers. 
With the development of material sciences, polymeric 
materials have invaded our lives to each and every corner. 
It varies from simple house holding items like plastic 
spoons and rubber rugs to sophisticated applications like 
smart phones, flat screen televisions and even in rockets 
and satellite. Over the years, polymers have merged to 
the area of medicine strongly and steadily. Early days 
polymers in medicine were just limited to very simple 
materials like gloves, syringes, tubes, etc. 
 One such application is “Smart Polymers”. The family 
of smart polymers is quite wide with many different 
substances. Common features of smart polymers 
are that one or more properties of the polymer may 
rapidly change, in a reversible and repeatable manner 
with respect to external stimuli. Simply, a polymer 
that can respond in any useful manner to any stimuli 
may categorized under this classification. The stimuli 
could be light, temperature, pressure, pH, electric and 
magnetic fields, chemicals, or even nuclear radiation. 
The correlated response could be changeable physical 
properties such as color, shape, stiffness, or viscosity. 
Since these polymers display adaptive capabilities to the 
environment they are also entitled the term intelligent 
polymers. 

Artificial Muscles
 Any living organism responds to external stimuli 
and amend themselves accordingly. As an example, we, 
humans respond to five external stimuli such as image, 
sounds, smell, flavors and touch. It is an enormous 
challenge to mimic the behavior of a living organism, 
and scientists were struggling to conquer this dream 
of artificial intelligence over many decades (Figure 1). 
Smart polymers/materials have paved a positive path 
for scientist to achieve this once unreachable challenge. 
Development of artificial muscles is one such marvelous 
endeavor reported in literature. 

       

Figure 1: Imaginary drawings of artificial intelligence

 Human muscles convert chemical energy to 
mechanical energy and heat at body temperature. This 
process happens in aqueous media and the involved 
steps are: a) Pulse generation in the brain, b) an electric 
pulse (ionic) arriving from the brain through the 
nervous system, c) liberation of calcium ions inside the 
sarcomere, d) chemical reactions (ATP hydrolysis), e) 
conformational changes along natural polymeric chains 
(actin and myosin) with change of the sarcomere volume, 
and f) water exchange (Figure 2). Thus, smart polymers 
that respond by changing shape or size to external 
stimuli could lead to the development of artificial 
muscles. Electrical stimulus is the commonly reported 
trigger in literature and is the most promising approach 
to mimic organisms. Conducting polymers (CP) are 
of the highest interest on this regard. One promising 
approach is to develop triple CP/tape/CP layer from two 
CP films sandwiching a stainless-steel electrode. When 
applying a constant current, one CP acts as the anode; 
thus, it gets oxidized and swells, while the other acts as 
the cathode; polymer reduces and shrinks (Figure 3). 
Such volume variations make the device bend and when 
a current is applied in the opposite direction, the device 
displays opposite movements, that means a controlled 
movement to an electrical pulse; thus, functions as an 
artificial muscle!
 
 

Figure 2: Function of natural muscle
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Figure 3: Pictures showing the bending movement during 
the flow of a direct current: the sense of the movement 
is reversed by changing the sense of the current flow. 

Drug Delivery Systems
 Drug delivery is the method, process, approach, 
formulation, technology, and system of dispensing 
a pharmaceutical compound (drug) to achieve a 
therapeutic effect in humans or animals. Drug must be 
applied to the right area, at the right time and at the 
right concentration. Smart polymers have invaded this 
art of science due to promising features like releasing 
the drug at the biological demand and operating fully 
autonomously. Applied stimuli reported in literature are 
temperature, electric current, pH etc. 
 One simple example is entrapping an active drug 
in a smart hydrogel which responds to pH. At a change 
of the environment (pH change), the smart hydrogel 
responds mechanically by either swelling or shrinking 
(Figure 4). This mechanical change of the gel helps the 
trapped active ingredient to be released in a controllable 
manner since diffusion of the drug out of the hydrogel 
depends on the state of the gel.

                    

                               
Figure 4: Smart polymeric careers at the right time at 
right concentration releasing the drug in response to an 
external stimulus

 Remarkable development in this area is an insulin 
release system which respond to high glucose levels. In 
one approach, glucose oxidase has been used to generate 
H+ for pH –sensitive hydrogels drug career. 
 Further developments of smart polymer drug 

delivery have been expanded even to gene therapy. Gene 
therapy endeavors inserting a good gene into the DNA 
code. Gene therapy helps to cure genetic diseases, inhibit 
tumor growth and neurodegenerative diseases. Smart 
polymers have been investigated as a career to deliver 
genetic materials into the cell. The career must be cationic 
to complex with anionic DNA having a net positive 
charge to interact with negatively charged cell membrane 
to undergo endocytosis. Attaching the DNA to the career 
and detaching the DNA from the career required two 
opposite functions. Interaction between the career 
and the DNA must be strong at the stage of endosome 
formation and the detraction must be there between 
the career and the DNA at the stage of transcription 
for DNA to move into the nucleus (Figure 5). This duel 
requirement could easily be achieved by smart polymers 
where a stimulus can control the binding and detaching 
the DNA from the career. Thermo-responsive and photo-
responsive smart polymers have been investigated on this 
regard. 

 
Figure 5: The main steps of gene delivery:  (1) DNA and 
polymer complexation; (2) addition of DNA/polymer 
complex (sometimes also called polyplex) onto cells for 
a period of time commonly called the transfection time; 
(3) removal of complex from the cells; (4) incubation 
time that is when the cells are left to incubate for a time 
period until results are observed.
 Without a doubt, smart polymers have paved a 
promising path for applications in the biomedical field. 
Even though only two such applications, artificial muscles 
and drug delivery systems,  have been discussed here, there 
are many other applications such as tissue engineering 
scaffolds, cell culture supports, bio-separation devices, 
sensors and actuators systems. Developing bio-mimetic 
mechanisms is challenging where it requires employing 
many disciplines, tools and capabilities. The dream of 
artificial intelligence is yet to be achieved and on that 
note smart polymers are an encouraging approach!

 

(1) (2) (3)
(4)
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Paper Based Sensors
Dr. Hasini R Perera

Senior Lecturer, Department of Chemistry, University of Colombo

 Since its inception in the early 21st century, paper 
based sensors have evolved as good alternative for 
analytical, bioanalytical and point-of-care testing over 
traditional analytical instruments because they are easy 
to use, portable, require small volumes of reagents and 
samples, provide rapid analysis and are inexpensive 
and disposable. Paper based sensors have a simple 
architecture where hydrophobic channels, created 
using polydimethylsiloxane (PDMS) wax or varnish, 
are patterned onto a hydrophilic paper substrate. The 
hydrophobic channels constrain the flow of the solution 
via capillary action while preventing overflows. 
 Different types of papers have been employed as the 
substrate, based on the application and the fabrication 
method. The most commonly used papers in developing 
paper based sensors have been Whatmann brand filter 
paper which are differentiated with respect to porosity, 
particle retention and flow rate. Another popular paper 
type used in the sensor is the chromatographic paper. 
Both these papers were selected mainly due to its good 
wicking ability. Other types of paper have also been 
explored due to compatibility issues. Such an alternative 
is the nitrocellulose membrane, that have been widely 
used due to its nonspecific binding ability towards the 
biomolecules. Glossy paper, a flexible substrate made of 
cellulose fiber blended with an inorganic filler, is another 

alternate substrate that has been used due to its non-
degradable nature and flexibility.1,2,3    
 In paper based sensors, the fluid flow is retained in 
a microfluidic channel that is patterned on to the paper 
substrate by way of creating a hydrophobic barrier. While 
the hydrophilic nature of the paper allows the flow of 
solvent, its direction and amount can be controlled 
via the hydrophobic barrier. Substances such as wax, 
varnish and PDMS have been patterned on the paper 
using different fabrication techniques.

Fabrication techniques
 Microfluidic devices are patterned onto the paper 
by a variety of physical and chemical methods which 
are shown schematically in Figure 1. Photolithography, 
plasma treatment, and inkjet printing are some of the 
chemical methods used in creating hydrophobic barriers 
in the paper. All chemical fabrication methods have 
the advantage of creating high resolution microfluidic 
channels. In photolithography, a photoresist is applied on 
to the surface of the paper. Then the photoresist is allowed 
to dry. A mask with the pattern of microfluidic channels / 
devices is placed on top of the photoresist and is exposed 
to UV light. Afterwards the non-polymerized photoresist 
that is not exposed via the mask is removed by a washing 
step creating the channels. The photolithography 

Figure 1: Schematic of a) physical b) chemical methods used in the fabrication of channels in the paper based 
sensor. Figure source: www.elveflow.com
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process is time consuming as a mask is required and is 
expensive due to the price of the photoresist. Similar to 
photolithography, plasma treatment too requires a mask 
for the pattering. Designing of the mask is accompanied 
by a long wait-time making the method more expensive. 
Inkjet printing does not require a mask; however, 
designing of suitable ink requires more research. 
 The most common physical patterning methods 
are wax patterning, plotting, paper cutting and shaping 
and screen printing. Although these physical methods 
do not require expensive chemicals, some methods 
such as screen printing require masks. Plotting, paper 
cutting and shaping require precision printers making 
the methods expensive. Wax patterning, consisting of 
wax printing, wax dipping and wax screen printing is 
the most economical when considering other methods. 
However, all these methods require an oven or a hot plate 
to melt the wax. Moreover, when melting, the wax spread 
is hard to control creating channels of  low resolution.1,2  

Analyte Detection1,3

 Analyte detection in paper based sensors have been 
mainly done via optical and electrochemical techniques.
Colourimetric detection has been used in paper based 
sensors for qualitative analysis where appearance or 
disappearance of a colour gives an “yes or no” answer for 
the availability of a specific analyte and for quantitative 
analysis. As visible in Figure 2, in quantitative analysis, 
the visible colour change is measured using a camera 
phone or a scanner and the pixel value is analysed and 
correlated to the concentration using computer software.   
Colourimetric methods have been successfully used to 
detect enzyme-substrate complexes which produce a 

colour change. Glucose has been detected qualitatively, 
in the presence of glucose oxidase enzyme. During this 
process gluconic acid and H2O2 are produced and the 
colour change is given by the reduction of H2O2 while 
oxidizing iodide to iodine. ELISA based immunoassay 
too has been carried out successfully using colourimetric 
detection.

Figure 2: Colourimetric quantitative detection of 
analytes (glucose & protein) in urine4 
 
 Chemiluminescent quantitative detection of uric 
acid was performed via an enzymatic reaction that 
produced hydrogen peroxide as a by-product while 
decomposing the substrate. Luminescence was analyzed 
using a computerized detector, producing a signal with 
the peak height representing its concentration. 
 In electrochemical detection, the analyte is detected 

Figure 3: (a) Schematic of the basic design of a 3 electrode cell; (b) Picture of the 3 electrode design on a paper 
based sensor5
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by either a three electrode; working electrode (WE), 
counter electrode (CE) and reference electrode (RE) as 
depicted in Figure 3, or a two electrode (WE and RE) 
system. The electrodes are patterned on the hydrophilic 
area of the sensor. Electrodes could be constructed 
using a conductive paste of carbon, gold, platinum and 
silver. The most commonly used RE material has been 
Ag/AgCl ink while the WE material will depend on the 
analyte of interest. Quantity of the analyte is measured 
via amperometry, cyclic voltammetry and potentiometry.  
 Biomedical detection of analytes such as glucose, 
uric acid and ascorbic acid, detection of alkaline, 
alkaline-earth , heavy metal ions,  and simple anions in 
environmental samples and food analysis in the detection 
of nitrites, ethanol, caffeine and hydrogen peroxide are 
some areas where electrochemical detection is used.
 The use of conductivity measurements, in spite of 
its inherent simplicity, has not been utilized much as a 
detection method in paper based devices.
 Over the past decade, paper based devices have 
evolved considerably as analytical devices which are 
sensitive and accurate; however, improvements are still 
being introduced in areas such as power consumption 
and portability. With such improvements, paper based 
sensors are bound to spread over numerous application 
areas in the future. 
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Selectivity in Organic Synthesis
 Creating a complex target molecule with a sequence 
of reactions, including intermediary re-functionalization 
with a correctly placed skeleton, is often a challenging 
task. One of the key issues in such endeavor is 
chemoselectivity. Protecting groups play an important 
role in multistep organic synthesis to improve the 
chemoselectivity in subsequent steps.

What is a Protecting Group?
 As depicted in Figure 1, a protecting group (PG) is a 
molecular framework which is introduced onto a specific 
functional group (FG) in a multi-functional molecule to 
masks its reactivity.

Figure 1.

 A good protecting group must be readily, but 
selectively introduced into the specific functional group, 
should not be sensitive to the reagents and conditions 
applied in the subsequent step and should be capable of 
being removed under mild conditions.

Why use Protecting Groups?
 Protecting group is a necessary tool to address the 
difficulty of selective manipulation of a specific functional 
group in a multifunctional molecule. 

 

Scheme 1.

 Let us consider the reduction of keto-ester 1. Keto 
and ester functional groups are commonly encountered 
electrophilic functional groups in organic chemistry. 
Nonselective reduction could be easily achieved using 
a stronger reducing agent such as Lithium aluminum 
hydride. With carefully manipulated reaction conditions, 
chemoselective reduction of the keto group could also 
be achieved.  However, there is no reagent for the 
chemoselective reduction of ester group. The point of 
significance in the above discussion is that selective 
transformation in many cases are quite challenging 
and masking with a protecting group would only 
be the alternative approach. As shown in scheme 
2, ketal formation under mild condition, assist the 
chemoselectivity in the subsequent reduction step and 
the de-protection of ketal could be achieved under mild 
acidic conditions. 
 

Scheme 2.

 While simple starting materials are often sought in a 
plan, chemoselective challenges associated with functional 
groups are not always orthogonal. Monosaccharides 
are among the popular starting materials in complex 
molecular synthesis. Protecting group manipulations 
are always a priority and indispensable determinant of 
a successful sugar based synthesis plan. As depicted in 
scheme 3, olefination of C6 became possible on strategic 
manipulation of primary and secondary alcohol groups 
prior to 3 steps de-protection, oxidation and Wittig 
sequence.    
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Scheme 3.

 Commonly encountered functional groups and 
their protecting strategies are depicted in Figure 2. These 
functional groups often demand deactivation by masking 
with a protecting groups as they are reactive towards 
nucleophilic or electrophilic reagents. 

Figure 2: Commonly encountered functional groups and 
their protecting strategies

Protecting-group-free (PGF) Synthesis 
 Over the years various parameters have been 
developed to quantify the efficiency of an organic 
synthesis. One such parameter is step economy. R. H. 
Grubbs, 2005 Nobel laureate in chemistry, stated that 
“the major challenges in synthetic organic chemistry are 
the construction of molecules without using protecting 
groups and the ability to put molecules together in 
fast and efficient ways”. Although multistep chemical 
synthesis, also known as total synthesis, was held high 
esteem for many decades, the current trend is shifting 
towards the scalability of a synthetic plan. One of the 
current pioneers in synthetic organic chemistry, Phill 
Baran recently stated that “natural product synthesis is 
in the scalable era’’. The art of the modern day synthesis 

is mostly defined by the practicality of the synthesis. One 
area that offers prospects along this line is minimization 
of the use of protecting groups in a synthesis. 
 In reality, protecting group manipulations involve a 
protection (applying) step and a deprotection (removal) 
step, introducing at least two steps into the synthesis 
while incurring the costs from additional reagents 
and waste disposal. Synthesis with more protecting 
group manipulations generally leads to a reduced 
overall yield. However, with the invention of novel 
chemoselective reaction methodologies, limited number 
of protecting-group-free (PGF) synthesizes were spotted 
in the literature. Currently being limited to moderately 
complexed targets, PGF concept has not been fully 
explored.
 In conclusion, protecting groups empower chemical 
synthesis. Although it requires some extra effect with 
bearing the criticism of not being the “ideal synthesis”, 
incorporation of protecting groups is simply unavoidable 
in complex molecular synthesis. 
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Theory behind Radiocarbon Dating
Dr. M. R. Lamabadusuriya
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What is radiocarbon dating?
 Radiocarbon dating is a method of finding the age 
of a fossile (a dead plant or an animal) or an ancient 
artifact containing carbon. This dating method is based 
on the amount of radioactive 14C isotope remaining in 
the sample.

From where does 14C come to our environment?
 The origin of 14C is due to a reaction of 14N with 
cosmic rays in the upper atmosphere. One of the particles 
in cosmic rays is neutrons. 14N undergoes neutron 
capture reaction with neutrons to produce 14C as shown 
in the following reaction. 

                Reaction  (1)

 Subsequently 14C get oxidized to produce 14CO2 in 
the atmosphere.

How does 14C come to a fossile?
 Not only 14C, all the other carbon isotopes are also 
available in fossils. Carbon has several isotopes. The most 
abundant isotopes are 12C (98.9%) , 13C (1.1%) and 14C 
(1 part per trillion). 14C is radioactive while most other 
carbon isotopes are stable. Both plants and animals tissues 
consist of different carbon sources such as carbohydrates, 
amino acids, fatty acids and so on. Plants obtain their 
carbon sources mainly through photosynthesis in which 
they absorb carbon as carbon dioxide from atmosphere. 
Through food chains, carbon stored in plants including 
radioactive 14C transfers from plants to animals. Since 14C 
has a half life of 5730 years, which means it takes 5730 
years to become disintegrate half of the 14C number of 
atoms from its original count, 14C still remains in the 
fossils we find.

How does the 14C in fossils allow predicting its age?
 The ratio of 12C to 14C in the atmosphere is more 
or less constant and therefore all the living beings that 
constantly gain carbon sources have approximately 
same ratio of 14C:12C during their life time. The moment 
after the death, plants or animals tissues stop getting 
their carbon supply. At this point, 12C content in the 

dead tissue will remain constant, while 14C atoms start 
reducing since they radioactively decay. In other words, 
14C:12C ratio in a dead tissue reduces continuously. If the 
present 14C:12C ratio of the dead tissue you found can 
be determined, you can calculate the time elapsed after 
death of the tissue.

How to measure and calculate the time elapsed of a 
dead tissue?
 14C undergoes the following decay reaction emitting 
beta particles:

                                 Reaction (2)
 
 If the amount of beta particles can be measured 
using an appropriate beta detection instrument the 
present 14C count can be obtained. According to the 
radioactive decay law, the number of radioactive atoms 
decreases exponentially with time. We can use the general 
radioactive decay equation for this calculation which is

              Equation (1)
 where Nt and N0 are the final and initial number 
radioactive atoms available in the sample respectively, λ 
is the decay constant which equals to  ln 2/ half-life,  and 
t is the elapsed time. In radiocarbon dating, number of 
atoms would be the ratio of 14C/ total stable C isotopes in 
which total stable carbon count isotope roughly equals 
to 12C count.

Eg. If the 14C/12C ratio of a fossil is 35% compared to a 
living sample what is the age of the fossil? 
Re-arranging Equation (1) we can obtain  

                                                         Equation (2)

where t1/2 = 5730 years and N/N0 = 0.35 t = 8680 years
 
 The ratio of 14C/12C available in the atmosphere 
found to be different to different geological time periods. 
In order to correct this error people have found the 
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14C ratio during different geological time and made a 
calibration curve which useful to estimate the calendar 
age of a given sample.
 With the advancement of mass spectrometry, the 
amount of 14C was directly measured using accelerated 
mass spectrometry (AMS) instead of measuring the 
number of beta particles emitted. The advantages of this 
method are required sample size is smaller and quicker 
analysis.

Who invented the of theory radiocarbon dating? 
 Willard Libby is the founder of radiocarbon dating. 
He won the Noble Prize in Chemistry for this invention 
in 1960.

What are the applications and findings obtained using 
this theory?
 There are many forensic and archeological 
applications of radiocarbon dating while some of the 
results revealed many facts in history. One famous 
incident was the radiocarbon dating measurement taken 
to examine the authenticity of Shroud of Turin, a linen 
cloth associated with burial of Jesus where the results 
showed it was a much later product than the time of 
Jesus.

Is the radiocarbon dating applicable for any aged 
fossils like dinosaurs?
 Remember that the half life of 14C is 5730 years. As a 
rule of thumb, radioactivity cannot be measured after 10 
half lives have elapsed, because at that time the number of 
radioactive atoms will be too low. Therefore, radiocarbon 
dating is applicable only the age of the sample is less than 
60 000 years old.

How reliable is the radiocarbon dating in age 
determination?
 One needs to keep in mind that the radiocarbon tells 
you the time elapsed from death to present. It will not 
provide any information of the life time of the organism. 
Therefore, estimation of an age of a tree with several 
hundred years old can give erroneous results.
 In addition there are many other facts that contribute 
to error in radiocarbon measurements due to change in 
14C/12C ratio. Some of the reasons are as follows.
• Natural disasters such as volcano eruptions, and 

other major natural disasters.
• Human activities such as coal and oil burning, 

nuclear testing and weakening of ozone due to green 
house effects may decrease 14C/12C ratio. 

• Contamination of carbon from a different geological 
age to the given sample can give erroneous results 
in radiocarbon dating.

IUPAC Nomenclature of Coordination Compounds
Dr. Mahesh C. Karunarathne

Senior Lecturer, Department of Chemistry, University of Sri Jayewardenepura, Nugegoda

 Systematic naming of chemical compounds is of 
utmost importance due to the fact that nonsystematic 
trivial names, common names, industrial trade names, 
and other names create chaos within the scientific 
community. A broadly accepted system of naming 
chemical compounds must resolve any ambiguities which 
might arise and should clarify any confusion over the way 
in which nomenclature should be used.  Furthermore, 
the naming system must provide a comprehensive set of 
guidelines to name all known and any new compounds 
and it should be as simple as possible in order to assist 
all levels of scientists. 
 Chapter IR-9 of the 2005 revised Red Book; 
“Nomenclature of Inorganic Chemistry, IUPAC 
Recommendations 2005,” published for the International 

Union of Pure and Applied Chemistry (IUPAC) by The 
Royal Society of Chemistry provides a complete set of 
guidelines for the naming of coordination compounds.  
The scope of this article is only to provide an introductory 
set of instructions sufficient within the undergraduate 
context of coordination chemistry. Furthermore, it is 
important to note that the IUPAC recommendations 
provided for coordination compounds overlap to a great 
extent with systematic naming of both inorganic and 
organic compounds.
 Werner-type coordination compounds, where the 
coordination entity comprised of a central metal atom (or 
atoms) surrounded by ligands are named using additive 
nomenclature. The name identifies the central metal 
atom, its oxidation state, the ligands that are attached 

~~~*~~~
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to it, and the overall charge on the structure.  Cation is 
named before anion for ionic compounds regardless of 
the fact that they are coordination entities or not.  

Eg.1: a.  [Ni(OH2)6]Cl2   hexaaquanickel(II) chloride
          b.  K4[Fe(CN)6] potassium hexacyanidoferrate(II)
 
 The coordination complex is given in square brackets 
in formula writing as shown in Eg. 1 and the name of this 
coordination entity is constructed by following a set of 
nomenclature rules.  
1. Identify the central atom(s) and identify the ligands 

attached to each metal atom.  
2. Ligands are named first and organized in alphabetical 

order along with any appropriate multiplier prefixes 
(or number prefixes).  The prefixes do not affect the 
order of the ligand lineup.  

E.g. 2: a.  [CoCl(NH3)5]
2+

pentaamminechloridocobalt(III)  
 b.  [Al(OH)2(OH2)4]

+

tetraaquadihydroxidoaluminium(III)  

 An anion name ending in ‘ide’, ‘ite’ or ‘ate’ suffix, 
the final ‘e’ is replaced by ‘o’, giving ‘ido’, ‘ito’ and ‘ato’, 
respectively, for the corresponding ligand name.  
Organic ligands binding to metals through carbon 
atoms are assigned alternative names that originated 
from substituent group nomenclature of organic 
chemistry ending in ‘yl’ suffix replacing ‘ane’ suffix of 
the parent organic molecule name.  Names of neutral 
and cationic ligands, including organic ligands, are used 
without modification.  Common anionic and neutral 
ligand names are listed alphabetically in table 1 and 2, 
respectively.  

Table 1:  Names of anionic ligands.  
Name Formula
acetato CH3COO-

acetylacetonato  CH3COCHCOCH3
-

amido   NH2
-

azido  N3
-

benzenido C6H5
- 

bromido  Br-

carbonato  CO3
2-

chlorido  Cl-

cyanido  CN-

cyclopentadienido / 
cyclopentadienyl

C5H5
-

ethanido / ethyl  C2H5
-

fluorido  F-

hydrido  H-

hydroxido  OH-

iodido  I-

methanido / methyl  CH3
-

nitrato  NO3
-

nitrido   N3-

nitrito-κN  NO2
-

nitrito-κO  ONO-

oxido  O2-

oxalato  C2O4
2-

peroxido  O2
2-

phenyl  C6H5
-

sulfanido  HS-

sulfido  S2-

thiocyanato-κN  NCS-

thiocyanato-κS  SCN-

Table 2:  Names of neutral ligands.  
Name Formula
ammine  NH3

aqua  H2O
carbonyl  CO
dinitrogen  N2

dioxygen  O2

ethylenediamine  NH2CH2CH2NH2

pyridine  C5H5N
tetrahydrofuran  C4H8O
trimethylphosphane  P(CH3)3

triphenylphosphane  P(C6H5)3

 Enclosing marks are required for ligands containing 
multiplicative prefixes such as (triphenylphosphane), 
for names of substituted organic ligands such as 
(methylamine), and wherever necessary to avoid 
ambiguity.  Prefixes di, tri, tetra, etc are generally used 
with the names of simple ligands and enclosing marks 
are not required (see E.g 1 and 2).  However, the prefixes 
bis, tris, tetrakis, pentakis, or hexakis are used with 
complex ligand names and enclosing marks must be 
placed in order to avoid ambiguity.  You would realize the 
importance of this rule by naming (NH3)2 as diammine, 
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but (NH2Me)2 as bis(methylamine), to distinguish it from 
(NHMe2), dimethylamine.  

Eg. 3: a.  [Co(NH3)4(NMe2)2]
+ 

tetraamminebis(dimethylamido)cobalt(III)  
 b.  [Ir(CO)2H(PPh3)2] 
dicarbonylhydridobis(triphenylphosphane)iridium(I)  

3.  Central metal atom or ion is named last followed 
by the oxidation state of the central metal ion given 
in Roman numeral in parenthesis (see E.g 1, 2 and 
3).  Arabic number zero is used to indicate the zero 
oxidation state of the metal.  Alternatively, in a case 
where the oxidation state of the central metal cannot 
be defined without ambiguity, the charge on a 
coordination entity may be indicated.  In such cases 
the net charge is written in Arabic numbers followed 
by the charge sign, and enclosed in parentheses.  

E.g. 4: a.  [Ni(CO)3(py)] 
tricarbonylpyridinenickel(0)  

 b.  [CoCl(NH3)5]
2+

 pentaamminechloridocobalt(2+)  
[see alternative name in E.g. 2a]

 c.  K4[Fe(CN)6]     
potassium hexacyanidoferrate(4-)  
 [see alternative name in E.g. 1b]

4.  No spaces are left between parts of the name that 
refer to the same coordination entity. In order to 
indicate anionic coordination entities, the ending 
‘ate’ is added to the central metal atom name.  

E.g. 5: a.  K2[OsCl5N]        
potassium pentachloridonitridoosmate(2-)  

 b.  [Pt(py)4]
2+[Pt(Cl)4]

2- 
tetrapyridineplatinum(II) tetrachloridoplatinate(II)  

 For some of the transition metal and main-group 
metal centers, the name ending with ‘ate’ is different 
from the name of the metal used in cationic or neutral 
complexes and are listed in table 3.  

Table 3:  Names of some metal atoms.
Metal 
atom

Name 
(neutral or cationic) Name (anionic)

Mn manganese manganate 
Fe iron ferrate 
Cu copper cuprate 
Pb lead plumbate 
Au gold aurate 
Ag silver argentate 
Sn tin stannate 

5. Ambidentate ligands possess more than one different 
potential donor atoms. The donor atom of such 
ligands is indicated by the element symbol of the 
donor atom preceded by a Greek small letter kappa, 
κ (see Table 1).  

E.g. 6: a.  [Co(NH3)5(NO2)]2+

pentaamminenitrito-κN-cobalt(III)  
 b.  [Co(NH3)5(ONO)]2+

pentaamminenitrito-κO-cobalt(III)  

6.  A ligand bridging two metal centers is indicated 
by adding Greek small letter mu, μ before the 
ligand name and separated from it by a hyphen.  
Multiplicative prefixes are used to indicate more 
than one bridging ligands of the same kind.  

E.g. 7: a.  [{Cr(NH3)5}2(μ-OH)]5+ 
μ-hydroxido-bis(pentaamminechromium)(5+)  

 b.  [{Ru(NH3)4}2(μ-NH2)2]
4+  

di-μ-amido-bis[tetraammineruthenium(III)] 
 c.  [{Co(en)2}2(μ-NH2)(μ-OH)]4+  

μ-amido-μ-hydroxido-bis[bis(ethylenediamine)
cobalt(III)]

 If the above information and guidelines are 
insufficient to name a coordination compound without 
ambiguity, one may refer the IUPAC revised red book of 
2005.  It provides additional fine details associated with 
the rules listed above as well as further rules of complete 
coordination compound nomenclature.    



38

The Tri-Annual Publication of the Institute of Chemistry Ceylon

48th  Annual Sessions of the Institute of Chemistry Ceylon 2019
Theme: 

Steering Chemical Industries Towards a Smarter Nation
Date: 10th - 12th June, 2019 

CALL FOR ABSTRACTS AND EXTENDED ABSTRACTS

Last date for receiving abstracts and extended abstracts is 15th February 2019

AWARDS 2019

The following awards will be presented at the Annual Sessions 2019 of the Institute of Chemistry Ceylon.

• Dr. C L de Silva Gold Medal Award
 Awarded for an outstanding research contribution in any branch of Chemical Sciences and/ or the use of such research 

for National Development during the last five (5) years in Sri Lanka. Credit will be given for the utilization of local 
raw materials, and where the contribution has already resulted in (i) a publication in a Citation Indexed Journal or 
(ii) Registering a Patent or (iii) where the contribution has already resulted in a positive impact in the development 
and innovation in the industry.

 
• INSTITUTE OF CHEMISTRY SILVER MEDALS
 Devanathan Memorial Award
 Awarded for an exceptional research contribution of an original nature in the field of Physical Chemistry and or 

related areas, such as Physical-Inorganic, Physical-Organic and Biophysical Chemistry.

 Chandrasena Memorial Award
 Awarded for an exceptional research contribution of an original nature in the field of Organic Chemistry and/or 

related areas such as Biochemistry, Pharmacognosy, Molecular Biology and Bioactivity studies.

 Ramakrishna Memorial Award
 Awarded for an exceptional research contribution of an original nature in the field of Inorganic and/or Analytical 

Chemistry and/or related areas such as Bio-inorganic Chemistry or Bio- analytical Chemistry.

• INSTITUTE OF CHEMISTRY BRONZE MEDALS
 Kandiah Memorial Awards 
 Awarded for the best research contribution in Chemistry carried out by a postgraduate student registered for a 

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

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

  Kandiah Award for Applied Chemistry 
   For research in Chemistry related areas such as polymer, food, biochemistry, biotechnology, where interdisciplinary 

research is involved and provided that chemistry has a central role and comprises at least 50% of thecontent.
  
  Kandiah Memorial Graduateship Award
   For the best piece of research in the Chemical Sciences carried out by a Graduate Chemist of the College of 

Chemical Sciences/Institute Chemistry Ceylon registered with a Higher Education Institute for a Post Graduate 
Degree.

• Professor M. U. S. Sultanbawa Award for Research in Chemistry
 Awarded for the best research paper presented at the Annual Sessions of the Institute of Chemistry Ceylon, for work 

carried out and completed in Sri Lanka.

Closing date for receiving applications/nominations for the above awards: 28th February  2019

Further information could be obtained from the Registrar, Institute of Chemistry Ceylon or www.ichemc.edu.lk
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PUBLICATIONS  OF  THE
INSTITUTE  OF  CHEMISTRY  CEYLON

 Monograph           Title                     Author                                          Price
 01 Textile Fibers Mr T Rajasekeram Rs. 50/-  
 02 Principles of Food Preservation Prof U Samarajeewa Rs. 75/- 
 03 Biotechnology Prof C P D W Mathew Rs. 75/-  
 04 Recombinant DNA Technology Prof J Welihinda Rs. 75/-
 05 *Natural Toxins in Foodstuffs Prof E R Jansz  & Ms A S Perera Rs. 50/-
 06 Fat Soluble Vitamins Prof E R Jansz & Ms S Malavidana Rs. 50/- 
 07 Nucleic Acid and Protein Synthesis Prof J Welihinda Rs. 75/-
 08 Extraction of Energy from Food Prof J Welihinda Rs. 50/-
 09 Corrosion of Materials Dr A M M Amirudeen Rs. 75/- 
 10 Vitamin C-Have all its mysteries  Prof E R Jansz & Ms S T C Mahavithanage Rs. 75/-  
                                   been Unravelled ?    
 11 *Environmental Organic Chemistry  Prof S Sotheeswaran Rs. 150/-(US $3)
 12 Enzyme Kinetics and Catalysis Prof (Mrs) S A  Deraniyagala Rs.1 00/-  
 13 Insecticides Prof (Mrs) Sukumal Wimalasena Rs. 95/-
 14 Organotransition Metal Catalysts Prof S P Deraniyagala  Rs. 110/-
   & Prof M D P De Costa     
 15 Some Important Aspects of  Prof L Karunanayake  Rs. 75/-
                       Polymer Characterization     
 16 *Hard & Soft Acids & Bases Prof (Mrs) Janitha A Liyanage Rs.100/-
 17 Chemistry of Metallocenes Prof  Sarath D Perera  Rs.  65/-
 18 Lasers Prof P P M Jayaweera Rs. 65/-
 19 *Life and Metals Prof (Mrs) Janitha A Liyanage Rs.110/-
 21 *Silicones Prof Sudantha Liyanage Rs.  65/-
 22  *Pericyclic Reactions: Theory and  Dr M D P De Costa  Rs. 100/-
                                            Applications 
 23 Inorganic NMR Spectroscopy Prof K S D Perera Rs. 65/-
 24 Industrial Polymers Prof  L Karunanayake Rs. 75/-
 25 *NMR Spectroscopy Dr (Mrs) D T U Abeytunga Rs. 65/-
 26 Mosquito Coils and Consumer Ms D K Galpoththage Rs. 100/-
 27 *Atomic Absorption Spectrometry Prof K A S Pathiratne Rs. 100/-
 28 Iron Management on Biological Systems Prof (Ms) R D Wijesekera Rs. 100/- 
 29 Nutritional Antioxidants Prof. (Mrs) Sukumal Wimalasena Rs. 100/-  
 30 *f-Block Elements  Prof  Sudantha Liyanage Rs. 65/-
 31 *Scientific Measurements and Calculations Prof (Mrs) S A  Deraniyagala Rs. 120/- 
 32 Applications of Organometallic Dr. (Mrs.) Chayanika Padumadasa Rs. 60/-
                           compounds in Organic Synthesis 
 33 Organosulfur Compounds in Nature Prof. S Sotheeswaran Rs. 200/-
 34 Chemistry in the Kitchen Prof. S Sotheeswaran Rs. 200/-
       * - Second Edition /new print published on popular demand

CCS PUBLICATIONS
 01 Functional Group Analysis in  Prof A A L Gunatilake &
                     Organic Chemistry Prof S Sotheeswaran  Rs. 175/- 
 02 Zinc Metalloproteins Prof (Ms) R D Wijesekera Rs. 175/-
 03 Conformational Analysis and Reactivity  Prof S Sotheeswaran & Rs. 175/-
                     of Organic Molecules Dr. (Ms) H I C de Silva
 04 Marine Organic Chemistry Prof S Sotheeswaran  Rs. 175/-
 05 Molecular Rearrangements in Organic  Dr. (Mrs.) Chayanika Padumadasa Rs. 175/-
                      Synthesis
 06 Principles of Classical Titrimetry  Prof. H D Gunawardhana Rs. 175/-
         - Volume I Acid-Base Titrimetry  
 07 Principles of Classical Titrimetry  Prof. H D Gunawardhana Rs. 175/-
          - Volume II Complexometric Titrimetry 
 09 Structure Elucidation of Organic Compounds  Dr. S Wickramarachchi Rs. 175/-
  Using Spectroscopy: A work book
 10 Chemistry of Five- and Six-Membered  Dr. Chayanika Padumadasa Rs. 175/-
  Heterocyclic Compounds and their Benzo Derivatives

Vol. 35 No. 3, September 2018
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RSC NEWS
THE  ROYAL  SOCIETY  OF  CHEMISTRY  SRI  LANKA  SECTION
1. Membership
According to the records sent to us from the parent 
body, a breakdown of the membership is as follows:-

Category Number
CChem, FRSC 09
FRSC 03
Chem, MRSC 07
MRSC 27
AMRSC 18
Affiliate /Under Graduate. 10
Total Membership as at July 2018   74 

2. Committee of Management 
The following were elected to the Committee at the 57th 
Annual General Meeting held in July 2018.

Hony. Chairman - Mr. I M S Herath 
Hony. Secretary - Mrs. Aruni Wickramanayake
Hony. Treasurer - Dr. P Iyngaran

Committee Members 
Mr. R.M.G.B. Rajanayake Dr. W.G. Piyal Ariyananda
Prof.  Sudantha Liyanage Ms. M.N. Withanage
Ms. G. M. Fonseka Dr. M. Sirimuthu
Mr. Susil Kathriarachchi Mr. Sulith Liyanage
Mr. Subodha Hemathilaka

Co opted Members
Mr. S. Perasiriyan  Dr. M.P. Deeyamulla
Dr. Poshitha Premarathne  Mr. Viraj Jayalath
Mr. Ayal Perera       Mr. Thisath Alahakoon
Mr. Wasantha Samarakoon

3. Activities
• Contributions to Activities of the Institute of 

Chemistry Ceylon
  (a) Full page advertisement of  “Chemistry in Sri 

Lanka”.
  (b) Contribution for the Interschool Chemistry 

Quiz
   (c)Award for the Best Performance at the 

Graduateship Examination in Chemistry Levels 
3/4 Theory Examination

     
• All - Island Inter School Chemistry Essay 

Competition.
• Inter University Chemistry Essay Competition
• Book donation programme
• A/L Teacher training workshop
• Advanced Level Chemistry Seminar
• ndustrial Visit for B.Sc. Special degree students, 

M.Sc. students and RSC Members
• Collaboration with SLAAS E-2 workshop and 

seminars
• Supporting Chemical Societies of Universities in 

Sri Lanka

            
Mrs. Aruni Wickramanayake           
Hony Secretary
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