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EDITORIAL

AJCE: HAPPY 8TH BIRTH DAY!
Temechegn Engida
Email: temechegn@gmail.com

Dear AJCE Communities,
It gives me great pleasure to inform you that our Journal, AJCE, has just became eight
years old. As a result, here is its first issue of the 8th volume. As the founding and current EditorIn-Chief of the Journal, I would like to say happy birth day to AJCE. I am sure you join me in
congratulating AJCE.
As part of our future strategy we will continue our ongoing efforts to offer publication
space to special issues associated with conferences and our intention with new engagement is to
broaden the scope of special issues to include papers that are presented not only at FASC events
but at any chemical education event, pending to the fact that the organizers request us to do so and
that the papers meet our editorial standards.
So please feel free to contact us should you have such intentions.

SJIF Impact Factor Evaluation [SJIF 2012 = 3.963]
SJIF Impact Factor Evaluation [SJIF 2013 = 4.567]
INDEXED AND ABSTRACTED BY CAS
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EINSTEIN WAS HERE:
INTRODUCING RELATIVISTIC CHEMISTRY IN A BASIC CHEMISTRY
COURSE
Robson Fernandes de Farias
Universidade Federal do Rio Grande do Norte, Caixa Postal 1664, 59078-970 Natal-RN, Brasil.
E-mail: robdefarias@yahoo.com.br

ABSTRACT
The presented work reports a study performed to introduce relativistic chemistry in basic
(introductory) college chemistry classrooms. The study involved fifty students. It was verified that
exploring the previous (high school) knowledge on special relativity, and introducing a simple
equation, it is possible to explain the unexpected variations in covalent radius observed for groups
11, 12 and 18 heaviest elements. [African Journal of Chemical Education—AJCE 8(1), January
2018]
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INTRODUCTION
Despite the fact that since the late 1920, special relativity [1] was “combined” (by Paul
Dirac) with quantum mechanics, and, since that times, is well known that the properties of many
elements and compounds can only be explained without taking into consideration the relativistic
contributions [2.3], not only in general chemistry texts but even in inorganic chemistry texts used
in many colleges and universities around the world, relativistic chemistry remains an ignored topic.
Every year, many chemistry students finish their undergraduate courses without any
contact with relativistic chemistry. This was my personal case, twenty-five years ago.
It is worth nothing that the relativistic contributions to the chemical and physical properties
of the elements (and hence, their compounds) is not a simple curiosity, relegated to a few elements.
In fact, for something about 1/3 of the periodic table (for the heaviest elements) such contributions
are paramount. It is not possible to provide a really correct explanation to many chemical facts (the
liquid state of mercury at room temperature and the color of gold are very good examples)
disregarding the relativistic contributions. For example, it was demonstrated that 1.7 to 1,8 V of
the 2.13 V of the lead acid battery is because a relativistic contribution [4].
As will be seen in the examples considered in the present study, the so-called “periodic
properties” exhibits “anomalies” that cannot be explained if the relativistic contributions are
neglected. Nowadays, special relativity is presented even in high school physics books. So, the
laymen college student is familiar with their equations.
This paper reported a study performed with fifty students of basic (introductory) college
chemistry classrooms. The purpose was to introduce relativistic chemistry at this level of study
and used it to explain the unexpected observed variations in properties such as covalent radius.
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METHODOLOGY
Fifty students from two basic (introductory) college chemistry classrooms were involved.
Of course, quantum chemistry and relativistic quantum chemistry are very complex subjects even
for higher levels students. In the present study, a simplified exposition of the relativistic chemistry
was performed, using the equations of special relativity such as they appear in high school physics
books.
The covalent radius was the chosen property to be explored, since variation in the radius
provokes a “domino effect” with consequences on so many other properties, such as ionic radius,
lattice energy, ionization energy, electron affinity, redox potentials, frontier orbitals energy, and
so on.
Elements from groups 11 and 12 were chosen and the students were provoked to explain
the observed variations in the covalent radius of such elements. From special relativity, is known
that, for a body (in our case, an electron) traveling at a speed not negligible (compared with the
speed of light), a length contraction can be calculated by

L= Lo/γ; where γ = 1/[1-(v2/c2)]1/2

(1)

The velocity of the 1s electron is ≈ Z/137, where Z is the atomic number [2] (the term
Z/137 makes clear that relativistic effects matters only for heavy elements). Hence, the previous
equation can be rewrite as

L= Lo/γ; where γ = 1/[1-((Z/137)2/c2)]1/2

(2)

In our case, Lo is the covalent radius as expected by a simple extrapolation (see examples
in the sequence) and L is the atomic radius calculated taking into account the relativistic
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contribution. Of course, Eq. (2) represents a profound simplification of very complex
theory/models but, nevertheless, it could provide useful results. The covalent radii employed here
were taken from the Royal Society Periodic Table website [5].

RESULTS AND DISCUSSION
As a first task, it was proposed to the students to obtain an empirical equation relating
covalent radius and atomic number. For Cu and Ag, the covalent radius (pm) are 122 and 136,
respectively. By using this data, and the respective Z values, we found: r = 0.778 Z + 99.444. Using
this equation, a covalent radius for Au equal to 161 pm is calculated.
At this point, it must be noted that the “extrapolated” 161 pm radius is in agreement with
the traditional explanation to the periodic properties: since gold is an element from 6th period, it
has a larger number of filled electronic shells and, presumably, a larger covalent radius than Ag,
as Ag has a larger covalent radius than Cu. This was the explanation provided by 100% of the
students in an applied questionnaire. But this is not the case, and only the relativistic contraction
can explain this.
At this point, it was proposed a new task: calculate γ value for gold and, using it, the
“corrected” covalent radius and then, compare this new radius with the experimental value. The γ
value for gold (Z = 79), calculated using Eq. (2) is 1.224. So, the “relativistic corrected” radius is
131.5 pm, is very good (+ 1.2%) agreement with the experimental value (130 pm) [5].
The same procedure was applied to group 12 elements: Zn (120 pm) and Cd (140) pm,
providing the equation: r = 1.111 Z + 86.667. The extrapolated covalent radius to Hg (Z = 80) is
176 pm, and the “corrected” value (γ value for mercury = 1.232) of 143 pm, is in good (+8.3%)
agreement with the experimental value (132 pm).
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This comparison between “extrapolated” and “relativistically corrected” covalent radius
with the experimental values was a fundamental aspect of the work. That is, it is necessary to the
student to verify that relativistic correction really provides better results, and such better results
are the “proof” that the scientific method requires.
As a final task, the students have to apply the same previous procedure to the noble gases.
The covalent radius (pm) to Ne (62), Ar (101), Kr (116) and Xe (136) leaves to the equation: r =
1.485 Z + 59.934. Such an equation gives to Rn (Z = 86) a calculated radius of 187.6 pm. For
radon, γ = 1.285 and the “corrected” radius is 146 pm, which is, exactly, the experimental value
(!) [5].
This last example was chosen and used as a classroom task to the students to show that,
even when the periodic trend is the expected (in this case, the covalent radius increases down the
group), the covalent contribution matters.

REFERENCES
1. Einstein, A., Zur Elektrodynamik bewegter Körper, Annalen der Physik, 1905, 17, 891.
2. Leszczynski, J. (Ed.), Relativistic methods for chemists, Springer, New York, 2010.
3. Dyall, K.G., Faegri Jr., K., Introduction to relativistic quantum chemistry, Oxford
University Press, Oxford, 2007.
4. Aruja, R. et al., Relativity and the lead-acid battery, Phys. Rev. Lett., 2011, 106, 018301.
5. http://www.rsc.org/periodic-table (accessed Jun 2017).
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NANOSCALE SCIENCE AND NANOTECHNOLOGY EDUCATION IN
AFRICA: IMPORTANCE AND CHALLENGES

1

Bankole-Ojo Olufunsho Samuel1* and Oyedeji Folashade2
Industrial Chemistry Unit, Department of Physical Sciences, Wesley University, Ondo, Nigeria
2
Department of Chemistry, Faculty of Science, University of Ibadan, Ibadan, Nigeria
*Corresponding author: sciforch@hotmail.com

ABSTRACT
Nanoscale science and nanotechnology is a rapidly growing and multidisciplinary field
with its footing in chemistry, physics, molecular biology and engineering. It has led to
breakthroughs in energy, environmental science, agriculture, biotechnology and several others. it
is also capable of making a positive and significant impact on the African continent. However,
nanotechnology training and education in Africa appears to be scarce even within its contributory
fields like chemistry and physics. A thorough, relevant and comprehensive nanotechnology
education across informal and formal lines and at all levels of education is required to develop
human capacity and assist the continent respond appropriately to career/business/development
opportunities, risks and policy challenges that would arise from present and emerging
nanotechnologies. [African Journal of Chemical Education—AJCE 8(1), January 2018]
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INTRODUCTION
Nanotechnology has witnessed tremendous development and growth over the past decade
especially in the developed world. It basically involves the manipulation of materials at the nanoscale which is between 1 to 100nm [1]. The emerging field of nanotechnology has been widely
acclaimed as the next route to a technological revolution that might affect every aspect of human
life and provide solutions to many problems [2]. While most developed and emerging economies
have developed national nanotechnology programs for human capacity development in this area,
many countries especially in Africa have showed little or no interest in developing skills in this
aspect. The pace at which nanotechnology is developing in the developed world is sharply
contrasted by the coldness exhibited by many developing countries in venturing into the field [3].
In view of the foregoing, nanotechnology education might become a very important route
by which future generations are raised to take up nanotechnology research and product
development and possibly establish the African nanotechnology industry of the future. This review
highlights the importance of nanotechnology for Africa’s development, need for incorporation of
nanotechnology education into our educational systems and its challenges.

BRIEF OVERVIEW OF NANOTECHNOLOGY
Nanotechnology is not completely new as it has been around for many centuries. For
instance, glass workers in medieval times incorporated gold nanoparticles of different sizes into
glass to produce stained glass windows. The Damascus steel swords (~AD 300-1700) and the
Lycurgus cup (~AD 400) are proofs of the ancient use of nanotechnology to create substances with
extraordinary properties [4].
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Professor Norio Taniguchi in 1974 developed the term, “Nano-technology’ as the
processing, separation, consolidation, and deformation of materials by one atom or one molecule.”
This described semiconductor processes that exhibited characteristic control on the order of a
nanometer [5].
Richard Feynman framed the conceptual beginnings when he presented a lecture titled,
"There's Plenty of Room at the Bottom" at an American Physical Society meeting at Carlifornia
Institute of Technology in 1959 [6].
In the midst of all the progress made in nanotechnology, definition battles have been raging
to clearly define boundaries for the field [7], however, a central point is that nanotechnology has
become a converging point for chemistry, physics, materials science, biotechnology and
engineering to create materials and devices with special properties and abilities.

APPLICATIONS OF NANOTECHNOLOGY
Thousands of consumer goods containing engineered nanomaterials have already found
their way to the global markets [8]. Applications of nanotechnology cover a very wide range of
fields from electronics to medical to agricultural applications. Electronic applications include
single-electron transistors, quantum dots and one-dimensional nanotubes [9, 10].

For

environmental applications, nanomaterials have been used for contaminated groundwater
remediation [11]. Self-cleaning materials [12], catalyst to reduce car emissions [13] and new oil
spill cleaning technology [14] are also based on nanotechnology. To reduce reliance on fossil fuels,
highly efficient solar cells have also been developed [15].
In industries, nan catalysts have been favored due to their very large surface to volume
ratio. Impact resistant car bumpers, textiles and fashion with special properties have been produced
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by nanotechnology [16]. Smart coatings have also been developed for a wide range of applications.
Other products like textile fabrics with unique properties have been developed.
Rapid advancements in drug delivery and design have been made possible by
nanotechnology [17]. Bone tissue and engineering has been improved with the use of nanoparticles
[18]. The ability of nanoparticles to cross the brain barrier has opened up new possibilities for
neurosurgery [19]. In agriculture, nano-fertilizers have been developed to enhance soil fertility
[20]. Nanotechnology has been applied to enhance growth of some plants and sometimes created
alternative route to plant growth [21]. Other applications of nanotechnology can be found in
packaging materials with special properties, super plastic ceramics, nano-based sensors and
industrial catalysts [22].

RELEVANCE OF NANOTECHNOLOGY TO AFRICA
Nanotechnology has already found its way into the African continent through the use of
nanomaterials in the treatment of water through disinfection, purification, and remediation to for
improved access to clean water [23]. Disease diagnosis, low cost clean energy and industrial
catalysis are also major areas where nanotechnology has been applied in Africa.
Salamanca-Buentello et al. gave the top ten applications necessary for developing countries
to achieve their millennium development goals. Top of the list was energy storage, conversion and
production. Agricultural productivity enhancement was second on the list. Next was water
treatment and remediation. The fourth was disease screening and diagnosis. Fifth and sixth were
drug-delivery nano-systems and food processing/storage. Air pollution clean-up ranked seventh
and eight was improved construction materials for durable, cheaper housing. Health monitoring
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ranked ninth while pest detection and control was the last on the list. In line with the above ranking,
we will assess some applications of nanotechnology in Africa [24].
Clean energy
950 million in sub-Saharan Africa have been estimated to lack access to electricity out of
1.6 billion people globally [25]. This is certainly a cause for concern. Several applications have
been developed with huge research and technical gaps yet to be filled. Nanomaterials have been
developed with significant optimisation of current renewable energy processes like solar and biofuels. Lighting materials with plastic and organic pigments at the nanoscale has tremendously
enhanced the conversion of energy to light compared with traditional light bulbs [26]. Lithium-ion
batteries have also been optimized through the incorporation of nanomaterials to improve storage
capacity and increase lifespan [27]. Dye solar cells are also witnessing continuous development
by the introduction of nanoscale semiconductor materials [26].
Agricultural productivity
Agriculture is the backbone of many economies in Africa. However, critical issues such as
lack of new arable soil, commodity dependence, reduction of the current agricultural land due to
competing economic development activities, poverty and malnutrition, require urgent attention in
many parts of Africa. In countries where profound structural changes in the agricultural sector
have occurred due to the fast adoption of technological innovations, food security, poverty
reduction and public health improvement still pose serious challenges. Nanotechnology offers
some cheap and efficient solutions to these problems. However, most of these are still at the
research level.
Pesticides such as DDT, which have caused serious environmental hazards and have
increased public and regulatory awareness of the use of agricultural chemicals [28]. Nanoscale
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carriers can be utilized for the efficient delivery of fertilizers, plant growth regulators, pesticides,
herbicides and other materials for better productivity. These involve the use of dendrimers,
polymers, nanoemulsions and nanomaterials with adjustable and predictable surface attachments
[29, 30].
Carriers with improved stability against degradation to reduce the amount required, and
minimise environmental problems are also being developed. These advances will result in slow
uptake of active ingredients, thereby reducing waste and cost at the same time [31].
Africa can move towards precision farming by the use of handy smart sensors to analyse
crop growth, plant conditions and other relevant information so as to enable farmers make accurate
decisions for increased productivity [32, 33].
The use of carbon and metal-oxides based engineered nano-particles in crop improvement
have been subject of several studies [34]. The water uptake ability of carbon nanotubes greatly
enhanced tomato seed germination [35]. Nitrogen absorption, light absorbance and Rubisco
activase activity has been enhanced in spinach to accelerate its growth by the use of titania
nanoparticles [36, 37, 38]. Disease and stress resistance of plants have been improved by the use
of silicon nanoparticles absorbed by plants [39].
Water treatment and remediation
To tackle the very obvious challenge of water scarcity in many parts of Africa and
improving clean water supply for domestic and industrial uses, nanotechnology has been identified
to present many opportunities as sustainable solutions to the water related challenges in Africa.
Nano-adsorbents like metal-based nanoadsorbents , carbon-based nanoadsorbents, polymeric
nanoadsorbents have showed great potential for novel, more efficient, and faster decontamination
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processes aimed at removal of organic and inorganic pollutants like heavy metals and
micropollutants [40. 41].
Nano-titanium dioxide (TiO2), has attracted much attention because of its low human
toxicity, high chemical stability and cheap price, combined with high efficiency of disinfection
and decontamination [42, 43]. The strong antimicrobial activity exhibited by silver nanoparticles
has endeared it to many and it is already commercially available in low-cost water disinfection and
antibiofouling applications [44]. Ground water remediation through the use of magnetic
nanoparticles (magnetite Fe3O4) for separation of water pollutants like arsenic has been achieved
[45].
The environmental disaster caused by oil spills especially in petroleum producing countries
in Africa will benefit from the use of magnetic nanoparticles bound to cleaning agents which can
be removed completely from the environment by applying a magnetic field [46].
The conversion of sea water into potable water, reduction of hardness, odour, color and
heavy metal ions from groundwater have been made possible by nanofiltration [47, 48, 49].
Efficient photocatalytic oxidative elimination of microbial pathogens and micropollutants in water
has also been achieved by the use of nanomaterials such as titania nanoparticles [50]. These
applications will be very beneficial to tackle the water related problems facing the African
continent.
Disease screening and diagnosis
Accurate and rapid identification and quantification of disease is very important for
effective treatment. The major challenges for health for Africans pertain to timely and rapid
screening to assess population health and also possible on-site diagnosis of diseases for timely and
proper treatment. Nanotechnology can enhance current disease screening techniques by improving
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diagnosis time, sensitivity, selectivity and availability of testing equipment through significant cost
reduction [51].
The wide choice of spectra for nanoparticles and quantum dots has made it possible to
visualise multiple targets in the cell using a single excitation source. Quantum dots have been used
to produce potentiometric biosensors based on its zero-dimensional electronic properties [52].
Magnetic multiplexed biosensors based on magnetic nanoparticles and gold nanoparticles based
electrochemical enzyme bio-sensors are a few of highly sensitive nanosensors [53]. Biochip
technology that includes the use of nanosensors for highly sensitive and selective diagnosis and
communication of results are applications that will find good use in keeping Africans healthy
especially with the low literacy rate [54]. Other nanotechnology applications include micro-arrays,
nanobarcode, micro-electro-mechanical systems (MEMS) and nanobiosensors [51].
Drug delivery nanosystems
Nanotechnology has a great potential in revolutionizing the drug delivery and much effort
and resources are being invested globally. Clinically useful drug delivery systems with the ability
of delivering sufficient amount of drug that will be therapeutically effective over an extended
period of time can be developed by nanotechnology [55]. Much advancement has been made
howbeit in the research arena. Africa will benefit greatly from highly efficient drug delivery
nanosystems in tackling the diseases ravaging the continent.
Food processing and storage
Consumer’s choice of fresh, safe and healthy food with longer shelf life, and attractive,
easy to handle packaging material is not different with Africans. Nano-materials have been found
to impart mechanical strength, better reinforcement and barrier properties in packaging
biopolymers like cellulose and its derivatives polyesters [56, 57, 58, 59]. Lighter, stronger plastic

14

AJCE, 2018, 8(1)

ISSN 2227-5835

nanocomposites with better heat resistance and barrier properties have also been developed [60].
Nano-clays and silicates have been successfully used in food packaging with improved mechanical
and barrier properties and increased thermal degradation temperature and glass transition [61, 62,
63]. The development of the “electronic tongue” by Kraft foods which involves incorporation of
an array of nanosensors on the packaging which change colour on the release of gases by the food
during spoilage is an important progress in food packaging development [64]. The sprayimg of
nano-laminates made of edible polysaccharides and lipids on food surface to preserve it and
improve its flavour, colour and texture is another important application of nanotechnology in food
preservation [65].
Air pollution monitoring and control
With rising rural to urban migration, some cities in Africa are facing the risk of
overpopulation. Weak policies and poor supervision has also resulted in the bad industrial practices
leading to the release of harmful waste into the atmosphere.
Nano-catalysts have been developed to transform harmful vapours from cars and industrial
plants into harmless gases [66]. Nanostructured membranes that can separate gases due their very
tiny pores have also been developed for air pollution control [67].
Construction materials
Nanotechnology is being applied in construction to enhance the properties and functions
of materials. It can generate products with many unique properties such as lighter and stroner
composites, low maintenance coatings, lower thermal transfer rate for fire retardants, better
cementitious materials and many others. Carbon nanotubes have been combined with cement to
enhance its mechanical durability and thermal properties [68].
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Self-cleaning concrete, flame proofing and anti-reflection windows have been produced by
the incorporation of silicon dioxide nanoparticles [68, 69]. Copper nanoparticles have been proved
to improve weldability and corrosion resistance in steel. Silver nanoparticles impart biocidal
properties in paints [68].
Health monitoring
In order to safeguard the health of people, prevent the spread of epidemics or new diseases
and maintain certain health conditions, health monitoring is of utmost importance [70].
Nanotechnology has been visible in this aspect with products like Nano- Textile Sensors that come
with a mobile wireless platform and that is wearable to monitor neurological and cardiovascular
disorders [71].
Pest detection and control
Plant pests are a major limiting factor in crop yields. The use of over-the-counter pesticides
in large quantity results in an additional cost in crop production and in excess, can lead to
environmental pollution. When pesticides last longer at the initial stage of crop growth, this helps
in reducing the pest population to a threshold level for a more effective control [72]
Nano-encapsulation has been used to improve insecticidal value by effecting a controlled
release of the active ingredient to significantly improve its effectiveness. This method has been
found to be cost effective while reducing impact on environment [73].

AN OVERVIEW OF NANOEDUCATION
The rapid advancement in nanotechnology has resulted in a knowledge transfer gap as
educators are looking for ways to pass on basic nanoscale science and technology knowledge and
skills to the next generation. The speed of nanotechnology development even in developed
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countries raises the risk of a shortfall in the required number of skilled personnel for
nanotechnology [74]. The strikingly short gap between discovery and application when it comes
to nanotechnology and the interconnection with a wide range of fields will require a
comprehensive skill-set for high graduate employability in knowledge based industries applying
nanotechnology to their processes. Thus, this highlights the importance of high quality education
in nanotechnology and nanoscale science. Thus nanotechnology education is the multidisciplinary
science education which focuses on nanotechnology and nanoscale sciences with chemistry,
physics, mathematics and molecular biology as its foundational courses [75].

CURRENT STATUS OF NANOEDUCATION
There are many institutions around the world offering courses and training in
nanotechnology and nanoscale science. Over 200 institutions across the globe offer
nanotechnology courses and training. Countries with several nanotechnology programs both at
undergraduate and postgraduate levels include Australia, Brazil, Canada, England, China, Russia,
India, Switzerland, Netherlands, Germany, Sweden and the United States of America [76]. In
Africa, South Africa seems to be leading the way in nanoeducation. However, Africa as a whole
seems to be lagging far behind in nanotechnology education [77].
The development of standard curricula and educational modules has been identified as a
key element in improving nanoeducation globally. To deal with the multi-faceted challenges facing
nanotechnology and the constantly changing terrain of nanotechnology, different approaches to
nanoeducation have been developed by diverse education communities [76].
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To further enhance the quality of nanotechnology education the following are strategies
being employed by different institutions:


Integrating nanotechnology within mainstream science and engineering courses.



Developing new multidisciplinary courses



Substituting mainstream science courses at higher levels.



Procuring adequate infrastructure and advanced facilities to comprehensibly support
learning and scholarship;



Developing an interdisciplinary research opportunities and educational collaborations



Disseminating best practices;



Developing student and faculty exchange programs [78].

IMPORTANCE OF NANOEDUCATION TO AFRICA’S DEVELOPMENT
Education has been highlighted as a major tool for growing the fields of nanoscience and
nanotechnology. The development of programs across the full spectrum of educational levels has
been pursued by developed countries [79, 80]. This shouldn’t be different for Africa if the
continent seeks to break free from over-dependence on foreign technology to solve its problems.
The successful growth of nanotechnology in Africa will require a broad and comprehensive
approach to skills training; preparing students for different levels of careers in technical and nontechnical positions and helping students establish start-ups based on the unique materials and
devices developed by nanotechnology. [74, 81].
Nanoeducation will be immensely help in the development of more knowledge based
companies which are important in positioning Africa as a major player in global affairs. It will
help Africa in responding appropriately to emerging nanotechnology related social, ethical and
18
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security risks through relevant policy development. Comprehensive nanoeducation backed up by
government funding can ensure human capacity development such that African scientists will be
empowered to apply nanotechnology tools and techniques using Africa’s resources to solve some
of the continent’s problems.

CHALLENGES OF NANOEDUCATION IN AFRICA
The challenges of nanoeducation in Africa are multi-pronged due to the inter-disciplinary
nature of nano-technology, expensive equipment required, speed of development of the field and
the lack of political will by most African countries to invest significantly in science and technology
[81].
The major nanoeducation challenges in Africa include:


Building a broad and inter-disciplinary curriculum to develop quality educational and
institutional framework.



Developing standards of learning for nanotechnology.



Teacher education in nanoeducation.



Informal education to inform the public on the benefits and risks of nanotechnology.



Availability of adequate infrastructure and equipment to train students.



Opportunities for cross-sector training and international experience [82, 83]

A broad and inter-disciplinary curriculum development
One common challenge in view of the multi-disciplinary nature of nanotechnology has
been the development of standard curriculum features, with much argument about the effectiveness
of integrating nanotechnology concepts into existing coursework versus creating new courses for
nanotechnology [84, 85, 86].
19
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Since nanotechnology is still at an infant stage in Africa, it should be taught more from the
angle of concept development and qualitative analysis at lower levels rather than mathematical
derivations. The task of building a separate curriculum for nanotechnology at the different levels
will be tasking and laborious, thus, nanotechnology can be introduced to students at the lower
levels as a part of the present traditional education framework. Space can be created at higher
levels such as post-graduate courses that focus on nanotechnology.
Developing standards of learning for nanotechnology
For students to be adequately informed about nanotechnology concepts to make them
informed citizens aware of the benefits and risks, to enable them fit into the nanotechnology
workforce of the future and to help students develop start-ups based on nanotechnology, it is
imperative that standards of learning be developed with flexibility to catch up with current trends
[84]. Nanotechnology is a rapidly growing field, thus, the adoption of irrelevant or rigid learning
standards might amount to a waste of time, resources and energy.
Teacher education in nanoscale science and technology
Parallel to setting relevant and flexible standards of learning is the need for nano-educated
teachers. Even in developed countries, teachers have shown a lack of understanding of nanoscale
concepts [84]. The professional development of the teacher has been proved to directly impact
student learning outcomes and this hasn’t been different with nanotechnology [86].
Informal education to inform the public on the benefits and risks of nanotechnology
Learning center environments in the public space and enlightenment programs are ways to
promote creative thinking and life-long learning [76]. This could be through science museums,
programs on mass-media or open competitions. With over 1,800 nanotechnology based
commercial products available on the global market by 2015 [8], the possibility of such products
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finding their ways to Africa is very high, thus the need for increased public awareness on
nanotechnology related benefits and risks.
Informal education will prepare the public to consider the ethical and societal implications
of nanotechnology and make informed contributions on issues related to policy regulations
regarding emerging nanotechnologies.
Availability of adequate infrastructure and equipment to train students
Training students on the use of modern nanotechnology tools and techniques will directly
enhance their student learning experience and increase their nanotechnology research skills. It will
also inspire them to develop creative ideas to meeting domestic needs within the African continent.
However, equipment necessary for quality nanotechnology training and education is lacking in
many African countries. Microscopes that provide a visualization of phenomena in
nanotechnology which can serve as a way to teach nanoscale science to students are not available
in many African institutions [81, 83, 84]. The need for upgrade of research facilities in educational
and research institutions in Africa is important especially with regards to nanotechnology
equipment to help students and researchers gain deeper understanding of nanotechnology
principles and techniques [81].
Opportunities for cross-sector training and international collaboration
The multi-disciplinary nature of nanotechnology requires the incorporation of all
contributing fields to nanotechnology, utilizing a team of faculty and inclusion of guest speakers
from industry in order to create a quality learning experience for students [87]. It will also imbue
students with a comprehensive skill-set that will enable them compete favorably in the real world
and help them start-up or work in nanotechnology based companies.
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International collaboration is important as Africa is already being left behind when it comes
to nanotechnology. To catch-up with advances in the rapidly growing field and develop relevant
curriculum that includes new techniques and procedures, interaction with researchers from
different parts of the world and international training is important for nanotechnology educators
[81].

CONCLUSIONS
There is an enormous opportunity for Africa in enhancing education in nanoscience and
nanotechnology. Training African students to explore the possibilities and utilise the tools of
nanotechnology to address Africa’s peculiar problems, enlightening the younger generation to
become more informed about the benefits and risks of emerging nanotechnologies and producing
youths capable of fitting into the workforce of the future should be the focus of African science
educators, governments and grant awarding bodies.
Our traditional chemistry, physics, biology and engineering education frameworks need to
be modified to incorporate aspects of nanotechnology at lower levels to make it easier for students
to specialise in nanoscale science and engineering at advanced levels.
Funding of nano-scale science and nanotechnology education for better equipped
laboratories, broad curriculum development and international training are issues that require urgent
attention to enable Africa to respond appropriately to emerging nanotechnologies in terms of
human capacity development, growth of the technological sector, quality control, risk mitigation
and policy formulation.
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ABSTRACT
Lecturers mostly use a “laboratory jargon” in their lectures and the question comes up
whether student teachers are taking this jargon for their own terminology, or developing “schoolmade misconceptions”, or even transfer them later into Chemistry instruction. One example: “2
hydrogen react with 1 oxygen to form 2 water” is often to hear – instead of pointing out that 2 H2
molecules and 1 O2 molecule are forming 2 H2O molecules. This last statement is totally clear and
the learner will develop applicable mental models. An empirical pilot study will show first results:
about half of the investigated participants could reflect and correct given jargon statements – but
even after three years of studying Chemistry, the other students are staying with that jargon or
other alternative conceptions. [African Journal of Chemical Education—AJCE 8(1), January
2018]
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INTRODUCTION
Chemistry experts at universities may use an incorrect terminology called “laboratory
jargon”.: The expert wants to change information by short statements and he or she can be sure
that the colleague will understand what it means – but the learner will be irritated and doesn’t know
what is meant. Because the Broensted theory is introduced nearly in all lectures the jargon reaches
also the acid-base topic. One example: “Water can be an acid or base” is a well-known jargon [1]
and the expert knows that the H2O molecule is meant. The learner knows pure water with the
melting point of 0 oC, the boiling point of 100 oC, the density of 1 g/mL or the pH of 7.0. Should
he/she believe that pure water may change to the pH of 5 or pH of 10? If lecturers would take the
correct term according to the Broensted theory [2], the statement would be: “The H2O molecule
can react as an acid particle or as a proton donor (donor of H+ ions), with another partner it may
react as a basic particle or a proton acceptor:
H2O molecule as a donor:

H2O molecule + NH3 molecule  NH4+ ion + OH- ion

H2O molecule as an acceptor: H2O molecule + HCl molecule  H3O+ ion + Cl- ion
We want to know how chemistry-teacher students are influenced by the laboratory jargon
concerning Broensted‘s acid-base theory or if they even develop misconceptions [3]. Our
hypothesis: Students after studying three years Chemistry at University of Muenster in Germany,
are mostly not able to reflect or to correct statements on base of the jargon [4].

BROENSTED ACID-BASE REACTIONS AND DIDACTICAL CONCLUSION
In his essay "On the theory of the acid-base function" [5] Broensted alluded already in the title
to the function of acid and base molecules and left out the usual discussion of the properties of acidic
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and alkaline solutions. In particular, he identified the function through a central mental model:
A



acid

B
base

H+

+

+ proton

By donating a proton, the acid changes to a base: "The A and B molecules are called corres-ponding
acids and bases. By this definition, the OH- ion loses the special position of the bases: by losing a
proton, any molecule A is transformed to a minus-charged base molecule". When HCl molecules
react with NH3 molecules, both molecules react to ions: NH4+ (corresponding acid to NH3 molecule)
and Cl- (corresponding base to HCl molecule). Broensted also deals with "free H+ ions" that do not
exist in solution. He therefore states: "An acid molecule A only releases a proton when the proton is
simultaneously assimilated by a base molecule":
A1

+

acid1



B2
base2



A2

+

acid2

B1
base1

All these statements show that Broensted is discussing molecules and ions – not substances!
Suposing that a free proton does not exist in solution, the formulation of the hydronium ion H3O+ is
the result:
A
acid1

+

H2 O
base2



B
base1

+

H3O+
acid2

He furthermore states: "Whenever a proton is transferred from an electrically neutral molecule
to another electrically neutral molecule, two ions of opposite charge arise". So if H2SO4 molecules
react with H2O molecules, in the first step H3O+ and HSO4- ions are formed. Concerning the
neutralization reaction, Broensted argued: “When hydrochloric acid (H3O+ + Cl-) and sodium
hydroxide (Na+ + OH-) are mixed in aqueous solution, the formation of the salt (Na+ + Cl-) seems
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only a purely mechanical mixing process ...... the typical process of neutralization of strong acids and
bases is thus not the salt formation. Instead, the actual acid-base reaction is:
H3O+
acid1

+

OH-



H2O

base2



base1

+

H2O
acid2”.

The famous "Chemical Triangle" (see figure 1) by Johnstone [6] shows the level of substances
("macro level"), separated from the level of the smallest particles and chemical structures ("sub-micro
level"), finally goes to the level of symbols and equations ("representational level").
______________________________________________________________________________

Fig. 1: "Chemical triangle" of Johnstone [6]

Fig. 2: Beaker model of the reaction “hydrochloric acid with sodium hydroxide solution” [7]
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Students work successfully if they observe firstly substances and reactions on the macro level,
then interpret those observations by looking at the involved particles and chemical structures on the
sub-micro level, and in the third step express those structures by symbols like formulas and equations
on the representational level. Johnstone emphasized that the direct transition from the macro level to
the representational level with all formulae and equations means learning by heart and only little
understanding of Chemistry. Taking the sub-micro level into account with molecular models for
molecular structures and sphere packing for crystal structures, chemical understanding is fostered
because students can develop applicable mental models [7].
One other way to get right ideas are special beaker models that help to understand separated
ions in solutions (see figure 2). Models of diluted hydrochloric acid, sodium hydroxide solution and
sodium chloride solution are shown: H3O+(aq) ions as acid particles, and OH-(aq) ions as base
particles. Na+(aq) ions and Cl-(aq) ions are not reacting – they stay as so called “spectator ions”. The
(aq) symbol helps learners to deepen the idea that the charge of hydrated ions is shielded and those
ions can move without much attraction in the solution.

PILOT STUDY ACCORDING LEARNER’S LABORATORY JARGON
Following our hypothesis, we created a questionnaire which should show how students work
with jargon statements: they would reflect the statement and will find the correct answer? – or they
will stay on jargon representing mostly incorrectly mixtures of substances and particles?

Questionnaire. We constructed 10 multiple-choice problems with a jargon statement in the beginning
and the task is to mark from four possible alternatives the correct terminology on the basis of
Broensted’s theory. One example [4]:
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2) Lab. Jargon: "Hydrochloric acid gives off a proton"
a) Hydrochloric acid can be deprotonated.
b) Hydrochloric acid can also absorb protons.
c) H3O+(aq) ions are present in hydrochloric acid, they can emit protons.
d) HCl molecules are present in hydrochloric acid, they release protons.
The right answer is of course (c): “H3O+(aq) ions are present in hydrochloric acid, they can
emit protons”. We took the famous misconception (d) and were waiting of “HCl molecules”.
Because of the well-known idea of “deprotonation” we took alternative (a), answer (b) is a fake
[4].
Realization. We have chosen a group of about 50 chemistry-teacher students which are
studying at the end of their 6th semester. They have the knowledge of three years of studying
Inorganic, Organic and Physical Chemistry to be a high-school teacher in their future. During one
hour in a special seminar in June 2017 they marked the two-page questionnaire (see attachment).

RESULTS
Nearly in every task more than 50 % of students marked the right answer – they can
successfully reflect statements in the jargon and are thinking in the scientific way of acid-base
terminology. In detail there are the following differences.
In Task 1 we offered the common statement “carbon dioxide consists of carbon and oxygen”.
Statements (a) and (c) are a mix of substances and particles, (b) points out that carbon dioxide is
composed of carbon and oxygen – crystals of carbon and bubbles of oxygen? The only correct answer
should be “(d) the CO2 molecule consists of one C atom and two O atoms”: 68 % of students took it,
each other answer is reaching about 10 % of markings.
In Task 2 we offered the right answer (c) which is chosen by 40 % of participants, the real
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misconception about “HCl molecules in hydrochloric acid” is taken by only 5 %. But answer (a) has
reached the majority of 55 %: many students are thinking of scientifically good sound of
“deprotonation” – but how the “substance hydrochloric acid” should be deprotonated?
In Task 3 we offered “water dissociation”. Of course the autoprotolysis of H2O molecules is
meant – so answer (c) is the right answer, chosen by 90 % of students. In this case nearly all students
have reflected the jargon statement in the right way – only a few answers were going to the other
alternatives.
In Task 4 we offered “Ammonia is a weak base”. Also in this case most students (77 %)
argued in Broensted’s way: “(a) NH3 molecules are weak bases”. The other answers are taken by only
few students.
In Task 5 we offered the famous statement “the concentration of water equals 55.5 mol/liter”.
The mole idea deals with high numbers of particles – and only with that special number of particles
it makes sense to state: “(b) the concentration equals 55.5 mol H2O molecules/liter”. This answer was
given by only 55 %. The other students (45 %) may think about masses in the way that “1 mol water
means 18 g water” – and 1000 g of water contain 55.5 times 18 g. Answer

(c) and (d) are not

chosen by any participant.
In Task 6 we offered the “dissociation of sodium hydroxide” as the jargon statement and were
waiting of those students which have not the mental model of ions in solid sodium hydroxide – which
may have the scientifically wrong mental model of “NaOH molecules” or “Na+OH- ion pairs” in their
mind. And really: 62 % of students were taking “a) NaOH molecules”, 13 % the answer “c) Na+OHion pairs”. Only 22 % right answers (b) occurred, (d) was chosen by 3 %.
In Task 7 we offered the neutralization “by substances to salt and water” and wanted the
description according to Broensted’s theory (d). This answer was marked by 50 % of students. The
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other half of students are thinking of “(c) ion groups” by about 30 %, of “salt formation” by about 15
%, and 5 % have the mental model of “equal concentrations of acid and base”.
In Task 8 we offered “strong and weak acids and their pH”. The right answer is of course “(c)
pH values indicate concentrations of H+ ions” – and 82 % of participants decided right. There are 9
% markings of (b) and (d) – “(a) salt formation” is not chosen: a good result.
In Task 9 we offered “indicator papers indicate the strength of an acid”. The easiest right
answer is (d): 64 % have taken this choice. The other students have marked the three other alternatives
with low percentages.
In Task 10 we offered the nice misunderstanding “water can be acid and base”. As discussed
before the H2O molecule can only be called an ampholyte – nicely 55 % of students marked (a). But
also the statement “(b) water can be acid and base” is chosen by many students – with about 35 %
they took the laboratory jargon without reflecting this statement. About 10 % decided “(c) H2O is
acid and base simultaneously”: we wish to do interviews with those students to know what mental
model they have in their mind.

SUMMARY AND COMCLUSIONS
All in all, students have answered in the majority well: more than half of participants reflected
the jargon statement in a right way and chose the right alternative. They are able to apply the
Broensted theory in a successful way, they are used to think on the sub-micro level [6] and have
developed applicable mental models about the structure of matter [7]. So we must reject our
hypothesis: The majority of students are capable to reflect and to correct statements on the base of
the laboratory jargon. The other students are showing a lack in this aspect. Either they mix substances
and particles in a not acceptable way or they are thinking only of substances like “water can be an
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acid or base” or “concentration of water is 55.5 mol/L”. We cannot decide if those students developed
the wrong conception from laboratory jargon – or they are used to work mostly on the macro level
and have never reflected their “mixtures of substances and particles”.
This study was definitely a pilot study: Only about 50 students were involved and we did no
interviews of those students who answered in a wrong way. In a following main study we will add at
every question “give reasons”: students have to show the reason of their marked choice. We also
have to review the questionnaire and should take away those alternatives which are not marked by
any participant – they make no sense for evaluation.
And we will plan structured interviews to get more knowledge of kind of misunderstanding
or even kind of misconception. Also the question whether misconceptions are developed by
laboratory jargon or by other teaching mistakes is not answered yet. The only way to get an answer
about the last question will be to watch lectures and to observe, in which extent the lecturer is using
the laboratory jargon. So for one of the next studies the investigator has to look to the lecture
according acids and bases and should construct the questionnaire according to used jargon statements.
If students work with a special textbook the investigator has also to look on jargon expressions which
may be existing in the textbook.
In every case the mix of quantitative and qualitative methods of research should be applied
and a higher number of students in seminars of universities or even of students in high grades of
schools may be investigated. The work with this problem is just starting!
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APPENDIX: Attachment: Multiple choice questionnaire “Laboratory Jargon”
_____________________________________________________________________
What would be the correct expression according acid-base reactions? Please check.
1. Laboratory Jargon: “Carbon dioxide consists of carbon and oxygen”
a) CO2 consists of one C and two O.
b) Carbon dioxide consists of carbon and oxygen.
c) CO2 consists of one carbon part and two oxygen parts.
d) The carbon dioxide molecule CO2 consist of one C atom and two O atoms.
2) Lab. Jargon: "Hydrochloric acid gives off a proton"
a) Hydrochloric acid can be deprotonated.
b) Hydrochloric acid can also absorb protons.
c) H3O+(aq) ions are present in hydrochloric acid, they can emit protons.
d) HCl molecules are present in hydrochloric acid, they release protons.
3) Lab. Jargon: "Water dissociates, shows equilibrium of H+ and OH- ions”
a) The equilibrium of the water yields protons and hydroxide ions.
b) Water can split off both H+ ion and OH- ion.
c) Autoprotolysis of H2O molecules yields H3O+ ions and OH- ions.
d) Water provides protons and hydroxide ions in autoprotolysis.
4) Lab. Jargon: "Ammonia is a weak base"
a) NH3 molecules are weak bases, they are in equilibrium with corresponding ions.
b) Ammonia solution is weakly concentrated.
c) NH3 molecules react completely to NH4+ ions.
d) Ammonia forms ammonium chloride, NH4Cl.
5) Lab. Jargon: "The concentration of water is c = 55.5 mol /L"
a) The concentration of H2O is 55.5 mol / L.
b) The concentration is c = 55.5 mol H2O molecules per liter.
c) Water consists of 2 mol of hydrogen and 1 mol of oxygen.
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d) Water consists of 100% hydrogen and oxygen.
6) Lab. Jargon: "Sodium hydroxide dissociates by water into Na+ ions and OH- ions”
a) NaOH molecules dissociate by water into Na+ ions and OH- ions.
b) Solid NaOH consists of Na+ and OH- ions, in water they form Na+(aq) and OH-(aq) ions.
c) Na+OH- ion pairs of solid sodium hydroxide are separating into single ions.
d) In water the Na atoms and OH groups transfer electrons to form Na+ ions and OH- ions.
7) Lab. Jargon: "Hydrochloric acid neutralizes sodium hydroxide to water and salt"
a) Neutralization means salt formation.
b) After neutralization, equal concentrations of acid and base are present.
c) H+Cl-(aq) + Na+OH-(aq)  H2O + Na+ Cl-(aq).
d) H+(aq) + Cl-(aq) + Na+(aq) + OH-(aq)  H2O + Na+(aq) + Cl-(aq).

8) Lab. Jargon: "Strong acids have a low pH, weak acids a higher pH"
a) Strong / weak acids are strongly / weakly concentrated.
b) The pH value indicates the concentration of the acid.
c) The pH value indicates the concentration of H+ ions.
d) Weak acids have a pH between 3 and 6.
9) Lab. Jargon: "Indicator papers indicate the strength of an acid"
a) Indicator papers indicate how strong an acid is.
b) Indicator papers show strong or weak acids.
c) Indicator papers indicate how concentrated an acid is.
d) Indicator papers can indicate whether acid or base is present.
10) Lab. Jargon: "Water is an ampholyte, it can be acid and base"
a) The H2O molecule is an ampholyte, it can accept a proton, can give a proton.
b) Water can be both acid and base.
c) H2O is acid and base simultaneously, molecules dissociate to H+ and OH- ions.
d) Water can be acidic, basic or neutral.
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ABSTRACT
The study investigated Senior Secondary (SS) Students’ perception about the nature of the
atom. Phenomenographic approach was adopted. Two thousand five hundred and twenty (2,520)
SS3 Chemistry students from government owned schools in Obio/Akpor Local Government Area
of Rivers State, Nigeria, volunteered to participate in the study. The instruments used in the study
were a Perception Rating Scale Questionnaire (PRSQ) on the nature of atoms and an Atomic
Theory Test (ATT). Overall findings of the study revealed that 60% of the items in PRSQ showed
description of the atom by the students as a constituent of matter, 13.3% indicating constitution of
the atom as a particle and 26.6% described the atom in terms of shape (model). It was further
observed that 10.2% of the students agreed with the statements concerning the atom as a
constituent of matter, the constitution of the atom and the model of an atom. With the students’
knowledge about the atomic theory, they were able to associate the atom with such concepts as
electrons, protons, neutrons, electronic configuration, nucleus, atomic number, shells and mass
number. The implications of these findings were discussed in the study. [African Journal of
Chemical Education—AJCE 8(1), January 2018]
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INTRODUCTION
Atomic theory taken side by side with the nature of matter is central in chemistry and
chemical education. The idea of atoms originated with the Greek philosophers Leucippus and
Democritus during the 5th Century B.C., but the concept remained ignored and undeveloped until
it was re-introduced in the early 19th century by John Daltonb1]. By measuring the masses of the
elements taking part in chemical reactions Dalton was able to provide indirect evidence that
“matter is made up of atoms”.
Khan and Khan [2-3], have defined an atom as the smallest part of an element that has the
same properties as the bulk. Dalton considered an atom as an indivisible and structureless particle.
Later workers (Thomson, Rutherford, Mosley etc) showed experimentally that each atom consists
of a dense positively charged nucleus made up of neutrons and protons. Negatively charged
electrons orbit at different energy levels – called electron shells – surrounding nucleus.
The nature and structure of atom trace, the history from Thomson to Quantum mechanical
model. According to 4] scientists do not have direct access to most natural phenomena and
observations of nature are always filtered through our perceptions and interpreted from within
theoretical framework. This seem to have complicated the difficulty students have in learning the
concept and has led to subsequent construction of many alternative models [5] that will help them
learn the concept.
Textbook representation of the concept is part of the difficulty students have in
understanding the nature and structure of the atom. Netzell[ 6] reviewed that role of models and
representations in teaching, learning and understanding of the atom and atomic concepts. The
results of the study show that students often find concepts of atomic structure difficult and
confusing. The abstract microscopic world of atoms cannot be seen with the naked eye, and models
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are therefore necessary and crucial educational tools for teaching atomic concepts in school.
Netzell [6] further observed that when using a model, it is important for the teacher to explain the
rules of the model and the advantages and limitations of the representation must be discussed.
Mishra [4] studied first year Indian students’ perception of science vis-à-vis their
understanding of nature of science. Part of the study was a review of a book chapter on the structure
of atom looking for the representation of historical and philosophical treatment of the chapter.
Mishra [4] observed that the textbook reviewed for the chapter; “structure of atom” was not written
as per the historical and philosophical framework possibly because students did not appreciate the
need to study older theories concerning the atom.
Unal and Zollman [7] investigated the students’ ideas about an atom by asking them to
describe an atom on a paper and pencil questionnaire. Students’ understanding of the structure of
an atom, its constituents and their approximate locations, the size of an atom and energy released
by an atom were investigated. In describing the atom, most of the students fall into low hierarchical
level of reasoning categories. Students do not seem to retain what they have learned from previous
courses or years.
Bethge & Niedderer [8] asked German secondary students to draw an atom. They found
that approximately 25% of the students’ drawing included conceptions close to those of quantum
and physics, another 25% used conceptions between quantum classical physics such as “smeared
orbits”, and 50% drew the atom in terms of classical physics. One class of students maintained
these descriptions even after completing a teaching unit that used quantum mechanical approach
in an advanced secondary school physics course.
Albanese and Vicentini [9] point out that in teaching about atoms, the focus is not on the
existence of atoms, but on convincing students of the validity of an atomic model in order to
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explain the macroscopic properties of matter. Therefore, a first issue in this transmission of
knowledge may be identified as the epistemological problem of the role of models in scientific
understanding. Albanese and Vicentini [9] concluded that “students seem to consider atoms not as
the elements of a model which tries to explain macroscopic properties as emergent properties of
collection of the elements (which by themselves do not possess them) but as the smallest part in
which a microscopic object may be subdivided while retaining its characteristics.
It must be noted that the various studies of Netzell [6], Mishra [4] and Unal and Zollman
[7] besides being conducted with foreign students were not conclusive about how students viewed
the atom. Considering the central nature of the atom in the teaching and learning chemistry in our
schools, it becomes necessary for an investigation to be made concerning how Nigerian students
perceive the atom. May be the difficulty the students are likely to experience in learning the atom
and related concept will be laid bare.
Accordingly, the focus of the study was to investigate the perception of students about the
nature of the atom.

METHODOLOGY
Phenomenography is the method adopted in the research. Phenomenographers according
to [10] is a research method for investigating qualitatively different ways in which people
experience, conceptualize, perceive and understand various phenomena in their environment.
Marton [11] further posited that phenomenography deal with individual’s specific description of
aspects of the world as it appears to them.
Phenomenographers categorize their individuals’ descriptions, and these categorizations
constitute the main outcome of the research [7]. Phenomenographers look for the most essential
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and distinctive structural aspects of the relation between the individual and the phenomenon [10].
Above all, each category is a potential part of a larger structure in which various categories of
descriptions exists. A goal of phenomenography is to discover a structural framework that is useful
in understanding students’ knowledge.
Thus in the present study, attempt is made to clarify how the students perceive the atom.
The study was not interested in hierarchy of categories of responses of the students. It was purely
the categorization of the responses of the students according to the statements derived from the
students’ description of the atom.
Sample
Two thousand five hundred and twenty (2520) year three senior secondary students (SS3)
from twenty (20) government owned schools in Obio/Akpor Local Government Area of Rivers
State participated in the study. These students volunteered to take part in the study. The ages of
the students ranged from 14 years to 18 years with mean age of 16.7 years and standard deviation
of 2.62 years. The students had chemistry as one of the subjects they were preparing to be
examined during their school certificate examination.
Instrumentation
The instruments of the study were a perception rating scale questionnaire (PRSQ) on the
nature of an atom and Atomic Theory Test (ATT).
On the construction of the PRSQ, fifty (50) SS3 chemistry students from a school not
involved in the study were allowed about ten minutes to write a composition on the nature of an
atom. From the write up of the students, fifteen (15) items were written specifically describing
what the students think about the nature of an atom. These constituted the PRSQ (see Table 1).
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Each statement of the instrument carried four response labels of strongly agreed (SA),
agree (A), disagree (D) and strongly disagree (SD). SA label was scored 4 points, ‘A’ scored 3
points, ‘D’ scored 2 point and SD scored 1 point.
The instrument (PRSQ) was given to a Professor of chemical education to check whether
the items (statements) could be used to assess the students’ perception of the nature of an atom.
The professor indicated that the statements were simple and clearly written, unambiguous for
senior secondary students in chemistry.
The Atomic Theory Test (ATT) was a ten item objective test, extracted from Past School
Certificate Examination Question Papers. The test was used in the study to find out added
information to the student’s perception of the nature of the atom. Answers to the questions were
not as important as the information concerning the students’ thinking about the atom.
The instruments, PRSQ and ATT were administered separately to the students in their
various schools during their lesson periods. In each of the administrations, it took the last student
ten minutes to complete the questionnaire and the test. For the PRSQ, frequency distribution was
obtained according to the response labels. Total score for each response label was multiplied by
the frequency, thus, SA x fSA, A x fA, D x fD and SD x fSD. Total scores are obtained. These are
divided by the total frequencies, namely fSA + fA + fD + fSD to obtain the mean rating (𝑥̅ r) for each
item (statement) of the questionnaire.
In order to take decision on each item of the questionnaire, sum of the scale weighting was
divided by the number of scale thus

4+3+2+1
4

= 10/4 = 5/2 = 2.5.

Any mean rating (𝑥̅ r) equal to or above 2.5 was accepted to mean students’ thinking of the
nature of atom. Any mean rating (𝑥̅ r) less than 2.5 was rejected. The results of the analyses are
shown on Table 1.
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For the ATT, each answer chosen by a student was scored 1 point. Frequency distributions
were obtained for the options of the questions. These were converted to percentages. The results
of the analyses are shown on figure 1.
Categorization of the students’ responses
This was based on the three principles as adopted in the works of [10, 12, 13, 7] namely,
that:
1) Categories should be extracted from the students’ responses; thus we cannot have preassigned categories. In the case of this study, students’ responses were derived from the
composition (essay) written by them (students) on the nature of the atom;
2) Categories should not be mutually exclusive or inclusive, but distinguishable;
3) Responses must be explicit to be categorized.

Development of categories from the students’ responses
Three postgraduate students at the Ph.D level who were interested in the study participated
in the development of the categories from the students’ essays. First, a mini conference was
organized so as to discuss what to do with the essays. The method of categories used by [7] was
very useful. The PG students looked out for descriptions near in meaning to
(i)

The atom as a constituent of matter;

(ii)

The constitution of an atom;

(iii)

The model of an atom

These were considered as the categories on which the students’ responses were classified.
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ANALYSES OF DATA AND RESULTS
Data were analyzed according to the categories and the responses. Results of these are
displayed in Table 1.
Table 1: Mean Rating (x ̅r) of how students perceived the atom according to categories (N=2520)

C.1

C.2

C.3

Categories (c)/Statements
The atom as a constituent of matter
1.1 An atom is a cloud
1.2 An atom is a noun
1.3 An atom looks like the earth
1.4 Sunrays constitute the atom
1.5 An atom can be seen with the eyes
1.6 An atom can be seen with electron
microscope
1.7 An atom is too tiny to be seen
1.8 An atom can be touched
1.9 An atom can be seen as dust
The constitution of atom
2.1 The atom contains a neutron
2.2 An atom consists of particles
The model of an atom
3.1 An atom looks like an orange
3.2 An atom is a circle
3.3 An atom is round
3.4 An atom is a wave
TOTAL

(𝐱̅r)

% composition
60%

Decision

2.51
2.90
2.59
2.65
2.97
2.67

Accepted
Accepted
Accepted
Accepted
Accepted
Accepted

2.63
2.73
2.70

Accepted
Accepted
Accepted
13.3%

2.53
2.55

Accepted
Accepted
26.6%

2.60
2.92
2.92
2.51

Accepted
Accepted
Accepted
Accepted
99.9%

Analyses of the responses of the students revealed their mean rating above 2,50 indicating
acceptance of the statements as representing their (students) description of the atom. It was further
observed that 60% of the items showed description of the atom as a constituent of matter, 13.3%
indicating constitution of atom as a particle and 26.6% revealing their shape of the atom.
The percentage constitution of the responses (statement) in the categories is 99.9% short
of 100% indicating that there are categories not accounted for. Frequency distribution of the
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students’ responses to each of the statements was carried out and percentages calculated. The result
of the analyses is shown in Table 2.
Table 2: Percentage of students’ responses to the statements according to response labels.
Categories (C) statements

SA(%)

A (%)

D(%)

SD (%)

C1

The atom as a constituent of matter

1.1

An atom is cloud.

17.3

25.7

47.8

9.2

1.2

An atom is a moon

40.4

24.7

19.5

15.4

1.3

An atom looks like the earth

25.2

29.7

24.0

21.1

1.4

Sunrays constitute the atom

8.8

10.5

14.4

66.3

1.5

An atom can be seen with the eye

9.6

11.3

12.0

67.1

1.6

An atom can be seen with electron

6.9

10.2

19.0

63.9

microscope
1.7

An atom is too tiny to be seen

10.3

14.7

5.2

63.9

1.8

An atom can be touched

9.7

11.4

9.2

69.7

1.9

An atom can be seen as dust

10.1

11.3

7.6

71.0

C2 The constitution of atom
2.1

The atom contains a neutron

28.3

21.1

25.4

25.2

2.2

An atom consists of particles

26.7

31.8

21.6

19.9

C3 The model of an atom
3.1

An atom looks like an orange

24.2

28.5

38.4

8.9

3.2

An atom is a circle

30.2

43.0

15.2

11.6

3.3

An atom is round

30.2

42.8

15.2

11.8

3.4

An atom is a wave

25.2

24.5

25.9

29.4

It is observed in Table 2 that over 10.2% of the students agreed with the statements
concerning the atom as a constituent of matter, the constitution of the atom and the model of an
atom. Students were further assessed using a test to find out their thinking about an atom. The
results of the analyses are displayed in fig. 1.
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The atomic theory was put forward by
A. Avogado
*B. Dalton
C. Gay Lussac
D. Rutherford
(18.0%)
(37.1%)
(14.9%)
(30.0%)
The number of atoms in one mole of a substance is equal to the ……...
2
A. Atomic number (41,2%) *B. Arogado’s number (36.3%)
C. Mass number (7.4%)
D. Oxidation number (15.1%)
40
3
If an atom of an element is represented as Y, this shows that it has ……
20
A. 40 neutrons (11.2%)
B. Mass number 20 (27.95) *C. 20 protons (35.6%)
D. Atomic number 40 (25.3%)
The atom and ion of chloride have the same ………………
4.
*A. Number of protons (49.7%)
B. Electronic configuration (16.4%)
C. Chemical properties (6.2%)
D. Electrical charge (27.7%)
Almost
the
entire
mass
of
an
atom
is
concentrated
in the ……………….
5
A. Proton (35.32)
B. electron (26.1%) *C. nucleus D. neutrons (9.1%)
Electron
was
discovered
by
……………………….
6
A. Chadwick (17.8%)
*B. Thomson (42.0%) C. Goldstein (30.3%)
D. Bohr (9.98)
An atom has a mass number of 23 and atomic number of 11. The number of protons is
7
……
*A. 11 (29.4%)
B. 12(30.18) C. 23 (39.6%) D. 44 (0.9%)
The mass of the atom is determined by ………..
8
A. Neutrons (6.1%) *B. Neutron and proton (28.1%) C. electron (20.4%)
D. electron and neutron (44.2%)
The K,L,M, shells of an atom are full. Its atomic number is …………….
9
*A. 18 (31.6%)
B. 20 (25.9%) C. 10 (20.0%)
D. 12 (22.5%)
Carbon
12
atom
has
………
10
*A. 6 electrons, 6 protons, 6 neutrons (36.8%) B. 6 electrons, 12 protons, 6 neutrons
(14.1%)
C. 12 electrons, 6 protons, 6 neutrons (15.9%) D. 18 electrons, 6 protons,
6 neutrons (33.2%)
Fig. 1: Students’ performance in atomic theory test (N=2520)

1

The analyses in Fig. 1. Showed that the students responded to all the options of the test
items. With the students’ knowledge about the atomic theory, they were able to associate the atom
with such concepts as electrons, protons, neutrons, electronic configuration, nucleus, atomic
number, shells, mass number.
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DISCUSSION OF FINDINGS
Discussion of findings is done according to the categories of the students’ responses, as
related to the nature of an atom.
The atom as a constituent of matter
A cursory look into the regulations and syllabuses for the senior school certificate
chemistry in Nigeria reveals what the students are expected to learn about the atom, namely,
Atomic structure: (a) the fundamental particles of the atom – protons, neutrons and electrons; (b)
atomic number (c) arrangement of electrons in the main and sub-energy levels (d) orbitals and
their shapes [14]. There is no indication that the students should know the nature and definition of
an atom. It is assumed that the students would have known about the atom in their basic science,
Integrated Science, Senior Secondary 1 and 2 Chemistry. This seems not to have helped the year
three senior secondary students. This appears to be supported by the perception of the students
concerning the atom as a constituent of matter – the cloud, moon, earth, sunrays and dust as
representing an atom (Table 1). The students’ responses presented some controversy when they
indicated on one hand that an atom can be touched and on the other hand that the atom is too tiny
to be seen. In all, the students’ misconceptions about the nature of the atom as a constituent of
matter represented 60% of all their responses. This points to the fact that the foundation preparing
the students to understand the nature of the atom was not well prepared. Because the students
started learning about the atom from its structure, the students were left to imagine, what the atom
is by looking at it from different perspectives.
If we personalize an atom, we can ask a question on behalf of an atom, namely who do you
think I am? Another way of saying, what is an atom? What do the students think an atom is? The
students’ perspective as revealed in Table 1, show that they think an atom is. Will these responses
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help them (students) learn about the atom? This study is conducted to expose the lapses in the
content of what the students are expected to learn in chemistry. Once students’ background is
shaky in chemical principles, they (students) are bound to experience difficulty. The basis of
chemical reactions is the knowledge of the atom.
The constitution of atom
Two items were captured as representing the perception of the students about the
constitution of an atom. These represented 13.3% of the entire responses (Table 1). Even when the
teacher started his/her lessons with atomic structure as shown in the WAEC content, the students
could only remember neutrons and that atoms consist of particles. It is surprising to note that the
initial fifty students from equivalent schools as those used for the study could not remember to
indicate in their compositions other fundamental particles of the atom. However, in the 10-items
test on atomic theory presented to the students, they responded to all options of the multiple choice
objective questions. This in a way showed that the students needed external memory aids to
remember the constitutions of the atom (fig. 1).
The model of an atom
There are two models of interest according to the perception of the students (Table 1); these
are the circular look of the atom (e.g. an orange) and the wave-like nature of the atom. Most
textbooks used by students in Nigeria e.g. [15,16,17,18,19] illustrate the atom and atomic structure
as a circle. For example, hydrogen atom with one electron and a nucleus is shown as

Electron

*
Shell
Nucleus
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This simple model’s repeated in other atoms of elements depending on the number of
shells. No wonder the students perceived any round object as a model of an atom.
Teachers also use this circular model to explain the nature and structure of the atom to the
students. The problem is that the students carry this idea of the atom to higher level of learning.
It was surprising that some students (more than 24%, Table 2) thought of an atom as a
wave. These are just year 3 senior secondary chemistry students. They may have heard about
Bohr’s model and other models including Schrodinger’s. This means that limiting what the
students are expected to learn to the content of their syllabus is not to the advantage of their
memory capacity. Though the test of the students’ knowledge about atomic theory (fig. 1) was not
really designed to test that but the students’ responses showed that they (students) know about the
fundamental particles of the atom. They no doubt would have, also known that with the various
modifications of Dalton’s Atomic theory, atom is no longer the indivisible particle of an element.

IMPLICATION OF FINDINGS FOR CHEMICAL EDUCATION
The study revealed the misconceptions senior secondary students have about the nature of
the atom. Although the study did not investigate the conception of the chemistry teachers
concerning the atom, it is to be understood that what the students have in their memory is due to
the teaching influence of their chemistry teacher. Textbooks in common use as recommended by
the teachers and Ministry of Education are also part of this learning influence of the students.
Chemistry textbooks present atomic models to the students with real picture whereas such models
are not real. Science textbooks read by the students from basic science through integrated science
to senior secondary level paint the same picture of the atom which the students believe in.
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Knowledge of atoms in chemistry form the basis of understanding chemical reactions. If
the students do not understand the nature and structure of atoms, their knowledge of chemical
reaction will be shallow thereby leading to difficulty in learning.
There is the need to find out the content of chemistry education in our colleges of education
and faculties of education in the universities. It appears that chemistry teachers have difficulty in
explaining the nature and structure of the atom to the students. The teachers explain to the students
what they obtain from the textbooks. Do the chemistry textbooks at the senior secondary school
level present the true picture of the atom? We see that at the tertiary level, chemistry students begin
with the historical development of the particulate nature of matter and progress to some
complicated state of understanding the true nature of the atom. Chemistry textbook writers should
consider the simplification of the true nature of the atom to the understanding of the students. After
all, any subject can be taught effectively in some intellectually honest form to any child at any
stage of development” [20].

REFERENCES
1. Clugston, M. & Fleming, R. (2000). Advanced Chemistry Oxford: Oxford University Press.
2. Khan, H. J. & Khan, M.S. (2006). Dictionary of Chemistry, Nigeria, Epp Books Services
Nigeria Ltd., Academic Publishers
3. Butani, D. K. (2006). Dictionary of Biology, Nigeria, Epp Books Services Nigeria Ltd.,
Academic Publishers.
4. Mishra. B. (2017). Understanding students’ views on the nature of science. International
Journal of Advanced Research (IJAR), 5 (3), 1957-1986.
5. Park, E. J. & Light, G (2009) Identifying Atomic structure as a threshold concept: Student
mental modes and troublesomeness, International Journal of Science Education, 31(2),
233-258
6. Netzell, E. (nd). Using models and representations in learning and teaching about the atom,
At systematic literature review. Institutions t for fysik, kemi och biologi 58183 LINKO
PING
7. Unal, R. & Zollman, D. (nd). Students’ description of an atom: A Phenomengraphic
Analysis. Department of Physics, Kansas State University, U.S.A.
8. Bethge, T. & Niedderer, H. (1996). Students’ conceptions in quantum physics.
Unpublished manuscript
52

AJCE, 2018, 8(1)

ISSN 2227-5835

9. Albanese, A. & Vicentini, M. (1995). Why do we believe that an atom is colourless?
Reflections about the teaching of the particle. Unpublished manuscript.
10. Marton, F. (1986). Phenomenography – a research approach to investigating different
understanding of reality Journal of Thought, 21, 29-39
11. Marton, F. (1981). Phenomenography-describing conceptions of the world around us.
Instructional science, 10, 177-200
12. Browden, J., Dall’ Alba, G., Martin, M., laurillard, D., Masters, G., Ramsden, P.,
Stephanou, A., and Walsh, E (1992) displacement velocity and frames of references.
Phenomenographic studies of students’ understanding and some implications for teaching
and assessment. American Journal of Physics 60, 262, 269
13. Prosser, M. (1994) A phenomenographic study of students’ intuitive and conceptual
understanding of certain electrical phenomena. Instructional Science 22, 189 – 205
14. The West African Examinations Council (2016-2020) Regulations and syllabuses for the
West Africa Senior School Certificate Examination (WASSCE). Nigeria, Yaba, Lagos.
15. Odesina, I.A. (2015). Essential Chemistry for Senior Secondary Schools. Tonad Publishers
Ltd.
16. Ababio, O. Y. (1990). New School Chemistry for Senior Secondary Schools, 3rd Ed.
Onitsha, African First Publishers.
17. Ezechukwu, J. (2005). Comprehensive Chemistry for Senior Secondary Schools. A.
Johnson Publisher Ltd.
18. Bajah, S.T. & Teibo, B.O (2000). Senior Secondary Chemistry, Book 3, Longman Africa
Plc.
19. Holdirness, A & Lambert, J. (1987). A New Certificate Chemistry 5th Ed. Nigeria, Ibadan,
Heinemann Educational Books.
20. Bruner, J.S. (1960). The Process of Education. Harvard University Press

53

AJCE, 2018, 8(1)

ISSN 2227-5835

African Journal of Chemical Education
AJCE
Guidelines for Authors
SJIF Impact Factor Evaluation [SJIF 2012 = 3.963]
The African Journal of Chemical Education (AJCE) is a biannual online journal of the
Federation of African Societies of Chemistry (FASC). The primary focus of the content of AJCE
is chemistry education in Africa. It, however, addresses chemistry education issues from any part
of the world that have relevance for Africa. The type of contents may include, but not limited to,
the following:
RESEARCH PAPERS reporting the results of original research. It is a peer-reviewed submission
that deals with chemistry education at any level (primary, secondary, undergraduate, and
postgraduate) and can address a specific content area, describe a new pedagogy or teaching
method, or provide results from an innovation or from a formal research project.
SHORT NOTES containing the results of a limited investigation or a shorter submission,
generally containing updates or extensions of a topic that has already been published.
REVIEWS presenting a thorough documentation of subjects of current interest in chemical
education.
LABORATORY EXPERIMENTS AND DEMONSTRATIONS describing a novel
experiment/demonstration, including instructions for students and the instructor and information
about safety and hazards.
SCIENTIFIC THEORIES describing the scientific, historical and philosophical foundations of
theories and their implications to chemical education.
ACTIVITIES describing a hands-on activity that can be done in the classroom or laboratory
and/or as a take home project,
INDIGENOUS KNOWLEDGE AND CHEMISTRY IN AFRICA as a special feature that
addresses the relationship between indigenous knowledge and chemistry in Africa. It could be in
the form of an article, a note, an activity, commentary, etc.
LETTER TO THE EDITOR: A reader response to an editorial, research report or article that
had been published previously. The short piece should contribute to or elicit discussion on the
subject without overstepping professional courtesy.
All manuscripts must be written in English and be preferably organized under the following
headings: a) TITLE, Author(s), Address(es), and ABSTRACT in the first page, b)
INTRODUCTION reviewing literature related to the theme of the manuscript, stating the problem
and purpose of the study, c) METHODOLOGY/EXPERIMENTAL including the design and
procedures of the study, instruments used and issues related to the reliability and/or validity of the
instruments, when applicable, d) RESULTS AND DISCUSSION, e) REFERENCES in which
reference numbers appear in the text sequentially in brackets, each reference be given a separate
reference number, et al and other notations like Ibid are avoided, and finally f)
ACKNOWLEDGEMENTS.
When submitting a manuscript, please indicate where your manuscript best fits from the
above list of categories of content type. All enquiries and manuscripts should be addressed to the
Editor-in-Chief: email eic@faschem.org, PO Box 2305, Addis Ababa, Ethiopia.
54

