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EDITORIAL

AJCE HAS FOUR ISSUES IN 2014:
TWO REGULAR AND TWO SPECIAL
Temechegn Engida
Email: temechegn@gmail.com
Dear AJCE Communities,
As you know very well, the African Journal of Chemical Education (AJCE) is a bi-annual
online Journal devoted to the developments and practices of chemistry education in Africa and
the world at large. But this year, thanks to the speakers of the First African Conference on
Research in Chemistry Education (ACRICE-1) in December 2013, we managed to publish to
special issues on Lectures in Chemistry Education. As you agree with me it is a great
achievement to the Journal.
AJCE will continue to publish papers on chemistry education online. The primary focus
of the content of AJCE is chemistry education in Africa and other parts of the world. More
specifically, papers on any aspect of Chemistry Education such as teaching organic, analytical,
physical, inorganic, polymer, green, climate change, environmental chemistry and chemistry
curricula as well as assessment in chemistry are acceptable for publications. AJCE also
encourages issues on chemistry and indigenous knowledge/practice, chemical safety, natural
products and related areas. AJCE aims to serve the community of Chemistry Educators and
Chemistry Teachers.
Enjoy reading the 4th issue of AJCE on various topics.

SJIF IMPACT FACTOR EVALUATION [SJIF 2012 = 3.963]
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STUDENTS´ KNOWLEDGE ABOUT NANOTECHNOLOGY AND THE
IMPORTANCE TO INTRODUCE NANOTECHNOLOGY INTO
CHEMISTRY LESSONS
Eleni Daoutsali*, Hans-Dieter Barke* and O.P. Yadav**
*Institute of Chemical Education, Westfälische Wilhelms-Universität Münster, 48149 Münster,
Germany, **Department of Environmental Science and Engineering, Guru Jambheshwar
University of Science and Technology, Hisar-125001, India
Corresponding author email – eleni.daoutsali@uni-muenster.de

ABSTRACT
The primary objective of this study was to find out what students already know about
nanotechnology in order to design a context based module with a nanotechnology background.
Therefore a questionnaire was distributed to 116 German students in grade 11. Questions
referred to the first thought of the students´ mind when they hear the word nanotechnology, to
the size of a nanometer, to if something can be seen at the nanometer scale with the unaided eye,
to their self-assessment concerning nanotechnology and to the surface-to-volume ratio of
nanoparticles. The findings of the students´ answers were informative and allowed us to design a
module in the future that can lead students at school level to understanding nanotechnology.
[AJCE 4(4), July 2014]
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INTRODUCTION
During the recent years nanotechnology has emerged as the science of the material with
dimensions: 1-100 nm. One nanometre is 1/80 000 of the diameter of a human hair. Materials in
nano-size display unusual physical and chemical properties caused by many factors including the
increase in its specific surface area [1, 2]. Nanotechnology has helped in improving the quality of
ceramics [3], metals [4], polymers [5] and biomaterials which are responsible for the emergence
of advanced technologies which will have an enormous impact in our everyday life. Future
advances may alter our approaches to manufacturing, electronics, IT and communications
technology.
Some of the commercial applications of nanomaterials are: sunscreens which make use of
nano-size zinc oxide. It absorbs or reflects harmful UV rays of solar radiation [6]; self-cleaning
windows which make use of nanomaterial of unique chemical properties which break down the
dirt which can be washed away by rain and stain repellent fibres [7] which when coated over
cotton can make the later water repellent.
Application potential of nanoparticles in catalysis ranges from fuel cell [8] to catalytic
converters [9] and photocatalytic devices. Chemical catalysis benefits especially from
nanoparticles, due to their extremely large surface to volume ratio. Catalysis is also important for
fast production of chemicals. Because of the very high specific surface area of nanoparticles, the
amount of platinum required in the catalytic converter has been significantly reduced. Therefore,
platinum single nanoparticles are now being considered in the next generation of automotive
catalytic converters [10].
The future scopes of nanotechnology lie in the development of nanoelectronics [11] and
computer technology, nanomaterials may allow the construction of smaller circuits which will
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not only reduce the size of electronic devices but will also make them run faster. Using
nanotechnology, nanometer size solar cells [12] can be developed to provide much of the energy
needed around the world and nanomaterials will increase the efficiency of fuel cells and
batteries. Nanotechnology can also be used to tackle environmental problems. New 'green'
processing based on nanotechnology will help in minimizing the generation of undesirable byproduct effluents by curbing their emissions [13]. Recently developed biological nanosensors
[14] will be used for fast and accurate diagnostics of diseases. In spite of the vast applications of
nanomaterials in different fields it is also a matter of concern that nanoparticles may cause
potential health and safety risks [15].
It is well known that nanoscale particles are more reactive than the same material in its
bulk form, therefore, nanoparticles may be able to penetrate human cells. But till today, there has
been carried out only a very limited research on the toxic effects of nanoparticles, if any, on the
biological system and further research needs to be carried out by the scientific community in this
direction.
Because the understanding of nanotechnology will be essential for the future [16], it
would be beneficial and meaningful to introduce nanotechnology teaching into schools and
universities. A lot of articles have been published recently on the subject of nanotechnology
proposing ways for introduce it at university [17] and school level [18-21].
The area of nanoclusters, which consists of a special number of atoms, can be visualized
by the ‘Chemical Triangle’ of Johnstone [22] (see Figure 1).
Figure 1. The chemical triangle of Johnstone, next to it a changed scheme
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This triangle (Figure 1, left scheme) describes the three levels of reflection: the
macroscopic level of substances and their properties, the submicroscopic level of chemical
structures built out of atoms, ions or molecules, and the formal level of chemical symbols like
formulae, equations and calculations. Between the submicroscopic and the macroscopic level,
there is another area: the area of nano clusters or nano structures (Figure 1, right scheme).
If we start with a single gold atom (Figure 2) we know that it is built up of a nucleus and
a special number of electrons (submicro): the gold atom has no properties of a gold crystal.
The well known properties of gold appear when we take an arrangement of about 1018 Au atoms:
the visible crystal has the cubic face-centred crystal structure and the properties of gold (macro
level). Between the crystal and the single atom exist special clusters of 13 Au atoms and 55 Au
atoms [23]: Au13 und Au55. They have other properties than the gold crystal, we can call this
level of reflection the ‘mesoscopic level’ (see Figure 2).
Figure 2. Au-nanocluster between the submicro and the macroscopic level

The idea of nanotechnology
• Small clusters of atoms between the
submicro and macro level
Submicrolevel
1 gold atom

Au1

Mesoscopic level
Nano clusters (1-100nm)

Macro level

cluster of many Au atoms

golden ring

Au55 and Au13

Au(infinitive)

It is impossible to explain these properties – they are mostly optical and magnetic
phenomena which can be interpreted only by quantum mechanic effects. One of the properties of
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gold bulk material is the ‘nobleness’. This property is getting lost in nano clusters if we
investigate the catalytic activity of Aun clusters as a function of the size of the Aun cluster [24] in
the reaction

2CO + O2 → 2CO2

(see Figure 3).

Figure 3. Yield of CO2 molecules per cluster in the reaction 2 CO + O2 --> 2 CO2

As the sizes of nanoparticles decrease, the volume ratio of surface layers to the entire
body, called the surface-to-volume ratio [25], increases up to 90% for a gold nanoparticle with a
diameter of 1nm, for instance (see table 1). The atoms inside bulk crystals have optimum
chemical bonds with all adjacent atoms. If the number of metal atoms (n) in the particle is less
than 13, it has a close packing in which each atom represents a surface atom. For n = 513, two
kinds of atoms exist, the inner and surface ones. The proportion of surface atoms in a cluster
depends on the total number of atoms (see table 1) [26].
Table 1. Total Number of Atoms in a Cluster in Relation to the Surface Atoms
Number of atoms in a cluster
Proportion of surface atoms (%)

13
92

55
76

147
63

349
52

561
45
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The trend in catalysis with nanoparticles is enormously increasing in the last years and a
lot of scientific articles have been published to understand what happens with the chemical
structure of catalytic materials in the nanoscale. The Nobel Prize in Chemistry 2007 was
awarded to Gerhard Ertl for his studies of chemical processes on solid surfaces [27].
As nanotechnology is a very complex field it is difficult to introduce it into the school
curriculum. But we can take a common topic – i.e. the catalytic converter - of the chemistry
curriculum and may connect that topic with examples of nanochemistry as nanoparticles are
included in many products we use daily in our lives.
Before doing so it is necessary to find out what students already know about
nanotechnology. Therefore a questionnaire was designed and distributed to grade 11 students.
The sample consisted of 116 students (70 young men and 46 young women) from 3 different
schools in Muenster, Germany.

METHODOLOGY
The present investigation was carried out in Germany on grade 11 students at the
beginning of a school year. The sample consisted of 116 students (70 young men and 46 young
women aged 16 to 17 years) from 3 different schools in Muenster, Germany. The questionnaire
consisted of 10 questions where students were asked about their knowledge concerning
nanoparticles, the size of a nanometer, about nanotechnology products and their self-assessment.
The questions asked are presented below.
Question 1 refers to what first comes up in the students´ mind when they hear or read the
word nanotechnology. The answers given were divided into 5 categories. Question 2 seeks to
find answers whether something in the nanometer scale can be seen with the unaided eye, a
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justification of the answer given was also required. As this question was not to be answered with
a yes or no, categories were implemented according to the answers given by the students.
Question 3 is about the analogy. Here, students are asked to give an answer to the presumption
that if planet earth had a diameter of just one meter, what would have the diameter of a
nanometer. They were asked to choose one out of 4 selections that were given: (a) the sun, (b) a
basketball, (c) a tennis ball, or (d) a hazelnut. The latter one is the correct answer. In question 4
the students should select the products they think that are ‘nanotechnology’ products. The
products they could choose were: tomato ketchup (product 1), the dirt repellent tablecloth
(product 2), the homogenized milk (product 3), the sun blocker (product 4), the car paint
(product 5), the toothpaste (product 6), a chocolate bar (product 7), and tinted car windows
(product 8). The only product that does not belong to modified ‘nanotechnology’ products is the
homogenized milk (product 3). By question 5 we wanted to know from the students in which
science branch nanotechnology has its applications. They were able to select (a) chemistry, (b)
physics, (c) medicine, (d) IT-branch, (e) biology, and (f) geology. All choices are correct. In
question 6 students should estimate the nanometer scale and should select only the objects with a
range of 1-100 nm, not less or more. The correct answer is the width of the DNA with a range of
about 2.5 nanometers. Further possible answers that should not be selected were: an atom, a fly,
a dust grain, and a flea. By question 7 we asked the students to assess their knowledge in the
field of nanotechnology with a five-point Likert item: (a) absolutely no knowledge, (b) almost no
knowledge, (c) little knowledge, (d) enough knowledge, and (e) very good knowledge. With
question 8 students should state their opinion, if it was good/bad to be taught nanochemistry as a
topic at school level. Also they were asked to justify their answer. Question 9 was related to the
surface-to-volume ratio. The students were asked about what is the effect by milling crystal
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sugar into icing sugar, the change of taste or the change of surface area? Only the surface area
delivers the correct answer. Question 10 should provide information about what is changing if a
substance is powdered into a lot of small pieces. They were given four choices: the size, the
chemical formula, the melting point and the state of matter. The correct answers are the size and
the melting point.
The questionnaire should give a global information about students´ knowledge with
regards to nanotechnology, about their imaginations, about their self-assessment and about what
they think nanotechnology is. Also by the answers given we were able to realize if
nanotechnology is important for them.

RESULTS AND DISCUSSION
Question 1 asked about what was the first thought that comes up in the students´ mind by
hearing the word nanotechnology. In Table 2 we see that almost a quarter mentioned computer
chips, electronic devices, and products that have been modified through nanotechnology like
clothing and food (category 1). Twenty percent of the students stated that the first thought that
comes up in their minds is something tiny, something very small (category 2), 17% mentioned a
new technology, a ‘small technology’ (category 3). Category four is built by 14% of the
students´ answers, they think of small robots that are used in medicine to diagnose and help the
cure. In the fifth category 12% of the students connect the word nanotechnology with something
coming from science but they mention having no concrete idea, whereas 13% of the students
stated to have never heard of nanotechnology.
Table 2. Frequency of answers given to what first comes up in the students´ mind
category 1
28 (24%)

category 2
23 (20%)

category 3
20 (17%)

category 4
16 (14%)

category 5
14 (12%)

no idea
15 (13%)

total
116 (100%)
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Question 2 was about being able to see something that is in the size of a nanometer with
the unaided eye. We can see in Table 3 that almost three quarter of the students (74%) have an
idea about the size. As an explanation of the students saying no, said that objects are too small to
be seen with the unaided eye. Only 5% mentioned that objects in the nanometer scale can be seen
with the unaided eye. The reason for being able to see something in the nanometer scale is ‘yes,
as we work with these materials’. Eleven percent of the students tend to say no but they are not
sure and 10% of the students stated that they did not know whether something can be seen with
the unaided eye.

Table 3. Can nanometer scaled objects can be seen with the unaided eye
No
86 (74%)

I do not think so
13 (11%)

No idea
11 (10%)

Yes
6 (5%)

Total
116 (100%)

Question 3 was about the analogy. Here, 62% of the students selected the correct answer
which is the hazelnut, 26% decided the tennis ball and 8% went for the basketball. The rest chose
the sun, which cannot be taken into consideration.
Table 4 shows the correct answers to the fourth question about ‘nanotechnology’
products:
Table 4. Frequency of correct answers according to nanotechnology products
product 1 product 2 product 3 product 4 product 5 product 6 product 7 product 8
15 (13%) 91 (78%) 81 (70%) 55 (47%) 83 (71%) 34 (29%) 6 (5%)
81 (70%)

Nearly 80% have heard about the lotus-effect that is used in clothing, so they selected the
dirt repellent tablecloth (product 2). Seventy percent of the students do not think that
homogenized milk (product 3) is a nanotechnology product and they did not select it, which is
correct. Also 70% of the students chose the tinted car windows (product 8). In third position the
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sun blocker (product 4) is put by 47% of the students and on fourth position the toothpaste
(product 6) is put by almost 30% of the students. Only one student selected all correct answers.
15% of the students answered correctly products 2, 3, 5 and 8. About 8% gave correct answers
concerning products 2, 3, 4, 5 and 8.
According to the results in table 5 we can say that 92% of the students know that
chemistry is involved in producing nanomaterials, probably for medical purposes, for computer
chips, for ipod nano etc., as they already mentioned in question 1. In the second rank we find
biology with 75% of correct answers, followed by physics with 71% correct answers. Only 52%
of the students would classify nanotechnology into the IT-branch.

Table 5. Science branch where nanotechnology has its applications
Chemistry
107 (92%)

Physics
82 (71%)

Medicine
105 (90%)

IT-branch
60 (52%)

Biology
87 (75%)

Geology
23 (20%)

In question 6 a quarter of the students selected just the DNA width and so the question
was answered correctly only by 21.6%. Just the atom was selected by 17 students (14.6%), 26
students (22.4%) chose the width of the DNA and the atom as well. Others chose only the dust
grain, probably thinking of nanoparticle dust grains. The DNA width, the atom and the dust grain
were selected by 16 students (nearly 14%).
Question 7 was about the students´ self-assessment. We wanted to know, what they think
they know about nanotechnology.
Table 6. Self-assessment of the students´ knowledge about nanotechnology
Absolutely no
50 (43%)

Almost no
42 (36%)

little
23 (20%)

enough
1 (1%)

very good
0 (0%)
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The first rank with 43% consists of the answer of having absolutely no knowledge about
nanotechnology, second rank consists of 36% of the students who say that they have almost no
knowledge of nanotechnology and only 20% of the asked students stated the opinion that having
little knowledge of nanotechnology.
In table 7 we can see how students find the idea to be taught about nanotechnology at
school and if it is interesting for them. They were asked to give a reason for their answers to
question 8.
Table 7. Students´ opinions concerning nanotechnology in chemistry lessons
good
80 (69%)

bad
7 (6%)

neutral
9 (8%)

I do not know
15 (13%)

No answer
5 (4%)

Almost 70% would like to learn more about nanotechnology. Only 32% of the students
stated a reason. They say that nanotechnology is interesting as our lives are affected by
nanotechnology and it is important to have a good general education. Furthermore, they realize
by filling this questionnaire that they have no idea about nanotechnology, as they stated. In 22%
of the students´ opinion nanotechnology is important, it is modern and pioneering and leads to a
better general education, 13% of the students could give no answer as they do not know what
nanotechnology is like and 4% did not give any answer. Six percent of the students think it
would be bad to introduce nanotechnology into school lessons as they would have to learn more
whereas 8% are neither interested nor averse.
With regards to the surface-to-volume ratio in question 9 some of the students selected
both choices (the taste changes and the surface area changes); these are not taken into
consideration for the results as correct answers. This question was answered correctly by 97
students which make up a percentage of 84%.
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In question 10 less than a quarter (22.4%) solved this question correctly. Fourty-four
percent of the students had the opinion that nothing changes apart from the size and only 4% of
the students indicated the melting point as the only change that occurs by powdering a substance
into small pieces. About 16% of the students indicated a change in the state of matter in
combination with other choices.
The purpose of this study was to find out what grade 11 students already know about
nanotechnology and about the phenoma that are strongly connected to it. As the results show,
students form their own view about nanotechnology even if they had not been taught about it.
They are used to new technologies, they all know what an ipod nano is and they hear about new
achievements in medicine accomplished by nanoparticles. On the other hand most of them
cannot classify the nanometer scale when they are asked to give an answer about objects in the
nanometer scale. As to the question about their interest in being taught in school about
nanotechnology most of the students would be grateful as they think it is pioneering and very
important for their general education. Looking back to questions 9 and 10 we can realize that on
the one hand they know about the surface-to-volume ratio but on the other hand they cannot
connect the properties that change with increasing the surface and having a constant volume.
The designed questionnaire was informative in giving a first idea of the students´ point of
view. With regards to the self-assessment of the 16 to 17year old students one can see that the
majority has no knowledge at all or nearly no knowledge of nanotechnology.
A first module has been designed to connect nanotechnology with the car catalyst
converter working with nano platinum clusters. First results on the topic of the automotive
catalytic converter – which is the first step to introduce nanochemistry into school lessons is
published [28]. Furthermore more daily products should be taken into account to connect them
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with nanotechnology in order to give students a chance to have a context-based knowledge
which is required by the German educational standards.
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ABSTRACT
The concentrations of trace essential metals (Co, Cu, Fe, Mn, Ni and Zn) and toxic heavy metals
(Cd and Pb) in lentil samples collected from Dejen (East Gojjam), Boset (East Shewa) and Molale (North
Shewa), Ethiopia, were determined by flame atomic absorption spectrometry. A wet digestion procedure,
using mixtures of HNO3, HClO4 and H2O2 was developed for the decomposition of powdered lentil
samples. The accuracy of the method was checked by the standard addition method. The contents of
heavy metals in lentil samples were in the range of 0.009-0.013 for Cd, 0.285-0.360 for Co, 0.226-0.282
for Cu, 9.17-11.91 for Fe, 6.7-8.2 for Mn, 0.120-0.244 for Ni, 0.142-0.176 for lead and 8.62-10.03 for Zn,
all in mg/100 g. The results were compared with values reported in the literature. [AJCE 4(4), July

2014]

16

AJCE, 2014, 4(4),

ISSN 2227-5835

INTRODUCTION
Lentils are becoming increasingly popular and important sources of vegetable protein.
High protein content (22 to 34.6% ) and 55% starch, low level of anti-nutrients, high fiber
content and ability to grow in low water stress conditions are the main attributes that make lentils
important legume crops. Lentils also contain significant amounts of mineral elements like Ca,
Mg, Fe, Mn, Cu, Co, Ni, B and Se [1, 2].
Lentils accumulate metals at different levels depending upon environmental conditions,
metal species and available forms of the heavy metals. Many plants are found to take up large
quantities of certain elements from the environment and are said hyperaccumulators of heavy
metals [3]. Trace elements play important roles in chemical, biological, biochemical, metabolic,
catabolic and enzymatic reactions in the living cells of plants, animals and human beings. Cobalt
is essential component of vitamin B12; zinc is found in several enzymes and involved in genetic
material transcription. Copper is a key component of redox enzymes and nickel has a role in
metabolic activities. Iron is vital in oxygen transport and also enables metabolism. Manganese is
a component and activator of a number of enzymes. Glycosyl transferase enzymes are
specifically activated by manganese [4].
Though required in very small amounts, deficiency of trace elements cause diseases,
whereas their presence in excess may result in toxicity to human life by disturbing normal
functioning of organs and central nervous system. For instance, anemia, caused by the deficiency
of iron, affects more than half of pregnant women and at least one third of children under five
years [5]. Trace metals like lead, cadmium and mercury are, on the other hand, known for their
detrimental health effects. Cadmium has been considered as an extremely significant pollutant,
even in small amounts, affecting all forms of life because of its high toxicity and great solubility
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in soil and water. No level of lead in blood should be considered safe for children due to its
neurotoxicity [6-7]. The determination of levels of trace and toxic heavy metals in foods,
especially in staple foods like lentils, is therefore an important concern of public health studies
[2].
Trace metals contents are determined satisfactorily by a variety of methods; with the
choice often depending on the precision and sensitivity required. Several spectrometry
techniques have been used for macro and trace element determinations in plants or biological
materials. The different techniques so far reported for the determination of metals in plant
products are: direct current argon plasma optical emission spectroscopy (DCP-OES) [8], flame
atomic absorption spectrometry (FAAS) [8-11], graphite furnace atomic absorption (GFAA)
[12], inductively coupled argon plasma optical emission spectrometry (ICP-OES) [12, 13] and
inductively coupled plasma mass spectrometry (ICP-MS) [12-14]. These methods are most
commonly used for the determination of metals in environmental samples because of their
inherent selectivity, sensitivity, precision and accuracy.
In this study, we determined the levels of six essential (Co, Cu, Fe, Mn, Ni and Zn) and
two toxic (Cd and Pb) heavy metals in lentil samples collected from Dejen, Boset and Molale in
Ethiopia. The results are compared with literature values.

EXPERIMENTAL
Sample collection
Whole lentil samples were collected from Dejen area (Gojjam), Boset area (East Shewa)
and Molale (North Shewa) Ethiopia. The samples were packed into Polyethylene plastic bags,
labeled and transported to laboratory for further treatment.
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Sample Preparation
Each of the lentil samples were thoroughly washed with tap water and there after with
distilled water to remove surface contaminants like soil, dust and spray residues. The samples
were then placed in acid washed clean porcelain crucibles labeled according to the sample and
oven dried at 85 0C for 48 hrs in drying oven (DIGITHEAT, J.P. SELECTA, S.A. SPAIN). At
this stage, adequate care was taken to avoid any source of contamination, especially for
micronutrients analysis. The dried lentil samples were ground and homogenized into fine powder
with a grinding device (MOULINEX, FRANCE) and stored in polyethylene bags for digestion.
A digital analytical balance (Mettler Toleado, Model AG204, Switzerland) with + 0.0001g
precision was used to weigh the lentil samples. 100 mL round bottom flasks fitted with reflux
condensers were used in Kjeldahl apparatus hot plate to digest powdered lentil samples. A
refrigerator (Hitachi) was used to keep the digested samples till analysis. Atomic absorption
spectrophotometer (BUCK SCIENTIFIC MODEL 210 VGP, East Norwalk, USA) equipped with
deuterium arc back ground correctors was used for analysis of the metals using air-acetylene
flame.
Reagents that were used in the analysis were all analytical grade. HNO3 (69-72% and
HClO4 (70%) [RESEARCH-LAB FINE CHEM INDUSTRIES MUMBAI 400 002 (INDIA)]
were used for digestion of lentil samples. Stock standard solutions containing 1000 mg/L, in 2%
HNO3, of the metals Cd, Co, Cu, Fe, Mn, Ni, Pb and Zn (BUCK SCIENTIFIC PUROGRAPHICTM) were used for preparation of calibration standards and spiking experiments. Deionized water was used throughout the experiment for sample preparation, dilution and rinsing of
apparatuses prior to analysis and during analysis.
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Procedure for digestion of lentil samples
Dry ashing [15] and wet digestion [16] are commonly used for analysis of lentil samples
by FAAS. Different combinations of mineral acids have been employed for the decomposition of
lentil flour by wet digestion. A mixture of HNO3 and H2O2 (2:1 volume ratio) has been used to
digest lentil at 350 oC for

4 hrs until a colorless solution was obtained [16].

In this study, the optimized parameters were digestion time, volume ratio of reagents and
digestion temperature.

HNO3, HClO4 and H2O2 in 4:1:1v/v ratio, 300 oC and 3 hrs were

determined as optimum conditions (Table 1 a – c). 0.5g lentil flour was digested in round bottom
flask by 6 mL mixtyre of HNO3, HClO4 and H2O2 in 4:1:1 volume ratio at 300 oC for 3 hrs using
Kjeldahi apparatus. The digested solution was allowed to cool for 10 minute to room temperature
without dismantling the condenser from the flask and for 5 minute after removing the condenser.
To the cold solution, de-ionized water was added to dissolve the precipitate formed on cooling.
One drawback of wet digestion of organic samples is co-precipitation and formation of insoluble
compounds after cooling of the digested filtrate [17]. Addition of some de-ionized water was
required to prevent and eliminate any co-precipitation and calcinations on cooling. The solution
was then filtered into 50 mL volumetric flask with 125 mm diameter Watman filter paper (pore
size 11µm). The volumetric flask was filled to the 50 mL mark with de-ionized water. Blank
solutions were prepared following the same digestion procedure as the sample. Triplicate of
actual samples and sextet of blanks were digested. The digested samples were kept in the
refrigerator until FAAS analysis.
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Determinations of the essential and heavy toxic metals in the digested lentil samples
Secondary standard solutions containing 10 mg/L were prepared in 1000 mL volumetric
flask from the atomic absorption spectroscopy standard stock solutions that contained 1000 mg/L
(BUCK SCIENTIFIC). Three working standards for each metal of interest were prepared from
these secondary standards. These working standards were prepared freshly for each element from
the secondary standards by appropriately diluting with de-ionized water for calibration purpose
as shown in Table 2. Then, Mn, Co, Cu, Zn, Ni, Cd, Pb and Fe were analyzed by FAAS using
external calibration curve after the parameters (burner and lamp alignment, slit width and
wavelength) were optimized for maximum signal intensity of the instrument. For each element,
respective hallow cathode lamp was inserted in to the atomic absorption spectrophotometer, and
the solution was successively aspirated into the flame. The acetylene and air flow rates were
managed to ensure suitable flame conditions. The elements in the three replicate samples were
determined by absorption/concentration mode and then the instrument readout was recorded for
each solution manually. The same analytical procedure was employed for the determination of
elements in the six digested blank solutions.

RESULTS AND DISCUSSION
Optimization of digestion procedure
Sixteen procedures involving some variations in reagent volume, reagent composition,
digestion temperature and time were tested.
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Table 1a: Optimized reagents’ volume for digestion of 0.5 g of lentil samples
Trials

Reagents

1
2
3
4
5
6

HNO3
HNO3:HClO4
HNO3:HClO4
HNO3:HClO4
HNO3:HClO4:H2O2
HNO3:H2O2

Volume
(mL)
6
5:1
4:2
3:3
4:1:1
4:2

Ratio Observation
Clear yellow
Light yellow
Light yellow
Clear suspension
Clear(optimized)
Yellowish

The procedures were developed with some modification of a procedure in literature used
to determine the levels of trace metal contents in commercial powdered soup samples by atomic
absorption spectroscopy [16]. The optimized procedures and conditions indicated in (Tables 1a c) were used throughout the analysis.

Table 1b: Optimized Time for digestion of 0.5 g lentil samples in HNO3/HClO4/H2O2 mixture
Trials
1
2
3
4

Time (hr)
2:00
2:30
3:00
3:30

Observation
Yellow
Clear yellow
Clear (optimized)
clear

Table 1c: Optimized temperature for digestion of 0.5 g lentil samples in HNO3/HClO4/H2O2
mixture
Trials
1
2
3
4
5
6

Temperature (oC)
180
210
240
270
300
330

Observation
Yellow
Light yellow
Clear suspension
Clear suspension
Clear (optimized)
Clear
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The optimized procedure was selected depending on clarity of digests, minimal reflux
(digestion) time, minimal reagent volume consumption, absence of colored undigested lentil
samples and simplicity. Based upon these criteria, HNO3, HClO4 and H2O2 (4:1:1 v/v ratio) were
selected for complete digestion of 0.5 g lentil flour (Table 1a) at 300 oC for 3 hrs. The other
tested procedures have some limitation. They require higher reagent volumes, longer digestion
time and higher temperature and result in the formation of turbid digests and colored digested
solutions. Since wet digestion was used, reagent blanks were also prepared and digested with the
same procedure as the sample, and used to correct for impurities present in the acids and deionized water.
Instrument calibration
Data obtained from analysis of metals using FAAS are seriously affected by calibration and
standard solution preparation procedures. The instrument was calibrated using three series of
working standards. The working standard solutions of each metal were prepared fresh by diluting
the intermediate standard solutions. Concentrations of the working standards and value of
correlation coefficient for each metal is shown in Table 2.
Table 2: Series of working standards and correlation coefficients of the calibration curves
for determination of metals in the lentil varieties using FAAS
Concentration
of Regression Equation
Metal
Standards(mg/L)
(A=mC + b) *
0.25, 0.50, 1.00
A = 0.10C – 0.006
Cd
0.50, 1.00, 1.50
A = 0.05C – 0.0013
Cu
0.25, 0.50, 1.00
A = 4.28C + 9.1 x 10-5
Co
1.20, 2.40, 4.80
A = 5.63C x 10-4 – 7.73 x 10-6
Pb
0.25, 0.50, 1.00
A = 0.02C + 1.13 x 10-4
Mn
0.25, 0.50, 1.00
A = 8.8 x 10-3C + 8.45 x 10-5
Ni
0.20, 0.40, 0.80
A = 0.10C + 4.5 x 10-6
Zn
0.50, 1.00, 1.50
A = 2.30 x 10-3 + 1.33 x 10-5
Fe
* A = Absorbance, C = Concentration in mg/L

Correlation
Coefficient
0.9993
0.9998
0.9995
0.9991
0.9999
0.9996
0.9997
0.9992
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Evaluation of analytical results
Precision
In this study, the precision of the results were evaluated by the pooled standard deviation
and relative standard deviation of the results of three samples (n = 3) and triplicate readings for
each sample, meaning, nine measurements for a given bulk sample. These parameters are useful
in estimating and reporting the probable size of indeterminate error. The results of the present
analysis are reported with corresponding pooled standard deviation of nine measurements for a
bulk and relative standard deviation as shown in Table 3.
Recovery test of the optimized procedure
The efficiency of the optimized digestion procedure was checked by adding known
concentrations of each metal in 0.5 g sample. 100, 50, 50, 50, 50, 50, 50 and 100

g of Mn, Co,

Ni, Cd, Pb, Cu, Zn and Fe respectively were spiked to the samples simultaneously at once, for
the recovery analysis. Each recovery test for the sample was performed in triplicates. Standard
metals solutions were used to fortify the sample to the specified metal and the percentage
recovery were calculated using equation 1.

R = [(Amount after spike – amount before spike)/ Amount added] x 100% ---------- (1)

Recoveries of the metals in the spiked lentil sample were between 89 and 101.5 %. Since
the mean percentage recoveries for all analytes were within an acceptable range (75-125%), the
laboratory performance for each analyte was in control.
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Table 3: Analytical results for Recovery test of the optimized procedure for lentil samples
Concentration
(mg/100g)
Metal
Cd
Co
Cu
Fe
Mn
Ni
Pb
Zn

Added
0.0
5.0

Found
0.012 + 0.0009
4.63 + 0.32

% Recovery
92.4

0.0
5.0

0.30 + 0.014
4.75 + 0.48

89.0

0.0
5.0

0.235 + 0.0039
5.12 + 0.53

97.6

0.0
10.0

9.70 + 0.32
19.85 + 1.3

101.5

0.0
10.0

7.83 + 0 .11
17.38 + 1.7

95.5

0.0
5.0
0.0
5.0

0.23 + 0.013
4.93 + 0.30
0.16 + 0.008
4.93 + 0.39

95.4

0.0
5.0

9.97 + 0.13
14.90 + 1.1

98.6

94.0

Recovery values in the above range are acceptable for both bulk and trace analysis and
the digestion procedure is believed to remove metal fractions associated with organic matter.
Levels of metals contents in the analyzed lentil samples
The concentrations of the essential metals Mn, Fe, Ni, Co, Cu and Zn and heavy metals
Cd and Pb in the different lentil samples were determined as shown in Table 3 and Figure 1.
Cadmium
In the present investigation, the values of Cd range from 0.009 to 0.013 mg/100 g in
various lentil samples. The maximum concentration (0.013 mg/100 g) of Cd was recorded in
samples collected from Dejen and Boset, while minimum concentration (0.009 mg/100g) was
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obtained in the lentil samples of Molale. The permissible limit for cadmium in foods is 0.05g kg1

on dry basis [15].

Cobalt
The cobalt content in this study varies from 0.285 to 0.360 mg/100g. The lowest
concentration (0.285 mg/100g) of cobalt was observed in the lentil samples from Molale and
Boset. On the other hand, the lentil from Dejen showed highest concentration of cobalt (0.360
mg/100g). The safety limit for human consumption of cobalt is 0.05 to 1 mg/day for humans
[17].
Copper
The acceptable limit for human consumption of copper is 10 ppm [18]. The present
investigation revealed that the concentration of copper varied from 0.226 to 0.282 mg/100 g,
which lies below the safety limit for copper. The highest concentration of copper was found in
Dejen lentil (2.82 mg/100g), while lowest concentration (2.26 mg/100 g) was recorded in lentils
of Boset.
Iron
The concentration of iron content was highest in Molale lentils (11.91 mg/100 g), while it
was found lowest in lentils of Boset (9.17 mg/100 g). The acceptable limit for human
consumption of iron is 8 to 11 mg/day for infants as well as adults [19]. During present
investigation, the value of iron was found slightly higher in lentil from Dejen.
Nickel
Nickel is found in soybeans, lentils, nuts, grains and vegetables. Lentil from Boset
showed higher content of nickel (0.244 mg/100 g), while lentils of Molale have low
concentration of nickel (0.120 mg/100 g). The amount of nickel ranges from 0.120 to 0.244
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mg/100 g in the different lentil samples. The prescribed safety limit of nickel is 3 to 7 mg/day in
humans [20]. In this study, the contents of nickel are below the safety limit.
Lead
During the present study, the lead content varied from 0.142 to 0.176 mg/100 g, which
slightly exceeds the safety limit (1.5 ppm) for human consumption [20]. Lead was not detected
in Dejen and Molale lentils while Boset lentil contained 0.155 mg/100 g of lead.
Zinc
The acceptable limit for human consumption of zinc is 150 ppm [19]. In this study, the
concentration of zinc was found to be high in lentils of Boset (10.03 mg/100 g), while low
concentration of zinc was observed in lentils of Molale (8.62 mg/100 g). The content of zinc
ranges from 8.62 to 10.03 mg/100 g, which falls within the range of the recommended daily
intake.
Manganese
The recommended intake of Mn from food; water and dietary supplements should not
exceed the tolerable daily upper limit of 11 mg/day [21]. In this study, the concentration of
manganese ranged between 6.95 and 7.83 mg/100 g. The trend of concentrations of various
heavy metals in lentils studied in this work is as follows: Fe > Zn > Mn > Cu > Co > Ni > Pb >
Cd.
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Table 3: Average levels of essential and heavy toxic metals (mg/100 g) in powdered lentil
samples

Metal
Cd
Co
Cu
Fe
Mn
Ni
Pb
Zn

Dejen
Mean
0.012 + 0.0006
0.31 + 0.013
0.272 + 0.029
11.26 + 0.32
6.95 + 0.09
0.208 + 0.012
BDL
8.79 + 0.11

RSD
(%)
4.75
4.19
1.10
2.84
1.27
5.76
1.25

Molale
Mean
0.010 + 0.0008
0.32 + 0.012
0.253 + 0.012
11.25 + 0.53
6.96 + 0.20
0.132 + 0.008
BDL
8.73 + 0.08

RSD
(%)
7.26
3.75
0.47
4.71
2.88
5.82
0.95

Boset
Mean
0.012 + 0.0009
0.30 + 0.014
0.235 + 0.039
9.7 + 0.32
7.83 + 0 .11
0.232 + 0.013
0.155 + 0.008
9.79 + 0.13

RSD
(%)
8.21
4.67
1.70
3.30
1.40
5.62
5.43
1.33

Figure 1: Levels of metals contents (mg/100g) in various lentil samples

Comparison of the analyzed concentration of metals in lentil samples with reported
(literature) values
Researchers have reported the concentration of Cd [16, 22,28], Co [27], Cu [16, 22,
26,28], Fe [16, 22, 25, 26,28], Mn [16, 24,28], Ni [22], Pb [16, 23,28] and Zn [16, 27,28] in
lentil. The comparison of the metal concentrations determined in this study along with the
reported values is presented in Table 4.The concentrations of the heavy metals determined in this
study are, in most cases, closer to the lower limits of literature values. The variations between the
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results of this study and literature values may be due to sample size, soil type, genetic variation
and environmental factors. Environmental factors such as urban waste, fertilizer use, irrigation,
pollution as well as climate variation affect the rates of bioaccumulation of metals by plants and
their bioavailability [3, 29]. The cadmium contents in literature (0.013-0.024) are relatively in
good agreement with the analyzed values in this study [22]. The iron content determined in this
work is also comparable with previous reports [26] except that the maximum value in the
literature is highest.

Table 4: Comparison of the analyzed concentration of metals in lentil samples with values
reported in the literature.
Concentration
(mg/100g)
Analyzed
Metal
0.009-0.013
Cd
0 .285-0. 36
Co
0.226-0.282
Cu
9.17-11.91
Fe
0.142-0.176
Pb
6.70-8.20
Mn
0.12-0.244
Ni
8.62-10.03
Zn
* No detection

Reported
0.009-0.50
82.6 + 2
2.50-7.7
0.63-61.7
nd*-0.5
7.41-19.0
0.24
6.11-58

References
16, 23, 28
25
16, 22, 28
16, 22, 23, 26, 28
16,22,28
16, 25, 28
27
16, 20, 26, 27, 28

All the metals analyzed in this work are in close agreement with the lower values in the
respective literatures. The higher values in this study are far lower when compared to literature
values because of the smaller number of samples analyzed.

STATISTICAL ANALYSES
Differences between the mean values of the various samples obtained in this study were
evaluated by student’s paired t-test. Linear regression statistical test and correlation analysis
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were performed for the calculation of slope (m), and correlation coefficient (R) of the regression
line as shown in Table 2. Statistical analysis is based on triplicate measurements of all samples.
In pair-wise student’s t-test, the term on the right side of equation 2 is computed using t values
for the 95% confidence level. The number of degrees of freedom for finding the t values is (N1 +
N2) – 2, where N1 and N2 are number of replicate measurements of sample 1 and sample 2
respectively, and Sd is the pooled standard deviation.

x1 – x2 = t Sd[(N1 + N2)/ N1N2]1/2 ---------------------------------------------------------- (2)
If the experimental mean difference, x1 – x2, is smaller than the computed value, no
significant difference between the two means has been observed. An experimental difference
greater than the value computed from t indicates that there is a significance difference between
the means. As shown in table 5, student’s

t-test at 95% confidence level indicated that there

were significant differences between the mean values of Dejen and Molale samples in copper
and nickel. Significant differences were observed between Dejen and Boset samples in most
metals but cobalt and nickel. Molale and Boset samples showed significant differences in all
metals except cobalt.
Table 5: Pair-wise comparison between mean values of various lentil samples by student’s t-test
at the 95 % confidence level
Metals
Parameters
Cd
Co
Cu
Fe
a
D (m) *
0.0009 0.016
0.19 0.01
0.002
0.026
0.15 1.04
Dejen vs. Molale tp
D (m)
0.001a
0.008
0.38a 1.55a
tp
0.0007 0.014
0.15 1.00
Dejen vs. Boset
D (m)
0.0012a 0.024
0.19a 1.55a
0.0008 0.029
0.096 0.39
Molale vs. Boset tp
* D (m): differences between means, tp = tSd[(N1+N2)/N1N2]1/2 at
(N1=N2=3),
a = significant difference exists
Samples

Mn
Ni
Zn
a
0.012 0.076 0.066
0.34
0.023 0.18
0.89a 0.023 1.00a
0.72
0.025 0.41
0.88a 0.10a 1.1a
0.76
0.008 0.18
95 % confidence level
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IMPLICATIONS FOR CHEMICAL EDUCATION
One of the major obstacles in chemical education is the lack of association between what
is theoretically taught and what is actually practiced in research. If our teaching is supported and
referred to results of research works in chemistry, it will bring greater motivation and interest on
students’ learning. Bringing such practical works and research experiences, particularly those
done on environmental samples, to the chemistry classroom has a large contribution to the
quality of chemical education. It could be a practical example of the analysis of real samples
using spectroscopic instruments.

CONCLUSIONS AND RECOMMENDATION
An efficient and simple digestion procedure was developed for the analysis of lentil flour
and validated by the standard addition method. The optimized digestion procedure allowed the
use of mixtures of small volumes of HNO3, HClO4 and H2O2 (4:1:1 v/v) respectively, leading to
reduced blank contamination and lower method detection limit. The levels of eight essential and
toxic metals were determined in lentil samples by FAAS method. A pair-wise student’s t-test at
the 95% confidence level revealed that there were no significant differences between the mean
values of the mineral contents of lentil samples from Dejen and Molale. It also indicated that the
random errors associated in sample preparation and measurement steps are not significant,
indicating the reliability and applicability of the proposed method for these samples. Research
reports indicated that legumes in general and lentils in particular are excellent sources of
proteins, carbohydrates, fiber and essential mineral nutrients when used appropriately in our
balanced diets [30].
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Although the data obtained in this study is small to draw authoritative conclusions about the
mineral contents of lentil in Ethiopia, it will provide base line information and initiate further and
detailed investigation.

ACKNOWLEDGMENTS
I am thankful to department of Chemistry, Addis Ababa University, for its unreserved
encouragement while I was conducting this work. I also appreciate Mr Yihenew Simegniew,
head of department of chemistry, Debre Markos University, for his genuine comments and
suggestions in editing this manuscript.

REFERENCES
1. Salunkhe D. and Kadam S. (eds.), Handbook of world food legumes. CRC Boca Raton,
Florida, USA, CRC Press, 1989
2. Zheng G., Han H. and Bhatty R. Physicochemical Properties of Zero Amylose Hull-less
Barley Starch, Cereal chemistry 75, 1998, 520-524
3. Olajire A. and Ayodele E. Study of Atmospheric Pollution Levels by Trace Elements
Analysis of Tree Bark and Leaves, Bulletin of Chemical Society of Ethiopia,17 (1), 2003, 1117.
4. Cundeva K., Pavlovovska G and Stafilov T. Journal of Brazilian Chemical Society, 18(6),
2007,1207-1214.
5. Hawkes C., Ruel M.and Babu S. Agriculture and Health, Food and Nutrition, 28(2), 2007,
227-275.
6. Kumar A.and Pastore P. Lead and Cadmium in Soft Toys. Current Science, 93(6), 2007, 812822.
7. Kocak S., Tokusoglu O.and Aycan S. Some Heavy Metals and Trace Essential Elements
Detection in Canned Vegetable Foodstuffs by Differential Pulse Polarography. Electronic
Journal of Environmental Agricultural Food Chemistryb 4(2), 2005, 871-878.
8. Kirkbright G. and Waltson S. Optical emission spectrometry with inductively coupled
radiofrequency argon plasma source and direct sample introduction from a graphite, Analyst,
107, 1982, 276-281.
9. Harvey D. Modern Analytical Chemistry, McGraw-Hill Companies, Inc., 2000, pp.418.
10. Jacobs M., instrumentation for elemental analysis of coal ash products, Denver Division,
Wyoming
Analytical
laboratories
Inc.Golden,
Colorado.
http://www.mcrcc.osmre.gov/PDF/Forums/CCB3/2- 2.pdf , Accessed March 2010.

32

AJCE, 2014, 4(4),

ISSN 2227-5835

11. Ian I., John W. Transient acid effects in inductively coupled plasma emission spectrometry
and inductively coupled plasma mass spectrometry, J. Anal. Atomic Spect., 13, 1998, 843854.
12. Somenath M. (Ed), Sample preparation Techniques in Analytical Chemistry: preparation of
samples for metals Analysis; New Jer. Institute of Technology, New York, New Jersy, 2003,
pp. 227-240.
13. Mader P. and Szakova J. Classical dry ashing of biological and agricultural materials part II.
Losses of analytes due to their retention in an insoluble residue, Analyst, 26, 1998, 121-129.
14. Dean R. Atomic absorption and plasma spectroscopy, 2nd Ed, John Wiley and Sons,
Chechister, 1997, pp.1-201.
15. Ahmed K., Salma A. and Mohammed A. Heavy metals (Cd, Pb) and trace elements (Cu, Zn)
contents in some food stuffs from the Egyptian markets, Emir. J. Agri. Sci.17(1), 2005, 34-42
16. Mustafa S., Hakan C., Mustafa T., Orhan T. and Latif E., Comparison of Digestion
Procedures on Commercial Powdered Soup Samples for the Determination of Trace Metal
Contents by Atomic Absorption Spectrometry, Journal of Food and Drug Analysis, Vol. 14,
No. 1, 2006, 62-67.
17. Agency for Toxic Substances and Disease Registry (ATSDR). Toxicological Profile for Zinc
and Cobalt. US Department of Health and Human Services, Public Health Service. 205-880608, 1994a.
18. Awad A. Momen, George A. Zachariadis, Investigation of four digestion procedures for
multi-element determination of toxic and nutrient elements in legumes by inductively
coupled plasma-optical emission spectrometry, Analytica Chimica Acta 565 (2006) 81–88.
19. Nair M., Balachandran K., Sankarnarayan V. and Joseph T., Heavy metals in fishes from
coastal waters of Cochin, South West Coast of India. Indian Journal of Marine Science. 26,
1997, 98-100.
20. Agency for Toxic Substances and Disease Registry (ATSDR). Toxicological Profile for
Cadmium and Nickel. Agency for Toxic Substances and Disease Registry, US Department of
Health and Human Services, Public Health Service. 205-93-060 , 1999a.
21. Abdulkadir L. Yavuz Y. and Cengiz D., Determination of trace metal and mineral levels in
the tobacco and cigarette samples using by FAAS, j.chem.soc.pak.,vol. 35, no.2, 2013.
22. Carmen C., Fuensanta L., Rafael G., and Manuel O. Mineral content in legumes and nuts:
contribution to the Spanish dietary intake, The Science of the total Environment, 308, 2003,
1–14.
23. Das P., Raghuramulu N. and Rao K. Determination of in vitro Availability of Iron from
Common Foods, J. Hum. Ecol., 18(1), 2005, 13-20.
24. Kostova D., Kanazirska V. and Kamburova M. A comparative analysis of different vegetable
crops for content of manganese and molybdenum, Agronomy Research 6(2), 2008, 477–488.
25. Bevan H., Michelle A. and John A., Analysis of the cobalt content in Australian foods, Asia
Pac J Clin Nutr 13 (3), 2004, 284-288.
26. http://etd.uofk.edu/admin/upload/agr2007808.pdf, Accessed May 24, 2010.
27. Jiang Z. Determination of manganese (II) in foodstuffs by betacyclodextrin polymer Phase
spectrophotometry with 1-(2-pyridylazo)-2-naphthol. Supramolecular Chem.14 (4), 2002,
373.
28. Awad A., George A., Aristidis N. and Anthemidis A. Investigation of four digestion
procedures for multi-element determination of toxic and nutrient elements in legumes by

33

AJCE, 2014, 4(4),

ISSN 2227-5835

inductively coupled plasma-optical emission spectrometry, Analytica Chimica Acta 565,
2006, 81–88.
29. Eva J., Contribution of Organically Grown Crops to Human Health, Int. J. Environ. Res.
Public Health, 2014, 11, 3870-3
30. Reihaneh A. Ghavidel, Jamuna P., The impact of germination and dehulling on nutrients,
anti-nutrients, in vitro iron and calcium bioavailability and in vitro starch and protein
digestibility of some legume seeds, science direct, LWT 40 (2007) 1292–1299, Elsevier

34

AJCE, 2014, 4(4),

ISSN 2227-5835

SYSTEMIC ASSESSMENT AS A NEW TOOL FOR ASSESSING
STUDENTS LEARNING IN CHEMISTRY USING SATL METHODS:
SYSTEMIC MATCHING [SMQS], SYSTEMIC SYNTHESIS [SSYNQS],
SYSTEMIC ANALYSIS [SAN Q, S], SYSTEMIC SYNTHETIC –
ANALYTIC [SSYN-ANQ, S], AS SYSTEMIC QUESTIONS TYPES
Fahmy, A.F.M.*and Lagowski, J.J**1
*Department of Chemistry, Faculty of Science, Ain Shams University, Cairo, Egypt.
E-mail: afmfahmy42@gmail.com ; www.satlcentral.com
**Department of Chemistry, University of Texas at Austin, Austin, Texas USA

ABSTRACT
Systemic Assessment [SA] has been shown to be highly effective new vehicle in raising
the level of students academic achievements, increasing equity of students learning outcomes,
and improving students’ ability to learn by enhancing the process of teaching and learning, and
involving the student as an active candidate in this process. Systemic Assessment [SA] assess
students higher-order thinking skills in which students are required to analyze, synthesize,
evaluate, and measures the

students' ability to correlate between concepts. The Systemic

Assessment Questions [SAQ] is a novel assessment tool which combines the ideas from systemic
and constructivism and adjusts them in a concept map like structure .It was found to be a
valuable strategy for assessing meaningful understanding of chemistry concepts. SAQ, s are the
building unites of the systemic assessment. In this issue we use SAQ, s as a tool to assess the
student achievement in chemistry. We use four new types of systemic assessment questions,
namely Systemic Matching Questions [SMQ,s], Systemic Synthesis Questions [SSynQ,s],
Systemic Analysis Questions [SAnQ, s], and Systemic Synthetic-Analytic Questions [SSyn-A
Q,s]. [AJCE 4(4), July 2014]

1

Prof Lagowski passed away after submission of this article for publication. I lost a great chemist and a great
friend. His contribution to chemistry education will stay alive forever! I want to offer my deepest condolences to
chemistry education community.
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INTRODUCTION
Developing thinking skills in students requires specific instruction. Teachers should
address analysis, synthesis, and evaluation using advance organizers that encourage students to
operate at higher level of abstraction, strengthening their cognitive structures and helps students
retain information longer [1]. Ausubel claims that by presenting a global representation of
knowledge to be learned, advance organizers might foster integrative reconciliation of the sub
domains of knowledge - the ability to understand interconnections among the basic concepts in
the domain [2].
In the SAQ, s the valid analysis followed by synthesis of a novel systemic diagrams with
unique characteristics is used as a good tool to train our students to think systemically. So, we
have proposed systemic assessment (SA) of learners, aiming to a more efficient evaluation of the
systemic- oriented objectives in the SATL model [3-5] & effective tool for assessing students'
meaningful understanding of chemistry as well as systemic thinking in secondary and tertiary
levels [6-8]. Systemic diagrams are the building unites of SA. In systemics all concepts are
interrelated, directly or indirectly, creating a closed conceptual structure which emphasizes the
interactions between concepts.
The main aim of SA strategy is to enhance, support and improve both teaching and
learning processes via;(i) help teachers to use evidence of student learning to assess student
achievement against goals and standards of the courses and programs and improve their teaching
performance, also helping them to guides the student through a solving situation that utilizes
higher order thinking skills, (ii) enable students to make feedback and feed forward during their
study of any course materials, and help them in making maximum connections between
Chemistry concepts, compounds, and reactions. The

student should be able to think in a
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systemic way when he develop his important thinking skills, like the abilities of creating new
relationships in order to organize a conceptual systemic , namely, to analyze the systemic into its
fundamental components and to synthesize these components into interconnected novel
systemic [9-10].
In our previous publications about systemic Assessment we illustrated three types of
[SAQ, s] namely Systemic Multiple Choice Questions [SMCQ, s] [6-7], Systemic True/False
Questions [STFQ, s], and Systemic Sequencing Questions [SSQ, s] (8). Our goal of this issue is
to develop another four types of systemic assessment questions [SAQ,s] can be used by students
to assess meaningful understanding of chemical changes .Also it might lead to a better
understanding of the systemic relations between chemistry concepts and chemical reactions.

CORE IDEA
Linear Assessment vs Systemic Assessment
In the linear (Traditional ) Assessment [LA] we ask our students to represent the different
types of inorganic or Organic reactions by chemical equations. The student can write the
symbolic chemical equations,but,however, he couldn,t correlate between reactants and resultants
or chemical processes.So, he just write separate chemical equations without any comprehension
or appreciating significance of these relationships representing the chemical reactions [rote
learned materials]. According to Ausuble [11] rote learned materials are discrete and isolated
entities which have not been related to established concepts in the learner's cognitive structure.
Because rote learning is not anchored to existing concepts, it is more easily forgotten and
consequently assesses our students at lower learning outcomes [Memorization].
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In the Systemic Assessment [SA] we assess our student’s meaningful understanding.
According to Ausubel [11] meaningful learning promotes meaningful understanding of scientific
concepts. Meaningful learning is a constructive process in which the learner strives to formulate
links among concepts, information, and observation to accomplish understanding. In SA strategy
we ask our students to construct systemics with new relations between reactants, resultants, and
chemical reactions. We can ask our students about chemical reactions by using four types of
systemic assessment questions [SAQ, s], namely Systemic Matching Questions [SMQ, s],
Systemic Synthesis Questions [SSynQ, s], Systemic Analysis Questions [SAnQ, s], and Systemic
Synthetic-Analytic Questions [SSyn-A Q, s].

What students gain in answering SAQ, s?
Students answering SAQ, s are able to; (i) Connect several concepts at once, applying
them in a new situation, and synthesize them to create a comprehensive meaningful conceptual
structure, (ii) Select specific concepts that fit the particular item and combine them into
integrated meaning in their systemic cognitive structure,(iii) Illustrate systemic meaningful
understanding of scientific concepts,(iv) converted from surface learning to deep learning of
chemistry concepts and

chemical processes,(v) enhance their abilities to construction, or

analysis of a novel systemic diagrams using chemical information, (vi) develop their thinking
skills towards systemic thinking.

Types Systemic Assessment Questions: [SAQ, s]
SAQ, s are the building Questions of any systemic objective test [SOT]; namely Systemic
Multiple Choice Questions [SMCQ, s] [6-7], Systemic True, False Questions [STFQ, s] [8],
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Systemic Sequencing Questions [SSQ, s] [8], Systemic Matching Questions [SMQ, s], Systemic
Synthesis Questions [SSynQ, s] [10], Systemic Analysis Questions [SAnQ, s], and Systemic
Synthetic-Analytic Questions [SSyn-AQ, s]. In this issue we will illustrate the last four types.
Most of these question types were experimented successfully in secondary and tertiary levels.

Type-1: Systemic Matching Questions [SMQ, s]
Measure the student's ability to find the relationship between a set of similar items, each
of which has two components. Assess students learning outcomes at synthesis level.
Guide lines for Writing [SMQ, s]:
1. The items in the left (Column A) are usually called premises and assigned numbers

(1,

2, 3, etc.).
2. The items in the right (Column B) are called responses and designated by capital letters
(A, B, C etc).
3. The arrangement of premises and responses are in the given systemic diagram
(Column C, in the middle).
4. The given systemic diagram could be triangular, quadrilateral or Pentagonal.
5. All of the premises and responses for matching items should appear at the same page
with the given systemic diagram.
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Answer the following SMQ, s
Form I: Matching on Triangular Systemics
Q1) Choose aliphatic compounds from column A and reaction conditions from column B to build
the systemic diagram in column C:
A
C2H4
CH3CH3
CH3CH2OH
CH3CH2Br

C

B
dil. H2SO4
Conc. H2SO4/180OC
PBr3
Alc. KOH/∆
Aq. KOH/∆
HBr
H2/cat.
Br2/hν

Answer (1)

C2H4
o

Conc H2SO 4/180 C

CH3CH2OH

Aq. KOH/∆

HBr

CH3CH2Br

OR
CH3CH3
H2/cat.

C2H4

Alc. KOH/ ∆

Br 2/hυ

CH3CH2Br
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Q2) Choose heterocyclic compounds from column A and reaction conditions from column B to
build the systemic diagram in column C:
A

C

N
H

N
H

CHO

N
H

COOH

N
H

CH3

B
DMF/POCl3
Aq. Na2CO3
H2/Pd
Alk. KMnO4
Heat 200oC

Form II: Matching on Quadrilateral Systemics
Q3) Choose elements and compounds from column A and reaction conditions from column B to
build the systemic diagram in column C:
A
Fe
Cu
Mg
FeCl2
Fe2(SO4)3
FeCl3
FeO

C

B
HCl gas/∆
Air/heat
Conc. H2SO4
dil. HCl
Conc. HCl
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Q4) Choose compounds from column A and reaction conditions from column B to build the
systemic diagram in column C:
A

C

CH4
CH3COOH
CH3CHO
CH3CH2Cl
CH3Cl
CH3CH2OH
CH3-CH3
CH3CN

B
Soda lime/heat
KMnO4/ H2SO4
Cl2/hν
Aq. KCN/heat
HI/P-200oC
Dil. HCl/heat

Form III: Matching on Pentagonal Systemics:
Q5) Choose aliphatic compounds from column A and reaction conditions from column B to build
the systemic diagram in column C:
A
CH3CH2Br
CH3CHO
CH3CH2OH
CH3CH3
CH2=CH2
CH≡CH

C

B
Alc. KOH
Dil. H2SO4
KMnO4/conc. H2SO4
Br2/hν
Zn/conc. HCl
aq. KOH
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Q6) Choose calcium and related compounds from column A and reaction conditions from
column B to build the systemic diagram in column C:
A

C

Ca
CaO
CaSO4
CaCO3
CaCl2
Ca(OH)2
Ca(NO3)2

B
O2
H2O
CO2
Dil. HCl
Electrolysis
Dil. HNO3
Dil. H2SO4
∆

Type-II: Systemic Synthesis Questions [SSynQ, s]
Requires from the student to synthesize systemics from the given chemicals [10] and
assess the student learning outcomes at synthesis level. Requirements for building [SSnQ,s]: (i)
The stem of the questions contains 3-6 components, (ii) Components could be atoms, molecules,
or both Formulas, (iii)The components should be correlated in a systemic diagram, (iv)The size
of the systemic diagram depends on the number of Components.

Type-II-A: Synthesize clockwise Systemic from the given chemicals to give the correct
possible chemical relations
Q1) Use the following triangular diagrams to construct the clockwise Systemic chemical
relations between:
[Na, Na2O, Na2O2, NaOH.NaCl.Na2CO3]
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Q 2: Draw Quadrilateral clockwise systemic diagram illustrating the systemic relations between
the following aromatic compounds:
[Benzoic acid, Benzene, Ethyl benzene, Acetophenone]
CH2CH

COO
H

K2Cr2O7/Conc.H2SO4

Answer (2)
Soda lime/heat

Zn[Hg[/HCl

COCH
CH3COCl/AlCl3

Q 3: Draw Quadrilateral clockwise systemic diagram illustrating the systemic chemical relations
between cupper and the following related compounds:
[Cu2O, CuSO4, CuO]
Answer (3)

Cu

(O) /
heat

(Fe)

CuSO4

Cu2O

heat / (O)

Conc.H2SO4

CuO
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Q 4: Draw Pentagonal clockwise systemic diagram illustrating the systemic chemical relations
between the following compounds:
[ C2H5Br,C2H4,C2H6,CH3CHO,C2H5OH]
Answer (4)

CH3CH2B
r

alco.
KOH
∆

CH2=CH2
dil/H2SO4

Br2/ hv
CH3CH2O
H
KMnO4/

CH3CH3

Zn/ Conc.
HCl/∆

Conc.H2SO4

CH3CHO

Q 5: Draw Pentagonal clockwise systemic diagram illustrating the systemic chemical relations
between calcium and the following related compounds:
[CaO, CaCO3, CaCl2, Ca ,Ca(OH)2]
Answer (5)

O2

CaO

Ca

H2O

electrolysis

Ca(OH)2

HCl
CaCl2

CO2
CaCO3
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Q6: Draw Hexagonal clockwise systemic diagram illustrating the systemic chemical relations
between Iron and the following related compounds.
[Fe2(SO4)3, FeSO4, Fe, FeO, Fe2O3, Fe(OH)3]
Answer (6)
FeSO4
dil. H 2SO4

HNO3
Oxid.

Fe2(SO4)3

aq. NaOH

Fe

Fe(OH)3

red.
CO

FeO

red.

heat

Fe2O3

Q7: Draw triangular anticlockwise systemic diagram illustrating the systemic chemical relations
between: [Na-Na2O-NaCl]

Answer (7)
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Type-II-B: Synthesize systemic from the given chemicals to give maximum possible
chemical relations
Q8: Draw the maximum possible systemic chemical relations between Iron and the following
related compounds: [FeCl2-FeCl3-Fe2(SO4)3] in a Quadrilateral diagram.

Answer (8)

Note: There are five possible chemical relations instead of four in the clockwise quadrilateral
chemical relations.

Q9: Draw the maximum possible systemic chemical relations between Iron and the following
related compounds: [Fe2O3-FeO-FeSO4] in a Quadrilateral diagram.
Answer (9)
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Note: There are six possible chemical relations instead of four in the clockwise quadrilateral
chemical relations.

Q10: Draw the maximum possible systemic chemical relations between Iron and the following
related compounds: [Fe3O4-FeO-FeSO4 -Fe2(SO4)3] in a Pentagonal diagram
Answer (10)

Note: There are seven possible chemical relations instead of five in the clockwise pentagonal
chemical relations.

Q11: Draw the maximum possible systemic chemical relations between Iron and the following
related compounds: [Fe(OH)3-Fe3O4-FeO-FeSO4 -Fe2(SO4)3] in a Hexagonal diagram.
Answer(11)
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Note: There are eight possible chemical relations instead of six in the clockwise Hexagonal
chemical relations.

Type-III: Systemic Analysis Questions [SAnQ,s]
Assess the student learning outcomes at Analysis level.

Type-III-A: [Analyze systemic into another systemics]
Q1)

Analyze the given Quadrilateral systemic diagram to the maximum possible clockwise

systemic chemical relations.

Answer (1)
1- Clockwise quadrilateral systemic chemical relations

2- Clockwise triangular chemical relations
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Q2) Analyze the given Pentagonal systemic diagram to the maximum possible clockwise
systemic chemical relations.

Answer (3)
1- Clockwise pentagonal systemic chemical relations

2- Clockwise quadrilateral systemic chemical relations

3- Clockwise triangular chemical relations

Type-III-B: Analyze systemics into The Corresponding Chemical Equations
Q3) Analyze the given Quadrilateral systemic diagram illustrating the systemic chemical
relations between Sodium and its related compounds into Chemical equations.
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A3)
2Na

+

2NaOH

+

Na2CO3 +
2 NaCl

2H2O

2 NaOH+H2

CO2

Na2CO3 + H2O

Dil.2HCl

2NaCl +CO2+ H2O

[Molten]

2Na

+ Cl2

Q4) Analyze the given Pentagonal systemic diagram illustrating the systemic chemical relations
between Sodium and its related compounds into Chemical equations

3 Fe

H2O (Vap.) /red. hot tube

Fe3O4

+ CO

FeO

+ H2SO4 [Dil.]

3 FeSO4
Fe2(SO4)3

+ HNO3
+3 Mg

red. [300 ]

Fe3O4
3 FeO + CO2
FeSO4 + H2O

Oxid.

Fe2(SO4)3 + NO2 + H2O
3 MgSO4

+ 2Fe
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Type-IV: Systemic Synthetic- Analytic Questions [SSyn -An Q,s]
This type is integration between Systemic Synthesis Questions [SSynQ, s] and systemic
Analysis questions [SAnQ, s]. So, we assess the student learning outcomes at the synthesis &
analysis levels. We ask our students to synthesize systemic from the given chemicals then ask
them to analyze the resulted systemic to the corresponding chemical reactions.

Q1) Draw the maximum possible systemic chemical relations between the following Calcium
compounds: [CaCO3-CaO-CaCl2 –Ca(OH)2] in a Quadrilateral diagram and then analyze to the
corresponding chemical equations.
A1-1: Synthesis:

A1-2: Analysis: To six chemical equations
CaO
+ H2O
Ca(OH)2 + 2HCl
Ca(OH)2 + CO2
CaCl2
+ Na2CO3
CaCO3
heat
CaO
+ 2HCl

Ca(OH)2
CaCl2 + H2O
CaCO3 + H2O
CaCO3 + 2NaCl
CaO
+ CO2
CaCl2
+ H2O

Q 2) Draw Pentagonal clockwise systemic diagram illustrating the chemical relations between
the following aliphatic compound and then analyze to the corresponding chemical
equations: [ C2H5Br,C2H4,C2H6,CH3CHO,C2H5OH]
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A2-1: Synthesis
alco. KOH

CH3CH2
Br

∆

CH2=CH2
dil/H2SO4

Br2/ hv
CH3CH2OH

KMnO4/

Zn/ Conc.
CH3-CH3

HCl/∆

Conc.H2SO4

CH3-CHO

A2-2: Analysis: To five chemical equations
CH3-CH3 + Br2
hv
CH3-CH2-Br + KOH Alco.
CH2 = CH2 + H2O
Dil.H2SO4
CH3-CH2-OH

CH3-CH2-Br + HBr
CH2 = CH2 + KBr + H2O
CH3-CH2-OH

Oxid.[KMnO4/H2SO4]

CH3 CHO + H2O

CH3 CHO + 2 H Red.[ZnCl2/Conc. HCl/Heat] CH3-CH3
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ABSTRACT
Synthesizing new products from raw materials has been very popular aspects of research
in organic chemistry. Traditionally, Grignard reagent has been very vital component of such
synthetic procedures. Hence learning of various issues concerning with applications of Grignard
reactions in synthetic organic chemistry is vital for enhancing the students creative capability. In
this paper we will illustrate the uses of SATL methodology, which is recently getting popular [13], in an SATL-based model lesson concerning teaching and learning of synthetic organic
reactions related to Grignard reagents. [AJCE 4(4), July 2014]
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INTRODUCTION
Traditional literature which is in vogue since the last decade or so, on any academic task,
that has been available to the students from very beginning to the higher level, lacks ability to get
ingrained in student’s mind

[4]

. In order to provide an in depth understanding of scientific

knowledge, the systemic methodology of teaching and learning is the key point. Chemistry is a
central science and highly interlinked to different scientific disciplines. Therefore it is a vital
issue that young students’ minds could be prepared to grasp the subject matter in a way that they
take the knowledge as a whole and well connected to the problems of their modern world.
SATL is a method to provide deep learning of the subject to the students and enable them to
grasp and correlate concepts and ideas that have been gathered from a variety of different
disciplines. The method provides a platform to comprehend different diverse phenomena and
thus enhances quantum of participation in learning process [4-5].
In organic reactions reagents are very important as they provide road maps for many
industrial processes that produce products for human welfare. Synthesizing new products from
raw materials, in organic chemistry, has been very popular aspect of research. Traditionally,
Grignard reagent has been very vital component in different synthetic procedures. Hence
learning of various issues concerning the Grignard reagent in synthetic organic chemistry is vital
for acquiring a creative capability. In this paper we present an SATL-based applicable model
lesson in which we have tried to highlight salient issues related to teaching of this reagent
through SATL model lesson. We believe that this SATL based model lesson will inculcate
potential towards new applications of Grignard reagents.
Hydrocarbons are freely available in nature and are the probable raw materials for many
products of basic needs. Grignard reagents are indeed vital for synthesizing many hydrocarbon
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derivatives. It is used to convert respective raw materials to any desired product. The synthetic
pathways for the newer products of these materials can also be identified.
Instead of surface learning that focusing on rote memorizing of Grignard reagent based
reactions for synthesizing a specific functional group, one can adapt a systemic way of teaching
and learning that intensify deep learning to develop methods and routes for producing products
which are feasible in terms of economy, health and that for a friendly environment.

METHODOLOGY
Reactions involving organic reagents are very important as they provide the road maps
for many industrial processes that produce products for human welfare. This topic has been
chosen in particular to enlighten the students about effectiveness of systemic approach to
teaching and learning (SATL) in deep understanding of synthetic organic chemistry.
Traditionally, linear approach (LA) has been adapted for disseminating knowledge about
the application of Grignard reagent in synthetic organic chemistry without any connections. So,
the student while being taught through a linear approach is asked to apply the Grignard reagents
to various types of synthetic chemical reactions without any comprehension or appreciating
significance of these relationships representing chemical reactions.
In this presentation we design a model lesson for deep learning of the role of Grignard
reagents in synthetic organic chemistry through SATL approach. This model involves
developing various SATL diagrams that would help to enhance its comprehension and develop
new routes for the target compounds. For designing an SATL-based model lesson, we can make
use of number of publications are available in literature [2, 3, 6-9].
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Step-1: Linear chemical relations of the uses of Grignard reagents in synthesis of organic
compounds
The linear presentation for the uses of Grignard reagents in the synthesis of different
classes of organic compounds can be illustrated in the following linear diagram figure 1.
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Step-2: Systemic chemical relations related to the uses of Grignard reagents in synthesis of
organic compounds
Step-2-1: Build SD0
The linear diagram Figure 1 can be transformed by students into systemic diagram SDo
figure 2. This diagram shows that the individual relationships of the compounds suggested to be
synthesized through the Grignard reagent in figure 1 can be systemically interconnected. This
will develop the students’ ability to see the relationships between concepts beside concepts in a
pattern of cognition which enhances creativity.
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Step-2-2: Change of SD0- SD1
Taking the cognizance of the fact that 1o alcohols, 2o alcohols and aldehydes that are
synthesized through Grignard reagents, and hence displayed in SDo, may even have connections
with one and other i.e. 1o alcohol can be converted to aldehyde which can in turn be interlinked
with 2o alcohol’s synthesis. All the possible synthetic routes are discussed in the class room and
after the recognition of various chemical relations systemic diagram SD0 can be improved by
students into another systemic diagram SD1. In view of discussions SDo is altered to SD1 by
placing single headed arrows in place of doubled headed ones and also bringing tick marks to
replace the question marks where ever inter linkages get grasped by the students. Thus some
question marks disappear from the display diagram SDo as shown in figure 3.

61

AJCE, 2014, 4(4),

ISSN 2227-5835

Step-2-3: Change of SD1- SD0
Still there are some unknown chemical relations (questionable links), in figure 3, which
have to be debated further as the students are able to explain some of the remaining connections,
and explore the different synthetic routes in step by step mode and hence new avenues for
synthetic creativity get opened up and SD1 figure 3 can be modified by students to SD2 figure 4.
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Step-2-4: change of SD2- SDf
As the rigorous arguments, discussions and hence insight of the subject strengthen the
remaining chemical relations of systemic the diagram (SD2) relevant to the synthesis of
hydrocarbons and carboxylic acids, and their chemical relations. The students can be changed
SD2 to the final systemic diagram (SDf), figure 5. At this stage, new ideas and connections begin
to arise in students’ minds. This opens the door for a new approach towards synthetic
applications of Grignard reagent. For instance when the connection of ketone with 30 alcohol is
drawn, at the same time one can figure out that this 30 alcohol could be connected to carboxylic
acid synthesis and when connection gets validated, a new door towards creativity opens up to
transform this acid to hydrocarbons such as alkanes and alkenes.
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ABSTRACT
The study investigated the amount of chemical knowledge students hold in their memory
for understanding photosynthesis and respiration. Two hundred and three (203) students made up
of 107 SS2 (mean age 15.8 years) and 96 US2 students (mean age 17.5 years) participated in the
study. Three main instruments, namely, Photosynthesis - Respiration test (P-RT),
Photosynthesis-Respiration Chemical Reaction Test (P-RCRT) and PLDRT-essay test on light
and dark reactions of photosynthesis and fate of glucose in animal and plant systems, were used
in the study. Overall findings of the study revealed that the students’ answers contained deficient
chemistry content of photosynthetic and respiratory reactions. Students’ answers also lacked
integration. Although there was no significant difference between the mean scores of University
Students (US2) and that of the secondary students (SS2) in both photosynthesis and respiration,
higher percentage (over 8%) of the answers of university students contained relevant chemical
information than those of the secondary students. [AJCE 4(4), July 2014]
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INTRODUCTION
An important purpose of education is for students to learn how to use the information
they acquire to interpret events and experiences. It has been noted [1] that a valid measure of
understanding of a concept involves eliciting the full set of elements the person has in memory
about it.
Good science teachers ensure their students’ mastery of scientific concepts. The
usefulness of such mastery of concepts is in its application in scientific explanations. In broad
fields curriculum design such as in biochemistry, chemical concepts, principles, theories and
laws are used in explaining issues associated with biological phenomenon. Biology deals with
related matters of plants and animals. What are plants and animals? They are packs of chemical
substances arising from deoxyribonucleic acid (DNA), an important component of the gene
responsible for hereditary.
In this sense, we can see the link between biology and chemistry. Well drawn up science
curriculum where biology is properly married to chemistry will help students to understand such
biological concepts like photosynthesis and respiration. After all chemical processes are the
bases for gaining knowledge into what happens in photosynthesis and respiration.
Photosynthesis is a process that takes place in green parts of the plant whereby carbon
dioxide (CO2) gas reacts with water (H2O) in the presence of chlorophyll, enzymes and solar
energy to produce carbohydrate and oxygen (O2). This process is generally represented by the
equation;

6C02(g) + 6H2O(g)

C6H12O6(s) + 602(g) + Energy

This process is an important life process whereby too much carbon dioxide in our
environment is absorbed and utilized by plants and the much needed oxygen by living things,
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including humans and animals, is produced and added to the environment. The reverse of the
photosynthetic reaction is respiration, thus,

C6H12O6(s) + 6O2+ E

6CO2(g) + 6H2O(g)

Respiration is an oxidative reaction that provides energy required to do work in plants
and animals. Students’ understanding of the two processes – photosynthesis and respiration -is
very important in their knowledge of the major biological processes, although students cannot
differentiate between photosynthesis and respiration [2]. Students, perhaps reason that
photosynthesis is the plant’s equivalent of respiration. Behind the thorough understanding of the
biological processes is the chemical process. For example, mere knowledge and recalling of the
general equation of photosynthesis does not tell all that happens during photosynthesis.
According to information in biology and biochemistry textbook [cf: 3], two main reactions are
described in photosynthesis. These are the dark and light reactions which involve chemical
processes. According to Roberts [4]:
the light stage involves the photochemical splitting of water. … But the light
stage involves more than just the splitting of water. It has been shown that
isolated chloroplasts, as well as splitting water into hydrogen and oxygen, are
capable of producing ATP… The light stage is therefore two fold (1) by the
photochemical splitting of water it provides hydrogen atoms for the reduction
of carbon dioxide; and (2) by producing ATP it produces a source of chemical
energy for the synthesis of carbohydrates… Essentially, the dark reactions
involve the reduction of carbon dioxide to form carbohydrate. This is an
endergonic process requiring energy. The energy is supplied by the splitting of
the ATP formed in the light stage. The hydrogen for reducing the carbon
dioxide is provided by the reduced NADP, also formed in the light stage.

Major questions students need to answer are:
1. What is the source of carbon dioxide?
2. What is the source of water?
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3. What is the source of the light energy?
4. What is the source of the chlorophyll?
5. What are the sources of the enzymes?
6. What is the role of carbon dioxide?
7. What is the role of water molecule? And
8. What is the fate of glucose (carbohydrate) produced during photosynthesis?
These and more questions should form the bases for teaching/learning photosynthesis and
respiration in the schools. These are also requirements for preparation of students for Senior
School Certificate Examination (SSCE) and National Examination Council (NECO) as observed
in their syllabuses [cf: 5 and 6].
Dienier [7] has argued that science students are all familiar with plants and questioned
their (students’) familiarly with photosynthesis and the chemistry that plants routinely perform.
On the basis of this doubt, it becomes necessary to find answers to the following questions,
namely,
1. What chemical knowledge do the students hold about photosynthesis and respiration?
2. Is

there

any

relationship

between

knowledge

held

by

the

students

in

photosynthesis/respiration and related knowledge in chemical reactions?
3. How is grade level related to the performance of the students in photosynthesis and
respiration?

METHODOLOGY
The research is of the descriptive type. Year 2 Senior Secondary Students (SS2) and year
2 science University Students (US2) in Port Harcourt metropolis of Rivers State, Nigeria
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constituted the population of study. The sample was made up of 107 SS2 (age range 15-17, mean
age: 15.8 years) and 96 US2 students (age range 17-21, mean age 17.5 years). These were
students who were studying subjects or related courses in biology, chemistry, and physics in their
schools. They (students) indicated interest to participate in the study and obtained 50% and
above in the achievement test in photosynthesis and respiration.
The choice of SS2 and US2 in the study was deliberate. SS2 students were not preparing
for any national or final examinations. They were readily available. US2 students were chosen
for the purpose of comparison and considered to have advanced knowledge in the concepts
investigated.
Three main data collecting instruments were used in the study. They are: a)
Photosynthesis - Respiration Test (P- RT), b) Photosynthesis – Respiration chemical Reaction
Test (P – RCRT) and c) Essay Test on Light and Dark reactions of photosynthesis and fate of
glucose in animal and plant systems (PLDRT). P – RT was made up of sixty items of 30 items
photosynthesis and 30 items respiration processes. Each item carries a stem which is a statement
or a question requiring an answer. Four options were presented to the student in which one of the
options represents the correct answer. Samples of the test items in P-RT are shown in fig.1
below:
1. In photosynthesis, one of these is given off as a waste product. Which one? (a) Oxygen
(b) Glucose (c) Carbon dioxide (d) Sunlight.
2. Both respiration and Photosynthesis require _____ (a) Sunlight (b) Organic substrate (c)
Cytochromes (d) Green cells
Fig.1: Sample test items in P – RT
(Ans: 1. A
2. C)
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P – RT was drawn from past question papers from Secondary School Certificate
Examination (SSCE) and Joint Admissions and Matriculation Board Examination (JAMB).
These were given to a ten-years experienced biology teacher to determine face and content
validity. The teacher confirmed that the test items were within the reach of the students.
P–RT was then administered to 50 SS1 students in a school in another Local Government
Area of the state. Item analyses were carried out which revealed a mean facility value of 61%
and mean discrimination index 0.38 for the test items. A reliability coefficient (r) computed was
0.69 using Pearson’s Product Moment Correlation Coefficient formula on two sets of scores
obtained after two administrations on the test on the students spaced by three weeks.
P – RCRT was a twenty item Multiple Choice Objectives test. The test items were purely
on those chemical reactions that occur during photosynthesis and respiration. Each item is made
up of a stem and four options in which an option represents the correct answer. The test items
were presented to a chemistry teacher of ten years experience. The teacher indicated that the test
items were within the reach of the students. The test was then administered to the 50 SS1
students in a school in another Local Government Area of Rivers State. Item analyses were
carried out which showed a mean facility value of 52% and mean discrimination index of 0.31.
Reliability coefficient (r) on two sets of the scores obtained after two administrations spanned by
two weeks was 0.71 Samples of the test items in P – RCRT are shown in fig.2 below:
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1. Chemical reaction of photosynthesis occurs in two phases called………………….. (a)
Photolysis and chlorophyll (b) chloroplast and carbon fixation (c) Photolysis and carbon
fixation (d) carbon dioxide and photolysis
2. Which of the following is correct of photosynthesis equation?
(a) 6C02(g) +12H2 0 +light energy
C6H1206(s) + 602+H20(g)
2
H20+ C6H1206+2H20
(b) 6C02+C6H120 +light energy
(c) 6C02+ C6H120+light energy
C6H1206+602+6H20
(d) 6C02+12H20+light energy
H20+C6H1206+2H20
3. In the light reaction, light energy combines with water to form…?
(a)
ATP + NADPH2H++02
(b)
ADP + NADPH + H + 02
(c)
ATP + NAD2 + 02
(d)
ADP + NADPH + H2 + 02
Fig. 2: Sample Test items in P – RCRT
(Ans: 1.C

2. A

3. A)

PLDRT is an essay test that required the students to write all they knew about (i) light
reaction, (ii) dark reaction in photosynthesis and (iii) fate of glucose in animals and plants.
Students used for the study were from intact classes in a demonstration secondary school and a
state-owned university. Researchers administered the instruments to the University students in a
hall in the University while that of the secondary schools was in their school. Permission was
sought from the authorities of the schools to administer the instruments. Six secondary school
teachers and two University lecturers assisted in administering the tests.
P – RT was administered first to students numbered 001 to 399 (which served as
identification numbers). Students brought pencils and erasers only and were given a special
Multiple Choice Objective answer sheets carrying the letters A-D and requiring the students to
shade completely the letters that represented their answers to the questions. It took the last
student 50 minutes to complete the 60 items. Only students who obtained 50% and above were
invited the next day to participate in the study.
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P – RCRT was the second test administered. The method and order followed in the
administration of P – RT was maintained. It took the last student 20 minutes to complete the 20
items.
PLDRT was the third and last test given to the student after 10 minutes of break. A
student was given three sheets of paper to clearly write his/her number, date of birth and grade
level on each sheet. They were requested to write on each sheet all they know about light
reaction, dark reaction of photosynthesis and to describe the fate of glucose in either plant or
animal system. Students were not timed.

Inter-scorer’s Reliability of the Scoring of the Essay Tests
Two graduate assistants (GAs) independently scored the answers of the students to the
essay portions of the instruments used for the study. The two GAs discussed with the researchers
the scoring format of the answers. Answers relevant to the chemistry of photosynthesis and
respiration were scored one point. Irrelevant answers were not scored. The scorers were advised
not to directly score on the students’ scripts but on provided sheets of paper with the
identification numbers of the participants.
One GA completed scoring first and handed over scripts to the other. This was to ensure
that scoring did not take place at the same time with the two GAs. Number of scripts that the
scorings tallied (agreed) and the total number of scripts was used to compute the reliability coefficient of the scorings. Thus:

Reliability coefficient =

%
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This gave an inter-scorer reliability of the students’ essay answers to photosynthesis and
respiration of 89% (0.89). Based on this coefficient, the researchers considered the scores of the
students on photosynthesis and respiration reliable for the study.

ANALYSES OF DATA
Data were analyzed according to the research questions.

Students’ chemical knowledge in photosynthesis
Students’ answers in light and dark reactions of photosynthesis were analyzed according
to the relevance of the chemical knowledge content related to photosynthesis. Identified
chemical knowledge information in a students’ script was scored one (1) point. Irrelevant
information was not scored. Table 1 is a display of percentage of Senior Secondary two (SS2)
students and year 2 University Students (US2) scored according to chemical knowledge content
of their answers.
Table 1: SS2 and US2 Chemical Knowledge Content of Light and Dark Photosynthetic Reactions
Objectives

(n
(f)

(i) Ability to explain photolysis of water molecules 4H2O → 4H+ + 4OH(ii) Ability to describe further reaction of the OH- component, thus 4OH→ 2H2O + O2
(iii) Ability to explain the reduction of CO2 by H+ component: CO2 +
4H+ → CH2O + H2O
(iv) Writing down the overall reaction of photosynthesis
2H2O + CO2
CH2O + H2O + O2

SS2
= 107)
%

US2
(n = 96)
(f)

%

(15)
(11)

14.0
10.3

(26)
(19)

27.1
19.8

(04)

3.7

(26)

27.1

(05)

4.7

(18)

18.8

(13)

12.1

(23)

24.0

Or
6H2O + 6CO2

C6H12O6 + 6O2

(f = frequency)
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It was observed in Table 1 that in all of the answers of students examined less than 28%
of them contained relevant chemical information related to photosynthesis. More of the
university students (over 18%) than the year 2 senior secondary students had photosynthesis
chemical knowledge in their answers. SS2 and US2 students’ mean scores in photosynthetic
reactions were compared and t-test carried out. The result is shown in table 2.
Table 2: t-test between mean scores ( ) of SS2 and US2 in photosynthetic reactions
Group

N

SS2

107

US2

96

Sd

25.9
26.3

df

t-value

201

-1.05

2.71
2.72

It was found in Table 2 that “there is no significant difference between the mean score of
the year 2 senior secondary students and that of year 2 university students in the photosynthetic
reactions.
A correlation between the scores of the students in the essay test and the photosynthesis
chemical knowledge test gave r=0.89 for SS2 students, r=0.90 for US2 students. This was used
to corroborate the scoring of the light and dark reactions with the students’ chemical knowledge
as assessed with the achievement test.

Students’ chemical knowledge in respiration
Students’ answers in respiration were analyzed according to the relevance of the chemical
knowledge content related to fate of glucose in plants and animal systems. Identified chemical
knowledge recall in a student’s answer was scored one (10) point. Irrelevant information was not
scored. Table 3 shows the percentage of SS2 students and US2 students scored according to
chemical knowledge content of their answers.
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Table 3: SS2 and US2 chemical knowledge content in respiratory processes
Objectives

SS2
(n = 107)

US2
(n = 96)

(f)

(f)

%

%

(i) Ability to describe the enzymatic breakdown of carbohydrates to
simple sugar e.g. glucose
Carbohydrate

glucose

Cx (H2O)y
C6H12O6
(ii) Ability to trace the pathway of glucose to the tissues and cell’s
mitochondria
(iii) Ability to describe glycolysis in the cells (simple description),
incomplete oxidation of glucose to pyruvic acid
Glucose
C6H1206

(6)

5.6

(9)

9.4

(15)

14.1

(40)

41.7

(4)

3.7

(9)

9.4

(1)

0.9

(11)

11.4

(2)

1.9

(8)
(13)

8.3
13.5

(1)

0.9

(13)

13.5

(31)

28.9

(52)

54.2

Pyruvic acid
C3H4O3 + ATP

(iv) Ability to explain complete oxidation of the pyruvic acid to CO2 and
H2O called krebs cycle
C3H4O3 + O2
(v)

CO2 + H2O

Ability to write such related equations as
∗ ATP + H2O
ADP + H3PO4 + energy
∗
∗
∗

C6H12O6
2CH3CH2OH + 2CO2 + energy
2CH3CH (OH) COOH + energy
C6H12O6
C6H12O6+6O2
6CO2 + 6H2O + energy

(f=frequency)
It was observed in Table 3 that less than 55% of the students’ answers contained relevant
chemical knowledge information. More university students (41.7%) than the secondary students
(14.1%) were able to trace the pathway of glucose to the tissues and cell’s mitochondria. More
university students (28.9%) were able to write the overall oxidative reaction of the glucose
molecule.
SS2 and US2 students mean scores in the respiratory processes were compared and tvalue computed. The result of the computation is shown on table 4.
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Table 4: t-test between Mean scores ( ) of SS2 and US2 in respiratory process
Group

N

Sd

SS2

107

27.1

2.59

US2

96

23.1

2.69

df

t-value

201

1.13

It was found in Table 4 that there is no significant difference between the mean score of
the year 2 Senior Secondary students and that of year 2 University students in the respiratory
processes.
A correlation between the scores of the students on the fate of glucose in plant and animal
systems and that of their chemical knowledge gave r=0.71 for SS2 students, r=0.68 for US2
students. This was used to corroborate the scoring of the fate of glucose in plant and animal
systems with the achievement test in chemical reactions in the respiratory processes.

DISCUSSION OF FINDINGS
Photosynthesis is one such concept that is studied at virtually all levels of schoolingpreprimary, primary, secondary and tertiary, especially when plant nutrition is mentioned. One
will therefore expect progressive understanding and performance of students from one level to
another. At the tertiary level, a biological science student who has acquired higher knowledge
than all other levels in chemistry should excel in the chemical knowledge of photosynthesis. This
was so expressed in the result of the study (cf: Table 1) where the university students had higher
chemical knowledge content in their answers than the secondary students. Although this was the
observed trend in the study, this was rated poor because less than 27% of the scripts of the
students contained relevant chemical knowledge.
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What appears to have contributed to this is attributed to textbook factor and the teachers’
presentation of the topic. Biology textbooks at the secondary school level present overall
equation of photosynthesis, namely,
6CO2(g) + 6H2O(

)

C6H12O6 + O2(g) + energy
glucose

A secondary school student might think that everything about photosynthesis begins and
stops with the overall equation. Teachers at this level appear to be emphasizing this overall
equation thereby helping in the limitation of the students’ chemistry of photosynthesis.
White and Gunstone [1] have noted that a concept is the total set of knowledge that a
person associated with a label. Therefore, understanding of the concept is a function of the set of
knowledge. They [1] also argued that understanding improves as the amount of knowledge
increases. But with the university students who were considered to have sufficient knowledge of
photosynthesis as demonstrated by their performance in the tests (photosynthesis test and the
chemical knowledge test), why did they not outperform the secondary students? The results of
the study clearly showed that there was no significant difference between their mean scores
(Table 2).
It was observed that the secondary students were currently studying plant nutrition
whereas the university students were studying other complex concepts or higher concepts that
may be considered as “big ideas” other than photosynthesis. Would this have been possible
explanation? But the overall scores of the students in the photosynthetic reactions (light and
dark) and the chemical knowledge test correlated heavily with r being over +0.80. This will
mean that acquiring the chemical knowledge in photosynthesis will not depend on the level of
schooling or even age, rather will rest on the teachers’ presentation. After all, “any subject can be
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taught effectively in some intellectually honest form to any child at any stage of development”
[8].
It is believed that students will learn what they are taught by the teacher. For instance, if
the teacher presents the photosynthetic reactions systematically, and ends with the overall
equation, the students will learn knowing fully well that their knowledge will be tested on what
the teacher has taught.
There are startling evidences that students tend to pay more attention to trivial
information than the details. In the case of the issue associated with respiration, students were
interested in the processes and not with the chemistry of the processes. This is so because the
students chosen for the study obtained 50% and above in the photosynthesis/respiration test. So
why did they not recall from their memories associated chemical processes?
For all the chemical knowledge content of the answers of the students, it was observed
that more students (over 24%) were able to note the pathway of glucose to the tissues and the
cells’ mitochondria (see table 3). Tracing the pathway did not involve any chemical reaction, so
it was easy for the students to recall.
It was also observed that generally more university students were able to recall more
chemical information in respiration than the secondary students. Perhaps maturity, experience
and advance studies may have been responsible for this. But it was further noted that “there was
no significant different between the mean scores of the university students and that of the
secondary students” (see table 4), in the students’ performance in respiratory processes.
One other observation in the study was that there was high positive correlation between
students’ performance on the essay on the fate of glucose and chemical reactions associated with
respiration. This finding, apart from validating the two tests, also revealed the chemistry
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contained in respiration. The overall equation of respiration which is the reverse for
photosynthesis was easily written by the students although more university students than the
secondary students did this. Again, maturity, experience and advanced foundation of the
university students may have contributed to this. The university students also outperformed the
secondary student in the recall of the chemical information related to glycolysis, aerobic and
anaerobic respiration. Energy generation through adenosine triophosphate (ATP) and reduction
were well noted in the higher chemical knowledge recall of the university students’ answers than
the secondary students.

CONCLUSIONS AND SUGGESTIONS
In conclusion, the study revealed student’s deficiency in related chemical knowledge
required to thoroughly understand photosynthesis and respiration processes. They (students) are
also unable to integrate knowledge which is required to show understanding in photosynthesis
and respiration. Sample answers of the students exhibit such deficiencies and lack of integration
of knowledge.
For the secondary students:
Light reaction: This occurs in the reaction and can not be discussed.
Dark reaction: this does not involve light in its reaction or experiment.
CO2 combines with hydrogen atom to form sugar.
For the university students:
Light reaction: this is the stage that requires light in the reaction, at this state,
oxygen is given out as a waste product. This is discussed in phases such as
transfer of energy emersion effect etc.
Dark reaction: At this stage, CO2 is reduced by combining with atoms of
hydrogen provided by the enzyme NADP to form sugar. This reaction does not
need light in its reaction. This is also called light independent reaction because
it does not involve light action.
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The ordinary level requirement stated that students should be able to understand the
nature of photosynthesis which is more of grappling with the light and dark reactions.
Availability is a measure of the ease with which knowledge is recalled and it is also a property of
understanding [1]. Most of the students – both secondary and university - could not recall
relevant knowledge in photosynthesis and respiration. There is no way the students can
understand the process of photosynthesis and respiration without chemistry of the reactions
because chemical substances/molecules are involved. Teachers should not only explain the
processes but should also teach the students the chemistry associated with the processes.
It may also be necessary for a curriculum reform to focus on this aspect of plant nutrition
especially now that studies are being conducted to see the possibility of artificial photosynthesis
in the laboratory [9]. The initial problem was on the nature and distribution of chlorophyll
molecules in precise positions in the chloroplast – at exactly the same angle and orientation in
every chloroplast of the green parts. Without knowledge of chemistry, this will not be
understood. Therefore there is the need to teach students the processes as well as the associated
chemistry.
Textbook writers while trying to simplify the processes of photosynthesis and respiration
should include relevant chemical reactions as is found in [3] and other advanced textbooks.
Overall chemical equation is not enough. Explanations of the splitting of water molecule,
reduction of carbon dioxide and formation of carbon hydrate are needed for photosynthesis while
glycolysis is essential for understanding respiration. All these demand students’ expansion of
their memory capacity for chemical knowledge. Bridging knowledge gap between chemistry and
biology is important in students’ understanding of some biological processes such as
photosynthesis and respiration.
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ABSTRACT
For chemistry education we are discussing mainly two concepts of acids and bases:
theories of Arrhenius and Broensted. For the first theory, dissociation into ions is generally
discussed: acidic solutions contain H+(aq) ions, alkaline solutions contain OH-(aq) ions. This
theory therefore deals with substances, which are referred toas acids and bases – it would be
even better to take the logical names "acidic and alkaline solutions". If both solutions are mixed
in equivalent quantities, the H+(aq) ions react with OH-(aq) ions to form H2O molecules, while
the other ions remain in solution (in exceptional cases an insoluble salt may precipitate: sulfuric
acid solution reacts with barium chloride solution to solid white barium sulfate and water).
The Broensted theory defines proton transfer: a molecule or an ion transfers a proton to another
molecule or ion, two conjugated acid-base pairs are involved. Thus, Broensted acids and bases
are no more substances, but individual types of particles. Due to the autoionization of H2O
molecules (not "autoionization of water"), the following equilibrium exists:
H3O+(aq) + OH-(aq)
H2O + H2O
Through this protolysis it is more advantageous to argue rather with H3O+(aq) ions than
with H+(aq) ions. In this theory there are still ampholyte particles which react as acid or as base
particles depending on the reaction partners: H2O molecules, NH3molecules , HSO4-ions –
water, ammonia or sodium hydrogen sulfate cannot be regarded asampholytes. The original
publication of Broensted [1] from 1927 makes clear that acids and bases should be molecules or
ions, but not substances. [AJCE 4(4), July 2014]
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MISCONCEPTIONS AMONG STUDENTS
"Sulfuric acid releases 2 protons, phosphoric acid 3 protons", a candidate in the
examination colloquium was sure with his assertion. When asked whether 1 mg or 1 mL of
substance are meant, the candidate shakes his head and says after some time of meditation: "of
course I mean the H2SO4 molecule and the H3PO4 molecule " – "so please say it next time this
way", was my answer. We all know that there is a laboratory jargon among chemists, and
chemists may maintain this jargon. But in chemistry didactics and chemistry education we must
offer a successful learning of the scientific language: "the H2SO4 molecule can emit two
protons".
In a written exam students were asked to formulate basic facts according the topic "acids
and bases" before considering a lesson plan according to this topic. Most of the students were not
capable to writea free text without mistakes – they showed "school-made misconceptions" [2].
They mostly mixed the levels of substances and particles. For the reaction of mineral tablets
with water they wrote "carbonate ions are reacting with citric acid" – rather than referingeither
tothe level of substances with the reaction of calcium carbonate andcitric acid, or to the level of
small particles, with the reaction of carbonate ions andcitric acid molecules. For neutralization
they often quoted: „HCl(aq) + NaOH(aq)

Na+(aq) + Cl-(aq) + H2O(aq) – and mentallymixed

substances and ions in one equation.
Consequently, they should either describe the substances:

hydrochloric acid(aq) + sodium hydroxide(aq)

sodium chloride(aq) + water,

or specify the ions of hydrochloric acid and sodium hydroxide in the equation:
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H3O+(aq) + Cl-(aq) + Na+(aq) + OH-(aq)
H3O+(aq) ions + OH-(aq) ions

Na+(aq) + Cl-(aq) + 2 H2O(aq),
H2O molecules,

H3O+ (aq) + OH- (aq)

or:

or shortest:

2 H2O (aq)

If the ions in such a reaction equation are not formulated, but only empirical formulae
such as HCl + NaOH NaCl + H2O are given, then students very often think of "HCl molecules,
NaOH molecules and NaCl molecules", and sometimes they describe those “molecules” with
symbols like “H-Cl, Na-O-H or Na-Cl" [2].
The Arrhenius theory is often mentioned, but instead of relating it adequately to
dissociation, it is often incorrectly connected with proton transfer− vice versa, when talking
about the Broensted theory of protolysis, students stay with the dissociation: "hydrochloric acid
is dissociated into ions, strong acids dissociate completely in solution, acetic acid does not
dissociate completely, weak acids are characterized by the ratio of dissociated and undissociated
molecules". So the terms of both theories are mixed without understanding the historical genesis
of those theories.
Also, the term "ampholyte" by Broensted is often used incorrectly: "water is an
ampholyte, it can react both as an acid and as a base" (instead of the H2O molecule to be labeled
as anampholyte), the "autoionization of water" is noticed (not the autoionization of H2O
molecules), "the concentration of the water” is calculated as 55 mol / L (rather than the
concentration of 55 mol H2O molecules per liter). Also not applicable remarks such as
"hydrochloric acid releases one proton, citric acid can deliver up to three protons" are very
problematic: in hydrochloric acid, the H3O+ (aq) ion can release one proton, in citric acid the
H3Cit molecule a maximum of three protons. Sulfuric acid is didactically difficult to
communicate: in pure sulfuric acid, H2SO4 molecules are the proton donors, in half-concentrated
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acid, the HSO4-(aq) ions and H3O+(aq) ions, in diluted sulfuric acid only the H3O+(aq) ions – as
in any diluted solution of strong acids.
For neutralization reactions, students tend to write "acid and base are in equilibrium" –
as if there was no reaction and equivalent amounts exist coevally. It is also stated that "salt
formation" is a criterion for neutralization reactions – instead of H2O molecules being formed. If
students quote that the result of the standard neutralization reaction is "NaCl(aq) + H2O", they
mostly are thinking of NaCl molecules[2].
In the neutralization of acetic acid solution, the reaction of H3O+ (aq) ions is mostly foregrounded, while the reaction of acetic acid molecules (HAc) is being ignored. Since the degree
of protolysis is about 1%,HAc molecules and ions exist in a ratio of 99 : 1 – so especially these
molecules react by neutralization:HAc(aq) + OH-(aq)

H2O(aq) + Ac-(aq).

The strength of acids is often described with the pH value: "weak acids have a pH of 3
and higher" [2]. It should be seen that each solution of a strong acid can be diluted to the "pH of
3” and above: the protolysis equilibrium and the degree of protolysis are parameters for weak
acids.

HISTORICAL CONSIDERATIONS OF BROENSTED
In his essay "On the theory of the acid-base function" [1] 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 and alkaline solutions. In particular, he identified the function through a central mental
model:
A
acid

B
base

+

H+
+ proton
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By donating a proton, the acid reacts to a base: "The A and B molecules are called
corresponding 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 change into ions: NH4+ and Cl- .
Broensted also deals with "free H+ ions" that do not exist in a 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

A2

base2

acid2

+

B1
base1

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

+

H2O
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, three types of ions are created: H3O+ ions , HSO4ions and SO42- ions. Concerning the neutralization reaction, Broensted showed a very modern
view: “When hydrochloric acid (H3O+ + Cl-) and sodium hydroxide (Na+ + OH-) are mixed in
aqueous solution, the formation of the salt Na+ + Cl-seems 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:
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H3O+

+

acid1

OH-

H2O

base2

base1

+

H2O
acid2”.

Already in 1927, Broensted emphasized the formation of water molecules while many
curricula today still argue with the "salt formation" by neutralization. Broensted also consistently
described the molecules and ions as acid and base particles – with more progress than many
chemistry teachers or lecturers nearly 100 years later.

POSSIBLE INTRODUCTION OF BROENSTED ACIDS AND BASES
The famous "Chemical Triangle" (see figure 1) by Johnstone [3] 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 ("representational level").
Students work successfully if they observe firstly substances and phenomena 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 [3] 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 results. Taking the sub-micro level into account with molecular
models or sphere packing for crystal structures [4], chemical understanding is fostered because
students can develop mental models from molecular models or from models of giant structures.
Those mental models help a lot to write and reflect formulas or equations – they can be taken as
shortened models of the participating atoms, ions or molecules.
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Fig. 1: "Chemical triangle" of Johnstone [3]
Based on these fundamental findings, the chemical experiment may be the starting point.
One way of experimental reflection of the important distinction between HCl molecules in
hydrogen chloride gas and H3O+ (aq) ions as acid particles in hydrochloric acid solution is
provided by the classic experiment of the sulfuric acid – sodium chloride reaction: Pure sulfuric
acid is added by a dropping funnel to solid sodium chloride in a gas developer and hydrogen
chloride gas is stored in a syringe or cylinder. A glass bowl is prepared with tap water which is
mixed with universal indicator – that way, the solution is colored green. Also a conductivity
tester can be prepared. From the syringe, the colorless hydrogen chloride can be routed to the
surface of the tap water: just when the color of the indicator changes to red the tester shows a big
increase of electrical conductivity. In both reactions, several Broensted acids and bases are
involved: they may be illustrated for better understanding on the submicro level with molecular
models (see figure 2).
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Fig.2 : Illustration of two
acid-base reactions with
molecular models [5]

After building and discussing those molecular models, the reaction equations can serve as
a shortened representation of the models (see figure 2):
sulfuric acid(l) + sodium chloride(s)
H2SO4 molecule
acid1

+

Cl- ion

base2

hydrogen chloride(g) +
HClmolecule+
acid1

hydrogen chloride(g) + sodium hydrogensulfate(s)
HCl molecule

+

acid2
water(l)

H2O molecule
base2

HSO4- ion
base1

hydrochloric acid (aq)
H3O+(aq) ion + Cl-(aq) ion
acid2

base1

After identification of the involved molecules and ions as acid and base particles, special
beaker models can help to understand separated ions in solutions (see figure 3): models of
diluted hydrochloric acid, sodium hydroxide solution and sodium chloride solution are shown. It
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should be noted that in hydrochloric acid, the H3O+ (aq) ions are the acid particles, and in sodium
hydroxide solution, the OH-(aq) ions are the base particles. The (aq) symbol helps the learners to
get the idea that the charge in hydrated ions is shielded and those ions can move freely in the
solution – they are not linked to an ionic lattice like in solid sodium chloride. Other well-known
reactions such as sodium hydroxide-water, ammonia-water and ammonia-hydrogen chloride may
follow in order to acquire more experience with acid-base reactions. The last-mentioned reaction
is particularly the acid-base reaction without involvement of water molecules:

hydrogen chloride(g) + ammonia(g)
HCl molecule + NH3 molecule
acid1

base2

ammonium chloride(s)
NH4+ion + Cl- ion
acid2

base1

Fig. 3: Beaker model tovisualize the neutralization of hydrochloric acid with sodium hydroxide
solution [4]
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Fig. 4: Conductivity curves by neutralizing 0.1-M hydrochloric acid and 0.1-M acetic acid [6]
Neutralization. After the experiment of mixing hydrochloric acid and sodium hydroxide
solution and observing the exothermic reaction an initial beaker model is drawn (see figure 3) –
before the reaction of H3O+(aq) ions and OH-(aq) ions is formulated. On the macro level, the
following reaction equation may be quoted in words:
hydrochloric acid (aq ) + sodium hydroxide (aq )

sodium chloride (aq ) + water.

After that, the beaker model should be developed on the submicro level (see figure 3) and
finally, after identifying the involved smallest particles, the equations are created on the third
level:
H3O+(aq) + Cl-(aq) + Na+(aq) + OH-(aq)
H3O+(aq)

+

OH-(aq)

Na+(aq) + Cl-(aq) + 2 H2O(aq) or:
2 H2O(aq)

In particular it should be emphasized that for interpreting the neutralization reaction and
the observed decrease of electric conductivity (see figure 4) not the number of ions gets smaller –
but the H3O+(aq) ions are replaced by Na+(aq) ions. In Figure 3 the beaker model shows four
ions before the neutralization and four ions after the reaction: the conductivity tester indicates the
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good conductivity of H3O+(aq) ions before the neutralization and the decreasing conductivity
during neutralization due to the appearing Na+(aq) ions.

pH values. To convey the idea of the pH, the ionic
product must be comprehended. Wefirstcomparethe
autoionization of H2O molecules by this equilibrium:
H2O+ H2O

H3O+(aq) + OH-(aq).

Now we come to the fact that both ion concentrations
depend on each other. Experts measured some concentrations at the temperature of 25 oC, the result is the
familiar hyperbola (see figure 5):
c(H3O+)

x

c(OH-)

=

10

-14

.

Fig. 5: Correlation of H3O+ and OH- concentrations [6]

As the equilibrium is valid for all aqueous solutions, the definition of the pH can be
derived either from the concentration of H3O+(aq) ions or of OH-(aq) ions. The pH is determined
by the concentration of H3O+(aq) ions – taking the logarithmicfunction: if the concentrationis
c(H3O+(aq) ions) = 10-2mol/L, the pH is defined as 2.
Weak acids. If we examine the pH values of 0.1-molar hydrochloric acid and 0.1-molar
acetic acid solution, we obtain the values 1 and 3: the concentrations of H3O+(aq) ions differ by a
factor of 100. Looking atthe conductivity in the neutralization of both solutions with sodium
hydroxide solution, the results are completely different graphs (see figure 4). These observations
can only be explained by the fact that the acetic acid solution shows equilibrium between
molecules and ions which lies strongly on the side of the molecules:
HAc(aq) + H2O

H3O+(aq) + Ac-(aq).
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To illustrate the existence of molecules and ions in solutions of weak acids, beaker
models are again used (see figure 6).

Fig. 6: Beaker models of strong hydrochloric acid and two solutions of weak acids [4]
In the discussion of the beaker models it must be clarified that with a degree of protolysis
of about 1% for diluted acetic acid solution, the model must show 99 HAc molecules before one
H3O+(aq) ion and one Ac-(aq) ion is symbolized. For the model of the hydrogen sulfide solution,
the number of 999 H2S molecules per one H3O+(aq) ion and one HS-(aq) ion should be
symbolized: this way, the degree of protolysis of 0.1% is illustrated. The beaker models thus
serve to clear the concept of protolysis degree and equilibrium for learners, to prepare the very
difficult concept of equilibrium constants like pKS and pKB constants, and to develop a scientific
mental model.

CONCLUSIONS
One likes to quote the advantages of Broensted’s acid-base theory – but mixes the
argumentation with ideas of Arrhenius’ theory: protolysis and degree of protolysis (Broensted)
with dissociation and degree of dissociation (Arrhenius), one speaks of substances as acids and
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bases instead of the involved molecules or ions (“sulfuric acid gives two protons, water is an
ampholyte”), or takes the "salt formation" as a criterion for neutralization.
Broensted with his famous fundamental equation A

B + H+ gave the symbols A and B

always the meaning of molecules or ions – and thus the theory got the important sense. So for
teaching and instruction it makes sense to designate molecules and ions, which act in reactions as
proton donors or acceptors, which can act as ampholytes and which are defined as conjugated
acid-base pairs.
If the teacher helps to look at the particles which are reacting by emitting or taking
protons, and if the teachers works with molecular models and beaker models, the learners will
develop scientific mental models, will better understand formulas and equations, and will better
understand chemistry!
The same basics are valid for the understanding of redox reactions: teachers have to look
to atoms, ions or molecules which donate electrons, and to atoms, ions or molecules which
accept electrons [7]. Also from suitable concrete models [7], students will create their mental
models and will not blame chemistry as a very difficult subject!
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