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ABSTRACT 

In April 2019, it was reported [3] the detection (for the first time, in the interstellar space; 

previous detections were in the lab) of a species that is considered the very first molecule formed 

in the universe: He-H+(formed about only 100,000 years after the big bang). It was the beginning 

of chemical synthesis, and, of course, chemistry. In the present work it is reported as such 

chemical species can be employed as a very good theme to study chemical bonding by using 

molecular modeling. [African Journal of Chemical Education—AJCE 10(1), January 2020] 
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INTRODUCTION 

As previously reported [1,2] molecular modeling can be a very powerful tool to be 

employed as a didactical/pedagogical resource, since it allows, for example, to study chemical 

bonding and chemical structure in an easy and ludic approach. 

By molecular modeling, bond angles, lengths and energies can be “measured”, and the 

student can “feel” such properties and not just having to believe the data that appears in the 

textbooks. Of course, different theoretical approach can provide different results and to discuss 

such differences and to decide what approach is reliable for a given system, also enlarge so much 

the quality of the chemical learning. 

In April 2019, it was reported [3] the detection (for the first time, in the interstellar space; 

previous detections were in the lab) of a species that is considered the very first molecule formed 

in the universe: He-H+(formed about only 100,000 years after the big bang). It was the beginning 

of chemical synthesis, and, of course, chemistry. In the early Universe, the reaction He + H+ → 

HeH+ + hν dominates HeH+ formation [3]. 

In the present work it is reported as such chemical species can be employed as a very 

good theme to study chemical bonding by using molecular modeling. 

 

METHODOLOGY 

H-H, H-H+ and He-H+ were modeled at Hartree-Fock G-311 + G** level of theory. The 

obtained results were employed to illustrate the use of molecular modeling as a didactical tool to 

enhance the understanding of the chemical bond formation and properties. 

 

 



AJCE, 2020, 10(1)                                                                                                           ISSN 2227-5835                                                                                                                                               

3 

 

 

 

RESULTS AND DISCUSSION 

The obtained results are summarized in Table 1.  

Table 1:  Molecular modeling results. 

Species Bond 

length/pm 

Löwdin Bond 

order 

Ehomo/eV Elumo/eV Dipole 

moment/D 

Electrostatic 

charge 

He-H+ 78 0.35 -44.33 -7.23 0.7 He (0.318)  

H (0.682) 

H-H+ 105 0.11 -30.08 -7.62 0.0 H(0.5) 

H(0.5) 

H-H 74 0.51 -16.22 4.55 0.0 H(0.0) 

H(0.0) 

 

 

The reliability of the chosen theoretical approach can be verified by using H2 molecule as 

“standard”: the H-H bond dissociation energy: 4.52 eV [4] is in very good agreement to the 

calculated lumo energy: 4.55 eV. 

He-H+ and the hydrogen molecule (H-H) have some similarities: two bonded atoms, a 

system with two nucleus and two electrons. As can be verified, the calculated bond lengths are 

very close. However, the negative lumo energy calculated to He-H+ shows that such species is 

“avid” to receive electrons (what explain its high reactivity). 

The calculated infrared spectrum to He-H+ is shown in Figure 1. A single band at 3195 

cm-1 (due to the He-H bond stretching vibration mode) is verified. The same band is also Raman 

active (Figure 2).  In the same spectral range, H2 does not exhibit any calculated IR band, in 

agreement with an experimental value of 4161.16 cm-1 to the H-H stretching mode [5]. 
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Fig. 1. Calculated infrared spectrum to He-H+ 

 

 

Fig. 2. Calculated Raman spectrum to He-H+ 

Hence, He-H+ and H-H can be easily differentiated by using such calculated 

spectroscopic data. 

Furthermore, if He-H+  has a vibrational mode active simultaneously in IR and Raman, it 

means that  it has not an inversion centre, in agreement with the point group for which it belongs 

(Civ).  It can also be concluded that such vibration changes its dipole moment (IR) and 

polarizability (Raman). 

The fact that in He-H+ the larger positive (electrostatic) charge is on the hydrogen atom is 

in agreement with a larger electronegativity to He (4.16) than to H (2.30) in up to date Pauling 

scale values [6]. 

 

REFERENCES 

 

1. R.F. de Farias, Using molecular modelling to study bond dissociation energy: methane as 

a study case, AJCE, 2019, 9(2) 4-7. 



AJCE, 2020, 10(1)                                                                                                           ISSN 2227-5835                                                                                                                                               

5 

 

 

 

2. R.F. de Farias, Proving the paramagnetism of oxygen by molecular modelling,  AJCE, 

2018, 8(2), 2-6. 

3. R.Güsten, H. Wiesemeyer, D. Neufeld, K.M. Menten, U.U. Graf, K. Jacobs, B. Klein, O. 

Ricken, C. Risacher,  J. Stutzki, Astrophysical detection of the helium hydride ion HeH+, 

Nature, 568 (2019) 357-359. 

4. CRC Handbook of chemistry and physics, 96th Ed., Taylor and Francis, Boca Raton, 

2016. 

5. G. D. Dickenson, M. L. Niu, E. J. Salumbides, J. Komasa, K. S. E. Eikema, K. Pachucki, 

W. Ubachs, Fundamental Vibration of Molecular Hydrogen, Phys. Rev. Lett., PRL 110, 

193601 (2013). 

6. 











AJCE, 2020, 10(1)                                                                                                           ISSN 2227-5835                                                                                                                                               

10 

 

 

 

Sample digestion 

According to the optimized wet digestion procedure, 0.5 g of powdered and homogenized 

barley sample was digested. After digestion, 2 % of 10 mL nitric acid was added to dissolve the 

precipitate formed on cooling and gently swirled to reduce the formation of the precipitate. The 

cooled digested sample was then filtered into a 50 mL standard volumetric flask with Whatman 

filter paper in order to remove any suspended or turbid matter. This was followed by subsequent 

rinsing of the filtrate with 5 mL deionized water until the volume becomes half of the total 

volume. Then 1% (w/v) lanthanum nitrate was added in order to make some metals free and the 

flask containing the sample was filled to the mark. Triplicate digestion was carried out. The 

digested and diluted sample solutions were then stored in tightly capped polyethylene bottles and 

kept in a refrigerator until analysis.   

Sample analysis  

Determination of the levels of metals in the digested and diluted samples was carried out 

with flame atomic absorption spectrometry (FAAS). First the instrument was calibrated using 

metal standard solutions. To calibrate the instrument, standard solutions of K, Mg, Ca, Na, Zn, 

Fe, Ni, Mn, Cu, Cr, Co, Pb and Cd were analyzed with FAAS (Buck Scientific Model 210GP) 

equipped with standard air-acetylene flame system after the parameters (burner and lamp 

alignment, slit width and wavelength adjustment) were optimized for maximum signal intensity 

of the instrument[11]. All the thirteen metals in the barley samples were determined by 

absorption/concentration mode and the instrument readout was recorded. The same analytical 

procedure was employed for the determination of metals in blank solutions too. 
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Validation of the optimized procedure  

The efficiency of the optimized procedure is checked by analyzing certified standard 

reference metal solutions and spiking sample with known concentration of the analyte [12]. The 

spiked samples were prepared by adding a small known quantity of metal standard solution to 

the samples. The spiked samples were then digested applying similar digestion procedure and 

analyzed for the essential and toxic heavy metals [11]. Finally the percent recovery was 

calculated as: 

% R =   
�G�I ���q�n�g�i�c�b���?���G�I ���l�m�l���q�n�g�i�c�b

�G�I ���_�b�b�c�b���d�m�p���q�n�g�i�g�l�e
���T���s�r�r�¨ 

                            Where, CM = concentration of metal of interest 

                                          R = recovery 

RESULTS AND DISCUSSION 

The instrument was calibrated using four series of working standards which were 

prepared by diluting the intermediated standard solutions (10 mg/L). Fresh working standard 

solutions and the resulting correlation coefficient of the calibration curve for each metal is shown 

in table 1. 

Table 1: Intermediate standards, working standards and correlation coefficients of the calibration curve  

Metals Concentration 

intermediate 

standard (mg/L) 

Concentration of  

working standard (mg/L) 

Correlation coefficient of the 

calibration curve 

K 10 0.25, 0.5, 0.75, 1.5 0.99985 

Mg 10 0.25, 0.5,1,2 0.99997 

Ca 10 0.5, 1, 2, 4 0.9993 

Na 10 0.25, 0.5,1,2 0.999999 

Zn 10 0.1, 0.2, 0.4, 0.8 0.99976 

Fe 10 0.5, 1, 1.5, 3 0.99954 

Ni 10 0.25, 0.5, 1, 2 0.99971 

Mn 10 0.25, 0.5, 1, 2 0.99999 

Cu 10 0.5, 1, 1.5, 3 0.99992 

Cr 10 0.5, 1, 1.5, 3 0.99991 

Co 10 0.25, 0.5, 1, 2 0.99999 

Pd 10 1, 2, 3, 4 0.99993 

Cd 10 0.25, 0.5, 1, 2 0.99998 
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Percentage recoveries  

The percentage recoveries for the studied metal nutrients were within the acceptable 

range 90-108.3. Therefore, this verifies the optimized digestion procedure was valid. The lower 

recovery of Cd may be attributed to the strong matrix analyte interaction.  

Table 2: Recovery for the optimized procedure  

Metals  Conc. in sample 

(mg/kg)  

Amount 

added 

(mg/kg) 

Conc. in spiked 

sample (mg/kg) 

Amount recovered 

(mg/kg) 

Recovery (%) 

 

 Mean ± SD  Mean ± SD Recovered ± SD %R ± RSD 

K 11000 ± 34 610 11600 ± 50 600 ± 60.5 98.4 ± 9.9 

Mg 11100 ± 10.9 166 11251 ± 1.9 151 ± 11.8 90.9 ± 7.1 

Ca 2600 ± 5 64 2660 ± 1.5 60 ± 5.2 93.8 ± 8.2 

Na 261 ± 1 12.2 273 ± 0.7 12 ± 1.2 98.36 ± 9.8 

Zn 86.2 ± 0.2 13.4 101.1 ± 0.5 14.9 ± 0.54 111.1 ± 4 

Fe 46 ± 0.22 12.6 57.7 ± 0.16 11.7 ± 0.27 92.9 ± 2.1 

Ni 30 ± 0.26 12 43 ± 0.26 13 ± 0.37 108.3 ± 3.1 

Mn 38 ± 0.29 6.8 44.2 ± 0.26 6.2 ± 0.39 91.2 ± 5.7 

Cu 11.4 ± 0.16 4 15 ± 0.24 3.6 ± 0.28 90 ± 7.2 

Cr 14 ± 0.17 3  16.8 ± 0.14 2.8 ± 0.22 93.3 ± 7.3 

Co 11.84 ± 0.03 2.4 14 ± 0.14 2.16 ± 0.14 90 ± 5.9 

Pb 29.3 ± 0.04 0.62 30 ± 0.06 0.7 ± 0.07 112.9 ± 11.2 

Cd 7.46 ± 0.01 0.62 8 ± 0.03 0.54 ± 0.03 87.1 ± 5.1 

 

 

Levels of metal content in the analyzed barley samples 

The concentrations of thirteen elements (K, Mg, Ca, Na, Zn, Fe, Ni, Mn, Cu, Cr, Co, Pb 

and Cd) in the digested barley samples are shown in Table 3 with their respective % RSD.  
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Table 3: Average concentration (mean ± SD, n = 9, mg/kg on dry weight basis) and relative standard deviation (% 

RSD) of major, minor and toxic metals in barley samples from East Gojjam, Awi Zone and West Gojjam 
M

et
a

ls
 

East Gojjam barley 

 sample (mg/kg) 

Awi Zone barley sample 

(mg/kg) 

West Gojjam barley       sample 

(mg/kg) 

Mean 
G��SD % RSD Mean 
G��SD  % RSD Mean 
G��SD % RSD 

K 4094
G52.7 1.3 6071 
G��166 2.7 12238 
G 180 1.5 

Mg 827 
G 50 6 905 
G 33.3 3.7 983 
G 60.1 6.1 

Ca 320��
G 7.2 2.3 886 
G 11.2 1.3 427 
G 6.71 1.6 

Na 62.3��
G 0.93 1.5 51.6 
G 2.90 5.6 49.2 
G 4.99 10.1 

Zn 33.7 
G 0.51 1.5 76.7 
G 0.18 0.23 36.9 
G 0.22 0.6 

Fe 15.7��
G 1.22 7.8 56.6 
G 2.79 4.9 106 
G 7.63 7.2 

Ni 14.9 
G 0.87 5.8 27.6 
G 0.71 2.6 3.78 
G 0.33 8.7 

Mn 11.2 
G 0.67 6 13.7��
G 0.44 3.2 8.83 
G 0.60 6.8 

Cu 5.83 
G 0.53 9.1 10.5 
G 0.93 8.9 9.72 
G 0.87 8.9 

Cr 4.33 
G 0.441 10.17 5.8 
G 0.5 8.7 6.11 
G 0.50 8.2 

Co 3.38 
G 1.09 9.7 4.72 
G 0.49 10.3 5.83 
G 0.53 9.1 

Pb 2.11 
G 0.23 10.9 1.44 
G 1.4 9.8 2.33 
G 0.25 10.7 

Cd 1.2 
G 0.12 10 1.55 
G 0.17 11 0.98 
G 0.11 11 

As it can be seen from Table 3 and Figure 1 the levels of metals differ significantly 

among each other and there is slight difference between the same metals from different sampling 

area. This is because mineral uptake in plants is a function of mineral concentrations in soils, soil 

pH, cation exchange capacity, organic matter content, types and varieties of plants [13].   

The most abundant macro elements are K (4094 - 12238 mg/kg), Mg (827-983 mg/kg) 

followed by Ca (320 - 886 mg/kg). The high levels of K and Mg in barley is probably due to the 

fact that nutrient elements such as N, P, K, S, and Mg are highly mobile in the plant tissue and 

trans-located from old plant tissue to new plant tissue. It is also believed that if the soil used for 

cultivation of crops is treated with fertilizer and organic matter, crops would have high amount 

of potassium, calcium and magnesium [13]. The same reason would be the case for the presence 

of high amount of K, Mg and Ca in this study. 
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In the investigated barley samples the most accumulated microelement is Fe (15.7-106 

mg/kg) followed by Zn (33.7- 76.7 mg/kg) and Ni (3.78 - 27.6 mg/kg). High Fe levels in the 

barley sample may be attributed to the availability of this micronutrient metal in soils of the 

farmland. The levels of other essential trace metals detected in barley were Mn (8.83 - 13.7 

mg/Kg), Cu (5.83 - 10.5), Cr (4.33 - 6.11 mg/kg), Co (3.38 - 5.83 mg/kg), and non-essential 

heavy metals Pb (1.44 - 2.33), and Cd (0.98 -1.55 mg/kg). The level of Cd was the least among 

the metals determined. In general the concentration pattern of metals in barley was in the order: 

K > Mg > Ca > Fe >Zn > Na > Ni > Mn > Cu > Cr > Co > Pb > Cd 

As it can be seen from Table 3 barley can be a good source of major and minor metals 

that are essential to humans in addition to its food purpose. The level of Cd in barley in the 

present study is above the permissible limit set by FAO/WHO. According to FAO/WHO, the 

concentration of Cd should be (0.21 mg/kg) and lower to be safe to eat plants. The small amount 

of Cu, Cr and Co found in barley does not contradict with the requirement of the metal for proper 

functioning of the body, because these metals are required in small amounts. 
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Figure 1: Distribution pattern of macro and micro elements in barley sample 

Comparison of the levels of metals in barley with literature values 

Comparison of the metal concentration in barley determined in this study with reported 

values of other researchers are presented in Table 4. As shown, levels of K, Cd, Ni and Cr in 

barley determined in this study was a bit higher than reported values  but the Mg, Na, Pb and Mn 

content in barley determined in this study was lower than reported values. The level of Ca, Zn, 

Fe, Cu and Co in barley determined in this study was comparable with reported values.  
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Table 4: Comparison of determined metals concentration in barley with reported values  

Metals Analyzed (mg/kg) Reported (mg/kg) References 

K 4094 - 12238  4719-9515 [14] 

Mg 827 - 983 1157-2571 [14] 

Ca 320 - 886 400 - 460 [15] 

Na 49.2-62.3 893-2312 [14] 

Zn 33.7- 76.7 32.9 - 35.7 [15], [16] 

Fe 15.7-106 84 – 104 [15]  

Ni 3.78-27.6 0.56-1.23 [17] 

Mn 8.83-13.7 21.93-38.69 [17] 

Cu 5.83 - 10.5 3.7 [16] 

Cr 4.33 - 6.11 0.83-1.22 [17] 

Co 3.38 -5.83 1.66-44.1 [17] 

Pb 1.44 - 2.33 2.9 [16]  

Cd 0.98 -1.55 0.62 [16] 

 

IMPLICATIONS FOR CHEMICAL EDUCATION 

Teaching learning process should be supported and referred to result9
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since the children are trained in Zambian languages at their homes. This means that English 

acquisition is only limited to the classroom. This compromises the proficiency of the learners in 

English, and it becomes difficult for learners to grasp the concepts in a foreign language. Hence, 

(Hewitt and Bradshaw [8] conclude that the use of English language in schools has the potential 

to affect the levels of learner success in schools. On the other hand, a learner is overloaded with 

work because they have to learn both the foreign language and the content simultaneously 

Wellington and Osborne [9]. This may be a source of confusion and failure among the learners. 

Omolewa [7] argues that most African cultural-artifacts and skills are not used as 

examples for learning in most African science lessons.  Instead, European artifacts and skills are 

used as teaching aids. These, like language, are strange to learners, and this makes the learning of 

chemistry difficult. Omolewa [7] further contends that most modern teachers do not use methods 

that promote commitment of learning material to long-term memory, hence, learners do not learn 

for service to their society. Instead they learn chemistry for the sake of passing the national 

examinations, getting certification and recognition in society (Tichapondwa [5] and Nashon and 

Anderson [10]. This limits learners’ understanding of the subject because the motive of learning 

is not for knowledge acquisition. Some teachers do not see the need to contextualize their 

chemistry lessons using indigenous knowledge because researchers from the Western community 

do not accept the existence of indigenous science. They look down upon it and exclude it from 

classroom science because they believe it is not a science at all (Shumba [11] and Sinevely and 

Corsglia [12].  
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Suggestions to improve learner performance in Chemistry  

It is clear from the foregoing that most of the difficulties emanate from the failure by 

educators to select and use contexts and teaching methods that are familiar to learners. This is 

probably the reason why Ausubel [13] says that ‘the most important single factor influencing 

learning is what the learner already knows’. In line with Ausubel‘s [13] assertion, some 

proponents have suggested the following as some of the ways that could be used by educators to 

minimize the learning difficulties in chemistry. 

The first suggestion is through use of contextualization. Giamellaro [14] defines 

contextualization as ‘a process of drawing specific connections between content knowledge with 

the context in which the content can be relevantly applied’. Wyatt [15] defines context as 

familiar knowledge which learners come with to school from their society while content 

knowledge is curricular knowledge which is taught in schools. Omolewa [7], Abonyi and Njoku 

[6] and Ugwu and Diovu [4] contend that contextualizing lessons improves attitude, interest, 

engagement and performance of learners in chemistry. It also brings out sense of ownership of 

chemistry applications, and this may also reduce its abstractness. When educators use contexts 

that are familiar, learners are able to link the content to context, and learners are able to create 

meaning and learners are able to see the value of the subject in their lives. 

Omolewa [7] educates further that an African child learns better through specialists. 

Traditional African learner learns better through specialists such as traditional medical 

practitioners, surgical workers, wood workers, gold and ironsmith, and many others. These 

specialists made sure that their apprentices get the necessary knowledge and skills in their 

specializations by working hard. They worked not only for their economic gain but also for 

service and survival of their communities. In the same vein, learners of today must not only learn 
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from teachers in class, they must be taken out of class for specialized learning in different fields 

according to their curriculum. Specialists may explain the concepts better than some teachers. 

They would also serve as role models who could be sources of motivation for learners. Learners 

must understand that they do not learn only for employment, but also for productivity and 

survival of their society. 

Omolewa [7] argues that Africans education combines academic learning with workplace 

applications by focusing on concrete life skills and knowledge. For example, medicinal plant 

identification, performance of a traditional song, performance of a dance, preparation of a local 

dish. This kind of learning is good because it promotes hands-on activities and the utility value 

of knowledge and skills to the learners. When learners realize the applicability of the skill and its 

importance, they begin to value education. They may develop higher interest levels, begin to 

enjoy the subject, spend more time reading, and expend more energy on learning the subject. 

This eventually results in better conceptual understanding and improved academic performance. 

The second way is through use of ethnoscience in chemistry lessons. Abonyi and Njoku 

[6] define ethnoscience as ‘knowledge which is inherent to a particular language and culture 

which deals with local perception, practices, skills and ideas in the context of socio-economic 

and sustainable development’. There is evidence that learners learn better in their socio-cultural 

context (Gerdes [16], Omolewa [7] and Young [17]. Hence, Sefa [18] urges educators to use 

examples and methodologies rooted in learners’ local culture in chemistry lessons. Africans had 

strong knowledge structures in all activities of their societies, such as in food production and 

preservation, medicinal herbs, engineering, animal husbandry, mathematics, navigation, ecology, 

crop management, tool making, metal extraction, experimentations in edible and inedible plants, 

and nomenclature (Sinevely and Corsiglia [12], Omolewa [7] and Abonyi and Njoku [6]). 
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Just to elaborate more on nomenclature, among the Tonga speaking people of southern 

province of Zambia, the naming of children is quite systematic. As examples, let us consider the 

names: Hang’ombe, Hababwa, Hamilonga, Habasimbi and Hankuku. These are usually ancestral 

names that exhibit the characteristics of their fore fathers. ‘Ha’ in all the above names serves as 

an adjective or prefix which may be analogous to the prefix ‘alk’ in the organic chemistry 

families, such as alkanes, alkenes, alkynes, alkanols and alkanoics. In order to understand the 

family where a named organic compound belongs to, one has to consider the suffixes ‘ane’, 

‘ene’, ‘nol’, noic’. In a similar manner, in order to get the meaning of these names, one has to 

understand the meaning of the suffixes ‘ng’ombe’, ‘nkuku’, ‘babwa’, ‘milonga’, and ‘basimbi’. 

In other words, the adjective ‘Ha’ adds meaning to a noun or suffix. For example, the 

name ‘Habanyama’ means a person likes banyama (animals). Similarly, ‘Hamilonga’ means 

somebody who likes staying near rivers and all activities that are synonymous with rivers such as 

fishing. Habasimbi may mean a man or boy who likes playing with girls or women. It might also 

mean a man or boy who is very promiscuous. This knowledge exhibited by the Africans shows 

that they actually had systematic reasoning. 

From the forgoing, it is clear that they can be used as examples in the teaching and 

learning of chemistry. Integration ethnoscience with modern science is not only important for 

ease construction of knowledge by learners, but it is also important in order to localize the 

curriculum. A curriculum which students cannot identify themselves with creates an artificial 

distance, alienation and they become resistant to its content. Integration makes the learning 

experiences meaningful, relevant, interesting, and engaging to the learners. 

The third suggestion to improve learner performance in chemistry is through use of 

constructivist approach. Constructivism is a learner centered approach where learners are able to 
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construct their knowledge by analyzing, synthesizing, comparing and evaluating the new 

information in the light of old information. Hence, it can be argued that ethnoscience and 

contextualization can be good sources of knowledge construction by learners since both can 

serve as pre-requisite knowledge of learners.  Some scholars argue that constructivism is the best 

learning philosophy because its learning is meaningful (Bruner [19], Canas and Novak [20]). 

They argue that it is meaningful because it has the potential to produce minds that are able to 

think creatively and critically, make decisions, solve problems collaboratively, and communicate 

proficiently (Educating our future [21], Cirik, Colak and Kaya [22]). 

 

PURPOSE OF THE STUDY 

In Zambia, among the natural science subjects (Mathematics, Science and Biology), 

science has been persistently recording larger numbers of failures (Namayanga and Sato [23], 

Banda, Mudenda, Tindi and Nakai [1] and ECZ [2]). Some of the factors that lead to the failure 

of learners are poor teaching methods used by some teachers. For example, some teachers 

portray chemistry as an alien subject by using foreign contexts (Ugwu and Diovu [4]). Dzama 

and Osborne (cited in Mahajan and Singh [24]) state that lack of relevance of the material being 

learnt by learners in terms economic gain lead to failure of some learners. 

By integrating scientific-socio-economic activities of the local community into chemistry 

lessons, it was hoped that learners would realise the economic importance of chemistry in their 

society. Once this was borne in learners’ minds, it was assumed that the abstractness of 

chemistry would be reduced and, hence, improve the attitudes, and probably the achievement of 

learners in the subject. It was also thought that the study would somehow inform learners that 

chemistry was not as alien as they first thought since it was practiced in their communities. It 
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was also thought that the use of local resources and wisdom in manufacturing tangible products 

(charcoal and Kachasu) would further signal the presence and ownership of indigenous science 

around Malambanyama community. This would develop self-belief in the learners since they 

would realize that scientific concepts were practiced daily in their community. This research 

would as well enrich the pedagogical knowledge of chemistry teachers. It would also be helpful 

to the curriculum developers and teacher training institutions by encouraging teachers to apply 

socio-economic activities in their pedagogical skills in order to make the learning of chemistry 

more meaningful. 

From the foregoing, methodological, scope and conceptual gaps were identified by the 

current research, and hence, it was felt that the research had to be re-done in the following ways: 

1. Mixed method research design was used where quantitative and qualitative data was 

collected and analysed. 

2. The current study carried out the study with learners coming from the community where 

the cultural practices of alcohol brewing and charcoal burning actually take place. 

3. The learners were immersed in authentic cultural-learning-environments where they 

interacted with the brewers and charcoal burners, and asked questions for the purpose of 

learning. 

4. While previous researchers emphasized on the importance of indigenous knowledge and 

its practices in the teaching-learning of chemistry, the current study adds the concept of 

economic value of chemistry knowledge and its applications. This made learners realize 

that chemistry is important for economic development of a family, community, nation 

and the world at large. 
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METHODOLOGY   

Prior to beginning of the study, the researcher visited the ‘factory owners’ to investigate 

the chemistry applications involved in their Socio-Economic Activities (SEA). The specialists 

(brewer and charcoal burners) were interviewed on the processes involved in manufacturing their 

products. Later, arrangements for learners’ visitations were made. At the beginning of the study, 

pre-intervention attitude questionnaire was administered to the whole class to find out the 

general attitude of learners towards chemistry. 

Thereafter, the learners were randomly selected and assigned to groups 1 and 2. Then, 

both groups were taught ‘fermentation’ by the researcher at the same time using Lecture 

Discussion Method (LDM). The day that followed, group 1 was treated with SEA by visiting the 

Kachasu-brewer’s factory for interaction with the brewer while group 2 members remained 

studying in class. Learners were able to ask the brewer some questions with reference to the 

focus questions prepared in advance by the researcher. However, learners were allowed to ask 

questions of their own interest. 

The Kachasu-brewer started by showing the learners how she does her mixtures of the 

raw materials. Learners could ask the brewer why she did what she was doing at each step for 

clarity. The brewer gave explanations and learners were writing in their note books. The 

researcher could also give further explanations to consolidate learner understanding. Group 

interviews were conducted immediately after the lesson session at the same venue while events 

were still fresh in participants’ minds. The interview was recorded using a mobile phone by a 

villager who was trained to capture the transactions during the interviews. 

In order to deal with participants’ unnatural reaction due to the presence of a camera at 

the research sites, the researcher had started using the camera in ordinary classes as a way of 
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familiarizing them with it prior to the actual study (Tichapondwa [5]). Two weeks later, posttest 

1 was administered to both groups at the same time. Transcripts were marked and marks were 

recorded. Later, a new topic, ‘incomplete’ combustion of wood was taught to the whole class 

using LDM at the same time by the same researcher. On the day that followed, group 2 visited 

the charcoal burner’s factory for the learning purpose while group 1 remained studying in class. 

Figure 1 depicts the setup of the counter-balanced groups at experimental stage. 

Phase I 

 

                R              O1 X       O2    Intervention group 

                R             O3                 O4      Control group 

 

 

 Phase II  

   

R O1  O2 Control group 

R O3      X O4 Intervention group 

 

 

         Figure 1: Depiction of counter-balanced groups at experimental stage 

 

Notes.  

O = observation/measurement 

X = treatment or intervention given 

This was done in order to make all the participants to benefit in the study (Creswell [25]). 

Whilst there, learners asked the charcoal burner questions using the focus questions that were 

prepared earlier by the researcher, though they were also free to ask their own questions. 

Participants were taking note of the responses given by the charcoal burner in their notebooks. 
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This group was also interviewed to establish their views on integration of SEA in 

chemistry lessons. Group interviews were equally conducted. Two weeks later, posttest 2 was 

administered to both groups at the same time in the same room, transcripts were marked and 

results recorded. Finally the same questionnaire was re-administered to all the learners to 

establish what their attitude was at the end of the study. 

 

Research setting  

The study was carried out at Malambanyama Day Secondary School in Chibombo 

District in Central Province of Zambia. The main economic activities of the local people are 

mixed agriculture where they grow crops and keep herds of cattle. Due to economic hardships, 

some farmers have also engaged in charcoal burning while others brew traditional beer, locally 

known as Kachasu. Through these socio-economic activities, parents are able to raise money to 

send their children to school, buy farming inputs, and for livelihood. The target population were 

all grade 12 learners in Chibombo district.   

 

Target population and sampling techniques  

Grade 12 learners were purposively selected for this study for many reasons. They were 

not only information-rich, but they were also more involved in helping the parents doing the 

work at home than the younger learners. Apart from that, the topics (fermentation and 

incomplete combustion) are learnt in grade 12 in Zambia. The grade 12 class had a total of 43 

learners, out of which 26 (60.5%) were boys while 17 (39.5%) were girls.  
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Research Instruments 

Attitude questionnaire, chemistry assessment tests (CATs) and focus group interviews 

were used to gather data. The attitude questionnaire items were adapted from Salta and 

Tzougraki [26] and Cheung [27]. The interview items were adapted from Nashon and Anderson 

[10]. CATs were developed by the researcher. Pilot testing was done with a grade 11 class since 

the school had only one grade 12 class which was reserved for the actual study. Pilot testing 

involved LDM and SEA at the Kachasu and Charcoal production sites. Pre-test, post-tests, 

questionnaire and interviews items were administered to the pilot class. Pilot testing took four 

weeks before commencement of the actual research. Necessary amendments were done to the 

test items, questionnaire items and methodology in order to fine-tune the instruments.  

 

Validity of Instruments 

Validity refers to the extent to which research instruments and methodologies measure 

the variables (Creswell [25] and Tichapondwa [5]). In order to be sure that the observed results 

in the response variable were caused by the treatment and not some confounding variables, the 

following conditions were put in place. Firstly, the participants were randomly selected and 

assigned to group 1 and 2 in order to eliminate personal bias in the study. Secondly, learners in 

the two groups were taught the same material by the same teacher at the same time. Thirdly, 

treatment (SEA) was given to one group at a time to find out its effect on the mean scores for 

each group at post 1 and 2. Since both groups 1 and 2 benefited from the treatment, this 

compensated for resentment by any group. Fourthly, the instruments were validated by peers and 

the promoter of the study. Also, the CATs used at pre-test and post-test 1 and 2 had different 

items while the content was maintained in order to prevent learners from remembering the 
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responses from previous tests. For example, at pre-test the CAT assessed the chemistry 

applications involved in both fermentation and incomplete combustion while at post-test 1 and 2, 

the CATs assessed chemistry applications involved in Kachasu production and charcoal burning 

respectively. 

 

Reliability 

Salta and Tzougraki [26] established the reliability of the items as 0.89, using Cronbach 

alpha. They were scrutinized for reliability and those which seemed not to measure the 

constructs were deleted with advice from peers and the supervisor. The rationale was that all 

items on the questionnaire must measure the same constructs as much as possible. The variable 

‘attitude’ has three word-subsets embedded in it, namely thinking, emotions and actions (Salta 

and Tzougraki [26]) while Cheung [27] added the fourth one, ‘evaluative belief’. These were the 

dimensions considered when adapting the questionnaire items. The questionnaire consisted of 

three questions on thinking, three questions on actions, four questions on feelings and four 

questions on beliefs of learners. Reliability of CATs was achieved by administering CATs on 

days which were free from peculiar events in the school, such as sports (Salkind [28]).  

 

Test for Normality of Sample Score Distribution 

Pallant [29] proposes various methods that could be used to test for normality of the 

sample score distribution such as the Kolmogorov-Smirnov/Shapiro table, histograms, boxplots, 

percentile-percentile plots, among others. Keya and Rahmatulah [30] advise that normality must 

be assessed both analytically and graphically. The Kolmogorov-Smirnov/Shapiro data in Table 1 

gives direct and objective information on normality of data while graphical data provides an 
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opportunity for the audience to either confirm or disconfirm the status claimed by the table 

(Keya and Rahmatulah [30]). Shapiro-Wilk, Table 1, was used to test for normality of data 

against the alpha level (0.05) because it was proved to be more sensitive to samples having 50 or 

less cases, than the Kolmogorov-Smirnov. 

It was observed that all the significant values under the Shapiro-Wilk section on table 6 

were greater than 0.05, except for .048 for post-test 2.048 clearly shows that data for group 2 

alone was not normal while the rest were normal. However, the independent samples t-test was 

still used for analysis of data because Pallant [29] advises that parametric tests could still be used 

for data analysis despite part of the data not being normally distributed because they are robust. 

This means that they can tolerate minor violations of the assumptions without causing major 

problems. Keya and Rahmatulah [30] also caution that non-normal sample distributions are more 

frequently met in studies than normal ones. 

 

Table 1: Results for tests for normality of sample score distribution 

 

 Group Kolmogorov-Smirnov Shapiro-Wilk 

 Statistic Df Sig. Statistic df Sig. 

Pretest 
Group 1 0.109 17 0.200* 0.951 17 0.471 

Group 2 0.185 17 0.127 0.931 17 0.226 

Posttest1 
Group 1 0.131 19 0.200 0.931 19 0.181 

Group 2 0.261 12 0.023 0.889 12 0.115 

Posttest2 
Group 1 0.129 22 0.200 0.979 22 0.899 

Group 2 0.215 21 0.012 .907 21 0.048 
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RESULTS AND FINDINGS 

A. Pre and post-intervention attitude responses 

The fourteen questionnaire items were analysed by the SPSS software to find out whether 

there was learner attitude change between the pre and post-intervention. The results showed that 

participants’ attitude changed from negative at pre-intervention to positive at post-intervention, 

Table 2. This was indicated by a larger number of participants responding positively (agree and 

strongly agree responses) at post-intervention than at pre-intervention. For example, the number 

of respondents who responded positively to the statement ‘chemistry is my favourite subject’, at 

pre-intervention were 22, while at post-intervention were 41. 

Data was further analyzed to establish the attitude mean score for all the 43 participants 

per questionnaire item. For example, the mean score for the statement, ‘Chemistry is my favorite 

subject’ at pre-intervention was 2.147 and at post-intervention was 1.791. Thus the attitude 

changed from ‘agree’ to ‘strongly agree’. This trend was the same for the rest of the 

questionnaire items. The overall mean scores at pre and post intervention were also found. At 

pre-intervention, the overall mean score for all the 14 questionnaire items was 2.513. This was 

found by adding all the scores for the 43 participants for all the 14 questionnaire items, and 

dividing the sum by 14. The 2.513 was rounded-up to a whole number since the responses were 

whole numbers. When rounded-up, 2.513 became 3.000, this meant that at pre-intervention the 

overall attitude mean score for this questionnaire was neither agree nor disagree. In other words 

the learners’ attitude was neutral. At post-intervention, the steps that were used to find the 

overall mean score for the pre-intervention was repeated, and the mean score found was 2.000. 

This meant that the learners’ attitude changed from neutral to agree. 
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Table 2: Comparison of pre and post-intervention attitude mean scores (N=43) 

 

The following bar graphs show atypical response to the question ‘I will not use chemistry 

knowledge after school during the pre- and post-test question, question from the above Table’. 

There was a clear interest in students to learn that chemistry occurs in their everyday life after 

being exposed to treatment by visiting the charcoal burning and fermentation sites in their 

communities. 

S/No Statement Pre-intervention Post-intervention Effect on 
attitude 

Mean 
score 

response Mean 
score 

Response 

1 Chemistry is my favorite subject 2.147 Agree 1.791 
Strongly 
agree 

Positive 

2 I spend more time reading chemistry books 3.091 Neutral 2.070 Agree Positive 

3 I solve chemistry exercises 2.029 Agree 1.732 
Strongly 
agree 

Positive 

4 Feel sad when I miss chemistry lesson 1.971 
Strongly 
agree 

1.721 
Strongly 
agree 

Positive 

5 I lose concentration in learning chemistry 3.294 Neutral 3.561 Neutral positive 

6 Not use chemistry knowledge after school 1.677 
Strongly 
agree 

4.561 disagree Positive 

7 
Will study a course related to chemistry college 
or university 

2.559 Agree 2.535 Agree Positive 

8 
Cannot earn a living through chemistry 
knowledge 

2.147 Agree 2.861 Agree  Positive  

9 
Our ancestors had knowledge of chemistry 
practices 

3.177 Neutral 2.238 Agree Positive 

10 
Knowledge of chemistry important in daily 
work 

2.647 Agree 1.550 
Strongly 
agree 

Positive 

11 
Connect chemistry to daily activities in our 
society 

2.441 Agree 1.465 
Strongly 
agree 

Positive 

12 
Societal activities to be used as examples in 
chemistry lessons 

2.088 Agree 1.881 
Strongly 
agree 

Positive 

13 Chemistry practiced in my village 3.000 Neutral 1.651 
Strongly 
agree 

Positive 

14 
Chemistry important for economic 
development 

2.912 Agree 1.535 
Strongly 
agree 

Positive 

 Overall mean score 2.5 Agree  2.002 Agree   
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B. Achievement mean scores  

At the beginning of the study learners from the same class were randomly selected and 

assigned into groups 1 and 2. The two groups were assessed at pre-test in order to establish their 

conceptual understanding. Thereafter, the whole class was taught fermentation using LDM. The 

day that followed, group 1 was exposed to SEA by taking the learners to the brewer’s factory 

where they learnt more about fermentation while group 2 was denied the treatment. Two weeks 

later, assessment was given to both groups and results were recorded as post-test 1. 

At phase II, the whole class was taught incomplete combustion of wood using LDM, and 

treatment was given to group 2 while group 1 was denied the treatment. Two weeks later an 

assessment was given to the whole class and results were recorded as post-test 2. Table 3 

summaries the chemistry assessment results obtained at pre-test, post-test 1 and 2. 
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groups had equal variation in scores, p = .029, t (29) = 1.972, α = .05 at confidence level 95%. P 

< .05, hence, rejected the null hypothesis, meaning that the difference between the two groups 

was statistically significant. 

 

(iii) Post-test 2 performance results for groups 1and 2 

At phase II, the whole class was taught using LDM. Later on, group 2 participants were 

treated with the SEA by learning at the charcoal burner’s factory while group 1 participants were 

denied the treatment. The whole class was later assessed, and data was statistically analysed 

using the SPSS software. At post-test 2 group 1 (M = 50.91, SD = 16.52 while group 2 M = 

54.05, SD = 18.13). The performance mean score difference between the two groups (3.14) was 

analysed using the independent samples t-test in order to find out whether it was statistically 

significant or not. The SPSS output obtained in Table 14 showed that Levene’s test (.377) > .05, 

meaning that the scores for the two groups had equal variance, p = .278, t (41) = -.594, α = .05 at 

confidence level 95%. P > .05, meaning that the difference was not significant, hence, failed to 

reject the null hypothesis. 

 

C. The Interview Results 

The interviews were conducted at the economic sites immediately after the learning 

activities. This was promptly done because it was believed that learners would be enthusiastic in 

giving responses since events would still be fresh in their minds. The interview guide had both 

structured and open-ended questions. The structured questions created a base for probing the 

respondents further while the open-ended questions enabled them to provide detailed responses 

to the problem. This helped the researcher to understand the views, perceptions, opinions, 
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feelings and beliefs of the informants about incorporation of SEA of the local community into 

the learning of chemistry (Tichapondwa [5]). Proceedings of the interview were recorded and 

later transcribed from audio to symbolic language.  Due to the voluminous nature of the 

interview data, Creswell [25] advices that only excerpts that had information relating to the 

impact of integrating socio-economic activities of the local community into chemistry lessons 

were extracted from the transcript. Creswell [25] advises researchers to disregard some pieces of 

qualitative data that may be deemed not to be important to the research questions. The following 

were the extracts of the discourse during the interview: 

Interviewer: Describe how you have felt learning at the brewer/charcoal burner’s factory.  

Respondent A: As for me, I am very happy to be here because I have seen things I have never seen before. I 

have just experienced this and, e-eh- e-eh, when I complete my education I can have an opportunity to start a 

business like this one and start earning money from it. Yes!  

Respondent B: It is fantastic because we have applied the knowledge that we learn in class. And we have 

come to see for ourselves instead of only writing notes in class. We have come to see how they manufacture 

the ethanol which is called Kachasu. So it will be easier for us to remember in the examinations because we 

will be reciting what we have seen here. 

Respondent F: It is enjoyable here than in class.  

 

From respondents’ point of view, learning at the economic sites was evoked different 

themes. For example, respondents A, B and F said it were happy to be at the economic sites. 

They gave some reasons for their joy. For example, respondent A was happy because she 

witnessed something she had not seen in her life. This is somehow puzzling because the 

phenomenon was emanating from her community. She also appreciated the learning activity 

because it proved to her that chemistry knowledge and its applications could be a source of 

income. Respondent B appreciated the marrying of the theory learnt in class with the practicality 

of concepts in real life situations. Learners observed how the concepts they learnt in class were 
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put to practical use. They witnessed ethanol and charcoal being practically produced. This has 

the potential to make learners commit the concepts to long-term memory and it would enable 

them pass national examinations with less difficulties. The other reason could be its adventurous 

nature. It can, therefore, be stated that taking learners out to the economic sites was worthwhile. 

This was supported by the better results that were gotten by the treatment groups when they 

visited the economic sites. This was in agreement with Bruner [19] who contends that interest in 

the learning material is a source of motivation to learners. 

Interviewer: You have learnt about fermentation/incomplete combustion through lecture and group 

discussions in class as well as by visiting the Kachasu/charcoal manufacturer. Which method do you think is 

better for your learning?  

Respondent C: I think learning through practicing is better because it catches learner’s attention. 

Respondent D: Coming to the village is better because we see what is happening. For example, we have seen 

bubbles being produced during fermentation. 

Respondent E: Sir, here it is better because we are seeing with naked eyes than in class. 

Respondent G: I think going out for a visit to witness what is happening is better because we learn more, we 

get to ask the brewer questions and we get the answers. 

Respondent B: As for me it is both learning in school and coming to visit because we learn in school, the 

teacher explains and when we come here we will be like, oh, this is what the teacher was talking about in class. 

So it will be easier for us to remember. Doing both theory and practice is a better idea for us to understand. 

 

The learners’ responses could be summarized in one sentence ‘learning through real life 

objects was better for them’. Real life objects enabled learners to use their sight to see how 

things happened at the economic sites. Dale [32] argues that learners learn more when they 

involve more than one sensory organ in the learning process. Involving learners in the learning 

process through varied sensory organs catches their attention to the maximum. The sensory 

organs work in synergy to bring about the desired learning outcome. Learners at the economic 
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sites did not only listen to the specialists’ explanations, but they also saw bubbles being 

produced, signifying the production of ethanol. 

Participants were also able touch the raw materials and the end products. They helped the 

brewer pound the malt as well as the mixing the raw materials. In charcoal production, they 

helped the charcoal burner make the kiln and they experienced how the entrance of excessive air 

(oxygen) in the kiln was traditionally restricted; by covering the kiln with soil. 

Interviewer: Many pupils believe that people in the village have no knowledge of applications of chemistry in 

daily life. Do you believe in this as well?  Explain. 

Respondent H: For me, I have known today that chemistry applications are present in the village. Previously I 

did not know that it was there, but I have known now.’  

Respondent I, There is chemistry in the village because what they do here is what we learnt in class, so there 

is chemistry in the village. 

Respondent G: There is chemistry in the village. But it is just that we do not just know that they do it. In fact, 

they do it every day, but they just do not know that it is chemistry.  

 

Some learners did not know that chemistry knowledge and its applications were practiced 

in their villages. All they knew was that chemistry was an alien subject only practiced in a 

laboratory. For example, respondent H confessed that he did not know despite the vast amount of 

chemistry applications that obtained in his community. Others somehow knew that chemistry 

applications were present in the villages, for example, respondent I and G. However, it seemed 

that respondent I came to know that chemistry applications were rampant in their community 

after lecture and discussion learning in class. It can be speculated that the respondent did not 

know prior to classroom learning. This can be tied together with what respondent G said above. 

He said that chemistry applications are practiced in the villages, but the villagers are just not 

aware of that it was similar to the chemistry learnt in schools. It was important for learners to 

realize that chemistry applications were practiced in their villages since learners would 
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appreciate that chemistry knowledge and applications were indigenous. This would make them 

claim ownership of the subject and its vast applications, and they would stop thinking that 

chemistry was imported from western countries. This would result in positive attitude and 

performance might improve as well. 

 

DISCUSIONS AND IMPLICATIONS  

In Zambia, the grade 12 national results for science and chemistry in particular have not 

been impressive. Hence, this study was designed to investigate the impact of integrating socio-

economic activities of the local community into chemistry lessons at Malambanyama Day 

Secondary School. Mixed method research design in form of a case study was used to study 

fermentation and incomplete combustion of wood. Learners were randomly selected and 

assigned to the control and treatment groups. The two groups learnt together using the LDM, 

while the treatment group was later taken to the SEA site, leaving out the control group 

untreated. 

Results indicated that the attitude of learners at pre-intervention was neutral and positive 

at post-intervention. At post-test 1 the chemistry assessment mean score for the treatment group 

was significantly higher than for the control group. However, at post-test 2, the chemistry 

assessment mean score for the treatment group was higher than for the control group, though not 

significantly. Generally, both quantitative and qualitative results showed that integrating SEA of 

the local community into chemistry lessons improves attitude, subject conception and academic 

performance. These results were in agreement with the findings of Nashon and Anderson [10] 

and Chibuye and Singh [33]. 
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It seemed that learners who were treated with the SEAs were able to intelligently connect 

the knowledge they learnt at the sites with the chemistry concepts that they learnt in class, hence, 

the better performance. Learners also realized that applications of chemistry was part of their 

daily life, and this made them believe that chemistry was not an alien subject. This probably 

challenged them to change their attitude and they began to believe in their own potential, and 

eventually better results were recorded from the treatment groups. These findings agree were in 

agreement with the results obtained by Nashon and Anderson [10] in Kenya where learners in a 

qualitative study confessed that the use of ethno chemistry practices in the teaching and learning 

of chemistry helped them to understand chemistry more than when LDM were used. The learners 

stated that LDM only made them pass the national examinations without life-long learning. 

 

Limitations 

Some limitations were encountered during this study. Absenteeism of learners from class 

was rampant. Some learners were absent at different stages of the study. Some were absent 

during chemistry assessments such as at pre-test and post-tests. Others were absent during 

administration of pre or post-intervention of attitude questionnaire. This could have adversely 

affected the results and their interpretations. For example, at post-test 1 only 12 out of 21 

participants took the test. If the 9 learners who were absent were among the gifted learners in 

group 2, it meant that the group performance mean score (54.58) could have been higher than 

that. This meant that the results and their interpretation could have been different. 

Also, the topics under study were not part of the scheme of work for the term at this 

school; hence, afternoon periods were used for the study so that the normal learning could not be 
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disturbed. Due to limited time and funds, only two SEA sites were visited. There was need to 

visit more than two SEA sites in order to establish consistency of results (triangulation). 

In trying to mitigate the impact of these challenges, absenteeism was reported to the 

school administration who warned the learners against absenteeism. However, this could have 

been against research ethics because the true reasons for learners’ absenteeism was not known. 

May be this was a way of withdrawing from the study. At the same time, school authorities 

allowed the study to be done in the morning during chemistry periods in order to counter 

absenteeism. 

The other challenge was that there was a high chance that participants in the treatment 

and control groups were communicating on what they were learning at the sites before 

administering the tests. This could have influenced the performance mean score of the control 

group. This could be the reason why the performance mean difference between the control and 

the treatment groups at post-test 2 was not statistically significant. 

 

Implications 

1) Results from the current study mean that educators must take advantage of the socio-

cultural knowledge that may serve as pre-requisite knowledge for learners during their 

lessons. 

2) This also implies that curriculum developers must consider including a good number of 

socio-cultural scientific SEA of different ethnic groupings in the school curriculum so 

that lessons can become more meaningful to the learners. 
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3) Teacher education institutions must also have a deliberate structure for encouraging 

student teachers to be innovative in the use of socio-cultural related knowledge base as 

pre-requisite knowledge for learners to better understand the concepts. 

There is also need to re-do this study using more than two socio-economic activity sites 

in order to establish consistency of results. 

 

Conclusion of the study 

The purpose of this study was to find out the impact of integrating SEA of the local 

community into the chemistry lessons. The overall finding in this study was that incorporating 

SEA of the local community into chemistry lessons leads to improved learner attitude, 

conception and academic performance. This was exemplified by the better performance of the 

treatment group than the control group. The better performance was most likely triggered by the 

economic value of chemistry which could have motivated learners to work had because 

applications of chemistry were sources of livelihood. This study has contributed the socio-

economic aspect of chemistry to the body of knowledge. 
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ABSTRACT 

In the course of this study the resins of Commiphora terebinthina and the roots of 

Pycnostachys abyssinica were collected from Konso and Wolaita Sodo, Ethiopia, respectively. 

The essential oil of the resin of Commiphora terebinthina was isolated by hydro distillation and 

analyzed by GC and GC/MS. Identification of the constituents of the essential oil was performed 

by matching GC/MS of each constituent with Wiley, NIST and user generated mass spectral 

libraries. The main components identified from the oil of C. terebinthina were: geraniol (24%), 

aromadendrene (2l %), α-copaene (15%), α-humulene (3.2%) and α-cadinol (7.4%). The resins 

were also subjected to extraction by petroleum ether, ethyl acetate and methanol, sequentially 

resulting in the isolation of α-humulene, α-cadinol and T-cadinol using chromatographic 

techniques. The phytochemical screening of the petroleum ether, chloroform and methanol 

extracts from the root of Pycnostachys abyssinica revealed the presence of alkaloids, flavonoids, 

glycosides, phenols, terpenoids, tannins, steroids and acidic compounds using the standard 

procedure. Chromatographic separation of the chloroform extract resulted in the isolation of β-

sitosterol. Characterization of the isolated compounds was performed using the spectroscopic 

techniques Uv-Vis, IR, 1H-NMR, 13C-NMR and DEPT-135 and comparison with previously 

reported literature. [African Journal of Chemical Education—AJCE 10(1), January 2020] 
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INTRODUCTION 

Plants used in traditional medicine have stood up to the test of time and contributed many 

novel compounds for preventive and curative medicine to modern science [1]. It has been 

confirmed by World Health Organization (WHO) that herbal medicines serve the healthcare 

needs of about 80% of the world’s population, especially for millions of people in the vast rural 

areas of developing countries [2]. Natural products, from microorganisms, have been the primary 

source of antibiotics and with increasing acceptance of herbal medicine they serve as an 

alternative form of health care [3]. 

The Burseraceae is a large family with 17-20 genera and 500-600 species, widespread in 

tropical and subtropical regions [4,5]. Engler [6] subdivided the Burseraceae into three tribes on 

the basis of fruit structure: Protieae (4 genera), Boswelliaea or Bursereae (eight genera which 

include Boswellia and Commiphora) and Canarieae (9 genera). 

The genus Commiphora with 150-200 species is wide spread in the drier parts of tropical 

Africa and Madagascar, also from Arabia to India and with few species occurring in South 

America. The genus is a very conspicuous and dominant element in the dry bush lands of North 

East Africa, where a large number of species are endemic to this area [7]. The resin is collected 

in such a way that the milky liquid exudate coming out from the tree hardens on exposure to air 

into droplets or "tears" which are then easily detached by a collector. Occasionally, some "tears" 

are produced by accidental injury or from splits which occur in the stems or branches of the tree. 

Commiphora myrrha is the chief source of myrrh today. The plant grows wild in the North-

Eastern province of Kenya and adjoining areas of Somalia and Ethiopia. This plant yields 

economically important gum exudate which has been collected for centuries as medicinal and 

perfumery substance [8]. 
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Holmes [9,10] apparently was the first to propose that the myrrh of the Bible was the 

perfumed myrrh or "bissabol" and not the medicinal myrrh or "heerabol" from C. myrrha. 

Common myrrh (heerabol) is obtained from C. myrrha; this is the species from which "oil of 

myrrh", or stacte, was obtained. Other species sometimes passing as myrrh or bdellium include 

C. africana, C. anglosomaliae, C. gileadensis (C. opobalsamum), C. hildebrandtii, C. kataf, C. 

mukul, and C. schimperi [11]. The odor of myrrh is described as warm-balsamic, sweet, and 

somewhat spicy aromatic, sharp and pungent when fresh [12]. 

The gifts presented by the Maji to the infant Christ symbolized His life: "gold for royalty, 

frank incense for divinity, and myrrh for suffering" [12]. Myrrh was also in the final drink 

offered to Christ on the cross: "And they gave Him to drink wine mingled with myrrh; but He 

received it not" (Mark 15:23). Myrrh was in addition, used to embalm the body of Christ: "And 

there came Nicodemus, which at first came to Jesus by night, and brought a mixture of myrrh 

and aloes, about a hundred pound weight" (John 19:39). Myrrh was also included in the "oil of 

holy ointment" (Exodus 30: 23-24). Many herbalists recommend tincture of myrrh as an 

astringent for the mucous membranes of the mouth and throat [13]. Myrrh is found in salve used 

in treating bed sores, hemorrhoids, and wounds. Internally, myrrh is also used for indigestion, 

ulcers, and bronchial congestion and as an emmenagogue [11]. 

Among local African traditional medicines, the resinous gums of C. myrrhaand C. 

guidottii; which are locally known as "malmal" and "habak-hadi" in the Somali vernacular [14], 

respectively, are used on livestock against ticks [8]. The major use of myrrh is for burning as 

incense in religious ceremonies. Tucholka [15], in a thesis on the chemical composition of 

"bissabol", reported that "habakhadi" was used during female circumcision, by bathing in water 

in which the resin was emulsified. A similar bath was also taken by Somali women after giving 
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birth to a child. It can be added that "habakhadi" is used in Somalia for the treatment of stomach 

complaints and diarrhea [16]. It is also used topically for the treatment of wounds. The resin is 

distilled to yield volatile oils and these have their own characteristic balsamic odour which finds 

use in perfumery [4].The resin of C. guidottii is the second major type of myrrh and it is 

commonly known in commerce as gum "bissabol" (Hindi) or "opopanax". Opopanax occurs also 

widely in Ethiopia from which the resin is collected for export to India, China and Europe. 

Extraction of the resins by organic solvents furnishes a "resinoid" or an "absolute." The 

"resinoid" is prepared by extraction of the crude resin with a hydrocarbon solvent such as hexane 

or petrol. The "resinoid" contains almost all the available essential oils of the resin. The 

"absolute" is prepared by extraction of the resins with alcohol [4]. Essential oils on the other 

hand are separated by steam or hydro-distillation at atmospheric pressure.Gas chromatography is 

an excellent tool for the separation, characterization, and quantitative analysis of essential oils. 

The combined gas chromatogram-mass spectrometer (GC/MS) method provides a facile, 

sensitive and convenient system for the separation and identification of complex mixtures [17]. 

Spectroscopic methods like UV, IR, 1H and 13C NMR are among the most powerful techniques 

for the characterization of isolated compounds. 

The components of the essential oils obtained from few Commiphora species have been 

investigated and these include: C. terebinthina and C. cyclophylla [18], C. myrrha [19, 20] and 

C. rostrata [21]. The oils from C. rostrata are distinguished by the presence of the homologous 

ketones starting from 2-octanone, 2-nonanone, 2-decanone etc [21]. The other Commiphora 

species are rich both in the structures of monoterpenes and sesquiterpenes.Oxygenated 

terpenoids are the components of essential oils most often responsible fortheir distinctive aroma 

and flavor, even though they are often minor constituents of the oil [22]. It is interesting to note 
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that as most of the previous reports on resin of C. myrrha are based on the study of materials 

obtained from commerce, it is highly likely that the resins are derived from different 

Commiphora species. This shows the significance of working on resins from properly identified 

trees. 

Pycnostachys abyssinica is the family of Lamiaceae. Lamiaceae comprises about 3500 

species distributed among more than 200 genera, represented by 41 genera in Ethiopia [23]. The 

genus Pycnostachys (Lamiaceae) is native to Tropical and Southern Africa with extension to 

Madagascar. There are about 40 species of woody stemmed perennials; they can grow about 3 m 

high with evergreen narrow leaves [1]. The genus name Pycnostachys is derived from the Greek 

words “Pyknos” meaning dense, and “stachys” an ear of corn. In botany a spike, refers to the 

inflorescence, which is a spike of many flowers densely and crowded together [24]. It is 

represented by about 37 species of Pycnostachys that occur in tropical Africa and Madagascar. 

Only three species occur in Southern Africa; Pycnostachys reticulata, Pycnostachys urticifolia 

and Pycnostachys coerulea [24]. Regardless of its endowment with medicinally important 

applications no phytochemical investigation of other than the essential oils obtained from its 

stems and roots was reported. The plant is, therefore a very good candidate to further investigate 

its chemical constituents. 

 

EXPERIMENTAL 

General 

Hydro-distillation of resin was done at atmospheric pressure using 4 L round bottom 

flask fitted with Clevenger apparatus and glass condenser. Optical rotation of the hydro-distillate 

was measured with Perkin-Elmer 241, Polarimeter, at room temperature using sodium D line. 
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GC was run using Hewlett-Packard 6890 GC series equipped with FID and HP-5 

capillary column (cross linked 5% diPh, 95% dimethylpolysiloxane, 30 m x 0.32 mm i.d. x 0.25 

µm film thickness). The column temperature was programmed at 50-210 C at a rate of 3 

C/min. The injector and detector temperatures were 220 C and 270 C, respectively. Samples 

(0.5 µL of the oil solutions in CHCl3, 2 mg/mL) were injected by the splitless technique. 

Nitrogen was used as carrier gas (10 Psi or 2.3 mL/min). 

GC/MS was performed on a Fisons GC model 8000 series coupled to a mass 

spectrometer, MD 800 quadrupole analyzer operating at 70 eV. The capillary column type was 

DB-17 (50% Ph, 50% methylpolysiloxane, 30 m x 0.25 mm i.d. x 0.25 µm film thickness) with 

helium as the carrier gas (5 Psi or 1.15 mL/min). Samples (0.6 µL of the oil solutions in CHCl3; 

5 mg/mL) were injected by the split technique. Identification of the constituents of the essential 

oils was performed by matching MS data of each constituent With Wiley, NIST and user 

generated mass spectral libraries. 

Refractive index was measured at room temperature using Atago Abbe refractometer, No 

99996, Japan. 

Column chromatography (CC) was done with column size 3 cm x 30 cm packed 

withsilica gel 60, size 0.063-0.200 mm (70-230 mesh ASTM) and thin layer chromatography 

(TLC) on aluminum sheets, silica gel 60 F254, and layer thickness 0.2 mm (Merck). Preparative 

thin layer chromatography (PTLC) plates were prepared on 20 cm x 20 cm glass, silica gel 60 

PF254+366, 7748 (Merck) layer thickness 0.5 mm. Spot detection on TLC was performed by using 

UV (254 nm, 365 nm) and spray reagent 1% vanillin in H2SO4. 

NMR data was generated with 300 MHz for lH and 75 MHz for l3C, for compounds 

isolated from Commiphora terebinthina and 400 MHz for 1H and 100 MHz for 13C, for the 
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compound isolated from Pycnostachys abyssinica, TMS as internal standard and CDCl3 solvent. 

IR spectra were measured with Perkin-Elmer, 1600 series FTIR. 

 

Plant materials 

Plant materials of Commiphora terebinthina were collected from Gamo Gofa (Konso). 

Konso is located 587 km South of Addis Ababa, the capital of Ethiopia. The local name of the 

tree, at Konso, is "Qahatita". The tree is approximately 4-6 m, with bark that peels into flakes. 

When bark is incised milky exudate flows out and solidifies within 30 min and becomes dark-

brown after one day. Naturally exuded resins were collected for the study. Leaves, bark, and 

fruits were collected to aid in the botanical identification of the species. The species was 

identified by Kaj Vollesen (Kew Royal Botanical Garden, U.K.) and voucher specimen (Tegene 

2/072770), have been deposited at the National Herbarium, Addis Ababa University. 

The root of Pycnostachys abyssinica was collected from Wolaita Zone, Sodo Zurya 

Woreda, located 330 Km South of Addis Ababa. The plant specimen was authenticated by 

botanist Retta Regassa, Department of Biology, Hawassa College of Teacher Education. 

 

Ethnobotany 

Ethnobotanical information was gathered by interviewing the local people and through 

observation. Literatures are also consulted to get wider information. 

 

Extraction and compound isolation from the resin of C. terebinthina 

Hydro-distillation 
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The dry resin was first crushed as much as possible into smaller particles and placed in a 

round bottom flask fitted with Clevenger type apparatus and was hydro-distilled for 3 h at 

atmospheric pressure [4]. The strongly aromatic oil was separated from the water layer by 

separatory funnel and dried by adding anhydrous Na2SO4 and then weighed. 

 

Extraction  

C. terebinthina resin (70 g) was crushed and extracted with petroleum ether (200 mL) 

using ultrasonic bath for 30 min. Filtration and removal of solvent yielded the petrol ether crude 

extract. The marc was soaked, likewise for 30 min in EtOAc (150 mL) to yield the EtOAc 

extract. Final extraction with MeOH (150 mL) yielded the methanolic crude extract [4]. 

 

Compound isolation  

Five point five (5.5) gram of the petrol extract was allowed to pass through a column 

packed with silica gel (petrol) and eluted with petrol-EtOAc gradient to collect a total of 9 

fractions. The 4th (100 mL) and 5th (100 mL) fractions (petrol: EtOAc, 99:1) showed the same 

TLC (petrol) pattern and were combined (50 mg) and applied on PTLC developing with 

petroleum ether resulted in the major compoundthat was coded 74-151A. 

As the petrol, EtOAc, and MeOH extracts were similar (TLC), they were combined and 

18 g applied on a column of silica gel and eluted with petrol-CHCl3 gradient to get a total of 23 

fractions. Fractions 11-15 from CC (petrol:CHCl3, 1:1) of the petrol extract yielded (8 g), which 

revealed a mixture of four components. One hundred twenty milligram (120 mg) of this fraction 

was applied on PTLC and developed with petrol:EtOAc, 20:3 solvent system. The fourth band 

from the top yielded the major compound of the resin coded 74-169D (TLC one spot, Rf = 0.2, 
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petrol:EtOAc, 25:3). The same fraction (850 mg) was applied on PTLC (petrol:EtOAc, 25:3) to 

get the pure compound coded 74-111A. The remaining two bands were very close to each other 

and were found difficult to be separated. 

 

Extraction, phytochemical screening and compound isolation of the root of Pycnostachys 

abyssinica 

Extraction 

 The collected Pycnostachys abyssinica root was chopped into small pieces and air-dried 

under shade on a plastic material for days and milled to suitable size with a grinding machine. 

Five hundred grams of powdered root of Pycnostachys abyssinica was sequentially extracted 

with petroleum ether, chloroform and methanol (each 3 L) by maceration technique using an 

orbital shaker for 24 hrs through continuous shaking. The extract was filtered using Whatman 

filter paper No.1, and the residual solvent in each extract was removed using rotary evaporator 

under reduced pressure. The masses of the crude extracts were determined using analytical 

balance and stored in a refrigerator up until further analysis was performed. 

 

Phytochemical screening 

Phytochemical screening tests were carried out on the crude extracts (petroleum ether, 

chloroform and methanol) following the standard procedures of Ganesh and Vennila [25] and 

Prashant [26] in order to investigate the types of secondary metabolites present in the plant 

species under investigation. 
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Compound isolation 

Ethyl acetate and n-hexane combination provided good TLC profile of the components in 

the extract. Silica gel (100 g) was activated in an oven at a temperature of 120 C for one hour. 

The chloroform extract (6 g) was adsorbed on to silica gel (15 g) and subjected to column 

chromatography using EtOAc:n-hexane gradient. A total of 40 fractions were collected and each 

fraction was monitored by TLC to check its constituents. Spot detection on TLC was performed 

by using UV (254 nm and 365 nm) and iodine vapor. Fractions of the same TLC profile were 

combined and concentrated using rotary evaporator under reduced pressure. Fractions 25-30 

revealed single spot (Rf = 0.65; EtOAc/n-hexane 12:1) and the compound was coded LM-1. 

 

RESULTS AND DISCUSSION 

Ethnobotany 

Commiphora plant is widely grown in Arbaminch and Konso (low land areas of Southern 

Ethiopia) because it is suitable for hedge and fence. In Arbaminch the tree is known as "Tsedaki" 

(Amharic), the Konso people call it "Qahatita". The name "Qahatita" indicates that the plant 

drives away wild animals that destroy vegetables in the garden.The ease with which the plant is 

propagated from cutting accounts for its wide use for fences and hedges in Konso and 

Arbaminch. The leaves are,furthermore, used for cattle feed and the wood for building purposes. 

Interview made with several residents atArbaminch and Konso, however revealed that the 

residents have very little knowledge of the importance of the resins produced by the trees.The 

resins are not known for their use as incenselike the resins of C. myrrha is commonly used in 

other places in Ethiopia and Somalia. 
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Pycnostachys abyssinica Fresen is recognized as endemic species to Ethiopia. 

Ethnobotanical study showed that leaves of Pycnostachys abyssinica are boiled in water and the 

vapor is inhaled for the treatment of “Mitch”(a kind if inflammation on the lips due to exposure 

to sunlight after eating foods enriched with fats), headache, amoebiasis, diarrhea, stomach 

bloating, stomach ache, food poisoning and inflammatory disorder. After warming, the leaves are 

pressed and the juice is used in the treatment of skin and eye infections [27]. The leaves are also 

used to make a tea for the treatment of dysentery. The aerial parts of the plant are used as 

termiterepellant, as well. Pycnostachys abyssinica is known to produce essential oil capable of 

repelling insects, thus underscoring the plants’ use as live fences. It has been reported by Kloose 

[28] as a useful remedy for tinea capitis and other skin diseases. 

 

Extraction 

The resin of Commiphora terebinthina was hydro-distilled and solvent extracted. The 

powdered root of Pycnostachys abyssinica was also solvent extracted and the results are 

presented hereunder (Tables 1 and 2). 

 

Table 1 Physical data on the isolated oil of Commiphora terebinthina. 

Species Resin (in g) Oil (in mg) % yield [α]D Ref. Ind. 

C. terebinthina 10 139 1.4 -14.0 1.493 

 

The solvent extract yield in Commiphora terebinthina (Table 2) reveals that the majority 

of its constituents are nonpolar compounds in the case of Pycnostachys abyssinica; however 

polar components predominate. The overall solvent extract yield for Commiphora terebinthina is 

substantial (nearly 50%) although the essential oil yield is not significant. 
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Table 2 Yield of crude extract obtained. 

Species Solvent Sample (g) Extract (g) %Yield 

 

Commiphoraterebinthina 

Pet ether  

70 

18 26 

EtOAc 8 11 

MeOH 6 9 

 

Pycnostachysabyssinica 

Pet ether  

500 

2 0.4 

CHCl3 7 1.4 

MeOH 6.5 1.3 

 

Isolation and analysis of the essential oils 

The essential oil of the resin of Commiphora terebinthina was obtained by hydro-

distillation. GC and GC/MS analysis of the oil was undertaken and the result is presented below. 

The total number of components in the essential oil was 19 (97.8%) and the 

chromatogram is shown below (Fig. 1). 

 

 
Fig.1. Gas chromatogram of hydro-distillate of C. terebinthina 

 

1: Geraniol (23.7%) 2: α-copaene (14.8%) 3: aromadendrene (21.3%) 4: β-selinene (8.6%) 5: α-

selinene (7.9%) 6: α-cadinol (7.4%). These will make a total of 83.7%. The remaining 14.8% 

contains α-humulene, α-pinene, linalool, tagetone, Z-ocimenone, E-citral, α-cubebene, neryl 

acetate, alloaromadendrene, β-cubebene, 7-epi-α-selinene, -cadinene, and caryophyllene oxide. 
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Therefore the compound is a sesquiterpene. Two peaks at  134.3 and 122.6 reveal the presence 

of an alkene (C=C) and 70.6 shows an oxygenated carbon R3-C-O. The l3C NMR spectral data of 

T-cadinol (3) reported in the literature [31] exactly matches with l3C NMR data of 74-169D. T-

cadinol was also found in C. sphaerocarpa [29]. 

 

Phytochemical screening test of the root extracts of Pycnostachys abyssinica 

 Phytochemical screening tests were performed for preliminary examination of 

secondary metabolites on the petroleum ether, chloroform and methanolic root extracts of 

Pycnostachys abyssinica. The results of the phytochemical screening revealed the presence of 

alkaloids, flavonoids, phenols, glycosides, terpenoids, tannins, steroids and acidic compounds. 

Recently Getahun and Masresha [32] investigated the secondary metabolites in the methanolic 

extract of the leaf of P. abyssinica and reported the presence of: alkaloids, flavonoids, phenols, 

terpenoids, saponins and tannins. Cardiac glycosides were absent in the methanolic leaf extract. 

They [32] investigated the antibacterial activity of the methanolic leaf extract and found it to 

have positive effect, as well. The plant material extracts exhibited antimicrobial activities against 

one of the most common bacterial pathogens, namely Staphylococcus aureus [33]. The ethno-

medicinal use of the plant is therefore due to the presence of these biologically active secondary 

metabolites. Flavonoids have broad biological and pharmacological activities such as 

antimicrobial, cytotoxicity, anti-inflammatory, antitumor, oestrogenic, anti-allergic, and 

antioxidant. The anti-inflammatory effect is associated to the traditional use of the plant for 

treatment of the disease known as “Mitch” (Amharic). Tannins are used as astringents against 

diarrhea, as diuretics against stomach and duodenal tumors, as anti-inflammatory, as antiseptic, 

as antioxidant and haemostatic pharmaceuticals. The antiseptic activity of tannins is associated to 
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the traditional use of the leaf for treating eye infection. Alkaloids have significant role in 

pharmacological activities including antihypertensive, antimalarial and anticancer. Terpenoids 

have medicinal properties such as anti-carcinogenic, anti-malarial, anti-ulcer, hepaticidal, anti-

microbial or diuretic [34]. 

 

Isolated compound from the chloroform extract of root of Pycnostachys abyssinica     

Compound LM-1: A white crystal 45 mg; mp: 134-135 °C; Rf = 0.65 (EtOAc/n-hexane 

92:8). The structure of the compound was illustrated using IR and NMR data and comparing 

these data with literature. 

IR: vmax(cm-1) 3499 indicates the presence of O-H stretching of alcohol. The strong sharp 

band at 2936 and 2821indicates symmetric and asymmetric C-H stretching of CH3 and CH2. The 

medium band at 1520 indicates the C=C stretching. The medium band  1250 indicates a C-O 

stretching. 

1H NMR:  0.5-2.5 a total of 46 hydrogens (6CH, 11CH2 and 6 CH3);  3.5 (1H) is a 

hydrogen atom bonded to a carbon atom which in turn is bonded to oxygen i.e.  O-CH;  5.2 

(broad 1H) is alcohol OH;  5.35 (1H) olefinic proton. 

13C NMR: 12.2, 22.7, 23.1, 24.3, 26.1, 28.2, 29.4, 31.5, 31.9, 34.3, 36.5, 37.3, 39.8, 

42.3, 45.8, 50.1, 56.1, 56.8, 56.9, 71.7, 121.6, 140.7. 

DEPT-135: 12.2, 22.7, 23.1, 24.3, 26.1, 28.2, 29.4, 31.5, 31.9, 34.3, 37.3, 39.8, 42.3, 

45.8, 50.1, 56.1, 56.8, 56.9, 71.7, 121.6. 
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13C-NMR and DEPT-135spectra showed 22 and 20 signals (one signal 42.3 is the same 

for C4 –CH2 and C13), respectively, that can be assigned to 6 methyl, 11 methylene, 9 methine 

and 3 quaternary carbon atoms. 

Reported [35] 13C NMR:  12.0, 12.2, 19.0, 19.2, 19.6, 20.1, 21.3, 23.3, 26.3, 28.5, 29.4, 

31.9, 32.1, 34.2, 36.7, 37.5, 39.9, 42.5, 42.6, 46.1, 50.3, 56.3, 56.9, 72.0, 121.9, 140.9. 

Reported [35] 1H NMR:  5.36 (t, 1H, J = 6.4 Hz, C5), 3.53 (tdd, 1H, J = 4.5, 4.2, 3.8 Hz, 

C3), 0.93 (d, 3H, J = 6.5 Hz, C19), 0.84 (t, 3H, J = 7.2 Hz, C24), 0.83 (d, 3H, J = 6.4 Hz, C26), 

0.81 (d, 3H, J = 6.4 Hz, C27), 0.68 (s, 3H, C28), 1.01 (s, 3H, C29). 

The 1H &13C NMR spectra of LM-1 and that of β-sitosterol from literature [35] are very 

similar. It is, therefore, possible to conclude that LM-1 is β-sitosterol (4). 
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CONCLUSIONS 

The constituents of the essential oils of C. terebinthina, revealed the presence of geraniol 

(24%), aromadendrene (21%), α-copaene (15%), α-cadinol (7%), and α-humulene (3%) as the 

major components. The remaining 14.8% contains α-humulene, α-pinene, linalool, tagetone, Z-

ocimenone, E-citral, α-cubebene, neryl acetate, alloaromadendrene, β-cubebene, 7-epi-α-
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selinene, -cadinene, and caryophyllene oxide. Chromatographic separation of the mixture of the 

petrol, EtOAc and MeOH extract of the resin of Commiphora terebinthina resulted in α-

humulene, α-cadinol and T-cadinol. Chromatographic separation of the chloroform extract of the 

root of Pycnostachys abyssinica resulted in the steroid β-sitosterol. The results of the 

phytochemical screening of the root extract of Pycnostachys abyssinica revealed the presence of 

the medicinally important secondary metabolites such as alkaloids, flavonoids, glycosides, 

phenols, terpenoids, tannins, steroids and acidic compounds. 

 

IMPLICATIONS TO CHEMICAL EDUCATION 
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ABSTRACT 

Chemistry education researchers have shown growing interest in the strategies that 

teachers employ to diagnose students’ prior knowledge and attempt remediation, where 

necessary, as most concepts in chemistry look abstract. The ways in which Ghanaian teachers 

identify and address their students’ alternative conceptions, especially in the study of chemical 

equilibrium, was explored on a pilot basis through the use of face-to-face, telephone and email 

procedures. The outcome was compared with what other researchers in other countries had 

identified through various means. Trainees whose responses were not clear in their e-mail 

responses were interviewed through telephone and personal interactions. Eleven Ghanaian 

chemistry instructors from various parts of the country, who were on an eight-week summer 

sandwich education programme, participated in the study. Data gathered revealed that majority 

of the participating teachers were aware of their students’ prior conceptions and often had no 

difficulty diagnosing them but were unaware of all the possible sources of misconceptions nor 

how to address the root causes of persistent misconceptions. Their non-interactive treatment 

strategies for the identified misconceptions in their schools were varied, unauthentic and not 

deep-seated. As many as four common remediation processes were identified for use. On the 

basis of these findings, it is recommended that the study of students’ misconceptions and some of 

the appropriate and authentic resolution strategies be incorporated into teacher training 

curricular. [African Journal of Chemical Education—AJCE 10(1), January 2020] 
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INTRODUCTION 

Chemistry education entails learning about matter and its interactions, in which 

knowledge, skills and habits are transferred from one generation to the other through teaching, 

training and research. It is a systematic process of acquiring fundamental knowledge about the 

universe. Chemistry education addresses the social object of substance development through 

laboratory practice, field work and engaging hands-on activities. However, students are seldom 

exposed to such engaging activities that enable them to experience transformations and 

interaction of matter. Thus, learners of chemistry tend to build wrong or alternative conceptions 

about abstract chemical principles by rote, from missing links during concept formation. 

Alternative conceptions, also known as naïve ideas or misconceptions, are ideas or non-scientific 

ideas that learners hold. These naïve conceptions are important sources of influence in students’ 

educational backgrounds [1]. These conceptions are often resistant to instructional change 

because they result from personal ingrained experiences and cannot be changed or corrected 

easily [2]. They are strongly held onto and defended by learners; yet obstacles to further 

learning. Simply pointing out students’ conceptual weaknesses and asking them to change and 

accept what an instructor deems unauthentic is not sufficient.  

According to research [3], the first step to arrest alternative conceptions held by teachers 

and students, is to confront them with their weaknesses, help them to acknowledge them, and 

then excite them to find more logical, and useful alternatives that will expose the flaws in their 

original beliefs without doubt, in an appropriate learning environment. Some alternative 

conceptions about chemical equilibrium which have been identified and catalogued by some 

researchers in chemistry education, among many others, are: 
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- Misconceptions about the nature of matter [4] 

- Confusion about amount of substance and concentration [5] 

- Wrong expression for equilibrium constant equations, such as representing solids when 

they appear in equations [6] 

- Chemical stoichiometry [7] 

- Wrong application of Le Chatelier’s principle when stress is applied to a system [8] 

- Confusion over the appearance and disappearance of materials, [9] and a few more. 

The topic on chemical equilibrium has been found to be a difficult conceptual framework 

for students [10]. Locaylocay [6], found in her studies among Philippine students that they held 

many alternate conceptions about chemical equilibrium which could have stemmed from their 

inadequate understanding about rates of reactions. Alternative conceptions in chemical 

equilibrium pose instructional problems to teachers, and comprehension problems to students, as 

this topic is a pre-requisite for understanding topics such as electrochemistry, complexometric 

reactions, redox reactions, precipitation reactions, the Hasselbach equation, and ionic product of 

water. According to Yildirim, Kurt and Ayas (2011), inability of students to make useful 

interconnections among representational levels of nature and the wrong use of language to 

explain chemical phenomena, especially with chemical equilibrium, lead to the formation of 

persistent alternative conceptions. Thus, it is important to tackle these problems and ensure that 

teacher trainees thoroughly understand the basic concepts on equilibrium, so that they can teach 

them from first principle, rather than from an algorithmic approach.  

A student’s misconception could hinder comprehension of subsequent related concepts 

and obstruct further learning. This supposes the urgency for improving the comprehension of 

teachers’ knowledge of students’ conceptions and difficulties in the learning process. Research 
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results have shown that several of the more common misconceptions are retained, even at higher 

educational levels among university students, and sometimes beyond that [11]. Voska and 

Heikkinen [10], in their paper, made suggestions on how to assess students’ perceptions about 

chemical equilibrium in particular, as it is a very difficult topic for students. Thus, secondary 

students’ problems with chemical equilibrium and other challenging concepts could be studied, 

and remediation strategies suggested. This, however, would be done indirectly through teachers 

who teach 
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when teaching chemical equilibrium, in particular, were also uncovered. Some of the 

instructional strategies that teachers used in addressing supposed problems were also identified 

as another category of findings. This cross-case interpretive research would be built around a 

collective case study, as the researcher would interpret and describe themes that arise across the 

case study for the 11 teacher trainees.  

 

RESULTS AND DISCUSSION 

Data gathered showed that about a quarter (that is three) of these trainees, who were also 

practising teachers, could not clearly explain what alternative conceptions (herein also referred to 

as misconceptions) were. They had varied ideas about the concept of ‘misconception’. Trainee 

T7 implied in her answer to ‘what alternative conceptions were’ that, if students did not 

understand a topic then it implied that they had misconceptions. That was quite vague. T1 said 

that when students are confused, then that could be explained as evidence of misconceptions. 

One participant who was interviewed on telephone attributed part of students’ misconceptions to 

non-performance (incompetence) in class by some of his fellow teacher-colleagues. He further 

attributed some of these observed challenges to inappropriate instructional strategies that some 

teachers used. Nonetheless, he failed to categorically explain what misconceptions were, just as 

had vaguely been explained on his answered questionnaire. 

Data gathered from the trainees clearly indicated that their students in Grade 11 

(Secondary school form 2) had challenges in understanding many basic chemistry concepts such 

as phase equilibria, solution equilibria, periodicity, hybridisation, stoichiometry, and especially 

chemical equilibrium. Most of the identified student misconceptions that the trainees brought to 

light were mostly pre-conceived notions, vernacular, non-scientific and conceptual 
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misconceptions. Some of these were the use of wrong descriptions for terms associated with the 

nature of matter which students might have gathered from their environment (everyday 

language) and cultural beliefs. 

Trainees indicated that they had all made observations about students’ challenges with 

various chemistry topics an attempted to use various teaching strategies to solve them. Two years 

of teaching was enough for any critical and reflective teacher to make a good assessment of their 

teaching environment. The first research question was answered by data gathered from Part A of 

the questionnaire. It sought to find out trainees’ awareness and interpretation of misconceptions, 

examples of misconceptions, if their students generally exhibited alternative conceptions in their 

chemistry studies, what some of these alternative conceptions were, and whether their students, 

particularly, had alternative conceptions in their study of chemical equilibrium. Almost all the 

trainees were aware that students came to class with alternative conceptions, or misconceptions 

as some of them called them, and that they showed more alternative conceptions with the topic, 

principles of chemical equilibrium and analytical chemistry. The understanding of some of these 

topics are requisites for understanding the concept of chemical equilibrium. Seven (7) out of the 

eleven (11) trainees indicated that they were aware of such student-prior conceptions from oral 

answers that students sometimes presented in class, especially during the introductory part of a 

lesson. They enumerated some of the common identified misconceptions and difficulties with 

certain topics that their students brought to class as acids and bases, the nature of solutions, 

periodicity, electrochemistry and analytical chemistry. It was identified that different types of 

misconceptions existed among Ghanaian students. A few of the statements (gathered from 

participants) as made by Ghanaian students to substantiate the fact that students have unscientific 

beliefs are presented as topical issues below. It must be noted that they are primary data, as they 
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were obtained from trainees, though not directly from secondary school students. Some naïve 

comments that were gathered about acids, bases and salts suggest that Ghanaian students have 

alternative conceptions which require further investigation. These are presented. 

Acids, bases and salts 

The acid-base concept is an important chemistry topic. Reactions within our bodies and 

many other systems occur in acidic or basic media. Equilibrium must be maintained in such 

circumstances for any system to work effectively. According to participants in this study 

majority of upper secondary school learners cannot distinguish among, and apply the theories 

and basic concepts of acids and bases. The trainees intimated that students mostly had distorted 

conceptions about the Lewis theory. Their concept about acids and bases was the loss of protons. 

The concept of loss or gain of electrons and the availability or otherwise of vacant orbitals of the 

right energy at play in the Lewis concept of acids and bases was less easily understood by 

students, the trainees said. Their idea about a base was that there should be the presence of a 

hydroxyl ion. They could not perceive that substances could be acids or bases based on other 

parameters such as the possession or otherwise of vacant orbitals of the right energy or a specie’s 

ability to release or accept electrons. They further added that students assumed that “acids can 

‘burn up’ or ‘chew up’ substances” (T4, T5, T6, T11). A few other unscientific statements 

purported to be provided by students in class, in support of the participants’ assertions, were: 

 Neutral salts give neutral solutions when dissolved in water (T2, T3, T4, T5, T10); 

 An acid with more than one replaceable hydrogen is a stronger acid than that with only 

one (T1 to T11); 

 Weak acids are dilute acids while concentrated acids are strong acids (T1, T4, T9, T11); 
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 Strong acids have greater reaction potential than weaker acids (T4 to T6 and T10 to 

T11); 

 Inorganic acids are stronger than organic acids (T1 to T11); and  

 Buffer solutions are mostly acidic (T3, T5, T6).  

Some trainees further explained that this latter misconception about buffers came about 

because the ethanoic acid/ethanoate buffer was often cited in textbooks to explain the concept of 

buffer solutions. Based on evidential statements provided by participants in this study, it is 

obvious that they were to an extent, aware that their students possessed alternative conceptions 

about the nature of acids, bases and salts. 

The trainees were aware that the subject of acids and bases has an important place in 

primary and secondary chemistry education. Concepts concerning acids and bases are 

interrelated. Although frequently thought of by students as too complex to learn, they should not 

be so. These concepts need to be taught, using appropriate interactive and engaging teaching 

methods in order to prevent the formation of misconceptions, especially, teacher-made 

misconceptions. When students have difficulty understanding any one of these concepts, they 

tend to experience difficulties with related concepts (Kauffman, 1988). The next section provides 

summative evidence from the participating teacher trainees about some of the alternative 

conceptions that high school students come to class with, about the particulate nature of matter. 

Particulate nature of matter (PNM) 

The trainees further intimated that some of their students generally had poor conceptions 

about the particularity of matter, its measurement, and associated units because they failed to 

connect among the different levels of particulate matter. They added that lower secondary school 
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students, on learning about atoms from their teachers, presume that different sizes and colors of 

atoms result in the different substances that they see and carry this on to upper secondary school. 

They implied that such inadequate understanding of the nature of matter could be hindrances to 

further understanding of chemical equilibrium, especially when discussing the Le Chatelier’s 

principle [8].  

Some other misconceptions that they identified were in how students failed to use the 

‘particle’ idea in their descriptions about the concept of solids. One obvious vernacular 

misconception, they all spoke about, was that students thought that when a chemical bond 

breaks, then the particles melt or become disarrayed. The use of wrong terms by students, as 

observed by trainees in this study, could be attributed to weaknesses in students’ reasoning 

patterns and cognitive structures. Some trainees went on to say that often their students wrongly 

thought that all organic substances possessed molecular bonds, while all inorganic compounds 

contained ionic bonds. There was no room for molecular species. The trainees intimated that 

such answers put them on red alert, and they knew that they had to devise new strategies to help 

their students to unlearn (deconstruct) their wrong ideas. Students also held the belief that 

inorganic compounds were ‘harder’ than organic compounds, because of their strong ionic 

bonds. They thus intimated that inorganic compounds had higher melting points than organic 

compounds. None of the teachers made any reference to states of matter and the influence that 

they bore on symbolic chemical equilibrium representations. An interpretive analysis of the 

summative evidence provided by the participants confirm their submission that students have 

alternative conceptions about matter, as the next section further outlines. 
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Changes in matter 

When trainees were asked to explain how they identified students’ challenges or 

otherwise with changes in matter, only T3 responded during a telephone interview. She said that 

she looked out for students’ understanding about physical and chemical changes. Often her 

students with conceptual difficulties reasoned that a physical change meant retention of state, 

while chemical change meant the emergence of different states of matter. She added that such 

students, changes that occurred in the state of water from the solid through the liquid to the 

gaseous phases meant a chemical change, as the states of matter had changed. Again, ‘a physical 

change occurred when reactants and products were the same on both sides of a chemical 

equation’. When asked to link how this would affect students’ understanding of chemical 

equilibrium, she answered that they might not appreciate ‘chemical’ changes that go on if phase 

changes or colour changes do not occur. These statements confirm findings from other 

researches [5, 4] that have delved into students’ alternative conceptions about matter. Such 

challenges make it difficult for students to appreciate the concept of hybridisation and the 

geometry of molecular compounds.  

Hybridization 

Almost all the trainees, except, T2 and T3, admitted that their students mostly had 

misconceptions about hybridization and chemical stoichiometry. T1 was in the same school as 

T2 but had a different view about students’ conceptions of hybridization, from him. This 

observed difference could mean that teachers assess students’ conceptions through different 

lenses. In the case of hybridization, trainees surmised that their students conceptualized 

hybridization as a reaction that occurred between electrons and not orbitals. Their students also 

believed that native orbitals had to contain electrons before they could ‘mix’ up, and this resulted 
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in a lot of confusion for the students, so that hybridization in the Be2+ ion, in a compound such as 

[Be(OH)4]
2+ or [Be(H2O)4]

2+, was not possible. The supposed ‘impossible’ situation fitted in 

with their misconception about hybridization. Again, there was a question on how students’ 

understanding could affect their understanding of chemical equilibrium. The trainees could see 

no linkage, but were of the view that it was also a difficult topic for students. 

The mole concept and chemical stoichiometry 

Some of the alternative concepts identified by the prospective professional teachers 

among their students were on the mole and chemical stoichiometry. These topics and their 

underlying concepts were perceived as difficult because students exhibited many alternative 

conceptions in their study of the said. Some student statements provided in support of the 

teachers’ claims were: 

Mole ratios were said to be dependent on concentration, so that increasing concentrations of 

reactants affected the stoichiometric mole ratios. In some cases, the mole was defined as a 

molecule (T2, T4 and T11). Students presume that the ‘mole’ is an abbreviation for the word 

‘molecule’. High school students, according to the prospective professional teachers or trainees, 

had challenges with writing and balancing of chemical equations. 

Trainees reported on other misconceptions that were evident among learners. 

Chemical equilibrium 

 Equilibrium occurs when species on the left and right sides of an equation are the same 

and the reaction stops (T1 to T11).  

 Students find it difficult to determine the direction in which a reaction will move if a 

particular stress is imposed on it as was found by Novak [8]. 
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 When a reactant is used up in a chemical reaction, then the reaction will stop (T6. T10 

and T11). 

On the question about how the trainees identified difficulties that students had with 

chemical equilibrium and what some of these misconceptions were, many answers were obtained 

from the trainees. All the trainees admitted that it was a challenging topic for students as well as 

for some of them. Even T1 to T3, who had shown indications of their students being 

conceptually sound, admitted that their students also had conceptual difficulties with the 

chemical equilibrium concept. 

Some of the assertions made by the trainees as coming from their students were: 

 Forward reaction decreases as soon as equilibrium is attained;  

 Chemical reaction stops when equilibrium is attained;  

 Forward reaction ceases momentarily to allow the backward reaction to proceed; 

 Increasing reactants increase the forward reaction; 

 When a system at equilibrium is disturbed by increasing the concentration of reactants, 

the reverse reaction rate decreases instantly; and 

 When equilibrium is established again after concentration of reactants is increased, the 

rates of the forward and reverse reactions would be greater than at the initial 

equilibrium. 

Data gathered from the participants in this study indicate that Ghanaian students have 

challenges in understanding many basic chemistry concepts, especially chemical equilibrium, 

which could be found to belong to different types of misconceptions. Since majority (8/11) of the 

participants indicated their awareness of students’ challenges with the concept of the mole 
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concept and chemical equilibrium, the purported challenges and the strategies applied to alleviate 

them were probed further. 

Trainees’ responses to students’ challenges with the topic of chemical equilibrium were 

numerous. Novak [8]attributed such observed difficulties to inappropriate teaching methods, 

teachers’ incompetence, teacher-misinterpretations, and illogical sequencing and presentation of 

facts by students themselves. The trainees in this current study agreed with some of these earlier 

findings about misconceptions on chemical equilibrium. Some students’ major difficulties 

identified with chemical equilibrium were categorized as shown in Table 2. 

Table 2: Common students’ challenges with chemical equilibrium 

Misconceptions on equilibrium  No. of trainees who 

observed misconceptions 

1. Expressing equilibrium as a dynamic process 08 (All except T2, T3 and 

T7)  

2. Effect of external stress on equilibrium 10 (T2 to T11) 

3. Inappropriate mathematical skills 06 (T4 to T6; T8, T10. T11) 

4. Inability to interpret sentence questions mathematically 09     All except T1, T2; T7  

5. Misunderstanding of expressions (language difficulties) 10    All except T3 from S2  

6. Level of abstraction (of concepts) 11      (T1 to T11)  

7. Inability to interpret terms like ‘limiting reactant’ 11 (T1 to T11) 

8. Difficulty in understanding that equilibrium shifts were to 

keep Kc constant 

06 (T4, T5, T6, T8, T10 and 

T11) 

N = 11 

 

Apart from the common major misconceptions enumerated in Table 2, four trainees (T4, 

T5, T6, T10) intimated that some of the preconceived notions and non-scientific beliefs were 

difficult to correct as students always went back to their naïve pre-conceptions. For example, 

students could not comprehend that a system in equilibrium was not ‘at rest’ and so often 

referred to ‘completion’ of ‘visible’ or observable macroscopic reactions as attainment of 

equilibrium. Three of the trainees (T3, T8, T11) reported that students do not understand that the 
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position of equilibrium could shift without causing a change in the value of the constant, ‘K’. 

Heikkinen and Piquette [22] made a similar observation in their study and suggested strategies 

for remediation. The extent of students’ difficulties in understanding the effect of stress on 

systems is in consonance with observations made by van Driel and Graber [23], Locaylocay [6] 

in the Phillipines, and Mavhunga and Rollnick [24] in South Africa. Respondents were 

consistent in their free-response answers on students’ challenges with the concepts in chemical 

equilibrium.  

From the discussions above, it is clear that the trainees in this study had a high level of 

awareness of misconceptions that students had about chemical equilibrium and many other 

chemistry topics. The trainees, however, could not see the connectivity between the many 

challenges in various topics that they enumerated and the topic, ‘chemical equilibrium’.  

The second research question sought to find out the trainees’ alertness in identifying 

challenging cues that suggested alternative conceptions from their students. It was obvious that 

until students demonstrated conceptual or algorithmic difficulties through oral and written 

responses, teachers hardly noticed them, nor deliberately sought for them. The trainees, 

nevertheless, possessed knowledge of the fact that students could possess alternative 

conceptions. In other words, a teacher would not be able to identify any alternative conceptions 

from his students’ attitudes and body language of students if they sat passively in class. 

Therefore, teachers have to initiate activities that can enable such challenges to be exhibited 

overtly. Trainees in this study were of the view that appropriate interactive, engaging 

environments had to be deliberately created to elicit students’ prior conceptions, yet they hardly 

practised what they intimated. Analysis of questionnaires submitted in this study indicated that 

the trainees had no standard diagnostic processes or cues for identifying students’ conceptual 
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challenges about chemical equilibrium as Part B of the questionnaire sought to find out. 

Nevertheless, if they were able to identify them, then they worked on remediation through 

various instructional practices. 

Research question three probed the kind of instructional strategies reportedly used by 

teachers to address identified alternative conceptions about chemical equilibrium (Part C of the 

questionnaire). Some of the trainees’ instructional remediation techniques were the use of 

analogies (T1, T4, T7, T9), animations (T1 and T3), video simulations (T1, T9), prior knowledge 

(T4, T6, and T10), a walk-through a correct solution (T6, T10 and T11), and blackboard pictorial 

demonstrations and sketches (T5, T8 and T3). Upon further probe, the trainees suggested the use 

of other logical instructional strategies for future use, such as conceptual explanations (T5 and 

T6), and solving mathematical problems from first principle (T1 to T3 and T10), but only T3 

mentioned some topics for which she would apply some diagnostic and engaging strategies. 

They all intimated that the deliberate use of activities with colourful solutions could be helpful to 

enable students build mental models about chemical equilibrium. Activities that involve colour 

change in chemical equilibrium has been found to enable students to understand the concept of 

‘equilibrium’, as the colour changes enable them to form mental models of the various changes 

in equilibrium position [8]. In other visual studies students were able to literally see and 

appreciate the equilibrium shifts with respect to colour changes on a macroscale so that they 

were able to relate equilibrium position to changes in concentrations of reactants and products. 

Data from the interview sessions corroborated most of the data gathered from the questionnaires. 

In all, analogies, as said to be effective in concept construction, was the main conceptual or 

remediation tool used in the trainees’ classrooms to enable their students to construct concepts on 

chemical equilibrium. The use of cooperation group, learning cycles, refutational texts, concept-
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based text and other interactive or diagnostic tools were not employed. The use of analogies have 

been emphasised by Svegi et al. [19] as useful tools for construction of knowledge as they enable 

learners to build new concepts on existing schema [12, 13]. 

When a question was posed on what the trainees (prospective professional teachers) 

could do in future to identify students’ prior conceptions with their new expertise early enough 

and possibly remediate identified misconceptions, three trainees (T1, T4 and T6) in this current 

study intimated that they would attempt to link new material to prior knowledge to alleviate or 

minimise the occurrence of teacher-made and conceptual misconceptions. Two of the trainees 

(T5 and T9) suggested the use of experimentation, as hands-on activities could be used to enable 

students to remember whatever they learn – from first-hand experience. This is in consonance 

with Kimberlin and Yezierski’s [7] and Chanyoo et al.’s [25] findings about engaging students in 

hands-on activities for concept formation, cognition, and retention. Four trainees (T4, T5, T10, 

and T11), did not subscribe to employing the lecture method to teach the concept of chemical 

equilibrium. They opined that it had not been useful to their students and so would not subscribe 

to that, but rather adopt interactive, engaging, learner-centred teaching methods.  

Teachers must be knowledgeable about some of the basic or common misconceptions 

that their students could come to class with. Such fore knowledge could be basis for unveiling 

and correcting other misconceptions which students could possibly hold. Besides, more 

innovative, relaxing, engaging and interesting approaches to teaching and assessments (such as 

jig-saw puzzle and concept cartoons) could provide an opening for overt learner expressions. The 

constructivist paradigm could be employed to teach concepts about chemical equilibrium 

effectively as it will enable students to construct knowledge from first-hand experience. 
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Further interpretive deductions from the trainees’ responses suggested that secondary 

school students were unable to reason analytically, logically and abstractly, such that they could 

not mentally visualise interactions that occurred at the microscopic level. Thus, they could not 

switch among macro, micro, and sub-microscopic and symbolic levels of matter. This could be a 

ground for poor concept formation about matter. Trainees T1, T2 and T3 intimated that their 

students did not face challenges switching among the three particulate levels. It is worth noting 

the category of schools that these three trainee-teachers come from- endowed schools S1 and S2.  

In order to help students, operate at the three different particulate levels abstractly in their 

study of chemical equilibrium, interactive visual and engaging activities would have to be 

adopted. These would facilitate the concepts about the particulate nature of matter, which are 

requisites for understanding the concept of equilibrium. The use of the constructivist paradigm, 

as in other studies [8, 19] was found to be and still could be useful for teaching chemical 

equilibrium. Constructivist-based teaching suggests that since an understanding of learners’ prior 

conceptions provides useful insight into their thinking, it should enable teachers to devise 

constructivist pedagogies that would suit their learners.  When prior knowledge is considered 

during knowledge construction, students are able to disabuse their initial naïve conceptions.  

Findings from this study suggest that an awareness of prior conceptions could be useful 

in enabling students to form scientific concepts about chemical equilibrium. Constructivist-based 

teaching supports that since an understanding of learners’ prior conceptions provide insight into 

their thinking patterns, it should enable teachers to devise teaching strategies that could suit their 

students. It was found in this study that the trainees did not use appropriate diagnostic processes 

or tools to assess their students’ prior conceptions. Most of their questions were recall ones that 

did not demand judgemental reasons which could oust deep-seated unscientific conceptions. 
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Though their probing skills were shallow, the trainees said that their knowledge about whatever 

misconceptions that they identified enabled them, they said, to choose appropriate remediation 

strategies so that students could more easily scaffold and build scientifically acceptable views 

about science. 

An interesting trend that emerged from alternative conceptions showed that basically all 

students have several misconceptions about chemical phenomena. Teachers used simple recall 

questions that were not followed up with reasoning or judgemental questions. If the pre-

assessment questions were in written form, they were often multiple-choice questions or one-

word answer type questions. Treagust [26] suggests the use of tier questions which can quite 

often probe further to unearth the root cause of students’ misconceptions.  

The prospective professional teachers (T1, T2, T3) from endowed schools reported less 

misconceptions, followed by teachers (T7 to T9) from average schools and lastly, teachers (T4, 

T5, T6, T10 and T11) from deprived schools. The implication here is that, students in less 

endowed schools appeared to be more disadvantaged in terms of their conceptual understanding 

of chemical principles, especially chemical equilibrium, which is a requisite to many other 

chemistry concepts. The root cause of this observation will require further studies. Nevertheless, 

trainees from deprived schools showed more eagerness to adopt innovative, interactive and 

engaging activities to support their students to build scientific conceptions, followed by trainees 

from average schools. Teacher-trainees from the endowed schools, with appreciably good 

students who displayed less misconceptions, were less enthused about adopting engaging 

activities in class. 

The major findings from the study were that students come to class with many alternative 

conceptions about natural phenomena that could impede further learning about the nature of 
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matter, especially about chemical equilibrium. Teachers would therefore have to create favorable 

classroom conditions to facilitate the proper study of chemistry concepts required at the 

secondary school level (Grades 10 to 12). This could be achieved through: 

i. Enhanced interaction with students 

ii. Planning for conceptual teaching 

iii. Use of diagnostic assessments  

iv. Expansion of teaching strategies 

v. Use of extension exercises 

 

CONCLUSION  

The research indicated that about 7 (63.6%) of the trainees were largely aware of their 

students’ alternative conceptions, and some appropriate instructional strategies to use for 

remediation, especially with chemical equilibrium. They intimated that some of the strategies 

that they employed in solving some identified conceptual difficulties were engaging activities 

such as analogies, solving problems with students on the board, pictorial demonstrations and 

blackboard illustrations. However, only analogies were the main instructional tool that the 

trainees employed. A few of the trainees intimated that they adjusted their instructional strategies 

when they found out their students’ conceptual inefficiencies and worked out remediation 

procedures, but were unable to describe the exact procedures that they employed. What was 

more important was their awareness of difficulties which could arise from students’ inabilities to 

understand some scientific language as well as difficulties in dealing with abstract concepts. It 

was obvious that information and communication technology tools were hardly used in schools 

to foster visualisation and subsequent concept formation. The trainees admitted that teachers 
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could be a source of some of the identified students’ misconceptions and so would be more 

careful of how they introduced concepts so that their students would form authentic scientific 

frameworks.  

A trend that emerged from teachers’ awareness about students’ misconceptions showed 

that students in endowed schools exhibited less conceptual challenges than those from deprived 

schools, as reported by trainees who teach in the said schools. Furthermore, all the 11 trainees 

showed a high level of awareness of the fact that their students came to classes with several 

misconceptions, regardless of the type of school they were found in. All students had some kind 

of naïve conceptions about chemical phenomena, especially chemical equilibrium. 

Interestingly, these Ghanaian trainees did not mention that other causes of 

misconceptions could be external factors such as the home, parents, or textbooks as other 

researchers had found [3, 18, 27]. It is hoped that these findings would make other chemistry 

educators aware of the possible alternative conceptions that high school students could have, 

assess the extent of misconceptions, especially about chemical equilibrium and the probable 

remediation techniques that could be used. The interpretive role that was assumed by the 

researcher enabled a deep probe of the challenges that teachers face and the conceptual teaching 

roles that they have to assume. This is because being a conceptual teacher enables effective 

facilitation, good planning, and a closer relationship with one’s students for cognitive growth and 

improved academic performance. 

 

IMPLICATIONS FOR STUDY 

Findings from this study could provide useful hints for chemistry teachers in many 

important tasks, as it will help to raise awareness of alternative conceptions in the teaching and 
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learning of chemical equilibrium. It could also lend ideas for the design of curriculum, study 

materials, laboratory experiments, and constructivist assessments. Evidence gathered suggests 

that teachers were aware that the concepts of chemical equilibrium were challenging for most 

students who held on to their original beliefs. Although data obtained was enough to establish 

that trainees had ideas about varieties of classroom teaching strategies, these did not necessarily 

mean that conditions for fostering conceptual change were ensured as the latter were not evident 

from data received. Diagnostic assessments could be employed, as they determine the level of 

entry knowledge, skills, and understanding at the beginning of a lesson for curriculum 

adjustment to meet learners’ needs, strengths and weaknesses. 

 

LIMITATIONS 

Trainees were not representative of all 10, and now16 regions in the country because only 

postgraduate who had enrolled for the said pedagogy course participated in the study and 

represented their native regions. Since this was a pilot study more than 10% of the representative 

regions in Ghana is acceptable. It is hoped that a further study will encompass representative 

samples from all over the country.  

The use of email to collect data was found to be less stressful than the ‘on the spot’ ‘pen 

and paper’ data collection procedures. The return rate of the questionnaire was also quite high 

(73%) from the sample, and 58% from the entire population. However, some respondents did not 

answer all the questions as there was a possibility to overlook or skip over some of them. It is 

hoped that next time an internet –based survey would be employed in data collection, where the 

setting would be such that, questions would have to be compulsorily answered before follow up 

items drop down from a menu. This would help to minimise missing data so that a fairer 
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judgement and holistic view of a study situation could be obtained to ensure a better 

implementation of a response-contingent strategy (Heikkinen & Piquette, 2005). 
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Appendix A: Open-ended Questionnaire  

1. What are misconceptions? 

2. Are you aware that some of your students have alternative conceptions about some 

topics? Yes/ No 

3. If yes, explain in details some types or examples of misconceptions that they have. 

………………………………………………………………………………………… 

4. What peculiar alternative conceptions have you identified with respect to the topic 

chemical equilibrium? 

a. None           b. a few       c. a lot        d. not aware of any misconceptions 

5. Kindly explain whatever choice that you make in an expanded/clearer form. 

………………………………………………………………………………………… 

6. What strategies do you use to assess students’ prior conceptions? 

………………………………………………………………………………………… 

7. State topics for which you used prior or pre-assessments and the types of probes used. 

………………………………………………………………………………………… 

8. What innovative procedures would you suggest for use in future, in order to facilitate 

students understanding of chemical equilibrium?  

………………………………………………………………………………………… 

 

Appendix B: Semi-structured interview 

1. What are alternative conceptions? 

2. What types of alternative conceptions have you identified among students in your 

teaching career? 

3. Could you please give examples of them? 

4. How were you able to identify them? How did you figure out that they were naïve/ prior/ 

alternative conceptions? 

5. Have you taught the lessons on chemical equilibrium before? 

6. What alternative conceptions did you identify in the topic ‘chemical equilibrium’? 

7. How would you suggest that chemical equilibrium in particular and other chemistry 

topics be taught? 
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RESULTS AND DISCUSSIONS 

With reference to Table 1, the data collected was analyzed and correlated with factors 

affecting biogenic amines formation in food samples. These factors have been referred to earlier.   

 Yogurt 

Yogurt is locally known as “ Sow Yawour”. Yogurt is from the fermentation of milk 

powder as stated by our respondents. The duration for this fermented process range from 12 – 

14hrs as indicated from the data. Yogurt making involves dissolving the powdered milk in water 

accompanied by stirring for about 15 – 20 minutes and addition of warm water. This work found 

out that the fermentation process is always aided by the addition of already fermented yogurt. 

Only a single vendor acknowledged the addition of a colouring agent which is labelled “Ideal”.  

Yogurt is preserved by refrigeration using electricity.  The unsteady supply of electricity in these 

areas often leads to spoilage of yogurt as stated by our respondents.  Furthermore, vendors 

claimed making limited amounts of yogurt which they will sell within a day to avoid prolonged 

selling. 

From this, it is suspected that a moderate amount of biogenic amines are present in 

yogurts sold in the visited communities. 

 Meat   

The meats involve in this study were beef, pork, mutton, chevon and imported chicken 

legs.  From slaughter men, most of their animals are fed on grasses, cereals and other plant 

products. Butchered meat is immediately delivered to meat vendors as claimed by slaughter men.  

Meat vendors or retailers confirmed keeping meat consignment for about 3 – 4 days with 

refrigeration and the use of iced-cold water as their only available preservation methods.  This is 

not really reliable.  The meat vendors consulted during the administering of the questionnaires 
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complained of erratic electricity supply in their communities.  This, they said, disturbs the 

quality of the meat.  Some literature cited in this article confirmed that the longer meat has been 

kept, the higher its biogenic amine content. Most of the vendors were seen hanging meat in the 

open and adding salt to keep away flies; all these promote the formation BAs. From the observed 

handling and preservation method, it could be suspected that there is high amount of biogenic 

amine concentration in meats sold in The Gambia especially imported chicken legs which 

sometimes spend up to 12 months in stores.  This concentration maybe not necessarily be beyond 

the legal limits of BAs. 

 Fish 

The fishermen engaged in this work are those who supply fish to Gambian markets. They 

spend between 12 – 18 hours in the sea. These fishermen depend on weather conditions for 

departure and use no preservation methods. It takes nothing less than an hour to offload; some 

even said it can take up to 6 hours depending on magnitude of their catch and ability of the 

wholesalers to buy. Fish vendors involve wholesalers and retailers. Fish wholesalers buy from 

fishermen on the bank of the river.  Wholesalers embark on mass preservation mostly 

refrigerating; some others preserve by smoking or salting or sun drying. They spend between 2 – 

3 days to exhaust a consignment of fish. Fish retailers sell to consumers.  These retailers use the 

same preservation methods as the wholesalers. They also keep a fish consignment between 1 – 2 

days. The long chain of distribution established in the fish business delays the fish reaching the 

final consumers. This study found out that most of the fish preserved by salting and sun drying 

are those that can no more be consumed directly. Exposure is a key factor; all those found selling 

in markets displayed their fish in the open air. This enhances microbial accessibility. The 

researchers in this work also found out that most of those who store fish in scrap refrigerators 
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add normal salt which they believe make iced-cold water stay longer. Some studies cited in this 

work confirmed that such substances promote the formation of biogenic amines.     

 

CONCLUSION 

Biogenic amines play very important roles in human physiology which this paper 

emphasizes. Although, the suspected levels of biogenic amines in the foods samples involved in 

this study may not necessarily be beyond their legal limits except for imported chicken legs. 

These imported chicken legs can spend up to 12 months in the country before reaching final 

consumers. Twelve months is more than enough for all the precursor amino acids to be converted 

to biogenic amines. 

Even these food samples can be considered safe for consumption today, greater care 

should be taken in handling them. The food authority can also do more to reduce the risk is 

biogenic amines contamination by conducting regular screening of those involved in selling such 

food samples. 

The information in this work is not from a laboratory and therefore not enough for strong 

conclusions. Thus, there is need for laboratory test to determine the amount of biogenic amines 

in the samples involved in this study and others such as beer, imported canned milk, bread etc.   

 

RECOMMENDATIONS 

After looking into the factors influencing the formation of biogenic amines and the 

handling of food containing the precursors, the following have been recommended.   

 The importation of chicken legs should be banned in the country. The food authority 

should do more to ban chicken leg importation. 



AJCE, 2020, 10(1)                                                                                                           ISSN 2227-























AJCE, 2020, 10(1)                                                                                                           ISSN 2227-5835                                                                                                                                               

116 

 

 

 

The filtrates of natural dye have red color for acetone, ethanol and water extract. Finally 

extracted dye was characterized with spectroscopic techniques the result shown in Figure:7. This 

extracted dye was taken to rotary evaporator to remove the solvent. The resulted dyes were used 

as sensitizer and the left extra dyes were kept in amber bottle in the dark place for another next 

demonstration of DSSC preparation. 

The UV-Visible absorption spectra for the dye extracted from bark of Syzygium 

guineense  plant using acetone, ethanol and water as solvents in the wave length range of 400-

800 nm shown in Figure:12. The peak appoears at the wave length of 573 nm, 580 nm and 587 

nm of water, ethanol and acetone extract respectively [5]. All the extracted dye solutions have 

shown an absorption peak in between 500-600 nm range as shown below Figure 8.  

 

Figure 8: UV-vis absorption spectra of (a) acetone (c), ethanol and (b) water extract of dye from bark of 

Syzygium guineense plant. 

The absorption peak of extracted dyes shows the pigments almost closely related to 

betalains and anthocyanin [16]. Because betalains absorbs strongly in between 400-600 nm range  

and Anthocyanin shows absorption peaks in between 500-600 nm range [8]. The same 
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Figure 9:  J-V characteristic curves of Syzygium guineense day using acetone, ethanol and water as 

extracting solvent. 

As we have seen from the figure above the higher Jsc, Voc and η was obtained for the 

DSSC sensitized from acetone extract of bark of Syzygium guineense   and the lowest Jsc, Voc 

and η was obtained for water extract of dye where recorded as shown in Table:2. 

This is due to the good interaction of TiO2 with anthocyanin pigment extracted from bark 

of Syzygium guineense by acetone solvent which resulted good charge transfer and higher 

solubility of the pigment in acetone solvent. This anthocyanin instantly adsorbed to the surface 

of TiO2 by displacing an OH– counter ion from the Ti (IV) site that combines with a proton 

which is donated by the anthocyanin. 

Power conversion efficiency of DSSC obtained from this work where compared with 

other natural dye sensitized so far by other groups as showed in Table:2. DSSC fabricated from 

dye of Syzygium guineense extract by using acetone as a solvent shows the highest power 

conversion efficiency than using water and ethanol. This might owe to the fact that anthocyanin 
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is more soluble in acetone, and hence, the aggregation of dye molecules is less as expected. 

Therefore, the extracting solvent has an effect on the efficiency of DSSCs as shown in Table:2.  

Table2:  The photoelectrochemical parameters of the as prepared DSSCs sensitized with dyes 

extracted from bark of Syzygium guineense at acetone, ethanol and water solvents compared with other 

work. 

Plant name Extracting 

Solvent 

JSC 

(mA/cm2) 

Voc(V

) 

Pmax 

(mW/cm2

) 

FF ɳ% Reference 

Bougainvillea 

spectabilis 

Water 0.545 0.541 0.164 0.552 0.164 [7] 

Ethanol 0.549 0.574 0.175 0.555 0.175 

Olive grain Ethanol 0.58 0.55 0.12 0.38 0.12 [18] 

Rosella Water 0.37 0.372 0.05 0.33 0.05 [19] 

Blue pea Water 0.82 0.382 0.15 0.47 0.15 [19] 

Lemon leaf Acetone 0.225 0.017 0.04 0.514 0.04 [20] 

 

Syzygium 

guineense 

 

Acetone 1.57 0.36 0.319 0.564 0.319  

This work 

 

Ethanol 1.48 0.345 0.179 0.351 0.179 

Water 1.42 0.24 0.174 0.509 0.174 

 

Three different solvents: water, acetone and ethanol were showed various result of 

photoconversion efficiencies as observed at Table 2. The conversion efficiencies of the as 

prepared DSSC in this study were better as compared to some DSSC values reported in other 

study as shown in Table 2. 
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CONCLUSION  

Dye extracted from bark of Syzygium guineense plant by using acetone, ethanol and water 

as solvent were used as photosensitizer in DSSCs. The dye extracted from this plant contained 

anthocyanins and betalains pigments. The acetone extract bark of Syzygium guineense dye shows 

lower band gap. 

 The Photoelectrochemical performance of acetone extracts showed open circuit voltage 

of 0.36 V, short circuit current density of  1.57 mA cm-2 and fill factor of 0.564, ethanol extract 

were showed open circuit voltage of 0.345 V, short circuit current density of 1.48 mA cm-2  and 

fill factor of 0.351 and water extract showed open circuit voltage of 0.24 V, short circuit current 

density of 1.42 mA cm-2 and fill factor of 0.509  under the sunlight illumination of 100 mW cm-2 

and active area of 1 cm2. Acetone extract of DSSC sensitized by bark of Syzygium guineense 

plant were offered 0.319 conversion efficiency which is the highest efficiency among the 

extracts. This work also shows that the effect of extracting solvent on efficiency of fabricated 

DSSC performance. 

The overall results of the study suggest that bark of Syzygium guineense could be 

aposssible alternative for the produaction of DSSCs. 

 

IMPLICATIONS FOR CHEMISTRY EDUCATION 

Solar energy is renewable energy resources that pick up their energy from sun and supply 

this endless energy for human beings. It is one of the most hopeful energy resources due to its 

abundant, purity, safety and higher economic values that cause energy creation in distant rural 

areas. A solar cell is an electric device that directly convert incident light into electricity by 

photovoltaic effect. 
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Natural Dye-sensitized solar cells (DSSCs) are photovoltaic devices that convert visible 

light into electricity based on natural dye pigments. It is environmental friendly, low cost, easy 

preparation, and high conversion efficiency. But at this time, it has efficiency and durability 

problem. That is why; at this time chemical educators and researchers at different levels devote 

their time on searching new natural dye to get efficient DSSCs. 

Based on this assumption, we conducted this research on the title “Extraction of Dye 

from Bark of  Syzygium guineense for Titanium Dioxide Based Dye Sensitized Solar Cell as 

Photo Sensitizer”. 

So, the result of this work is significant for students at post-graduate level & chemistry 

educators and researchers as starting material and/or documented reference for their teaching 

learning process as well as for their research work. 
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ABSTRACT 

The conditions of water in Ismailia canal (Mostorod refinery site) are alarming now 

because it looks more cloudy and dirty. Water was contaminated not only organic trashes, but 

also inorganic. The adsorption capacity of clays is often used to remove undesirable substances 

from aqueous solutions. Chitosan is widely used in biological applications due to its 

biocompatibility and biodegradability. The aim of the present study is to review the possible 

applications of the nanotechnology for the removal of pollutants from wastewater by 

TiO2/Bentonite and TiO2/Chitosan, when added this composite to wastewater and when exposed 

to visible light they will generate OH radical compounds that can degrade organic pollutants and 

compounds superoxide, at pH 2. [African Journal of Chemical Education—AJCE 10(1), January 

2020] 
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INTRODUCTION 

Water has a widespread impact on all aspects of human life including health, food, 

energy, and economy. Along with environmental, economic, and social effects of poor water 

supply and sanitation [1], the supply of fresh water is indispensable for the safety of human 

beings. It is estimated that billions of people in the world don’t have access clean water within 

couple of decades the current water supply and resources will decrease to one-third. There is 

very narrow chance of an increase in the supply of fresh water due to challenging demands of 

ever increasing populations all over the world. A major problem in developed countries is 

drinking water that is contaminated with bacteria and viruses, which are the main reasons of 

water diseases. ever-increasing pollution, clean water will become scare, additionally, in these 

countries, available water is unsafe to drink [2]. 

Wastewater is the water containing superfluous substances that adversely affect its 

quality and thus making it not suitable for use. Common constituents of wastewater are inorganic 

substances like solutes, heavy metals, and metal ions, ammonia along with gases, plant remains, 

and organic matter. When left untreated these constituents may pose threat to living beings. 

The traditional materials and old water treatment processes are not able to remove toxic 

chemicals, organic materials and microorganisms which appear in raw water. Nano- scale 

materials are structures ranging from 1 to 100 nm; Nanotechnology has been studied by 

researches which offer advantages like low cost, reuse in removing and recovering the pollutants. 

This technology is one of the methods used for wastewater treatment. Continuous oxidation 

process is based on the formation of hydroxyl radicals (OH) which is a strong oxidizing agent 

that can promote total mineralization on persistent organic pollutants [3, 4]. 
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TiO2 has excellent photo-catalytic performance and stable in acidic and alkaline solvents, 

it has a high broad applicability to drinking water and industrial waste water to remove organic 

contaminants. industrial waste water to remove organic contaminants, but not completely solve 

the increasing serious water pollution problems of heavy metal ions. TiO2 catalyst must be 

activated using energy photon with low wavelength. TiO2 is a dioxide compound that has white 

color, which is rust resistant and non-toxic. Besides that, the titanium dioxide is one of the stable 

catalysts [5, 6]. From some advantages of TiO2 photo-catalytic method, it still has some 

weakness in degrading the waste, to cover up this weakness, photo- degradation process by TiO2 

started with adding the carrier material with good adsorption capability. Carriers used in this 

study are chitosan and bentonite. Chitosan is regarded as an excellent carrier material because it 

can eliminate a variety of organic and inorganic waste, beside that it also has some advantages 

such as non-toxic, antibacterial, biodegradable [8]. While Bentonite is one type of clay with 

(85%-95%) mineral montmorillonite (an aluminum-rich clay mineral containing some sodium 

and magnesium. Bentonite has the ability to swell, and can be intercalated [9]. 

 

EXPERIMENTAL 

Materials and Equipment 

The waste water used in this study was obtained from the Ismailia Canal (Mostourd 

refinery site): Turbidity (TSS) is (100.7) NTU, PH= (8.32), Temperature= (24.04oC). Samples of 

canal water were taken in one gallon container and transported to the laboratory.1 M NaOH, 

acetic acid , 1%, TiO2(PH: 3.5 - 4.5 ) ,Bentonite, Chitosan. The characterization was done by 

Scanning Electron Microscope (SEM) (JEOL (JSM-5300)), FTIR Shimadzu. 
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Synthesis of TiO2-Chitosan 

2 grams of TiO2 dissolves in 100 mL of acetic acid 1% for 2 hours stirring at a constant 

speed, then added 1 gram of chitosan and stirring quickly for 2 hours to obtain clear solution, 

finally added 1M NaOH solution into these solutions drop wise until solution reaches PH= 10. 

Then put in oven at 100oC for 4 hours and calcined at 450oC for 2 hours, TiO2-Chitosan 

composite material is ready to use [10]. 

 

Synthesis of TiO2-Bentonnite 

5 grams of purified Bentonite was dispersed in 500 mL of distilled water and stirred for 3 

hours until the lumps of clay was lost .2 grams of TiO2 dispersed in 100 mL distilled water and 

then stirred at 300 rpm at 70oC and added to Bentonite,TiO2-Bentonite composite material  is 

ready to use. 

 

Photo degradation and removing turbidity from Ismailia canal as a water reservoir using a 

composite of TiO2/Chitosan and TiO2/ Bentonite. 

Photo degradation was done by dispersing 0.5 gram of TiO2-bentonite and 0.5 gram of 

TiO2-Chitosan into 500 ml waste water followed by stirring for 30 minutes at 300 rpm at room 

temperature. 

 

RESULTS AND DISCUSSION 

Fourier Transform Infrared (FTIR) 

TiO2 spectroscopic analysis between the ranges 400-700 cm-1, here the peak appears in 

478.35 and 594.08 [11]. The absorption peak of Bentonite at wavenumber 3626.17 cm-1 which 
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shows the stretching vibration of O-H. TiO2-Bentonite didn’t indicate any shift in absorption at a 

wavenumber 3448.72 cm-1 which O-H bond is weakened because the presence of TiO2 in 

between the layers of Bentonite. 

In Fig (2) shows the absorption peak at 3350 cm-1, indicate combined peaks of NH2 and 

OH group stretching vibration [12] which Fig (3) shows strong peak moved to lower wave 

number at 3300 cm-1 that indicated the strong interaction between these groups and TiO2[13]. It 

appears peaks at 1647 and 1078 cm-1 which indicates the presence of –NH2 group and C-O 

stretching group, when we make a comparison between it and Chitosan we found that in 

Chitosan there are new absorption peaks at 671 cm-1 and 385 cm-1 due to the attachment of 

amide group of TiO2.Fig (3) shifted from wide peak at 3350 cm-1 to lower wavenumber 3300 

cm-1 this means the formation of nanocomposites. 

 

 

 
Fig (1):   FTIR- Spectrum of TiO2 [14]. 

 



AJCE, 2020, 10(1)                                                                                                           ISSN 2227-5835                                                                                                                                               

129 

 

 

 

 

Fig (3): FTIR pattern of Chitosan/TiO2 nanocomposites. [14] 

       Fig (2): FTIR pattern of Chitosan. [14] 

 

Scanning electron microscopy (SEM)  

It used to investigate the dispersion of TiO2 in the Chitosan matrix and Bentonite matrix 

the various amount of TiO2 (0.3, 0.5, 1, 2) and 5 wt % of chitosan and 5 wt% of Bentonite which 

added in Chitosan solution and Bentonite solution. The interactions between the TiO2 surfaces 

and Chitosan molecules due to vander-waals force, which is weaker than the interactions 

between the chitosan-chitosan molecules. Bentonite possesses a layer structure and large surface 

areas which used to disperse TiO2 and adsorb pollutants. Then we investigate the surface 

morphology of Chitosan/TiO2, and Bentonite/TiO2 which shows aggregated particle structures, 

and the SEM of TiO2 and Chitosan are uniform which the native Chitosan film revealed smooth 

and flat surface. 

The poor distribution of TiO2 particles in the Chitosan film caused by the deficiency of 

attractive forces, there is no attractive force between Chitosan and TiO2, when we analysis the 

surface morphology of non-modified and modified Bentonite. The natural Bentonite shows 

massive, aggregated, some flakes. After modification with TiO2 the Bentonite surface resulting 

in a large number of small particles, when we compare between the activities of TiO2/Chitosan, 
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TiO2/Bentonite for removing gravels and turbidity from polluted water (Ismailia canal), 

TiO2/Bentonite composite has a great ability greater than TiO2/Chitosan which give with 

TiO2/Bentonite composite efficiency for removing turbidity 55% NTU but TiO2/Chitosan 

efficiency is 18% NTU. When TiO2 exposed to visible light, the electrons in the valence band of 

the semiconductor be excited into the conduction band will generate (e) electrons or (h+) then 

reacts with hydroxide radicals which will oxidize water reservoir (Ismailia canal)(mostourd 

refinery site), then degraded the (TSS). 

   

                            
 
 
 

Fig (4) (a) SEM OF TiO2 [15].                            Fig (4) (b) SEM OF Chitosan/TiO2 nanocomposite [15]. 

 

 
 
 

Fig (4) (c) SEM of native Chitosan [15]. 
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Fig (5) SEM image of a. Natural Bentonite and b. TiO2/ Bentonite composite [16]. 

 
 

Effect of pH: 

Wastewater containing various contaminants, generally the pH between (6.0-9.0) in water 

reservoir (Ismailia canal) (mostourd refinery site), Therefore, it is important to study the role of 

the pH on the degradation of specific pollutants ranges from (2, 5, 7, 9, and 10). Indeed, the 

performance of TiO2 photo- catalysis may differ in different types of pH medium, due to the 

amphoteric behavior of the metal oxides The degradation and adsorption of TiO2 decreased as 

the PH increased because of the negative charge of TiO2 in basic solution but in acidic solution 

TiO2 give positive charge, at high PH values, the surface site of Bentonite is negative and occur 

electrostatic repulsion, the suitable PH is =2 which achieved highest activity of TiO2/Bentonite 

for removal turbidity and TSS from water reservoir. 

PH acid (PH<7): Ti-OH + H+  TiOH2
+ 

PH base (PH>7): Ti-OH+OH- TiO-+H2O 

 

CONCLUSION 

Synthesis and characterization of Chitosan/TiO2, Bentonite/TiO2 nanocomposites, for 

removal of turbidity and TSS from water reservoir ((Ismailia canal) (mostourd refinery site), 
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were studied by using FTIR, Scanning electron microscope and Effect of PH. The FTIR results 

the formation of nan- composites, which increase the efficiency of removal, the images of SEM 

revealed that TiO2-Bentonite (55% NTU) composites decreasing the turbidity than TiO2-

Chitosan (18% NTU). 
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ABSTRACT 

Creativity in the classroom is the goal for peer leaders of the Peer Led Team Learning 

Program (PLTL) in the Chemistry Department at the University of Texas at El Paso. The goal is 

to enhance the learning experience for students taking general chemistry in their workshops or 

classrooms. These ideas allow students to engage in classroom discussions with their peer leader. 

The ideas can be themed on concepts such as molecular geometries, kinetics, or acids and bases. 

In second semester general chemistry, a call to utilizing creativity in the classroom has 

demonstrated a way for peer leaders to efficiently teach students how to convert the following 

four main concentration units via kinesthetic interaction: molarity, molality, mole fraction, and 

percent by mass. What this means is that, by arranging cards as fractions in which the 

concentration units are represented as ratios, they will be maneuvered by grabbing each card and 

placing them either over or under another card to get the desired unit. Thus, to reach a desired 

unit in the numerator and/or the denominator the concept of overlap and underlap is the key to 

employing these stacks of cards to see how the units relate to one another. This allows students 

to think about what is needed in the numerator and the denominator. Students gain the 

opportunity to physically manipulate conversion factors and improve or review their 

understanding of dimensional analysis. [African Journal of Chemical Education—AJCE 10(1), 

January 2020] 
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INTRODUCTION 

Students who take the first two semesters of general chemistry tend to grapple heavily on 

basic concepts that are essential for future chemistry classes and other science related courses. 

There is an overwhelming amount of information, rules, and exceptions that students are 

expected to retain. They come in for granted not realizing how vital it is to carry their knowledge 

of their first semester of general chemistry to their second semester of general chemistry. 

Students do not understand how much work they need to put in to pass their second semester of 

general chemistry if they come in after earning a C or a B in their first semester. They need the 

guidance to a path that will lead them to success in understanding course material and that is 

what the Peer-Led Team Learning program at the University of Texas at El Paso offers. 

The program provides a peer to peer interaction so that students taking the course can feel 

comfortable asking questions and confronting their peer leader rather than just waiting to speak 

to a professor who can have a tight schedule for appointments. Peer leaders are students who 

have already taken the course, have earned a B or better and have a strong understanding of 

general chemistry. Students can take advantage of having a one to one tutoring session with their 

peer leader to review any topic needed. In workshop, which takes place in a lab or classroom 

setting, a peer leader spends about two hours with their students going over activities. These 

activities are created by the peer leaders who have practiced at demonstrating that these pursuits 

can encourage student engagement in their learning experience. These activities can be like the 

following that will be discussed with index cards and concentration units. 
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METHODOLOGY 

When discussing topics such as colligative properties of a solution, students need to be 

familiar with the main concentration units dealing with this subject matter. Those are molarity, 

molality, mole fraction, and percent by mass. In addition, students are expected to be able to 

convert from one concentration unit to another using conversion factors such as milliliters to 

liters, molecular mass or atomic mass, density, etc. Since a population of students struggle with 

converting from molality to percent by mass, for instance, this method can help students 

visualize how the units relate to one another. This is based on the idea of dimensional analysis 

that is taught to students who take their first semester of general chemistry.  

Overlap and Underlap, and Unit One Cards: 

This intuitive activity uses index cards that have a unit written 

such as X moles of solute, to encourage students to engage in learning 

or reviewing how dimensional analysis works. There are many cards 

with various types of units. To use these cards, one must have two 

cards placed vertically on top of each other as shown in figure 1, in 

order represent them as a fraction; one card over the other will 

symbolize numerator over denominator, respectively. The 1 L of solution 

card is called a unit card, because the cards contains a value of one and an 

arbitrary unit. Therefore, unit cards are cards with a number one and a unit, such as, 1 kg of 

solvent is a unit card. 

These two cards are pulled from certain stacks that pertain to individual components of a 

solution, one stack for solute, and another pile for solvent. There is also a collection for 
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conversion factors such as volume in milliliters to liters, moles to grams, pressure conversions, 

etc. See figure 2.  

If the student was told to transform the ratio of “X moles of 

solute” and “one liter of solution” to have “X grams of solute” in 

the numerator, the student would need one card that has “one mole 

of solute” and the other to have “X grams of solute.” That student 

would recognize that the ratio between the “one mole of solute” to 

“X grams of solute” is molar mass. Thus, molar mass is the 

conversion factor to turn “X moles of solute” to “X grams of 

solute.” To do that, the 

student would place the 

card that states “X 

grams of solute” next to 

the card that scripts “X moles of solute” and the card 

with “one mole of solute” next to “one liter of solution.” See 

figure 3.  This layout of cards is multiplication. The unit of moles of solute would cancel. Thus, 

the concept of overlap and underlap is the overall theme of this schematic. The two movements 

could be used at the same time in any perspective. For example, in the perspective of the “X 

moles of solute,” if the unit “X grams of solute” is the unit in desire then the student would 

overlap the “X grams of solute” on “X moles of solute.” In other words, cover the “X moles of 

solute” with “X grams of solute.” The other way can be used. In the perspective of the “X grams 

of solute,” the “X moles of solute” would underlap the “X grams of solute.” “X Moles of solute” 

would go under the “X grams of solute.” Therefore, in the denominator, “one mole of solute” 
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would underlap “one liter of solution” and, as seen, “X moles of solute” and “one mole of 

solute” would cancel. This occurs, because they are both consistent and homogenous units as 

shown in figure 4: 

Definition Cards 

In figure 1, 3, and 4, the conversion factor “one mole of solute” is some “grams of a 

solute” is called a definition. A definition card it states an exact amount of a compound. One 

example of a definition card is the number of grams of something in one mole of that substance. 

Other examples of definition cards are the following conversion factors: one milliliter of solution 

is one cubic centimeter of solution, 1000 grams of solvent is one-kilogram of solvent, or one 

atmosphere is 760 torr. Those are all definitions because they state an exact amount of how much 

of something is compared to a value of one paired with a random unit. When using definitions, to 

convert from one unit to another, multiplication will be used, such as in figures 1, 3, and 4.  

Variable cards: 

This activity is meant to be an interactive one where students can use their hands to see how 

units relate to one another, in terms of numerator over denominator, and improve their skills in 
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dimensional analysis; these are fundamentals that students need to carry with them throughout 

their academic career in the science field. Thus, reasonable values need to be considered when 

relating to units. For example, if the student was given a task to convert the density of a solution 

to the molarity of solution, the student could use a card that has some variable X, Y, or Z to 

arbitrarily assume a realistic value pertaining to the appropriate unit, so that the chemistry makes 

sense. In other words, a card that does not have one unit of anything or is not a definition card 

will be called a variable card, because it has a variable with a unit to deduce an arbitrarily value. 

See figure 5. 

 

CONCLUSION 

The concept of overlap and underlap is used to convert from one unit to a desired one. 

There are three main types of cards: definition cards, unit cards, and variable cards. The 

definition cards state how much of something is in one unit of anything. A unit card is simply 

one unit of anything. A unit of anything is usually called a basis. Lastly, the variable card is used 

to have an arbitrary realistic value with certain units so that the student can make a judgement on 
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what value they should obtain, based on the appropriate units and compared to their initial 

assumed value. The activity is a creative tool to help students understand or review their 

dimensional analysis and to visually see how various units are related to each other. In result, 

students whom are taking their second semester of general chemistry and learning concentration 

units can go over this activity with their peer leader to review their dimensional analysis. In 

addition, peer leaders of first semester general chemistry, which is the introductory class to 

chemistry; can use this activity in their workshops with their students whom first learn what 

dimensional analysis is. 
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ABSTRACT 
 In the present work, an analysis of the quality of the students who arrive at the Brazilian 

federal public universities in the last ten years is made, based on basic chemistry classes for the 

chemistry, chemical engineering and pharmacy courses. In the last ten years, "scientific 

illiteracy" as well as "functional illiteracy" have only increased, making it possible to establish 

(as a general trend) a dire prognosis for the quality of graduates of chemistry courses in Brazil. 

[African Journal of Chemical Education—AJCE 10(1), January 2020] 
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INTRODUCTION 

With a thirty-year classroom experience, twenty-one of these as a university professor, I 

have noticed, year after year, a drop in the quality (in terms of high school education) of students 

coming to university. 

I can only talk about the Brazilian reality (the only one I know closely) but, I believe, 

some of the facts and reflections pointed out in the present work may be part of the reality also of 

some other countries of the so-called "third world". 

The data presented here refers to the period 2009-2019, ie the last ten years. 

 

METHODOLOGY 

From 2009 to 2019, each semester, two classes of basic chemistry subjects (from 

undergraduate courses in chemistry, chemical engineering and pharmacy courses) were chosen 

as the "object of study", with a total of approximately 600 students. 

In each of the applied assessments (three per semester), questions regarding the content 

of high school chemistry were applied. 

 

RESULTS AND DISCUSSION 

Currently in Brazil, students are admitted to Federal Public Universities through the 

"National High School Exam" (ENEM). This is, in my view, a low-quality exam, which has 

greatly contributed to the deterioration in the quality of chemistry teaching (and teaching in 

general) in Brazilian secondary schools, since secondary schools ( (both public and private) have 

as their main goal the placement of students in universities. 
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In the last ten years, it is sensible (regardless of the survey of quantitative data) the 

deterioration in the quality, in terms of education, of students arriving at universities. 

To the scientific illiteracy (which already existed, and only worsened in recent years) is 

now added the functional illiteracy (ie, the student "reads" texts, but does not really know how to 

interpret them). 

Many (most) students are reported to have difficulties relating to the chemistry content 

before having difficulties with the Portuguese language: they have difficulty interpreting 

correctly a three to five line text (such as the statement of a chemistry problem, for example). 

As a quantitative data, it can be pointed out that of the high school chemistry questions 

applied in exercise lists or even applied in some tests, about half of the students miss at least 

50% of them. 

Even basic contents such as chemical formulas and acids and bases constitute 

"challenges" for most students. 

Needless to say, a deterioration in the quality of students entering college ultimately 

results in a decline in the quality of teaching, since in teaching, as in chemical kinetics, the 

slowest step determines the speed of reaction. 

Leaving aside the greater workload and stress of teachers (who have more work to teach 

even basic content), it also increases the number of students' reactions to teachers (since the 

student cannot understand that "the problem "not the teacher, but him). 

As noted earlier [1], the (generally) poor quality of scientific education in Brazil can be 

unambiguously pointed out based on international examinations such as the Program for 

International Student Assessment (PISA). It seems that, as a general trend, results tend to worsen 

or, at best, remain stationary. 
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It is noticeable (not only by correcting the questions posed in the tests) but mainly during 

class that for most students there is nothing that can really be called scientific knowledge. All 

their "knowledge" is a "patchwork" of equations and "tricks" on how to solve typical questions 

without any real notion of science or technology. 

 It seems that little (or nothing) has changed since 1951 when Richard Feynman visited 

(and served as a visiting researcher for six months) Brazil and commented on a group of college 

physics students [2]: 

In regard to education in Brazil, I had a very interesting experience. I was 

teaching a group of students who would ultimately become teachers, since at that 

time there were not many opportunities in Brazil for a highly trained person in 

science. These students had already had many courses, and this was to be their 

most advanced course in electricity and magnetism--Maxwell's equations, and so 

on. The university was located in various office buildings throughout the city, 

and the course I taught met in a building which overlooked the hay. I discovered 

a very strange phenomenon: I could ask a question, which the students would 

answer immediately. But the next time I would ask the question--the same 

subject, and the same question, as far as I could tell--they couldn't answer it at 

all! (…). After a lot of investigation, I finally figured out that the students had 

memorized everything, but they didn't know what anything meant. (…). 

After the lecture, I talked to a student: "You take all those notes  what 

do you do with them?" "Oh, we study them," he says. "We'll have an exam." 

"What will the exam be like?" "Very easy. I can tell you now one of 

the questions." He looks at his notebook and says, " 'When are two bodies 

equivalent?' And the answer is, 'Two bodies are considered equivalent if equal 

torques will produce equal acceleration.' " So, you see, they could pass 

the examinations, and "learn" all this stuff, and not know anything at all, except 

what they had memorized.  
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 It is also noticed that students take the expression "attend classes" to the letter: really, 

they just attend the class, do not (want) to participate. If the teacher proposes a list of exercises, 

the students want him (the teacher) to solve it, and that they will only have to "memorize" the 

list, in the expectation that something very similar (in fact, identical, with just some different 

data) is applied to the exam. This is the mindset of "college students" in basic chemistry (and 

other science) courses in Brazil. Once again, paralleling Feynman's experience [2] is inevitable: 

(…) I taught a course at the engineering school on mathematical methods in 

physics, in which I tried to show how to solve problems by trial and error. It's 

something that people don't usually learn, so I began with 

some simple examples of arithmetic to illustrate the method. I was 

surprised that only about eight out of the eighty or so students turned in the 

first assignment. So I gave a strong lecture about having to actually try it, not 

just sit back and watch me do it. 

 

As a general conclusion, one finds that the main problem of chemistry education (and 

scientific education in general) in Brazil is not of an economic, material nature, but of an 

intellectual / spiritual nature: the "primitive" mentality. of students (and, unfortunately, many 

teachers, too). 
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ABSTRACT 

Ten brands of bleach were analyzed for their sodium hypochlorite (NaOCl) levels using 

titrimetric method.  The levels of NaOCl found in the bleach samples were generally higher than 

the levels indicated on the respective labels.  Only one out of the ten samples had a NaOCl level 

of below 5% indicating that it is a safe and noncorrosive household bleach. [African Journal of 

Chemical Education—AJCE 10(1), January 2020] 
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INTRODUCTION 

Bleach is widely used in The Gambia, mostly in every household.  A bleach is a strong 

oxidizing agent with a myriad of applications in industries [1].  The most active ingredient in 

commercial bleach is sodium hypochlorite (NaOCl) [2].  NaOCl has outstanding disinfecting 

properties.  It is also very toxic.  Exposure to NaOCl is associated with significant risks due to its 

strong oxidizing properties.  Although NaOCl is a strong alkaline, the ingestion of bleach 

containing NaOCl causes damage to the esophagus which may lead to burns with hyperemia and 

edema of the mucosa [3]. 

The toxicity of bleach depends on where it is applied.  It causes significant eye irritation 

and irritates the mouth and throat but is fairly benign when ingested [4].  A dangerous problem 

with bleach occurs if it is mixed with other household cleaners and ammonia. These mixtures 

result in the release of chlorine gas, an asphyxiant.  When chlorine gas contacts moist tissues, 

such as eyes or lungs, it results to the release of hydrochloric acid (HCl). 

This research aims to: determine the levels of NaOCl in commercial bleach sold in The 

Gambia using the Titrimetric method, find out if these levels can lead to NaOCl linked health 

implications.  Since bleach is widely-used in The Gambia and there are several brands; each 

differing from the other because of the percentage indicated on its label.  Do the amounts 

indicated on the labels agree with what is actually inside the bleach itself?  This study intends to 

ascertain this. 

The titrimetric method used in this study is well-suited to an under-resourced laboratory.  

Furthermore, it is simple and cost-effective.  Other methods of analyzing bleach exist, namely, 

coulometric titrations, spectrophotometry, chemiluminescence, chromatography, voltammetry 

and flow analysis.  However, bleach is analyzed, the concentration of NaOCl and pH are the 
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main quality parameters used to assess the disinfectant efficiency of the bleach.  However, 

standard procedures have been established to determine the levels of OCl- in commercial 

bleaches, based on the reaction between NaOCl with iodide, followed by volumetric titration of 

the generated iodine with a thiosulfate standard solution, using colorimetric detection [5]. 

 

METHODOLOGY 

Samples and Sample selection 

Ten different commercial bleach samples were bought and analyzed using the titrimetric 

method. Samples were purchased from big supermarkets known to stock household products.  

This study was carried out in the urban area of The Gambia where all the big supermarkets are 

located.  These supermarkets stock virtually all what is sold in the country, because supermarkets 

in the rural/provincial areas buy their stock from the urban area.  Furthermore, there are rare 

cases of smuggling across border from Senegal; this implies that it may be possible to find a 

bleach smuggled thus and sold in the rural areas.  For the most part, the bleach samples used are 

representative of what exists in the country – a small country.   

Below is a table of bleach samples purchased. 

S/N Brand 

1 Madar 

2 Harpic 

3 Domestos 

4 Clean and Fresh 

5 Dorran 

6 Sumo 

7 Ernet 

8 Savers thin bleach 

9 Tesco 

10 Easy 
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All the bleach samples bought indicated the levels of NaOCl present on the labeling.   

Titrimetric used was simple.  Bleach samples were diluted and analyzed by conversion to an 

equivalent amount of iodine which was titrated with standardized sodium thiosulphate 

(Na2S2O3). 

NaOCl +2KI +H2SO4                              I2 + H 2O +   NaCl + K2SO4 

I2 + 2Na2S2O3                         2NaI + Na2S4O6 

Stoichiometric relationships as indicated in the chemical equations above were used to calculate 

the amount of NaOCl.   

The following steps were carried out for each bleach sample: 

1. 0.05ml of bleach was measured and diluted with 20ml distilled water. 

2. 5ml of 0.5M KI was added followed by 5ml of 2M H2SO4.The solution turned orange 

after adding these reagents. 

3. The solution obtained from step 2 was titrated with standard 0.1M Na2S2O3 until the 

color turned yellow indicating only a small quantity of iodine left in the solution.   

4. Starch solution was also added which turned the solution to a dark blue after the starch 

was added. 

5. The titration was continued until the color faded away which indicated the end point of 

the titration. 

Reagents 

0.1M Na2S2O3, 0.05ml of each bleach sample, 0.5M KI, 2M H2SO4 and starch solution.   

 

 



AJCE, 2020, 10(1)                                                                                                           ISSN 2227-5835                                                                                                                                               

150 

 

 

 

RESULTS AND DISCUSSIONS 

The weight percent (w/w%) of NaOCl obtained from the analysis of each purchased 

bleach samples is listed in the table below: 

S/N BRAND % of NaOCl 

obtained 

% of NaOCl 

on label   

1 Madarr 27.27 N/A 

2 Harpic 12.06 Less than 5% 

3 Domestos 17.73 Less than 5% 

4 Clean and fresh 30.50 Less than 5% 

5 Dorran 28.10 N/A 

6 Sumo 23.30 Less than 5% 

7 Ernet 10.40 2.5% 

8 Savers thin bleach 12.10 Less than 5% 

9 Tesco 0.18 Less than 5% 

10 Easy 7.32 Less than 5% 

 

As shown in the results above, the commercial bleach with the highest levels of NaOCl 

sold in The Gambia is Clean and Fresh while the one with the lowest NaOCl levels is Tesco. 

Although out of the ten bleach samples analyzed, only one had a NaOCl level of below 5% 

indicating that it is a safe and noncorrosive household bleach which is in line with a similar 

research conducted in New Zealand. The New Zealand Environmental Protection Authority 

(EPA) describes noncorrosive household bleach to have 3% to 5% NaOCl concentration and 

corrosive bleach to contain more than 25% NaOCl concentration.  

However, the levels of NaOCl in most of the bleach samples in The Gambia are above 

5%. Therefore, one could consider the bleach samples to be unsafe since more than half of the 

ones purchased have NaOCl levels above 5%. 
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RECOMMENDATIONS AND IMPLICATIONS FOR CHEMICAL EDUCATION 

With special reference to the values of the NaOCl obtained from the titrations, the 

researchers in this study question the safety of the bleach sold in The Gambia.  Chemical 

education in this regard implies that students should be taught that everyday chemical reagents 

like bleach is dangerous and should be treated with care.  The following recommendation are 

made:  

 The government should create standard laboratories that determine the levels of NaOCl 

found in imported bleach in The Gambia.   

 Routine monitoring should be conducted in ensuring that the correct amount of NaOCl is 

indicated on the labels.  Students should be made aware of the fact that fraud exists in the 

Chemical Industry; not all labels are honest; what is written on the label does not always 

correspond with what is inside.   

Users should be sensitized on the health effects associated with the abuse of bleach 

containing high levels of NaOCl.  The effect on health, of everyday chemicals like bleach should 

be taught in schools; such could form a seminar paper for students to investigate and present to 

their mates in a chemistry class. 
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