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EDITORIAL

CHEMISTRY FOR SUSTAINABLE PEACE DEVELOPMENT

Temechegn Engida
Email: temeclegn@gmail.com

According to Rummel [1], peace has always been among humanity's highest-f@lues
some, supreme. Peace is defined as equilibriulimabcial field. Peace can therefore, be seen as
absence of dissension, violent conflict or war. It is the occurrence of harmony which is
characterized by lack of violence and other conflict behaviors and includes freedom from fear of
violence. Peace isohmere absence of war but includes social balance that ensures the absence o
real or imagined causes of conflict from a human grouping. Peace is a perquisite for real
development.

Chemistry has been mostly linked to the development of weapons thatigoeace and
antrhumanities. In this regard, RSC [2] states that Chemistry has been central to warfare ever sincg
the first arrow head was forged and never more so following the industrialization of war in the
twentieth century with the improvement ofpdasives and the development of chemical weapons.

UNESCO [3] states that Asince wars begin] i
that the defenses of peace must be construg¢t e
particular, thus, hava strong place in realizing this vision. It is therefore vital to look at how
Chemistry instills peace in the minds of men and women who study (get acquainted with)
Chemistry formally (and informally).

AJCE thusCalls for Papersunder the theme d@hemistry and Peace Developmentf
sufficient manuscripts are submitted until end of October 2018, they will be published as a Special
Issue of AJCE in 2018. In the absence of sufficient manuscripts, then the available ones will appea
in the January 2019 issue.
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PROVING THE PARAMAGNETISM OF OXYGEN
BY MOLECULAR MODELLING

Robson Fernandes de Farias
Universidade Federal do rio Grande do Norte, Cx. Postal 1664, B90/$NatalRN, Brazil.
Email: robdefarias@yahoo.com.br

ABSTRACT

The present work descab how molecular modelling (semmpirical anddensity
functional theoryDFT approach) can be used to prove that molecular oxygen is paramagnetic,
with two unpaired electronfAfrican Journal of Chemical Educatié@nAJCE 8(2), July 2018]
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INTRODUCTION
Since high school, students are familiar with Lewis structures and Valence Bond Theory
(VBT). If we simply write the Lewis structure for molecular oxygen)(@e conclude that such

amolecule has no yraired electrons and that @, consequently, a diamagnetic substance (see

Figure 1).
0=0
2
Fig. 2. Schematic repr esent ajshowing (forfeach dxygenll a

atom) a filled p orbital and two p orbitals with one unpaired electron each

If we explain the formation of £molecule by using VBT, the same result is obtdir@
has no unpaired electrons. Since the electron configuration of €282p*, the 2p level of each

oxygen atom has 2 unpaired electrons. When two oxygen atoms approach each other, th¢

nd
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respective unpaired electrons of each atom, are paired wittoeadner , f or mi ng a
resulting in zero unpaired electrons (Figure 2).

However, it is well known that £3s paramagnetic, as some simple demonstrations [1] can
easily show.

Molecular Orbital Theory (MOT) (generally introduced only in undergreslatasses)

predicts, correctly, that£s a paramagnetic substance, with two unpaired electrons (Figure 3).

A *

2p, 2p, 2p, 11 2p, 2p, 2p,

O (AOs) O, (MOs) O (AOs)

Fig. 3. Molecular Orbital diagram for ©

The correct explanation/prediction ob Paramagnetism is one of the triumphs of MOT
over VBT. Such fats, as well as the MO diagram fop @e presented in any college chemistry
textbook [ 2]. But , how can avwhas,infeed, vo enpaired i n

electron®

Co
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The present work described how molecular modelling can be used to provetbetlar
oxygen is paramagnetic, with two unpaired electrons. Such an approach can be a useful tool i

the classroom for both general chemistry and inorganic chemistry classes.

METHODOLOGY
Molecular oxygen (€ was modelled by using Spartan”16 [3],iwtitvo possibilities: zero
and two unpaired electrons. The calculations were performed by using two approach/levels of
theory: SemEmpirical (PM6) and DFT/MO@X/6-311-G**.
As is well known from hard and soft adise theory, ionization energy, IE rol that
is, the energy of the highest occupied molecular orbital and electron affinity;Evws; that is,
the energy of the lowest unoccupied molecular orbital [4]. In fact, according to Koopman’'s
t heor em (o iind the tBeorém niiakes no claiboat Bumo energy. A similar theorem
exists indensity functional theory (DFT).
Hence, the calculated homo and lumo energies were compared>\@itpe&dimental values

for IE and EA [68].

RESULTS AND DISCUSSION

The obtained results are summarized inl&db As can be verified, only the calculated
values for Q with two unpaired electrons are in good agreement (specially the IE) with the
experimental values$n fact, we must pay attention only in the IE values singengesince, in the

employed approxnations,the lumo energy shows little correlation with the electron affinity [9].
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Table 1. Experimental values fop @& and EA, and calculated homo and lumo energies.

Parameter/Specie O- (0 unpaired ¢ O- (2 unpaired @
IE/eV (exp} _ 12.1+£0.1
EA/eV (expy _ 0.44 +0.10
EnomdeV 8.2F 10.82
9.35 10.93
EumdeV 1.7 1.24
3.24 2.9¢'

4n Ref. 5, there are several reported experimental values for IE, all of them very close to each
other. The value employed here is from Reflr6Ref. 5, here are several reported experimental
values for EA, all of them very close to each other. The value employed here is from Ref. 7,
°SE(PM6);d DFT/M06-2X/6-311-G**.

Such agreement is a proof that molecularsQindeed, paramagnetic and also a proaff th
the number of unpaired electrons is two. In factw@h two unpaired electrons (triplet form) is
only one of the three forms of oxygen [10], considering the possible distributions of electrons in
the MO diagram, and the most stable (less energet&)Tdre difference between the calculated
Enomo (DFT/M06-2X/6-311-G** approach, for example) = 10.9835 = 1.58 eV = 152.4 kJmbl
is the energetic difference betweh a8 df or ms [ 10] .
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EFFECTS OF CONCEPTUAL CHANGE INSTRUCTIONAL APPROACH
ON ACHIEVEMENT OF PRE -SERVICE CHEMISTRY TEACHERS IN
ALIPHATIC HYDROCARBON CONCEPTS

Woldie Belachew?*, HansDieter Barké and SileshYitbarek®
IAddis Ababa University, Addis Ababa, Ethiopfalniversity of Muenster, Germany, and
3Kotebe Metropolitan University, Addis Ababa, Ethiopia
*Corresponding author emaikoldbe@yahoo.com

ABSTRACT

College students face difficulties in Organic Chemistry because the concepts are generally,
abstract, especially functionality chemistry. This study explored college levedepriee
chemistry teachersd achi evement canceptualichapgh at i
instructional approach (CCIA). The participants were 87-sgr@ice chemistry teachers in
Arbaminch College of Teacher Education, Southern Nations, Nationalities and Peoples Regionall
State (SNNPRS), Ethiopia. Two intact classes, takimgpdiictory Organic Chemistry |, were
randomly assigned as Experimental group and Comparison group. The data collection instrumenj
was the aliphatic hydrocarbon achievement test (AHAT). A-equivalent prdestposttest
control group design was usedtoeng t i gat e participantodés achi e
chemistry. Data were collected and analyzed using independent sait@slearntd paired samples
t-test. A pretest established that CCIA group amhventional instructional approach (CIA) group
were similar at the beginning. After interventipa nal ysi s of studentso
students in the CCIA group scored significantly higher than those in the CIA group. Based on thessg
findings and discussions, conclusions were migdacan Journal of Chemical EducatiénAJCE
8(2), July 2018]
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INTRODUCTION
Chemistry is one of the subjects offered in Ethiopian schools starting from grade seven.
However, the teacharentered approach followed by instructors is affecting the ilegprocess

in chemistry [1], albeit policy documents and different guidelines prepared in line with the policy

maintain on the use of studente nt er ed approach. I nstructor §

relation to chemistry learning generally to poeadhing environment [1][2] like absence of
facilities. But when teaching materials are fulfilled, other reasons are given by instructors [3].
Thus, chemistry teachers are expected to mohkenistry lessons more relevant, enjoyable, easy
and meaningfulo their students with concrete understanding ensured. Lee and Byun have
described problems related to teaching using a clear explanation [4]. They indicated that bringing]
successful teaching approaches has been a major challenge for both teachers andrsedearch

relation to this challenge it has become apparent that the gap, between what is important from

researcherso viewpoint and what can be set |

Learning Chemistry requires a set of skills [6][7]. Timakes the subject to be considered
as difficult. Its profoundly abstract nature [8][9][10][11] not only causes problems to many
students, but also brands it as an unpopular subject. Despite the enthusiasm of chemistry educato
as well as several intezmtions, chemistry continues to be challenging [12][13]. In particular,
Organic chemistry is considered to be a difficult course and is source of major impediments that
college students face [14][15]. Researchers [14][15] blame the merooereed apprach of
teaching used by many course instructors.

Also, research work demystified that student achievement in Organic chemistry is affected
by their achievement in General chemistry, their high school performance in chemistry, their test

scores, and cogive variables like spatial ability performance [16][17]. Additionally, chemistry

S,



AJCE, 218, 8(2) ISSN 2228835

U

achievement problems have been attributed to poor teaching methods used by teacherf
[18][1][19][2] especially in Organic chemistry [20][21]. Strategies like using simulafR2i§?3]
[24][25], peerlead instructional approach [26], concept mapping [27], concept cartoons [23],
Conceptual change texts [28][29][30] and flipped class rooms [31] have showed improvement in
understanding and achievement of students in chemistrgslass

For lots of students, Organic chemistry is a course in which they must think critically with
understanding rather than memorizing [21]. Understanding basic concepts in Organic chemistry
and using this knowledge as a source of prediction are hugengedlfor students [20]. Hassana,
Hill, and Reida [32] indicated that performance in a first level chemistry course in specific areas
of Organic chemistry at college level reflects the grasp of specific underlying ideas gained from
school. Organic chemistryext book writers like Bruice [33] have clearly stipulated that
meaningful learning occurs when learners grasp contents by a thorough understanding off

fundamentals.

STATEMENT OF THE PROBLEM
Teacher Education College students, in the Ethiopian coragetfwo Organic chemistry

courses in which aliphatic hydrocarbon concepts are treated in the Introductory organic chemistry
| course. It has been reported that aliphatic hydrocarbon chemistry is among key areas of troublé
for students [34] [35]. Investigatr 6 s experience shows that st

Organic chemistry courses is poor. The problem starts with Functionality chemistry which

encompasses aliphatic hydrocarbon concepts, also many other concepts are generally abstract fo

students [2]D
There are research works that spotlight on aspects of Conceptual change instructional
approach, but there is paucity of studies focusing on the effects of this approach on achievemeng

9
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in aliphaticity. The ways how using Conceptual change texts afféwevament in aliphatic

hydrocarbon chemistry as a whole is uncharted and deserves further exploration. Thus, this stud

focuses on the effects of Conceptual change instructional approach (using Conceptual changg

texts)onpres er vi c e ¢ he mhievénent in aliphatic hydrocarldon @mcepts.

Purpose of the Study and Research Questions

The principal purpose of this study is to investigate effects of Conceptual change
instructional approach through the use of conceptual change texts (CCTs) erraemeof pre
service teachersodé6 in aliphatic hydrocarbon

To achieve the above major purpose of the study the following research questions are
given:

1. Is there statistically significant difference between Experimental and Comparison group in
reference to Preachievement test mean scores?

2. Is there statistically significant difference within Experimental and Comparison group in
reference to Prand postachievement test mean scores?

3. Is there statistically significant difference between ExperimenthlGomparison group in
reference to Posichievement test mean scores when CCIA is used in aliphatic

hydrocarbon concepts?

RESEARCH DESIGN

In order to study the effect of Conceptual change instructional approach using Conceptual
change text on achievemnten aliphatic hydrocarbon concepts the PreRssttest Nonequivalent
Groups quasexperimental design was used in this study. The quantitative-exesiimental
approach with nonequivalent Control group design with pretest and posttest was seldgted in t
study to use intact classrooms as it is not ethical to conduct a randomized, controlled experimen

10
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[36][37] in settings like the college environment. The nonequivalent Control group design with
pretest and posttest is represented in Table 1.

Two existng student groups were assigned to Experimental and Comparison group, both
groups took the pretest. The Experimental group conducted the CCIA treatment while the

Comparison group was taught in the traditional way. Both groups administered the posttest.

Table-1: The nonequivalent Control group design (Ol=pretest, O2=Posttest, X=treatment)

Group Measurement Treatment/intervention Measurement
(Pretest) (Posttest)

EG O X Oz

CG O --- O2

Population and Participants

The research was conducted in Arbaohi College in SNNPRS of Ethiopia, with an
enrollment of 3,500 regular Diploma pservice teachers. The participants in this study were from
a convenience sample of 87 fmervice chemistry teachers aged 18 to 24 yeargstRD.01,
SD=1.28) enrolled in Imoductory organic chemistry I.
Instruments

The instrument used in this study was Aliphatic hydrocarbon achievement test AHAT (see

AppendixA ) . The students6é scores on AHAT ser \

achievement in this study. It was designe assesspieer vi ce t eacher sbé6 achi

—

hydrocarbon concepts. This test was developed by the researcher based on Bloom, Engelhar
Furst, Hill, and Krathwohl [38] objectives classification in relation to the content under study. The
cogntive process dimensions of those taxonomies are: knowledge, comprehension, application|

and analysis, they were used based on the nature of the content.

11

ed
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The purpose of AHAT was to measure overall achievement and progress of students and
covered pretesta posttest in relation to conceptual contents in aliphatic hydrocarbon concepts.
Reliability and Validity of the Instruments
To ensure validity the AHAT was checked by three Senior chemistry lecturers of the college. Also,
construct validity was checkedyb runni ng correl ation of piljot
chemistry results [39]. The internal consistency reliability was checked based on appropriate
literature [40][41].

Pilot study

The Conceptual change instructional approach using CCTs (see déi9nis an
approach that is not familiar to study area and therefore piloting was required. The approach wag
piloted with 33 students in college context with a lesson plan format designed for the approach.
Pilot study was conducted in a differentcollegh an t he study site. 1t hel
progress from one phase to another phase based on the format. It also helped to see how the CCJT's
could be used in the classroom setting appropriately.

The participants took part during piloting oHAT with 20 multiple choice items and four
alternatives focusing on factual and procedural knowledge from which respondents were to selec
responses. Item analysis was carried out for all the items in the AHAT.

First, item difficulty index was computedbed on appropriate literature [42] [43] which
is the relative frequency of test takers who provided correct answers to an item [44] [45]. Also, the
range of discrimination among these respondents was computed using item discrimination analysi;
[44] [46]. For this purpose, the AHAT is scored, scores were rank ordered: 27% of the highest and
27% lowest scores were selected. This means, respondents were divided into three groups (uppgr

27%, lower 27% and middle 46%) based on their test results on that itemltém discrimination

12
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index was computed by subtracting number of test takers in the lower 27% who pass the test fronj
the number of test takers in the upper 27% who pass that item [47][48], the value was divided tof

the total number of test takers in thper group. According to Ebel and Frisbie [48] selecting

A\1”4

upper and lower groups for item analysis has an advantage in terms of relevance and convenienc
Based on the results of item analysis some items were accepted and some others items wejfe
rejected After piloting, from 20 AHAT only 13 items retained for the main study. The reliability
KuderRichardson20 (KR-20) of this tool was found to be 0.70 which is acceptable [40][41].
Procedures of data collection

The AHAT should indicate achievement of papants. The Experimental group and
Comparison group were given giest before the intervention. After the intervention (this took
seven weeks), the researcher with the assistance of Organic chemistry instructors administered the
posttest in both groupsThe administration of this instrument was by creating test or assessment
mood among prservice teachers. The creation of assessment outlook was done in collaboration
with Organic chemistry instructors. The next steps were, scoring the responses aatingene
guantitative data. These steps were completed accordingly.
Data Analysis

In this study data were available through AHAT which was normally distributed based on
skewness and kurtosis values [49]. For perfectly normally distributed data, skeamadeurtosis
value are nearly zero [50][51]. Lack of symmetry (skewness) and pointiness (kurtosis) are two
main ways in which a distribution can deviate from normal [50]. However, skewness and kurtosis
values in the range betweéhand +2 can be acdeg as normal distribution [49][50]. The AHAT

data did not deviate from these ranges in this study. After normality check the researcher useq

13
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parametric tests (independeriest, paired samplestést) to analyze and interpret the collected

data on AHAT(pre- and posttest). For this purpose, statistical analysis SPSS 20 version was used.

RESULTS, DISCUSSION AND CONCLUSION
Results

Prior to examining the effect of Conceptual change approach esepree chemistry
teacher sdé achi ev e areon toncepts inahis istpdl, @t attemptiwgsdmade do
ensure equivalence of Experimental Group (EG) and Comparison Group (CG). For this purpose,

an independent samphdst was performed on the AHAT pretest.

Table2: Independensamples-test results foPREAHAT with respect to groups

Group Variable N M SD SE df t p
PreAHAT 3 85 -398 .691
7
EG 44 6.39 1.75
CG 43 653 1.72

Independent sampleddst analysis (see Tab® shows that the differences between the
AHAT mean scores djoth groups were similar. The maximum possible score of AHAT was 13%.
A paired samplestest was performed to check if there was a change in the mean scores between

pre and posttest results of both groups (see TFaple&Compared to the pretest scores th

137

Experimental group and Comparison and post test scores for achievement test were found to b
significant at p=0.001 level. This confirms the evidence to prove change in the mean scores afte

implementation of CCIA. However, this does not confirm thatGl®A is better than traditional

14
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instruction since the two teaching approaches show significant difference using paired samples t
test. To check if there is a significant difference in scores of achievement independent samples tes
was employed on post tescores of groups. As the P@SHAT data were normally distributed,
independent samplestte s t wa s used to measure the ef

achievement (PogtHAT) (see Tabled).

Table3: Paired Ttest results of both groups (M=Mean, SDafdard Deviation, SEM=Standard
Error Mean)

Group Paired Differences t df P
M SD SEM
Comparison group .. PREAHAT -
Pair 1 POSTAHAT 1.23 2.01| .31| -4.02| 42| .000
Experimental group .. PREAHAT -
Pair 1 POSTAHAT 2.59 2.38| .36| -7.23| 43| .000

Table4: Independensamples-test results for POsAHAT

Group Variable N M SD SE df t p
PostAHAT 42 85 286 .005
EG 44 898 1.95
CG 43 777 1.99

Independent sampleddst analysis shows that the diénces between the AHAT mean
scores of both groups implying that after the intervention the groups were different. Thus, a
significant difference for treatment was obtained for Ad4AT, p<0.01, d=0.61 (manually

computed value). This is of medium effecte for PosAHAT [52]. This result indicated that the

15
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groups differ significantly after intervention in favor of CCIA. In addition, the line graph depicts

ISSN 2228835

the difference between groups in terms of FAISAT (see Figurel).

PostAHAT score as compared to FABIAT Score ¢
Groups
10
8.98
8 6.39 7.77
2 6 653
@®©
Q
= 4
2
0
pre-AHAT Post-AHAT
Test type
CG EG

Figure-1: Line-graph of POStAHAT scores in comparison to ppHAT scores

DISCUSSION

In this study, an independent samptedt was carried out to test differences between the
Experimental and Comparison group on pretest mean scores. The groups were not significantly

different basd on the preAHAT mean score: both groups were similar. This means, before

treatment the effectiveness of the instructional approaches e @re vi c e

achievement could not be attributed to prior knowledge difference.

In addition, a pagd samples-test was performed to check if there was a change in the
mean scores due to the intervention. Compared to théegirescores the poestst scores for

achievement were found to be significant at p = 0.001 HéneExperimental group petst

chemi st

16
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scores were found to be better. These confirm the existence of evidence to prove change in th

U

mean scores after implementation of CCIA. To check differences by another way the test
independent samplegdst was employed. The test results indicatedti@Experimental group
scores were significantly (at P=0.01) higher than the Comparison group scores. This is due to thg
use of Conceptual change instructional approach using Conceptual change texts in thg
Experimental group.

This finding is consistent witthe findings in other studies and support the fact that when
students are exposed to Conceptual change instructional approach their achievement increas¢s
significantly [53][54][55][28][30][56]. For instance, Ozkan and Selcuk [56] found that students in
the Conceptual change text group scored significantly higher than those in the traditional
instructional group instructing pressure and buoyancy concepts in physics. Also, Sendur and]
Toprak [30] found that students in the Conceptual change text group sogméttantly higher

than those in the traditional instructional group teaching alkenes.

CONCLUSION

In a quantitative study, an intervention according to the effectiveness of the use of
Conceptual change texts was carried out for seven consecutive Witekgitervention, analysis
of the results revealed that the Experimental group outperformed the Comparison group in aj
special achievement test. Due to the significant and meaningful results by the Experimental groug
the superiority of CCIA is confirmed.

In general, through learning by using Conceptual change texts thekneglh

misconceptions of many students have changed. The knowledge of participants has increasing i

=
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Organic chemistry. By making discussions on those texts during the treatmentissgatehe

advantage to know which answers are scientifically right and which answers with misconceptions.

The results of this study revealed that during preparation for teaching chemistry and

Organic chemistry in particular misconceptions well known figerature should be included.

Barke, Hazari and Sileshi [59] indicated that students perform better by discussing those wrong

answers and with the help of the teacher they grab successfully the scientific mental model.
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APPENDIXES

Appendix-A: Some Items of the Aliphatic Hydrocarbon Achievement Test
Directions: Each of the questions below is followed by four suggested answers. Select the correct
one and encircle the lettof your choice.

1. A molecule of a saturated compound is one that
A. contains only carbeoarbon sigma bonds
B. contains at least one carboarbon pi bond
C. contains at least one carboarbon multiple bond
D. undergoes addition reaction
2. The molecular structure lmsv is giveni what is the IUPAC name?

CHoC Hy
— €= —CH-CH -CH -CH
= —(L T 3

3 @

A. 2-chloro-3-ethyt4-methyl5-heptyne
B. 6-Chloro-5-ethyt4-methyl2-heptyne
C. 5-Chloro-6-ethyt4-methyl2-heptyne
D. 6-Chloro-5-ethyt4-methyl5-heptyne
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3. The removal of water from alcohol leaviag alkene is
A. Hydration
B. Dehydration
C. Hydrogenation
D. Dehydrogenation
4. If an unsymmetrically substituted alkene molecule reacts with a hydrogen halide molecule,
A. the H atom adds to the C atom with greatest number of H atoms
B. the halogen atom adds to the C atawihg fewer H atoms
C. the addition followsMar kovni kovds rul e
D. All of the above

Appendix-B: Al kene Reactions (Markovni kovds Rul e
What is the name of the compound formed when the following molecules react? Why? Explain.

CH,CH=C_—CH,+ HCl —

CH,
() 2-chloro-2-methylbutane
(I  2-chloro-3-methylbutane

How do we predict the addition product of multiple bond or double bond containing hydrocarbon

molecules?

Some students seleaption I,

because they assume that additi

of the HCI molecule takes place .

the C atom with the double bond ¢

the side of the longest chain. This

not an idea accepted by scientit

community, it is a misconception.
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The two C atoms of a double b can add HCI molecule

during addition reactions with reagents such as HCI, HBr,

HOH. For example, two different compounds might possi
be formed by reaction ofiutene with HCI. In conditions o
this sort, the rule that predicts which of the tproducts is
formed is calledMarkovnikov's rule: In the addition of
reagents like HCI to an alkene, H atoms add to the deuble

bonded C atom that has the greater number of H at
already bonded to itin HCI, HBr and HO molecules the

H atoms havea patrtially positive charge because they

bonded to more electronegative atoms. Thus, in the reac
of the type indicated above, the H atom from HCI molec
bonds to the C atom with more H atoms, and the Cl a

bonds to the C atom with less H atoms

Thus, the name of the compound formeg-ehloro-2-methylbutane:
1) CH,CH,CH= CH, + HCI — CH,CH,CHCI—CH,

CHs CH;

|
2) ||: + HBf ——————= H.C—C=—0CH:

——,
HL™  SCH, |
- Er

H-I'.
Hzhs =l
3) )
HBr
—_—
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ABSTRACT

In the second semester @éneral chemistry, students receive an introduction to organic
chemistry. A strong foundation in learning starts with the ability to correctly name organic
compounds. Our proposed strategy involves the identification of the parent chain, the recognition
of resident functional groups, and the ability to discern/indicate the correct isomer if any, etc. We
propose a modular toolbox that facilitates compartmentalization of the nomenclature process of]
organic compounds and helps the student adequately idatstyuctural elements present in an
organic compound. Accurately naming an organic compound is essential to understanding of it
properties; to success in Organic Chemistry 1 and 2; and, for a career as a Chemist in academig,
industry or in government agcies. The advantages of our procedure is discussed using examples
to illustrate the procespAfrican Journal of Chemical EducatiénAJCE 8(2), July 2018]
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INTRODUCTION
Organic chemistry is the study of compounds that contain cobasbons with hydrogens
attached or hydrocarbons for short [1]. In the second semester of General Chemistry (Gen Cheng
I), science majors acquire knowledge of the basic procedures of naming organic structures of the
aliphatic group and the aromatic gpouderein, they also learn about functional groups which are
atoms that are responsible for influencing |t
It is common for students not to fully understand the basic nhaming and reactions or organic
compainds. The fundamentals of organic compounds are essential for future chemistry courses
This is a method for guiding peer leaders of the PLTL program in their mission of helping students
learn organic chemistry fundamentals. We accomplish this by orggri@maming process into
a collection of steps. It helps if students break up a large problem into managegtieldeins.
Learning seems to be achieved when things are broken into steps. Studies have shown that the

brain works more efficiently if taskare done one at a time rather than at the same time [2].

METHODOLOGY

In introductory organic chemistry there are two classes of compounds, the aliphatic and
aromatic groups. The rules for their nomenclature are set by the International Union of Pure and
Applied Chemistry (IUPAC) [3].

In each group of carbons in a chain (or a ring), there is a name that identifies the chain
called parent chain. The parent chain describes what classification the carbon compound ig

(aliphatic or aromatic) and how long thelwamn chain is.
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In the first lesson students are taught is that in a chain of carbons, the longest, continuoug
chain is the parent name. As an example, a chain of five carbons with only single bonds is calleq

pentane, which is an aliphatic member. An imbgl®w shows the structure of a pentane:

H H H A H
| ) \ } \
 —C—C—C—Cn
’ | !
!‘{ ! l_s I\l

Pentane is a hydrocarbon; i.e., it is composed of carbons bonded to hydrogens. There ar¢

various functional groups that are included in the name, and some of these functional groups have

priority in being ecognized in the parent name and the student can consult with that in their
chemistry book. Examples of functional groups are: alkyls, alkenes, cycloalkanes, alkynes,
ketones, esters, ethers, aldehydes. The identity of the functional group, dependngrionty,

is emphasized in the parent name based upon IUPAC standards [3].

For educational purposes only the alkyls, alkenes, alkynes and alcohols may be used aj
examples throughout this article. Some functional groups must be specified by name depending
on their location in the chain. The key to learning nomenclature is determining the longest chain
of carbons. If after extracting the longest chain and there are leftover chains, or substituentg
attached, those are to be considered in the name as wdlhf]Jocation of those substituents in
the chain are identified in the name. If there are several of the same substituent there must b
something in the name to signify its quantity.

A method that relates to the steps in identifying the appropriate riatine carbon chain

is analogous to having a family that lives in a street and each familiar member that lives in the

26
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street lives in their own house. Their street name will be the longest chain of carbons or the pareng
name. If there is functional groupathhas greater priority in the parent name, then it will have

significance in the parent name. For exampl

1%

which is the longest chain of carbons would be the family last name, unless, if there toadlinc
group of higher priority, the group will hold the last name of the family. Each member that lives
in a carbon is their house and their house address can be, for instance, carbon number 2, meanifg
that family member or substituent or alkyl groupasdted at carbon 2 in the street of carbons.
This method is further explained below:

The following structure shows how the name can be broken into parts in a way that helps

the student imagine what this structure looks like, and what it contains:

NUMBER OF
THEM SPECIFIED PAR(EE:IF_'_';:?ME
IF THE ALKYL
OR HYDROCARBO
SUBSTITUENT N CHAIN
0$§:§§M§ERE (LOCATION
USING A PREFIX SPECIFIED IF
(e.g=2)iid NECESSARY)

When given a structure, and the student needs to identify the correct IUPAC name, the first
thing the student should do is to count the longest chain of carbons and the functional groupj
responsible for the carbon group. The student must be able tmiszwgrious functional groups

and that specific functional group wil/ gi vl]e

a ketone has an fionedo endi That parent (

ng.
boxes are the smaller chains afrlsons or the other substituents attached to the chain and the

amount can vary. The last alkyl or substituent will be attached to the parent name. Then, the very
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first green box is where the first alkyl or substituent goes. The blue box is reservediwicase
the number of the same kind of substituents or alkyls appear more than once in the chain and thoge
are denoted with Latin prefixes such as di, tri, etc. The pink box is to specify the location of the
substituent or alkyl in the carbahain.

By IUPAC standards there are rules implemented to keep the naming consistent. That is
for the green boxes, the order by which the alkyls or substituents appear in the name is
alphabetically such as as chloro, flouro, methyl, etc would be listed alphabeticthib/fivgt letter
of their name. Thus, for assigning the location of these species attached to the chain, by counting

along the chain and assigning a carbon number n, the sum of all n(integers) must the least sur

—

possible. This is achieved by counting thain starting from the direction that produces the lowest

possible number for all the substituents. Once the smallest sum is accounted for, then those are thje

-

carbon locations or carbon numbers the substituents or alkyl groups are assigned. The carbo
numbers are in the pink boxes above. It is also important to note that species in the green boxe$
are only named alphabetically not the prefixes in the blue boxes. These are the rules obeyed by the
IUPAC society; students can learn these rules from theiriskigrbooks[3].

For the parent names that go in the yellow boxes the location of parent function must be
specified if it has priority in being mentioned in the last part of the name of the carbon compound.
Consider alcohol. Alcohol has authority in the pan t name, which gives
ending and gets the first call to the lowest carbon assigned to indicate the location of the hydroxyl]
group. The rest of the substituents and alkyls will be assigned a number according to the lowes

integer for he hydroxyl group. For example:
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S /4) 0;43 "

I I [
G -(-C-C-C-C-¢
-CH
3 T ( | 3
OH 0 H
H3
There are two possible answers that a student can come up Sydkdimethylpentart-

ol and 5,6dimethylpentarB-ol. Which name would be the correct name for the structure shown
above? Becausthe hydroxyl functional group has more authority of the name than the alkane
functional group, the OHon gets the lowest carbon number assigned and the parent name will
have an Aol O endi ng. T WimsthylpentaBel. The remanayt naqme
substituents or alkyl groups would be assigned carbon numbers according to the hydroxyl group.
This method of learning the basic organic nomenclature can be analogous to having a family. A
family with all kinds of relatives, personalities and relatiopshThis concept can help a student
relate to | earning this nomencl ature. Let 6s| d

following name:

3-flouro-2,2-dimethylpentane

The structure of the name is shown:
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H r: CHs

10— C C C——-QH
H H CH

The Ingest chain of carbons is the family name, the last name, the last name has authorityj
of the chain. The last name tells you how long the chain is. The last name can tell you, if it is an
alkene, alkyne, alcohol, or any other functional group and the docatithat functional group.

This structure can be represented as a family of atoms bonded at a specific orientation ang
to an atom. First, in the name and image the student must identify the longest chain of carbons
The carbons are located at every peakorner of the chain and end points of the structure. The
longest chain is five carbons. Think of the longest chain as a street and each carbon along with th
longest chain is a house. The other species attached to the longest chain or remain im éine chai

the relatives of the family and live at a specific carbon (at their own house). See the name again:

8-flouro-2}2-dimethybentane

30
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The last name is also the parent function of the group of atoms. This is highlighted as
yellow just like the yellow boxbove. The last alkyl group or substituent attached to the last name
and to the beginning of the name is the first name of the family. The first name of the family tells

you all the relatives that live along that street of carbons. The first name ighigtlin green.

These species fAlivedo at a specific carbon,
the house these species Alived in or the sp
In 3flouro-2,2d i met hyl pent ane, t herweoaren tthhrees

carbons, a fluorine (Fernando) and two methyls (Marie and Michael). As mentioned before, the
three substituents are | ocated at a speci fi
Mi chael are two c oss2.iThmedluoting ia locatéd at careoa 3 and theawvdod r
met hyl 6s are | ocated at carbon two.

Within the first name, not only does the name tell you what type of substituents or alkyls
the molecule possesses but also if there is more than one kind of theubetiteent. In the name
3flouro-2,22d i met hyl pent ane, the prefix #fAdio teldl
location 2 is written twice to indicate that two methyls live at carbon 2. Another example could be
2,3-dinitro-4-nonanol where therare two nitro functional groups located in carbon 2 and 3.

Here are examples this method can be applied (Exploration):
1. 4-methyktrans-2-pentene
2. 3-pentanone
3. 2,3dinitro-4-nonanol
4. 4-ethyl2-methylthexane
Sometimes the last name of the family can only appbkarefore, only the yellow box

would be considered, meaning the family has a street but no relatives live in that street. An examplg
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could be as simple as cycloheptane. The last name tells you that the functional group is &
cycloalkane and the most numlaércarbons is 7. Another example is when a structure can have

more than one correct name, but there is one that is most preferred for consistency. An exampl

14

can be shown:

C
|
(-¢-=C-C-C-C—-C
|

C —-C

There are technically two correct names for the stractOne is Eethyl4-methyloctane
or 4-ethyl5methyloctane. Again, they are both correct, but the most preferred would be the secondj
one because it is more consistent to have the lowest carbon number assigned to the first alkyl of
substituent appear first ithe alphabet. There are many examples of this, and the student must be
able to identify those situations. This tool can be used in the basic learning or organic nomenclaturg

for students taking the second semester of general chemistry.

CONCLUSION

The gal for the Peer Led Team Learning Program in the Chemistry Department at the
University of Texas at El Paso strives to implement ways to make learning more effective for
students to succeed in their general chemistry courses. One way is, the peer tehddps BL

utilizes a workbook to use in workshops to work out problems for students to gain cooperative
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skills to work with their peers to learn the material and are encouraged to engage in discussions
about the subjects. There is always opportunity farave on making workshops more effective
by coming up with ways students can learn such as memorizing the seven only diatomic molecules
that exi st at room temperature by the phras
for hydrogen, no for nitragn, fear for fluorine, of for oxygen, ice for iodine, cold for chlorine and
beer for bromine. Also, the state for ice is solid, so the student can make the connection to ioding
being the only diatomic molecule that is solid at room temperature. Sam®fonb, beer is a

|l iquid at room temperature so that means t
students tend to struggle on is the introduction to organic nomenclature and a method has bee
invented that can help students make connestmstuff they can relate to.

Overall, organizing the problem into steps from image to name or name to image could be
used by the household method. Students can use their chemistry books to determine which
functional groups have priority. Then determinthg first name means what other species remain
on the longest chain identified and their location they are at in the chain. This method could help
students mentally proceed through a step process and learn the basic organic nomenclature.
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ABSTRACT
The study aimed to investigate the comparative effects of Selvar&irem®ar and Ashmore
et al ProblenSolvingi nstructi onal strategies on Advanpece

Stoichiometry. The population of the study was drawn from 15 high schools in Gweru urban
District of the Midlands province in Zimbabwe. Using convenience sampling techniques 8 high
schoos with n=525 Advanced Level Chemistry learners and 8 teachers patrticipated in the study.
Four schools formed the experimental group (n=250) and the other four schools formed the contro
group (n=275). The study employed a gumgberimental design with aonequivalent control

group approach consisting of pred postest measures. Intact classes participated in the study as

it was not possible to randomly select participants for the study. The principal instruments for data
collection were standardized laevement Tests in stoichiometry that were aligned to the
Zi mbabwe Schools Examinations Council A6 | e}pel
written by all participants at preand posistages of the experiment. The probisatving
instructionwas implemented in four experimental schools by the respective chemistry teachers
who had been trained as research assistants in the use of the pgobieg strategies in
chemistry teaching. The four control schools were also taught by their teacheysthes
conventional lecture method. Analysis of Covariance (ANCOVA) was used to analyze data. The
results of this study indicated that the participants in experimental schools performed significantly
better than participants in control schools on cedapects of problersolving performance. The

Sc hef f-ehbcstestpndisated that students taught using the Ashmore et al prebidny
instructional strategy performed better than those taught with the Selvaifatasen problem
solving strategy. Chmistry teachers are therefore strongly recommended to use prebleimg
instructional strategi es i n -solviag performénees Shes t]o
study further recommends that fgervice chemistry teachers be properly traimethstruction

that promotes problemsolving and how to effectively implement problawolving instruction.
Furthermore, irservice training for practicing chemistry teachers is recommended so that they can
embrace the skills of the problesnlving strategig for effective implementation of the strategies

in teaching chemistryAfrican Journal of Chemical EducatiénAJCE 8(2), July 2018]
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INTRODUCTION

The critical role that science plays in the technological development of a nation cannot be
overemphagied [1]. Recognizing this instrumental role that science plays in improving the socio
economic wellbeing as well as industrialization of nations it becomes important that science
educators develop strategies of improving and promoting the teaching anddesrscience [2].
Chemistry is one of the science subjects that plays an important role in national development. AS
noted by [3] the scientific development of any nation hinges upon the quality of chemical education
offered in schools. Chemistry as &gol subject is relevant to number of manufacturing industries
such as pharmaceuticals, food processing, agricultural, clothing and textiles, petrochemical as well
as metallurgical industries [1].

However, due to its abstract, complex and conceptually deimg nature, chemistry has
been found to be difficult for most secondary school students [4, 5, 6, 7]. According to [8],
chemistry students find a number of concepts difficult to learn. Stoichiometry has been identified
as one of the topics in chemisthat students find difficult to learn [9, 10]. Research has shown
that the poor performance by Zimbabwean students in chemistry is as a result of their poor
problemsolving in stoichiometry [11]. The Zimbabwe Schools Examinations Council [12]
chemistry exanmers report notes the difficulties chemistry students have in performing numerical
calculations involving the mole concept as well as writing of balanced equations.

Chemical stoichiometry has been found to be ntaftic, complex and abstract in nature
asa result students find it difficult to comprehend [13]. [14] further note that stoichiometry is
fundamental to all aspects of c-dolkimgislslls. Toype a n d
able to solve stoichiometric problems, students should nbt possess good mastery of

stoichiometry concepts, but also ability to construct and balance reaction equations and using therp
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in calculation of the quantity of chemical substances [14]. Furthermore, in stoichiometry, students
are actively engaged in sahg problems that are sophisticated [13]. To be actively engaged in
solving sophisticated problems, students need to have knowledge structures that are well organize
[15] which in most instances is lacking among high school students consequently they find
stoichiometric problensolving difficult to undertake. This lack of wedrganized knowledge
structures requires that chemistry educators intervene with different teaching and learning
strategies to adeovng shallenges dnel nmpviaeir apablitiese im
problemsolving.

Efforts to develop instruct i osolairngalslitesiat e g
chemistry have led to the development of many profdeiming models and has seen the

establishment of these models in tadag and learning basic science [16, 17]. This has resulted in

the enhancement of the academic achievement of students. In the Zimbabwean context, no researg

has attempted to study how problsolving instructional strategies can enhance the abilities of
chemistry learners in problesolving. This study, therefore, seeks to investigate how selected
problems ol vi ng models [18, 19] can facilitate

problemsolving skills in stoichiometry.

STATEMENT OF THE PROBLE M

Studentsod poor problem solving ability,
stoichiometry is an indication of the likelihood of a deficiency in instructional strategies used in
the chemistry classroom a conclusion drawn by [1]. Chemistry edscsttould therefore find
strategies of learning difficulties and improve the probtaiving abilities of chemistry students.

Currently, the instructional strategies being used in chemistry teaching have not realised
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considerable improvementsinthequatity st udent sdé achi evement i1
extent. As a result, developing better strategies of teaching chemistry has been and is becomin
one of the core issues that scholars deal with in chemistry education. The focus on improving
learne s p -sobving skills using problersolving instructional strategies to foster a deeper

and more meaningful understanding of stoichiometry therefore becomes important for chemistry

educators.

OBJECTIVES, RESEARCH QUESTIONS AND HYPOTHESES

HO1: There is no significant difference in the performance of students taught using the two

problemsolving instructional strategies and those taught using lecture methods.

. What is the difference in the mean achievement scores of students taught with [18] and

. To what extent would gender influence the mean achievement scores of students taught

The study adressed the following objectives:

To determine the effect of the [18] problesolving model and the [19] problesolving
model on the academic achievement of students in stoichiometry.

To determine if gender has an influence on the achievement of studstagchiometry
when exposed to the [18] as well as [19] probiemlving models.

The following Research Questions guided the study:

[19] problemsolving models and tlse taught with the conventional method?

with [18] and [19] problensolving models in stoichiometry and ionic equilibria.

The study tested the following research hypatkes
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HO2: There is no significant difference between the performance of femal@aladstudents
taught stoichiometry using the two problamlving instructional strategies and those taught using

lecture methods.

RESEARCH METHODOLOGY
The study employed a quasxperimental research approach with a-remmdomized, non

equivalent preeg and postest control group. In this study, intact classes were used instead of
randomly composed samples since, school classes exist as intact groups and school authoritigs
would not allow the classes to be taken apart and rearranged for researclegpurpesuse of
intact classes made it possible for the researcher, to administer a treatment or intervention to some
of the classes while the other classes act as the control [20]. The views of [21] seem to suggest that
random selection is not possible aéducational research, while [22] observes that researches
involving the effectiveness of teaching strategies to improve student achievement random

assignment are rare. Since it was not possible for the researcher to conduct a true experiment, no

—_

equivalem control group design was used in the study [23].

The sample comprised of 525 Advanced Level chemistry learners. The participants were
drawn from eight high schools in the district. Two hundred and seWierty275) of these
participant learners (from €w schools) formed the control group, while the other 250 learners
from four of the remaining schools constituted the experimental group. The learners in the control
group (schools) were taught by their teachers using the conventional lecture methedridrs |
in the experimental group (schools) were also taught by their teachers who served as research
assistants after having been trained on the use of predmiimg instructional strategies. These

research assistants implemented proks@ming instrution in their classes.
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Data for this study were collected using probigolving achievement tests in
stoichiometry. The test comprised of multiple choice and open ended items. The test was validate
by experts in chemistry education before its use in tlo¢ @s well as in the actual study. The
internal consistency of the test was evaluated using Cronbach alpha coefficient and found to bg
0.84, which is an acceptable level of reliability. The analysis of data was carried out using both
descriptive statists (mean, standard deviation) and inferential statistics (analysis of covariance,
ANCOVA) using Statistical Package for Social Sciences (SPSS) version 20.0. Thespesbre
for stoichiometric problersolving test was subjected to Analysis of CovarafaNCOVA)
using pretest scores as covariates. The use of ANCOVA analysis was to "statistically control” for
influence of confounding variables. Avalue of less than 0.05 was considered to be statistically

significant.

FINDINGS

The results of the stydare presented based on the research questions and research
hypotheses formulated. All hypotheses were tested at 0.05 level of significance.
Research Question one:
What is the difference in the mean achievement scores of students taught with Ashsegran@a
Frazer (1979) and Selvaratnam and Frazer, (1982) protseiving models and those taught with
the conventional method?

To address this research question, a comparative analysis of the effects of the Selvaratnanj
Frazer as well as Ashmore et alolplem solving approaches on Advanced Level students'

achievement in Stoichiometry was made. The results of thetggistindicated that the
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experimental schools had greatly improved when compared to control schools as shown in tablef

1 below.

Table 1: Mearscores and standard Deviations (SD) of students in Stoichiometry

40.6160 1.15667

56.7179 1.15852 117
56.6949 0.99149 118

48.4124 8.12678 485

From the data sented in table 1, it was observed that the students in the two experimental
groups (Selvaratnafrazer and Ashmore et al) had mean scores of 56.6949 and 56.7179 and
corresponding Standard deviations of 0.99149 and 1.15852 respectively. The meaorgbere f
students in the control group was found to be 40.6160 and the standard deviation being 1.15667.
The observation implied that the use of the
achievement in stoichiometry.

The study went on furtr to statistically test the main effect of Selvaratiteiazer and
Ashmore et al problefolving instrucb n on partici pant s overall
In this study, the use of ANCOVA enabled the researcher to isolate the effect of Selvaratnam
Frazer and Ashmore et al problem solving instructional strategies after having statistically
removed theffect of the covariate (ptest scores).

The following null hypotheses (Ho) was tested at 0.05 levels of significance.
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Null hypothesisHo: There is no significant difference in the mean achievement scores of
st udent siog the Selvgratriarfrazer and Ashmore et al problesolving models and
those taught with the conventional method.

Alternate hypothesidil: There is a significant difference in the mean achievement scores
of student sodo t au g-braze amsl iAshgord ehat problesblwng madelsraadm
those taught with the conventional method.

The results of the hypothesis test are presented in table 2 below.

Table 2: The test of Betwe&ubjects Effects; Stoichiometry test

The result in table 2 suggests that the treatment (Selvardtrear and Ashmore et al
problems ol vi ng model s) i s a s iegementfin stoighiometry. ahaig o r
the hypothesis HO that there is no significant difference is rejected. The implication is that a
significant difference exists in the mean scores of subjects exposed to the two gobieg
models and those not exposed.

Research Question 2
To what extent would gender influence the mean achievement scores of students taught with
Selvaratnanfrazer and Ashmore et al problesnlving modeln the Stoichiometry Achievement

Tests?
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Table 3: Mean Achievement scores of malefanthle students in the Stoichiometry Achievement Test

female 40.9912 1.25519

male 40.8613 1.13230 137
female 51.2542 2.16232 59
male 51.6271 1.63895 59
femde 56.0690 3.28667 58
male 56.5085 1.26454 59

Table 3 shows that the males in the two respective experimental groups had higher meatrj
scores than their female counterparts.
The following hypothesis was tested at the 0.05 levels of significance.
Hol: Thee is no significant difference in the performance of male and female chemistry students
exposed to SelvaratnaRrazer and Ashmore et al problesnlving models
H1: There is a significant difference in the performance of male and female chemistry students

taught using Selvaratnafrazer and Ashmore et al problesolving models

Table 4. ANCOVA summary Table for ptestt Performance Scores based on gender

21692.776 6 3615462 | 1181.139
5643.119 1 5643.119 | 1843.557| .000 794
31.654 1 31.654 10.341 | .001 .021
5.743 1 5.743 1.876 A71 .004
21335.570 2 10667.785 | 3485.071( .000 .936
7.922 2 3.961 1.294 275 .005

1463.155 478 3.061
1103092.000( 485
23155.926 | 484

42




AJCE, 218, 8(2) ISSN 2228835

The data in table 4 indicates that theakio for the gender factor was not significant since
0.05is less than 0.171 (P>0.05). The conclusion is that there was no argrdifterence between
the mean achievement scores of male and female students taught stoichiometry using the modelg.
Scheffebdbs post hoc analysis

To determine which of the two methods was most effective in teaching stoichiometry, a
posthoc analysis waseoduct ed using Scheffeds Post Hoc | t
table 5.

Table 5. Scheffeds post hoc analysis for stjud

40.9200

118 51.4407

117 56.2906
1.000 1.000 1.000

The results in table 5 show that learners in the two experimental groups are significantly
different from those in the control group and that their performance was better than those in the
control go u p . Mor eov er , -hdclest al® énllieated tleab tbere pvassatsignificant
difference between the two experimental groups (those taught using the Ashmore et al problen
solving model did significantly better than those taught using the Selaar&irazer problem

solving model.

DISCUSSION
Generally, the findings of the study revealed that prokdelving instruction is more
effective on improving problersolving skills of chemistry learners in stoichiometry than the
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conventional teaching method-he finding of this study is in consonance with the view of [24,

25] who assert that problesolving instruction enhances achievement in Chemistry more than
conventional lecture method of teaching. This result is in agreement with the results of earlier
studies carried out by [26] as well as [27] both of which established the relative efficacy of
problems ol vi ng instructional strategies in fofg
relative to the expository method. The findings are in accord[@@hwho noted that the use of
problemsolving instruction significantly increased students' achievement in computer
programming.

With reference to the second research question (To what extent would gender influence theg
mean achievement scores of studeatght with problensolving instructional strategies?), the
effect of problerssolving instruction on stoichiometry problesolving abilities and achievement
of female and male students in the treatment group was not found to be statistically significantly
different. Literature has reported many findings [29, 30, 31] revealing the exceptional performance
of male students than their female counterparts in science. However, in the present study problem
solving instruction reduced the gender gap in stoichipmeroblemsolving skills and
performance indicating that gender is not a perfect predictor as far as achievement in stoichiometry
concerned, whether students are taught using preldeiding approach or the conventional
method. This finding was also imrsonant with [32] as well as [33] that gender has no effect on
studentsod performance in chemistry and phys
found out t hat gender difference had no i nff
science examinations.

The findings of men out performing women may perhaps have been perpetuated by gende

stereotyping which is commonly based on cultural beliefs. This finding implies that whether a
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student is male or female, gender does not make aadtfferin their academic achievement
therefore studentso6 academic achievement i s|] n
their sexes benefited in about the same margin from the use of prsblemy instructional

strategies.

CONCLUSIONS

It can therefore be concluded that the application proisiginng strategies is more
effective in helping students improve their problem solving performance than conventional lecture
method. This clearly supports the implementation of profdelving instrution in the chemistry
classroom. The implication is that students who were taught using prsbleimng strategies had
well mastered the strategies of solving stoichiometry and ionic equilibrium problems better than
those taught using the conventional noeth

The gender difference among students exposed to predmlamg instruction was not
significant implying that problersolving instruction is capable of facilitating learning in similar

manner among male and female students in stoichiometry and dunlibea.

Recommendations

Based on the major findings of this study, the following recommendations are made:
It is evident from the study that, problesuolving instructional teaching methods are effective in
i mproving student s 6 rgandioriv eguilibria.t Therefore, chemistrg h i p mi
teachers are strongly recommended to use these teaching methods in their lessons to facilitage

studentsodé6 problem solving performance.
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learners, findings from the study suggest need for proper training of pre service teachers in probleng
solving instruction as well as how to implement effectively probdetring instruction.

Furthermore, irservice training through symposiuraad workshops should be organized and
made compulsory for practicing chemistry teachers so that they can embrace the skills of the

problemsolving strategies for effective implementation of the strategies in teaching chemistry.
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ABSTRACT
This study examined the impact of the utilization of Learning Activity Package (LAP) in
the classroom and its effect on wtrib@ganicand | r |

chemistry. Tworesearch questions and three hypotheses guidestutg. The study adopted
guastexperimental design. The population comprised 4,164 senior secondary two (SS2) chemistry,
students of Afikpo Education zone of Ebonyi State, Nigeria. The sample was 235 students drawn
from 4 schools by balloting. The experimal groups were taught with LAP while the control
groups were taught with Lecture. The instruments used were Learning Activity Package Manual
(LAPM) and Chemistry Achievement Test on Organic Chemistry (CATOC) which were validated
by threeexperts. Reliabii t y i ndex of .82 was obtained fof |
formula 20 which showed that it was reliable. The data collected were analyzed using the mean
standard deviation and analysis of covariance (ANCOVA). Results of data analysis revealed
among others that, utilization of Learning Activity Package in the classroom had greater impact
on t he student so academic achievement i n or
Furthermore, there was no significant difference in the academic achievainoeban and rural
students in chemistry when taught with LAP and Lecture method. The researcher recommendeq
among others things that chemistry teachers should be encouraged to utilize the LAP in thein
classrooms in order t ogemantdndhe lessanéor eahancedacadesié p c t
achievementAfrican Journal of Chemical Educati@nAJCE 8(2), July 2018]
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INTRODUCTION

The teacheros role in every teaching and
is because the pace sgtthe teacher in the classroom is what determines whether students can
learn or not. Moreover, the teaching strategies/methods adopted by the teacher will either enhanc|
or hamper the studentsd academic achi gvemg

methodology is the ways and means by which the teacher presents his materials to the studen

and engages them in task at hand. Chemistry being a subject most students are perhaps afraid [of

requires the teachers to use appropriate teaching methodsitnatt ar ouse t he st U
encourage them to develop positive attitude for effective learning outcome.

Generally, science educators have been canvassing for science teachers at all levels to focu
on the utilisation of teaching strategiestbedi n enhance studentsd Co0ngq(
them higher levels of performance in scientific thinking, reasoning and problem solving. It is
important to point out that chemistry play important roles in the scientific and technological

development bnations [2].
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Unfortunatel vy, research studies have shpw

performance in the subject chemistry in both internal and external examinations have consistently

been poor [3,4,5]. Meanwhile, researchers have discoveatdhie causes of the persistent poor

academic performance have been attributed to; ineffective teaching methods/strategies adopted Ry

chemistry teachers [6,7]; apparent difficulty associated to chemistry by students [8]; among others
reasons.

Based on thee facts, the researcher is of the view that when chemistry teachers utilises
appropriate teaching strategies, which are studemtred and activitpriented, the chemistry

concepts would be easily understood by the students. This can lead to imprdvedstus 6 a c a (
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performance in the subject. There are many stuckemired and activitpriented teaching
strategies, but this study focussed on the Learning Activity Package (LAP). Available empirical
evidence as documented in the literature review sedfichis study has shown that the learning
activity package (LAP) enhances studentsod &ceze
teaching approaches. This present study is poised to investigate the effectiveness or otherwise ¢f

A

LAP in enhancing studéns 6 academi c achievement in organlic

LITERATURE REVIEW
Theoretical framework

The theoretical foundations of LAP grew out of the work of psychologist, Jean Piaget, who
in 1926 advanced a theory to explain the development of cognitive alilitagdren [9]. Piaget
proposed that cognitive devel opment proceeds
theory is not only concerned with a childdg n
differences in individuals of the same ageups or mental state. He stressed further that
recognising the differences that exists amolng
enhance the setting of learners on a learning pedestal appropriate to each stage of mental
development. Thiearners will gradually work at their own pace and accomplish the terminal task,
irrespective of their speed or educational linkage.

Therefore, Piagetds idea tallies with | epr
caters f or tb eeedsamragpidationsi Actcorlingets Piaget, mental activity of the
child is organised into structures. Various mental activities are related to each other and groupeq

toget her in clusters, which are knowgtoas ¢s
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Woolfolk and Nicolich in [10], the schema is the primary unit of cognitive organisation in the
Piagetian system. This means that it is the basic building block of thinking.

Piaget believed that mental activity which is involved in cognitive orgaarsatia process
of adaptation which is divided into two opposing but inseparable processes of assimilation and
accommodation. In assimilation, a child fits his new experience irtexpg&ng mental structures.

He interprets his new experience with respgedis old experience. Accommodation involves a
change of mental structure due to the influence of the environment which means the modification
of self to fit the new materials. The Piagetian theory thus places the child as the principal agent in
the teaghing/learning situation.

This being the case, the teacherds job
encourage experimentation and manipulation of objects and symbols. More so, the theory hag
direct implication for the use of Learning ActiyiPackage in science teaching, especially in
Chemistry. This is based on the fact that the LAP encourages active interaction of the child with
his environment because it is studeahtred and activitpased. The teacher acting as a facilitator
of learning guides the students through series of activities and problems, which enhances
achievement. In addition, learning materials are broken into small steps which are sequentially|
arranged from known to unknown and in an increasing order of difficulty in LAP.

From the foregoing, Learning Activity Package accommodates both fast and slow learners
in the classroom. It should therefore be used to teach the concepts in organic chemistry which wil
help to concretize the apparent abstractness of the concepts aaldonhiélp the students to learn.

[11] opined that it is essentially important for the students to participate actively rather than merely

listen during class lessons.
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The Learning Activity Package (LAP)

According to Cardarelli in [10], Learning Activityaekage (LAP) is a studenantered
and activitybased teaching strategy, where the teacher acts as facilitator of learning, guiding the
students through series of activities and p|r
achievement. Contributyy [12] stated that Learning Activity Package is a program of study in
printed form which covers a particular aspect of a subject that follows a logical sequence of
instructional objectives and activities for implementing the objectives. The studentdwocee
through the objectives and activities in the LAP at his/her own pace. Continuing, Duke maintained
that in LAP, the learning materials are broken down and arranged sequentially into small steps
ranging from the known to the unknown and in an increasidgr of difficulty. This implies from
the foregoing that in the LAP instructions are individualised.

Furthermore, Learning Activity Package offers a very practical and successful method for
individualizing instruction. For instance, it gives studentoh@ortunity to engage actively in the
teaching and learning process by engaging in handxctivities. Unlike the traditional classroom
where the teacher talks much and the students go through their textbooks and workbooks, page HQy
page, lock stepped totper. Furthermore, in the traditional/conventional method, there is little or
no provision for meeting differences in individual learning styles or differences in individual
learning rates. But, the LAP provides the students the opportunity to grow-aissgifiine, sel
motivation and also presents occasions for genuine interaction between the teacher and students,
which is lacking in the traditional method of teaching [13].

Contributing, [14] emphasised that the Learning Activity Package is one giphgaahes
to individualised instruction. There are many other approaches to individualised instructions such

as; programmed instruction, computer assisted instruction, independent study, among others
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Some of these approaches have been investigated andifout o be ef fective 1ih
academic achievement but their applications in the teaching and learning process are hindered bly
several factors in Nigerian schools [15,10]. Hence the need for the use of Learning Activity

Package (LAP) which cdpe readily prepared/constructed by the chemistry teachers.

[

Il nfl uence of School Location on Studentsod6 Afca

For the purpose of this study, the urban schools are those schools located within the Loca

Government Headquarters, Whihe rural schools are those located outside the Local Government

A4

headquarters. School location refers to the particular place, in relation to other areas/places in th
physical environment where a particular school is sited. It could be urban orBasaally,
environment may have direct or indirect influence on human abilities; it could enhance or inhibit
ability to learn [16]. [17] discovered a lot of problems in the teaching and learning of science and
technology in the rural environments, suchragh studenteacher ratio, teaching method factor,
quality and quantity of science teachers, problem of improvisation, lack of fund for science
education and inadequate supervision of rural secondary schools. It is not known whether thes¢
factorscancot ri bute to studentsd poor ac asdtadpnisc pE
poised to find out.

From the foregoing, school l ocation cold
achievement in chemistry. [18], found that school location influercésu dent 6 's adg
achievement in chemistr@gpecifically,[19,20], revealed that urban students had higher academic
achievement than their rural counterparts in chemistryaduition, [21] found that chemistry
students in urban schools performed bettan their rural counterparts. On the other hand, [22,16]
reported that rural students performed better than their urban counterparts in chemistry. However

[ 23,24] found no significant influence of s
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chem stry. It can be established from the abo
academic achievement remains inconclusive and therefore calls for further studies, thereby
justifying this present study.

Related Empirical Studies

Few reseaflter s have examined t he ef fect of Lle a

academic achievement. A study on the effect of Learning Activity Package (LAP) on male and
female studentsd academic achievement i n se¢
Enugu State. The study specifically determined the mean achievement scores of male and femal
students in Biology when taught Unit of life with Learning Activity Package and lecture method.
The study found significant difference in the academic achieveaiesitdents taught Biology

using LAP and Lecture methods; those students taught with LAP had higher academic

achievement than those taught with Lecture Jme:

achievement will be greatly enhanced when innoeasivategies like Learning Activity Package

are employed in the teaching and | earning of

LAP and Lecture methods on studentsod® achi evlem

location. Moreoverthe study was conducted in Enugu State. This present study was conducted in
Chemistry and considered location as a variable.

In another study on the effectiveness of LAP and Lecture instructional methods of teaching
Biology at the senior secondary lee¢leducation in Zaria, Kaduna State, Nigeria [15]. The result
showed that LAP enhanced the studentsd achi
academic standings. The study was only confined to two schools in Zaria Township and no attemp
was nade by the researcher to control some extraneous variables that might have constituted 4

threat to the validity of the study such as irregular participation of the subjects argrauier
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communication during the experiment. Furthermore, school locaasmat considered a variable
in the study. But, this present study considered school location as variable. Extraneous variable;
such as teacher effect, subject interaction, Hawthorne effect etc. were controlled. Above all, this
study focused on Chemistrpéwas conducted in Ebonyi State.

Mor e so, studies conducted by [ 16] on iInf
achievement in chemical bonding in secondary schools in Nsukka education zone of Enugu Stat¢
Nigeria, found that school location has sfgmi c a n t i nfluence on st gde
chemistry. The study showed that the mean academic achievement score of rural students i
chemical bonding was higher than that of their urban counterparts.

Meanwhile, most of the related empirical studies alyeearried out on the LAP were
conducted in Biology. It therefore becomes necessary to conduct this present study in Chemistry

To find out if similar results obtained in Biology could also be obtained in Chemistry.

STATEMENT OF THE PROBLEM

Research studs have shown that Nigerian candidates in the West African School
Certificate Examinations have been recording consistent poor performance in chemistry
[25,26,4,5]. In a bid to identify the possible causes of this persistent poor academic performance
resarchers have identified the use of ineffective teaching methods by the teachers and the appareifit
difficulty associated to chemistry by students, among others reasons that could be responsible

Moreover, students find organic chemistry difficult to understahis might be as a result of the

apparent abstract nature of the concepts and the pedagogic approaches adopted by teachers]in
presenting it to the students [27]. Meanwhile, research studies have acknowledged the

effectiveness of the learning activitpg k age ( LAP) i n enhancing pr ¢
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performance in some subject areas as presented in the literature. This present study therefofe

examined the learning activity package instructional strategy, to find out whether it can as well be

effective i n enhancing studentsd academic perfor

PURPOSE OF THE STUDY, RESEARCH QUESTIONS AND HYPOTHESES
The main purpose of this study is to examine the utilisation of Learning Activity Package
(LAP) in the classroom and its impactert udent s6 academic achi eve

Specifically, this study sought to determine the;

1.l mpact of Learning Activity Package on
chemistry;
2. Influence of teaching methods (LAP and Lecture) onurlmada r ur al studen

achievement in organic chemistry.
3.l nteraction effect of method and | ocatid
chemistry.
In order to achieve the purpose of this research work, the study sought answers to the
following questions:
1. Is there any significant difference in the academic achievement of students taught organic
chemistry with LAP and those taught with conventional (Lecture) method?
2. Does significant difference exist in the academic achievement of urban anstudeatts
taught organic chemistry with LAP and conventional (Lecture) method?
The following null hypotheses tested at 5% level of significance guided the study;
HO1l. There is no significant difference in the academic achievement of students taught organic

chemistry with LAP and those taught with conventional (Lecture) method.
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HO2. Significant difference does not exist in the academic achievement of urban and rural

students taught organic chemistry with LAP and conventional (Lecture) method.

HO3. Theiner acti on effect of met hod and | ocatijon

organic chemistry is not significant.

METHODOLOGY
Research Design

The researcher adopted queasperimental design for the study. The-fest, postest,
nonrequivalent, controgroup design was the specific quagperimental design used. Quasi
experiments are experiments used when a researcher cannot use random assignment of subjectd or
groups [28]. The design was chosen because the subjects for the study could not be ntanipulatg
or randomised. Intact classes were used and the classes were assigned to experimental and contfol
groups.
Area of the Study

The study was carried out in Afikpo Education zone which is one of the three educational
zones of Ebonyi State, Nigeria. The zamenade up of five local government areas with 35 senior
secondary schools that offer chemistry at WAEC level. The names of the local governments with

the numbers of schools are as follows; Afikpo North has 10 schools, Afikpo South has 8 schools,

s

Ohaozardas 6 schools, Onicha has 8 schools while Ivo has 3 schools. The zone was selected fg
this study because the schools are homogenous and are under the same education authorify.
Secondly, for ease of access and convenience for effective managementafl didesfinancial

resources meant for the study. This is because the researcher had to monitor the activities of thi
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teachers to ensure their agreement with the stipulated plans of the study by visiting the samplec
schools regularly during the period betstudy.
Population, Sample and Sampling Techniques

The population for the study was 4,164 Senior Secondary 2 chemistry students in Afikpo

Education zone in the 2015/2016 academic session. This grade of students was chosen becaufpe

organic chemistry is caained in the SS2 section of the chemistry curriculum in use in Nigerian
schools.

Using simple random sampling (balloting) technique, a sample of 235 SSIlI chemistry
students (125 urban and 110 rural) was drawn from -édcwational (2 urban and 2 rural)

secondary schools in Afikpo Education zone of Ebonyi State, Nigeria. Two intact classes in each

of the schools were randomly assigned to experimental groups (120 students) and control groupg

(115 students). The sampled schools were selected on the baffesréhatere ceeducational and
chemistry had been taught in the schools for over ten years. Also, the number of students in eac
of the classes was not more than 40.
Instruments for Data Collection, Validation and Reliability

Two major instruments were eg for the study, they are; Learning Activity Package
Manual (LAPM) and Chemistry Achievement Test on Organic Chemistry (CATOC). The LAPM
was adapted from the works of [29] who constructed the Learning Activity Package that comprised
seven basic componefgarts; the préest, performance objectives, concept, learning activities,
selftest/evaluation, mastery/petstst, and enrichment opportunities. The LAP manual covered the

following contents in organic chemistry as contained in SS2 chemistry curricBtamefure and

valency of carbon; Hydrocarbon; Homologous series; Saturated and unsaturated hydrocarbong

Isomerism; and Aromatic hydrocarbons.
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The CATOC comprised 25 multipighoice test items drawn from the various organic
chemistry units outlined abovEhe researcher developed the test items using a tegithiable
of specification to determine number of test items for each topic along three categories of cognitive,
objective, namely: knowledge (remembering), comprehension (understanding) arcateypli
(thinking). Each test item had four response optionsDAwith only one option as the correct
answer while others were distracters.

Both the LAPM and the CATOC were content and face validated by two experts in

chemistry education and one expenrieasurement and evaluation from the Faculty of Education

of Ebonyi State University. The instrumentep

Specifically, the test items of the CATOC W
comments bfore it was used as ptest and postest.

The reliability of the CATOC was determined by pitesting the testing it on 40 SS2
chemistry students of Government Technical College, Abakaliki who were not part of the study
subjects. Using KudeRichardsa formula 20 (KR20) reliability index of .82 was obtained, which
confirmed the instrument as being reliable. This was in line with the established standard that any
instrument with reliability index of .7 and above is adjudged reliable [30].

Procedure for Data Collection and Method of Data Analysis

The researcher organised-al&y seminar/workshop for the regular chemistry teachers of
the sampled schools where they were trained on the use of the learning activity package (LAP) in
chemistry lesson deliverjpuring the seminar/workshop, copies of the LAPM which was derived
from the organic chemistry curriculum contents of the students were given to the teachers. They
were drilled thoroughly by the researcher on the use of the Learning Activity Package istighem

instructions. The researcher observed as the teachers utilised the LAPM in delivering the lessof
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and made corrections where necessary. The teachers were instructed to teach the control grodp
using the conventional (lecture) method the way they haga bising it in their classrooms. After
the seminar, the teachers commenced the exercise in their respective schools. On the first day ¢f
commencement of the exercise, each of the teachers administered the CATOC to the students, §s
pretest for the duratio of 50 minutes and recorded their scores.
Experimental group

The treatment was teaching the students using the Learning Activity Package for the
duration of four weeks. Four experimental lessons were carried out on different topics in organic
chemistry.
Procedure: The teacher distributed the LAP manual to the students. Each student was to carry ot
the required activities as contained in the manual. Thée rest was t o test the
of the subject matter, note that the-pest in the LAP dfered from the preest which was initially
administered to the students before the commencement of the experiments. Afteitélsg tre
performance objectives were identified. The Concept; defined, explained and illustrated the
contents of the topicThe students thereafter carried out the learning activities expected of them
on individual bases. When through with the learning activities, each student engaged in self
test/evaluation to test their understanding of the material studied. They proceast¢oy/post
test, if they answered the sédfst correctly or to enrichment opportunities which entailed studying
more materials until they can answer the-gedt correctly. Each student progressed on the manual
at their own pace. The teacher usesttest ery test to assess each

whether a student can proceed to the next lesson or needed to be drilled more on the particuld

-

|l esson/topic. At the end -testf(whichwas afreshuffled veesierk s 6

of thepretest) was administered to the students and the scores recorded.
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Control

The pretest was first administered to the students. The teacher thereafter taught them four
lessons in organic chemistry using the conventional (lecture) method. The lessedeivered
using the chalk and chalkboard. The students were given assignments which the teacher markegd
and went through the corrections with -teasth e m.
was administered to the students and the scoresiestor

The pretest and postest scores of the experimental and control groups were used for data
analysis. The research questions were answered by using the results to calculate the megn
achievement scores and standard deviations of the groups, wherbégpdtieeses were tested

with Analysis of Covariance (ANCOVA) using the pesst scores as covariates.

RESULTS AND DISCUSSIONS
Research question: 1s there any difference in the academic achievement of students taught
organic chemistry with LAP and thossught with conventional (Lecture) method?

Table 1: Mean Achievement Scores and Standard deviations of Students

Experimental  Teaching Test No. Of Mean Standard Gain
Conditions Method Type Subjects X) Deviation Score
(N) (SD)
Experimental LAP Pretest 7.60 3.15
Posttest 120 27.15 6.13 19.55
Control Lecture Pretest 7.45 3.40
Posttest 115 18.15 5.80 10.70
Total 235

As shown in Table 1, the mean scores of the students taught organic chemistry with LAP
and Lecture method are 7.60 and 7rd$pectively in the preests. The difference in the piest
mean scores of the two groups is .15. This shows that the two groups were similar at the beginning

of the experiment. The Table 1 further shows that the mean achievement score of the student

vJ
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taught organic chemistry with LAP in the pdsst is 27.15 with standard deviation of 6.13 and
mean achievement gain score of 19.55. On the other hand, the mean achievement score of thoge
taught with the Lecture method in the ptesdt is 18.15 with standadeviation of 5.80 and mean
achievement gain score of 10.70. The difference in the mean achievement gain scores of the twg
groups is 8.85. Therefore, difference exists in the academic achievement of students taught with
LAP and those taught with Lectuneethod. Those students taught with LAP had higher academic
achievement than their counterparts who were taught with Lecture method. Moreover, the standarg
deviations of the two groups in the possts are 6.13 and 5.80 for the LAP and Lecture method
respetively. This is an indication that the individual scores of the students were clustered around
the mean in the Lecture method more than in the LAP.

However, Table 1 did not show whether the observed difference in the mean achievement|
score of the two gugs in the postest is significant. Therefore, the result was further subjected
to inferential testing as shown in hypothesis 1, in order to ascertain whether the observed differenc¢
is significance or not.
Hypothesis 1There is no significant difference the academic achievement of students taught

organic chemistry with LAP and those taught with conventional (Lecture) method.

Table 2: Analysis of Covariance (ANCOVA) of Studentsd Ovjer

Source of Type llI Df Mean F-cal P-value Decision
Vari ation Sum of Square

Squares
Corrected Model 658.942 2 329.471 3.675 .013 S
Intercept 126530.064 1 126530.064 2117.296  .000 S
Method 658.942 2 329.471 3.675 .013 S
Location 198.450 1 198.450 3.321 .070 NS
MethodX Location 48.606 2 24.303 .814 .636 NS
Error 13804.607 231 59.760
Total 142066.000 235
Corrected Total 14463.549 234
S = Significant (P °~ .05); NS = Not Signifi]a
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Table 2 shows that there is a significant difference in the academic achievement of studentg
taught organic chemistry with LAP and those taught with conventional (lecture) method. This is
because tim the table, the probability value of .013 obtained is lower than the level of .05 at which
it was tested. Therefore, the null hypot hes:s
academic achievement is rejected at .05 level of confidencemBaiss that the earlier observed
difference in the overall mean achievement scores of students taught organic chemistry with LAP
and those taught with conventional (lecture) method, as shown in Table 1 is significant.

Furthermore, the academic achievenwnhe students taught with LAP having been found
to be higher than those taught with the conventional (lecture) method signifies that LAP had greatef

i mpact on the studentsd academic achi evement

Researchguestion 2Does significant difference exist in the academic achievement of urban and
rural students taught organic chemistry with LAP and Lecture method?

Table 3: Mean Achievement Scores and Standard Deviations of Urban and Rural Students

Experimental Teaching School Test No. of Mean  Standard Gain
Conditions Methods location type subjects (X) deviation Score

(N) (SD)

Experimental LAP Urban  Pretest 64 7.34 3.07
Posttest 26.68 6.66 19.34

Rural Pretest 61 6.75 2.57
Posttest 24.28 8.53 17.53

Control Lecture Urban  Pretest 56 7.40 2.25
Posttest 18.77 6.05 11.37

Rural Pretest 54 6.58 2.48
Posttest 16.72 4.19 10.14

Total 235

Table 3 shows the mean grst and postest scores of urban and rural students taught
organic chemistry with LAP and Lecture method. The Table 3 shows that the urban students taughf

with LAP has mean achievement gain score of 19.34 while their counterparts in the rural schools
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has mean achievement gain score of 17.53. The mean achievemabgaiof the urban students
taught with LAP (experimental) is 1.81 higher than that of their rural counterparts.

Furthermore, Table 3 shows that the mean achievement gain score of the urban students i

=

the control group taught with Lecture method is 1w8ifle that of their rural counterparts is

10.14. From this result, the mean achievement gain score of the urban students taught with Lectur

1%

method (control) is 1.23 higher than that of their rural counterparts. These results shows thaf]
differences exisih the mean achievement scores of urban and rural students taught with LAP and
Lecture method. However, it was not shown on the Table whether the observed differences in thg

urban and rural studentsd mean achesgnkcane nt

\"&J

Therefore, the result was further subjected to inferential testing in order to ascertain whether the
observed difference is significance, as shown in hypothesis 2.
Hypothesis 2Significant difference does not exist in the academic achievieoh@rban and rural
students taught organic chemistry with LAP and Lecture method.

From Table 2, noignificant difference was found in the Rashievement test scores of
the urban and rural students. This is because the probability value of .0H&dlsagreater than
the level of .05 at which it was tested. With this result, Ho2 was retained because the observed
difference in the academic achievement of urban and rural students in organic chemistry is nof
significant. Thus, the efficacy ofthe methe i n enhancing students?o
according to this finding was not influenced by school location.
Hypothesis 3 The interaction effect of method ar
in organic chemistry is not significant.

In Table 2, the v al ue for the interaction effect

academic achievement in organic chemistry is .814 withl&e of .636 which is greater than .05

65




AJCE, 218, 8(2) ISSN 2228835

set for the study. With this result, Ho3 was retained. Hence, thevayarnteraction of method
and | ocation has no significant effect on {
Meanwhile, since method is significant while the interaction with location is not, it therefore shows

that method does not depend on schocétion to be effective.

SUMMARY OF MAJOR FINDINGS
1. There is a significant difference in the academic achievement of students taught organic
chemistry with learning activity package and those taught with conventional (lecture)
method.
2. The Learning ActivtyPackage enhances studentsod ac:
chemistry more than the conventional (lecture) method. This implies that LAP has more
i mpact on studentsd academic achievement
3. There is no significant diffence in the academic achievement of urban and rural students
in organic chemistry.
4. Thetwoway i nteraction effect of method and
in organic chemistry is not significant.
DISCUSSION
The findings of this study hawhown that students taught with Learning Activity Package
(LAP) had higher academic achievement than those taught with conventional (lecture) method.
The LAP therefore has greater iimpact on st
than the Lectte method. This finding agrees with the findings of previous researchers, [10,15]
that Learning Activity Package (LAP) is more effective than the Lecture method in enhancing

student sé6 academic achievement i n flAP overthe e .
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Lecture method in enhancing studentsd acade
LAP is a studententred and activitpased method of instruction which provided the students the
opportunity to have direct contact with the eradls of study. Given the different approaches by

which the two methods (LAP and Lecture) were utilised, it is not surprising that the LAP had

mi

greater impact on studentsd academic achievjem

This study further found no statistity significant difference in the academic achievement
of urban and rural students in organic chemistry. Although the mean achievement scores of urbarn
students were higher than that of their rural counterparts in the LAP and Lecture method, the
differences were not statistically significant. These shows that the efficacy of the teaching methods
in enhancing studentsd achievement was not
with the findings of [23,24] that there is no significant influence af h o o | | ocati on
academic achievement. The finding also agrees with [3] that there is no significant difference in
the academic achievement of urban and rural students in physics. However, the finding of this
study disagrees with the findingd$ [21,31] that chemistry and mathematics students in urban
schools performed better than their rural counterparts. The finding also disagrees with [16] that
there is significant difference in the academic retention of urban and rural students; the urban]
ss udent s6 academic achievement was higher th

The finding of this study also established no significant interaction effect of method and

school |l ocation on studentsodo achi euvte[2timt i n

there is no statistically significant interfpc

achievement in chemistry. The fact that this present study found no significant interaction effect
of met hod and | oc mitaclavemen in ardganicccleemisty i a @rapfaathee

fact that method do not depend on school location to be effective.
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CONCLUSION

The major causes of studentsd poor acadger
attributed to, among other things; the u$eneffective teaching methods/strategies by teachers
and the apparent difficulty associated to organic chemistry by students. These have resulted t¢
persistent poor academic performance being recorded in both internal and external examinationg
by the chenstry students in Nigeria.

This therefore calls for an improvement on the mode and methods of teaching and learningj
of the subject, which necessitated this present study to try other alternative strategies of teaching
chemistry, different from the conveaotial method. Moreover, this study lends empirical support
to the fact that studentsoOo achievement in ofg:
with the Learning Activity Package (LAP) which is an individualised method of instruction,
among otler innovative, studertentred and activithased teaching methods. These innovative
teaching methods have been proven to be efflc
in chemistry better than the lecture method, as supported by the fiodlithgsstudy. The findings
further revealed no significant influence off
organic chemistry, thereby establishing the fact that when chemistry teachers expose the studengs
to LAP, their academic achieventecould be greatly improved irrespective of their school
location. This study has lent empirical support to the fact that when chemistry teachers
individualises instructions in the <classropm
enhanced.

The researcher therefore advocates for the chemistry teachers to imbibe the use of student
centred and activitpased teaching methods such as the Learning Activity Package, and de

emphasize the use of lecture method in chemistry teaching and learning. Beftactive
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teaching arising from the use of Learning

understanding of chemistry concepts and gave rise to higher achievement in the subject.

RECOMMENDATIONS
The researcher recommends as follows;

1. Chemistryteachers should be encouraged to utilise the Learning Activity Package in their
lesson deliveries in order to encourage active engagement andaogiethtion among
learners for enhanced academic achievement.

2. The Learning Activity Package should be incogied into the chemistry curriculum of
teacher training tertiary institutions, so as to popularize its use among the teacher traineeg
in order to bring about enhanced achievement in chemistry in the secondary schools.

3. Secondary school chemistry curriculurhosld be reorganised in such a way as to
incorporate the LAP into the system. This will enable the students to identify problems,
stimulate their thinking ability and allow them to individually approach and solve
chemistry problems.

4. Chemistry teachers shiobube encouraged to attend regular workshops and seminars to
acquire the requisite skills to enable them make effective use of the Learning Activity
Package in their lesson delivery.
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APPENDICES: SUPPLEMENTARY MATERIALS

Appendix A: LEARNING ACTIVITY PACKAGE MANUAL

LEARNING ACTIVITY PACKAGE MANUAL FOR SENIOR SECONDARY
SCHOOL TWO (SSII) STUDENTS ON ORGANIC CHEMISTRY

INSTRUCTIONS:

This Learning Activity Package Manual (LAPM) is specifically designed to expose you to contents
ard activities in organic chemistry, for effective learning.

You will be provided with all necessary information to enable you achieve the purpose. You will
go through the package step by step at your own pace. You will also be required to complete eac
leaming activity, record your observations and thereafter respond to the questions that follow. You
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are free to request for assistance from your teacher on areas you might experience some difficultie
during the lesson.

The performance objectives of each toaie stated at the beginning of each lesson to enable you
have a focus of what you are required to achieve by the end of the lesson. You are expected t
keep good record of your work.

WEEK 1: Lessons One

TOPIC: Organic Chemistry

Sub-topic: Structure ad valency of carbon
Duration: 4 periods (40 minutes per period)
Pre-Test:

Answer the following questions;

1. List 4 different forms in which carbon can exist?

2. What is the valency of carbon?

3. Give 4 reasons why carbon can combine with many substances?
4. Draw the tetrahedral structure of carbon?

Performance Objectives

By the end of the lesson, you should be able to;

1. List the different forms carbon can exist;

2. Determine the valency of carbon;

3. Explain why carbon can combine with many substances;
4. Draw the tetrahedral structure of carbon.

Concept

Carbon

Carbon is the name for the element with atomic number 6 and is represented by the symbol C
Carbon has 6 protons, 6 neutrons and 6 electrons. It is-metah that belong to group 4 in the
periodc table. It occurs naturally as diamond and graphite in a pure form. Carbon also occurs in

an impure form as coal; it occurs in the combined state as petroleum, wood and natural gaseq.

Other sources that contain carbon are mineral deposits of metakimaarbonates(iv) eg. Calcium
trioxocarbonate(iv), limestone, and Magnesium trioxocarbonate(iv), dolomite; Carbon(iv)oxide in
air and water; Charcoal which is of various forms or types eg. Wood charcoal, animal charcoal,
sugar charcoal, etc; Coke, whichoistained by heating coal in the absence of air to a very high
temperature otherwise known as the destructive distillation of coal; and finally soot or carbon black
(lamp black).

Structure and valency of carbon:
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The carbon atom has four unpaired valegleetrons in its outermost (L) shell. This enables the
carbon atom to form four single covalent bonds by sharing electrons with neighbouring atoms,
which may be carbon atoms or atoms of other elements, so that the outermost shell of its atom i$
completelyfilled. The four covalent bonds of carbon are directed symmetrically in space at an
angle of 109.5to one another, i.e. they are arranged in a tetrahedral form, so that they point
towards the corners of a regular tetrahedron when the carbon atom isiplasegntre.

109.% / CL
S \\

Reasons why carbon can form numerous stable organic compounds:
1. Catenation: this is the ability of atoms of the same element to form long chains or rings. Carbon
is unique in its ability to form very long chair@anched chains or ring compounds.
2. Multiple bonds: carbon is the only element in group (iv) which forms stable double and triple
bonds to itself and to oxygen, sulphur and nitrogen.
3. When carbon has filled shell, it has no lone pair of electronsaambtact as donor, because
strong bonds are formed and this results in lack of reactivity of many carbon compounds.
4. The ease with which carbon combines with hydrogen, nitrogen and the halogens.
5. The ability of carbon atoms to form single, doubleipitd bonds and the strong carbcarbon
bonds formed.
Learning Activity 1.1

Construction of 3 dimensional model/structure of Carbon Atom

Materials: Coloured (Styrofoam) ballfoster board/cardboard paper, compass, glue, plasticine,
pair of scissors andréng.

Method/Procedure

1. Get 12 styrofoam balls of different colours (6 of one colour for the protons and 6 of another
colour for the neutrons) and 6 small plasticine balls for the electrons.

2. Glue the six protons and six neutrons into a ball, altergéietween protons and neutrons
as you glue.

3. Cut a small ring and a large ring out of cardboard paper. Use string to tie these rings in
concentric circles arourttie nucleus

4. Glue/place two electrons to the inner circle and four to the outer circle.

5. Attach string to the outer circle for hanging.

Learning Activity questions
Answer the followings questions;

a. Why did you glue the protons and neutrons together?

b Why did younot glue the electrons together with the proton and neutron?
C. What charge has the proton, neutron and electron?

d What does the small and large cut cardboard paper rings represent?
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Self-Test / Evaluation
Answer the following questions;

1. Give 4 reasns why carbon can combine with many substances?
2. Draw the tetrahedral structure of carbon?

3. List 4 different forms in which carbon can exist?

4. What is the valency of carbon?

Mastery / Posttest;
Answer the following questions;

1. What is carbon?
2. Draw the electronic structure of carbon?
3. What are the forms in which carbon can exist in the pure state?

Enrichment Opportunities

Study pages 51P 513 of New School Chemistry for Senior Secondary Schools by Osei Yaw

Ababio, 2010 edition.

Also study pges 1361 137 of Science Teachers Association of Nigeria (STAN) Chemistry for

Senior Secondary Schools.

WEEK 2: Lesson Two
TOPIC: Organic Chemistry
Sub-topic: Hydrocarbons, Isomerism, Homologous series, Functional groups and

Nomenclature
Duration: 6 periods (40 minutes per period)
Pre-test:
Answer the following questions;

1 What are hydrocarbons?

2 Define the term isomerism and give 3 examples?

3. What is homologous series?

4 Define functional groups and give 4 examples?

5. What are the procedwsdor naming an organic compound?
Performance objectives

By the end of the lesson, you should be able to;

Explain the meaning of hydrocarbons;

Give the definition of isomerism and some examples;
Explain the meaning of homologous series;

Definethe term functional groups and give some examples;
Outline the procedures for naming organic compounds.

a b wnhpE
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Concept
Hydrocarbons

Hydrocarbons are organic compounds composed only of two elements, carbon and hydrogen, judt
as their name imply. They are amathg simplest organic compounds. They have the general
molecular formula of CxHy, where x and y are whole numbers. The hydrocarbons are among the
simplest organic compounds. Some examples are; MethaneP@dpane eHs, Pentane §H1o,
Benzene GHs, etc.

Thehydrocarbons are classified into two main groups; Aliphatic and Aromatic hydrocarbons.
The Aliphatic hydrocarbons

These are organic compounds composed of cachdson chains. They could be straight chain,
branched chain or in the form of a ring.

Theyare subdivided into two, based on the structure; Acyclic and Cyclic aliphatic hydrocarbons.
In the Acyclic aliphatic hydrocarbons, the carbon atoms are joined together to form long straight
or branched chains.

In the Cyclic aliphatic hydrocarbons, tbarbon chains join together at the ends to form a ring.

The Aromatic Hydrocarbons

Aromatic hydrocarbons are special class of cyclic compounds based on berkgna,8Carbon

ring compound. All other aromatic compounds are derivatives of benzene, eigaphae
(aniline) and phenol. Some derivatives may also contain straight carbon chains as side chains.
Learning Activity 2.1

Making 3D Models of Hydrocarbons
Materials Needed/Apparatus:

Black coloured plasticine, White coloured plasticine, match sti¢&ath pick.
Method / Procedure / Instructions

1. Roll pieces of plasticine into balls, the balls represents atoms.

2. The black plasticine balls will represent carbon atoms while the white plasticine balls will
represent hydrogen atoms.

3. The match stk or toothpick will serve as bond.

4. Push single stick into the carbon atom at 4 different positions making sure that the bonds

are tetrahedrally oriented.
5. Push hydrogen atom (white ball) into each of the bonds (stick).

6. Using the above method, maknodels of the following hydrocarbons
i. Methane (CH)), ii. Propane (6Hsg). iii. Pentane (6H12).
Isomerism

Isomerism is the existence of two or more compounds that have the same molecular formula (thg
same number and types of atoms) but possessimgattfmolecular structure (structural formula)

and different properties. There are structural isomers, geometric isomers, optical isomers andg
stereoisomers.

75




AJCE, 218, 8(2) ISSN 2228835

Example; Butane (§110) and 2methylpropane (&H10) are isomers; the structures are as shown

below:

T ot
H—C|3'|' ?T Al:.l. #—H H—C|:'|' ?I. C—H
HHHH H h

H-C—
!
Butane (GH1o) 2-methylpropane (¢H1o)

Learning Activity 2.2
Making 3D models of the Isomers of Butane (§H10)

Using the same materials you used in learning activity 2.1, construct 3 dimensional structures off
the 2 Isomers of Butane;-Butane and 2nethylpropane.
Homologous series
A homologous series is a family of organic compounds which follows a reguletusal pattern,
in which each successive member differs in its molecular formuiladip i group.
It is also a series of compounds in which each member differs from the next by a specific number
and kind of atoms. They show similar chemical propertieihave physical properties that change
regularly as the molar mass increases.
With the homologous series, the numerous organic compounds can be grouped into g
comparatively small number of families of compounds. Each member of the series is known as &
homologue. For instance, the alkanes are the simplest homologous series with a general moleculg
formula of GHzn+2 Where n is a whole number equal to or greater than 1. Other examples of
homologous series will include; AlkenesntGn), Alkynes (GHznz), Alkanols (GHzn+1OH),
Carboxylic or Organic acids (E2n+1COOH), etc.
Characteristics of homologous series are;
i. All members conform to a general molecular formula as shown in the examples above.
il. Each homologue differs from the next in molecular falarbyi CH. 1 and in its relative
molecular mass by an increase in 14.
iii. All members show similar chemical properties.
iv. They posses similar method of preparation.
V. The physical properties of members such as boiling point change gradually emther n
of carbon atoms increases.
The homologous series is very useful in organic chemistry because, it helps in the study of
numerous organic compounds under limited number of families thereby saving us the energy ang
time with which we would have been diing the compounds singly. This is because knowing the
homologous series, the properties of a compound could be predicted.
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Learning Activity 2.3
Making 3D Structures of examples of homologous series

Materials Needed/Apparatus:
Different colours of plagtine, match stick or tooth pick.
Method / Procedure / Instructions

1. Roll pieces of plasticine into balls, the balls represents atoms.

2. The black balls for carbon atoms, white balls for hydrogen atoms, brown ball for oxygen
atom.

3. The match sticlor toothpick for bonds.

4, Using the atoms (plasticine balls) and bonds (match sticks or tooth picks), construct a
model of the following members of homologous series;

i. Alkene (Eg. Ethene, #€ = CH)  ii. Alkanol (Eg. Ethanol, BCT CH.OH)

iii. Carboxylc acid (Eg. Ethanoic acid,s8 1 COOH) note that in the structure, 1 oxygen is
double bonded to the carbon while the other oxygen is single bonded to carbon and
hydrogen.

Functional group

A functional group is an atom, a radical or bond common to a homadogeries and which
determines the main chemical properties of the series. If there are two or more functional groups
in one molecule of a compound, the properties of one are often modified or influenced by the
presence of the other.

Examples of functioayroups will include; Hydroxyl group OH, Amino groug NHa, Carboxyl

groupi COOH, Amides CONH,, Double bonded carbon atoms C = C, etc.

The functional groups determine the basic chemistry of a compound, i.e. it is the functional group
that determinethe chemical behaviour or characteristics of an organic compound. The functional
group is based on the principle that, the chemical properties of a homologous series will changs
when a functional group is attached to a homologue and that the chemicatigsopksuch
homologue will be reflecting the chemical properties of the functional group attached. For
instance, if a halogen is attached to an alkane homologous series, the series will change t¢
haloalkane homologous series and the chemical propeftibe dialoalkane homologous series
will be different from those of the alkane homologous series.

IUPAC Nomenclature of Hydrocarbons (IUPACInternational Union of pure and applied

chemistry)

The IUPAC has put forward a system of naming the organic comdgouhich relates the name
of the compound to its molecular structure. In this system of nomenclature, every name consistg
of; a root, suffix, and as many prefixes as necessary.

1. The root name is generally an aliphatic hydrocarbon. The systematic nanterapound is
formed from the root hydrocarbon by adding a suffix and prefixes to denote the substitution of the
hydrogen atoms by an alkyl, functional groups or multiple bonds.
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2. The suffix(es) is/are added to the root to indicate the presence ofitipgdrsubstituent which

is usually also the principal functional group in the molecule. Compounds that have the same
functional groups such as those belonging to the same homologous series, would carry a commop
suffix at the end of their names. Examples &lkanes end with ane eg. Methane (G} Ethane
(CoHe) etc.; Alkenes end with ene eg. Ethene ¢H4), Propene (€He) etc.; Alkanols end withi

ol, eg. Methanol (CEDH), Ethanol (GHsOH) etc.

Note that a suffix is a sound or syllable(s) added a¢tigeof a word to make another word.

3. The prefix(es) are syllable(s) added in front of the root name of an organic compound.
Cyclic compounds can be indicated by adding the prefix ¢ytdahe names of the corresponding
aliphatic compounds eg. Cyclofgane, Cyclohexane, Cyclobutane etc.

4. Prefixes also used to indicate the presence of substituted alkyl or functional groups other thar
the principal group, as well as the positions of the substituents in the carbon chain. When more
than one of the samelsstituent group is present, the multiplying prefixes such adati 2, tri i

for 3, tetrai’ for 4 etc. are used. If more than one prefix is needed, they are placed in alphabetical
order.

5. The positions of the substituent groups and the multiple botids carbon chain of a compound

are indicated by the number of the carbon atom or atoms to which they are attached. In numbering
the carbon atoms, number all the carbon atoms in the longest chain starting from the end which i
closest to the branch chain other modifications of the simple alkane structure.
Rules of Naming Organic Compounds

I. Take the longest continuous carbon chain as the root hydrocarbon and name it according
to the number of carbon atoms it contains, adding the appropriate suiffidi¢cate the
principal substituent group.

il. Number the carbon atoms in the root hydrocarbon from the end which will give the lowest
number to the suffix and then the prefix(es).

iii. Indicate the other substituents by prefixes preceded by numbers téh&liopositions on
the carbon chain.

Examples of IUPAC names of Organic Compounds

i. CHs- CHy- CH(CHs)-CH = Ch i. CHs-CH2-C(CHg)=CH-CHz
3-Methylpentl-ene 3-Methylpent2-ene

iil. CIl-CHz-CH.-CH>-OH iv. H-C(CI,CI)-CH(CI,CI)
3-Chloropropari-ol 1,1,2,2 Tetrachloroethane

Learning Activity 2.4

Making 3D Models of Organic Compounds

Materials Needed/Apparatus:

Different colours of plasticine, match stick or tooth pick.
Method / Procedure / Instructions
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1. Using the different atoms (Plasticinellepand the sticks, make 3 dimensional models of
the following organic compounds;

I. 3-methylpentl-ene li. 3-methylpent2-ene lii. 3-chloroproparl-ol

iv. 1,1,2,2 Tetrachloroethane

Self-Test / Evaluation

Answer the following questions;

1. What is honologous series?

2. What are the procedures for naming an organic compound?
3. Define functional groups and give 4 examples?

4. Define the term isomerism and give 3 examples?

5. What are hydrocarbons?

Mastery / Posttest;

Answer the following questions;

I. Draw the structure of Cyclohexanei. Draw the structure of Ethanoic acid

Enrichment Opportunities

Study pages 51# 523 of New School Chemistry for Senior Secondary Schools by Osei Yaw
Ababio, 2010 edition.

Also study page 137 of Science Teachers Assiooiaf Nigeria (STAN) Chemistry for Senior
Secondary Schools.

WEEK 3: Lesson Three
TOPIC: Hydrocarbons
Sub-topic: Saturated and Unsaturated hydrocarbons, Aliphatic hydrocarbons (Alkanes;

properties, preparation and uses)
Duration: 6 periods (40 miates per period)
Pre-test:
Answer the following questions;

When is a hydrocarbon compound said to be saturated?

Give 3 examples each of saturated and unsaturated hydrocarbons?
What is the general formula of the Alkanes?

Outline 3 propertiesfdhe Alkane homologous series?

Explain two methods of preparing the Alkanes?

List 5 uses of the Alkanes?

o gk wNE

79




AJCE, 218, 8(2) ISSN 2228835

Performance objectives

By the end of the lesson, you should be able to;

define saturated and unsaturated hydrocarbons;

give examples of ldrocarbons which are saturated and those which are unsaturated;
give the general formula of the Alkanes;

list all the properties of the Alkane homologous series;

explain the methods of preparing the Alknaes in the laboratory; and

identify theuses of the Alkanes.

ogkwnNE

Concept
Saturated and Unsaturated Hydrocarbons

A saturated hydrocarbon is a compound in which the carbon atoms are joined together by singldg
covalent bonds. They are hydrocarbons that contain only single eealbloon bonds. They are
called the Alkanes (Eg. Methane (HEthane (GHs), Propane (€Hs) etc).

An unsaturated hydrocarbon is a compound which contains carbon atoms joined together by
double or triple covalent bonds. Unsaturated hydrocarbons contain double or triple caboon
bonds. They are the Alkenes (Eg. EtheneHd, Propene (&Hs), etc.) and the Alkynes (Eg.
Ethyne (GH>), Propyne (GH4), etc.).

Aliphatic Hydrocarbong The Alkane homologous series

The alkanes are aliphatic hydrocarbons whose molecules have viay siractures to each other.
They form a homologous series of saturated hydrocarbons whose general molecular formula caf
be represented asdn+2, Where n is an integer greater than or equal to +1.

The alkanes are hydrocarbons in which the constitiabba atoms are tetrahedrally bonded by
single covalent bonds to the hydrogen atoms and other carbon atoms.

Below are molecular formula, structural formula and names of some members of the alkane
homologous series, including the isomers. They are arrangedreasing molecular weight.

Molecular Structural Formula and Isomers Name
Formula
CHa ||_| Methane
H—CI:—H
H
CoHe ||_| H Ethane
|
H—C|:'|' Clll H
H H
CsHs H H H Propane
1
H-Ci Ci CiH
II ] II [ II_I
1
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CsH1o Butane

i
H—QH | ?l QHI H 2-methylpropane
H=C—H
H

Properties of Alkanes

Combustion; the alkanes burn in oxygen (air) to give out heat, carbon(iv)oxide and steam.
CxHy + 20y —> YH20 + XCQ

Eg. CHygt+ 209 —> 2H20() + COyxg)

Other reactions of alkanes;

Alkanes are generally unreactive because their molecules apotarand contain single covalent
bonds. But the only reaction they undergo is the substituteaction, in which another atom
substitutes a hydrogen atom from the alkane compound. Eg. In the reaction between methane and
chlorine, an atom of chlorine is substituted for a hydrogen atom in the methane molecule as showr
below;
CHag) + Cloygg —> CHaCl) +  HClg
Chloromethane
CHsClg) + Clog) — CHClzqy +  HClg)
Dichloromethane
CH2Clzg) + Cloi g CHClsy +  HCly)
Trichloromethane
CHClzgy + Cloig—> CCla) +  HCly)
Tetrachloomethane
Methods of Preparation

The alkanes can be prepared in the following methods;

1. All the alkanes can be obtained by the fractional distillation of crude oil. Although the main
source of methane is natural gas.

2. They can also be prepared in tabdratory by dearboxylation (removal of C£) of the
appropriate carboxylic acid.

3. They can also be prepared by heating an appropriate sodium salt wilimsada

Uses of Alkanes
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I. The alkanes are used mainly as fuels. For instancejsaHe main component of natural
gas while butane is the main component of camping gas and lighter fuel. Octane is an importan{
component of petrol.

il They are also used to produce very useful unsaturated hydrocarbons such as gthane (C
through the process of craokj.

iii. Methane is used for making hydrogen, carbon black, carbon(iv)sulphide, alkynes,
hydrocyanic acid, trichloromethane (chloroform, an anaesthetic used in surgical operations),
dichloromethane (C¥Cl> used for dissolving paints) and tetrachloromethéa® important
organic solvent used for removing grease stains.

Learning Activity 3.1

Materials Needed/Apparatus:

Black coloured plasticine balls (Carbon atoms), White coloured plasticine balls (Hydrogen atoms),
match stick or tooth pick.
Method / Procegre / Instructions

1. Using the carbon and hydrogen atoms (Plasticine balls) and the sticks, make 3 dimensiona
models of the following alkane compounds;

i. Propane ii. Butane iii. 2-methylpropane

2. Draw the structural formula of the following alkanergmunds;

i. Pentane (6H12) ii. 2-methylbutane (€H12) iii. 2,2-dimethylpropane (€H12)

Self-Test / Evaluation

Answer the following questions;

List 5 uses of the Alkanes?

What is the general formula of the Alkanes?

Explain two methods of prepagrihe Alkanes?

Outline 3 properties of the Alkane homologous series?

Give 3 examples of saturated and unsaturated hydrocarbons?
. When is a hydrocarbon compound said to be saturated?
Mastery / Posttest;

ogkwhNE

Answer the following questions;

1. What is sibstitution reaction in alkanes?
2. Give 3 differences between saturated and unsaturated hydrocarbons?
3. Give 3 examples each of acyclic and cyclic aliphatic hydrocarbons?

Enrichment Opportunities

Study pages 52# 527 of New School Chemistry for Senioec®ndary Schools by Osei Yaw
Ababio, 2010 edition.

Also study page 137 140 of Science Teachers Association of Nigeria (STAN) Chemistry for
Senior Secondary Schools.
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WEEK 4: Lessons Four and Five

TOPIC: Hydrocarbons

Sub-topic: Alkenes and Alkynegproperties, preparations and uses)
Duration: 6 periods (40 minutes per period)

Pre-test:

Answer the following questions;

1 What are the general molecular formula of the alkenes and alkynes?
2. Why are alkenes and alkynes said to be unsaturated?

3. List the methods of preparing the alkenes and the alkynes?

4 Draw the structures of 4 examples of alkene homologous series?

5. Draw all the isomers of hexyne?

Performance objectives

By the end of the lessons, you should be able to;

1 write the general motailar formula of the alkenes and alkynes;
2. explain unsaturation in the alkenes and alkynes;

3. explain the methods of preparing alkenes and alkynes;

4 identify the structures of alkene homologous series; and

5. explain isomerism in hexyne.

Concept

Lessa Four:

The Alkene homologous series

The alkenes are homologous series of hydrocarbons with a general molecular formiia.of C
where n is a positive integer equal to or greater than 2. They contain 2 hydrogen atoms less thah
the alkanes. The alkenegamsaturated hydrocarbons which contain a cadaooon double bond
as well as single bonds. The alkenes are given names similar to the alkanes depending on the
number of carbon atoms in the molecule. Taee of the corresponding alkane is replaced by

ene.

Below are molecular formula, structural formula and names of some members of the alkene

homologous series, including the isomers. They are arranged in increasing molecular weight.

Molecular Structural Formula and Isomers Name
Formula
CoHa ||_| H Ethene
|
HCTCiH
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CsHe H H H Propl-ene
]
H-CTCiCiH
H
C4H1o H H HH But-1-ene
N
H=CTCiCiCiH
|
H H
gy BuL2
H-Ci CTCi CiH ut-e-ene
H H
A
H—CT?T CiH 2-mettylprop-1-ene
LT
H—ﬁI—H
H

Properties of Alkenes

Combustion:

The alkenes burn to give carbon(iv)oxide and water, with a smoky and luminous flame because of
the high proportion of carbon.
Eg. CoHyg + 3O
Other reactions of alkenes;

—>  2CQOy + 2HOq)

The alkenes are generally more reactive than the alkanes because of the double bond in ther
structure which make them unsaturated compounds.

Addition Reactions of Ethene {84) and Propene (§Els) with Bromine.

Due to their unsaturated nature, the alkenastigy addition, which means specie is simply added
on as shown in the following examples;

1. Addition Reactions of Ethene and Propene with Bromine;
oA
a. CoHag + Bryg —» H—Cll'l' Cll'l' H
Br Br
Ethene 1,2-dibromoethane
i
b. CsHeg) + Brg —>» HI ICT CIZ'I' ICT H
Br Br H

Propene

1,2-dibromopropane
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Polymerisation:

The alkenes undergo polymerisation especially ethane and its derivatives to form important
compounds sucas polyethene, polychloethene, etc.

Polymerisation is a process whereby many simple molecules known as monomers are linked tc
form a much larger molecule known as a polymer.
Methods of Preparation:

1. The main commercial source of the alkenes is froentllermal or catalytic cracking of
larger alkane molecules. In the process, mixtures of alkenes are obtained which are separated Qy
fractional distillation. Eg. @H2s  CgHis + &Hk

CeHis —» GCsHiz + GHe

2. Another method used in the preparatdmlkenes involves dehydration of the appropriate
alcohol. Eg. Ethene can be prepared by heating ethanol with conc. tetraoxosulphate (vi) acid
(H2SQw).

CoHsOHp  —»  CoHag + H20q)

Uses of Alkenes:

1. The cracking of petroleum produces large queestiof ethane for industrial uses such as
polyethene products.

2. Propene is used to produce plastics such as Perspex.

3. Buta1,3-diene is used in synthetic rubber manufacture.

Learning Activity 4.1

Materials Needed/Apparatus:

Black coloured plasticinedils (Carbon atoms), White coloured plasticine balls (Hydrogen atoms),
match stick or tooth pick.

Method / Procedure / Instructions

1. Using the carbon and hydrogen atoms (Plasticine balls) and the sticks, make 3 dimensiona
models of the following alkeneompounds;

i. Ethene ii. But-1-ene iii. 2-methylpropl-ene

2. Draw the structural formula of the following alkene compounds;

i. Hex-2-ene (GH12) ii. Hept-3-ene (GHu4) iii. 3,3-dimethylheptl-ene (GH1s)
Lesson Five:

The Alkyne homologous series

174

Thealkynes are groups of hydrocarbons which belong to the same homologous series. They haveg
a general molecular formula of\l2n2, where n is a positive integer equal to or greater than 2.
Each alkyne molecule contains four (4) hydrogen atoms less thaoriesponding alkane and

two (2) hydrogen atoms less than the corresponding alkene. The alkynes are unsaturatedl
hydrocarbons which contain a carbcarbon triple bond as well as single bonds in each molecule.
They show a higher degree of unsaturation thenalkenes and are therefore more reactive than
the alkenes and the alkanes. The alkynes are given names similar to the alkanes depending on the
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number of carbon atoms in the molecule. Tawee of the corresponding alkane is replaced by
yne.

Below are nolecular formula, structural formula and names of some members of the alkyne
homologous series, including the isomers. They are arranged in increasing molecular weight.

Molecular Structural Formula and Isomers Name
Formula
CaH2 Ethyne
H-CLCiH
CsHs H Prop1-yne
|
H-CICiCiH
|
H
CaHe H H But-1-yne
o
H-CrCiCi q:'l' H
|
H H
) i But-2
H-Ci CLCi CiH utbsyne
' H

Properties of Alkynes

Combustion:

1. The alkynes (ethyne) burns in air to give a very smakg luminous flame to form
carbon(iv)oxide and water.

Eg. 2GHzq + 5Q —> 4CQy + 2HO)

2. If ethyne is used in a special burner with an extra oxygen supply, it burns brilliantly giving
the very hot oxyacetylene (oxyethyne) flame whicls capable of cutting through metals.
3. When a sample of ethyne is tested with a lighted taper, it burns with a yellow, sooty flame

owing to its high carbon content and carbon is deposited.
2CHzg + Qg —> 4Gy + 2HO(
Other reactions ddlkynes:

Addition Reactions;

Alkynes are highly unsaturated, containing carbarbon triple bond in its structure. They
undergo addition reactions combining with a maximum of four (4) univalent atoms or radicals per
molecule to form addition products. Taddition reactions take place in two stages;
a. The first stage yields a product with a carwambon double bond ie. Alkenes.
b. The second stage converts this into a fully saturated compound with only -cairbom

single bonds ie. Alkanes.
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Examples
1. Addition reaction of Alkyne (Ethyne) with Hydrogen

CH, + H — CHs + H —> CoHs

Ethyne Ethene Ethane
2. Addition reactions of Alkyne (Ethyne) with Halogens (Bromine) Br
CH, + Bp—»CHBnn2 + Be — C2oH2Br4
Ethyne 1,2-dibromoethene 1,1,2,2tetrabromoethane

Chlorine reacts explosively with ethyne producing carbon and hydrogen chloride gas
CHzg + Chg —> 2G5 + 2HClg
Ethyne reacts with Chlorine and Bromine in the presence ofatysiaf{metallic halide) to yield
halogenated compounds at room temperature.
Polymerisation
Alkynes also polymerises especially, ethyne which polymerises to form the aromatic hydrocarbon,
benzene (€Hs) when it is passed through a hot tube containing got®aorganenickel catalyst.
3CHzg  —>  CeHe()
Methods of Preparation:

1. alkynes can be prepared in the laboratory by the action of alcoholic potassium hydroxide
on dibromoalkanes.
Eg. CH:BrCHzBr KOHICHOH — CoH, + 2HBr

1,2-dibromoethane Ethyne
2. However, ethyne can be prepared in the laboratory conveniently by the action of cold water
on calcium carbide.
ie. CaGys) + 2H.O0py —> HICFCiH

Calcium carbide Ethyne

Uses of Alkynes:

1. Ethyne is used as the starting material for the prooluatif Polyvinychloride (PVC),
1,1,2,2tetrachloroethane (a solvent for grease and oils), artificial or synthetic fibres and ethanoic
acid.

2. Ethyne is used in the oxyacetylene torch and in lamps.

Learning Activity 4.2

Materials Needed/Apparatus:

Black cdoured plasticine balls (Carbon atoms), White coloured plasticine balls (Hydrogen atoms),

match stick or tooth pick.

Method / Procedure / Instructions

1. Using the carbon and hydrogen atoms (Plasticine balls) and the sticks, make 3 dimensiona
models of he following alkyne compounds;

I. Ethyne ii. Prop-1-yne iii. Butl-yne iv. But-2-yne

2. Draw the structural formula of the following alkyne compounds;
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i. Pent2-yne (GHsg).  ii. Hex-3-yne (GHauo). iii.3,5-dimethylheptl-ene (GH1e).
Self-Test / Evaluaion
Answer the following questions;

1 What are the general molecular formula of the alkenes and alkynes?
2. Why are alkenes and alkynes said to be unsaturated?

3. List the methods of preparing the alkenes and the alkynes?

4 Draw the structures of 4 exafep of alkene homologous series?

5. Draw all the isomers of hexyne?

Mastery / Posttest;

Answer the following questions;

1. What are aromatic hydrocarbons?
2. Draw the resonating structures of benzene?
3. In a tabular format, distinguish between the alkamat¢kenes and alkynes?

Enrichment Opportunities

Study pages 528 535 of New School Chemistry for Senior Secondary Schools by Osei Yaw
Ababio, 2010 edition.

Also study page 149 154 of Science Teachers Association of Nigeria (STAN) Chemistry for
SeniorSecondary Schools.

Appendix B: Chemistry Achievement Test on Organic Chemistry (CATOC)

Section A
NAIMNE OF SCNOO . e e e e et ee e e e neeanns

ClasS:...uuueiiiiiiiiiiieeeee,

Sex: Male |:| Femalel:| (Tick V)

Section B

Instructions

a. Choose and tick/ |only the correcanswer from options ad

b. Erase completely any answer made in error

C. Do not cheat in any form d. Time allowed is 1.30 hrs
e. Answer all the questions.

Questions

1. The following are general characteristics of carbon except?

a. covalent nature andon-polar. b. low melting and boiling points
C. low reactivity with other elements except oxygen and the halogens
d. hydrogen bond in petrol

2. Exceptional large number of carbon compounds is essentially due to the ability of?
a. carbon to catenate libergll b. various groups to catenate
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C. nitrogen, hydrogen, phosphorous and the halogens to catenate with themselves
d. hydrocarbons to dominate other groups
3. What is the name of C(Gh4?
a. butane b. tetramethyl butane&. methyl propane. d. 2,2dimethyl popane
4. What is the name of the homologous series with the general formula shown below?
_0
RT C—NH:>
a. amine. b. amino acids. C. oxy-amines. d. amides.
5. Which is not among the characteristics of functional groups in organic compounds?
a. determine the chemical properties of the homologous series
b. does not modify the other when they are more than one in a molecule
C. have a general formula which may include the functional group
d. are responsible for the physical properties
6. The IUPAC nare of CICH-CH>-CH>OH is?
a. 1-chloropropar3-ol. b. 3-chloropropantl-ol. c. X-chloropropanol.
d. 3-chloropropanol.
7. Which of these compounds is not a hydrocarbon?
a. benzene b. ethane c. ethanol  d. butyne
8. What is the name given to the compoundvaibelow?
N
H2C |C|21
HzC\ CH
e
a. benzene b. hexane c. cyclohexane d. hydrobenzene
0. When two or more compounds have the same molecular formula but different structures
they areknown as?
a. allotropes. b. tantamerism. c. mirror isomers.  d. structural isomers.
10.  Which is not among the uses of Petroleum?
a. fuels only. b. fuels and money. c. fuels and pollutants.
d. fuels and petrochemical raw materials
11. The main naturatources of hydrocarbons are from fossil fuels and these include except?
a. natural gas b. coke c. coal d. petroleum
12.  Alkenes and Alkynes reacts the same, except with?
a. ammoniacal AgN®@solution. b. oxygen. c. bromine water.

d. acidified KMNO; solution.
13.  Functional group for the alkanol is?

a. -OH. b. CnH2R2 c. COOH d. OH

14.  What is this compound GHCH.).CONH, called?

a. methyl amine. b. butyl amine. c. butyl amide. d. Urea.

15.  Which among the following is an aromatic hydrocarbon?

a cyclopentaneb. toluene c. pentanal d. ethane

16. What is the product formed when methane reacts with chloring+@#H — ?
a. CH4Cl2 + H2 b. CHCI + HCI c. CHCI + 2HCI d. CHCl2 + H2
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Which of the following compounds is an alkane?

CoH> b. CsHs c. GHs d. GH1a
What type of reaction takes place when ethane reacts with hydrogen bromide?
oxidation reaction b. substitution reaction c. addition reaction

polymerisation reaction
Which of the following molecules is the most unsated?

ethyne b. methane c. ethene d. propane
Write the general formula for the alkynes?
CnH2n b. GHzn+2 c. GHz2n2 d. GiHznn

Hydrocarbons are organic compounds that contain....?

carbon and oxygen only. b. carbon, hydrogen and oxgonly.

carbon and sulphur only. d. carbon and hydrogen only.

Which method is often used in separating the hydrocarbons found in petroleum?

catalytic cracking b. polymerisation  c. fractional distillation
hydrogenation

Which of the bllowing compounds do not exhibit isomerism?

CoHs b. GHs c. GHi4 d. GHs

What is the name of the compounsHeCOOH?

ethanoic acid. b. propanoic acid. c. Butanoic acid. = d. methanoic acid.

what is the general molecular formula of the alkéomologous series?
CiHn b. GH2nv2 €. GiH2n d. GiHzn22
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Appendix C: CATOC Marking Guide
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Appendix D: TEST BLUE PRINT FOR THE CATOC

Content Knowledge Comprehension Application Total
(Remembering) (Understanding) (Thinking)
45% 30% 25%

Structure and Valency A B C Ta

of Carbon- 10% 1 1 1 3

Hydrocarbons

(Saturated,Unsaturate D E F Tb

Alkanes, Alkenes and 5 3 3 11

Alkynes)- 45%

Isomerism,

Homologous series, G H I Te

Functional groups) 3 2 1 6

25%

IUPAC Nomenclature J K L Tq

20% 2 2 1 5

TOtal Te Tf Tg 25
11 8 6

Calculations:

Total number of items = 25

From the table abowe, of6Stmauvbbube wasd aV abeit
(saturated, unsaturated, alkanes, al kenes a
and Functional groupsd®é6 had 25 %; whil e | UPA
Knowledge was allotted 40%, @mprehension 35% and Application 25%.

Calculating the totals,afto Ty;

Ta = 10/100 x 25 =3 Th = 45/100 x 25 =11
Te = 25/100 x 25 =6 Td = 20/100 x 25 =5
Te = 45/100 x 25 =11 Tt = 30/100 x 25 =8
Tg = 25/100 x 25 =6

Calculating the number of itesfquestions for each cell, Ato L;
A=11/25x3=1 B=8/25%x3=1 C=6/25x3=1
D=11/25%x11=5 E=8/25%x11=3 F=6/25x11=3
G=11/25x6=3 H=8/25x6=2 1=6/25x6 =1
J=11/25x5 =2 K=8/25x5 =2 L=6/25x5 =1
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RE-STRUCTURING SECONDARY SCHOOL CHEMISTRY EDUCATION
FOR SUSTAINABLE DEVELOPMENT IN NIGERIAN DEVELOPING
ECONOMY

Olufunmilayo D. Ayodele
Oduduwa University Ipetumodu, Hié&e, OsunState, Nigeria
Email: olufunmilayopapers@gmail.com

ABSTRACT

Chemistry Education is considered as a key agent of development, either as a way of
developing human capacity, increasing the skilled workforce for modernization, or as a matter of
personal freedom, develimy capability and empowerment. Nigeria, as a nation, is still wadding
in a muddy pull in seeking the right way to terminate her total dependence on foreign nations for
technological expertise in fields of Science and Technology. The nation has prodaicgd m
scientists, engineers and technologist yet we import services and goods in these fields from othey
countries which resulted in a recessed economy. This paper therefore discussed the loopholes |
the present secondary school chemistry education anchneeonded the way forward in terms of
restructuring the curriculum themes to produce a functional chemistry education, restructuring the
chemistry practical activities to integrate improvisation with locally available materials and
chemical processes designe meet the need of the society (and not just rote learning of titration
and cation/anion analysis of procured chemical compounds), introduction of remedial teaching
plan for mastery learning strategy, introducing Science Mini Project (SMP) for Sexion@&ry
Students using available local materials as part of SSCE formative assessment scores. This would
build a solid foundation that would usher in a new era of creative and innovative students who ar¢
prepared for postsecondary industrial work and tite same time could proceed with higher
confidence and adequate creative potential and practical skills to higher education in any scienc¢
and technological fieldAfrican Journal of Chemical EducatiédnAJCE 8(2), July 2018]
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INTRODUCTION

Chemistry education is the study of the teaching and learning of chemistry in all schools,
colleges and universities. Chemistry education also includes the understanding of how students
learn chemistry, how best to teach chemistry, and how to improverigamaicomes by changing
teaching methods and appropriate training of chemistry instructors [1]. Moreover, Chemistry
Education has been identified to be one of [t
economy. It is needed for the productiohtlee needed technologists, technicians, engineers,
medi cal practitioners who are required to
desired technological advancement which is very much required for sustainable development.
Chemistry has been fileed as a branch of pure and basic science which deals with the study of
nature, composition, properties (physical and chemical) and uses of matter, and the changes mattgr
would undergo under different conditions [2]. Chemistry in its entirety has akei& to play in
promoting sustainable development through basic research skills, chemical innovations and]
technology.

Sustainable development has been defined as a development that meets the need of ttle
present without compromising the ability of theure generation to meet their need. The concept
of sustainable development emphasizes that education should be geared to prepare students o
learn how to take responsibility for both themselves and their society for today and in the future
[3, 4, 5]. All educational domains and all school subjects need to contribute to education for
sustainable development including secondary school chemistry.

The position of Chemistry and the chemical industry in a nation play core roles in achieving
sustainable developent. Chemical knowledge is necessary to understand issues that threaten the

sustainability of our planets (global warming, ozone depletion acid rain formation, among others).
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Moreover, the chemical industry provides most of the raw materials necessargripother type
of business or endeavour. Chemistry is also the basis of a modern energy supply, agriculture
innovative materials, communication, biotechnology and pharmaceuticals [6].

Researchers reported negative attitude of students generally toessgbjects such as
Chemistry, they opined that the lack of interest in Chemistry subject is majorly as a result of the
content of the syllabus [7]. Also, secondary school students perceived Chemistry syllabus as being
too wide and involving too many calations and Chemistry as being too abstract [8]. Moreover,
over the years the pass rates in Chemistry for most part have fallen below 50% [9]. This poor
performance could be as a result of lack of interest in the content and ineffective teaching methodj
used by the teachers.

According to [10], there is a significant positive relationship between interest and effort, if
the students have interest in the subject, they would make effort to perform well in the subject.
There is therefore a need tcawaken tle interest of secondary school students in chemistry to
secure a solid foundation for vocations like health fields, pharmaceuticals, petroleum and
petrochemical industries, agriculture, food and chemical engineering and so on.

Nigeria has dwelt in the real of underdeveloped economy for too long, though the
Nigerian economy is now referred to as a developing economy, yet Nigeria as a nation is still
swaying in a blurry pool in seeking the right way to reduce or end her total reliance on foreign
nations forgoods and services in fields of Science and Technology. Nigeria needs to produce more|
graduates in these fields who are competent and have been adequately grilled with relevanf
curriculum tailored towards innovative and sustainable developmental goalsirimespective
fields of Science and Technology. Chemistry is a core science subject taught in the secondary

school as prerequisite course for admission into tertiary institutions in these fields.
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Qualitative functional chemical knowledge is practical aseful but the Nigerian formal
education has not provided school learners with functional education. The secondary schooll
chemistry curriculum taught over the years has lost its relevance in this aspect.

Most Chemistry students from secondary schoolsiatrable to apply principles taught or
how to relate the theories with the practical everyday living or see Chemical knowledge as a tool
for wealth creation. There is therefore a need to review the curriculum for teaching Chemistry in
the secondary schqdb create a functional and relevant Chemistry curriculum that would meet
the societal demand, awaken interest for the subject in students and aid the sustainability o
scientific and technological development in the country.

It is therefore necessary foosition secondary education in a developing economy,
curricular emphasis in secondary school context refers to the degree of vocationalization of the
curriculum ranging from purely academic to mecational training [11]. They advised that for
optimal paitioning, planners and political leaders should hope to fit secondary schools rationally
into this matrix to prepare youths for full wagector jobs and also raise the proficiencies of
aspiring university candidates and to reinforce nation building

It is on this premise that this paper proposes th&trieeturing of the secondary school
chemistry curriculum and education in terms of the objectives, themes and topics, practical
syllabus and assessment. The paper highlights the loopholes in the Nigeoadasgschool
chemistry curriculum, it extrapolates the secondary school chemistry curriculum of the two most
populous and technologically viable nations; china and India with that of Nigeria. The paper also
proposed the way forward in terms of restructgrthe themes, topics, method of instruction,

content, scope and practical chemistry syllabus and also made some salient recommendations.
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OBJECTIVES OF THE STUDY

A To identify loopholes in the Nigerianeéeondary School Chemistry curriculum,
A To comparetie curricula of China and India with that of Nigeria,

A To propose ways of fstructuring the Secondary School Chemistry curriculum
A To give appropriate recommendations.

THE LOOPHOLES IN THE NIGERIAN SECONDARY SCHOOL CHEMISTRY

CURRICULUM

Loopholes in theNigerian Secondary School Chemistry Objectives

A sustainable development involves those activities, processes put in place to meet the
need of the present, at the same time not sabotaging the future. China and India are the two mo
populous countries withigh reliance on a lot of homemade chemical products and innovative
technologies. Hence, the Nigerian secondary school chemistry curriculum is taken side by side
with India in terms of objectives, and China in terms of themes and the three are comtrasted
terms of practical syllabus in other to identify the loopholes in the Nigerian secondary school
chemistry curriculum.

The Objectives of Chemistry Education in Nigeria National Curriculum for Senior
Secondary Schools and that of India Secondary ScHuwmh@try Curriculum are presented in the

table below.
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Table 1:Objectives ofSecondaryChemistry Education itndia andNigeria
INDIAN SECONDARY SCHOOL NIGERIAN SECONDARY SCHOOL
CHEMISTRY CURRICULUM OBJECTIVES | CHEMISTRY CURRICULUM
OBJECTIVES
1 To promoteunderstanding of basic fac{ AFacilitating a transition from secondary t
and concepts in chemistry while tertiary level of education in the use of
retaining the excitement of chemistry. | scientific concepts and techniques acquir
f To make students capable of studying| in chemistry.
chemistry in academic and professionj A Provi ding the st
courses (such as medicine, engineerirl knowledge in chemical concepts and
technology) at tertiary level. principles, through efficient selectiar
f To expos the students to various content and sequencing.
emerging new areas of chemistryand| A Showi ng chemi str
apprise them with their relevance in | With other subjects.
future studies and their applicationin |A Showi ng chemi str
various spheres of chemical sciences | industry, everyday life, hazards and

and technology. benefits. o
1 To equip students to face various A Providing a cour
challenges related to healtiytrition, | itS pupils not proceeding to highe
environment, population, weather, education while it is at the same time, a
industries and agriculture. reasonably adequate founidatfor a post
f To develop problem solving skills in secondary course.
students.

1 To expose the students to different
processes used in industries and their|
technological applications.

1 To apprise students with grface of
chemistry with other disciplines of
science such as physics, biology,
geology, engineering etc.

1 To acquaint students with different
aspects of chemistry used in daily life.

1 To develop an interest in students to
study chemistry as a discipline.

Source: [12, 13]

The chemistry curriculum objectives as presented in the table above revealed the
inadequacy of the Nigerian objectives when compaveld those of Indian secondary school
chemistry curriculum. The India objectives are more relevant and designed to meet the societa
needs while Nigeria objectives seemed ambiguous in comparison. According to [14], University

undergraduate science studeperceived that the secondary school chemistry curriculum was
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adequate and relevant as a foundation for g
these objectives sufficient for a sustainab]

According to [15], though Nigeria igch in human and natural resources, there are so many
unemployed youths because the educational system does not equip them-feliagek.
Teaching of chemistry should be practically oriented to develop skills needed for entrepreneurial
development andt the same time for movement to higher education.

The objectives stated in the secondary school chemistry curriculum, did not make provision
for relating chemistry to; nature and society, wealth creation, health and daily living and so on.
Postsecondarghemistry students are not trained to engage in small scale analysis and production]
of household chemical products useful and relevant to the society. In Nigeria we import materials
like paper, tissue, liquid soap, air freshener and so on? Most of thegmuesed are by local
entrepreneurs who have no chemistry foundation, hence could not meet up to required standards
and are exposed to hazards they are not informed about. There is need to review the objectives @f
the present chemistry curriculum in Nigeto enable students relate chemistry to nature and
society, to equip students with adequate practical skills for functional chemistry that would make
them work effectively as industrial technicians or chemical artisans for those who may not be

opportuneo proceed to tertiary education.

Loopholes in the themes

The table below presents the themes of the secondary school curriculum of China and our

nation Nigeria.
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Table 2: Secondary School Chemistry Curriculum Themes for China and Nigeria

CHINESE SECONDARY CHEMISTRY | NIGERIAN SECONDARY CURICULUM
CURRICULUM
Course Themes Themes
Chemistry 1 U Knowing Chemistry| Chemical World Periodic table,
as a science Chemical ractions, particulate
U Basics to Chemica nature of matter, gas law
experiments chemical combinationsg
0 Common Inorganid qualitative and  quantitativ
Elements ang analysis
compounds and thei
applications
Chemistry 2 U Particulate Structur¢ Chemistry and environnmé | Separation techniques, aci
of Substances bases and salts, nonetals and
U Chemical Reactior their compound.
and Energy
U Chemistry and
sustainable socig
development
Chemistry and Daily 0 Chemistry and Chemistry and industry Chemical industry, redo
lives Personal Health reactios and electrolysis, metal
U Materials in Daily and their compounds, petroleun
Lives crude oil
U Chemistry and
Environmental
Protection
Chemistry and 0 Chemistry and Chemistry of life Carbon and its compoun
Technology Exploitation and Hydrocarbons, fats and oils, so
Application of and detergents, giant molecules
Natural Resources
U Chemistry and
Manufacture anc
application of
Materials
U Chemistry and
Industrial and
Agriculturd
production
Particulate structure an 0  Atomic Structure anc
Properties of Substanc Elements
0 Chemical Bonds an(
properties of
substances
U Intermokcular Forceg
and prope
Substances
U Values of
Investigating
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Particulate Structure
of Substances

Chemical Reaction U Chemical Reactior
Mechanisms and Energy

0 Velocity of Chemical

Reaction and

Chemical Equilibrium
U lonic Equilibrium in

Solution
Badc Organic 0 Components an(
Chemistry Structures or Organi
Compounds
0 Properties anc
Application of

Hydrocarbons and it
Ramifications

U0 Saccharine, Aminc
Acids and Protein

U Synthesized Polyme

Compounds
Experimental U Basics to Chemica
Chemistry Experiments

U Enquiry by Chemical
Experiments

Source; [16, 17]

Students should learn how to take responsibility for both themselves and their society for
today and the future [3, 4]. Chemistry education must contribute to developing a balanced andj
well-informed soaety as citizens responsible for how the present shapes the future. There is need|
to infuse themes and topics in the chemistry curriculum content, teaching and practice, so as tq
reveal the link of Chemistry to nature, society and everyday living. Alsectdig the themes to
subsume topics targeted at achieving a functional chemistry education for the good of the
individual and the society at large.

According to [5], chemistry education that would achieve a sustainable development must

focus on general edational skills for societal participation, it should deal with the impacts of
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development related to chemistry and technology on the ecology, the economy, and society at th¢
local, regional and global level and develop skills in students to activelyehtredle aspects in
the future.
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Practical syllabus
Restructuring chemistry education towards a sustainable development in Nigeria requires
a shift in not only the theoretical content but also the contextual approaches in teaching chemistry

practical skills.The Secondary School Chemistry Practical syllabus for Nigeria, India and china

are presented below:

Table 3: Comparison of Chemistry Practical Syllabus

INDIA

CHINA

NIGERIA

A. Surface Chemistry

(a) Preparation of one
lyophilic and one lyophobic
sol Lyophilic sol - starch, egg
albumin and gum Lyophobic
sol- aluminium hydroxide,
ferric hydroxide, arsenous
sulphide.

(b) Dialysis of solprepared
in (a) above.

(c) Study of the role of
emulsifying agents in
stabilizing the emulsion of
different olils.

B. Chamical Kinetics
(a) Effect of concentration
and temperature on the rate
of reaction between Sodium
Thiosulphate and
Hydrochloric acid.

(b) Study of reaction rates o
any one of the following:

(i) Reaction of lodide ion
with Hydrogen Peroxide at
room tempeature using
different concentration of
lodide ions. (ii) Reaction
between Potassium lodate,
(KIO3) and Sodium Sulphite
(Na2S03) using starch
solution as indicator (clock
reaction).

D. Chemical Equilibrium
One of the following
experiments:

a) Study the shift in
equilibrium between ferric
ions and thiocyanate ions by
increasing/decreasing the
concentration of either of the
ions.

. Quantiative Estimation i)
Using a chemical balance. ii
Preparation of standard
solution of Oxalic acid. iii)
Determination of strength of
a given solution of Sodium
Hydroxide by titrating it
against standard solution of
Oxalic acid. iv) Preparation
of standardsolution of
Sodium Carbonate. v)
Determination of strength of
a given solution of
Hydrochloric acid by titrating
it against standard Sodium
Carbonate solution.

F. Qualitative Analysis (a)
Determination of one anion
and one cation in a given sa
CationsP2+, Cu2+
As3+Al13+, Fe3+, Mn2+,
Ni2+, Zn2+, Co2+Ca2+,
Sr2+, Ba2+, Mg2+, Anions
[12-2-2-2----3+21 33

1.Acid-base titration

2 Water of crystalization

3. Thermochemistry

4 Qualitdive analysis
involving cationsPb2+, Cu2+
Al13+, Fe3+, Mn2+, Zn2+,
Co2+Ca2+, Ba2+, Mg2+and
anionsSO#4-, SO3-, NO3,
coz-, Cl-, Br-, I-.

Test for gases
CO2,NO2,H2,02,SO2,NH3
and H2S.
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C. ThermochemistrnAny
one of the following
experiments i) Enthalpy of
dissolution of Copper
Sulphate or Potassium
Nitrate.

i) Enthalpy of neutralization
of strong acid (HCI) and
strong base (NaOH). iii)
Determination of enthaply
change during interaction
(Hydrogen bond formation)
between Acetone and
Chloroform.

D. Electrachemistry
Variation of cell potential in
Zn/Zn2+|| Cu2+/Cu with
change in concentration of
electrolytes (CuSO4 or
ZnS0O4) at room temperatur
E. Chromatography

I) Separation of pigments
from extracts of leaves and
flowers by paper
chromatography and
detemination of Rf values.
il) Separation of constituent
present in an inorganic
mixture containing two
cations only (constituents
having large difference in R
fvalues to be provided).

F. Preparation of Inorganic
Compounds

i) Preparation of double salt
of Ferrous Ammonium
Sulphate or Potash Alum.
i) Preparation of Potassium
Ferric Oxalate.

G. Preparation of Organic
CompoundsPreparation of
any one of the following
compounds

i) Acetanilide ii) Di-benzal
Acetone iii) p

43243C0O,S,S0O, SO,
NO,C,Br,1,PO,CO,CH
COO (Note: Insoluble salts
excluded)

(b) Detection ofNitrogen,
Sulphur, Chlorinen organic
compounds.

b) Study the shift in
equilibrium between
[Co(H20)6]2+ and chloride
ions by changing the
concentration of either of the
ions.

E. Quantitative Estimation

I) Using a chemical balance.
i) Preparation of standard
solution of Oxalic ad. iii)
Determination of strength of
a given solution of Sodium
Hydroxide by titrating it
against standard solution of
Oxalic acid. iv) Preparation
of standard solution of
Sodium Carbonate. v)
Determination of strength of
a given solution of
Hydrochloric &id by titrating
it against standard Sodium
Carbonate solution.

E. Qualitative Analysis (a)
Determination of one anion
and one cation in a given
salt Catiors-Pb2+, Cu2+
As3+A13+, Fe3+, Mn2+,
Ni2+, Zn2+, Co2+Ca2+,
Sr2+, Ba2+, Mg2+, Anions
[12-2-2-2----3+2133
43243C0O,S,S0, SO,
NO,C,Br,1,PO,CO,Ch
COO (Note: Insoluble salts
excluded)

(b) Detection ofNitrogen,
Sulphur, Chlorine in organic
compounds
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Nitroacetanilide iv) Aniline
yellow or 2- Naphthol
Aniline dye.

H. Tests for the functional
groups present in organic
compounds Unsaturation,
alcoholic, phenolic,
aldehydic, ketonic,
carboxylic and amino
(Primary) groups.

|. Characteristic tests of
carbohydrates, fats and
proteinsin pure samples ang
their detection in given food
stuffs.

J.Determination of
concentration/ molarityof
KMnO4 solution by titrating
it against a standard solutio
of: i) Oxalic acid, ii) Ferrous
Ammonium Sulphate
(Students will be required to
prepare standdrsolutions by
weighing themselves).

K. Qualitative analysis
Determination of one cation
and one anion in a given sa
Cation Pb2+, Cu2+ As3+,
Al3, Fe3+, Mn2+, ZnCu2+,
Co2+, Ni2+, Ca2+, Sr2+,
Ba2+, Mg2+,

Anions 2- 2- 2--- - 3+ 2 -
342244,SS$S,S,NO,C
,Br,1,PO,C,0O,CHCOC

WAY FORAWRD
Rephrasing the Objectives

Chemistry education shouldeal with the impact of chemistry on nature, environment,
society at the local, regional and global level and also enlighten students on the impact of all thesg

on the economy. We need our schools, universities and lifelong learning programs to focus their
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objectives on science and technology with innovative, economic, environmental and social

perspectives.

Revisng Themes and Topics

Proposed revised theme

1
1

Rephrasing the objectives to include the following;

To provide Chemistry education that focuses on general chemical skills for societal
participation.

To impact the knowledge of chemistry that deals with nature, environment and society at
the local, regional and global level.

To enlighten students on the impact of all chemical compounds and processes on humarj

health and the economy of the Nation.

Chemistry and nature

Chemical world and our environment; including topics like green chemistry, effect of gas
flaring, effect of chemical and nuclear weapons, should be subsumed under environmental
pollution andpreservation.

Chemical industries (textile industry, petroleum, polymer chemistry; topics like industrial
effluent and its treatment or disposal should be taught,

Chemistry in everyday life; in medicine (Chemicals in medicirs®lgesics, tranquilizers
antiseptics, disinfectants, antimicrobials, antifertility drugs, antibiotics, antacids,
antihistamines. Chemicals in foe@reservatives, artificial sweetening agents, elementary
idea of antioxidants. Cleansing agergsaps and detergents, cleansingaac)i, in food,

in agriculture, in technology, in our homes.

Chemistry of life;
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1 Chemistry and health; effect of various chemicals on health, precautions in handling
chemicals at homge,g fuels like kerosene, petrol, alcohols, gases e.t.c) school dr&l int
industries (fine and heavy chemicals).

Moreover, separate studies [8, 18, 19] have identified some difficult topics in the current
curriculum which make chemistry to be too abstract for the students to comprehend. Thus, topics
in the secondary chemisteyrriculum should be reviewed.
Functional Practical Chemistry

It was reported that the present science and technology taught in Nigerian schools do nof
prepare learners to function well in a society undergoing transition from a rural economy to a
moderneconomy [20]. According to them, learners should be taught to connect school learning
with the world of work where the subject is applied. That is the skills should be aimed at readiness
for the world of work and economic responsibilities. There is mucbnisistency between the
formal chemistry curriculum and the present day market and industrial demands. Chemistry
practical should therefore be utilitarian by identifying chemical processes of practical application
in the society.

Practical topics shouldebdrawn from topics taught in the syllabus like dilution and
standardization of chemical solutions, neutralization, rates of reaction, solubility,
thermochemistry, treatment of hard water, simple inorganic analysis; water analysis, soil analysis,
identification of cations and anions in food substances and drinks, esterification, saponification,
identification of functional groups.

The practical questions for the SSCE or NECO could be drawn from the above listed topics
using locally available materials e.g

1 Analysis of impure samples or mixtures like alum, ink or dye, ferrous sulphate tablet
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i1 Standardization of battery water.
1 Determination of pH of common drinks
1 Oxalate ions in fruits
1 Study of reaction rates
1 Effect of temperature on some food preservatives
1 Separation of pigments from extracts of leaves and flowers by paper chromatography and
determination of Rf values, and other relevant experiments.
Improvisation
Improvisation and the use of locally available materials for practical experiments should
be encouraged. The Nigerian chemistry curriculum could integrate improvisation on materials
used. That is locally available chemicals could be used for some practical experiments. This would
also create awareness of the chemical substances available ardanéxemnple juices of unripe
citrus fruits like unripe oranges, lemon e.t.c as sources of organic acids, potassium hydroxide from
wood ashes, dyes of local plants (e.g Hibiscus sabdariffa; known as Zobo) as indicators for acid
base titration, and so onh&se materials could be used in du#de titration, standardization and

dilution processes.

Science Mini Project (SMP)

Introduction of Science Mini Project (SMP) for Secondary School leaving Chemistry
Students. The secondary school Chemistry curricdturindia and china both include chemistry
projects on topics given to students to reveal the knowledge gained by the students in terms o
application of principles and chemical procedure in analyzing or producing simple chemical

compounds.
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This could be dapted in our secondary curriculum. A mini project could be given to
students as part of the formative assessment score of the SSCE. e.g.
1 Determination of pH in different water samples, juices, beverage drinks and the
implication.
1 Production of soft soapdm a locally available ester.
1 Extraction of essential oils and carrier oils from seeds, leaves and flowers and other project
topics suggested by the students and teachers.
Introduction of Remedial Teaching Plan (Mastery Learning Strategy) for SSI and SSil|
There has been various research into reforming the dynamics of the classrooms and
according to Caroll (1963) cited by [21], every learner can attain mastery in any subject if given
enough engagetime. He opined that the difference in academic achievemsertt just the 1Q
(intelligent quotient), but the amount of time studesgendsactively engaged on a given task.
Hence, a Remedial Teaching plan in form of Summer revision classes should be organized for SS}
and SS2 students who could not meet 50% pask in chemistry.
This paper proposes a remedial teaching plan for SS1 students and SS2 student who coulf
not meet up to 50% in their summative assessment in a particular subject. The remedial teaching
could be for a month during the long holidays wtitle teachers acting as facilitators while the
students are given revision exercises to work with and ask questions when clarifications are

needed.

CONCLUSION
Chemistry is a major pillar needed t o su;j

The chemistry curriculum in Nigeria is not structured for a functional chemistry education that
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could transform and sustain development in science and technology. Hence, there is an undeniabje

need to restructure our chemistry curriculum starting from secoyp@aucation.

reposition their attitude towards the learning and practice of chemical principles and concepts. Thig

would definitely improve the standard of chemistry edion in Nigeria and prepare the platform

for economic growth and sustainable development.

RECOMMENDATION S

l

Re-structuring the chemistry curriculum would-aeaken the interest of students and

Curriculum planners should come together testreicture the chemistry curriculum in
Nigeria starting from secondary schools.

There should be inputsf institute of chartered chemists, representatives of chemical
industries and chemical educators in the curriculum restructuring.

Funding of secondary school laboratories should be a public/private partnership
Chemical industries should invest in thaiting of students for future relevance in the
industries. All multinational coperations and firms employing up to 60 chemistry
specialists should be required by law to contribute 5% of thehtgpreprofit to an
endowment for equipping Chemistry labard¢s in both secondary and tertiary
institutions.

Ret raining of teachers; you cannot give W
on how to use indigenous chemicals and improvisation with locally available materials to
conduct some practicafrgcedures.

Use of local materials and improvisation in practical curriculum
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1 The curriculum should be geared to elicit the interest of students, motivate students, foster
creativity, reward ingenuity relate practical activities with everyday real life exmas
that would meet societal needs.

1 Constant review of chemistry curriculum to meet the challenges and demand of the nation
industrial and or entrepreneurial development.

1 Monitoring committees should be constituted to oversee the science laboretidgrgsan
secondary schools they would also validate the science mini project of each school.

1 Adoption of mastery learning strategy
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ABSTRACT

The pupose of the study was to determine the readability of some topics in chemistry and
to find out the perception of students about the topics. One hundred anfivierggar 3 senior
secondary chemistry students in a university demonstration school whjusagencluded their

SSCE for 2014/2015 constituted the study sample. These students have also read the fivg

commonly used chemistry textbooks investigated in the study. Flesch readability formula was used
to assess the readability of the chemistry topitde a perception rating scale was used to
determine the studentsd perception of the <c
that readability indices ranging between 51.2 and 87.0 indicated that the topics were readable by
7th to 12th grde students in the selected chemistry books. It was also observed in the study that
over 50% of the students perceived rates of chemical reaction and acids, bases and salts difficuf
to learn. In all there was no significant relationship between the négdatore and the difficult
indices of the topics chosen from the commonly read textbooks in the schools. These findings ang
their implications were discussed in the studyrican Journal of Chemical Educati@nAJCE
8(2), July 2018]
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INTRODUCTION

Despite all the attempts made by good chemistry teachers to improve the performance of

their student s, chemical educators keep relpo

dwindling [1][ 2] 3] . Accor[4foriNgvember/Décaneer 2013 e f
chemistry examination, the raw mean score of 29 and standard deviation of 12.69 poorer than that
of November/December, 2012 results with a raw mean score of 34 and standard deviation of 17.29
was obtained. Till date studegts r esul t s i n both internal and

have followed the same trend.

Chi ef Examiners [ 4] have <cont i-adbevence oy cflom

instructions, poor expression and presentation of facts, poor mathematisalrsiility to use
appropriate technical terms in definition and explanation of concepts and inability to interpret the
demands of the questions to mention a few.

Bl ames have gone to chemistry teacherso
performance of the students. It is believed that the students have problems with the learning of
chemical concepts, theories and principles. Of recent, attention has shifted to the chemistry
textbooks recommended by Ministry of Education for use in the secosdaoyls [5][6]. Some
students have reported that some of the chemistry books used in Nigerian Secondary Schools age
at the frustration level, difficult to understand for the students.

For example, [7] evaluated the readability by students of five chertesttyooks, namely
(i) New school chemistry for senior secondar|y
Secondary Chemistry BK3 by S.T. Bajah & Onwu, G.O.M (iii)Chemistry for senior secondary
school certificate by V.I. Oyeyiola (iv) Pure chemistoy West African Schools by B.C. Oluba

and (v) A New certificate chemistry by Holderness, A and Lambert, J. The findings of the study
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revealed among others that out of the five chemistry textbooks only two (New school chemistry
for senior secondary schodtudents by Osei Yaw Ababio and A new certificate chemistry 7th
edition by Holderness and Lambert) attained up to 50% readability score.

One other important observation that was made in the study of [7] was that concerning the
perception of the teachersaut the chemistry textbooks. It was found that the teachers agreed that
the textbooks were helpful to the students and therefore within the acceptance range for use ap
recommended by Ministry of Education. However, the teachers failed to score the igboks h
Having considered the teachersd perceptions
al so probe the studentsd perception, not o

textbooks. How readable are some of the chemistry topichenextbooks? Readability of

chemistry topics and studentsd perception apol

to the present study.

According to [9], readability is

AThe sum tot al (itncluding al wWithh&he inter
given piece of printed material that af
The success is the extent to which they understand it, read it at an optimal speed,

and find it interestingo

Rahma and Gunadi [6] have noted that textbooks arertargaesources for teachers in
assisting students to learn subjects, including chemistry at school. A good reading material shoulg
be in the right | evel of the studentsd comgq
discouraged and if is too easy, it will make them simply bored [10].

I n the past [11][212]]13] studies have s

topics in chemistry helped teachersd | esson
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learn topics. €achers have tgtrategized by way of teaching aneteaching to ensure mastery of
such topics.

One question that need to be addressed is that having to do with the reconciliation betweer
studentso6 readability of c htdhmiogids.IThis igobiparests a

in this study.

RESEARCH QUESTIONS AND HYPOTHESIS
The following research questions guided the study, namely,
1. What is the readability of topics in select chemistry books commonly used in Rivers State
Secondary Schools?
2. Wha is the difficulty perceived by the students in learning the chemistry topics in the select
textbooks?
3. What is the relationship between the readability indices and the difficulty indices of the
chemistry topics in the select chemistry textbooks?
The following null hypothesis was stated and tested at 5% level of significance, namely,
HO1: There is no significant relationship between the readability indices and the difficulty indices

of the chemistry topics in select chemistry textbooks.

METHODOLOGY

The mpulation of the study is all the year three SS3 Senior Secondary Students in Rivers
State that use select chemistry textbooks in teaching and learning chemistry.
One hundred and forfpve (145) year 3 chemistry Senior Secondary Students in a University

Demonstration School who have just concluded their SSCE for 2014/2015 session made up thg
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study sample. The age range of the students was 14years to 18years with mean of 15.8years apd
standard deviation of 2.9years. These students were conversant witlstcheéopics of interest
in five select chemistry textbooks commonly used by Senior Secondary Students in Rivers State
These textbooks are (1)Ababio, O.Y. (2005) New School Chemistry for Senior Secondary Schools,
3rd Ed. Nigeria, Ontisha; Africana First iflishers (2)Odesina, T.A. (2015) Essential Chemistry
for Senior Secondary Schools, Tonad Publishers Ltd (3)Ezechukwu, J. (2005) Comprehensive
Chemistry for Senior Secondary Schools, A. Johnson Publisher Ltd (4)Bajah, S.T. & Teibo, R.O.
(2000). Senior Secalary Chemistry Book 3 Africa Plc (5) Holderness, A and Lambert, J. (1987)
New Certificate Chemistry. Heinemann Educational Books.
Instruments
Two instruments were used for the study, namely,
1) Studentso6é perception rating scale (SPRS)|
2) Readabilitytest

SPRS was wused to find out how the studenf
learnt such topics as air pollution, chemical combination, nature of matter, energy and chemical
changes, acids, bases and salts, hydrogen and its compoundsf cai@sical reaction, kinetic
theory of matter and gas laws, carbon and its compounds and types of reaction.

For each topic the students were provided with a rating scale ranging from very difficult
(5), difficult (4), moderate (3), easy (2), to very eéBy In addition, students were requested to
support their choice of the rating of a topic with a reason.

The readability test involved the use of a readability formula, namely Flesch in [14]
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Scoring techniques of the Instruments
Student s 0 ratmg scale (PRSP was scored by carrying out a frequency
distribution of the response labels. Each response label was scored 1 point.

Difficulty index (DI) for each topic investigated was calculated using the formula:

00

BwO 0O
o
Where VDf

frequency distribution of fAvery
di fficulto r ¢\vDpfebnfsM $E f+VHE f) 5 Mfx Blequency distribution of

A
Amoder ated r espeonncsye sdi seEfridbufrequof AEasyo
di stribution of .AVery Easyod responses

Flesch readability formula was applied in estimating the readability of the chemistry topics
in the select textbooks. The Flesch Reading Ease formula:

(RE) = 2068357 (1.015 x ASL)i (84.6 x ASW),
where RE = Readability ease, ASL = Average Sentence Length (ie the number of words divided

by the number of sentences), ASW = Average number of syllables per word (ie the number o
syllables divided by the number ofras) [14] .

Mean Score Ranges and Readabilityniterpretations

% Interpretation
9071 100 Very easy
8071 89 Easy
707 79 Fairly easy
607 69 Standard
5071 59 Fairly difficult
3071 49 Difficult
207 29 Very confusing
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Flesch Readability Scale

Readabiity Grade Level Nigeria Context
801 7 7hy gh JSS1
7071 60 ghy 10M JSS 2
6071 50 110y 120 JSS 3
507 40 College freshmen to juniors SSS1
4071 30 College seniors SSS 2
307 20 College graduates SSS 3

Key: JSS = Junior Second&syudents, SSS = Senior Secondary Students

DATA ANALYSIS AND RESULTS

Data were analyzed and presented according to the research questions and hypothesis s
in the study. Thus, the study first addressed the readability of topics in select chemistry books
commonly used in Rivers State, followed by the difficulty perceived by the students in learning
the topics. Finally, the relationship between the readability indices and the difficulty indices of the
chemistry topics wer e c aduat snmdmartt eodelatios coafficient h e
formula (r). Results are presented in Tables 1, 2 and 3.

Table 1: Calculated Readability Indices of Five Textbooks used by Senior Secondary Students in Nigeria
Readability ineéx of books (%)

SIN Topics T 2 3 4 5
1. Air pollution 53.5 50.6 45.6 52.0 66.2
2. Chemical combination 58.5 87.0 66.1 61.3 62.9
3. Nature of matter 53.6 51.5 52.2 56.1 45.5
4. Energy and chemical changes 58.9 54.7 53.8 56.2 53.6
5. Acids, bases and salts 52.6 53.0 53.9 51.2 54.7
6. Hydrogen and its compounds 52.3 56.5 51.8 53.2 55.3
7. Rates of chemical reaction 51.2 38.1 50.0 47.1 49.4
8. Kinetic theory of matter and gas laws 43.4 44.5 47.6 43.0 50.7
9. Carbon and its compounds 51.8 41.8 49.3 56.4 47.0
10. Types of reactions 42.0 46.1 48.3 40.3 45.3

Textbook CHS 1 Ababio, O.Y. (1990) New school chemistry for senior secondary schools, 3rd
Ed. Onitsha; Africand first publishers; CHS 2 Odesina, I. A. (2015) Essential chemistry for
senior secondary sools. Tonad Publishers Ltd; CHS Ezechukwu, J (200%)Comprehensive
chemistry for senior secondary schools, A. Johnson Publishers Ltd; CB§jdh, S.T., & Teibo,

B.O (2000)i Senior Secondary Chemistry Book 3 Africa Plc; CHE Holderness, A and
Lamberts, J (1987) New Certificate Chemistry, Heinemann Educational Books.
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Table 1 revealed that the mean score, ranges of readability indices of the topics 2, 4, 5, §

chemistry (CHS) Books 1, 2, 3, 4, and 5 were between 51.2 and 87.0 indicating that they were

readable by 7tho 12th grade students.

A readability score of less than 48.3% was estimated for Topiayfes of reactions for

all the chemistry textbooks. This shows that senior secondary students encountered difficulty in

reading and understanding the content inhedltextbooks.
Table 2: Difficulty Indices (DI) of the Topics in Chemistry

S/N  Chemistry Topics

Air pollution

Chemical combination

Nature of matter

Energy and chemical changes
Acids, bases and salts
Hydrogen and its compounds
Rates of chemical reaction

Kinetic theory of matter and gas laws

© ©®© N o g bk~ 0w PE

Carbon and its compounds

|
e

Types of reactions

Difficulty indices (%)
27.7
22.5
35.0
49.6
54.4
26.4
50.0
44.5
40.3
29.4

Table 2 revealed that over 50% of the students perceived topic 7 (rates of chemical

reaction) and topic 5 (acids, bases aatts) difficult to learn. Less than 50% of the students

perceived the remaining topics difficult to learn.

of

Table 3: Calculated r for readability
Readability/Difficulty of topics r Level of significarce
CHS Book 1 x DI -0.083 ns
CHS Book 2x DI +0.16 ns
CHS Book 3 x DI -0.22 ns
CHS Book 4 x DI +0.06 ns
CHS Book 5 x DI +0.003 ns

CHS = Chemistryns = not significant
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The relationship between theadability scores of chemistry books 1, 3 and the difficult
indices as perceived by the students was negative (withOrG83 and 0.22 respectively). The
relationship for books 2, 4 and 5 between readability scores and difficulty indices was positive.
In all there is no significant relationship between the readability scores and the difficulty indices

of the topics chosen from the commondad textbooks the schools.

DISCUSSION OF FINDINGS

Good textbooks are important tools in the hands of themstsigdich to a large extent help
the teacher in doing Hiser work. A teacher can make the students to learn from the textbooks
before, during and after the lesson delivery periods. For this to be effective, student as an|
independent learner must be able tmrand understand what he/she is reading from the textbooks.

Once this is done, the teacheros work i §
what they read, then there is problem. The investigation carried out in this study in connection
with the readability of c¢he miesdneiyotheraigdplngs an
or subjects offered in the schools.

The findings of this study are of general interest in learning and teattomgever,with
respect to the chemistry topics and books under investigation, the topics are within the learning]
range of not difficult to read (Table 1). Chemistry is a science subject that presenstd thed e n t S
conceptual difficulties. There are abstract concepts that require some level of maturity on the part
of the students. For example, type of reactions (topiaviit readability index of less than 50%
across the chemistry textbooks present some difficdtthe seniorsecondary three (SS3)

students.
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Chemical reactions involve breaking and making of bonds between, atom, molecules and
ions. In chemical reactiont)ere are also acceptance, transfer and sharing of elections. All these,

the learner is unable to see and so difficult to concretize. Even the chemistry teachers do not hav|

1%

the experiences to share with the students. So teachers pass on their ignanensteidents. The
textbooks writers are also as ignorant as the teachers. Information they have concerning the
conceptual nature of chemical reactions is obtained from foreign or local literature. The students
are left with their faith to accept what thesad from the chemistry textbooks.

This seems to account for part of the difficulty students have in learning cherfstry.
all, chemistry is a study of the interaction between matter. Again, topic 8 kinetic theory of matter
is essential in understamdj the other topics 1, 2, 3, 4, 5, 6, 7 and 9 (Table 1). They all have link
with chemical reactions. We have to understand the nature of the forces between the particles i
the gas, liquid and solid so as to understand why chemical reactions occur.

Textbodk writers try as much as possible to simplify these chemical ideas in an attempt to
help students read and wunderstand. But studen
that students are neither understanding what they read nor benefit fronrteabhe i nst r ucf i
the classroom and laboratory. This is further corroborated by the various levels of difficulty
chemistry students perceive of the topics (Table 2). It was only in the case of acids, bases and salfs

(topic 5) with difficulty index of 544% that the students do not seem to perceive much difficulty.

v

This could be purely because of the descriptive nature of these concepts in the textbooks at the
level of the students used for the study.

One aspect of the findings of the study is the relationship between the readability indices
of the chemistry topics in the selected textt

Calculated r for chemistry books 1 and 3 showed negative relafonsiie that of books 2, 4
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and 5 revealed positive relationship. These relationships are found not to be significant at 5%
level. This seems to suggest that while the students agree with the readability of the topics in som
chemistry textbooks as measd by Flesch indices, they (students) do not agree with readability
of the topics in other textbooks.

The implication of this findings is that, the Ministry of Education recommending chemistry
textbooks for the students, should go beyond looking at #tleaeks, publishers and quality of
production and also consider the relevance and explicitness of the topics as related to chemistr
curriculum.

In conclusion,chemistry teachers should form part of the committee that recommends
textbooksforthe t udent s, since they (teachers) teac

is pinchingodo them.
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KITCHEN CHEMISTRY: PRACTICAL CHEMISTRY WITH SIMPLE
EQUIPMENT AND READILY AVAILABLE MATERIALS

Stephen H. Ashworth (The Kitchen Chemist)
University of East Anglia, Norwich Researark, Norwich, NR4 7TJ
Email: S.Ashworth@uea.ac.uk
info@kitchenchemistry.euwww.kitchenchemistry.eu

ABSTRACT

TheKitchen Chemistry Science Show uses readily available materials and unsophisticated
equipment. The development of the show is outlined and each of the demonstrations is describe
in detail. For each demonstration there is an explanation of the demaomstaatl, where
appropriate, a suggestion for an extension to a whole class activity. Indications of safety
precautions are also discussed. Further development of the Kitchen Chemistry Outreach Project i

then outlined with a description of future plap&frican Journal of Chemical EducatiénAJCE
8(2), July 2018]
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INTRODUCTION

The original Kitchen Chemistry Science Show was developed in partnership with Scifest
Africa: South Africabds Nat i oolladdrating with rofcMeke F e s
Cook, a colleague at UEA on the photophysics of phthalocyanines.[2,3] Prof. Cook was
simultaneously collaborating with Prof. Tebello Nyokong from Rhodes University in South
Africa. Prof. Nyokong was at that time on the Advis@gmmittee of the National Science
Festivali Scifest Africa. When she learned of my various demonstration lectures | was invited to
take part.

| performed at Scifest in 2008 and 2009 using demonstration lectures developed with a
grant from the Engineeringnd Physical Sciences Research Council (EPSRC), part of a pilot
program to encourage EPSRC funded researchers to communicate their research to the public.
my application was for a grant to develop portable demonstration lectures which would illustrate
aspects of my research.

After my appearances at these Festivals the then Director of Scifest Africa encouraged me

to develop a chemistry show using readily available materials and unsophisticated equipment. This

It i

took inspiration fremriomwellhy CWbbagrer®ds [ @Ch egmic

that | had seen. The show was first perform
el ements had been already performed in fron
of the MauritiusScience Week in 2010 at the Rajiv Gandhi Science Centre.

Kitchen Chemistry was not only performed at Scifest in 2011 it was also taken on tours of
the Western Cape in South Africa funded by the Embassy of the Kingdom of the Netherlands in
South Africa. TheSystemic ExtraMural Education Development and Support (SEEDS) project,

of which this was a small part, was made up of eleven different partners each with different
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interventions in rural and township schools throughout the Western Capefouetyaar period
[5.6].

In 2013 | was awarded a sabbatical from teaching and from early January uripnid
| toured South Africa giving shows and workshops in schools and scent¥s The whole event
was coordinated by Scifest Africa as part of its outreafféring. Not only was | able to
demonstrate directly to learners, | had the opportunity to train both educators and science centrg

staff. Travel, accommodation and consumables were covered by charging science centres for th

1Y%

science shows and workshopatthprovided. Appearances at schools, however, were free.

During the 100 days | spent in South Africa, which included the week of Scifest, | was
involved in over 120 events and drove over 11,000 km. The shows were not just Kitchen
Chemistry, lalso hadaoupl e of physics demonstration |
ALaser s: t he l i ght fantastico) al ongr wddg h
Spectroscopy in a Suitcasg.|

Since 2011 | have contributed Science Shows and workshops ta 3éifes every year,

and have also served on the Advisory Committee.

Fiaurel: The Kitchen Chemist surroundbd his eauinment
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KITCHEN CHEMISTRY: THE ACTIVITIES

The original Kitchen Chemistry show itself is made up of a number of different
demonstrations linked by a narrative about what a chemist might emihgp The first part serves
to illustrate that the molecules a chemist works with are very small, but they influence the
properties of the matter around us. From there we look at simple color changes to indicate
something about the nature or contents sblation. Where possible one or more new substances
are made, and then we look at how materials can be decomposed into their components.

For the shows | have specially built one or two pieces of equipment. This is generally so
that they are a suitable sitoe a large audience to see well. In all cases there is a readily available
alternative which can be used instead. Equally, the quantities used are relatively large, again tq
enable the experiments to be visible to a large audience. These quantitiiésrcae scaled down
if one is adapting a demonstration to turn it into a classroom activity or to use as a demonstratiory
in front of a small group.

This is a science show and the demonstrations are chosen and practiced so that they arfe
slick and they areys together so that there is a certain pace to the show. It will not take too much
to adapt some of these to involve the whole class in a practical activity. The show runs with the
demonstration as follows.

Cartesian Diver

To attract t haea amaga theamnaditdetoff bakrice te start with | have a
Cartesian Diver in a 2 L soda bottle. | divide the audience in two and each half has an opportunity
to Apusho the diver to the bottom of tolpe boJt
does not manage, where the second group does. If appropriate | explain the principle of action, o

simply suggest that it might be a good question for later.
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The diver itself must float but it is best to ensure that it only just floats. The demanstrato
may then manipulate the bottle in such a way that it is not obvious the bottle is being squeezed.
usually use a vinegar packet from a fast food outlet for my diver for visibility. There are, however,
many alternatives a plastic pipette or a straw lgked at one end. If a diver is used that is open at

one end and it is transparent or translucent the compression of the air inside the diver is easy t

N4

observe. This could then be carried out as a whole class activity and the class encouraged t

J

observe th compression of the air.
Number of molecules

To get across the midabggling size of the number of molecules in my Cartesian Diver
bottle | have a series of laminated cards which make up the number. | invite members of the
audience to join me on stagehtold up the cards, and make a play of how big the number is.
An alternative method is to write the number on a long strip of paper which can then be slowly
unrolled. In this way it would be possible to have indicators of other big numbers, such as the
popuation of a capital city, the population of China, the world population, the number of seconds
since the Universe began etc.
Newspaper ripping

Having established that molecules are very small we then see that their size and shapg
dictates the properties ohaterials around us. How these molecules interact and fit together
determines whether a material is hard, or soft.

A newspaper, or any other sheet of paper can be used for this. In one direction a tear is nedt
and relatively clean, a tear in the perpeuatdicdirection is more ragged, and often ends up tearing
in the other direction. This comes about because the fibers that make up paper are composed ¢f

long thin molecules. This, in turn, means that the fibers are long and jhat like fibers that
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makeup cloth. In the process of making paper the fibers are aligtieely tend to be brushed in
one direction. Tearing the paper in a direction parallel to these fibers gives a clean, straight tear
but in the perpendicular direction the tear is jagged ahdtall clean.

This could be used in class to start an investigation of materials, what properties they have
and whether they are the same in all directions.
Dissolution

I then usually move on to descri bellthe fima
audience that | have been trying to make people disappear, but when | do they do not return (af

least not uninjured). So what | do instead is show how | practice, with salt. Having made a big

show with magical Apassseselvethésalt. ake a gl ass off

Of course the salt has not fAgone awayo i

a class discussion on dissolution which might range as far as weathering of rocks and the changg

in the pH of the ocean as carbon dioxide is i

Evaporation

The salt has dissolved and not gone away, so this is the time to talk about evaporation. If
we left the water for long enough the salt could be recovered as the water will evaporate. This |
demonstrate using expanded polystyrene balfasat er 6 and col ored sol

gi

Asalto. The expanded polystyrene may be bl ojwn

pol ystyrene being stuck in onebds mouth) or
stream of air for t same effect. This demonstration makes rather a mess, but is a very visual
demonstration of evaporation, and the particulate nature of matter.
Dissolution

|l continue the dissolution theme by show
in acetonelt might be possible to use nail polish remover for this, but the high water content of
some formulations prevents them from working. | like to use long thin polystyrene sheets. The
length means that the effect is particularly impressive, however, amyn@ag polystyrene will
do.
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The material one often finds in packaging will work, but take care to use polystyrene as
packaging also comes with starch fApopcorno
itself to a demonstration where two unsuspertrolunteers are asked each to fill a polystyrene
cup to see how quickly they can do it. One, however, is given acetone, and the other water,
Obviously the cup disintegrates when acetone is poured in so some care must be taken to ensuf
that any spillagés contained.

Density T water and air
After a short description of the particulate nature of solids,

liquids and gases there is a demonstration of the effect of
density using hot (coloured) and cold (not coloured) water.
Again a great deal is made of theed to turn one of the

glasses upside down on the other, until two offset CDs are

used to make a lid / seal that enables one glass to be inverted

Figure2: The final statef without too much spillage. When slid together to line up the
the densitv demonstratio
holes allow liquid to pass from one glass toati®er. A good
example of the final state of this demonstration can be seen in Figure 2. On the left the cold wate
was in the lower glass and on the right the cold water was in the upper.

This does take some practice and care should be taken when hantllingids. The CDs
do not always slide smoothly, and that is when liquid tends to be lost.

The same effect can be obtained with a bag of air. The best bags to use are thin, crinkly bin
liners. The air inside can be warmed above a toaster. Care madtebetd ensure that the bag
does not melt or drop into the toaster. This can also be done with large black bin bags but it will
take considerably longer to warm up the air inside than a smaller bin liner. It is good practice to

trim excess plastic from theottom and add some tape to the opening to weight it a little. This

helps to prevent the bag inverting when it starts to float.
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This demonstration might be made into an investigation to determine the lifting power of
air. There are many interesting quess that arise. How would one determine the force produced?
How might the temperature of the air in the bag be determined? What is the volume of the bag? Iff
one was simply determining the lifting power of air all of these questions would have to be
answerd. More interesting still is to transfer the scenario to a hot air balloon. Then the gas mixture
in the balloon envelope is no longer simply air: it will contain water and carbon dioxide from the
combustion of the fuel.

Indicators i vinegar and washing sod

Many colored materials act as atidse indicators. One of the best is red cabbage water,
but this can be difficult to keep for long periods, especially in warm climates, as it tends to develop
a variety of bacterial cultures. When | am on the road nojcehis either grape juice, which
involves no preparation, or fruit teas, such as blackcurrant, cranberry etc. as they may be storegl
dry and made up on site. The active ingredient in all of these are anthocyanins which turn green in
a basic (alkaline) sotion, purple at neutral pH and pink when acidic.

My chosen base is washing soda (sodium carbonate) and the acid is distilled, or spirit
vinegar. The absence of color in the vinegar enables the color changes to be observed more readily.
It is, of course, pssible to use other bases with these indicators.

These simple indicators allow a variety of analytical experiments to be carried out. First,
there is the qualitative determination of whether a substance, which might be a substance found i
the house, sucas toothpaste, were acidic or basic (alkaline). Second, one might consider using
the indicators to show the endpoint of a titration, where either an acid or base is neutralized. If
burettes are not available for these sorts of experiments the numbep®frdra an ey&ropper,

or pipette could be counted and calibrated.
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Indicators i milk of magnesia

| then use milk of magnesia (a suspension of magnesium hydroxide) to demonstrate the usg
of an indicator. | explain that we might ask whether this materiatidic or basic. The milky
solution when a little milk of magnesia is added to water turns the indicator green, so it can be
seen to be a basic (alkaline) mixture.

This mixture may also be used to demonstrate equilibria, because when acid is added thg
mixture turns the indicator back to pink. The concentration of dissolved hydroxide ions has thus
gone down. The result is that more magnesium hydroxide dissolves and over time the indicator
regains its green color. The equilibrium will continue to begstlished on addition of acid until
all the solid has dissolved. A process which I liken to using up the charge in a battery.
Indicators 1 iodine starch and vitamin C

Not all indicators need to be highly colored. A few drops of tincture of iodine in water
produces a pale yellow solution. When starch indicator is added to this a deep blue color forms.
The starch indicator should be prepared in advance. | take a small amount (half a teaspoon) of
cornstarch (Maizena) and pour a small amount of boiling watertohtben boil that for a while.
At home I do it in the microwave, and at a venue | mix it in a polycarbonate glass and put the glasg
in a kettle that is one third full of water and let that boil (with the lid open) for a little while. Care
must be takemwhen taking the glass out of the kettle unless everything is allowed to cool first.
Having made the deep blue color, addition of vitamin C will remove the color. The vitamin C is
an antioxidant, or reducing agent. It reduces the iodine to iodide. Thigjigntitative reaction
and can be used for analyzing the amount of vitamin C in a solution. This was the basis of the

Royal Society of Chemistryds gl obal experi men
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Water into wine

At this point | often step away from the readily availalieecmi cal s and do a

into Winedo demonstration. I pour myself a Ijar

then explain how | was not meant to drink hard liquor on stage, so | pour it into another glass to
turn it i nftoccufsjtounie tha that whitehwéna is not hard liquor so by pouring into
a third glass | produce some white wine. | go to drink this (but do not, of course) and realise that
it should be chilled, so | decide that red wine can be drunk at room tempegeatdrproduce this
by pouring into another glass. Before | get
alcohol as | have to drive, so take my bott]
The mixture in the bottle is water, phenolpdiein and salt. In the first glass | have nothing
(gin), the second glass contains a few drops of sodium carbonate solution to turn the
phenolphthalein pink (juice), the next glass has a few drops of concentrated iron (lll) chloride,
which is acidic (toemove the color of the phenolphthalein) and produces a yellow solution (white
wine), and the next glass has some ammonium thiocyanate, which reacts with the iron to producé¢
a deep red color. For my #fAmil ko | edlaasywehicha f ¢
reacts with the sodium chloride in the gin bottle. It is best to use wine glasses for this as the liquid]
tends to be disguised by the glass where the bowl joins the stem.
Given the length of the show, | use this demonstration less frequemilyt also simplifies
the logistics and transport, as | do not have to worry about my solutions leaking in transit.

Holey bottle

I then show a bottle of water whi ch I i i

through it. The audience is asked todicg just like a scientist would, what will happen when the

skewers are removed. I then fido the exper.i
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everything is balanced, air pressure, water pressure etc. By opening the lid of the bottle very]

satisfyingstreams of water can be produced.
| have found the key to making this successful is to have the holes at the same height in the

bottle. It does mean that the skewers have to be distorted a little when setting the bottle up, bu

bamboo kebab skewers arefsiéntly flexible, especially if they have been immersed in water

for a while.

It would be possible to involve the whole class in this if the effect were not explained, but
set as an opeended problem. There are a number of factors which contributeedueed
pressure of air inside the bottle, the external air pressure balancing the hydrostatic pressure and thje
surface tension of the water. Depending on the level of study one might also consider the effects
of increasing the size of the holess thereany hole size at which the effect would no longer
work?

Three cup trick

Finally, I get my drink of water, but | use three identical polystyrene cups for this. One has
been prepared with some swadasorber (sodium polyacrylate). This | usually buy frogaaden
center It is slightly slower to absorb water than the material found in nappies, but much easier to
handle and less hazardous: the crystals in nhappies are very fine and easy to inhale.

This | frame as a test of the power of observation of the acelimembers. | ensure that
they know where some water is to start with, then proceed to swap cups round. Havitigsjlone
| ask the audience which cup contains the water. | generally pour the water into the cup with the
absorber for the third set of swapsan prolong this sufficiently that the water has been absorbed
nicely and when the cup chosen by the audience appears to be empty | am careful to say that tHe

water does not ficome outo of the cup.
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This can be made very theatrical but | always try t&erthe point that not only should a

scientist be able to make accurate observations, but they should also be very precise with languag

\1%

When | said the water did not fAcome outo of
in the cup.
New materal

The absorbent material is a new material made by chemists, so at this point | generally
make a new material. If the washing soda (sodium carbonate) solution is nice and clear it may b4
added to a solution of Epsom salts at which point it forms a piaeipThe milky appearance of
this mixture may be linked back to the milk of magnesia. Both are milky because of finely divided
solids scattering light, because they are suspensions, not solutions.

If it is possible to get some borax, another new materégt be made by adding borax to
PVA glue. | generally dilute the glue with some water angbhasizdéow runny it is. Then add a
few drops of a borax solution to produce slime.

This can form a great class experiment. Slime can be made in small batchestead t
There are a variety of tests that are possible on slime. One is to see how far a sample will stretch
under its own weight without breaking. Another is to see how quickly it will flow through a funnel
(which can be made out of the top of a drinkdlbhtAnother is to measure how quickly it flows
from one concentric circle to another. It is best to put the paper with the concentric circles inside
a clear plastic wallet for this. The participants can then determine how to modify their recipe to
make heir slime quicker or slower, for example.
Fire extinguisher

Having put some things together to make new materials | then take a look at taking things

apart. The first thing to try is sodium bicarbonate (bicarbonate of soda, sodium hydrogen
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carbonate) andcid. | explain that any carbonate material plus an acid will liberate carbon dioxide.
Once the audience has confirmed for me that carbon dioxide is a gas | then ask them what w¢
might observe. My analogy here is that if a solid (me) is sitting in a b#itbffwater (a liquid)

and | produced a gas, what would | observe? In this case the solid is the bicarbonate, the liquid i
vinegar and we should see bublileshich we do.

This gas can then be used to extinguish a candle, by pouring it from one cointainer
another container where there is a lighted candle. This can be made more impressive by using an
intermediate container. We can explain this as carbon dioxide is denser than air so displaces ay
from the bottom of our containers. This can be relasstk o the earlier experiment with density.
This is a nice, low cost, reaction that can be used to experiment to find reliable ways to measure

gas release from a reaction. You might use the gas to produce a foam by adding a little dishwashin

A

liquid (washng-up liquid). The time it takes your foam to move between two marks on a standard
container (say a drinks bottle) would give an approximate idea of the speed at which the gas hag
been evolved and thus how quickly the reaction is taking place.

It may alsobe used to look at the concept of a limiting reactant, and is a nice example of
an endothermic reaction.

Hydrogen peroxide with yeast

Another nice decomposition reaction is thecsa |l | ed fnnel ephantds tJoo

normally have mixed some dried yeasth water prior to the start of the show and this is the
source of the peroxidase enzymes that are required for this experiment. One can use blood, livel,
celery, or some inorganic salts for this, but dried yeast is easy to store and transporta# #iso h

advantage that it will foam, which has been useful for me when | have forgotten to bring, or ask

for, washingup liquid, which helps to catch the bubbles of oxygen.
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Not only is this a nice decomposition reaction, one can mention that we make Imydroge
peroxide just by breathing, that it is breaking down slowly all the time and the yeast will simply
speed up the reaction. At a suitable level one can use this to talk about enzymes and catalysts.

This can be used for a whole class investigation lookinngeaeffect of particle size on reaction

rate, and also on concentration on reaction rate, especially if a gas measuring technique has beg¢n

developed.

In the first case one can use a piece of freshly cut potato to decompose the hydroger
peroxide. If thisis large, like a fat French fry, the gas forms slowly as there is a relatively small
amount of surface area in contact with the peroxide solution. If the same amount of potato is cut
up, there is more surface area and the gas bubbles form more quicklly Fiash up the same
amount of potato and the gas should be produced more quickly again.

To look at reaction rates one can use potato, celery or yeast, to add to different
concentrations of peroxide. Alternatively, different amounts of yeast added tsathe
concentrations of peroxide.

Of course when working with peroxide suitable safety precautions need to be taken. Even
low concentrations of peroxide will bleach skin temporarily and cause a pricking sensation. Any
spillage should be treated with copiansantities of water which should then be run to waste.
Whoosh bottle

I l'ink this to the previous demonstrat.i
generates some heat during the reaction. We can thus use chemistry to make heat and one of t
simplest ways is to burn a fuel. In this case we take a water cooler bottle and add some methylateq

or surgical spirits. | make sure that the inside is fully coated with liquid, give it a bit of a cuddle to
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warm up the bottle, and pour away any excess liquidiag$ use a splint on a stick or a long

barbeque lighter to light the bottle. The results of this experiment can be seen in Figure 3.

Figure 3: The "whoosh" bottle

These bottles can be expensive to get hold of. | have found, however, that the water coolel
companies are happy to supplyttles, which they are taking out of service, free of charge. These
bottles would otherwise only have been sent for recycling. Even if they cannot be used to supply,
potable water for humans they are generally plenty good enough for this demonstration.

Immediately after the demonstration the bottle has depleted its reserve of oxygen. If the
experiment is repeated without refreshing the air in the bottle the alcohol will only burn at the neck
of the bottle which will discolor and melt the bottle. (Yes,asthappened to me.) This can be
avoided by blowing into the bottle, or simply leaving the bottle with the neck down in an

environment where the carbon dioxide can settle, and diffuse away. If the bottle is to be reused
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quickly the oxygen may also be repkamed by haHfilling the bottle with water, and tipping the
water out. In this case, however, the bottle should be rinsed with excess fuel to ensure that an
residual water has been removed.
Cornflour flame

The final flourish is a demonstration to showve tanergy there is in food. Cornflour
(cornstarch, Maizena) may be blown out of a funnel and ignited with a variety of sources. My
preference is to use a funnel on the end of a fairly rigid plastic tube. I blow in the end of the funnel

and ignite the flamavith a blowtorch as shown in Figure 4.

Figure3: A cornflour flame
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