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ABSTRACT

The purpose of the study was to investigate stsdepérformance in chemical
calculations involving gas equation, mole conceyt enemical equations. 100 Senior Secondary
(SS) students from 10 schools in Port Harcourt opetiis participated in the study. Twenty-item
objective test was the data collecting instruméwerall findings of the study showed that
students performed poorly in chemical calculatioability to make out the goals of test items,
not being able to recall information from memorgewf wrong units, difficulties in inter-unit
conversions, reasoning deficiencies using inforamafrom the stem of test items and from their
memory were some of the problems of the studemtglidations of these findings for chemical
education were discussdéfrican Journal of Chemical Education—AJCE 5(1gndary 2015]
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INTRODUCTION

In November/December, 2013 West African Secondatyo8l Certificate Examination
Chief Examiners’ report [1] on chemistry observaohong others, the weaknesses of candidates
which included poor expression and presentatiolaats, poor mathematical skills and inability
of students to use appropriate technical term®fmidion and explanation of concepts.

The case of the difficulty students’ encountergarhing some aspects of chemistry is not
new [2-6]. Mathematical aspects of chemistry, gmwadly quantitative chemistry, is of concern
to secondary chemistry teachers. Quantitative céteynat the secondary school level involves
mainly simple calculations related to ratio, prdmor, formula transformation, addition,
subtraction, multiplication and division. Studie$ Koleosho [7] on calculations involving
formulae and equations, Eniayeju [8] on mass ardme relationships in chemical reactions
and the stoichiometry, Abijo [9] on calculations omle concept, Bello [10] on a calculation
involving solubility expressed in mole of soluter pler® of the solution, to mention a few, reveal
the various mathematical problems students haveaMeknow that mathematics and students
are not best of friends in that most students dreathematics. There are clear indications of
students’ poor performance in mathematics [11].

For students to tackle quantitative chemistry, rifpgrformance in mathematics must
appreciate. If students must learn quantitativerébeey, the teacher must carry out the dual role
of teaching chemistry as well as teaching matha®aflhis is a problem, especially if the
teacher is handicapped in mathematics. This prgletwithstanding we have success stories of
chemistry teachers coping with the situation [12-¥& the teachers are improving in their
methods and strategies in assisting the studesuts tpiantitative chemistry, there is that urgent

need to continue to assess the performance ofuberts.
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Handy and Johnstone [19] working with white childexamined students’ performance
in chemistry using objective tests. Their studyedded students’ performance in “reasoning
process concordant with those of the question wiitee teacher), by guessing, by merely
rejecting all of the distracters, other deviouscedures, and factual recall alone”. The use of
objective test in assessing students in chemistcpimmon in Nigeria both in local and national
examinations. In fact, Federal Government [20]lbag directed practitioners in the educational
sector, for all disciplines, including chemistripat assessment of the students should include
among others multiple choice items.

Specifically, through multiple choice items thedstunvestigated students’ performance
in some aspects of quantitative chemistry, namedyculations involving gas equation, mole
concept, determination of molecular formula anducttire of compounds, and chemical
equations. The study, apart from the interest infopmance, will further reveal students’

difficulties in chemical calculations, which migighten the yoke of the teacher.

METHODOLOGY

One hundred senior secondary students drawn framsthools in Port Harcourt,
metropolis of Rivers State participated in the gtutihe instrument used in the study was a
twenty-item multiple choice objective test. Thettésms were drawn from chemistry areas of
calculations involving a gas equation, the molecemt, determination of molecular formula and
structure of compounds, and chemical equations.

Chemistry teachers of the students validated tis¢ items. Apart from few test
construction mistakes which were rectified, thengewere found to be within reach of students.

They were ready to be used to study the performahttee students in chemistry.
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The test was administered to the students in tlaious schools. Chemistry teachers of
the students assisted in the administration ote@keafter the principal of the schools granted the
permission. A day was chosen for the test admatistn considering schools schedules. Students
were requested to bring their pencils and erasalgsto their various examination halls. When
the students were seated, test item papers weea givthem. On the spaces provided, students
gave their names, schools and proceeded to anbeeguestions. The students were allowed
thirty minutes for the twenty test items. At thedeof the given time, the test papers were

retrieved from the participating students.

ANALYSIS OF DATA

Item analysis was carried out to find out the dsition of the responses for the various
options offered in the test items. The frequengstriiution was converted to percentage (in
brackets). Reasons given by the students (SSh#&options they ticked were also considered.
The analysis is presented for each test item, thus,
ltem 1: A certain amount of gas occupies 502 atm. and PC. Calculate  the number of
moles present (R = 0.082 atm. Wi mole?)

(a) 0.400 moles (b) 1.521 moldéc) 0.431 moles (d) 0.34 moles

sS: (45%) (30%) (20%) (5%)

ltem 2: 2.0 moles of an ideal gas are at a temperaturé33-and a pressure of 2 atm. What
volume in dni will the gas occupy at that temperature?
\V(a) 21.32 dri(b) 21.23 atm (c) 20.21 dhid) 21.24dm

sS: (18%) (23%) (48%) (11%)
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ltem 3: Under a pressure of 300Nfna gas has a volume of 250twhat will it's volume be, if
the pressure is changed to 100 mm Hg at the sanetature? (760mm Hg = 101 325K)m
(a) 51.50cm (b) 56.52cm (c) 56.25cm (d) 50.25cm

ss: (30%) (29%) (11%) (30%)

ltem 4: A certain mass of gas has a volume of 241aml&C and 753mm Hg pressure. What
would its volume be at STP?
(2)203cmi  (b)201cni  (c) 221cni  (d) 224cnd

sS: (30%) (14%) (28%) (28%)

ltem 5: A gas has a volume of 5002mhen a pressure of 1000Nnis exerted on it. What will
be its volume, if the pressure is changed to 150Hgrat the same temperature (760mm Hg =
101325Nn¥)

V(@) 25cni  (b)20cnt (c)25dn? (d)20dnd

Ss: (19%) (12%) (56%) (13%)

Item 6: Calculate the number of moles in 1.58g of Solicapstum tetraoxomanaganate (Vvii)
\(a) 0.01mole (b) 0.001mole (c)1.0mole (d) 0.1@mo

SS: (12%) (31%) (45%) (12%)

Item 7: Calculate the number of atoms of elements in a Eanf{l8.63g of lead (Pb = 207)
V(a) 5.4x16% atoms  (b)0.5x1% atoms (c) 5.0x1%8 atoms (d) 4.5 x18 atom

ss (13%) (36%) (23%) (28%)
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Item 8: How many moles are there in 20g of Ca@Ca =40) C =12, O = 16)
\(a) 0.2moles (b) 0.02moles (c) 0.21moles (d) 0.2wol

sS: (14%) (28%) (28%) (30%)

Iltem 9: If 12g zinc reacts with excess hydrogen chloridé,azalculate the number of moles of
hydrogen liberated.
(a) 0.32molesV(b) 0.032moles (c)0.230moles (d) 1.231moles

sS: (18%) (18%) (37%) (27%)

Item 10: What is the mass of 3 moles of oxygen molecule2X6)
(a) 699 (b)79g (c)869 V(d)96g

ss: (26%) (38%) (14%) (22%)

Iltem 11: A compound has a composition C = 93.2%, H = 7.7%e ¢ompound has a relative
molecular mass of 78 and burns with a very sosthgll. What is the compound?
\(a) benzene (b) toluene (c) kerosene (d) fuel

sS: (18%) (24%) (31%) (27%)

Item 12: The percentage composition of carbon, hydrogeroagden in vitamin C was
determined by burning a sample weighing 2.00mg. Miasses of carbon (iv) oxide and water
formed are 3.00mg and 0.816mg respectively. Whiieiempirical formula of vitamin C?

(@) CeHsO  V(b) GH403 (C) GH204 (d) GH401

SS: (5%) (15%) (33%) (47%)
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Iltem 13: Sample of calcium chloride 1.64g is dissolved intewaand silver trioxonitrate (v)
solution added. A precipitate of AQCl weighing 4g24as formed. Determine the simple formula
of calcium chloride.

(a) CaClO (b) CuClI (c) CaCl J(d)CaCh
SS: (18%) (30%) (46%) (6%)
Item 14: A compound contains 84% carbon and 16% hydrogemnl e empirical formula of
the compound.

V(@) CH (b) GHa (c) CHCa (d)GHeKs
SS: (18%) (42%) (10%) (30%)
Iltem 15: A mineral contains 14.7% calcium and 67.7% tung$t¥), the reminder is oxygen.
Find its empirical formula.

V(a) CawQ (b) CaQ (c) CaO (d) Caw

ss: (18%) (33%) (28%) (21%)

Iltem 16: What volume of dry carbon (iv) oxide (GOgas measured at STP will be produced
from the decomposition of 3.5g calcium trioxocaratn(iv)? (Ca = 40, C =12, O = 16)

(a) 1.6dn? V(b) 0.78dni (c)1.06dnd (d)0.6dnd
SS: (10%) (10%) (28%) (52%)
Item 17: Calculate the number of moles of calcium chlori@aCL) that can be obtained from
25g of limestone, CaG0n the presence of excess hydrogen chloride (HC§ = 40, C=12,
0=16,H=1, Cl = 35.5)

(a) 0.25moles (b)2.5 moles (c) 0.52moles (d) m2tes

ss (13%) (28%) (29%) (30%)
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Item 18:What mass of lead (ll) trioxonitrate (v), Pb(&®would be required to yield 9g of
lead (1) chloride, PbGlon the addition of excess sodium chloride sotytidaCIl? (Pb = 207,
N =14, O =16, Na = 23, C| = 35.5)

(a) 10.71g (b) 10.1g (c) 10.7g (d) 1.10g
SS (30%) (26%) (5%) (39%)
Iltem 19: Determine the mass of carbon (iv) oxide, gfoduced on burning 104g of ethyne,
C,H, (C-12, O =16, H=1)

(a) 359 (b) 3259 (c) 352g (d) 3599
SS: (20%) (23%) (17%) (40%)
Item 20: In the industrial preparation of hydrogen trioxoaie(v) acid, ammonia gas, Nkb
burned in oxygen, £in the presence of catalyst according to the toua

ANH(g) + 50(g) —» 4NQ, + 6H,0())

If 260cn? of NH; is burnt completely, what volume of NO is produed
(a) 160cn? (b) 261cm (c) 360cn (d) 260cnd

Ss (36%) (33%) (30%) (2%)

DISCUSSION OF FINDINGS

Discussion of findings was done according to trgpoase patterns of the students to the
options provided in the solutions of the test items
(A) Test —Items on Calculations involving Gas Equabns

Test-item 1 required the students to find out thenber of moles present in 5.0mf a
gas at 2 atm and £G. About 20% of the students got the correct opt@rwhile the remaining

80% ticked the various distracting options. Thigsjion required the application of the formula
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PV =nRT. Option (b) 1.521 moles and (d) 0.341 malese far from option (c) 0.431 moles.
However, 45% of the students considered (a) 0.40i@3n

The students seem to have disregarded a wholeastilastamount of 0.031moles of the
gas. The students’ thinking may have been thatesines a gas, this amount may not matter
much in the experiment. This idea of possible reampof not considering the gas amount as not
being substantial seem to have also been applitfttistudents’ choices of answers in items 2
to 5 where the distractive options are closer @ dbrrect options. For instance, in item 3, the
correct option is (c) 56.25¢hwhere 11% of the students ticked compared to (a3C&nt
(30%), (b) 56.52cr(29%), (d) 50.25c(30%). The reasoning of the students follows traes
pattern as in items 2, 4 and 5.

Apart from the students’ choices of wrong optionghe test items due to mathematical
difficulties associated with chemical calculatioapplication of the correct units is observed to
have been misunderstood by over 12% of the studkatsattempted the test items. In test item
2, the answers are expressed irf golume. About 23% of the students ticked answ@ressed
in atmosphere (atm) representing pressure. Similaritest item5, answers are expressed ih cm
(volume). There was still a total of 60% of thedgtnts who reasoned that the answer should be
expressed in di(higher level of volume). This is also part of tadculation problem associated

with lack of understanding of uniformity of units the relevant equation or formula.

(B) Calculations Involving the Mole Concept
There were five test items related to the mole ephcSolutions of these test items are
also connected to those of items 1 to 5. Howewesséd ones required inter-conversion from mass

to particles or amount and vice versa. Items 6n@ @ required the student to calculate the
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amount in moles. The difficulties the students exgmeed in items 1 to 5 re-occurred here — the
problem of underestimating fractions of the substanust as it was done with the gases. For
example, item 6 required the students to calculee number of moles in 1.58g of solid
potassium tetraoxomanaganate (vii). About 12% efdtudents chose the correct option (a) 0.01
mole. Option (c) 1.0moles where 45% of the studesdponded is on the far-side of (a) and the
remaining distracters (b) 0.001 mole (31%) and)(@pmoles (12%).

The students should have reasoned that 1.0molasvesy large amount equal to the
molecular mass of the substance. For experimemts dbthe micro-level, the students may not
require that large amount of 1.0mole; rather srmadbunt is needed, of course within the range
of 0.001 and 0.1mole. The same reasoning of thdests in the choice of answers in item 6,
seem to apply to item 8, requiring the estimatehaf amount in moles of 20g of calcium
trioxocarbonate (iv). Test-item 7 required the raation of the number of atoms (particles) in
18.63g of lead. This problem involves the knowleddepplying 207g (atomic mass) of lead
containing 6.02 x14 atoms (Avogadro’s constant). While only 13% of gtedent ticked 5.4 x
107 atoms (a), most of the students indicated theadisrs (b, c, d). It is thought that the
mathematical problem of division and applying thed of indices would have been responsible
for the wrong choices of the options.

On the other hand, in item 10, the problem requa@aversion from amount in moles to
mass. The students should have noted first that i8h be converted is 3moles of oxygen
“molecules” not oxygen “atoms”. Only 22% of the duts considered (d) 96g while the rest of
them took the wrong options. Apart from the cheinicalculation problem, lack of

understanding of the problem statement affectedaagoning patterns of the students.
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(C) Calculations Involving Determination of the Molecular Formula and Structures of
Compounds

This section concerns items 11 to 15. In theseitests, students are presented with
some chemical compositions. Students were requ@redake out the compounds or figure out
their empirical formula or molecular formula. Itetd was not only to find out the molecular
formula, GHs but also to name the compound. About 72% of thdestts could not name the
compound. On close inspection of the rough worksedat the back of the test paper by eighteen
students showed that they quickly arrived gH&but could not name the compound. It is
possible that teachers assume that students awersant with names of organic compounds,
and so do not see the need to match the molearlaufa with the names of the compounds.

Arriving at the molecular formula of a compound stimes may require getting at the
empirical formula. The initial step is to divideetrcompositions by atomic masses of the
elements followed by further division with the lostefactor and so on. These are all
mathematical algorithms that make demands on theanecapacity of the students. Students
are failing to cope means that they cannot calewatpirical formula which leads them to find
molecular formula. For test items 12, 13, 14 andol®&r 50% of the students could not calculate
empirical formula from the given chemical compasi8. What the teacher might do is to
identify those aspects of chemical calculation teguire mathematical algorithms. First, get the
student acquainted with the problems before rejatitem to the chemical calculations. When
that is done, one can now consider the reasonitigrpa and further pinpoint where there are

problems for remediation.
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(D) Calculations Involving Chemical Equations

Test items 16 to 20 are connected with calculationslving chemical equations. It
means that in these test items, students shouéibleeto write chemical equations and balance
them or determine whether they are balanced orfrom the equations, it is possible to obtain
the proportion of the reacting entities which caneglguated to standard temperature and pressure
(STP). Item 16 required the estimation of volumeligf carbon (iv) oxide (Cg) gas measured at
STP from the decomposition of 3.5g of calciumxdocarbonate (iv).

Only 10% of the students got the correct optionilevtine rest 90% failed to answer the
guestion. It was observed that students that faledest could not reason, because they failed to
write chemical equations, recall from memory voluofegas occupied at STP. The need to
balance equations so as to solve the problem at bacame clearer with item 20. The equation
was provided and balanced, but only 2% of the stisdécked the correct option. The test
required the estimation of the volume of Nitrogerid® produced after burning 260tmf
ammonia. The reasoning was to consider the 1;b a@ftiammonia used to produce nitrogen
oxide. Answers like 160cin260cnt and 360crfido not fall in line. They appear to be guessed
as the students could not utilize the informatioveqg in the equation. It means that students
could also write chemical equations without knowivayv to extract information from them.

Test items 17, 18 and 19 are such problems thahesdvily on the information given in
the chemical equation. Less than 17% of the stgdsmild provide the correct options to the test
items. The teacher will need to teach writing aathbcing equations before bringing them into
problems like this. Students should understanddhetions so that writing the equations will be
meaningful to them. The coefficients of the equatishould be made very clear to the students

so that they know how they are related to amountsples) and in grams. The coefficients of
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the molecules or compounds are very useful in cb@&mcalculations involving chemical

equations. The coefficients can relate to a nunoberariables in chemistry depending on the
nature of the problem. For example 4Nig) could means 4moles or parts by volume or 4spar
by pressure as the case may arise in a problerde®gicould not utilize the coefficients in their

reasoning and so obtained distracters as answers.

IMPLICATIONS OF FINDINGS FOR CHEMICAL EDUCATION

Chemistry and chemical technology contribute toghality of life on the planet earth in
many areas: health, nutrition, agriculture, tramsgimn, materials and energy production, and
industrial development. Mathematical contents apeérations in these areas are helping in
improving further the quality of life. Concerninget health sector, for example, it has been
suggested by Professor Gabriel Oyibo, a Nigeriam-tdS mathematical physicist, using his
God Almighty Grand Unified Theorem (GAGUT), thaketkolution for the dreaded HIV/AIDS
may be found in mathematical manipulations of tivesv[21]. It is also suspected that Ebola
Virus Disease (EVD) cure could be sorted out ingame way. Research is ongoing. We cannot
afford to do away with mathematics in the scienseidlines including chemistry.

The findings of the study which clearly indicatée poor performance of the students in
chemical calculations need to be treated with ttreogt concern. Learning chemicals facts,
concepts, principles and theories with chemic&dutations is imperative if we must produce
sound chemists, technologists, engineers, agritsttuand medical doctors, just to name a few.
Teachers’ complaints about chemistry students’ilitgtho cope with quantitative chemistry is
no longer tenable. Good chemistry teachers arareanisly trying out methods and strategies

necessary to combat students’ difficulties in cheaincalculations involving gas equation, mole
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concept, determination of molecular formula anducttire of compounds, and chemical

equations, being mindful that these are in theth@ashemistry curriculum.

Students are not doing well in quantitative chemishvolving gas equation, mole

concept, determination of molecular formula andudtire of compounds and chemical

equations. Considering, the relevance of thesesaneehemistry and related discipline students

should make frantic efforts to learn them. Chemisteachers should improve on their

approaches to teaching quantitative chemistry.
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