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Abstract

The difficulties of the Chemistry students from Kasn Metropolis in
writing structural formulae of organic compoundsrevestudied using cross-
sectional survey design. The quantitative surveasdupercentages and graphs to
analyse the quantitative data obtained from aneaelment test and interview and
the qualitative survey was used to analyse theaggpions given by students on
the structural formulae provided for the organianpounds. Students had
difficulties in writing structural formulae of alkas, alkenes, alkanols, alkanoic
acids, and alkyl alkanoates. The difficulties tfidents in writing structural
formulae of organic compounds from the IUPAC naroesld be attributed to
students’ inability to identify from the IUPAC naméhe correct number of
carbon atoms in the parent chain, the chemical synolb formula of any
substituent or functional group, the correct positof and number of multiple
bonds, functional, or substituent group. Thesdestts’ difficulties in writing the
structural formulae of organic compounds havingnbédentified, Chemistry
teachers are therefore encouraged to hold clasgsdi®n with students after each
class exercise on IUPAC nomenclature to enable identify these weaknesses
and work on them.

Keywords Chemistry students, difficulties, IUPAC namesgamic compounds,
structural formulae
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Introduction

Gillette (2004) revealed that there are three wafysepresenting the
IUPAC names of organic compounds with structuraimidlae. The first is the
Lewis structurgreferred to as expanded structural formula). Ié&wis structure
shows all the carbon and hydrogen atoms togethttr amy other atom or group
of atoms and the covalent bonds connecting theme second structure is the
condensed structural formula, which shows any gagtoms in the straight chain
together with any other atoms or group of atomshecting to the chain without
the covalent bonds or any unshared electron pdiisthe condensed structural
formula, the covalent bond is shown only and ohtpére is the need to clarify a
specific portion of the structure (Gillette, 2004)he line-angle drawing, which
uses lines to show chemical bonds without the cadya hydrogen atoms, is the
third structural formula (Gillette, 2004). For exple,

|H r |H |H|H CIgCH2|CHCH2CH3
H—C—C—C— C|I—H Chs W\

| | | Condensed structure Line-angle structure
HH| HH
H-C—H

—0O

H

Lewis structure

Gillette (2004) stressed that notwithstanding thethmd of structural
formula used for any particular compound, the preseof any other atom or
group of atoms and multiple bonds in any particufeecule must be showed.
For example, CECH=CHCH;. From Gillette (2004), “sometimes, for clarityew
use a combination of a line-angle drawing and adeosed structural formula to
depict a cyclic hydrocarbon” (p. 7).

In simplest form, there are three parts to eachraogmolecule. These are
a root (parent); which shows the number of carbon atomsthi& longest
continuous carbon chain, and suffending); which shows the family to which
the organic compound belongs. The third part &ixrwhich is dependent upon
the number, position, and identity of any atomsgmups of atoms that have
replaced any hydrogen atom or atoms in the parempound (Gillette, 2004;
Woodcock, 1996). Gillette (2004) stressed thaniy Chemistry student is able to
learn to apply and interpret these three partggdiic compound names, then he
or she will be able to “write the chemical namesagjanic compounds base on
their Lewis structures; and draw the Lewis struesufor organic compounds
based on their IUPAC names. The same will be tomuecondensed structural
formulae and line-angle drawings” (p. 2).
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Cracking the Code

According to Gillette (2004), “to draw the structwf an IUPAC-named
compound, we work backwards through the compoumdendrom the ending to
the parent name to the prefix” (p. 7). Clark (20@8plained that an IUPAC
name of an organic compound is simply a code aatlgach part of the IUPAC
name reveals some useful information about the comgh. For example, 2-
methylpropan-1-ol could be understood in the folluywvays:

1. The prop shows the number of carbon atoms in the longestire@mus
carbon chain (and in this instance, there are tatems of carbon) (Clark,
2000).

2. The —anthat comes immediately after the ‘prop’ shows therneo carbon
to carbon multiple bond (Clark, 2000).

3. The 2-methylnd-1-ol show what is/are happening on the first and second
carbon atoms in the longest continuous carbon di@ark, 2000).

Counting the Carbon Atoms

Clark (2000) was of the view that one has to léhencodes for number of
carbon atoms in a continuous carbon chain in cq@®@ame organic compounds.
Table 1 shows the codes for each group of numbecaobon atoms in a
continuous carbon chain.
Table 1: Codes of the First Eight Groups of CarborAtoms

Code Number of Carbons

Meth
Eth
Prop
But
Pent
Hex
Hept
Oct

o~NO g PwNE

Clark (2000) pointed out that if an organic compbwontains a carbon-
carbon multiple bond, the two letters that come edrately after the code for the
chain length will give an indication. Table 2 sk®the codes for carbon-carbon
single and multiple bonds.

Table 2: The Codes of Carbon-Carbon Bonds

Code elrgretation

an the molecule contains only carbarbon single bond
en the molecule contains a carbon-carbaiblédoond
yn the molecule contains a carbataa triple bond
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Alkyl Groups

Alkanes with more than two carbon atoms can pmwigbre than one
derived group. For example, two groups can bevddrirom propane; namely
the propyl group is derived by removal of a terrhimgdrogen, and 1-methylethyl
or isopropyl group is derived by removal of hydrogieom the central atom.
According to Clark (2000), alkyl groups such as mgkt(CHz;—), ethyl
(CH3;CHy—), and propyl (CHsCH,CH,—) are usually attached to the longest
continuous carbon chain.

The findings of Baah (2009) from his study conddcat the New Juaben
Municipality of the Eastern Region of Ghana witl3enior High School form 3
Chemistry students revealed that students havécutif in writing chemical
formulae of inorganic compounds from the IUPAC nameHe attributed this
challenge of Chemistry students in writing chemfcamulae from IUPAC names
of inorganic compounds to the lack of understanditpe students in the Roman
numerals that are put in the brackets of the IUR¥a@es such as ‘I’ and V' in
Copper(ll) tetraoxosulphate(V). Also, the challera the students was attributed
to their inability to determine the number of atonfigach element in a compound
and to write the correct formulae of radicals. Fexample, PG for
tetraoxophosphate(V) ion and gOfor trioxocarbonate(lV) ion. Hines (1990),
who conducted a study with secondary school stsdenBotswana, has pointed
out that when it comes to writing chemical formuteem IUPAC names, science
students have a greater challenge in doing solo BE®88) has revealed that the
difficulties of students in solving stoichiometpcoblems are responsible for their
inability to write chemical formulae as requiredthge IUPAC system.

Wu, Krajcik, and Soloway (2001) have revealed fhemistry students
have difficulty in writing structural formulae ofrganic compounds such as
CH3CH,OH because they see them as a combination of de#ted numbers.
After a 6 week period of the use of eChem with venth grade students of
small public high school in a midsize universitytoin the Midwest, Wu, et al
(2001) found that students’ difficulty in writingractural formulae of organic
compounds has minimised. This is because there stasstical significant
difference between the means of pre-test (N = 7% BL.1) and post-test (N =
71, M = 59.5) results after they had besibjected to a paired two-sample t-test
analysis (SD> 2.5, t(70) = 13.9, g 0.001) with an effect size of 2.68 (Wu et al.,
2001).

The WAEC Chief Examiner's Reports in Ghana havewsd that
students found it difficult to answer questionsloRPAC nomenclature of organic
compounds in the West Africa Senior Secondary fgate Examination
(WAEC, 2000; 2001; 2002; 2003; 2004; 2005; 2006)72@010). These reports
show that Ghanaian students are faced with a cigalen writing structural
formulae of organic compounds from IUPAC namesis Important therefore to
investigate why students are unable to write stmattformulae of organic
compounds from IUPAC names.
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Purpose of the Study
The study sought to diagnose the difficulties ofidsnts in writing
structural formulae of organic compounds from IUPA&nes. This was done by
determining the knowledge level of students in IlWPAomenclature of organic
compounds using five test items. The nature ofdiffeculties and why students
have those difficulties were then investigated. Hbedy was guided by the
following research questions:
1. What difficulties do students have in writing stiwr@l formulae of organic
compounds by IUPAC nomenclature?
2. What accounts for students’ difficulty in writingrgctural formulae of
organic compounds by IUPAC nomenclature?

Methodology
Sample
In this study, the sample was drawn from four duthe 18 schools who
offered elective science for the academic yearDZmMil 1 in Kumasi Metropolis.
The number of students present in each school venticipated in the study is
presented in Table 3. A total of 245 students virrelved in the study.
Table 3: Number of Students from each School who pcipated in the Study

School Type of school Number erdent
of students

A well-endowed 56 63.6
B well-endowed 92 46.0
C less-endowed 45 78.9
D less-endowed 52 72.2

Six students each were further selected from e&c¢heofour schools to
participate in an interview section of the studihe selection of the 24 students
for interview was done by stratifying the scoresstfdents in each school into
two groups as: below the score of three marks @odesof three marks and
above. The maximum score was five marks.

Instrument

The instruments for the study were achievementdedtinterview. The
achievement test was designed by the researchdrgiaen to two Chemistry
teachers from Obuasi Senior High School where nsgument was pilot-tested
for the face and content validation. The instrutneas pilot-test with 10 SHS 4
Chemistry students. The Kuder-Richardson (KR) @éfficient of reliability was
established as 0.8. There were five test itemtherachievement test which was
administered to the 245 students. Any correctarese to each item carried one
mark.

An interview with one student at a time was cartdd with six students
from each school a week after the scripts have Beered. The purpose was to



find out the students’ reasons for supplying suctmeers to the test items using
the IUPAC nomenclature system.

Data Analysis

Quantitative data were generated from the scorethefstudents while
gualitative data were generated from the explanatgiven by the students who
were interviewed on the structural formulae prodith@sed on the IUPAC names.
Hence, the study used mixed methods in the daigsasia The quantitative data
were analysed with percentages and graphs. Quadit@nalysis was done on the
explanations provided by the 24 students on thecttral formulae provided for
each IUPAC name.

Results
The results of the study were presented in twoestagrhe difficulties of
students in writing structural formulae of organ@mpounds from IUPAC names
were determined through the scores obtained bstidents and the number of
students who scored each item on the achievemshtatestage one. The
explanations given by students on structural foamulprovided for each
compound during the interview were presented ascudsed at stage two.

Students’ Difficulties and Reasons for Writing Strwctural Formulae of
Organic Compounds

The test items sought to find out the SHS Chemstingents’ difficulties
in writing structural formulae of organic compourfdem IUPAC names. The
IUPAC names of the compounds used were:

Q1. 2-fluoro-3,3-dimethylbutane

Q2. 4-ethyl-2,3-dimethylhex-2-ene

Q3. 2-methylpropan-1-ol

Q4. 5-chloro-2-methylhexanoic acid

Q5. Propyl 2-chloroethanoate

To show the difficult areas, students’ performaiscpresented for each of
the five test items. The distributions of the gsoon the five test items in Figure
1 show that all the items were difficult. Thisiscause majority of students could
not write the correct structural formulae of theeggi IUPAC names. This could
be attributed to the presence of one or more gubsti groups in each compound.
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Figure 1. Bar chart of students’ performance orimgistructural formulae of
organic compounds using the IUPA@aoclature system.

2-fluoro-3,3-dimethylbutane

The findings in Figure 1 show that out of the 24&dents involved in the
study, 49.4% of the students wrote the correcicttral formula of 2-fluoro-3,3-
dimethylbutane as G€H(F)C(CH)s. Hence, an overall 50.6% of the students
found it difficult to write the structural formulaf 2-fluoro-3,3-dimethylbutane.
This is because the difficulty index of the itemsaaalculated as 0.5.

Some wrong formulae provided and the percentagebenf24 students
who were interviewed on writing structural formulaf 2-fluoro-3,3-
dimethylbutane are presented in Table 4.

Table 4: Wrong Structural Formulae of 2-fluoro-3,3-dimethylbutane given
by Some Students (N = 2)

Formula given by students N %

H FI CHH 1 4.2

H—C—C—C — G—H

H FI CHH
CHsCH(F)CH(CH), 1 4.2

N is the number of students among the 24 studem¢sviewed who could not
provide the correct structural formula of the connpa.

Out of the 24 students interviewed, 20.8% of thelahts could not write
any structural formula for 2-fluoro-3,3-dimethyllane. From Table 4, the 8.3%
of the students who could not provide the corremimiula of 2-fluoro-3,3-
dimethylbutane using the IUPAC nomenclature systdemtified the correct
number of carbon atoms in the longest continuousorechain.
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From Table 4, in the case of the substituent groops student could not
identify the two CH- substituents for the prefix-dbecause he or she thought that
having the methyl substituents written as gJ;Hneans he or she had catered for
both methyl substituents. This is not necessdhiy case as that reduces the
carbon atoms in the longest chain, and that meghglip written as (CkJ does
not necessarily mean a substituent group. Witpeesto the fluoro substituent,
one student could not provide the correct chensgaibol and the number for it.
This is because he or she stated two of Fl instéade of F.

In summary, the main difficulties of students whauld not write the
correct structural formula of 2-fluoro-3,3-dimethytane were their inability to:

1. identify the right number of the substituent grougrsd
2. use the correct chemical symbol for the fluoro situsent.

4-ethyl-2,3-dimethylhex-2-ene

The item difficulty index of the compound, 4-etl®;B-dimethylhex-2-ene
was 0.3. From Figure 1, only 24.9% of the studentste the correct structural
formula of 4-ethyl-2,3-dimethylhex-2-ene as (§HH,),CHC(CH;)=C(CHg)>.
Hence, an overall 75.1% of the students found fiicdit to write the correct
structural formula of 4-ethyl-2,3-dimethylhex-2-eneSome wrong formulae
provided and the percentages of the 24 studentswehe interviewed on writing
structural formula of 4-ethyl-2,3-dimethylhex-2-esme presented in Table 5.
Table 5: Wrong Structural Formulae of 4-ethyl-2,3-dmethylhex-2-ene given

by Some Students (N = 5)

Formula given by students N %

UL 2
AT
HC H GHisH H
CHH H i—l 2 8.3
(CH3)2C=C—C|:— cl—cl:—H
CHH H
(CH3)2CHCH(CH3)CHECH2CH3 1 4.2

The formulae given in Table 5 show that 20.8% ef $kudents identified
the correct number of carbon atoms in the longestimuous carbon chain as six
for the root name hex However, one student could not state double honthe
suffix —ene because he or she thought —ene shows the ggesiea triple bond.
Two students could not assign the right number aMatent bonds to the two
carbon atoms at the site of the double bond.

In the case of the substituent groups, 16.7% efsthdents identified the
correct numbers and positions of the two substitgeoups (ethyl and methyl).



However, 8.3% of the students could not write theect formula for the ethyl
substituent because they wrote G GH, in place of GHs.

In summary, the main difficulties of students whauld not write the
correct structural formula of 4-ethyl-2,3-dimethgia2-ene were their inability
to:

1. assign the right number of bonds to the carbortbeasite of the double
bond, and
2. identify the number of carbon or hydrogen atomshim ethyl substituent

group.

2-methylpropan-1-ol

The findings in Figure 1 show that only 39.2% of gtudents wrote the
correct structural formula of 2-methylpropan-1-sl &H),CHCH,OH. Hence,
an overall 60.8% of the students found it diffictdtwrite the correct structural
formula of 2-methylpropan-1-ol using the IUPAC norokature system. This is
because the difficulty index of the item was cadted as 0.4. Table 6 presents
some wrong formulae provided and the percentagéiseo?4 students who were
interviewed on the structural formula of 2-methgipan-1-ol.
Table 6: Wrong Structural Formulae of 2-methylpropan-1-ol given by Some

Students (N =7)

Formula given by students N %
CH3;CH(OH)CH; 2 8.3

H H H 2 8.3
H—C—C—C—OH

H HH

H CHH 1 4.2
AN

H CHH
CHy(OH)CH(CHs)CH,CH3 1 4.2

H H 1 4.2
H—|CEC|I—OH

H ChH

Out of the 24 students interviewed, 16.7% of thedents could not
provide any response on writing structural formafi@-methylpropan-1-ol. From
Table 6, only 8.3% of the student could not idgntiife correct number of carbon
atoms in the longest continuous chain because éritbem used four carbon
atoms in the parent chain for proprhe other student stated two carbon atoms in



the parent chain for prefpecause he or she thought the methyl group waopart
the parent chain.

In case of the functional group of the compounanethylpropan-1-ol,
29.2% of the students identified the suffi@l as showing the presence of the —
OH functional group. However, 16.7% of the studesduld not decode the name
-1-ol as the presence of the —OH on the first carbon aibthe parent chain.
This could be attributed to how the students parséd the substituent group.

With respect to the substituent group, only 16af%he students could not
write CHs- for methyl because they thought it was alreadst p&the parent
chain, which is necessarily not the case. Fronmlel@pamongst the 8.3% of the
students who identified the methyl substituent, etedent wrote two CH
groups as he or she thought thetat came before the name methyl means there
are two methyl groups on the parent chain. Thidctbe attributed to the fact
that some students are not used to the prefixetsi,dietra and others which are
used to give an indication of the number of theesaobstituent group present.

In summary, the main difficulties of students whauld not write the
correct structural formula of 2-methylpropan-1-are their inability to:

1. identify the correct number of carbon atoms ingheent chain,

2. attach the —OH functional group to the right carladom of the parent
chain, and

3. attach the Cht substituent group to the right carbon atom of phaeent
chain.

5-chloro-2-methylhexanoic Acid

From Figure 1, out of the 245 students who took pathe study, only
13.1% wrote the correct structural formula of Secht2-methylhexanoic acid as
CH3CH(CICH,CH,CH(CH)COOH. The item difficulty index was 0.1 and
hence, an overall 86.9% of the Chemistry studemutad it difficult to write the
correct structural formula of 5-chloro-2-methylherec acid. Some wrong
formulae provided and the percentages of the 2dests who were interviewed
on the structural formula of 5-chloro-2-methylhes@nacid are presented in
Table 7.
Table 7: Wrong Structural Formulae of 5-chloro-2-mehylhexanoic Acid

given by Some Students (N = 9)

Formula given by students N %
(CH3),CHCH,CH,CH(CI)COOH 5 20.8

(CH3),CHCH,CH,CH(CI)CH,COOH 2 8.3
CH3CH(CI)CH,CH,CH(CH;)CH,COOH 1 4.2
(CHs;),CHCH,CH,COOH 1 4.2

Out of the 24 students interviewed, 29.2% could nespond to writing
structural formula of 5-chloro-2-methylhexanoic daciusing the IUPAC
nomenclature system. From the formulae given ild&, 16.7% of the students
could not identify the correct number of carbonnagan the longest continuous

10



carbon chain. This is because 8.3% of the studkatgyht the carbon atom of the

—COOH functional group was not part of the pardrdic. The students stated

that this carbon atom just give an indication tthee compound is an alkanoic

acid. One student wrote five carbon atoms in #xemt chain because he or she
considered the methyl groups written as {sHs part of the parent chain.

With respect to the substituent groups in the ammpg, 5-chloro-2-
methylhexanoic acid, only one student could nontidie and write Cl as part of
the structure of the compound for the chloro stibstit. From Table 7, the
20.8% of the students who wrote the correct nurobearbon atoms in the parent
chain could not position the Cl and ghsubstituents respectively at positions 5
and 2because they started the counting of the carbamsato the parent chain
not from the carbon atom of the —COOH functionalugr.

In summary, the main difficulties of the Chemisstydents who could not
write the correct structural formula of 5-chlora¥iethylhexanoic acid were their
inability to:

1. identify the correct number of carbon atoms ofgiheent chain,
2. identify all substituent groups from the IUPAC narard
3. attach the substituent groups to the right carttomsa in the parent chain.

Propyl 2-chloroethanoate

Out of the 245 students involved in the studys geen from Figure 1 that
only 3.7% of the students wrote the correct stmattdiormula of propyl 2-
chloroethanoate as GHI)COOCHCH,CHs. The findings show that an overall
96.3% of the students found it difficult to writieet correct structural formula of
propyl 2-chloroethanoate. This is because thecdity index of the compound
was calculated to be less than 0.1 (that is 0.0dgble 8 presents some wrong
formulae provided and the percentages of the 2dests who were interviewed
on the structure formulae of propyl 2-chloroethaaoa
Table 8: Wrong Structural Formulae of Propyl 2-chloroethanoate given by

Some Students (N = 4)

Formula given by students N %
Cl O 2 8.3
1o
|
O 1 4.2

CHz—C—OCH,CH,CHs
H H 1 4.2

H—C—C—C=COOH

H CI
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Majority of the students (66.7%) who were intewesl could respond to
writing structural formula of propyl 2-chloroethate using the IUPAC
nomenclature system. From Table 8, 12.5% of theesits could not identify that
the compound, propyl 2-chloroethanoate belongshi family of the alkyl
alkanoates (RCOOR’) because they wrote the —COQtdtifanal group as the
functional group of the compound.

In terms of the number of carbon atoms in theepachain, only one
student identified all the three carbon atoms enRh group for prop and the two
carbon atoms in the RCOO group for-etkle or she however forget to add @le
atom to the second carbon atom of the RCOO groughé&name 2-chloro.

In summary,the main difficulties of students who could not terithe
correct structural formula of propyl 2-chloroethateo were their inability to
identify the:

1. correct number of carbon atoms in the parent chain,
2. correct functional group for alkyl alkanoates, and
3. substituent group from the IUPAC name.

Conclusions

The study has shown that the students had diffeulh writing structural
formulae of organic compounds from the IUPAC namésalkanes, alkenes,
alkanols, alkanoic acids, and alkyl alkanoatesis Tbuld be that students are not
conversant with the names of the three parts df eeganic molecule. Chemistry
teachers should therefore provide students withofigortunity to learn to apply
and interpret the names of the three parts of acganlecules using the IUPAC
nomenclature system.

In this study, what accounts for Chemistry studedif§iculty in writing
structural formulae of organic compounds usinglthifRAC nomenclature system
has been shown. This includes their inabilitydenitify from the IUPAC name
the correct number of carbon atoms in the pareain¢chthe chemical symbol or
formula of any substituent or functional group, tdogrect position of and number
of multiple bonds, functional, or substituent groughis means that students
could not work backwards from the IUPAC name togstractural formula of any
given organic compound.

Recommendations

As students had difficulties in writing structurbdrmulae of organic
compounds from IUPAC names of alkanes, alkenegpalk, alkanoic acids, and
alkyl alkanoates, it is therefore recommended tBhémistry teachers should
provide students with more worked examples in tlaesas.

Since the students’ difficulty in writing structlireormulae of organic
compounds from IUPAC names was partly due to timgibility to identify the
correct number of carbon atoms in the carbon ch@memistry teachers are
therefore encouraged to hold class discussion witllents after each class
exercise on IUPAC nomenclature to enable them ifyethis weakness and work
on it.
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