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ABSTRACT
This study concerns an investigation into the
difficulties that the students of Schools of Basic Studies
in Nigeria experience when they solve problens in nmechani sns
of organic reactions. It is basically an analysis of their

conceptual and strategic or procedural difficulties in the

area specified.

The Schools offer pre-degree (A-level standard)
courses, preparatory to university entry. The sanpl e
conprised 190 students drawn from5 out of the 13 colleges
in the country. Their average age was 18.5 years. They
were well notivated

The study had two maj or conponents:

(a) Di agnosi s, which focused on probing the nature

and causes of the difficulties.

It conprised three parts:

(i) The prelimnary part, which is dealt

with in chapters 1 and 2. It involved
a prelimnary survey to establish and
define the research problem and the
review of relevant literature that
paved the way for the devel opnent and
design of research instrunents,

(ii) Part 1A, covered in chapters 3-6,
descri bi ng the paper-and-pencil method
used to investigate the difficulties,

(iii) Part 1B, covered in chapters 7-9, in
whi ch protocol analysis (referred to as
TAPS) is used for probing the

t hought - processes that underlie the



(b)

Chapt er

\Y

students' probl em sol ving behavi our
observed in part 1A
Renediation: This is dealt with in chapters
10-11, describing a renedial programe ai ned
at reducing the students' difficulties
identified in part | of the study.

12 is an overall conclusion of the study.

The results fromthe study showed that:

(a)

(b)

(c)

(d)

(e)

The students possessed the requisite chem ca
know edge required for solving the problens
posed.

They were, however, unsuccessful in solving
the probl ens. Some of the reasons are:

(i) They lack functional understandi ng of
the chem cal concepts which they have
acquired,

(ii) They lack the requisite strategies for

solving the problens.

There is a positive, but low correlation

(r = 0.45) between the students' reservoir of
chem cal know edge and their ability to
utilise the knowl edge in solving problens
requiring themas pre-requisites.
The students' reservoir of chem cal know edge
is not a reliable guide for predicting their
ability to solve problens requiring such
know edge as pre-requisites.
The focus of the students' ideas about organic
reactions revolve around the concepts of
charge and the electrostatic attractions

bet ween oppositely-charged species.



(f)

(9)

(h)

(1)

Vi

The students have a nunber of chem cal

m sconceptions which contributed to their
failure in solving the problens. These
i ncl ude:

(i) the electronic nature of coval ent
bondi ng.

(i) the processes of bond-breaki ng and
bond- maki ng and the acconpanyi ng
structural changes as reactants are
converted to products.

(iii) formal and partial charge synboli smns.

(iv) curved arrow fornmalisns.

(v) common technical terns frequently used
(by teachers and in texts) to convey
chem cal i deas.

The mal e students performed significantly
better than the femal e students, even though,
there seened to be no significant difference
in their possession of chem cal know edge.
The students problem solving approach did not
show any cl ear and/or consistent pattern that
could be used to classify their strategies
into any formal categories. They were
characterised by a random trial-and-error
search for solutions.

The "structured text" renedial programe
represents an effective nethod of inproving
the problem solving capability of the

st udent s.



Vi

The limtations of the study are outlined, its
inplications for curriculumdesign and instruction in
N geria highlighted, and suggestions for direction of

further research are nade.
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"The teaching of science should involve much more
than the mere transmission of factual information.
Indeed, most people would agree that a more importan:
goal ié teaching students to use basic facts and
concepts flexibly so that they can deal with new
situations, predict various consequences and solve

problems”.

Reif etal {(1976)



CHAPTER ONE

BACKGROUND AND STATEMENT OF RESEARCH PROBLEM

1.1 overview
In this chapter, the preliminary ideas regarding

the rationale for and basis of the research problem are
discussed. The summary is that the problem is real,
its investigation worthwhile, and its results have
potentials for positive impact on curriculum design and
implementation in respect of science teaching in
Nigeria.

1.2 The Problem

1.2.1 Introduction

Chemical reactions lead to transformation of
compounds. In reactions of organic compounds
molecules are involved, Their chemical transformation
involves the breaking and making of covalent bonds.
These are sequential in some cases and concerted in
others. A detailed description of this transformation
constitutes an organic reaction mechanism, (Tewari et
al, 1980; Caserio, 1965).

One of the major aims of chemistry teaching is to
give the student such a knowledge of the framework of
the subject as to enable him understand the structure
and chemical transformation of matter (Thompson,

1971). In recent years, the teaching of organic
chemistry has been done from a mechanistic approach
(Norman and Waddington, 1979). This is presumably
with a view to promoting in the student the
establishment of a functional conceptual framework that
enhances the understanding referred to by Thompson.

(deyin; =i+
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1.2.2

The ability of the student to display such an
understanding when called upon to do so (ie

problem solving) constitutes an index of learning that
has occurred; for problem solving is the hall-mark of
learning (Gagne, 1977).

However, Stewart (1982) has observed that science
educators know very little about what students learn
from science instruction. Thus he suggested that "one
way to fill this void would be for researchers to do
detailed analyses of the conceptual and procedural
knowledge that students are expected to learn in
science courses", He further contended that "with
these descriptions, it would be possible to detail the
knowledge (especially misconceptions) that students
take away from instruction, thus providing a rational
basis for changing science instruction®". This, in
effect, summarises the central consideration upon which
the whole essence of this study is based.

Background to the problem

There are various levels within the educational
structure of the Nigerian schooling system, These are
interspaced between primary school at the lower end and
the university at the upper end.

The educational structure can be broadly
categorised into three: primary, secondary and
tertiary levels. The primary section is represented
by the primary schools. The secondary level of
education is the concern of secondary schools, teacher
grade II training colleges, technical colleges and

their eguivalents. The tertiary level of education is

w



undertaken in the polytechnics, Advanced Teachers'
Colleges, Colleges of Education and ultimately, the
universities, It is a hierarchical structure with the
universities at the apex. University education has
been and continues to be a symbol of academic
achievement. It has thus become a prime aspiration
and ultimate goal of a majority of the students at the
lower levels. However, a large proportion of the
aspirants do not usually realise this ambition due to a
combination of factors ranging from limited placement
vacancies to difficulties arising from financial
constraints. In fact university admission fiqures for
science and science-based courses (Table 1.1) shows
that only about 13% of the prospective candidates end
up finding places in the universities. The table
gives the figures for five consecutive years, 1980-85.
TABLE 1.1 APPLICATIONS AND CORRESPONDING ADMISSIONS

FOR SCIENCE AND SCIENCE-BASED COURSES IN NIGERIAN
UNIVERSITIES, 1980-85

TOTAL NUMBER TOTAL NUMBER %
YEAR OF APPLICATIONS |OF ADMISSIONS ADMISSIONS
1980/81 57,207 8,359 14.6
1981/82 56,877 8,748 15.4
1982/83 64,322 4,128 6.4
1983/84 62,105 7,910 12.7
1984/85 60,612 10,573 17.4
TOTALS 301,123 39,718 13.3




This rather high attrition figure raises an
educationally pragmatic question, which is: what
skill(s) should science instruction in Nigeria seek
to develop in the student that would remain of
long-term effect irrespective of what point along the
"ladder" the students' formal education terminates?
Quite a number could be suggested. However, it can
be argued that the development of problem solving
skills constitutes an important educational outcome,
and thus cannot be ignored.

As Selvaratnam (1983) pointed out, a
systematic approach to problem solving stands the
student in good stead when he is confronted with
problems of his daily life.

Although the primary concern of this study is
not with the philosophical basis for development of a
science curriculum, the question of the utility of
what the student takes away with him from science
education finds place in its wider context.

The schools of Basic Studies are transiticonal
stages within the educational profile - a transition
from the secondary to tertiary level. The schools
draw their intake mainly from graduates of secondary
schools who possess the required admission
gqualifications, The programme offered is of A-level
standard, preliminary to university entry. The
qualifying examination is conducted by a central
examination body known as the Interim Joint and

Matriculation Beoard {(IJMB),. Students who satisfy

v



the requirements laid down by a separate central
university admission body known as the Joint
Admissions and Matriculation Board (JAMB) are given
placements in the universities.

There are now thirteen schools of Basic Studies
scattered all over the country. The gecgraphical
distribution of the schools is shown in appendix 1.1
while the chemistry syllabus operated by the schools
is included as appendix 1.2,

The schools have through their programmes
become vital links between the seccondary and tertiary
levels of education in Nigeria.

It is in this setting that the author works as
a classroom teacher of organic chemistry.
Participation at the grading and moderation exercises
by the author coupled with perscnal professional
experience and observation suggested to him that the
students suffer severe difficulties in the learning
of organic chemistry, especially in the use of
supposedly acquired concepts to solve problems iIn
organic reaction mechanisms, These observed
difficulties suggest to the author the likelihood of
a fundamental conceptual deficiency in the rallying
principles that underlie organic reactions generally.

Earlier studies have shown, for example that
the students have difficulties with the study of
molecular structure, especially stereochemistry
(Eniayeju, 1982). If that is the case, then in what

other form{(s) do the students' difficulties manifest

Ly



themselves? I+ was these background details that
prompted the subsequent processes that culminated in
the identification of the research problem,

Identification of the problem

Given the background already discussed in the
last section (1.2.2), the author set out to survey
ways in which the problem manifests itself with a
view to gaining some insight into the relevant

facets. Consequently an investigation was conducted

into;

(a) the documented views and comments of IJMB
examiners for a period of five consecutive
vears, 1980-34

(b) the IJMB answer scripts of randomly selected
students from 1980-84

{c} findings from the literature of related

studies.

The author considered thét this method
yields a more objective assessment of the
ramifications of the problem than other
methods involving, for example, use of
questionnaires {(Ahmed, 19B2, Patwary, 1983)
for gathering similar information. The
details of the survey are now presented.

Comments of IJMB Chief Examiners and Moderators:

1976-84

{A) Introduction

Samples of comments and cobservations of the
IJMB chief examiners that are relevant to this

study are reproduced below. They cover the



period 1976-84 and serve to give some guidance
in seeking to identify the problem.

(B) Moderator's Report for IJMB Examination

Results: 1976

"From reading the individual scripts this
moderator comes away with the feeling that the
high scores are more a reflection of good
teaching than a revelation of absolute
brilliance or creativity on the part of the
student. The examination itself should show
less emphasis on qguestions that necessitate
direct recall of facts, or direct response to
explicitly stated situations, and more of the
type of gquestions which call for interpretive
gskills based on principles, and requiring a

¥ broader scope of greater depth of
understanding of subject matter ,.."

(C) Chief Examiner's Report for IJMB Examination

Results: 1983

"The gquestions set in both papers I and I1
were considered to be comparable to the GCE

- {A-Level) standard.

Question 4: In part (a) the mechanism of the
reactions were not discussed well. Eighteen
candidates out of two thousand, eight hundred
and seventy eight attempted the question.
Question 6: Though fifty seven candiates

.~

attempted this guestion, the overall é?

&

performance was poor. Syl and 8Sy2

Y reactions were rarely named. In describing



the reactions of alcohols, nc systematic
approach was followed ..."

(D) Chief Examiner's Report for IJMB Examination

Results: 1984

"The overall results are much better than
usunal and probably project too rosy a picture
of the candiates' actual knowledge and
competence, In broad terms, it would appear
that compared to the results from the previous
vears, marks in paper II (organic chemistry)
have fallen while those in paper 1 (physical
and inorganic chemistry) have improved ..."

The common strand which runs through
these reports is that of a generally poor
student perforamance in organic chemistry.
These support the author's preliminary
cbservation which is that students of the
schools of Basic Studies in Nigeria have
prcblem solving difficulties in organic
chemistry.

1.2.3.2 Survey of IJMB Answer Scripts of the Students

for 1980-84

() Introduction

Samples of IJMB answer scripts of the
students, randomly selected were reviewed.
These consist of the examination scripts for a
period of five consecutive years; 1980-84.
The strategies adopted by the students in
solving problems of organic reactionf

mechanisms along with their relative



performances were surveyed. The results
showed that the students hold inaccurate and
sometimes inconsistent chemical concepts in
respect of mechanisms in organic reactions.
This was reflected by the frequently incorrect
manner in which these concepts were used to
tackle problems; culminating in abysmal
failure in the task of solving the problems.

{B) Result of the Survey:

The results which emerged from the review are
summarised below. They showed some of the
students' difficulties which appear to
include:

(a) lack of chemical knowledge required for
problem solving in organic reaction
mechanisms,

{b) lack of basic understanding of chemical
concepts frequently used for problem
solving, prominent amongst these ares:

(i} electronic concept of covalent
bonds
{ii) bond-breaking and bond-making
processes in organic reactions.
{iii) electronic nature of reacting
species, e.g nucleophiles and
electrophiles.
(iv) molecular formulae and structure.
(v) structural changes involved in

organic reactions.
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(¢) lack of conceptual understanding and
ability to use conventional chemical
symbols, These include:

(i) curly arrows

{(ii) partial charges, usually
designated by 8+ and &-

{d) lack of capability in problem solving
skills. These include:

(i) structuring the problem situation
with a view to conceptualizing it
in a global sense.

(ii) understanding the basic elements
of the problem.

(iii} wunderstanding the structural

relationship of the elements.
{iv) selecting relevant information
required for finding a solution.

(v) organising information selected to
produce a solutian.

The survey showed a general pattern of
lack of capability on the part of the students
to solve problems. For example, some of the
solutions were out of tune with the demands of
the problem, while some others were simply
inept, portraying the solwver as having no
clear direction in the search for solutions,
The results of the survey seem to indicate
difficulties that can be summed up into two

broad areas as follows:
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The students lack:

(a) pre-requisite conceptual knowledge
required for problem solving.

(b) skills in:

(i) the use of conventional chemical
symbols as tools for describing
their conceptualization of the
processes of organic reactions,
curly arrows, formal and partial
charge formalisms feature
prominently in this respect.

(ii) devising viable and logical
strategies for reaching a solution
state.

1.2.3.3 Findings from Related Literature

There appears to be a paucity of literature
regarding the problems that students encounter as
they attempt to solve problems in organic reaction
mechanisms. A few authors have however reported
their findings in related fields.

Khan (1980) investigated students' problem
solving difficulties in electrophilic aromatic
substitution and synthesis of polysubstituted
benzenes. He found that students actually have
difficulties in solving problems in electrophilic
substitution and synthesis of polysubstituted
benzenes. He reported that the factors responsible
are:

(a) students' failure to use the relevant

information of a problem.
' (ABMAPU RELLO UNIVERSIT
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{b) students' failure to approach problems in a
systematic, step-by~step manner but only by
jumping to conclusions.

(c) students lack confidence in their ability to
solve problems.

Bojezuk (1982) conducted a survey into
students' difficulties in a number of topics in
chemistry. He found that the subjects rated organic
reaction mechnisms as second most difficult, the
first being problems in organic synthetic pathways.
This finding is not totally unexpected since problem
solving in organic synthetic pathways regquire some
basic understanding of organic reaction mechanisms.

Johnstone (1974) carried out an evaluation of
chemigtry syllabus in Scotland. He reported that
organic reaction mechanisms, especially Syl and
Sy2 types were rated by the students as being
difficult.

These research findings highlight the fact
that there is some empirical evidence showing that
students have difficulties with organic reaction
mechanisms as an approach for representing the
process of organic reactions. They serve to give
additional support to the results of the survey
conducted into the Nigerian situation, reports of
which have been presented in the two preceding
sub-sections. The guestion is: What factor(s)
is/are responsible for the difficulties? This is

probed into in the course of the research,
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Statement of the Research Problem

In the previous sections, attempts have been
made to show that the problem being investigated in
this study does exist, and that it has manifested
symptoms that necessitated an investigation of the
underlying difficulty. It is in this light that the
research problem is now stated as:

An investigation aimed at analysing the
problem solving behaviour of Nigerian students at the
schools of Basic Studies in mechanisms of organic
reactions. This is with a view to:

(a) identifying difficulties of the students in
solving mechanistic organic problems.

() identifying possible reasons that underlie the
existence of the difficulties; and to

(c) propose a remedial package.

To focus the search light of the study, the
research problem is broken down into the following
underlying guestions:

(a) oo the students possess relevant chemical
knowledge required for solving problems?

(b) po they succeed in solving such problems?

{(c) po their performances differ for different
formats of the same test?

(d) What effect does possession of relevent
chemical knowledge have on ability of the
students to solve problems requiring the

knowledge? '.
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(e) poes sex constitute a significant factor in
the ability of the students to solve problems?

(£) What are the students' difficulties in solving
mechanistic corganic problems?

(g) What implications do the answers to above
questions (&-f)} hold for chemical educatiocn in
Nigeria?
answers will be sought for these questions and

other related ones that may unfold in the coursge of

the study.

1.3 Working Assumptions

The following constitute the working
assumptions for this study. They derive from the
reviews discussed earlier in this chapter. The
working assumptions represent the author's guess
about a possible direction of the study. In other
words, they are tentative postulations about the
nature and possible causes of the difficulties based
on insight gained from the initial preliminary survey
of the research problemn. Whether or not the
assumptions are tenable remains to be seen from the
findings of the investigation.

The assumptiong are that the problem solving
difficulties of students of Nigerian schools of Basic
Studies in organic reaction mechanisms are due to:-
(a) lack of basic chemical knowledge of the

subject matter.
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(b)

{c)

(d)
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lack of basic understanding of the rules,

principles and conventional symbols frequently

used for problem solving in organic reaction

mechanisms.

lack of capability in using chemical symbols

to express chemical concepts relating to the

process of organic reactions.

lack of problem solving skills, the essential

elements of which are:

{a) lack of understanding of
preblem-situations.

{b) lack of capability to recall and reason

with relevant information.

Scope of the Study

The scope of the study refers to the areas of

knowledge dcmain that are investigated in the process

of probing the students' difficulties. These are as

follows:

(a)

(b)

(c)

(d)

substitution reactions: nuclébphilic and
electrephilic.

addition reactions: nucleophilic and
electrophilic.

elimination reactions.

some areas of the interrelationship of these
reaction types.

Considering the structure of the study, it

covers two broad dimensions. These are:

\ Fd
s
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(a) diagnostic dimension: an indepth
investigation of the factors causing problem
solving difficulties in the areas delineated.

(b) remediation dimension: some remedial
treatment aimed at reducing the difficulties
revealed in (a).

1.5 Significance of the Study

The development in students of the ability to
solve problems is a major goal of science
education. Thus a geat deal of attentien has been
directed to studies on the processes of problem
solving. These studies continue to flourish
unabated, suggesting that our understanding of the
requirements and processes of problem solving, and
thus our capability to design instruction based on
that understanding, is still limited.

Pérez and Torregrosa {1983), for example, have
reported that students encounter a lot of
difficulties in solving chemical problems. They
argued that inability in problem solving constitutes
one of the major causes of failure in chemistry,
which they suggested was because students did not
learn how to solve problems. Jones etal. (1982} went
a step further by indicating that students actually
shy away from chemical problems. They pointed out

that:
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"chemistry teachers often assert that one of
the benefits students gain from studying
chemistry is the ability to solve problems,
yet most teachers are well aware that in
examinations, it is the problem questions that
students tend to avoid if they have the
choice, and to answer badly if they do not".

These observations are further supported by
Norman and Waddington (1979) who indicated that
students experience learning difficulties in organic
reaction mechanisms. They suggested that the
prevalence of the difficulty is because the subject
matter is taught separately from the principles of
chemical kinetics and thermodynamics which serve to
clarify the underlying principles.

The significance of this study can be viewed
against the background of the above discussion.
Firstly, it consitutes an attempt to make some
contribution to the on-going research into problem
solving in science, and its implications for
improving instruction in schools. Secondly, it
focuses on an important area of organic chemistry, ie
reaction mechanisms. This importance has been
highlighted by a number of authors, for example,
Tedder and Nechvatal (1983), Jones (1984) and
West (1986). In addition, research into problem
solving generally, and analyses of students' problem
solving difficulties in particular, are relatively

novel educational undertakings in the Nigerian
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setting where the study is considered significant for
improving curriculum design and implementation,
especially in chemical education.

1.6 Summary

In this chapter, the background to the
research problem has been presented. The nature and
manifestations of the problem has been outlined.

The need for the study and its potentials for making
positive impact on the teaching/learning of chemistry
in Nigeria has been highlighted.

In the next chapter, a review of literature
relevant to the study is made. Its implications for
developing a theoretical framework for the study, and
the conseguent choice and design of research

instrument are considered.
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CHAPTER TWO

REVIEW OF LITERATURE

Overview

The review of literature relevant to this
study is presented in this chapter. The main thrust
of the review gave guidance in proposing a framework

for the study.

Problem

Definition

Problem, like many psychological constructs

(eg attitude, intelligence, creativity), seems to

defy precise, universally acceptable definition.

Berlyne (1965) compiled the ideas of various authors

about the definition of a problem. A summary of

these is presented (in a-d) below. Problem:

{a) refers to a situation of high drive which
lacks a readily available drive-relieving
response.

(b) is a state of disequilibrium in the human

thought structure.

(c) represents a gap between pieces of
information.
{d) is a conflict within the individual; a

conflict between the conditions at hand and a
desired result, between an end and the means
to reéch it.

Merrifield etal. (1962) view a problem as:

"s gituation in which certain initial
information is given, and some goal is more or

less specified, but the relationships between
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the given and the goal are not apparent”.

) The focal point of these definitions is that
they portray a problem as a situation in which an
individual wishes to reach a desired state from the
present position, but does not immediately come to
terms with the means for doing so.

2,2.2 Types of Problems

Problems can be classified into two broad
categories. These, according to Frazer (1982) are
artificial and real problems. Artificial problems
have definite solutions known to somebody, which in
the school setting is usually the teacher,
Artificial problems are used to assist students in
learning, through an application of their knowledge
as a requisite preparation for solving day-to-day
life's problems.

Artificial problems are considered to comprise
two sub-classes. These are open and closed
problems. In open problems, there is no single
correct solution, but rather a multiplicity of
possible alternatives. On the other hand, closed
problems usually have single, unique scolution, for
example, numerical problems.

Real problems, unlike artificial problems do
not have known solutions. Thus, solutions to real
problems would have to be weighed against the balance
of the "best approach in the circumstance”. There
are two kinds of real problems. Those that are
mission-directed and others that are non-missian

directed. The former category are those in which
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the solution has an immediate application to society
while the latter are those in which the solution does
not have an immediate application. A graphic

representation is shown in fig 2.1 below.

PROBLEM
Artificial : Real
Open Closed Mission Non-Mission
directed directed
Fig 2.1

2.3
2'3-1

The problems involved in this study are thus
artificial and closed problems.

Problem Solving

Toward a definition

There has been, and still is some confusion
about what constitutes problem solving. For
example, concept formation, recall of complex rules,
creativity, deductive and inductive reasoning and
many aspects of thinking processes have at one time
or another considered to constitute problem solving
{Bapat, 1975). The views of some authors regarding

the meaning of problem solving are now presented.



22

The definition of preoblem solving compiled by

Berlyne, and corresponding to his definitions of a

problem, already outlined, are as follows.

Problem solving:

(a)

(b)

{c)

(d)

is a situation that relieves a drive.

refers to restoration of equilibrium in the
human thought structure.

is a process of closing the gap between pieces
of informatiaon.

refers to a process of devising a means to
resolve the conflict within the individual,
such that the desired goal is attained.

Gagng (1977) considered problem solving to

involve assembling and using rules already known (by

the solver) to create a new superior rule that allows

a solution to be obtained. He said:

"problem solving may be viewed as a process by
which the learner discovers a combination of
previously learnt rules which can be applied
to achieve a solution for a novel situation”.

Ausubel (1968) defined problem solving in

terms of bridging the gap between the learner's

existing knowledge and the solution to the problem.

According to Ashmore etal. (1979) problem

solving represents the end-product of a process of

application of knowledge and procedures to a problem

situation.

4 4?
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Mayer (1977) viewed problem solving in terms
of a cognitive process - thinking. He said
"...thinking is what happens when a person solves a
problem"™ . Polya (1968) considered problem solving
as based on a cognitive process that results in
"finding a way out of a difficulty, a way around an
obstacle, attaining an aim that was not immediately
attainable".

The common strand that appears to run through
these definitions is that problem solving involves
two integral dimensions. These are the possession
of relevant knowledge and the appropriate deployment
of the knowledge toward attainment of a solution.

Consequently, problem solving is viewed in
this study to involve:

(i) possession of relevant knowledge in some form,
(ii) skill or strategic capability to use the
knowledge to reach a desired state.

Problem Solving and Learning

Problem solving is an integral and fundamental
aspect of learning (sec 1.2.1). Child (1986) has
described this integral relationship in terms of
Gagnés proposition of eight types of learning, which
are considered to have a hierarchical structure, with
problem solving at the apex. This is illustrated in
fig 2.2, the highlights of which are briefly

discussed below.
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High=-order Rules

require as pre-requisites

Rules
which require as pre~regquisites
Concepts

which require as pre-~requisites

Discriminations

which require as pre-requisite

|

BASIC FORMS OF LEARNING:
Verbal Association
Motor Chaining
Stimulus-Response

Signal Learning

Fig 2.2 Adapted from Child (1986)

-

¢

(a) Signal learning: This is typified by Pavlov's

classical conditioning invelving production of

a general involuntary response to an impinging

signal.

{b) Stimulus-response learning: This is

exemplified by the studies of Thorndike and
Skinner in which a given signal becomes

associated with a particular voluntary

response.

P
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{c) Motor Chaining: This refers to sensory motor

behaviour which develops as a result of some
respense patterns.

(d) Verbal Association; This refers to developing

a combination of human sounds te make a
meaningful pattern.

(e) Digerimination: Is the process of making

different regponses to different members of a
given ¢lass.

(£) Concept Learning: This refers to the process

of making a single response to a collection of
objects (or events) as constituting a class.
It is thus a form of generalization of
discrimination learning.

(g} Rule Learning: This is the association of two

or more concepts to form a pattern.

{h) Higher-order Rules: This is the process of

combining rules to form new ones; which

according to Gagné (1977) leads to a

solution. He regarded it as the pinnacle of

learning. Problem solving, according to

Gagn&, thus involves a process of setting up

and testing hypothesis using various rules

known to the solver, which is both a process
and hallmark of learning,.

This study, which focuses on problem solving
difficulties can thus be seen as that of learning
difficulties in a sense. This draws support from
Novak (1977) who said "... I see problem solving as

essentially a special case of meaningful learning"
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and from Gagn& (1977) when he said "... problem
solving, then,must definitely be considered a form of
learning™.

Some Psychological Theories of Problem Solving

The Associationist Theory

The main assumption of this theory about
problem solving is that for any given problem
situation (8), there are associations to many
possible responses (R). The theory views problem

solving as requiring three conditions:

(a) the stimulus (given problem situation)

(b) the response (a given problem solving
behaviour)

(c) the association between a particular stimulus

and particular response,

The latter is assumed to be in the problem
solver's head; forming what is termed a family of
possible responses associated with a particular

stimulus. This is illustrated in fig 2.3

Ry
R2
s R3
R4
Rg etc

Fig 2.3

The basic ingredient of the theory is that
problem solving involves a trial-and-error

application of knowledge to a problem situation.
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Theory of rule-learning and rule-using

The theory views problem solving in terms of
acquiring and using concepts {Mayer, 1877). It
presents two platforms, represented by two supporting
theories to explain problem solving. These are
continuity theory which views problem solving as
attempts {(by the solver) to tally past experiences
into hierarchies of responses, and non-continuity
theory which conceives of the problem solver as
actively formulating and testing hypothesis.
Results of studies (eg Bower and Trabasso, 1963)
showed non-continuity theory to represent a better

description of college students' problem solving

behaviour.
Gagn@ (1977) stated that "... a defined
concept is a particular kind of rule®. He

considered a rule to be an internal state (to the
individual) which governs his behaviour and enables
the individual to demonstrate a relationship. It is
in this context that he considered problem solving as
"a process by which the learner discovers a
combination of previously learnt rules which can be
applied to achieve a solution for a novel solution®”
(sec 2.3.1).

Gestalt Theory of problem solving

Gestalt psychologists conceive of a problem as
a unit consisting of a number of structural units.
In order to solve the problem, the solver needs to

have an insight into the contextual configuration of

the component parts, The insight is gained mostly
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through re-organising and structuring the problem
elements. They contended that broad, non-specific
general experience and certain basic past learning
represent an essential repertoire of behaviour which
must be available for re-structuring when the new
situation demands. They referred to this kind of
problem solving as productive application, as opposed
to reproductive application, in which the problem
solver routinely follows some laid down procedure or
algorithm (Mayer, 1983).

The Theory of Intellectual Development

This was proposed by Piaget. It represented
an attempt to formally describe the human organism's
knowledge or competence at different points in time
{(Case, 1974). As Elkind (1967) pointed out, Piaget
is a genetic epistemologist, concerned with the
nature of knowledge, and the structures and processes
by which it is acquired.

: The immediate implication of Piaget's theory
to the practice of problem solving is that, for
optimum positive response, the conceptual demands of
a problem situnaticon should, in some way, match the
level of cognitive skills of the problem solver
(Rowell, 1984). Problems demanding higher cognitive

skill than is available to the solver may lead to

. frustration while those demanding cognitive skill

below that available to the sclver may lead to
boredom. This represents a rough guide,

notwithstanding the difficult question of how

:'conceptual demand of a task is matched with the level
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of cognitive development. A diagramatic

representation is shown in fig 2.4,

Problem regquiring higher level

» FRUSTRATION
of cognitive skill
Problem Problem requiring correct level
Solver's —» SATISFACTION
Cognitive of cognitive skill {LEARNING)
Skill
Problem requiring lower level
-» BOREDOM
of cognitive skill
Fig 2.4
2.4.5 The Theory of Meaningful Learning
This was proposed by Ausubel (1968). The

theory conceives of learning as a continuum with two
extremes, represented by meaningful and rote
learning. According to Novak (1978}, meaningful
learning involves a conscious effort on the part of
the learnar to relate new knowledge in a substantive,
non-arbitrary way to relevant existing concepts or
propositions in the learner's cognitive structure.
In contrast, rote learning is an arbitrary, verbatim
incorporation of new knowledge into the cognitive
structure. Novak considered meaningful learning to
be equivalent to the use of knowledge in problem
solving. £

The immediate implication of this theory to
problem sclving is this: problem solving requires
knowledge ie prior knowledge as pre-requisite.
Further more, it is not enough to have just prior
knowledge, it must, in addition, be adequate,

1
relevant and organised. h
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Information-processing Approach to Problem Solving

This theory views problem solving in terms of
an activity which involves some processing or
transformation of raw information in a manner and
into a product that yields a solution. It attempts
to detail the cognitive processes that intervene
between a problem situation and a scolution state.

It assumes that during the process of problem
soclving, a solver applies operators to problem
states. An operator is any move that the solver
deems legitimate in solving the problem. A problem
state is the description of the elements in the
problem.

According to Mayer (1983) when an operator is
applied, the problem is changed from one state to
another. Thus, problem solving ¢an be represented
in one of two ways:

(a) a sequence of mental operations performed on
information in a subjects memory

(b) a sequence of internal states or changes in
information that progresses toward a solution.

The major highlight of these theories reviewed is

that they link problem solving on one hand to

acquisition and application of knowledge on the

other. This is further developed in section 2.9.

Models of Problem Solving

¢ _
Problem solving models are proposals that

attempt to describe scme form of theoretical
framework within which problem solving behaviour is

thought to occur. The structure of some frameworks
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consist of stages while others consist of statements
of procedure based on heuristics. Different authors
have proposed different problem solving models based
on their individual epistemological persuasions.

Some of these are outlined below.

Models based on Information-Processing Approach

Simon (1978) has suggested that any discussion
of problem solving must deal with three major
components:

(a) the problem solver - which he called the
information processing
system.

(b) the problem - which he called the task

environment,

(c) the problem representation - which he called
the problem
space.

According to him, problem solving occurs when:

(i) a problem solver translates a problem into an
internal problem repesentation, and then
(ii) searches for a path through the problem space
from the given to the goal state.

Thus Simon's model of problem solving revolves
around two central ideas, which are:

(i) representation of problem as problem space
(ii) solution of problem as search strategies
through the problem space.

Lindsay and Norman (1972) have focused on what
the problem solver brings to the problem solving

situation. They identified three types of knowledge
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which they considered that the problem sclver brings

to bear on problem solving. These are:

(a} factg: basic propositions that are
immediately available to the
gsolver,

(b) algorithms: sets of rules that automatically
generate answers.

(c) heuristics: rules of thumb or general plans of
action or strategies.

Earnst and Newell (196%) proposed a four stage
model consisting of the following:

(a) the input - representing the problem which is

acted upon by

{b) a tranglator - which converts it into
(c) an internal representation - which generates
(d) a solution.

This is illustrated in fig 2.5.

Input: Internal Problem Solution

description Translator}—» represent-— Solvingr—ﬂrepresent-

of problem ation of Tech- ation
problem niques

Fig 2.5 Earnst and Newell problem solving model

Greeno {1973) proposed a memory model of
problem solving in which the three main components of
describing problem solving behavicur are:

(a) short-term memory (STM) - through which the
external description of the problem is input;
{b) long-term memory (LTM) - which stores past

experiences with solving problems.
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(c) working memory (WM) - in which the information
from STM and LTM interact, and a solution
route is generated and tested. The model is

illustrated in fig 2.6

Fig 2.6

'
Short-term Short-term ' Working
Stimulus sensory store Memory : Memory
i
3 1 v

Long-term Memory:
Facts, algorithms and
strategic knowledge

Greeno's problem solving model
According to Greena, a description of the
problem, including the initial state, the goal state
and the legitimate operators come into the working
memory by way of the short-term memory. Past
experiences enter working memory from the long-term
memory. More information may be needed from outside
world as the problem solving progresses. The
generation of new problem-states in working memory
may require more information from past experience.
According to Mayer (1983), the concept of
working memory has a central role in the structure of
Greeno's model, in the sense that:
(i) the internal representation of the problem
occurs there
(ii) the construction of links between givens and
unknowns occurs there
(iii) the relevant past experience is used to modify

the structures held in the working memory.

f TEMADT RETLO UNTVERSIT
| KASHIM IBRAIIIM LIBRAF Y
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2.5.2 Models based on Gestalt Psychology

Some examples of problem solving models based

on gestalt theory are those proposed by Wallas

(1931), Polya (1957) and Duncker (1945).

Wallas proposed a four stage model composed of

the following units:

(a)

(b)

(c)

{d)

Preparation: the gathering of information and

the initial attempts at a solution.

Incubation: putting the problem aside to work

on other activities.

Illumination: the key to the solution appears

~ a flash of insight occurs,

Verification: checking out the solution to

ensure that it works.

Polya also suggested a four-stage model of

problem solving, which are:

(a)

(b}

{(c)

(d)

Understanding the problem: the solver gathers

information about the problem.

Devising a plan: the solver attempts to bring

past experience to bear on the demands of the
problem, 80 as to find a solution path. The
solver re-structures the problem and atempts
to find a relationship between the unknown and
the known, working backwards. The flash of
insight occurs at this stage.

Carrying out the plan: the solver tries out

the plan of solution, checking each step.

Looking back: the solver evaluates the

solution to see how it fits the requirements

of the problem.
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The models of Wallas and Polya are essentially
the same. For example, Polya's second stage of
"devising a plan™ is similar to and includes elements
of Wallas' second and third stages. Wallas' fourth
stage ie "verification" is similar to, and
incorporates elements of Polya's third and fourth
stages.

Duncker proposed a "sclution tree” model in
which he specified three phenomena involved in the
process of problem solving. They are:

{a) Functional solution: the elements of the

problem must be seen in terms of their general
or functional usefulness in the problem, He
argued that functional (general) sclutions
come before the specific ones. |

(b} Reformulating or Centering: problem solving

involves successive stages of reformulating or
gstructuring of the problem, with each partial
soluticn obtained, creating a new, more
specific problem.

(c) Suggestions from above and from below:

reformulating the goal to make it closer to
the givens, and reformulating the givens to
make them closer to the goal. This stage is
gimilar to Polya's second stage - devising a
plan.

2,.5.3 Model based on gap-bridging

Frazer (1982) advocates the use of a model
based on the theory which views problem solving as

bridging the gap between a problem situation and a
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solution state, using information and reasoning. He
argued that a problem is manifest as a question to
answer, a task to execute or a goal to reach. This

is illustrated in fig 2.7 below.

TASK OR "CHEMICAL
ANSWER DECISION GOAL COMPLETED COMFORT™
- J
—-
SOLUTION
Problem solving involves
over—-coming obstacles or
barriers or bridging this gap
by using INFORMATION AND
REASONING
PROBLEM
N
. .
TASK OR "CHEMICAL
QUESTION INDECISION DESIRED GOAL DISCOMFORT"

Fig 2.7 Adapted from Prazer (1982)
Thus, he proposed the following four-stage

problem solving model:

(a) Pefining the problem.

(b) Collecting information relevant to the
problem. |

(c) Reasoning, using the information collected.

(d) Checking or evaluating solution obtained.

2.5.4 Model based on Scientific Investigation Approach

Pérez and Torregrosa (1983) considered problem
solving as one of the principal causes of scholastic
failure in chemistry. They argued that the failures
are attributable to lack of thecretical knowledge on
the part of the pupils. Their problem solving
strategy consisted in an approach they termed

"scientific investigation™ which constituted a
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central idea in their problem solving model outlined
below:
(a) a gualitative analysis of the situation and

putting forward a hypothesis.

{b) devising strategies for solving the problem.
(c) solving the problem.
(d) analysis of the results,

A Critique of the Models

Inspite of the articulation built ianto the
models they are, nonetheless, subject to some
limitations, One of such limitations relates to the
fact that the scope of the problems the models
represent is relatively narrow. The models seem to
focus predominantly on artificial, closed problems
(see sec 2.2.2). Frazer (1982}, while reviewing
problem solving models, also made this point when he
said "... emphasis is on the classroom-type of
problem in which a well defined problem with a unique
answer is presented to the student™,

Another area of limitation lies in the nature
of the models; which Pérez etal (1983) observed to
have portrayed problem solving only as a task of
"simply finding a link between data and unknown
guantities®. They argued that problem sclving
models should he viewed and developed in terms of
"scientific methodology"™ involving formulation and
testing of hypotheses. It is with this background

that they proposed the model discussed in sec 2.5.4.
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A further area of limitation relates to the
guestion of whether or not the models could be relied
upon for use as a thearetical basis for devising
instructional strategies of teaching problem
solving. In reference to the stages specified by
the models, Lester (1982) raised the question of
their applicability in teaching a person to become a
successful problem solver and the conditions that
most enhance success. In apparent appreciation of
these limitations, Merwin (1977) cautioned teachers
"to exercise a good deal of flexibility™ in the use
of problem solving models. He asserted that
"research evidence indicates that the sequence of the
steps is not fixed, but varies considerably with the
prohlem and the investigator,. Théy are at bhest an
approximation of what actually occurs during the
problem solving process™.

These limitations are not unexpected however,
if consideration is given to the fact that there is
no single, universally accepted definition of problem
solving (see sec 2.3.1). Thus the fluidity along
with the limitations that characterise problem
solving models appear to be a direct result of this
fact.

Requirements for Problem Solving

Problem solving does not occur in a vacuum
(Gagné, 1977). A number of factors are held to
congtitute requirements for selving problems. These
are classified by Gagn& (1977) into internal and

external (to the solver) factors. Some of the



internal factors include: possession of relevant
knowledge, process s8kills, problem recognition,
reading and language fluency and confidence, Some
of the external factors include: instructions and
cues embedded in the problem situation, conceptual
demands of the problem situation, the physical
conditions in which problem solving occurs. Some of
the factors considered to be c¢losely related to this
study are now discussed in some greater detail.

(a) Problem recocgnition

This refers to the solver's awareness
that a problem actually exists. It serves as
a spring board for prompting the solver to
initiate a problem solving process, which
include the identification, isolation and
structural representation of the problem.
Merrifield etal. {(1962) consider problem
recogqition to occur during the preparation
stage, and involves "an appreciation of a need
or that things are not as they should be”.

{b) . Knowledge of the subject matter

Possession of a relevant knowledge base
is a pre-requisite in the process of problem
solving. Even in situations where problems
are thought to be solved through a flash of
insight; it is usuwally preceded by a period
of incubation during which some form of
relevant kowledge item is brought to bear on

the problem,
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Selvaratnam (1983) observed that
successful problem solving requires the
individual to be able to "understand and
recall the necessary items of knowledge of the
subject matter™. This view is supported by
Case (1974) Larkin etal- (1980) Lindsay etal.
(1972) and of course, by common sense.
Larkin etal, for example, opined: "...
regardless of the sophistication of the
solver's procedural and strategic knowledge,
deficiencies in knowledge of facts, concepts
and principles constrain the scope of that
individual's problem solving ability".

(c) Process Skill

This refers to the ability of the problem
solver to process and transform possessed
knowledge and available information in order
to solve a problem. High facility with this
skill leads to high probability of successful
problem solving, other factors being held
constant.

Selvaratnam (1983) observed that it
represents a fundamental requirement for
problem solving. He considered that it
constitutes the "required skill to logically
reason out the solution". Larkin etal (1980)
referred to it as strategic knowledge, which,
according to them, "consists of procedures for
planning and for setting and representing

goals during work on the problem". They
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argued that it "determines the way in which
problem solving performance is organised".
Gagn& (1977) labelled it cognitive strategy
which he defined as "skills with which
learners regulate and modulate their internal
processes of attending and selective
perceiving, coding for long-term storage;
retrieval and problem solving",

Confidence

This simply refers to a condition of mind
in which the problem solver nurses sustained
hope in his ability, and faith in his efforts
to vield a solution. It serves to arguse and
sustain motivation and endurance which are
required as necessary psycholegical props to
the problem sclver. Without confidence,
there is little room for making effort, and
conseguently, M-space Case (1974) is not
utilised, leading to failure in a problem
solving that could have atherwise succeeded.
This point was also highlighted by Selvaratnam
{1983) when he said "... in order to solve a
problem, we must have confidence in our
ability to solve the problem".

The immediate implication of these
requirements to this study is that individuals
succeed or fail in problem solving depending
on whether or not they possess these
requirements. Consequently, they may

represent a basis for individual differences
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in problem solving. It follows, therefore,
that the question of why people fail to solve
problems may be answered (at least patially)

by taking these reguirements into contextual

focus.

Some Studies on Problem Solving in UEA

A number of studies on problem solving have

been carried out in the University of Bast Anglia.

The central aim of the studies seem to be the

identification of students' learning difficulties.

Some of the studies that are considered to have

implications for the present work are now briefly

discussed.

(a)

(b)

McCabe (1977) investigated amongst sixth form
students in England how mis-use or non-use of
information affected problem solving
proficiency of the students. She found that
students;:

(i) had difficulties solving
problems. Only 21.8% correctly
solved the problems posed.

(ii). - possessed relevant chemical
knowledge required to sclve the
problems, yet failed to do so.

(iii) failed to use information both
from memory and from problem
statement.

Khan (1980) investigated students' problem

solving difficulties with electrophilic

aromatic substitution and the synthesis of
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polysubstituted benzenes amongst undergraduate

chemistry students in UEA. He found that:

(i)

{ii)

{iii)

the students possessed the
requisite background knowledge
required for solving the problems,
yet they were unsuccessful in
solving the problems.

the failure is attributable to
students' inability to apply
pre-requisite knowledge in
attempting to sclve the problems.
the students lacked confidence
(presumably in their ability to

solve the problems}.

Ahmed (1982) conducted research into learning

difficulties in some chemistry topics amongst

secondary school students in Nigeria. His

findings showed that students had difficulties

in:

(i)

{ii}

(iii)

¥

recall, recognitioen or
identification of items of correct

knowledge, information or rule.

realising and retrieving

information relevant to problem

situation. . ;
applying information or rules in

given problem situation.
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Patwary (1983) studied learning difficulties
in organic stereochemistry amongst university
undergraduates in Bangladesh. His study
focused on both diagnostic and remediation

aspects of the problem. His findings

regarding students' learning difficulties

include:

(i) weak imaginative power in
visualizing molecules in three
dimension.

(ii) lack of understanding of molecular
conformation,
(iii) lack of concentration (on the part
of the students) on the problems.
{iv) inability to pick up, recall and
sequence necessary information.
(v) misunderstanding about

relationship between semmetry and
molecular structure.
Dupigny (1985) investigated learning
difficulties that sixth form students in
England had with molecular structures, having
regard to the multiplicity of methods in which

the structures are usually presented in

chemistry text books. His findings showed
that:
(i) the students had difficulties in

recognising, interpreting and

representing mclecular structures.
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(ii) the level of the difficulty is
related in some way to the kind of
" method used in representing the
structure.

Implication of Literature for the Present Study:

Toward a Working Model

The literature reviewed in this chapter
represented a wide range of views about the nature
and process of problem solving. What now follows is
an attempt to collate the main themes into a
framework that will serve to guide the conduct of
this study.

The summary of literature survey having direct
implication for this study is as follows:

(a) The process of problem solving begins from an
individual's awareness of an existence of a
problem. |

(b} 70 solve a problem requires that the
individual possess pre-requisite knowledge for
solving the problem. Usually, this refers to
knowledge of facts, rules, principles and
pattern recognition. This is referred to by
various names, such as, conceptual knowledge,
verbal knowledge, information, proposition
ete.

(c) “The knowledge has to be accessed, selected and
recalled by the solver in line with the nature
of the problem at hand. It is then acted

upon by a set of operators which transform it
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to yield a solution. This has also been
referred to by different names, for example:
strategic knowledge, procedural knowledge,
process skill, understanding, etc.
Thinking or reasoning is held to mediate
between problem-situation and a desired
solution state and also in integrating
conceptual and strategic knowledge for problem
execution.

The insight derived from literature
reviewed guided the proposal of a working
model for this study which is shown in

fig 2.8.

SOLUTION

STRATEGIC
KNOWLEDGE :
Process Sk
Heuristics
etc

pm—t = - KNOWLEDGE :
I THINKING |__ _ |Facts, principles,

OR | rules etc
! REASONING i

illsﬁ

Fig 2.8

PROBLEM

Structure of a problem solving model

It comprised four main components:

(a)
(b)
(c)
(d)

whi
The

pro

a problem situation.
a desired solution state.
conceptual knowledge (of the solver).
strategic knowledge (of the solver).
The problem represents the existing state,
le the solution represents the desired state.
solver needs to recognise and structure the

blem. This effectively means constructing an



47

understanding of the problem. "Understanding® is
defined as the ability to comstruct a representation
of the various elements in a situation and the
conceptualisation of the relationships between the
elements (Larkin etal, 1980). Relevant information
is selected and recalled from LTM. This represents
conceptual knowledge, which in problem solving can be
likened tc weapons in war., Their possession is one
thing, their usefulness to the situation at hand, or
indeed, the capability to use them to meet the
desired goal is yet another. This is where
strategic knowledge features. It is the capability
to plece together, organise and process conceptual
knowledge into a form that leads to a solution. The
process inveolves thinking or reasoning. Thus, there
is a cyclic interaction between the problem
situation, conceptual knowledge and strategic
knowledge through the medium of thinking or
reasoning, within which the solver crystallises a
plan of action, having selected, retrieved and
organised relevant information, Failure in this
phase leads to failure to start the problem and if a
start is made, i1t is haphazard and often dies out
prematurely.

Having integrated conceptual and strategic
knowledge, the solver fits the product inte the
- demands of the problem. This represents execution

process,
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The model, thus represents a two-stage problem
solvihg phenomena which are: planning and
execution. Such events as definition or statement
of problem and formulation of hypothesis are deemed
to fall under planning. Evaluation is considered to
be carried out at each stage of the problem sclving
process, including after the problem is thought to
have been solved. It is thus not construed to
represent a distinct phase. In fact, a distinct
phase does not exist in practice, as the solver is
viewed to move forth and back within the phases in
the act of problem solving. The thinking or
reasoning processes which serve as the life-wire,
linking and integrating conceptual and strategic
knowledge is held to occur in the working memory (see
fig 2.6).

The development of research instruments for
this study (chapter 3) is influenced by the working
model. They are designed to probe students':

{i) conceptual knowledge {(Test A)
(ii) strategic knowledge (Test B)
(iii) thought processes that guide and integrate (i)
and (ii) in the process of problem solving -
(protocol analysis).

The structural relationship between the

working model, literature reviewed and development of o

research instruments is depicted in fig 2.9.
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Literature Working Model Development
Reviewed » for the study}—m of research
instruments

Data
collection

—-

Fig 2.9 Relationships of literature reviewed with

development of research instrument
The persistence of students' p

difficulties in our school system cou

s
roblem solving

1d mean that

either:

{a) findings from relevant studies have not been
carried to the classrooms for practical
implementation or

(b} their implementation have been ineffective;

and thus has yielded little or

results.

no positive

This presents an urge for continued search for

an improvement in students' problem solving abilities

in science education in Nigeria.

2.19 Summary and Conclusion

In this chapter, literature that is relevant

to this study is presented. It represents an

attempt to bring to focus, the views
authors regarding problem scolving.
of the views are collated to evolve a
framework for the study.

The next chapter deals with de

instruments for data collection.

of various
The main thrust

theoretical

velopment of
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PROBING STUDENTS' DIFFICULTIES

IN PROBLEM SOLVING
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CHAPTER THREE

DEVELOPMENT AND DESIGN OF INSTRUMENTS

FOR DATA COLLECTION

Overview

In chapter one, the problem being investigated
in this study is stated (sec 1.2.4). The highlight
is that Nigerian students in Schocls of Basic Studies
have difficulties in solving organic chemistry
problems. A preliminary survey (sec 1.2.3.2) gave.
an impressionistic view of the nature of the
difficulties.

It is required that a systematic investigatibn
be conducted into the nature and causes of the
difficulties. The implementation of this calls for
development and utilisation of measuring
instruments, This chapter deals with the
description of the development and construction of
such instruments.

A theoretical basis for using tests in data

collection

A major aim of education is development of
cognitive ability in students. Ebel and Frisbie
(1986) defined cognitive ability as referring to
particular kinds of tasks that can be done using the
mind, They observed that cognitive abilities are 3
taught specifically and are learnt specifically._

Acquisition of cognitive abilities, thus,
requires learning, the latter producing knowledge.
They view knowledge as consisting of two integral

componeants, These are information and
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understanding. They argued that individuals,
equipped with both components are said to command
knowledge. These individuals are usually successful
in problem sclving tasks. Those who acquire
information without the related understanding are
said to possess knowledge. These individuals are
usually unable to see the relation of the information
they possess to other related information they have
acquired, and thus, are unable to solve problems.
These views have three implications for the
development of instruments for this study:

{a) That problem solving (an example of cognitive
activity) involves pre-requisite knowledge
which is taught and learnt specifically.

{b) That students' problem solving ability can be
measured through the measurement of underlying
knowledge.

{c) That a comprehensive measurement of such
knowledge involves both an information
acquisition and an understanding components.
These views correspond to, and reinforce the

validity of the working model proposed (sec 2,9).

The assumptions for the construction, and the

structure of the instruments, are, thus, based on

these stand-points.

Statement of knowledge domain and related abilities

being measured

It is essential to specify the knowledge
domain and the associated abilities which the

ingtruments are designed to measure, even though a
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general overview of these have been given in

chapter one (sec 1.4). This specification is
essential because it is only when we know
unambiguously, what is to be measured that we can
select (or construct) the kind of instrument that
measures it, This consideration is closely related
to the question of test validity discussed in
section 3.7.

The mapping out of the knowledge domain
related to this study is done on the basis of insight
derived from the preliminary survey referred to
already in this chapter. The summary is shown in

table 3.1.
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TABLE 3.1  STATENENT OF ENOWLEDEE AND RELATED SKILLS MEASURED BY RESEARCH INSTRUMENTS

TOPIC AREAS KNOMLEDGE DOMAIN: TRANSLATED INTO TEST A (OPERATIONAL DEFINITIONS OR SKILLS:
TRANSLATED INTD TEST B
{1} To be able to 1dentify
electrophilic or nucleophilic
species 1n a given reaction.
Reagents Electrophiles and nucleoph:les {11} To be able to describe the

process of their reactive
interactions with other given
reacting structures.

Cheaical structures

1)

{11)

{ii1)

Prisary, secondary and
tertiary structures

Functional groups

Electronegativity and polarity
of bonds

To be able to use these concepts to:

i)  1dentify reactive sites in given
organic solecules involved in
reactions

{11)  explain formation of different
products fros cospounds of
simlar structure

Covalent bonds in
prganic reactions

Electronic concept of bond-forsation
and bond-breaking 1n organic reactions

{1) To be able to represent the
pracess of bond-breaking in
organic reactions

{11} To be able to represent the
process of bond-formation in
organic reactions

Reactive Intermediates

Carbocations

(1) To be able to represent the
structure of intersediate
carbocations in organic reactions|

{11)  To be able to represent the
subsequent conversion of the
intermediates to products

Chemical conventions generally used te
show reaction processes:

(1) To be able to use curved arrows
to describe groqressnon of
organic reactions

(i} Curved arrows: (%
{11) To be able to use charge
Syabolisas {11} Charge separation s;gns:éi-; 8- separation signs to show relative
electron distridution in the
solecule
{111)  Electron-pair transfer
SIgns: 4 ; — {131} To be able to represent
structural changes resulting fros|
electron-pair transfer
{a) To be able to describe, using
a?propriat! symbols, sechanisas
of
Chemical Reactions: (1) Nucleophilic and electrophilic {1} nucleophilic substitution
(Reaction-types) substitution reactions reactions
(11)  Mucleophilic and electrophilic (11)  electrophilic substitution

{111}

addition reactions

Elimination reactions

reactions
{111)  nucleophilic addition reactions
{ivi nucleophilic addition reactions
{v) elisination reactions
{b} To be able to relate some of the
principles underlying these

reaction-types to each other in
the process of solving problems
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Choice of instruments for this study

A number of research instruments have been
used by various authors, at one time or another, to
investigate learning difficulties in science
education. In the University of East Anglia for
example, some authors (sec 2.8) have used relevant
combinations of multiple-choice items, structured
tests, free-response problems and the "think aloud"”
method.

The main purpose of employing test instruments
to investigate learning difficulties is to locate
concepts that students fail to grasp in a given area
of the subject, and sometimes to determine the
source(s) of the difficulties. Tests which require
students to select correct responses from a number of
given options represent suitable tools for revealing
what the students fail to know and where they fail to
solve problems within a defined knowledge domain.
Protocol analysis is useful for describing students'
thought processes, thus complementing written tests
which only show the products of thought.

Having regard to the stated aim of this study,
and the theoretical assumptions that underlie the
proposed framework (sec 2.9) structured tests,
comprising multiple-choice items and free-response
problems are chosen as suitable diagnostic tools.

Protocol analysis, later described as the
"think aloud" problem solving (TAPS) method is aiso
chosen for an indepth study of the sources of the
difficulties. This two-pronged approach,

ilinatrated in fig 3.1 appears appropriate and
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adequate for probing the difficulties.

Multiple-choice
Items
Written
Tests
Free-response
Research Instrument problems

Protocol analysis

Fig 3.1 Research Instrument for this study

3.5

Structure of the Instruments

The instruments consist of three parts. They
are:

(a) Test A which consists of multiple-choice
items, designed to probe the level of
students' posession of pre-requisite
conceptual knowledge.

(b} Test B which consists of free~response
problems, designed to investigate students'
overt problem solving behaviour with a view to
locating the nature and causes of their
difficulties.

(c) "Think Aloud" Problem Solving (TAPS): this

involves the students verbalising their

thoughts as they solve free-response problems

contained in test B.

The structural relationship of the tests
derive from the fact that the substance of one test
is based on that of the other. Test B is closely
related to Test A, such that solving the problems in
the former requires the knowledge items contained in
the latter. The cognitive demands of the tests are

also structured. Test A requires lower cognitive

-
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skills, such as recognition and recall, while test B
calls for higher skills which include selection,
organisation and application of information. The
construction of test A derived from statement of
knowledge domain and associated skills, while that of
test B is based on test A. Thus, we have structural
relationships amongst the tests, both from the point
of view of construction and cognitive demands. This

is illustrated in fig 3.2 below.

TAPS

TEST B

TEST A

STATEMENT OF KNOWLEDGE

DOMAIN AND SKILLS

DIFFICULTY AREAS REVEALED FROM

INITIAL SURVEY

Fig 3.2 Structural Relationship and Derivation of the

Tests.

Detailed discussion of TAPS is taken up in
chapters seven to nine. The remaining of this

chapter concentrates on Tests A and B.
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Construction of the Tests

The stated knowledge domain and the related
abilities specified (Table 3.1) quided the choice of
items that were assembled to form the tests. A
content analysis of the syllabus operated by the
students (appendix 1.2) helped to guide the level of
item/problem difficulty incorporated.

Test A

This consists of objective items, rendered in
two formats - structural communication grids
(Johnstone etal, 1983) and multiple-~choice. It is
designed to probe the relevant knowledge-base of the
students. The test initiglly consisted of 50 items
which were later reduced to 40 after they were
pilot-tested.

The structural communication grids format
comprised the first twelve items, with corresponding
twelve response options. Each item has only one
correct response option. The multiple-choice format
comprised items, each made up of a stem and four
response options, the latter consisting of a key and
three distractors. The distractors were chosen to
be as closely related as possible to the students'
mistakes and misconceptions revealed during the
initial survey of their past examination answer
scripts (sec 1.2.3.2). This contributes to making
the test rational and functional. Each response

option was made as plausible as any other in the
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group. It was an attempt to provide as much a

distraction from the key as possible. This helps to:

ensure that students select correct options because
they possess the required knowledge, and wrong ones
where they do not.

The test items were made up from three main
sources. These were:

{a) advanced level past examination questions in
organic chemistry. For example, West African
Examinations Council guestion papers, 1980,

(b) relevant information obtained from text books
in organic chemistry. For example, Tedder
etal, part I, 1983; Sykes, 198Bl.

(c) experience and initiative of the author.

A summary of the basic concepts probed by the
items is shown in table 3.2, Test A and the answer

sheet are included as appendices 3.1 and 3.2

respectively.
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Test B

This consists of free~response problems.
They were designed, such that they regquired the
knowledge of the items in test A as pre-reguisite
basis for selving them, That is, items of test A
formed sub-tasks of the problems consisted in test B,
designed to probe students' problem solving behaviour
with a view to locating their learning difficulties.

The test consisted of 7 problems, reduced to 5
after they were pilot-tested. They were formulated
on the basis of the operational definitions of
abilities mapped out for investigation {(table 3.1}.
Problems having twoc or more parts te them generally
require similar or closely related chemical
principles for solving each part. Such a design
constituted part of an attempt to probe how students
use or fail to use knowledge both within and across
problems. Such tasks would reveal students' ability
to visualise and demonstrate the interrelationships
of chemical principles and pattern recognition in
chemical preblems. For example, problem 2 involved
two parts: electrophilic substitution in an aromatic
hydrocarbon, and electrophilic addition in an
olefinic hydrocarbon. The general principles
involved are:

{i) electrophilic addition, followed by
elimination, in the case of the aromatic
hydrocarbon

(ii) electrophilic addition, followed by
nucleophilic addition, in the case of thé

olefinice hydrocarbon.
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Thus, in addition to solving the problem
contained in each part, the design further probes
students' ability to, and the consistency with which
they apply knowledge to problems that require
interrelationships of chemical principles.

Each problem was followed by a questionnaire
consisting of four items. They sought to elicit
from the students whether or not they:

(1) were familiar with the problems
(ii) found the problems difficult
(iii} were confident about the correctness of their
answers.

The fourth item listed a number of possible
reasons that could account for the students’
difficulties with the problems. They were required
to select one reason that corresponded to their
opinion or to state their own reascon in a space
provided, where ncne of the reasons given fitted
their opinien. This was done to gather information
about the students’ perception of the problems.

Such information were useful, as they supplemented
those obtained from their written responses to the
main problems.

There was also a six~item questionnaire at the
end of the test. They sought a combination of
information from the students, ranging from their
interest to the relevance of chemistry to their
proposed careers. This was an attempt to gather
information about the students' perception of
chemistry generally, and organic chemistry in

Ve lane Tast B is included as appendix 3.3.
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validity of the Tests

In the design of the tests, what the authof
sought to achieve was intrinsic, rational content
validity, which, according to Ebel and Frisbie
{1986}, should be developed concurrently with the
development of the test, Such a validity is
intrinsic because it is built into the test,
rational, because it is derived from rational
inferences about the kind of tasks that will measure
the intended ability/abilities.

They argued that "the answer to the validity
guestion is inherent in the test-development
process”, They pointed out three criteria which
tests must meet for validity. They stated Lthese
criteria as follows: "Those who develop tests of
cognitive ability produce validity evidence in the

process 1f they:

{a) define explicitly the ability to be measured

(b) describe in detail the tasks to be included in
the test

(c) explain the reasons for using such tasks to

measure the ability in question™.
In developing these tests, this procedure was:g

followed fairly closely.

{a) The abilities to be measured are defined
operationally (table 3.1).

(b) The knowledge domain relating to these
abilities was defined conceptually

(table 3.1). v

i

T
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{c) (a) and (b) above were used to determine
suitable tasks to be included in the tests.

(d) The reasons for using each test are given in
sec 3.5. Following from these, therefore,
the tests are considered to have the necessary
content validity.

The tests were, further more, submitted to
three colleagues in the sector for comments. all,
except one who observed that problem No 4 was
slightly difficult, returned a verdict of "good
tests".

Limitations of the Tests

The test design gsuffered from sonme limitations
that the author could do little to eliminate. These
included:

(a) structuring of the tests:

Ideally, each item in test A should conform to

a particular gub-task in the problems of

test B. It was not possible to achieve this

exactly. For example, nucleophiles and

electrophiles, which formed part of items in
test A, feature across all the problems in
test B. This tends to weaken the structural
relationship between the two versions of the
tests.

(b) The fact that the tests were paper-pencil
types, in which the performance of the
students was taken to represent their
cognitive ability, pOS?d a limitation. This

was because there were a number of relevant
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factors that the tests could not take into
account, These included reading ability,
language fluency and general learning
facilities available to the students.

Summary and Conclusions

The development of the research instruments
have been discussed in this chapter. They involved
the students in paper-pencil tests, A and B, designed
to probe the students' possession of relevant
chemical knowledge-base, and the use of the knowledge
in solving problems respectively. Test validity was
ensured through a process of careful definition of
the abilities to be measured, related knowledge
domain identified from content analysis of the
students' syllabus, and subsequent formulation of the
tasks that measure the specified abilities. This
was referred to as intrinsic, rational content
validity.

The next chapter deals with the use of these
instruments for data collection, beginning with an
account of how the instruments were initially refined

through pilot-testing.



4.1

4.2
4.2.1

- 65

CHAPTER FOUR

DATA COLLECTION

Overview

This chapter describes the processes and
conduct of data collection. It is in two
sections, The first section deals with the pilot
study which preceded the main study discussed in the
second section.

The pilot study

Purpose of pilot study

Satterly (1983} presented an outline of the.
basic aims of a pilot study. These were considered
relevant and adequate for this study. The pilot
study was thus carried out in an attempt to achieve
those aims, which are:

(a) To identify items that have weak construction,
and thus should be modified or discarded on
grounds of their ambiguity, misleading

instruction or undue complexity.

(b} To determine the degree of difficulty of each
item.

(¢} To examine the plausibility of distractors.

(4> To gain information on the number of items to

make up the test for the main study and to
determine a suitable time-limit for it.

(e) To examine the relationship among the items
chogen in order to eliminate redundancy of
information; that is, to streamline items
that do neot basically differ with respect to

the attribute they are measuring.
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The sample
The sample for the pilot study wagdrawn from

the students of the Schoel of Basic Studies,

Ahmadu Bello University Zaria (Nigeria} that were
registered for chemistry during the 1984/85 academic
session. The total number of chemistry students was
992 gut of which 144 wers females. The target
population represented what has come tc be known as
*federal character” in the mode of admission. This
connotes fair amount of representation across the
country. This formed the basis for an assumption
that the relevant characteristics of the sample for
the pilot study was equivalent to those of the
samples later used for the main study across the
country.

The sample consisted of 50 students cbtained
by random selection. The male and female
composition was 38 and 12 respectively. The basic
assumption of randomization in the practice of sample
selection is cutlined in section two of this
chapter. The age range of the sample was between 15
and 22, representing an average of 18 years.

Instruments for data ceocllection

The development, design and structure of the
tests used for data collection have been discussed in
chapter three. They consisted of tests A and B
rendered in multiple~choice items and free-response

problems.
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4.2.4 Trip to Nigeria for the pilot study

After the printing of the tests was completed,
the next stage was to administer them. The author
was at this stage faced with the decision of how to

con@uct the administration. Twa obvious options

were: _

(a) to send the tests to Nigeria by post with
necessary instructions and trust a friend or
colleaque to administer the tests on his
behalf and to mail them back to him in
Norwich.

{b) to travel to Nigeria and administer the tests

by himself.

Some of the variables that are closely
associated with the first option include the long
distance invelved, the efficiency with which postal
services are aperated and the level to which someone
else can be relied upon to conduct the tests,

Having regard to the fact that the author had no
means of contrelling any of these variables, he
decided for the second option and travelled to
Nigeria at the end of May 1985 for the conduct of the
pilot study.

4.2.5 Administration of the Tesgts

Having selected the gample, the author agreed
with the group upon day, time and venue for the test
to be administered. The sample selection was done

on a Friday and it was arranged tc have the test
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taken the next morning. On the éppointed day, 4
members of the sample did not turn up, leaving a
group of 46 that took the test. This comprised 35
males and 11 females. The pilot study was carried
out in June 1985.

Before the test administration, the purpose of
it was explained to the students. It was further
made clear to them that the results from the study
were expected to have positive effects for the
improvement of the chemistry curriculum generally and
the learning of organic chemistry in particular.

The enthusiasm which marked the general attitude of
the students suggested that they were motivated to
take the tests. A brief discussion on the role of
motivation in test administration is made in section
4.3.6

Test A was administered first. It took an
average time of 37 minutes to complete. There was a
break of about 10 minutes before the administration
of test B which, on the whole, tock a total of
2 hours 50 minutes to complete, representing an
average of 25 minutes taken to solve each problem.

Scoring of the Tests

{a) The multiple-choice items: Test A

These were scored on a dichotomous basis, in
this scoring format, each correct response was
awarded a grade of one and an incorrect
response was awarded a grade of zero. The

maximum score obtainable was thus 50.
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The free-response problems; Test B

Scoring of test B required a grading
scheme. This was prepared using the
conceptual and procedural requirements upon
which the design of the problems constituting
the test was based. The process involved
breaking each problem into the constituent
operational steps, sub-goal(s) and final goal
or solution,

The author discussed the suitability of
the grading scheme (vis-a-vis the demands of
the problems) with his supervisor and
colleagues in the sector. Their observations
were useful in producing the final shape of
the scheme. Three coclleagues of the author
judged the scheme to be valid for grading the
test, thus giving it a face~validity.

Scoring of the test involved the awarding
of one grade to each operational step
correctly demonstrated as the student moved
from the problem situation to a solution
state, An incorrect operation or failure to
generate any answer attracted a grade of
zero. Table 4.1 shows the distribution of

the maximum scores for each problem.



‘-2-1

70

TABLE 4.1 MAXIMUM SCORES FOR THE PROBLEM IN TEST B

PROBLEM MAXIMUM SCORE OBTAINABLE
1l 5.0
2 10.0
3 10.0
Bl 5.0
5 5.0
6 8.0
7 8.0
TOTAL 51.0

The scoring was done twice with an interval of
two weeks. This was with a view to enhancing the
accuracy of the scoring exercise, which was gauged
from the measure of self-consistency obtained from
calculation of the spearman rank-order correlation
coefficient. A reliability coefficient of 0.90 was
obtained.

Presentation and discussion of the Results

The pilot study was conducted to achieve the
aims spelt out earlier (sec 4.2.1). The results
together with the discussions are now presented in

the light of these aims, starting with test A,
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4.2.1.1 Test A

(a)

Item difficulty

The facility indices of the items are shown in

table 4.2, while table 4.3 showed these arranged in

ranks.

of the

of the
(F.I >
{F.IT %

(b)

Both tables indicate the relative difficulty
items.
The results showed that the students found 16
items (F.I > 0.80) guite easy, 27
0.40 € 0.80) moderately difficult and 7 items
0.40) quite difficult.

Plausibility of the options

Table 4.4 showed the distribution of the
responses amongst the options. It showed
that some distractors failed to sway the
students from the key. This meant that the
distractors were either defective or the
students were so sure of the correct option
that they could not be distracted. These
distractors were scrutinised and the following

modifications made:

Item 17: "Bry/ccl4" was replaced with
"cl2/ccli”.
Item 19: "solution of Na/EtoH" was changed

to "alcoholic NH3".

Item 24: "nucleophilic substitution"™ was
changed to "rearrangement
reaction"™.

Item 39: "an aldehyde" was replaced with
"anhydride".

Item 43: "electrophilic substitution™ was
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replaced with "elimination
reaction",

{c) Number of items to make the mainstudy and

time-limit

About 90% of the testees informally
interviewed orally by the author opined that
they found the items too many, Moreover the
results of the pilot study showed that they
found some of the items very simple. These
indications were used as the basis for
reducing the number of the items to 40. In
the process, the easy items (F.I > 0.80) were
dropped as they were considered to be of
little use in the attempt to diagnose
students' conceptual difficulties. The
time~limit for the main study was fixed at
30 minutes:

(d4) Spelling errors and clarity of the stems

The results showed that the instructions
and stems of the items were clearly spelt
cut, There was only one spelling error,
"addion" which was corrected to "addition™

. 4.20].2 Test B

(a) Ttem difficulty

The facility indices of the problems that

constituted test B are shown in table 4.5.
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TABLE 4.5 FACILITY INDICES OF PROBLEMS IN TEST B

Problem No F.1
1 0.49
2 0.47
3 0.17
4 0.30
5 9.13
6 0.22
7 0.30
(b) Statistical Parameters

some of the statistical properties of the

gscores are shown in table 4.6 below.

TABLE 4.6 STATISTICAL PROPERTIES OF THE SCORES

—_;ample size (N) 46
sum of scores (ZX) 746.00
Mean score (X) 16.22

| std.Dev (S) S.21

The results showed that the students had
difficulty in solving the problems. The mean score
was 16.22, the maximum obtainable score being 51.0,
and the facility indices ranged between 0.17 and

0.49.
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The students found problems 1 and 2 difficult,
4 and 7 more difficult, while 3, 5 and 6 were found
most difficult. On the whole, the results support
the initial claim that the students had difficulties
in solving organic mechanistic problems.

(c) Number of problems to make up the main study

and time-limit

Some of the factors that were considered in
arriving at the number of problems to constitute the
main study and those that were finally selected were
as follows:

(i) p reasonable number of problems that could be
solved by the students without undue tiredness
or boredom.

(ii) The relative difficulty of the problems.

{iii) The need to scrutinise the problems that were
conceptually structured on the items removed
from test A, with a view to dropping the
former as well.

These factors were borne in mind in the
process of reviewing and examining the problems. In
the end, problems 2 and 5 were removed, leaving a
total of 5 problems for the main study.

The time-limit for solving the problems was
fixed at 21/2 hours, using as a guide the results

of the pilot study in which the 7 problems were

solved in 2 hours 50 minutes., 24l
(4} Spelling Errors and clarity of Instructions
There were no spelling errors. The

instructions were clear, but were considered

]
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inadequate, in the light of the difficulty
experienced by the students in solving the

problems. Thus additional instructional information
that served only as prompts for starting off the
problems was provided for the more difficult
problems.

4.277 .3 Results of the Questionnaire

The results from the questionnaire are shown
in table 4.7. They showed that the students
considered the problems to be familiar, except
problem 4 where opinion was divided. They judged
the problems to be difficult or moderately so, having
only moderate confidence in the correctness of the
solutions that they produced.

The three questions immediately following each
problem were revised and made dichotomous. Hills
(1982) points out the basis for using such a
gquestionnaire format. The last six items of the
questionnaire were re-structured in order to focus

the pattern of responses in the same direction.
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The Main Study

Introduction

The main study was undertaken between February
and April, 1986. Permission was sought and obtained
from the authorities of the participating
institutions to enable the author to administer the
chemical tests to the students. This was achieved
through postal communication between the author and
his supervisor on one hand and the authorities of the
institutions concerned on the other. The relevant
postal correspondences are included as appendices
4.1-5.

Purpose of the Study

The purpose of the main study was to
administer the tests to the target students that
constituted the focus of the study. This was with a
view to collecting relevant data that would provide
some basis for answering the research questions which
have been stated earlier (sec 1.2.4).

The Field-Trip

In December, 1985, the author travelled to
Nigeria to conduct the main study. On arrival in
Nigeria, he wrote letters to the participating
institutions, suggesting to them possible dates he
would visit the respective schools, The suggested
dates were accepted by the schools, following which
the author drew up an itinerary guiding his visits
from one school to the next. This commenced on the
10th February 1986 with visits to Sokato,

Port-Harcourt, Makurdi and Zaria in that sequence.
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The trips were considered successful given
that they were safe and the high level of
co~operation received from the school authorities and
the enthusiasm that the students demonstrated as
participants in the main study.

4.3.4 The Sample

(a) Composition and characteristics

The students that constituted the sample for
this study were the second year students of the
schools of Basic Studies in Nigeria. The relevant
characteristics of these schools and their intakes
have been discussed in chapter one (sec 1.2.2).

The students were drawn from 5 out of the 13
institutions in the country. The second year
students were involved because they were at the peoint
of completing the course programme, and thus their
abilities were judged to be more suited to the
conceptual demands of the tests than the first year
students, The geographical distributions of the
participating institutions within the country is
shown in the map included as appendix 1.1,

The average age of the students was 19.5
years. They were above average in ability. The
sample consisted of 169 male and 21 female
students. In the selection ¢f the schools,
attention was paid to the geographical spread of the

instituticns, Thus the distribution



of the five schools chosen were:

82

three from the

northern part of the country, one from the middle

section, and one from the southern end.

Table 4.8

shows the schools and the corresponding number of

students from each that participated in taking the

tests.

TABLE 4.8 THE SCHOOLS COMPRISING THE SAMPLE
FOR MAIN STUDY

Name of State

in which school Number of

is located Name of School students

Kaduna College of Advance 50
Studies, Zaria

Kaduna School of Basic 50
Studies,
AhmaduBello Univ-
ersity, Zaria

Sokoto College of Arts and 43
Science, Sokoto

Benue School of Basic 36
Studies, Makurdi

Rivers School of Basic 11
Studies,
Port—-Harcourt

TOTAL 5 190

(b) Method of Selecting the Samples

The samples from the five institutions

were obtained by random sampling.

The

principle of random sampling which is

generally used to obtain an unbiased

collection of subjects is built on the

assumption that membership or exclusion of
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individuals belonging to the target population
from the sample is determined entirely by
chance and nothing else. This implies that
all members of the population have egual
probability of becoming a member of the
sample. As Robson (1983) defined it "... a
sample which is unbiased, in the sense that
each member of the population has got an egual
chance of appearing in the sample, is knowh as
a random sample®™. The randomised sample is
central to the basic assumptions that underlie
inferential statistical analysis, especially
that of normality of population distribution.

In this study, an attempt was made to
obtain unbiased samples by employing tables of
digits (Sneodgrass, 1977). In schools where
the number of second year students was less
than 50, eg Port-Harcourt, the entire
population formed the sample.

The Tests for the Main Study

The modifications that were made to the tests
for the pilot study resulted in the final version
used for the main study. They comprised 40
multiple-choice items designated as Test A and 5
free-response problems, as Test B.

The tests were printed into booklets by the
University (UEA) printers, and were air freighted to
Nigeria. Tests A and B are included as appendices

3.2 and 3.3 respectively.
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4.3.6 Administration of the Tests

(a)

Some Psychological Pactors Associated with

Testing

There are a number of psychological
factors that have direct bearing on
performance, thus having implications for test
administration. According to Satterly (1983}

some of these are: motivation, anxiety and

effort, The author took these into account

in the conduct of the test administration.
Thus a brief discussion about these factors
with respect to the test administration is
briefly outlined as a relevant prelude to
discussing the actual test administration.

(i} Motivation

Child (1986) presented what can
be described a working definition of
motivation as "... internal processes
that spur us on to satisfy some need"
The role of motivation in the
administration of this test is to
promote uninhibited demonstraion of
individual potentials, thereby
minimising the chances of arbitrary
deviation of observed performance from
true ability. One of the ways of
arousing and sustaining motivation is\
by making the subjects see the point in

what they are being asked to do and the
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advantages into which the results can
be put (Satterly, 1983).
Anxiety

Anxiety is an innate
psychological factor that is closely
related to motivation in its role and
effect on performance. Psychologists
appear to take the view that whilst
some anxiety tends to increase
alertness, generally, it depresses
performance, Karmel {(1978) observed
that some students are "intellectually
frozen" by it. Thus, factors that
promote a familiar and relaxed
atmosphere are likely to minimise
anxiety, thereby allowing an
unrestricted manifestation of the
capability of individual students.
Effort

In order to perform, the testee
needs to make an effort, Case (1974)
related this to maximum mental effort
which he called M~power. He
considered that success in problem
solving is related in some way to the
subject's tendency to utilise the
M~power that is available. He
asserted that subjects that respond to
problems with a set of operations

involving the least possible mental
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effort are unlikely to do well.

Lack of effort is attributable
amongst other factors to lack of
motivation, interest and confidence.

Taking the Test

The factors discussed above were borne
in mind in the course of test
administration. On arrival at the schools,
the author took time to explain the purpose of
the tests to the authorities and chemistry
starff. It was explained to them that the
tests were not meant to judge the academic
standing of the students, either individually
or collectively,. It was also explained that
they were not meant to compare the schools nor
were they intended to be a forum for making an
incursion into the academic life of the
schools.

In summary, the aim of the test
administration was not to test the schools,
but to monitor the understanding of the
students in the chosen topic areas.

The purpose of the tests was also
explained to the students before the boocklets
were handed out to then. The need for their
participation in the exercise, and the use to
which the results of the study could be put
were made explicit to the students, During
this time, the author made allowance for the

students to ask questions, either pertaining
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to the tests or to related matters of general
interest. This increased familiarity between
the students and the "intruding” test
administrator; thereby establishing mutual
confidence, which had the effect of arousing
and sustaining motivation and interest, while
at the same time reducing anxiety and
suspicion,

The chemistry lecturers of the schools
assisted the author in giving out the test
booklets and in supervision. About 90% of
the subjects completed Test A within the time
alloted to it. The remaining few were
allowed an extra ten minutes within which they
all finished, All the subjects completed
Test B within the 21/2 hours alloted to it.

In all the schools, the author had
co-operation from the staff concerned, and the
students that participated in the tests. In
all cases (except the school of Basic Studies,
Zaria where a free practical period was used)
normal lectures were cancelled to give time
for the administration of the tests,

The "Think Aloud” Technigue Used for Data Collection

8o far, the pencil-and-paper method that was
employed for data collection has been discussed.
The "think aloud” technigue - a mathod used for
probing the thought processes of the students as they
solved problems was also an integral part of the

design of the instruments for collecting data. 1t
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was aimed at obtaining information about the thought
processes in the context of which the observed pencil-
and-paper problem solving behaviour occurred. As
Raron (1971) said, "thinking is a process and
knowledge is a product, but the two are intimately
related”. The full account of the conduct of data
collection using this method is taken up in chapters
seven to nine.

Summary and Conclusion

This chapter, which described the conduct of
data collection, was presented in two secticns, the
first dealing with the pilot study, and the second,
the main study. The results of the pilet study
showed that the students had difficulty solving the
problems in test B, They performed better in
test a. They considered the problems to be familiar
and moderately difficult. They expressed a lower
level of confidence in the correctness of their
solutions. The results of the pilot study were
useful as guide for arriving at the final versidn of
the tests for the main study,

The next chapter deals with analysis and

presentation of results from the data.
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) CHAPTER FIVE

ANALYSIS OF DATA AND PRESENTATION OF RESULTS

5.1 Overview
This chapter deals with the analysis of data
and the presentation of the results. The data were
analysed by the "MINITAB" statistical package
established in the University of East anglia.

. The res&lts are presented along two main
streams. The first section of the presentation
involves the scores and some statistical treatments
applied to them. These are shown in sections
5.4=-5. The second involves an analytical
examination of the students' scripts. This covers a
comparative analysis of the operational tasks
underlying the problems and the related knowledge
items, the strategy adopted by the students in

gsolving the problems and their responses to the

guestionnaire. These are presented in
sections 5.6-8. The sample comprised 190 students.
5.2 Scoring the Tests

The scoring of tests A and B was done in the
same manner as in the pilot study (gec 4.2.5). The
number of operational tasks embedded in each problem
is summarised in table 5.1 below while the grading

scheme is included as appendix 5.1.
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TABLE 5.1 NUMBER OF OPERATIONAL TASKS ASSOCIATED
WITH EACH PROBLEM

Problem
No 1 2 3 4 5

!
Sections I II ITI I Ix 11T TOTAL
No of QOp-
erations |5 5 5 2 5 9 5 5 2 43
Total a 12 5 9 12 43

5.3 Statement of the Research Questions

It is considered necessary to re-state the
research guestions at this point. This is with a
view to guiding the presentation of the results,
They are:

{a) Do the students possess relevant chemical

knowledge required for solving the problems

posed?

(b} Were the students successful in solving the
problems?

{c) boes the performance of the students in test A

significantly differ from that in test B?

(a What effect does possession of relevant
chemical knowledge have on abhility to solve
preoblems reguiring the knowledge domain?

(a) Is sex a significant factor in the students!
ability to solve the problems? |

(£) What are the students' difficulties ih solvihg

mechanistic organic problems?
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5.4 The results

5.4.1 Statistical parameters

Some of the statistical properties of the
scores are shown in table 5.2.

TABLE 5.2 SOME STATISTICAL PROPERTIES OF TESTS A AND B

Tests A B
Statistical
Properties
Sample Size (N) 190 190
Sum of Scores (&X) 3695 1643
Mean Score (X) 19.45 8.65
Std- Dev (8) S5.05 3.95%

These results show the group mean scores and
standard deviations for the tests. The mean for
test A is 19.45 with standard deviation of 5.05.
The corresponding values for test B are 8.65 and
3.95.

5.4.2 Facility Indices and choice of Options in Test A

Table 5.3 shows the facility indices (F.I) of
the items. Table 5.4 shows the distribution of the
students amongst the item options, and the percentage
of students selecting the correct option for each

item.
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TABLE 5.3 FACILITY INDICES OF THE ITEMS
ITEM No F.I ITEM No P.1
3 0.63 21 0.24
2 0.42 22 0.54
3 0.63 23 0.75
4 0.18 24 0.48
5 0.64 25 0.46
6 0.42 26 0.62
7 0.50 27 0.50
8 0.57 28 0.38
9 0.73 29 0.56
10 0.36 30 0.52
11 0.56 31 0.68
12 0.32 32 0.29
13 0.83 33 0.48
14 0.34 34 0.40
B 15 0.77 35 0.28
16 .53 36 0.34
17 0.63 37 0.44
- 18 0.29 38 0.36
19 0.71 39 0.34
20 0.49 40 0.34
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TRBLE S.4 DISTRIBUTICN GF STUDENTS AMONG ITEM OPTIONS IN TEST A FOR TOTAL SAMPLE: N = 190
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5 18 10 12 § 122* 5 § 7 3 4 {44.2
8 10 25 3 {79 1 q 8 {1 3 13 7 10 B 416
7 3 1 2 2 { 1 8 94 6 40 B 14 8 |49.5
8 109¢ 3 1 b 3 60 2 b ]57.4
] 10 2 2 b 4 J13g* 5 2 5 10 2 4 1728
10 4 8 2 ) b 20 69 6 27 22 1 i 8 ] 363
11 2 b8 2 ! 3 I 110b* 3 4 | S55.8
12 2 2 ! 3 4 17 25 11 bl 2 29 3 }32.1
A B C D omlT EDRSEREET RESPONSE

13 ] 157 29 82.4

1 &7 30 L b4 3 |37

15 9 20 (2 1474 2 |74

16 50 100* 12 26 2 | 524

17 14 LM 1192 13 1 62.4

18 90 E b 32 4 7 1 29.0

19 B 34 17 135¢ 71.1

20 20 7] 93e b3 7 45.0

21 4o 21 b3 39 1 | 4.2

22 58 24 3 102 1 {537

23 4 14 143 14 3} 753

2 24 8 33 i & 47.9

== ! a5 A
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A B C D anlt Eﬁg%ggrég&mﬂﬁ
26 118¢ 14 16 37 I | 62.1
27 19 40 37 74 49.5
28 15 73 5 75 2 ]738.4
sl 46 14 16 107¢ 5 |56.3
30 27 55 me § 92.1
3 13 19 1304 8 bE. 4
32 LL] &0 21 35 § 129.0
33 91 70 13 14 2 [47.9
4 76° 21 L] L 4 1800
38 54 sS4 50 29 I ]28.4
6 34 49 65¢ 37 § | 342
37 19 42 2 ale I (437
38 14 45 40 b9* 2 )33
39 65* 9 29 19 18 {342
40 28 7 63* 4 16 |32
NOTE:
! = CORRECT OPTION (THE KEY)
*oniT* = NUMBER OF STUDENTS OMITTING AN ITEM
N = 190
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The results show the relative difficulty of
the items with respect to the students' ability to
respond to the correct options of the items. The
range lies between 0.18 and 0.83, with 35 out of the
40 items having facility indices above 0.30. The
facility indices, taken alongside the group mean
score indicate that the students found most of the
items moderately easy.

The distribution of the students amongst the
item options reflects the degree of attraction posed
by the keys and distractors. The pattern of
distribution is a useful source from which some
insight can be gained into the nature of students'
conceptual difficulties.

5.4.3 PFacility Indices of the Free-Response Problems

The facility indices of the free-response
problems are shown in table 5.5 below.

TABLE 5.5 FACILITY INDICES OF THE FREE-RESPONSE PROBLEMS

Problem No Mea?ifcore Maximum Scores F.I
| 2.18 5.00 0.44
2 2,51 12,00 0.21
3 1.39 5.00 0.28
+ 1.43 9.00 0.16
5 2.16 12.00 0.18
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The range of the facility indices lies between
0.16 and 0.44. All the problems, except number 1
had facility indices below 0.30. The group mean
score (table 5.2) is 8.65. These results indicate
that the students had difficulty solving the
problems.

5.5 Treatment of the Scores

The scores were further analysed in the light
of the underlying research questions. The results
are shown in tables 5.6-5.9.

5.5.1 Comparison between Tests A and B

The results that have been presented showed
that performances of the students in tests A and B
are different. The question is: how different are
they? An attempt to answer the question calls for
closer comparison of the mean scores. This is done
by computation of a one-tailed t-ratio using a
directional hypothesis that the two mean scores are

not equal.

Heo : Ma-Me £0

where Al, = the mean score of test A
Ma = the mean score of test B

The results are shown in table 5.6

TABLE 5.6 COMPARISON BETMEEN STUDENTS' PERFORMANCES IN TESTS A AND B

PROPERTIES - Standard Contidence | d¢ Remark
N 1 8§ error of t-ratio | level
difference
TESTS

A 190 ( 19.45 | 5.08

0.47 22,98 0.05 378 | SIGNIFI-
CANT
B 190 ] 8,55 3.9% L_
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The result of the treatment shows a t-ratio of
22.98 which is significant at the 0.05 confidence
level, showing that AMa>Ag. This is an indication
that there exists a real difference in students’

peformance between tests A and B. The implication

of this is discussed in chapter six.

Further comparisgson of Tests A and B
The results that have been so far presented

indicate that the performance of the students in

test A is superior to that in test B, This

justifies a closer comparison of the tests with a

view to determining the level to which the chemical

knowledge-base of the students, as revealed by their
performance in test A influenced their problem
80lving capability in test B. This called for the
determination of:

(a) the degree and direction of association
between tests A and B, obtained from
computation of their correlation coefficient
(r).

(b} the regresaion of test B scores on those of
test A, measured by their regression
coefficient, '

(c) the fitted regression eguation from which the
number, and hence the percentage of students
reaching the predicted scores was obtained,
These were done in order to cobtain a relevant

empirical basis for making some deductions in an

attempt to answer the guestion:



"What effect does the possession of relevant
chemical knowledge have on the ability to solve
problems requiring the knowledge?"

The Pearson’s product-moment correlation

coefficient was obtained. This is shown in

table 5.7.

TABLE 5.7 ASSCCIATION BETWEEN TESTS A AND B

STATISTICAL -
PROPERTIES | N X S r r2
TESTS
A 190 19.45 5.05
0.45 0.20
B8 190 8.65% 3.95

The result shows that there is a positive and
linear relationship between tests A and B. The
strength of the relationship as indicated by the
magnitude of r is only a moderate one.

The results of simple regression analysis

carried ocut on the test scores are shown in table 5.8

below.
THBLE 5.8 REGRESETON INTERRELATIONSHIPE OF TEBTS A AND B
ETATISTICAL No reaching | ¥ reaching Coefficient
ROPERTIES | N X 8 redicted redicted ot
LOFes COr s Regression
TESTE
) 190 1948 ) 505
' 80,00 42,00 .35
B 180 | 8.4% 3.71
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It showed that only 80 out of the 190
students, represeating a total of 42% reached the
predicted score.

This was arrived at after entering the scores
of each student in test A into the fitted regression
equation. The results further showed that the
coefficient of regression is 0.35. The discussion

of these results are undertaken in the next chapter.

5.5.3 Comparison between male and female students

The question of the relative abilities of male
and female students to perform in problem solving
gsituations requiring knowledge of science is a
variable that has attracted the attention of a number
of scholars. An answer is sought to the guestion of
whether sex constitutes a significant factor in the
ability to solve problems, and in this case,
mechanistic organic problems. The statistical
guestion is: does the performance of the male
students differ significantly from that of female
students?

In an attempt to answer the question, a
two-tailed t-test was carried out on the relevant
statistical variables of the male and female
groups. It was to test the null hypothesis formally

stated thus:

Ho: tdm~-utr =0

where Adm=mean score of male students
Alg = mean score of female students.

The results are shown in table 5.9.



100

TABLE 5.9 COMPAR)SON BETWEEN MALE AND FEMALE STUDENTS
TEST & TEST 8
STATISTICAL
RUPERTIES [ Sample { Masn Std, Devl Std. Errar | Seaple | Mean 5td, Dev | Std. Error
size score of diff size score of diff
N i () {SEd) 1] (1 (g {8Ed)
VARTABLES
Nale 149 19.645 | 5.17 169 8.87 1,02
t.1é 0,30

Female b4 1nee | L2 2! 5.76 2.9
t-ratio 1.5 2,35
degree of
freedos (df} in 188
Confidence
Jovel (&) 0,08 0.05
Resark NOT SIGNIFICANT SIGNIFICANT
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The result showed that the t-ratio for the
difference (in means) between the per formances of
male and female students in test A is not significant
at the 0.05 confidence level. The null hypothesis
is thus not rejected. The t-ratio for the
difference in their respective per formances in test B
is, however, found to be significant at the same
confidence level, implying that there exists a real
difference between per formances of the male and
female students in test B. The null hypothesis is
thus rejected.

It can be recalled that test A is composed of
multiple-choice items and test B of free-response
problems structured on the items of test A. The
indication from these results (table 5.9) of no
significant difference in performance between male
and female students in test A, and a significant
difference in their respective per formances in test B
appears revealing. one of the guestions that seems
to arise directly from this is: do the formats in
which problems are presented, and the sex of the
individuals to whom the problems are presented,
constitute significant or incidental factors that
affect their ability to solve the problems? I1f so,
what are the reasons, and how can these be harnessed
to improve curriculum design and implementation?

The first question arises as a conseqguence of
the results (table 5.9) obtained, and the second is a

pragmatic one that arises as a follow-up of the

4627
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first, Both are difficult questions to which the
author cannot c¢laim to have answers, To do so will
require another direction of research to dissentangle
the associations, elucidate the nature of the
relationships and offer explanations for the actual
role played by the variables (i.e sex and format of
prcblem presentation) in problem solving. These
seem to be outside the immediate concern of this
study. A closer examination and discussion of these
results are however undertaken in the next chapter.

Closer comparative analysis of tests A and B

Results of the treatment of students' scores
in tests A and B have shown that their level of
performances in each of the tests differs
significantly. This called for a closer,
comparative examination of the component parts of
both tests in terms of the tasks involved.

The problems in test B are analysed aleongside
the related items in test A, The problems analysed
and the topic areas they represent are summarised in

table 5.10 below.
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TABLE 5.10 TEST B AND THE ASSOCIATED CHEMICAL KNOWLEDGE

PROBLEM No TOPIC AREAS
1 Nucleophilic substitution
2 119 Electrophilic substitution
2 {ii) Electrophilic addition
2 (511 Some aspects of interrelationships
) Elimination
5 113 Nucleophilic substitution

5.6.1

The analysis was carried out with a view to
obtaining more information about how the students
used or failed to use relevant knowledge items as
they attempted to solve the problems. One of the
main aims for this was to establish some basis upon
which deductions can be made regarding possible
factors that were responsible for the students'
difficulties in solving the problems.

Problem No 1

"Considering structural and solvent factors,
outline the most probable reaction mechanism for the
hydrolysis of bromopropane by aqueous potassium

hydroxide. The equation of the reaction is:

CHBCHZGHZBr + aqKOH-———4P0H3CH20H20H + KBr”
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To solve the problem requires that the

student.:
(i) recognise the structural units of the reacting.
molecule
(ii) identify the nucleophile
(iii) locate the centre of nucleophilic attack
(iv) use appropriate symbols to represent or
describe the interaction of the reacting
species
(v) detail the bond-breaking and bond-making
processes {(in appropriate sequence} to arrive
at a solution.

The information required for these operations
comes from both the problem statement and from
memery. Table 5.11 is a summary of the students!
capabilities of these underlying problem tasks
compared to the operationally related Knowledge items

in test A,
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TABLE 5.11 OPERATIONAL TASKS UNDERLYING PROBLEM 1 AND
RELATED KNOWLEDGE ITEMS IN TEST A

TEST B TEST A
OPERATIONAL TASKS F.I (RELATED KNOWLEDGE

ITEMS F.X
Recognition of the
structural units of the {0.48 |Item No 5 0.64
reacting molecule
Identification of the
nucleophile 0.45 |Item No 25 0.46
Identification of centre
of nucleophilic attack 0.60|Item No 26 0.62
Correct use of symbols
to represent the
interaction of the 0.28|Item No 7 0.50
reacting species
Details of bond-break-
ing and bond-making
processes to arrive 0.30(Item No 29 0.56

at a solution

Table 5.11 shows the facility that the

students had in handling the knowledge items in

test A compared to that for using them to solve the

free-response problem.

As can be seen,

the students

had greater difficulties in using the knowledge item

in solving problems compared to recognition of the

knowledge items per se.

Substantial discrepancies

revealed from this problem include:

(i) recognition of the structural units of the

reacting molecule.
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(ii) correct use of symbols to show the mode of
interaction between the reacting species.
(iii) the bond-breaking and bond-making sequence,
which apparently accounted for the students’
failure to see the reaction process as being
concerted in this case. |
There is little difference between the
students' capability in identification and using the
knowledge item related to “nucleophiles”. They
seemed capable of locating the centre of nucleophilic
attack, even though they frequently used the wrong
symbols to show the relative electron densities in

the molecule. For example:

H .
.GHB——-CHé——E'-—Br“ instead of CHj—-CHz;-—-g‘!—Brs N

5.6.2 Problem No 2

"Outline the mechanisms of the reactions of
bromine with benzene and with ethene; and briefly

explain why a catalyst is needed for the first

reaction, but not the second. The reactions are:
FeBr, ar
{T) + Brg————-———g-.- + HBr

(II) CH2==:CH2 + Bra-——_—a-CHzBrCHzBr"
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This problem consisted of three related
sections. The first is an example of electrophilic
substitution, the second, electrophilic addition and
the third, a drawing out of some relationships |
between the first and second sections.

Both sections I and II rquire basically the
same conceptual frames to solve the problems. There
are mainly five of these, leading to five operatiocnal
steps. These are:

(i} identification of the reactive sites within
the respective reacting molecules
(ii) identification of the electrophile
(iii) representation of reaction processes between
the hydrocarbon and the electrophile
(iv) representation of an intermediate carbocation
(v) elimination of HY from which the

intermediate in case of electrophilic

gsubstitution and addition of a nucleophile in

the addition.

Thus the major operational difference in
sdlving praoblems 2 (i) and 2 (ii) lies in step (v).
To solve the problem in the third section required
that the student recognise that:

{i) benzene is resonance stabilised, ethene is
not,
(ii) the activitation energy for the forﬁation of
the respective carbocation is thus higher for

benzene than for ethene.
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(iii) a catalyst assists in providing a reaction
route requiring a lower activation energy,
thus making bromination of benzene more
favourable than would have been the case.
A breakdown of some relevant statistical

properties of each of the sections is shown in

table 5.12.

TABLE 5.12 FACILITY INDICES OF THE SECTIONS TO
PROBLEM No 2

SUB-SECTIONS
STATISTICAD I IT III
PROPERTIES
=X 304.0 228.0 38.0
X 1.60 1.20 0.20
F.1 0.32 0.24 0.10

Table 5.12 shows the students' facility with
each of the three sections of problem 2.

Table 5.13 (1-3) show the facility that the
students had with each operational task underlying
each section as they attempted to solve the problem,
compared to that of the related knowledge items in
test A.

5.6.2.1 Section I
"Outline the mechanism of the reaction of

bromine with benzene. The reaction is:
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ar
O + Br, Feafy O + HBp"

Table 5.13.1 shows a summary of students'
facility with the underlying operational tasks along
with the related items in test A.

TABLE 5.13.1 OPERATIONAL TASKS UNDERLYING PROBLEM 2 (I)
AND RELATED KNOWLEDGE ITEMS IN TEST A

OPERATIONAL TASKS F.I | RELATED KNOWLEDGE F.I
ITEMS IN TEST A

Recognition of benzene
structure in relation 0.50{ Item No 8 0.57
to site of reaction

Identification of the
electrophile 0.26{ Item No 24 0.48

Symbolic representation
of electrophilic

interaction between the 0.24|Item No 34 0.40
reacting species

Correct representation
of the intermediate 0.36] Item No 19 0.71
carbocation

Conversion of the
intermediate to 0.28] Item No 27 D.50
product

Table 5.13.1 shows that the students had
greater difficulties with the use of correct symbols
to show the electrophilic interaction between benzene

and the electrophile, (F.I = 0.24) and also applying
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the required operations to convert the intermediate
to the product (F.I = 0.28).

5.6.2.2 Section II

The problem is as follows:
"Outline the mechanism of the reaction of

bromine with ethene. The reaction is:

CH.,==CH + Br2——————*'CH2BrCHzBr“

2 2

Table 5.13.2 shows the students' facility with
the underlying operational tasks and also with the
related knowledge items in test A.

TABLE 5.13.2 OPERATIONAL TASKS UNDERLYING PROBLEM

2 (II) AND RELATED KNOWLEDGE ITEMS IN
TEST A

RELATED KNOWLEDGE
OPERATIONAL TASKS F.I |ITEMS P

Recognition of the reacting
molecule in relation to 0.40 | Item No 1 0.63
the reaction site

Identification of the
electrophile 0.28|Item No 24 0.48

Representation of reactive
interaction between the

electrophile and the 0.15|Item No 28 0.38
molecule

Representation of an
intermediate carbocation 0.20|Item No 9 0.73

Representation of
conversion of the 0.21|Item No 33 0.48
intermediate to product
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Table 5.13.2 shows the students' facility with
identification of required knowledge items and that
with which they used them in solving the problem.

The pattern which emerged seems to be that the
students had greater difficulty in using the
knowledge items to solve the problem in comparison to
identification or recognition of the items.

Comparing 2(I) and 2 (1I) one finds that the
students' problem solving behaviour fluctuated across
the problems, not withstanding that the conceptual
principles underlying both problems are basically the
same. |

5.6.2.3 Section IXII

The objective of section III of the problem
was to probe the students' understanding of some
relationships between chemical structure and chemical
reactivity. The facility indices of the main
chemical concepts involved are shown in table 5.13.3,

TABLE 5.13.3 OPERATIONAL TASKS UNDERLYING FPROBLEM

2 (1II} AND RELATED KNOWLEDGE ITEMS IN
TEST A

RELATED KNOWLEDGE
OPERATIONAL TASKS F.I |ITEMS F.I

Resonance stabilization of
benzene molecule compared 0.18 |Item No 20 - 0.49
to ethene

Activation energies of the _
rate determining step of D.04i1tem No 39 0.34
the respective reactions
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5.6.3 Problem No 4

"Using the relevant mechanisms of the

respective reactions;

(a} Explain why l-bromobutane forms only one
isomer, while 2-bromobutane forms three
isomers respectively when treated with an.
alcoholic solution of potassium hydroxide.

The reactions are as follows:

alc. KOH

3CI-I‘,:_,CI-IZ,]?:I‘ Cal CI-I3

(I) CcH CH20H==CH2 + Kar f H20

ele.KORE
CH30H20H==GH2 + KBr + H20

(IT) CHBCHECH(BI‘)CH3

e HCH CH:SCHOH3 + KBr + H20,

3

(b) \what name is usually given to the mechanism
that you have described?”

The chemical principles underlying both
sections are the same. The major difference the
student was expected to spot was that whereas there
are two pesitions from which H-atom can be removed
(ag HY) in section II, leading to the formation of
more than one isomeric products, there is only one of
such positions in section I.

A summary of the facility indices of the

underlying tasks is shown in table 5.14.
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TABLE 5.14 OPERATIONAL TASKS AND RELATED KNOWLEDGE

ITEMS IN TEST A

RELATED KNOWLEDGE
OPERATIONAL TASKS F.I | ITEMS

Recognition of structural
units of the reacting 0.30|Item
molecule

No 2

Identification of the
nucleophile 0.25|Item

No 16

0.53

Using symbols to show
reactive interaction

between the nucleophile 0.12|Item
and the molecule

No 4

0.18

Representation of the
bond~breaking processes 0.08|Item

No 12

0.34

Representation of the
bond-making processes 0.06 |Item

No 38

The students had least facility with this

problem in comparison with the other problems.

Ix

does appear that the students were unable to come to

terms with the structure of the secondary

halogencalkane (F.I = 0.30). This apparently seemed

to push the students to a corner where they failed to

visualise how rationally to attack the problem.

The students also had greater difficulty

identifying the requisite knowledge items for this

problem compared to other problems.
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5.6.4 Problem No 5

"Consider reactions I and II below in which

HBr adds across the carbon-carbon olefinic bonds:

(1) CH2="--CH—»CH3 + HB:I:'—--—-———3'CH.{,;——(.’:HE'.I'---CH3
electrophilic addition.

(1II) CHé==CH*-CHO + HBr ﬁﬁ——#-CHEBr-*CHé-*CHO
nucleophilic addition.

Outline the mechanisms of the reactions, and
use it to explain why reaction II behaves differently
from reaction I.

Note: - CHO is an electron withdrawing group”.
The problem consists of three sections. They
are:
(i} electrophilic addition mechanism
(ii) nucleophilic addition mechanism
{(iii) a drawing out of relationships between (i) and

(ii).

The facility indices of the three sections to
the problem are shown in table 5.15.1, while the
facility indices of the tasks embedded in sections

{(ii) and (iii) are shown in tables 5.15.2-3.
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TABLE 5.15.1 FACILITY INDICES OF THE SECTIONS TO
PROBLEM No 5

SUB-SECTIONS
STATISTICA 1 11 I1I
PROPERTIES
=X 247.0 181.0 34.0
x 1.30 0.95 0.18
F.I 0.26 0.19 0.09

TABLE 5.15.2 OPERATIONAL TASKS UNDERLYING PROBLEM
5 (II) AND RELATED KNOWLEDGE ITEMS

IN TEST A
RELATED KNOWLEDGE

OPERATIONAL TASKS F.I | ITEMS F.1
Recognition of the
structural features of the
molecule in relation to 0.28{Item No 32 0.29
reaction site
Identification of the
nucleophile 0.30({Item NO 25 0.46
Representation of
reactive processes
between the nucleophile 0.12|Item No 36 0.34
and the molecule
Representation of an
intermediate 0.15|Item No 22 0.54
Representation of
conversion of the 0.12|Ttem No 33 0.48

intermediate to product
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TABLE 5.15.3 OPERATIONAL TASKS UNDERLYING
PROBLEM 5 (III) AND RELATED KNOWLEDGE
ITEMS IN TEST A

RELATED KNOWLEDGE
OPERATIONAL TASKS F.I | ITEMS

Inductive effect of
-CHO group 0.17| Item No 26 0.62

Mesomeric effects of the
C=C and C=0 groups 0.02] Item No 20 0.49

A graphic representation of the results
presented in this section (5.6) is given as
fig 5.1. It shows the relative strengths of the
students' responses to the tasks embedded in the
free-response problems compared with the responses to
the knowledge items related to the tasks.

The mean facility indices of the tasks were
used to arrive at the figure which givesa general
overview of the students' difficulties in solving the

problems.
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students' problem solving strategies

Strategy is used here to denote students'’
observed behaviour in planning and directing kowledge
and skills (use of rules) in an attempt to move from
a problem situation to a solution state. The
students' problem solving strategy is given attention
as a further step in probing their difficulties in
solving mechanistic organic problems.

This inveolved a gualitative analysis of the
students’ scripts. The major limitation in this
approach is the inherent subjectivity involved.
Nonetheless, it gives an impressionistic overview of
the strategies that the students adopted as they
attempted to solve the problenms. The results are
ugseful in seeking answers to the guestion of what
constituted the ctudents' difficulties.

To solve the problems requires that the

students:

(a) understand the problem
(b) recall relevant knowledge items
{c) organise the knowledge items in line with the

demands of the problem

(d) use relevant symbols to demonstrate éuch
knowledge organization |

(e) use such symbols in a systematic and logical
manner along the problem-solution route.
These broad requirements were used to guide

the procedure of the analysis.
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The results oﬁtained showed that the students:
{a) lacked functional understanding of basic

chemical concepts and principles routinely

required for solving the problems in test B.

Those that were mostly affected include:

(1) electronic concept of covalent
bonding
(ii) bond-breaking and bond-making in

organic reactions
(iii} structural changes that accompany
organic reactions together with
nse of symbols to represent them.

(b} lacked capability to organise relevant pieces
of information (given Or recalled from Long
Term Memory) appropriately, presumably
resulting from lack of clarity of thought on'
the part of the students.

(c) seemed to rely on rote memory as basis for
problem solving rather than reliance on an
understanding of the underlying chemical
principles that guide and promote successful
problem solving behaviour.

Resulting from a, b, and c above, the problem
solving behaviour of the students appears to be
ill-defined, haphazard and lacking in logical
direction. Some excerpts from the students’ scriﬁts
are shown below to illustrate these conclusions. At
pest, the students' strategy for solving the problems
can be described as consisting of trial-and-error

approach.
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1, Considering structural and solvent factors, outline the most

hanism for the hydralysis of bromopropane by
The equation of the reaction is:

probable reaction mec
aqueous potassium hydroxide.

CH3CHZCHzBr + agKOH ————> CH3CH2CH20H + KBr

T e
R — 9

e g ———— i e

Problem Solver T

| _ pep CH .
C H3 ciy LHa By +OH ﬁf—-—-—:}' "‘%..___ Y

—

ey L2 70 H

¥ - + - Problem Solver 2 -
C;*; C*;.(-_”;_@’V T 93 KoK =
-4 ! oo = 7
) cHycdoctty e -+ A @"‘( .

| .OVQ'\’QA-” .ﬂshw ;'\'\. "b' ) 'Y'i.+ "

.

| | ) .
- - L _ _

thycky iy o H + KBY — chyetychy By 4 7 e

} et AR R e RS Tk B
B TR ICOILI R .,_'...3“5,-._-:-;9-,"-*-.'---1"-.:'—“——,5—.'-—-'- =

—— L AC R R rte AR

'_?.,"_‘ Arne—



121

Problem Solver 3

*""E

| ) 2. Qutline the mechanisms of the reactions of bromine with benzene
and with ethene; and briefly explain why a catalyst is needed for the
first reaction but not with the second. The reactions are:

v D +Bry — s - | BI HBr
| F

(I1) CH2== CH2 + Br'2 —_—— CHZBrCHEBr
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Problem Solver 4
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' Problem Solver 5
4. \Using the relevant mechanisms of the respective reactions

{a} Explain why 1-bramobutane forms only one isomer, while
2-bromobutane forms three isomers respectively, when treated with an
alcoholic solution of potassium hydroxide. The reactions are as follows:

alc. KoH
(1) CHBCHZCHZ,CHzBr > CH3CHZCH==CH2 + H20 + Br
1-bromobutane but-1-ene
i 4 = i tc. KoH e
(I1) §f3al2CH(Br')CH3 L ~» CHaCHLCH = CH, + H,0 + KBr Q)

2-bromobutane \ -
¢
- ko”
. 2‘0 + KBr @@

CH3CH = (H (Hy + H

but-Z2-ene

Note: Work out the third isomeric butenge from reaction Il.

(b) What name is usually given to the mechanism that you have described?
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5. Consider reactions 1 and 11 below in which HBr adds across the carbon-carbon
olefinic bonds:

1 (4 3 1 2 3
(1) CH, = CH= CHy + HBr-———bCH3-— CHBr — CI'I3

electrophilic addition

1 2 3 1 2 3
- (1D cna-cu-cumuar——.cuzar-cnz-tu-o

nucleophilic addition

Outline the mechanisms of the reactions; and use it to explain why reaction [I

behaves differently from reaction I.
Note: -CHO 1s an electron withdrawing group.
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Response to the Questionnaires

The results of the students' response to the
questionnaires are presented in tables 5.16.1 and
5.16.2. The first consists of the results from
items one through five. These concern the students'
assessment or judgement of the free response problems
contained in test B. The second set consists of
results from items six to ten of the questionnaire.

The results are presented showing the
distributions in percentages. The thrust of the

results showed that the students:

(a) were familiar with the preblems
(b) found the problems only moderately difficult
(c) were moderately confident in the correctness

of their sclutions.

The only exception to this trend is problem 3
which the students opined that they found unfamiliar,
difficult and had little confidence in the
correctness of their solutions.

{(4q) found the major reason for difficulty in
solving the problems was inability to apply
known facts

{e) liked organic chemistry, liked studying it
from a mechanistic approach and found
chemistry moderately boring

(£) ranked difficulty of the problems in the order
3>4>5>2>1.
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The abbreviations used in table 5.1l6,1 are

explainad below:

FA
NF
DF
ES
CN

NC

II

I11

Iv

v

1

]

ft

Familiar

Not familiar

Difficult

Easy

Confident

Not confident

I do not have the grasp
chemical knowledge

I knew the facts, but I
to apply them to arrive
I cannot understand the
was not able to proceed

I was never taught this

of the basic

did not know how
at a solution
question, so I

to solve it

I got mixed up along the way.

Summary and conclusions

The results have been presented in this

chapter.

Both statistical and qualitative analytie

nethods were used in the attempt to unravel the

difficulties of the students in solving the problems.

Discussions of the results and findings from

them are presented in the next chapter.
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CHAPTER SIX

DISCUSSION OF THE RESULTS AND FINDINGS

Overview

The discussion of the results is pregsented in
this chapter, The presentation is set out in the

following order:

{a) the conceptual chemical knowledge of the
students.
{b} the effect of students’ conceptual knowledge

on their problem solving capability.

(c) the differences between male and female
students in solving the problems.

(d) the strategic knowledge of the students,

(e) students' difficulties in solving mechanistic
organic problems.

(f) summary of discussions, findings and
conclusion.

The conceptual chemical knowledge of the students

The relevance of conceptual knowledge as a
requirement for sclving problems has been highlighted
(sec 2.8). Test A was designed to probe this. An
answer is now sought to the question: do the
students possess relevant conceptual chemical
knowledge?

Table 5.4 shows the number of students
selecting the correct response for each test item.
The facility indices are shown in table 5.3. Except
for a few items (4, 18, 21, 32 & 35) with facility
indices below 0.30, the result shows that the

students had high facility with the test items.
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This is evidenced by the fact that 20 out of the 40
items have facility indices of 0.50 and above; 15
items have facility indices between 0.30-0,.49, and 5
items, 0.18-0.29.

| Por the purpose of the discussion, facility
indices of 0.50 and above are taken to indicate
possession of good conceptual knowledge, 0.30-0.49,
to indicate possession of average conceptual
knowledge, and 0.0-0.29, possession of weak or poor
conceptual knowledge of the test items. The results
thus indicate that the students possessed the
conceptual chemical knowledge sought by the test
items.

The two measures of central tendency shown in
table 5.2, namely the group mean score and standard
deviation, indicate an average students' performance
of 50%. These, taken together also indicate that
the students possessed the required conceptual
knowledge of the test items.

The effect of students®' conceptual knowledge on

their problem solving capability

This section deals with the relationship
between the students’ reservoir of conceptual
chemical knowledge and their capability to solve
problems based on that knowledge. The conceptual
chemical knowledge of test A constituted the required
pre~requisites for solving the problems in test B.
Ideally, a large percentage of the variance in test B
sheuld be accounted for by test A. Also, scores ¢n

test A should be good predictors of test B scores.
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The relevant results are shown in tables 5.7
and 5.8. There is a positive, but low correlation
{r = 0.45) between tests A and B. The coefficient
of determination (rl) between the tests is (.20.
This shows that the variance in test B accounted for
by test A is only Z20%. The result of simple
regression analysis of the scores is shown in
table 5.8. The result obtained after entering the
score of each student in test A into the fitted
regression equation showed that only 42% of the
students obtained scores in test B that were ¥ those
predicted by their scores in test A,

These results indicate that less than half of
the students were able to apply the pre-requisite
chemical knowledge that they possessed in solving the
problems. This suggests that there is a weak link
between the students' possession of relevant
conceptual knowledge and their capability to
effectively solve problems based on that knowledge.
Some of the factors that underlie the disparity are
discussed later in sectigns 6.5 and 6.6.

Similar findings as above have been reported
in a number of studies involving other areas of
chemistry e.q Ahmed (1982), Adeyegbe (1985).

Sex differences in solving the problems

The role of gex differences in science
achievement at college level has received attention
in a number of studies. The reports indicate that
male students perform better than their female

counterparts (e.g Zerega etal, 1986, Adeyegbhe, 1985,
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Macoby etal, 1974, Walberg (1967}. Adeyegbe's

findings for example,show that the situation is aot

different for secondary school students in Nigeria,

The discussion that follows is undertaken in the

light of three questions:

{a)

{(h)

{c)

Is there a significant difference between male
and female students’® capabilities in solving
the problems in this study?

If 80, are sex differences, a significant
factor in dealing with students' difficulties
regarding mechanistic organic problems?

What are some of the educational implications?

Differences between the male and female students’®

performances in the tests

The relevant results are shown in table 5.9,

A two-tailed t-test showed that there is no

significant difference between the male and female

students' performances in test A. There is,

however, a significant difference in test B, in which

the performance of the male students is found to be

significantly superior to that of the female

students. These results show two things:

(i)

(id)

there is no significant difference between the
male and female students regarding the
reservoir of conceptual chemical knowledge
they possessed.

there is a significant difference between the
two sexes in their abilities to solve problems

requiring the use of the knowledge.
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Sex differences as a factor in problem solving

The discussion in this sub-section draws upon
inferences arising from results discussed in the
preceding sub-section and literature cited earlier in
the section. Following the results outlined in
section 6.4.1, it is reasonable to infer that sex
differences constitute an important factor in some
aspects of students' learning difficulties._

This inference, in itself, provokes mahy more
questions than it attempts to answer. One such
relevant question is this: Is there a cognitive
difference between the sexes in so far as learning of
science is concerned?

Some documented reports provide answers in the
affirmative with some attempts by the authors to
elucidate the variables involved.

For example, Stafford (1972) proposed the
psychobiclogical hypothesis to explain the
difference. The social-psychological theory which
attributes the differences to “cultural function and
pressure” was proposed by Strauss (1972). Zerega
etal. (1986) made reference to what they termed the
potential determinants of sex differences. These,
according to them are: stundent age, ability and

motivation, the quality and quantity of instruction

~{including self instruction)} the social and

psychological environment, peer-group and exposﬁre to

mass media.,
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Sbme studies have shown different results from
those discussed above. For example, Haertel etal.
(1981} investigated sex differences in scilence
learning and performance amongst students whose
average age was 13 years. They found no significant
difference in performance between the two sexes.
Thus, in view of the conflicting nature of reported
findings, and given the difference in the sizes of
the male and female samples in this study, the
present results regarding sex differences in the
capability to solve the problems posed, can only be
interpreted with some caution.

The following conclusions can, however be
drawn from the discussions presented in this section:
(a) sex difference seems to be an impertant factor

in the consideration of students' problem ’

solving difficulties in mechanisms of organic
reactions.

{h) there is need for greater research efforts
into the nature, manner of interactions and
functioning of “"potential determinants" of sex
differences amongst Nigerian students in
relation to their problem solving capabilities
in mechanistic organic chemistry.

Some educational implications

A significant difference between students’
capabilities, presumably caused by sex differences,
is not a desirable educational outcome. It is
necessary that a concerted effort be made by all

bodies concerned with educational matters to cleose



135
the gap. This is desifabie ih Nigeria where culture
and tradition have some influence on students'
attitutde to, and perception of formal education.
It is also to be given urgent attention if Nigeria is
to witness an era of science for all, required for a
scientifically literate and technologically |
progressive society.

The strategic knowledge of the students

Strategic knowledge has been defined, and its
relevance to problem scolving has been highlighted
(sec 2.8). It formed an aspect of the assumptions
that underlie the working model of this study
(fig 2.9). Test B was designed to probe this.

The results are shown in table 5.5, All the
problems, except No 1 (F.I = 0.44) have facility
indices below 0.30. The relevant statistical
properties of the students' performances are shown in
tabie 5.2. These results show that the students
found the problems very difficult to solve,
suggesting that they were incapable of solving the
problems, notwithstanding that they possessed the
relevant conceptual knowledge (sec 6.2). The
inference seems to be that the students lacked
strategies required for solving the problems.

Strategic knowledge has little significance as
a problem solving heuristic ocutside of the relevant
conceptual knowledge (Larkin etal., 1980,

Stewart, 1982).
| Therefore, the interpretation of students'

strategic knowledge or lack of it can only be done
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within the context of the knowledge structures on
which the strategies of problem solving must
necessarily operate.

Kean (1982) identified such knowledge
gstructures relevant to this discussion. They are:
(a) concept acguisition.

(b) recognition of relationship of one concept to
other related concepts.
(c) the use of concepts to solve problems.

Concept acquigition

Although there are different levels of concept
acquisition (Kempa etal. 1976), what is being referred
to here is the basic acquisition of chemical, factual
knowledge. This was discussed earlier (sec 6.2).
The inference from the results is that this level of
concept acquisition does not constitute a bar to
students' possession of strategic knowledge.

Recoqnition of relationships amongst related

concepts

Some theories regarding the structﬁre of
concepts have been reported in the literature, In
the spreading activation theory for example,

{Child, 1986), knowledge is viewed as consisting of a
net-work of concepts, in which the related ones are
inter-linked to form an organised body of knowledge
in the cognitive structure of the learner.

Activation of one concept simultanecusly
activates other related ones. To visualize

relationships amongst related concepts requires that

they are inter-linked in the cognitive structure.
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Elements of problems are coded into
concepts. Thus for students to understand and
represent problems, the recognition of the
relationships of the underlying concepts is a
necessary pre-requisite. The view is taken in this
discussion that students' failure in this requirement
contributed highly to their lack of the required
strategic knowledge.

The excerpts shown below exemplify some
aspects of students' failure to see relationships

amongst chemical concepts while solving problems.

2. Outline the mechanisms of the reactions of bromine with benzene
and with ethene; and briefly explain why a catalyst is needed for the
first reaction but not with the second. The reactions are:

Problem Solver 8

(1) + Br, FeBrq N B
. + HBr

(11) CH2== CHy + Br, ——————> CH,BrCH,Br

—

v

+
Brl + Fcﬂﬁ"__—b E"r + Fc Br“

\

H
lo +
Br
e
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Problem Solver 8

9 ' 'Er\

nl 9 | .
CH,= CH + Br; s CHh—Ch + Br ——> CHy—CH

ClBr—CH + &7

L ek e A s Wi 4T T T Em—

> BH B.CHLB,

PV ey — 8w R P

This student, for example, failed to recognise
the following relationships:

(a) the relationship between valence electrons of
reacting species and the species involved in
reaction.

(b) the relationship between electron pair
movement and the processes of bond-breaking .
and bond-making.

(c) the relationship between curved arrows (/¥)
and electron-pair movement.

{ad) the relationship between an electron pair
represented by a dash (-) and the valence
electrons of the bonded atoms in a classical
Lewis structure.

(e) the structural relationship between atoms
constituting a molecule on one hand, and the
bonding and non-bonding electrons on the

. _ . other. |
It is reasonable to suggest that this probleﬁ
._solver relied on rote memory, reproducing what he was
taught rather than using them as rules for solving
the problem. Certainly, the blame (if some should
be alloted) cannot rest with the students alone.

All the facets of the curriculum - aim, content,
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instructional methods, assessment, feed back and
adjustment procedures employed in the schools need
scrutiny.

The conclusion is this: the students involved
in this study spend much time acquiring chemical
concepts, However, the concepts remain unlinked and
unrelated. This results in failure to form
conceptual patterns required for decoding problem
elements, Thus, students’ problem solving
difficulties lie, not so much in concept acquisition,
but in lack of necessary linkages of the concepts to
form comprehensive patterns.

Using concepts to solve problems

The distinction between acquisition and use of
concepts in relation to problem solving has been
made. These were referred to as conceptual and
strategic knowledge respectively (sec 2.8). The use

of concepts in problem solving involve the following

aspects:
(a) understanding the problem.
(b) selecting information (from LTM and problem

statement) .

(e) organising the information to generate a
solution.

These aspects of concept usage in problem
solving are equivalent to the two-stage problem
solving model (planning and execution) proposed in
section 2.8; and illustrated in fig 2.9. Planning
comprises (a) and (b) above, while (c¢) constitutes

execution.
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6.5.3.1 Understanding the problem situation

The results of qualitative analysis of the
students' scripts showed that they lacked meaningful
understanding of the concepts required for solving
the problems (sec 5.7). It has been stated that
problem elements are generally coded into these
concepts (sec 6.5.2). The sum of these amount to
students! lack of understanding ¢f the problem
gituation. The examples shown below typify
students’ failure to conceptualize the problem

situation.

1. Considering structural and solvent factors, outline the most
probable reaction mechanism for the hydrolysis of bromopropane by
gqueous potassium hydroxide. The equation of the reaction is:

CHBCHZCHzBr + agkOH ——=» CH3CH2CH20H + KBr

&#—a_—g;%ér Problem Solver 9

# r J
B Mo
-C—c— 5% 4 'S4 ————dpC-C— C— ok .
y Wy iy f@ﬁ Ko e fw 'y 4

+ -

. F -
L CHy CH oh = —— OOl M e wii'——"_fmw‘z Uhchys

. S
- - ke Py e L Fupt i
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Problem Solver 10

KOFlfaa) —> K"y Ol

¢ - 2

Al o Ve Ty & Iy

@) -
r b - )
CRCHACH &, 20K o CHCHCHOH 48]

‘-‘;’-{“""'K*——:} Kg_{

Problem solver 9, in an attempt to solve the
problem, presented two incongruent mechanisms, Sy2
and Syl operating at the same time. This suggests
a trial-and-error strateqgy in which the solver hopes
to get at least one of the mechanisms correct.
Alternatively he does not recognise the
differences. Both cases indicate lack of
understanding of the problem situation.

Problem solver 10 sees and treats the
bromoalkane as an ionic compound. In solving the
problem, he merely correlated. the charged species to
arrive at the given product. He lacks an
understanding of the problem situation which requires
a general conceptual overview of:

(i) the C-Br covalent bond, based on an
understanding of the molecular structure of
the bromoalkane.

(ii) the distortion of C-Br bond electrons, based
on differential electronegativities.

(iii) decreased electron density at&-carbon centre
which prompts,

(lv) a nucleophilic attack of OH™ on that carbon.
It is reasonable to deduce that the solver

lacks a global perception (hence understanding) of
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the problem i.e a bimolecular nucleophilic
substitution. It is a matter for concern that about
74% of the students involved in the study showed
similar difficulties. These point to more
deeply-seated conceptual difficulties. Some of
these are discussed in section 6.6.

6.5.3.2 Selecting relevant information

This refers to distinguishing concepts that
are relevant from those that are not relevant to the
process of solving the problem at hand. The
importance of information selection to successful
problem solving is highlighted in the literature (e.g
Selvaratnam, 1983). Since the students failed to
understand the problem situation (sec 6.5.3.1), a
logical implication is that they would, as a result,
fail to select relevant information required for
solving the problem, Evidence from qualitative
analysis of the students' scripts (sec 5.7) together
with two examples shown below support this

conclusion.

Problem Solver 11
5. Consider reactions I and II below in which HBr adds across the carbon-carbon
olefinic bonds:

1 2 3 1 2 3
(1) CH2==CH- CH3 + HBr-—————yCH3—- CHBr — CH3

electrophilic addition
1 2 3 1 2 3
ap CH, = CH ~ CHO + HBr ————-»cnzur-cuz ~CH=0
nucleophilic addition

Outline the mechanisms of the reactions; and use it to explain why reaction 11
behaves differently from reaction I.

Note: -CHO is an electron withdrawing group.
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The excerpts show that the solvers 11 and 12
selected and used an algorithm which, though related
to the problem, is irrelevant to the process of
solving it. There is some evidence to suggest that
selection of information is guided by rote memory, in
which the students attempt to reduce the difference
between the reactants and the products, both of which
are given. However, this behaviour is characterised

by application of wrong strategies.
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6.5.3.3 Organising the information to generate a

solution

This phase of problem solving has been
referred to in this section as execution. It is
dependent on the planning phase for success. Where
planning is faulty, execution is hampered, and even
if it is "bull-dozed" as it was by most students
involved in this study, the resultant solution is
generally wrong.

The excerpts included in this section show
that the students made what could be described as
reasonable attempts to organise the information-bits
to generate a solution. But most of them are based
on a wrong conceptual premise. For example, problem
solver 11 merely assigned H and Br (atoms) to Cj
and Cy respectively to arrive at the given
product. This might look a reasonable attempt to
organise information,but it is wrong chemistry,
portraying a whole range of fundamental
misconceptions.

While it cannot be said that the students lack
the ability to organise information to generate a
solution, the evidence is that they do so wrongly.
So, there is the issue of what is superficially
reasonable (at least to the solver) and what is
fundamentally correct. Where the two are in
question, as they appear to be here, the latter
should, of course, prevail. The conclusion,
therefore is that the students were unsuccessful in

organising information-bits to reach a solution.
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Similar findings have been reported by some

researchers, for example, Patwary, 1982;

Ahmed, 1982,

From the discussions in this section, the
following conclusions can be drawn:

(a) the students lack strategies for solving the
problems notwithstanding that they possess the
conceptual knowledge underlying the former.

{b) students' lack of strategic knowledge is
attributable to:

(1) lack of concept-linkages,
resulting in failure to form
conceptual patterns of chemical
principles.

(ii) | failure to understand the elements

of the problem situation. |

(iii) failure to select relevant

information required for solving
Ithe problem at hand,

{iv) combined effects of i—-iii above
which rendered their attempts to
organise information-bits to |
generate a solution unfruitful.

Students® difficulties in solving mechanistic

problems: a conceptual interpretation

The strategies adopted by the students in
solving the problems are reported in sectien 5.7.
Results from tests A and B have led to the conclusion
that the students possessed pre-reguisite conceptual

knowledge, but were incapable of extending them far
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use in solving problems (sec 6.3). The gap between
students' possession of conceptual knowledge and
ability to use them is accounted for (within the
framework and conduct of this study) by
misconceptions or conceptual difficulties, these
being held to underlie students' difficulties in
solving the problems. Misconception is taken to
mean a departure of the privately-held knowledge of
an individual from a publicly-accepted view of a
given knowledge domain.

The grades from the paper-and-pencil tests do
not give much information about these conceptual
difficulties. The discussions that follow in this
section highlight some of them. The discussions
draw upon analysis of the strategies adopted by the
students to solve the problems (sec 5.7}, excerpts
shown in section 6.5 and further gualitative analysis
of the students’ scripts from which excerpts included
subsequently in this chapter are derived.

The difficulties fall into three main

categories:

{a) chemical structure of reacting species.
(b) formalisms of chemical symbols.
(c) chemical interactions of reacting species and

the resultant structural changes.
These are briefly discussed below:

Chemical atructure

Two major difficulties were identified. They
are:

(i) the electronic concept of covalent bonds and
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the related concept of unshared electron-pairs
in the valance shell of constituent atoms of
the molecule. These are referred to here as
electronic concepts in molecules,

{(ii) the visualization of the positions of atoms
(using the planar Lewis structure model) in
the molecule relative to each other, This is
being referred to as atomic linkages.

6.6.1.1 Electronic concepts in molecules

The students have difficulties with the
electronic arrangements (Lewis structure) within the
molecule that give rise to covalent bonds. The idea
of a covalent hond being represented by a pair of
electrons appears familiar, but the implication of
this for the structure of molecules presents
difficulty. A closely related difficulty is that §f
an unshared electron pair in the valence shell of
bonded atoms. Most of the students appear to be
unaware of these, resulting in difficulties in coping
with co-ordination number and formal charges.
Examples of such difficulties showed up in students
writing:

-*

- &+
CH,CH,CH;—Br~ instead of  CH,CH,CH;—Br

act
.
(::j’ instead of [::j’s
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Two excerpts which further exemplify the

difficulties are shown below:
1. Considering structural and solvent factors, outline the most
probable reaction mechanism for the hydrolysis of bromopropane by
aqueous potassium hydroxide. The equation of the reaction is:

Problem Solver
OH + KBr 13 "

+ = By

| ]
ity Chy d@é’ H

- -
chy chy ghg ¥ B2 s cHyery cigOF + K By

on

Problem Solver 14

I - = + 1_ * -k o
¢ uscH}qu@rv tog KoH 5 CHaCH, CH 00 F R gy

L. ——

:
T A s rwm pe .
I}
Kl

The teaching of organic chemistfy, using Lewis
structures, with all valence electrons indicated at
every stage, is likely to help in reducing the
difficulties. The use of different styles of
representing molecules, often adopted by different
teachers in these schools is partly to blame for the
difficulties. The proliferation of these different
styles in different organic chemistry texts only
compound the situation.,

6.6.1.2 Atomic linkages

It is apparent to the author that the students
had difficulties in conceptualising the arrangements
of the atoms relative to each other in a given

molecule. This was not tested directly, but
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indirectly monitored especially through problem 1, in
which the condensed formula of the reacting molecule
(bromopropane) was given. To solve the problem
successfully requires that the molecule is
"opened up” into its structural formula, or at least
that the -CH,Br part of the molecule is opened up.

H

I

as: “"?———Br
H

The results showed that only a quarter of the
students attempted to do this. The view is taken
that the students could not conceptualise the
relative linkages of the constituent atoms.
Students' structural representations of the
bromopropane molecule, e.g CH3CH20H;Br";
+CH3CHCHBr™; CH3CH26H2-—-Br-
lend credence to the validity of the conclusion.

The findings of Dupigny (1985) also support it.

It is probable that the students were unable
to mentally manipulate the structures.
Representation of molecules showing the relative
attachment of the constituent atoms by both teachers
and authors of organic texts might reduce this
difficulty. The emphasis of some recent texts in
this regard gives some encouragement.

Symbolic formalisms

These refer to some of the symbols that are
frequently used in describing chemical processes
involved in organic reactions together with the

chemical concepts that they represent. Those that
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are relevant to the study are briefly discussed
below:
(i) curly arrows (V).
(ii) partial and full charges.

6.6.2.1 Curly arrows

The understanding of curly arrow formalism is
an important pre-requisite for the understanding of
mechanisms of organic reactions (William, 1971).
Loudon (1984) considers the formalism as "a device
for keeping track of electrons in reactions”, The
curly arrow represents movement of electron-pair from
the tail to the head of the arrow. |

This constitutes an area of Eundameﬁtal
conceptual difficulty for the students, who used
curly arrows both inconsistently and inaccurately.
The following are some of the conceptual difficulties
that feature most prominently:

(a) the students do not seem to visualize a
relationship between the use of curly arrowé

and an underlying electron-pair movement.

(b) the students used curly arrows as indicating:
(i) movement of protoms.
(ii) movement of atoms or groups of

atoms, radicals and molecules.

(c) many of the students constructed the curly
arrows so that they originate and terminate in
"empty space" giving no particular chemical
information.

(d) some curly arrows have double heads, one at

each end, while others are merely curved
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lines.

The excerpts shown below exemplify each
category of the conceptual difficulties presented,
with comments describing the most significaqt_

conceptual difficulties in each category.

Problem Solver 15
Considering structural and solvent factors, outline the most

probable reaction mechanism for the hydrolysis of bromopropane by
aqueous potassium hydroxide. The equation of the reaction is:

1.

CHBCHZCHzBr‘ + agkOH ————>» CH3CH2CH20H + KBr

u+/”,41f;::;;“ﬁpk\n
CHichaClpbr by + kot —> CHgCﬂ';.CH'g__O—H Hcer

—— e B iy o ey [T -

i g et rm— -t = =

S ——

Problem Solver 16

. m e ———— e

==

CH CH CHZBr‘ + aqKOH ————> CH CHZCH20H + KBr‘

;_//’f#’ﬁ_::\ﬁlé_

| 2
CH o, Cll~ Br s

\amiiij;ﬁﬂ 2 G CRL0A + Rer
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2. Outline the mechanisms of the reactions of bromiune wit‘ﬁ "benzene

and with ethene;

first reaction but not with the second. The reactions-are:

(1)

(!)

/rt)

B e Ll TP

(1)

L/

Problem Solver 17

+ Br, FeBr _ BI "
z r

_ Problem Soly R

S et xY
+ Bry —» + HBr

| (11) CH,= CH, + Bry ——> CH,BrCH,Br

5
H

\C'5'+

MMy Br By

SRR ¥ PR A

B @ +\%‘%*r

and briefly explain why a catalyst is needed for the
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lem Solver 18

H H

” o { o
%—%"L H——/é):LS;H ' %-’;Qr

= x
J F - l
He@e—c-13 87 Bv —SH o o)

)
i éfv

5. Consider reactions [ and 11 below in which HBr adds across the Earbon-tarbon
olefinic bonds:

Problem Solver 19
1 2 3 1 2 3
(1) CH, = CH— CH; + HBr ———CH; — CHBr — CH,

electrophilic addition

1 2 3 1 2 3

- an CH, = CH — CHO + HBr ———> CH,Br — CH, — CH =0

nucleophilic addition
Outline the mechanisms of the reactions; and use it to explain why reaction Il
behaves differently from reaction I.

Note: ~CHO is an electron withdrawing group.
|

" - @
} i) ‘:J?g};é:Tﬁ}L‘& -— (:*kzs -+ }Fﬁ-@:r —_ (:‘*nr- E!H--—-C2ﬂ3'i~ |

l‘ 3 ” { .
| > Q.HS— CHe - - C‘HS oleche ?‘“’“L A heow

M B f-soar >

e — CHl, _ CH,—CH =0
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Problgm‘Solver 20

gl s CHBe~CH)
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One of the conclusions that emerges from these
findings is that the students do not have the
conceptual understanding of electron movements
involved in organic reactions, The second
conclusion is consequent upon the first. It is
this: the students are incapable of using curly
arrows to describe the processes involved in organic
reactions because they do not possess an
understanding of the chemical concepts that they
represent. Simpson (1983) has reported that A-level
English students studying organic chemistry
experienced difficulties with the use of curly arrows
similar to those discussed above.

The teaching of organic chemistry from a
mechanistic approach, in which curved arrows are used
to detail electron movements, should receive emphasis
in the schocls of Basic Studies. This will develop
in the students an understanding of the chemical
processes involved in organic reactions. It would
require, of course, that the students are led, in the
first instance, to understand the concepts that curly
arrows represent, and how to use them, based on a
firm understanding of the chemical structure of
molecules,

It appears the teachers have taken these basic
skills for granted, in the students inveolved in this
study. These results reveal that the assumptions
are unrealistic, It could also be that the content
and structure of the organic chemistry syllabus is

partly unsuitable.
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6.6.2.2 Partial and full charges

The symbols o+ and &- are referred to here
as partial charges, and + and - as full charges.
The students used these symbols inaccurately and in
wrong contexts. They used 8+ and +
interchangeably; so also éd— and -. Futhermore,
these symbols are often assigned to the wrong atoms
within the molecule. Examples include structures
represented by the students as:

5=

&1
CH4CHoCH%3~Br~ instead of CH3CHCHy-Br

g‘ -
HY*—Br— instead of H-—BrJ

CHoBr-CHy instead of CHzBr—Eﬂz
Problem solvers 10, 13, 14, 19 and 20 are
typical examples, These are not isclated
instances. A closer examination of the students’
scripts showed that B4% of them used these symbols
wrongly at one stage or another in solving the
problems.
These suggest that there is an enormous amount
of confusion in the mind of the students regarding:
(i) electronic concepta of covalent bonding.
(ii} the electron distribution about atoms
constituting a molecule (see 6.6.1.1 also).
{iii) the conceptual meaning and structural
implications of the symbols they chose to use.
The conclusion can be drawn from these

findings that the students' understanding regarding
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the basic concepts that underlie molecular structure
is fundamentally defective. Secondly, teachers'
{often tacit) assumptions that students would pick up
the capability to use symbols alongside the learning
of the concepts that the former represent is
apparently not valid. It does appear that the
skills of using symbols should be taught
specifically. Whether they are taught at the same
time as the concepts they represent or separately
from them is a separate pedagogic matter,

Chemical interactions

One of the requirements for solving
mechanistic organic problems is that the student
possess a conceptunal understanding of the chemical
interactions of the reacting species involved.
Chemical interaction is explained in terms of the
bond-breaking and bond-making processes, involving
movements of electrons and resultant structural
changes. The analysis of the underlying sub-tasks
of the problems (test B) draws heavily on the
conceptual understanding of such chemical
interactions. The results are shown in tables
5.11-5.15.

The results show that the students had low
facility with each of the sub-tasks embedded in all
the problens. When these results are taken
alongside those shown by the analysis of the
students' strategies for solving the problems, they
lead to the conclusion that they lack a conceptual

understanding of the interactive processes in which
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the reacting species are involved. Problem solvers
1, 2, 3, 4, 6 and 7 (sec 5.7) amply exemplify this
conclusion. It is most probable that students'
difficulties with chemical structures {se¢ 6.6.1)
contribute fundamentally to their difficulties in
conceptualising the chemical interactions of the
reacting species.

These results further reinforce the case made
earlier (sec 6.6.2.1) for a mechanistic approach to
teaching organic chemistry at these institutions
(SBS). This should, of course, be based on a firm
understanding of the chemical structures of molecules
in relation to their chemical reactivity.

Responge to guestionnaires

The result of students' responses to the
questionnaires in the free-response problems are
shown in tables 5.16 (1 and 2). They show that the
problems were familiar to the students, except
problem 3 on which opinion was split. The problems
were considered moderately difficult, except 1 and 2,
which were judged to be easy. The students
indicated moderate confidence in the correctness of
their solutions to the problems. The most
fundamental factor causing difficulty seems to be
students’ inability to apply the chemical, factual
knowledge that they possess to solving the problems.

The following inferences can be drawn from the

results:

(a) the knowledge tested by the problems is within

the cognitive competence of the students,



(b}

(c)

(d)

(e)
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there is a weak correlation between students’
familiarity with the problems and the level of
difficulty experienced.

the students tended to have underestimated
their level of difficulties with the problems
compared with their actual performances.

the students' estimation of their confidence
in the correctness of their solutions to the
problems is consistent with their difficulties
with the problems. However, there is some
over estimation of the former.

the students seemed to like organic chemistry
as a subject, and also were favourably
disposed toward the learning of the subject
from a mechanistic approach.

The conclusions drawn from this section are as

follows:

(a)

{b)

(c)

{d)

the problems are familiar to the students.
This justifies some aspects of the assumptions
underlying the construction of the test
consisting the problems.

the students, on the average, have a fair
impression about their problem solving
capabilities.

the students' obstacles in solving the
problems lie mostly in lack of ability to
apply conceptual or factual knowledge to
golving the problems.

the students' estimation of the order of
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decreasing difficulty of the problems is:
3I>4>5>2>1., Their performances show that the
order is: 4>5>2>3>1. Apart from the odd
position of problem 3, the assessments agree
very well with their performances, further
supporting conclusion (b) above. In spite of
this general agreement, a closer examination
of each problem shows that a large proportion
of the students underestimated the level of
the difficulties and overestimated their
confidence in the correctness of their
solutions, This tends to suggest that either
the students do not know what they know or
that they did not take the questionnaire
seriocusly. The former is more probable.

(e) the students indicated positive disposition
toward organic chemistry as a subject, and the
learning of it from a mechanistic appfoach.

Summary of discussions, findings and conclusions

Summary of discussions and findings

The discussions presented in this chapter
highlight the nature of students' difficuolties in
solving mechanistic organic problems. They are both
conceptual and strategic. They are conceptual
because the students lack an understanding of, and
connactions amongst related chemical concepts that
they have learnt. This contributes fundamentqllg to
failure in generating conceptual patterns or ?
principles that guide the cognitive processes of

solving the problems. They are strategic because
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the students are incapable of structuring and

representing the problems in any logical and

systematic manner. puring the process of solving
the problems, wrong heuristics were used in which
incorrect coperators were selected for use in reducing
the difference between the problem and the

solution. A strategy of trial-and—error,

haphazardly adopted, was used to achieve this.

There are really no clear boundaries between
conceptual and strategic knowledge in the cognitive
processes of solving these (academic) problems.

This fluidity is amply highlighted (sec 6.5).

students' conceptual difficulties (sec 6.6) directly

affected their strategic knowledge.

The following constitute the major findings
from the discussions:

(a) The students were incapable of solving the
problems, notwithstanding that they possessed
the pre-requisite conceptual knowledge. This
gap (between the students' conceptual
knowledge and capability to solve the
problems) is attributable to the students’
conceptual difficulties which are due to lack
of:

(i) understanding of the electronic
structure of molecules, involving the
structural relationships of covalent
bonds, atoms and valence electrons
within the molecule in a classical

Lewis model.
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(c)

(ii)

(iii)

(iv)
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understanding of the formalism of
chemical symbols. Curly arrows and
representation of charges feature most
prominently.

understanding of interative processes
of bond-breaking and bond-making which
reactants undergo to reach products.
visualization of connective links
between related chemical concepts to

form broad-based chemical principles.

The students lack strategic knowledge. This

is evidenced by their:

(i)

(ii)

(iii)

(i)

(ii)

failure to understand the problém
situation.

failure to select relevant information
given the demands of the problem.
haphazard organisation of
information-bits in an attempt to
generate a solution.

"There is a positive, but low
correlation between the students’
possession of chemical knowledge and
their capability to use the knowledge
in solving problems that are based on
it.

The students' reservoir of chemical
knowledge is not a good predictor of
their capability to solve problems
that require such knowledge as

pre-requisites.
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e

(i) Jhe male students perform
significantly better than the female
students in solving mechanistic
organic problems.

(ii) Sex differences seems to be a
significant factor in educational
matters concerning students’
difficulties in learning of organic
chemistry in Nigerian Schools of Basic
Studies.

The students' problem solving approach is
guided, mostly by rote-memory, rather than hy
a logical application of conceptual or
chemical principles, This is evidenced by
the students' problem solving strategies which
indicate a trial-and-error approach rocoted in
chemical misconceptions of the nature
discussed in this chapter.

“The students' difficulties in solving
mechanistic organic problems, can be
summarised as due to their failure to marry
conceptual knowledge (which they possessed)
with the demands of the problems. This
failure can be explained in terms of their
lack of concept—-understanding, concept-linkage
and concept-utilization, These tended to
constitute "stumbling-blocks™ in the students’

moves to solve the problems,

+,

i
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Conclusions

The difficulties of students in solving
structured organic reaction problems which require
them to describe the mechanisms have been discussed
in this chapter. Some conclusions were drawn in the
course of the discussions, and a summary of these
have been presented as the findings.

The conclusions were drawn, based on results
obtained from paper-and-pencil performances of the
students. But these provide us with no information
about, and thus with no insight into, the thought
processes that led the students to the right or wrong
solutions. In the next three chapters, an attempt

is made to probe these.



PART 1B

PROBING STUDENTS® THOUGHT PROCESSES AS THEY SOLVE

MECHANISTIC ORGANIC PROBLEMS

"phinking is a process and knowledge is a product,
but the two are intimately related”

Aaron, 1971

nphe psychologist studying individual differences
through the use of tests and qguestionnaires of
various kinds must, if he is to interprete the
results with any degree of accuracy. investigate the
nature of mental processes underlying the responses
to the instruments”

Bloom and Broder, 1950
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CHAPTER SEVEN

INTRODUCTION, REVIEW OF LITERATURE AND

PROCEDURE FOR DATA COLLECTION

Overview

The transcript of a person's tape-recorded
statements as he/she talks aloud about his/her
thought processes while he/she is solving problems,
together with his/her written work constitutes a
protocol (Reif, 1983). This method of gathering
evidence about an individual's problem solving
behaviour has come to be known as the "thinking
aloud” technique, referred to in section 3.4 as TAPS
- "Thinking Aloud Problem Solving".

The role of this technique in gathering
evidence about, and analysing problem solving
behaviour of individuals has been considered very
significant in studies of problem solving. Bloom
and Broder (1950), for example, view the evidence
upon which judgements about problem solving behaviour
must necessarily be based from two complementary
stand-points:

(a) the thought products
(b) the thought processes.

They argue that what paper-and-pencil tests
usually show are the thought-products from which the
investigator makes inferences about the problem
solving behaviour of the subject(s). They contend
that such methods, though indispensible, must
necessarily be complemented by tests that give

information about the thought-processes that
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culminate in the products that are observed. In
other words, the overt pehaviour exhibited during a
problem solving gituation should be studied alongside
the underlying cognitive strategies as complementary
phenonena. This part of the study is geared towards
achieving this.

Tn this chapter, the purpose of the study,
review of relevant l1iterature and procedure of data
collection are presented.

Purpose of the study

students' difficulties in solving the problems
presented to them in part IA of this study are
apparent. Inferences were made and conclusions
drawn about the nature of, and reasons for these
difficulties (see 6.5 and 6.6). Such inferences and
conclusions were based on the author's interpretation
of the students’ solutions to the problems. In all
cases, the processes of thought that led to these
solutions (right or wrong) were unknown. The
purpose of this part of the study was to employ the

“thinking aloud" technique to:

(a) investigate the processes of thinking that
underlie the overt problem solving behaviour
of the students.

(b) describe ways in which students' thought
processes are related to their success or
failure in solving problems.

(c) determine if observed variations in students'’

- problem solving pehaviour is ascribable to

certain thought patterns or cognitive
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strategies.

{d) gain deeper insight into the problem aolvihg
difficulties of the students, with a view to
confirming or modifying conclusions reached
about the conceptual and strategic
difficulties in part IA of the study.

(e) expose the nature of students' problem solving
difficulties from their own view-points.

7.3 Methods of investigation

There are basically two.approaches generally
employed in collecting data using the "think aloud”
technigue. These are:

{i) one in which the student ﬁerbalizes his/her
thoughts as he/she solves the problem, without
any intervention from the experimenter.

(ii) one in which the experimenter interviews the
student in the course of the TAPS.

In the first method, the student is placed in
a quiet room where ha/she is given the problem(s)} to
solve, speaking out his/her thoughts as he/she
progresses through every stage of the problem. An
audio-cassette recorder records his/her
verbalizations. The experimenter sometimes
disappears from sight or else remains as a passive
spectator throughout the problem solving session.

One of the major advantages of this method is that it
allows for an unbroken, natural flow of the student's
thought during the problem solving pericd. The
possibilities of unwittingly guiding the students’

b responses through clues, often embedded in the
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interviews, are eliminated. some of the

disadvantages, however, are that such unlimited

lattitude gives the student too much room to say
anything, anyhow. The result may be an
incomprehensible data. Secondly, the experimenter
loses the advantage of probing deeper at points where
it becomes necessary. Thirdly, the student may
become frustrated and consequently give up, if

provided with no prompts that may Serve to break a

conceptual impasse.

In the second method, both the student and the
experimenter work together as a team in a quiet

room. The experimenter interjects once in a while

by asking particular gquestions, or making certain

expressions as the TAPS progresses. These serve the
purposes of probing for more details, clarifying
ambiguities and prompting the student in the process.

This method suffers the following
disadvantages:

(a) "the student's line of thought is subjected to
external interference. He/she may,
consequently, become confused and/or
incoherent, depending on the frequency of
interjection and the tact employed.

(b} 'The phraseoclogy of the questions or
expressions, could, unknown to the
experimenter, lead the student towards or away
from a response originally contemplated by
him/her.

{c) TEe student may become nervous and frustrated
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by the constant requirement to answer
questions and thus lose confidence.

The advantages of the method include the

following:

(a}

(b)

()

It minimises possibilities aof the student
editing his/her thoughts which could,
otherwise have occurred.

It gives the experimenter opportunity to
clarify vague statements, probe deeper and
prompt the student, if he/she is heading for a
deadlock.

In situations where prompting fails to avert
or resolve conceptual stagnation, the
interviews are valuable in determining the
underlying causes(s).

An approach which represents a compromise of

the two methods outlined above involves:

(i}

(ii)}

allowing the student to carry out the TAPS
process without any form of intervention from
the experimenter, combined with

the experimenter interviewing the student on
his/her verbalized thoughts 1in conjunction
with his/her written responses after a
solution is produced or when the student is
deadlocked and is clearly unable to proceed.

This method, which is a variant of methods (i}

and (ii) put together, combines most of their

advantages while eliminating many of the

disadvantages. The main limitation, however, is

that it lacks what has been describe& as "advantage
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of immediacy" (Adeyegbe, 1985); occasioned by the
time lag hetween the problem solving session and the
interview session.

Review of literature

A survey of literature relevant to this part
of the study is now presented.

Recording students' "thoughts®™ without interviews

A number of researchers have, at various
times, adopted this method in the conduct of their
studies. Paige and Simon (1966) used this technique
to investigate the methods that problem solvers
employ in attacking problems. Based on their
findings, they classified problem solvers into two
categories: physical and verbal solvers. The
physical solvers tend to set up some internal
representation of the situvation involved in the
problem. The verbal solvers are those who
concentrate on the direct, literal translation of the
words of the problem.

Thorsland and Novak (1974) carried out an
investigation involving 25 students. They reported
that the results obtained from analysis of the
protaocels led them to clasaify the subjects into two
categories: intuitive and analytic problem
solvers. They explained that intuitive solvers
depend on some implicit feeling rather than a
conscious awareness of the explicit steps leading to
a solution. Analytic solvers are characterised by a
tendency to carry out careful analysis of the steps

leading to a solution.
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Bapat (1975) used this method to record the
verbalized thoughts of 41 subjects, comprising
university teachers, post-graduate and under-graduate
students while solving problems of organic
chemistry. He reported that over 90% of the
subjects appeared tc have used the analytical
approach in solving the problems. He further
indicated that protocol analysis was a useful method
for investigating problem solving strategies and the
cognitive factors that may underlie such
strategies, His studies culminated in the
development and evaluation of what he called a
methodology for studying problem solving strategies.

Bree (1975) carried out an investigation in
which he attempted to study the understanding of
students in structured problems. He used 12
subjects, and employed a computer program for the
analysis of the protocol. He reported that
students' understanding has some consistent
relationship with the kind of the task involved.

Simon and Simon (1978) investigated the
problem solving behaviour of individuals they had
classifed as experts and novices, using computer
program. They reported that many of the differences
in skills between the two groups can be ascribed to a
generalised practice effect. They explained that
the skilled subjects have, over a period of time,
acquired a vastly greater level of experience in
solving arithmetical and algebraic problems, hence

their superior performance relative to the novices.
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Onwu (1980) investigated some aspects of the
concept of amount of substance, using a total of 27
subjects selected from fourth and sixth forms. His
analysis was based on Pascual-Leone's theory. He
showed that a direct comparison between performances
of younger and older students conveys little meaning
without reference to the intellectual levels of the
two groups.

Ahmed (1982) carried out a study involving 10
students in Kano state of Nigeria, in which he
attempted to probe the underlying causes of students'
difficulties in some aspects of electrochemsitry.

He analysed his protocols using a method he described
as a "pragmatic" approach. It does not rely on any
formal theory, but involves piecing together the
information gathered in order to make sense of it,
His findings showed that a distinction exists between
the private knowledge held by the subjects about some
scientific concepts, and the publicly-accepted
version of the same concepts. This seems to point
to the individualistic nature of learning.

Interviewing students

Menis and Novick (1976) used this method to
investigate the understanding of 29 high school
students about aspects of the concept of amount of
substance. They showed that the subjects held
certain misconceptions, in particular that the mole
represents a mass.

Lazonby etal. (1982) employed this method to

investigate students' difficulties in some
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calculations involving the concept of amount. They
reported that the method was useful in obtaining
information about the thought patterns of the
students and the mistakes that they most frequently
make, They showed, for example, that the students
often adopted haphazard strategies for sclving the
problems,

Gabel etal. {1984) employed the technigue to
determine the general problem solving skills of high
school chemistry students. They used Polya's
heuristics as basis for coding and analysis of the
protocols. It involved the determination of whether
the solver understood the problem, devised a plan to
solve it, carried out the plan and in the end,
evaluated the solution in relation to the demands of
the problem. They found that students who were
successful in solving the problems tended to use
strategies involving algorithms more often than those
that were unsuccessful.

Adeyegbe (19B85) used the method to investigate
the strategies that Nigerian secondary school
students used in solving arithmetical problems
involving the concept of the amount of substance.

He found, amongst other things that their problen
solving approach could not be categorized into any
generalizable pattern,

Effects of "thinking aloud®™ on performance

The guestion of how the requirement to
verbalize affects performance in problem solving, if

it does at all, has received some attention. Gagné
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and Smith (1962), for example, reported that the very
act of verbalizing encouraged their subjects to think
of new reasons for their moves, facilitating the
discovery of general principles and their use in
problem solving.

Cohen (1977 concluded that the instruction
requiring the solver to "think aloud™ may have the
effect of distorting normal thought processes which
tends to induce the subject to make his thinking more
intelligible and orderly than would have otherwise
been the case.

Flaherty (1875}, using 100 students showed
that the requirement to "think aloud" has no
significant effect on performance in a given task.

Satterly (1983), however, observed that the
requirement to "think aloud" amounts to asking the
individual to perform two operational tasks at the
same time. He suggested that humans are incapable
of doing that. The argument may continue, but the
utility of TAPS as a useful diagnostic tool is not in
gquestion. 1t does mean, however, that research
using this method, should employ a technique that
attempts to minimise whatever interference there may
be between "thinking aloud”™ and actually performing
the task.

Main hiqghlights from the literature

The literature reviewed showed that:
(a) protocel analyses have been widely used as a
method for describing cognitive structure and

functioning.
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(b} protocol analyses.provide useful information
about the nature and underlying causes of
learning difficulties.

{(c) both methods (sec 7.3} have been widely used
by researchers at various times across
wide-ranging subject matters.

(4d) there is no clear answer to the question of
whether the reguirement to "think aloud"
significantly affects actual performance; and
if so, in what directicn. The inference that
can be drawn from the pool of arguments is
that performance is not significantly
inhibited.

Limitations of "thinking aloud”™ as a diagnostic

instrument

Inspite of the advantages of "thinking aloud”
{sections 7.1 and 7.4) as a tool for an indepth
diagnosis of learning difficulties, it suffers

certain short-comings. Some of these are outlined

below:

(a) It is highly time-consuming considering the
processes involved in data collection,
transcription and subsequent analysis of
protocols..

(b) Consequently:

(i} only samples of relatively small
sizes can be effectively used.

(ii) the scope of subject-matter that
can be dealt with at any given

time is necessarily narrow.
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(c) Protocols represent only verbal bhehaviour from
which inferences are made about cognitive
strategies. The reliability of results are,
thus dependent on the match between the
strategies and the statements purported to
have expressed them. The certainty that this
match exists, and indeed, its guantification
are uncertain.

(d) Not all cognitive functioning can be
verbalized, especially in problems that rely
mostly on recall of information for generating
a solution.

Choice of method for data collection

The two major approaches generally adopted for
data collection have been discussed in section 7.3.
The strengths and weaknesses of each method were
highlighted,

A major consideration that underlies the
choice of method for the conduct of data collection
has to do with an attempt to avoid interjections from
the experimenter during the TAPS session, but also to
provide an opportunity to clarify ambiguities and
probe for more details where necessary. A method
that seems to satisfy this requirement is the
integrationist approach described in section 7.3 as
intermediate between methods (i} and (ii). This
approach was adopted for data collection in this part
of the study. A number of researchers, for example
Gabel etal. (1983), Adeyegbe (1985) have used the
method in the conduct of the investigations cited in

gsection 7.4.2.



7.7

7.7.1

177

Procedure of data collection

The remainder of this chapter describes the
procedure employed in the conduct of data collection
-~ from the underlying theoretical considerations to
the actual recording of the students'’ verbalizations.

Establishing a basis for sample and problem

selection
The collection of data was undertaken the day

after the written tests in each sachool visited.
Immediately after completion of the written tests,
the author examined all the written responses in
detail. From this exercise, a fair idea was
obtained about the performances of the students.
The overall picture that emerged in all the schools
visited was that the students performed poorly in
test B and fairly well in test A. Attention was
thus focused on test B, which was further scrutinised
in an attempt to separate the scripts into two
categories, based on what was judged as good and poof.*
performances. There were few students in the first
category, generally ranging between 2 and & students
from each school. The scripts were alsc scrutinised
problem by problem. It was fairly obvious to the
author that while the students generally found the
problems difficult to solve, problem 1l was the least
difficult. Two excerpts included below serve to
exemplify what was considered relatively good and

poor performances respectively.
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1. Considering structural and solvent factors, outline the most

ction mechanism for the hydrolysis of bromopropane by

probable rea
The equation of the reaction is:

aqueous potassium hydroxide.
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The outcome.of the evaluations and
categorization of the students and the problems
formed the basis for gelecting the students and
problems included in the TAPS study. One limitation
of this impressionistic approach of judging the
written responses concerned the inherent subjectivity
involved. However, it was the best option under the
circumstances, as the other more reliable approach
using the actual scores, would have required a numher
of weeks to complete. 1f such a long period of time
was allowed to elapse between the written tests and
the conduct of TAPS, it would have been likely to
result in reconstruction, edition, and in some cases,
maturation of the thought processes that guided the
students' responses. That would have largely
defeated the purpose of the study.

Selection of samples

The sample selected from each school comprised
4 students, giving a total of 20 students {16 males
and 4 females) for the study. The samples were
obtained by randomly selecting 2 gtudents from each
category. It was considered that a relevant
comparison of protocols from the two groups would
yield some useful information about the nature of
1ink (if any) between students' thought patterns and
academic success and failure; in addition to the
overall objective of exposing the students’
difficulties from their own view-points.

The students were not informed beforehaﬁd that.

they would be required to participate in the study.
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The Heads of the chemistry departments were informed
as their assistance were sought in providing a
suitable place for conducting the TAPS, and to help
in keeping track of the participating students.

They were, however, requested not to inform the
students in advance. A summary of the composition

of the samples is shown in table 7.1,

TABLE 7.1 COMPOSITION OF THE SAMPLES FOR THE STUDY

Name of School Male Female Total

College of Advanced Studies,

Zaria 3 1l 4

School cof Basic Studies,

Zaria 3 1 4

College of Arts and Science,

Sokoto 3 1 4

School of Basic Studies,
Makurdi 3 1 4

School of Basic Studies,

Port-Harcourt 4 0] 4

7.7.3

TOTAL le 4 20

Selection of problems

The problems (test B} were grouped into two
categories, based on the information obtained from a
daetailed examination of the answer scripts
(section 7.7.1). These comprised the difficult and
moderately easy problems. Problem 1 belonged to the
latter category and the remaining 4, to the former.

The decision about the number of problems, and
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which ones to include in the study was influenced by
the following considerations:

(a) Motivations

TAPS is highly time-consuming, thus the
students would get easily bored and
consequently lose interest if the number of
the problems were not kept manageably few.

(b) Indepth study:

The level of detail desired from the study
limited the scope of content that could be
covered.

(c) Spread of tasks:

The choice of the problems was made to include

at least one problem from each category.

This is relevant, for example, to "purpose b"

(sec 7.2).

Based on these considerations, amongst others,
three problems, 1, 2, 5 were selected for the
study. Problems 2 and 5 were chosen in preference
to 3 and 4 because the former set involved not only
reasoning within a topic domain, but also using
related chemical principles to reason across

different topic areas. The topic areas represented

by the selected problems are summarised in table 7.2.
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TABLE 7.2 TOPIC AREAS COVERED BY PROBLEMS INCLUDED FOR
TAPS

Problem No [Section Topic Areas

1 Nucleophilic substitution
i Aromatic electrophilic
substitution
2 ii Electrophilic addition to

symmetrical olefinic bonds

i1k Some relationships of chemical
structure and chemical reactivity

i Electrophilic addition to
unsymmetrical olefinic bonds

5 ii Nucleophilic addition

iii Some influences of inductive and
mesomeric effects on the course of
chemical reactions

Conduct of TAPS

The "think aloud™ problem solving sessions
took place in quiet venues, usually the chemistry
laboratories, arranged for the purpose by the Heads
of chemistry departments of the schools. It
involved the author working with one student at a
time, each session lasting about one and a half
hours. The design of the precedure involved two
successive stages: a general introduction and the

actual recording.
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7.8.1 The introductory stage

This involved two phases - familiarization and
general explanation. The familiarization phase
involved a conscious attempt by the author to
acquaint himself with the student as prelude to the
"thinking aloud". For this purpose, the author
developed a general format used in all the schools.
The wordings are as follows:

"My name is Amos Shaibu. I am a chemistry

lecturer at the School of Basic Studies,

AhmaduBello University, Zaria. I am

currently a post-graduate student at the

University of East Anglia, Norwich,

United Kingdom".

After this brief self-introduction, the author
paused for a moment, expecting the student to also
introduce himself. In about 60% of the cases, the
students responded spontanecusly and introduced
themselves in a manner similar to the author's. In
few cases where the student responded by only a nod
of appreciation, the author asked:

"What about you? What is your name?"

After this simple prompt, the student
introduced himself, sometimes with apology for having
waited for a reguest to do so.

This introduction phase was immediately
followed by a general explanation phase, This
involved the author explaining to the student, the

purpose of the study, and what he (the student) was
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expected to do. The phraseology was as follows:
"you remember that you, along with other
students, participated in sclving some
problems for me yesterday. I have gone
through your scripts. I could see your
responses, but I have no way of knowing the
thoughts that led you to respond like you
did. Now, here is the problem text again
(putting test B before the student). I want
you to solve problems 1, 2 and 5 for me, but
" this time, I want you to speak out the
thoughts in your mind that lead you as you
solve the problems. Do not do anything in
silence. Speak out everything you are doing
from the time you start the problem until you
finish. Do you understand what 1 mean?"®
The author paused again for response. In
nearly all the cases, the students understood. In
other few cases further clarification was given by
the author; after which he continued:
"7 am interested in both what you write down
and what you say. You know that I cannot
possibly remember everything that you say.
Therefore I have this audio-cassette recorder
(showing the recorder to the student) which I
wish to use to record your statements, if you
don't mind. I assure you that your recorded
statements will be kept absolutely
confidential. The purpose of the recording

is to help me find out why you solved some
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problems in certain ways when I look at your

script later. Do you mind the recording?”

About 80% of the students willingly obliged.

A few who had reservations ask such questions like:
Will I get to know the results when you finish? The
author took "results" to mean the findings from the
research; and he responded:

"Your school will have access to them, so you

can get to know from your school".

After such replies, the students appeared
satisfied and gave consent. In no case did the
student decline the request to have his statement
recorded.

The introduction stage was considered very
important to the conduct of the "thinking aloud",

It allowed for establishment of familiarity, mutual
trust and confidence between the student and the
author, It also served as a period during which the
anxious and nervous student became relaxed, All
these put together, had a motivating effect, aimed at
stimulating the student to make maximum effort

(sec 4.3.6)

The actnal recording

After completion of the introductory
formalities, the problem text (test B) was then
handed to the student, who was asked to proceed to
solve the problems, speaking aloud what he was
thinking as he solved the problems. These were
recorded for each student in all the schools. After

completing each problem, the student was interviewed.
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The interview consisted of a number of questions,
most of which followed from the students' procedure
in sclving the problems, and the related
verbalizations. These were also tape-recorded. a

total of ten 90-minutes audio-cassette tapes were
collected.

Summary and conclusion

In this chapter, a description of the
procedure adopted in colleting data about students'
problem solving behaviour, and underlying cognitive °
strategies, using the "think aloud"™ technique is
presented. A review of relevant literature is also
undertaken. The next chapter deals with
transcription of the tapes, analysis of the protocols

and presentation of results. '
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CHAPTER EIGHT

ANALYSIS AND PRESENTATION OF RESULTS

Introduction

The procedure employed to analyse the
protocols and the results obtained are reported in
this chapter. There are two methods generally used
for analysing protocols - formal and informal
methods, The formal approach involves adoption of a
model, which usually consists of an organised
statement categories that are held to predict the
problem sclving behaviour of the subjects and, in
some instances, the conditions under which the
behaviour is expected to occur. This approach has
been used by a number of researchers (e.g Onwu,

1980; Gabel etal., 1984, Larkin etal., 1984). The
informal method involves a systematic,
impressionistic survey of the data (protocols) with a
view to bringing out the main features that relate to
the aim{s) of collecting the data. Generally it
involves a gquided exhibition of protocol excerpts
from which the features are revealed. This method,
referred to as a "pragmatic approach®” by Ahmed

(sec 7.4.1) has been used by a number of

researchers; for example, Bloom and Broder, 1950,
Khan, 1980. Both methods are used in this part of
the study, as one complements the other.

Transcription of the protocols

Transcription constitutes the first step in
the process of protocol analysis. The recorded

verbalizations of the subjects were transcribed
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verbatim, including where pauses, indicated by dotted
lines, occurred.

There were a total of 20 subjects, and 5
problems. All the problems were attempted, thus
giving a total of 100 protocols transcribed. It was
found, however, that the verbalizations from problem
solver No 6 were both incoherent and
unintelligible. The resulting protocols were
accordingly omitted from subsequent analysis, leaving
95 protocols that were subjected to the analysis
described in the remaining part of this chapter.

The breakdown is shown in table 8.1 below.

TABLE 8.1 BREAKDOWN OF PROTOCOLS TREATED

Problem Number No of Protocols Treated

1 19
21 19
217 19
51 19
5II 19

TOTAL 95

8.3 Treatment of the protocols

8.3.1

Procedure for coding the protocols

Coding requires a framework that can be used,
or adapted for use in describing and categorizing

students’ cognitive strategies and the related overt
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problem solving behaviour. The formulation of the
framework; spelt out below, is based on the problem
solving model described in chapter two (sec 2.8).
The main elements of the model (sec 6.5.3) are used
as the major statement cateqories for coding the
protocols, The procedures adopted by Gabel etal,,
(1984) also provided a useful guide in deriving the

categories which are:

1. Understanding the problem
2. Devising a strategy
3. Executing the strategy.

The sub-categories, which are predictive
statements of behavicural profile expected of an
expert solving the problems, were derived by the
author. .They are as follows:

1.0 Understanding the problem

1.1 Getting acquainted with the problem.
1.2 Disembedding the key information from

the problem statement,

1.3 Forming a global overview of the
problem.
2.0 Devising a solution strateqy
2.1 Breaking the problem statement into

smaller, relevant sub-units.

2.2 Retrieval of relevant information from
memory.
2.3 Selection and refinement of key

information.
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3.0 Executing the strategy
3.1 Functional awareness of information

recalled and obtained from problem
statement.

3.2 Organizing/applying information.
Coding the protocols

The coding of the protocols involves
translation of the protocol categories into
predictive statements that characterize each
category. Ideally, the reliability of the coding
should have been judged by an independent party.
The author, unable to obtain such volunteer(s},
undertook the coding exercise twice within an
interval of three weeks. Phere was high level of
agreement between the two codings. Inspite of the
limitations of gself-consistency as guide for
reliability, it was nonetheless taken in the
circumstance as indicative of it.

The protocol categories and the
characteristics indicative of their occurrence in the

protocols are illustrated in table 8.2 below.
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TABLE 8.2 CHARACTERISTICS OF THE PROTOCOL CATEGORIES

Category Evidence for occurrence of category in

protocol
1.1 Reading the direction of the problem
1.2 Stating aspects of the direction that clarify

the nature of the problem to be solved

1.3 Stating some feature(s) that relate(s) the
main elements of the problem to the goal

2.1 Interpreting/expanding the problem statement,
generally using words familiar to the solver

2.2 Stating pre-requisite knowledge not provided
in the problem statement

2.3 Stating some feature(s) or rule(s) that
provide(s} a basis for attack on the problem

3.1 Stating some functional relevance/relaticnship)
of 2.3 to the procedure adopted for attacking
the problem

3.2 Fitting the information-bits together to
generate a solution

8.3.3 Scoring the protocols

The scoring of the protocols was done by
assigning a grade of one to statement({s) expressing a
unit of thought that underlie successive problem
solving moves made, A grade of zero was awarded for
wrong or incomplete statements. Each correct
written representation of the stated unit thought was
also awarded a grade of one, and zero for a wrong or
incomplete representation. This approach represents

a rule-action scheme.
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Rule refers to chemical principles

conveyed by the unit thought employed to make each

move along a solution route, while action is the

translation of the principles to a written
response. The scheme, which is based on some
aspects of the propositions of Larkin etal-(1984),
has the advantage of revealing both the thought
processes of the subjects and how they are translated
inteo written products.

In scoring the protocols, the author sought to
achieve two things:

(a) 7o categorize the protocols into two groups =
guccessful and unsuccessful, as a basis for
further analysis.

{b) To use the results from the analysis as a
quantitative basis for describing students'
general problem solving strategies, and the
thought processes underlying them.

The criteria for devising the scoring scheme

(appendix 8.1) are derived from the sub-tasks

embedded in each problem (see chapter five). They

are as follows:

4.1 Representing the reacting molecule (substrate)
4.2 Identifying the reactive site
4.3 Identifying the electrophile/nucleophile

(reagent)

4.4 Demonstrating how the electrophile/nucleophile
may be generated

4.5 Representing substrate/reagent interaction

4.6 Representing an intermediate
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4.7 Demonstrating how a product is generated (from
4.5 or 4.6).
The distribution of the maximum scores, for
each problem, according to the scheme is illustrated
in table 8.3.

TABLE 8.3 DISTRIBUTION OF MAXIMUM SCORES OBTAINABLE

SCORE TOTAL

Problem

No

RULE ACTION

1 5 S 10

2X 6 6 12
211 6 6 12

51 6 6 12
5II 6 6 12
TOTAL 29 29 58

8.3.4 Criterion for grouping the protocols

The result obtained from the scoring process
was used as basis for grouping the protocols into
successful and unsuccessful protocols. The maximum
score obtainable in each problem is shown in table
8.3. Protocols with scores > 50% of these scores
were taken as successful, while those scoring less
than 50% were taken as unsuccessful. Based on this
categorization, 20 protocols were grouped successful
and 75, unsuccessful, Also, the maximum score that

can be obtained by any subject for all the problems
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was 58. For purposes of this study, those whose
scores were 30 or above were classified successful
problem solvers, and those scoring less than 30 were
classified as unsuccessful. On this basis, 4

subjects were successful and 15, unsuccessful problem

solvers. Table 8.4 illustrates the results.

Display of the cateqory variables in the protoceols

The frequency of display of the category
variables (see table 8.2) in the two groups of
protocols was detemined. For this purpose, a
fregquency count of the variables was made, The
result is shown in table 8.5.

Statistical analysis

Is there any real difference in the display
frequency of category variables between the two

groups ~ successful and unsuccessful protocols?

This is the basic guestion that this sub-~section

attempts to answer, To this end, a chi-square test

of association was used to test the hypothesis that:
"There is no real difference in the display
frequency of the category variables in the two
groups of the protocols™.

The result is shown in table B.6.
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TABLE 8.6 VALUES(I"XZFORTHEDISPLAYOFCATEIDRYVARIABLES IN

THE TWO GROUPS OF PROTOCOL

PROTOCOL

CATEGORY | EVIDENCE OF OCCURRENCE IN PROTOCOLS x2

13 3 Reading the direction of the problem 0.46

;P Stating aspects of the direction that 7.76
clarifies the nature of the problem to
be solved

1.3 Stating same feature(s) that relate(s) the 5.32
main elements of the problem to the goal

2.1 Interpreting/expanding the problem 1.09
statement, generally using familiar
(to the solver) words

2.2 Stating pre-requisite knowledge not 0.46
provided in the problem statement

23 Stating some feature(s) or rule(s) that 6.59
provide(s) a basis for attack on the problem

3.1 Stating some functional relevance/ 17.12
relationship of 2.3 to adopted procedure
of attacking the problem

3.2 Fitting the information-bits together to 11.27
generate a solution

KEY

/" = values of X2 significant at &% 0.05

X = Values of X2 below significance at 0<% 0.05
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analysis for conceptual difficulties and general

approach to problem solving

Introduction

In this section, the informal approach to
protocol analysis (sec 8.1) is adopted. A selection
of protocols considered to typify both the successful
and unsuccessful groups are included. They are
presented unedited along with the post-problem
solving interviews which also contributed in the
summing up of the protocol features. The symbols,
wi» and "S" are used to designate the interviewer and
the student respectively.

pauses are shown by dotted lines. Words or
expressions in brackets, mostly following the dotted
lines originate from the author to indicate where
dotted lines do not mean passive silence. A summary
of the protocol features is given in table 8.14 under

the following main headings:

(a) general problem solving approach

{b) major conceptual framework used to solve the
problems

{c}. major problem solving pitfalls.

A summary of the main chemical misconceptions
and comparative tendencies of the
successful/unsuccessful groups are also given in
tables 8.15 and 8.16 respectively.

The author introduced punctuations to aid the
clarity of the protocols which are shown in tables
8.8-8.13. Table 8.7 shown below gives an overview

of the presentation.
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TABLE 8.7 PRESENTATION OF THE PROTOCOLS

Tables

Problem
No

Unsuccessful Protocols Successful Protocols
1 8.8 8.9
21 8.10 (a) 8.11 (a)
211 8.10 (b) 8.11 (b)
51 8§.12 8.13
5II 8.12 8.13
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FIG.8.1 Written response for the protocol shown in Table 8.8
1. Considering structural and solvent factors, outline the most
ﬁrobab]e reaction mechanism for the hydrolysis of bromopropane by

aqueous potassium hydroxide. The equation of the reaction is:

CH3CH25HZBP + agkOH ~———> 'CH3CHZCH'ZDH + KBr
CHycty (Hr # 27 KOF — CH(HyCHoH + Ky

3 ; on- + 4 BH
(e in, Br Feg K of —>CHHNA

FIG.8.2 Written response for the protacol shown .in Table—8+9—

CH3CHZCHZB" + agkOH —————> CHBCH.-‘,CHZUH + KBr C‘J‘Lc\-\-g \

#.CH, P |
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FIG.8,3 Written response for the protocol shown in Table 8.10(a)

2. Qutline the mechanisms of the réactions of bromine with benzene
and with ethene; and briefly explain why a catalyst is needed for the
first reaction but not with the second. The reactions are:

FeBr _Bf
3 o

(I1) CH2= CH2 + Br‘2 —_—— CHzBrCHzBr

%f_') +\']Q@-f —————%‘)Ce‘%‘v +6’V+

®+£sy+ow %"ww‘ ey vy

L e —— —r m e i—e ie o

i et ot s il s e

FIG.8.4 Written response for the protocol shown in Table 8.10(b)
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F1¢.8.5 Written response for the protccol shown in Table 8.11(a)

2. Outline the mechanisms of the reactions of bromine with benzene
and with ethene; and briefly explain why a catalyst is needed for the
first reaction but not with the second, The reactions are:

FeBr ar
(1) O + Br, 3 O+H8r

(11) CH2= CHy + Bry ——————> CHZBrCHZBr

(1) Lefry + Brq —2 TeRYy +'€”@

Ry

@ tB® — p
[':{ﬁ‘ > s/ﬁ‘r

D_B?rq + Ht — FQ@’ * Héf

————

e o

- P A Y
S ———
-

(J) Cﬂ,&-';ssﬁg —— CH Bv-*éH? + Ry
X o

» | o -
& | .. DT

——--“7 Cbtgg?f Cﬁ‘af?r .~

FiG.8.6 ertten response for the protocol shown _in_ Ta‘gle 8.11(b)

Qﬁgz{g\ *—-E-DHQ t Ba_ﬂ
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FIG.8.7 Written response for the protocol shown in Table 8.12.
5. Consider reactions I and II below in which HBr adds across the carbon-carbon
clefinic bonds:

1 2 3 1 2 3
(1) CHZICH-—- CH3 + HBr -—-———&CHa- CHBr — CH3

electrophilic addition

1 2 3 1 2 3
ap CH, = CH — CHO + HBr ——— CH,Br — CH, — CH =0

nucleophilic addition

Dutline the mechanisms of the reactions; and use it to explain why reaction II
behaves differently from reaction I.
Note: ~CHO is an electron withdrawing group.

“

+ L
ré)' CHy=Cl>»cHo 4 b-p.

4

ke chcho + Ut

¥
CHiBv —cluycetto .
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FIG.8,8 Written response for the protocol in Table 8.13.

5. Consider reactions I and 11 below in which HBr adds across the carbon-carbon
olefinic bonds:

1 2 3 1 2 3
(1) CH2 = CH - CH3 + HBr —--—«-aCHa-— CHBr -— £H3

electrophilic addition

]

1 2 3 1 2 3
ap CHy == CH — CHO + HBr ———— CH,Br ~ CH, - CH=10

nuc Teophilic addition

Outltine the mechanisms of the reactions; and use it to explain why reaction 11
behaves differently from reaction I.
Note: -CHO is an electron withdrawing group.

PR e

R y . y—
B La—-”CH“c_——H . ( /

H
/
| C o C—
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8.4.2 Summary of Features

A summary of the main features of the
protocols (tables 8.8-8.13) that constituted
impediments to successful problem solving is given in

table 8.14.

TABLE 8.14 SUMMARY OF FEATURES

Description |Features

General A zig-zag non~directed approach characterised by failure
problem to:

solving (a) understand the nature of the problem to be solved,
approach even though problem directions were generally read.

(b) visualize the relationship between given and retrieved|
information on one hand, and a process of generating a
correct solution on the other.

Major (a) Attraction between negative and positive species
conceptual to form campounds, apparently based on the idea
framework that opposite charges attract, similar charges
used for repel, One implication of using this framework is
solving that ionic bonds are formed; even though this
the problems was not indicated at any stage by the students.

(b) Complete electron-pair transfer rather than
electron-pair sharing. Thus, substitution reactions,
for example were treated from the stand-point of the
more electropositive specie donating electrons to and
displacing the specie that accept them,

(c) Transference of bonds from one reacting specie to
another. This framework was used, apparently to acount]
for multiple bonds that were "missing" fram the
products in comparison to the reactants. It does
appear that the underlying electron-pair movement did
not form a functional unit of this framework.

(d) A mechanical process of assigning atoms or groups from
the reagent to the substrate simply based on visual
correlation with the given product.

Major (a) Problem directions were read with little effort
problem to conceptualise the problem situation. Thus in
solving problem 1 for example, right solutions were
pitfalls produced for a wrong problem.

(b) Failure to keep the demands of the problem in

perspective leading to:
(i) recalling correct, but irrelevant information
from memory
(ii) blurred vision of the goal
(iii) unnecessary meandering as a result of (b).

{c) Acquisition of chemical concepts without
simultaneously acquiring the meaning (understanding)
of such concepts. The post-problem solving interviews
bore testimony to this.
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8.4.3 Summary of the chemical misconceptions

The protocols showed a catalogue of chemical
misconceptions characterising the thought pattern
and processes of the students, A summary of the

prominent ones is given in table 8.15 below.

TABLE 8.15 SUMMARY OF CHEMICAL MISCONCEPTIONS

Pattern of Occurrence
Serial in the Protocols
No Misconceptions

Persistent | Sporadic

1 Radicals taken to mean the same as ions v
2 Molecules as similar to atoms &
3 Reactive intermediates synonymous with

transition states v
4 Electrophiles confused with nucleophiles V4
5 Inductive and mesameric effects mean

the same o
6 Being electronegative means the same

as being electrophilic v
7 Organic reactions occur primarily between

ions rather than between molecules v
8 Organic reactions occur by the attraction

for each other of reactants with opposite
charges rather than by a process of break-

ing existing bonds and making of new ones 9 4
9 The process of reaction involves loss and
gain of electrons by the reacting species Vi
10 During reactions bonds are transferred ¥ 4
11 Saome expressions cammonly used to

describe chemical processes, but found
to constitute sources of chemical
misconception include the following:

(i) electron-rich

(ii) electron-deficient
(iii) donate

(iv) attack

(v) attach to (viii) ring (e.g benzene ring) / (all]
(vi) react with (ix) bond-breaking
(vii) combine with (x) bond-formation




217

8.4.4 Summary of problem solving behaviour
Based on the results of the statistical
analysis and the overall trend revealed in the
Protocols, a summary of the general tendencies
indicated by successful and unsuccessful problem
solvers is shown in table 8.16.
TABLE 8.16 GENERAL PROBLEM SOLVING BEHAVIOUR
Serial
No Successful Solvers tend to: Unsuccessful Solvers tend to:
1 produce shorter, precise and produce longer, vague and
directed protocols non-directed protocols
2 isolate key information from be oblivious to vital
problem statement and use it information in problem
subsequently in the process statement
of solving the problem
3 visualize feature(s) in the attack problems without
problem situation which can apparent operational base
be used as starting point(s) to
initiate a process of reaching
a solution i.e visualize a
structural basis for the
reaction process
4 visualize some relationships be incapable of forming a
between available information link between the available
and a process by which to information and a legitimate
reach a solution operational step that yields
a correct solution
5 be competent in fitting the be incampetent in fitting the
information-bits together in information-bits together in
a logical manner along a a logical manner in the
solution route process of solving problems
6 be systematic and sequential, be haphazard and random,
involving the breaking of involving a global attack on
problems into parts and then the problems followed by
to solve them in some adoption of inaccurate and
logical steps inconsistent procedures to
solve them
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Conclusion

In this chapter, the analysis of data collected
from TAPS has been discussed and the results

presented. These results are discussed in the next

chapter.
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CHAPTER NINE

DISCUSSION OF THE RESULTS

Overview

The results showed, on the whele, that the
students were unsuccessful in the "think aloud"”
problem solving (table 8.4). This observation is
consistent with the finding in part 1a of the
study. Furthermore, some of the thought processes
underlying the performances are revealed in the
protocol, The discussion is set out under the

following headings:

{a) strategies adopted to solve the problems

(b} major conceptual framework underlying the
strategies

(c) chemical misconceptions

(a) general problem solving tendencies of the

successful/unsuccessful groups
{e) conclusion.

Strateqy adopted to solve the problemg.

Strategies generally adopted by students to
solve closed problems have been outlined in
chapter seven, In this section, the general problem
solving behaviour of the students (involved in TAPS)
that depicts their strategy is discussed. The
results showed that the students seemed to know the
individual chemical facts required for solving the
problems. Thus, there is nc significant difference
between the successful and the unsuccessful solvers
in this variable (X2 = 0.47). Beyond this,
however, the students seemed to have only acquired

the facts without an understanding of the ideas that
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link them into functional conceptual patterns.

Thus, they were unable to visualize how the
individual facts relate to each other on one hand,
and the relevance of the relationships to the process
of finding a solution to the problems on the other.
Thus, we find (table 8.6) that the chi-square values
for these categories (3.1 and 3.2) in the protocol
are quite significant.

The observation by Novak (1965) that the
ability to solve problems is directly related to the
breadth of the concepts formed seems to offer part of
the explanation of these results. It does appear
that the students have cnly acquired a narrow
conceptualization of the chemical propositions they
attempted to use. Thus they-failed. It was
indicated in the literature reviewed in chapter two
that students needed tc bring to a problem situation
other things beside the required facts (sec 2,5.1).
The suggestion can be made that the students’ problem
solving behaviour is partly characterised by failure
to bring to the problem situation other skills beside
the bare chenical facts.

A general behaviour that characterised the
gtudents' problem solving approach consisted of a
surface scanning through the problem @direction,
motivated by some implicit feel for what the solution
path should be. They then impulsively dashed at it,
taking some zigzag steps which consequently led them
to wrong solutions. This procedural behaviour

appears similar to what Thorsland and Novak (1974)
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described as an intuitive approach, which in this
case is typified by random, trial-and-error search
for a solution, This result is consistent with the
one earlier reported in part 1A (sec 5.7},

The protocols show that the students had great
difficulty with the chemical structure of the
reacting species. The chemical misconceptions that
underline this difficulty are taken up elsewhere in
this chapter. However, the point can be made that
the students' difficulty with such chemical
structures and an understanding of how they relate to
chemical reactions seemed to make the largest
contributions to their inability to solve the
problems. Thus, we find this aspect in the
protocols (category 3.1) showing the highest x2
value = 17.12,

The students did not do everything wrang.

The results showed that they did a few things that
could be said to be in accordance with theoretical
expectations. For example, they read the problem
directions, and attempted to explain/interpret the
problem apparently to construct a representation of
the task environment (Frederiksen, 1984). This is
reflected by the lack of significant difference, in
these categories of the protocol, 1.1 and 2.1,
between the successful and the unsuccessful groups
(table B.6). These apparently correct responses
notwithstanding, they failed to make any headway in
solving the problems due to strategic or procedural

lapses in isolating and selecting key aspects of the
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problem directions for emphasis and clarification.

This is shown by the protocol category, 1.2 in

table 8.6.

The conclusion from this section is as
follows:

The students:

(a) possessed individual chemical facts or
propositions without the chemical ideas that
link them into functional conceptual patterns.

(b} did not seem to understand the demands of the
problems that they set out to solve because
they failed to isolate and select key
information from the problem statements.

(c) had a very poor vision of the goal state
partly because of (b) above and partly because
of conceptual difficulties, some of which have
been highlighted above.

{(d) following from (b) and (c¢) above, took steps
that were illogical and often irrelevant in
what appeared to be a desperate bid to set up
some strategy for arriving at a solution,

{e) had a problem solving strategy characterised
by some intuitive feel for a solution rather
than by an analytic process of arriving at it.
One of the implications of these results is

that the students were not gaining effectively from

instructions, notwithstanding that they scored high
grades at examinations, according to the observation
of the chief examiner (sec 1.2.3). It appears that

some remediation measures are called for to redress
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the deficiencies. This may involve taking a second
look at the volume and structure of the course
contents and the approach to instructional delivery.

Major conceptual framework used by the students

Conceptual framework refers to the main
chemical thought that the students tended to rely on
as the core or rallying point of the thought
processes that guided their search for a solution.

A summary of these is shown in table 8.14. The
focus of the students' thought pattern seems to be
that organic reactions simply involve charged species
in which the resulting chemical combinations occur as
a result of the electrostatic attraction between
opposite charges. Thus, such vague expressions,
ngttract" "attach to" vcombine with" etc were
frequently used by the students to describe their
thought processes.

undoubtedly, the reactions in some cases, have
polar characteristics involving formal charges. such
as the students sought to depict. But to focus

entirely on that conceptual premise, and use it

exclusively to describe the reactions as if that was

all that there is to the reaction processes is to
miss the point. That is what the protocols, sadly
seem to show. A fuller discussion about students’
misconceptions of charged species and formal charges
is undertaken in section 9.4.3. For now, it can be
said that the students' almost complete dependence on
these related concepts as the focal point of their

chemical thoughts paints an ugly picture of their
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conceptualization of the basic idea of organic
reactions as involving a process of breaking existing
bonds and forming of new ones.

The findings reported in this section are
similar to Simpscon's (1983). He indicated that
"most (referring to students) clearly believe that a
positively charged carbon must be attacked by a
negatively charged nucleophile and that the charges
are the reasons for the reactions occurring”. The
reason behind this thought pattern is not clear,
however what is clear isg that it is a product of
their idiosyncratic knowledge which might need to be
probed further,

Chemical misconceptions

The protocols show a number of chemical
misconceptions constituting part of students'
chemical thought processes. A summary of these is
given in table 8.15 and they are discussed below

under the following headings:

(a) nature of organic reactions

(b) chemical structure of the reacting species

(¢l symbolisms: formal charges and “curved
arrows"

(d) use of words/expressionsg as concept labels.

Nature of orgqanic reactions

Nature of organic reactions is used to connote
the main chemical events that characterise the
reaction processes. Some descriptions of these have
been given in section 1.2,1. The protocols show

that the students have fundamental misconceptions in
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this respect. The main strand of this has been
dealt with in section 9.3, indicating that students’
conception of the nature of organic reactions centred
around charges and the resultant attractions between
them. All that will be done in this section is to
illustrate the point with problem Ne 1, for example,
in which the idea used by 90% of the students to
solve the problem is as follows:

(1) CH3CHpCHzBr _ionises _ CH3CHCH3 + Br~

(ii) CH3CHRCH3 + OH™ _attraction , CH3CHCH0H

(iii) Kt + Br~ _attraction _ (KBr

The approach indicates that there is some
degree of confusion in the students' minds regarding
the nature and the processes leading to formation of
new bonds, hence the nature of the reactions.

Chemical structure of the reacting species

A number of students' misconceptions relating
to the chemical structure of the reacting species are
revealed in the protocels, shown by table 9.1 (see
table 8.15 also}. In these examples, the students
were unable to conceptually distinguish between the
corresponding pairs from groups A and B shown in the

table,
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TABLE 9.1 EXAMPLES OF CHEMICAL MISCONCEPTIONS ABOUT
REACTING SPECIES

A 8
Radicals Ions
Molecules Atoms
Reaction intermediates Transition states
Electrophiles Nucleophiles
Electronegative species Electrophilic species
Resonance structures Charged reaction

intermediates

One of the post-problem solving interviews

reproduced below serves as a typical example:

Is You talked about radicals. Where are they?

S: sssecasssnsassasssnnssssse (Blilence).

I: You remember that you talked about radicals?

S: Yes.

: Where are they in your solution?

S: The alkyl radical here (pointing to
CH3CHoCH3) .

I: Why do you call it a radical?

S: Well, because it carries charge.

1: what type of charge?

S: Positive charge.

Is Suppose it carried a negative charge, would it
still have been a radical?

S1 Yes.

These results may not have told all the story
about the misconceptions, nor in fact, unravelled the
sources from which they emanate. However, one point
which seems clear is this: the defining attributes
of these chemical concepts were not understood by the

students, hence the incorrect generalizations.
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5.4.3 Symbolisms: formal charges and "curved arrows”

9.4.3.1 Formal charges

Both the protocecls and the written responses
showed the students' use of "+" and "-" symbolisms to
designate formal charges. An understanding of the
electronic basis of this formalism, referred to by
Loudon (1984) as "electronic book keeping”, seems to
be lacking in the students' conceptual framework.

In table 8.12, for example, the solver showed a
"carbanion” as EHz-éH-CHg. An understanding of
formal charges as described by Loudon would have
shown to the student that the structure was only a
rescnance form of propene as indicated below:

C ¥ EH-CHy @ CHyTCH~CH3

Other manifestations of this kind of
misconception include students' inability to identify
which carbon atom of the carbonium ion for example,
should be formally assigned the positive charge. |
This is shown by the written responses accompanying
the protocols.

The origin of this misconception i3 not quite
clear. It does appear, however, that the students'
used them (the formal charges) to concretize their
conception of the so-called electron-rich and
electron-deficient species that they often referred.
to in the protocols. Thus, the variations amongst
the students in the use of the symbols are products
of their individualised concepts of what gualifies as

electron~rich or electron-deficient species.
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2.4.3.2 Curved arrows

The protocols show that the students were
relatively "silent" about "curved darrows" in their
verbalizations, even though their written responses
showed that they were used. Some of the
misconceptions held by students surfaced mostly from
the post-problem solving interviews, They include:
a means of showing attraction hetween two reacting
species, transference of atoms, radicals and bonds
from one species to another during the process of
chemical reactions; and alsoc have causative effects
on the reactions.

The post-problem solving interview reprdduced

below illustrates the point:

I: Now this curved arrow in the first line, what
is it telling us?

S: Yes., It is the thing causing the fission here.

I: What do you mean?

8: It means that the pi bond is transferred there

or the pi bond is broken by the fission there

which then reacts this with the carbon there.

This excerpt exemplifies some of the
misconceptions already indicated, especially those
about bond transfer, bond-breaking and "curved arrow"
as causal to organic reactions instead of a
short-hand for describing the processes involved in
the reactions.

Two reasons appear relevant in an attempt to
offer some explanation for the source(s) of the
misconception. The first is an extensicn of the one

discussed in section 9.4.1. Because the
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conceptualization of organic reaction in electronic
terms was not part of the students' working
repertoire, a descriptive process that details
electron movements (curved arrows) would not be a
functional part of it either. It does appear that
their misconceptions of "curved arrows" is a product
of their faulty conceptual framework (sec 9.3). The
second reason seems to be the paucity of emphasis of
the curved arrow formalism in the school

curriculum. The syllabus operated by the students
{appendix 1.2) for example is built very much on the
traditional appreoach with little emphasis on the
formalism. Also, Loudon (1984) observed that curved
arrow formalism which he described as a standard
mechanistic tool "has received surprisingly little
emphasis in fundamental texts". It does seem that
the teaching/learning of organic reactions through a
carefully-planned mechanistic approach would enhance
understanding and reduce misconceptions. These
results confirm and further expand on those reported
in part IA of the study (see sec 6,6.2.1).

Usage of words/expressions as concept labels

Knowledge is stored in the memory as
propositions (Gagné, 1878). Thus its construction
and retrieval involve the use of words, and
expressions, that give it meaning to the
individual. The danger, which if often subtle, is
that these words or expressions may be held by the
student as the knowledge itself, rather than a means
of its construction and retrieval, This situation

is further compounded in cases where such words or
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expressions function in both scientific and
non-scientific usages. If this occurs, the ultimate
result is misconception of the substantive knowledge,
often evidenced by its misrepresentaticon in relevant
contexts, The protocols showed this situation to
occur in this study.

All through the protocols, the students relied
on the use of certain words and expressions to
describe their chemical thoughts about the reaction
processes. These are summarised in table 8.15.

Two examples of interviews, inveolving the expressions
"react with" used to describe chemical combination
between reacting species, and "break" used in
reference to bond-cleavage are given below. They
serve to illustrate the main issues discussed in this

subh-section.

I: You used the expression "react with" very
much. What does it mean?
S: Wwhat I mean by reaction here ig that this

bromine ion here will combine with the carbon
atom here. This is what I mean.

I Can you explain further, especially that you -
have introduced a new term "combine®?

S: Combine and react mean the same thing.

I: Do they?

5: Yes,

I: You said that the double bond here will be
broken, Can you explain to me what you mean
exactly?

8: What I mean is this. Since the bond in

ethene, the bond joining the two atoms is a
double bond and hence we say that it is
unsaturated, so that what I mean by breakage
of bond is that this double bond one of them
will be broken so that what we have at last is
a single bond joining the two carbon atoms and
not two bonds again. That is what I mean by
the breakage of the bond.
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These examples may well be the "tip of an
iceberg"”. The conceptual pitfall presented by these
words/expressions is elaborated by their centrality
of usage for instruction in classroom situations and
in printed texts of organic chemistry. It is not
uncemmon for example, to hear a teacher say, cor read
from texts that "species A is electron-rich or is
electron~-deficient or that species A attacks species
B". Sometimes, the meanings of such technical terms
are not made explicit in chemical terms, The
students, consequently adopt a literal meaning to
them. When this happens over a period of time, the
result is obvious - a profound mass of misconception,
as the protocols seem to have shown.

These results provide a basis for making a
clarion call to teachers of chemistry to adept a good
measure of sensitivity and self-appraisal in the
choice of words/expressions used to convey chemical
concepts. and at ancther lavel, he/she should not
rest under the comfort of the assumption that what is
meaningful to him/her is equally meaningful to the
student, but strive to make it explicit to the
student.

A comparative spotlight on successful and

unsuccessful solvers

An overview of the protocols from the
successful and unsuccessful solvers is given in
table 8.7. In this section, only a summary of the

major strategic differences between the two groups is
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outlined, having discussed the broad details in
sections 9.2 and 9.3.

The differences are shown in tables 8.6 and
8.16., They show that the successful solvers tended
te visualize the key features in a problem, isolate
and progressively refine them in the search for a
solution. Their problem solving strategy can be
described as a systematic one, The unsuccessful
solvers were unable to demonstrate such features (sec
9.2). Their problem sclving strategy is
characterised by implicit and intuitive behaviour.

While these results show the existence of the
differences, they do not account for it. A further
investigation to unravel this is potentially useful
for improving instruction in organic reactions.

9.6 Summary and conclusion

A discussion of the chemical thoughts which
underlie the problem solving behavicur of the
students (as reported in part IA of the study) has
been presented in this chapter. A summary of the
conclusions are as follows:

(a) The results corroborate those obtained in

| part IA, and give further insight into the
nature and sources of the conceptual
difficulties.

(b) One of the major sources of students' problem
solving difficulties lies in chemical
misconceptions, which is partly due to
students' failure to grasp the meaning of the
chemical concepts they have acquired, and the

implication{(s}) of such for problem solving.
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gtudents who were successful in solving the
problems differ from those who were
unsuccessful in clarity of thoughts, and the
ability to organize them in the process of
devising a solution route.

guccessful and ansuccessful students do not
differ in ability to state knowledge in
propositional terms. However, they differ in
structuring and progressive refinement of the
knowledge in an attempt to execute a solution
route. A basic skill that accounts for the
difference seems to be the ability to
visualize functional relationships between and
amongst concepts at various levels of
complexity.

gtudents' thought patterns {conceptual
framework) that guide their general problem
solving behaviour in organic reaction
mechanism are dominated by the idea of
charges, and the attraction between opposite
charges, which they conceive to cause the
reactions to occur.

There seems to be no apparent logical pattern
in the students'’ approach to solving the
problems. At best they can be described as
being characterised by some implicit feel for
a solution — a sort of an intuitive strategy
typified by random, trial-and-error kind of

search.
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It is apparent that the variations in the
problem solving proficiency amongst the
students can be explained, not so much in
terms of the chemical propositions (or facts)
available to them, but in terms of acquisition
of the ideas that link them into conceptually

functional patterns.



PART II

IMPROVING STUDERTS' PROBLEM SOLVING CAPABILITY:

A REMEDIAL STUDY

"It seems that students may be aided by instruction
to solve formal problems which they were unable to
solve prior to instruction®

Rowell, 1¢%84

"Only after one has achieved a good understanding of
initial performance and of the desired final
performance, can one hope to teach students how to
become effective problem solvers®™

Reif, 1983
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CHAPTER TEN

BACKGROUND LITERATURE, REMEDIAL PACKAGE AND

EXPERIMENTAL PROCEDURE

Introduction

Part I of this study is diagnostic, in which
some of the nature and sources of students' problem
gsolving difficulties have been revealed. Generally,
diagnoses presuppose remediation. The value of
diagnostic studies becomes limited if it is not
followed by some remedial treatment (Ozsogomonyan,
1979}).

This part of the study (chapters ten and
eleven) comprises a remedial programme undertaken in
the light of the results obtained in part I. In
this chapter, the remedial package and methoed of its
implementation is discussed.

Background literature

Remediation of problem solving difficulties is
shown from literature, to have been undertaken by a
number of approaches. One approach consists in
specific teaching of problem solving skills, A
number of researchers who used this approach include
Reif et al, 1976 and Bloom and Broder, 1950. Reif
et al, for example, taught students specific problem
solving heuristics consisting of four procedural
steps referred to as description, planning,
implementation and checking. The design of Bloom
and Broder consisted in what they called "training in
the methods of problem solving” which involved

ingstruction about specific problem solving procedures
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aimed at improving students'’ skills in problem
solving. While these studies recognise the
requirement for underlying knowledge base in problem
solving, the overall implementation was targeted on
teaching general skills of problem solving.

Another method takes the form of guidance and
counselling, This method which is essentially
individualised consists mostly in verbal exchange
between the teacher or researcher and the student,
saometimes accompanied by quizzes which are done by
the student as homework. Feedback is usually
provided. The method entails for example, advising
the student to adopt certain study habits and/or to
drop others, having initially diagnosed the nature of
the difficulties concerned. Herron (1984) used the
method to remediate his students' difficulties in
chemistry. The method requires a measure of rapport
and mutual confidence between the teacher or
researcher and the student, These requirements, and
others (e.g time, follow up etc) do not make the
method a promising one for conventional research, but
an excellent one for classroom teaching.

Another approach consists in a "lecture®
method. This method, like others reqﬁires that the
nature of the difficulties are identified, followed
by instruction delivered to the affected students in
normal classroom teaching. Ugually, the content of
instruction is structured to promote understanding of
the difficult concepts. Adeyegbe (1985) used this

method to remediate the difficulties of Nigerian
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secondary school students in some aspects of
calculations inveolving the concept of amount. The
method requires effective verbal communication style,
efficient classroom management and expertise in
general classroom instructional procedures. These
do not commend themselves to every one that desired
them.

The "printed instruction™ approach shares the
same assumption as the "lecture” methed, but uses a
different method for achieving the objective,. In
this method, printed texts are given to the students
concerned. The texts generally contain a well
organised format of instruction in the relevant
area. They are geared toward the promotion of
students’ understanding of the underlying chemical
concepts, The assumption is that understanding
enhances the ability to command knowledge {(sec 3.2);
thus promoting problem solving skills.

The structure and format of texts vary
according to related factors such as the nature and
scope of the difficulties, and the theoretical
assumptions that guide remedial processes. Examples
include programmed learning such as was used by
Patwary (1983) to remediate students' difficulties in
some aspects of organic structure and a structured
text used by Ali (1984) to remediate students’
deficiencies in some aspects of calculations
involving concentrations of sclutions.

The approach used in this study is that of

structured texts. The choice of the method was
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based on such practical considerations as simplicity,
adaptability and time constraints. Some of the
theoretical assumptions that additionally guided the
choice, and thus implementation of the method are
discussed in section 10,3,

The remedial package for the study

Design of the package

The remedial package called "structured text"
consists of instructional booklets, Each booklet
comprised one topic, dealing with a particular
chemical subject. The package, shown as
appendix 10.1 was presented in simple and clear
language. The theoretical considerations that
guided the nature and structure of the text included
the following:

(a) The constructivist view af learning

The main thrust of the theory as
explained by Herron (19B4) is that all of us
construct knowledge in our heads. It is
never transmitted intact from one individual
to another.. This view is supported by
others, for example, Pocztar (1972) and Driver
and Bell (19861}.

A sense in which the theory was
applicable to the remedial package was that it
sought to actively engage the students in
interacting with the instructional material
primarily, through the structural arrangements
of each topic (sec 10.3.2). This was

considered to have an overall effect of
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stimulating, in the students a process of
critical thinking that would result in
constructing knowledge, and hence
understanding.

The hierarchy of learning sets

The theory of learning hierarchies was
proposed by Gagn& (1977). It describes a
psychological organization of intellectual
skills in which the related concepts are
structurally linked to form a hierarchy for
achieving instructional objectives.

Generally, the simpler concepts precede the
mere complex ones, and the latter are
considered to subsume the former. The
purpose, according to Gagné is the "attainment
of an organized set of intellectual skills
which represents understanding of a topic".

The idea of the theory influenced the
arrangement of the topics, in which the
pre-requisite concepts about chemical
structure (topics 1-3}, and conventional
gsymbols used for describing reactions
processes (topic 4), were presented before
those of chemical reactions. Attempts were
alsc made to present the content of each topic
in a progressively increasing order of
conceptual complexity with a view to enhance

understanding of the concepts presented.
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Prior knowledge

The role of prior knowledge in
learning (and thus remedial studies) has been
emphasized by Ausubel (1968) in his theory of
meaningful learning. His thesis is as
follows:

"The most important single factor

influencing learning is what the

learner already knows. Ascertain
this and teach him accordingly".

Since remediation is a form of
instruction, the underlying principles of the
theory is also applicable, The initial
knowledge state of the students was determined
from the first part of the study. It was in
the light of the results that the remedial
package was composed.

Reif (1983) had likened the situation

to a chemical transformation of the sort:

Si » Sf
where § = the student
Si = an initial knowledge state of
the student
S¢ = a final (desired)knowledge state

of the student.

Part I of the study had revealed the
initial state of the student, while the
remedial programme (part IYI} represents a
process of transforming the student to a level

of conceptual understanding represented by
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S¢, where he is enabled to solve problems he

was unable to solve prior to instruction.

10.3.2 Format of the package

The remedial package consisted of ten topics

each comprising three parts arranged as follows:

(a)

(b)

(c)

Presentation: This provided information about

the key concepts contained in the topic. It
is made up of two parts:

(1) Introduction: This comprised an
overview of the topic. It highlights
the theme of the topic, and an outline
of how the topic is related to the
preceding one.

(ii) Unit lesson: This contained detailed
information about the topic.
Attempts were made to keep the unit
lesson as concise and precise as
possible so as to focus the students'
attention on the main chemical ideas
to be learnt.
Exercises: These consisted of questions about
the presentation. They were intended to
direct students' attention to the key ideas
and to serve as a means by which they could
assess their understanding of the topic.
Responses: These were the answers to the
questions contained in the exercises. They
served as feedbhack by which the students could
cross—check the correctness of their answers,

thus prompting a further review of difficult
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There are generally two approaches to the
placement of guestions in structured texts. One of
pre-questioning and the other of post-~questioning.
In the former approach, the questions are placed
immediately preceding the presentation, while in the
latter, they are placed immediately after. The
effect of the relative position of questions on
mastery of learning has been investigated in a number
of studies. Rothkopf (1965) showed that placing the
question before the material to which they relate
results in greater learning of the material.
Studies by Fraze (1968) and Bruning (1968) have al
shown similar results. These results served to
strengthen the author's choice of pre-questioning
adopted in the structured text,

Experimental design and procedure of implementatio

Experimental design

A basic assumption that underlies the
administration of the remedial package is that it
provided an effective instruction which helped to
improve the problem solving capability of the
students in organic reaction mechanism, through
increased understanding of the relevant,
pre-requisite chemical knowledge. The validity of
the assumption has to rest on some empirical
evidence. To achieve this, a controlled experiment
described in this section was undertaken.

The matched group design, involving pre-post
testing strategy (Plutchik, 1968; Ndagi, 1984) was

used. The underlying aim was to determine the
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effectiveness of the remedial programme, in reducing
the students' problem solving difficulties earlier
discussed in part I.

The two groups invelved in the experiment

{sec 10.4.2) were matched at the beginning, using

their respective pre-test group mean scores and

standard deviations as criteria for determining

equivalence.

The evidence for attainment of

equivalence was based on the indication that there

was no significant statistical difference between the

two groups in the characteristics referred to

above. This is illustrated in table 10.1 below:
TABLE 10.1 STATISTICAL PROPERTIES FOR DETERMINING
EQUIVALENCE BETWEEN THE TWO GROUPS
Statistical
Properties
Mean_Score | Std.dev t-ratio | Remark
(X) {(S)
Grdups
Experi-
mental
Group 8.68 4.19
0.25 Not
Significant
Control
Group 8.60 3.21 =< 0.05

The experimental group received treatment as

described in section 10.4.3, the control group

received none,

of the experiment.

is summarised in table 10.2.

Both groups were tested at the end

The main features of the design
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TABLE 10.2 BASIC DESIGN OF REMEDIAL EXPERIMENT

Treatment
Pre-Test Remediation Post-Test
Groups
Experimental
Group + + +
Control .
Group + - +
KEY:
+ treatment applied

no treatment applied

10.4.2 The samples and selection

The experimental group (EG) comprised 25
students from the unsuccessful students in one of the
schools. The control group (CG) also comprised 25
students from another school, who were shown in
part I to be unsuccessful in solving the problems.
Both groups were obtained by simple random
selection. The groups were requested to persist
through the programme toc the end. They gave
indication (verbal at that stage} of their
willingness not only to particpate, but to do so with
dedication. | |

The groups came from two different schools
separated by an approximate distance of 30 km
(= 19 miles). This was part of an attempt to reduce
interactive effects that would have been the case if
both groups were located in the same school. The
composition of the groups is illusted in table 10.3

below.
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TABLE 10.3 COMPOSITION OF THE REMEDIAL GROUPS

EG CG TOTAL
Male 22 22 44
Female 3 3 6
Total 25 25 50
10.4.3 Experimental procedure

The administration of the remedial package
consisted of meeting with the students once a week,
usually on Fridays, during which the text
(appendix 10.1) was handed out to them, one topic at
a time. At the meeting the following week, the
problems and difficulties which they were unable to
tackle by themselves were usually brought forward for
discussion in which everyone was encouraged to
participate. After the difficulties were resolved,
the text for the next topic was handed out to be read
and "digested" during the week before the next
scheduled meeting. This procedure was continued
until all the topics were exhausted, the programme
lasting 11 weeks.

During the first meeting, the author explained
the purpose of the programme to the students and
highlighted the possible benefits that they would
derive from the programme. This was done to let the
students see the need for participating, so that they
would do it willingly and meaningfully,

It was encouraging to see that the interest
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and confidence of the students grew steadily as the
programme progressed. The sheer enthusiasm that
they constantly exhibited served as an evidence of
this. As the programme progressed, the spontaneity
of the students' responses grew. Many times they
gathered and were waiting before the appointed
time. It was a wonderful experience for the author,
especially that his initial fears of some students
falling back half way through the programme proved
unrealistie.

At the end of the programme, a post-test
(test B) was administered along with questionnaires
which sought information from the students about
their opinions regarding the programme.

Conclugsion

The design of the remedial package and the
experimental procedure adopted for its administration
have been presented in this chapter. In the next
chapter, the results of data from the experiment are

presented and discussed.
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CHAPTER ELEVEN

PRESENTATION AND DISCUSSION OF THE RESULTS

The aim of the remedial programme was to
provide instruction to reduce students' observed
difficulties through enhanced understanding of the
underlying chemical concepts. The effectiveness or
success of the programme was determined from the pre-
and post-tests results which are presented and
discussed in this chapter.

Scoring and analysis of the post-test scores

The scoring procedure adopted for the pre-test
(sec 5.2) was also used for the post-test. The data
was computer-analysed, using the "Minitab" package.

Presentation of the results

The results obtained from the analysis are

shown in tables 11.1-5,

Some statistical parameters of the scores

The results shown in table 11.1 below
illustrate some of the relevant statistical

properties of the pre- and post-tests.
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TABLE 11.1 SOME STATISTICAL PROPERTIES OF THE SCORES

Tests
Stat-
istical Pre-test Post-test
Properties
Groups EG CG EG CG
Sample Size (N) 25 25 25 25

Sum of Scores (£X) |219.00 231.00 409.00 261.00

Mean Score (X) 8.76 9.24 16.36 10.44

Std. Dev (S) 4.10 3.28 6.78 4.74

1032 Facility indices of the scores

The facility indices of the two groups in both
the pre~ and post-test scores are presented in
table 11.2 below,

TABLE 11.2 COMPARISCN OF PRE~ AND POST~-TESTS FACILITY

INDICES
Groups EG CG
Problem Pre-test Post-test | Pre-test Post-test
1 0.29 0.56 0.52 0.55
2 0.30 0.43 0.16 0.26
3 0.16 0.40 0.23 0.29
4 0.13 0.52 0.17 0.17
5 0.14 0.26 0.14 0.15
Mean F.I 0.20 0.43 0.24 0.28
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11.3.3 Further comparison of the group mean scores

A further comparative analysis of the scores,
both within and between the groups, was carried out
using the matched groups t-test method. The results

are presented in table 11.3.

TABLE 11.3 COMPARISON OF PRE~ AND POST-TEST GROUP MEAN SCORES

Pre-test Post~test

Group X 5 X S SEd t-ratio Remark

G 8.76 4.10 16.36 6.78 1.41 Be3T 7
(df = 24)

a: 9.24 3.28 10.44 4.74 0.77 1.56 X
(df = 24)

SE4 1.02 1.67

t-ratio 0.47 3.55

(df = 24) (df = 24)
Remark X " o

J/& = t-value was statistically significant at>g 0.05

<
]

t-value was not statistically significant at &< 0.05

SEd = standard error of the difference between the mean
scores being compared

df = degrees of freedam
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Response to the post-test questionnaire

An evaluation questionnaire (appendix 10.2)
was administered immediately following the post-test
to obtain from the students (EG) their assessmaent of
the effectiveness of the remedial text.

The results are presented in table 10.4. The
numbers show % responses.

Students' perception of their difficulties

before and after remediation

The responses of the students to the
questionnaires immediately following the problems
were compared for the pre- and post-test. The
results are shown in table 1l1.5. The abbreviations

used have the usual meanings (sec 5.9).
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RESPONSE TO EVALUATIVE QUESTIONNAIRES ON THE REMEDIAL TEST

S/No

Response scale

Questionnaire

VERY
DIFFICULT

MODERATELY
DIFFICULT

How difficult do you
normally find studying
organic chemistry?

8.0

76.0

16.0

How did you find reading
through this "Text on
organic reaction
mechanism” that you have
just completed?

20.0

80.0

Having completed this
course (i,e the text) how
much has it helped to
improve your understanding
of organic chemistry?

VERY MUCH

NOT MUCH

NOT' AT ALL

92.0

8.0

How much has this text
helped to improve your
learning or studying

of organic chemistry?

96.0

4.0

Having campleted this
text, how much would you
like to be taught
organic chemistry from
a mechanistic approach?

72.0

28.0

On the whole, how would
you assess this text,
considering the extent to
which it has helped to
reduce your difficulties
in organic chemistry?

VERY GOOD

JUST GOOD

76.0

24.0
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Discussion of the results

The results of the remedial experiment are

shown in table 11.1-5. They indicate that:

{a)

{(b)

(c)

(d)

(e)

(£)

(g)

(h)

the performances of both the EG and CG
generally improved in the post-test relative
to the pre-test, indicating some net gain in
the terminal performances.

both the remedial programme and the pre-test
produced positive net gains in the students'
performances from pre- to post-test.

the net gain by the EG from the remedial
treatment was statistically significant.

the net gain by the CG from the pre~test
effects was not statistically significant.
the post-test performance of the EG was
significantly superior to that of the CG.
Both groups were equivalent at the beginning
of the experiment.

the post-test performance of the EG was
significantly superior to their pre-test
performance.

the post-test performance of the CG, thbugh
improved, was not significantly better than
their performance in the pre-test,

the students (EG) expressed greater confidence
in their post-test solutions, and less degree
of difficulties in the process of solving the
problems relative to the pre-test.

These results are now discussed in greater

datails.
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The results shown in tables 11.1-2 indicate
that the post-test performances of both the EG and CG
waere better than those of the pre-test, The
implication is that both the remedial treatment and
the initial exposure to the pre-test produced some
positive learning effects in the students. Howevar,
table 11.3 indicates a distinction between these
effects. It shows that the net gains from
remediation are statistically significant, while
those due to the pre-testing effects are not
significant. Thus we find that the t-ratio of the
EG/CG post—-test group mean scores, and that of the
EG/EG pre-pgst tests group mean scores are
statistically significant at ™% 0.05, while the
corresponding values for the EG/CG pre-test and CG/CG
pre— post test scores are not significant at that
level.

It does appear, therefore, that the
significantly improved post-test performance of the
EG, shown also to be significantly superior to that
of the CG, can be explained mostly in terms of the
positive impacts of the remedial treatment.

Furthermore, the students' opinions, expressed
in the questionnaires (table 11.5) showed that they
. considered thgy had less difficulty with the
problems, and more confidence in their ability to
solve the problems correctly after they had been
exposed to the remedial programme. Thus, we find

that the average frequency distribution of students
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indicating difficulty with the problems decreased
from 49% to 17% after remediation, Similar values
for their confidence in the solutions they had
produced rose from 51% for the pre-test to 78%
following remediation. This situation of increased
confidence and a lower level of difficulty is seen to
be reflected in the "reasons for difficulty" columns
which were left mostly empty at post-test compared to
the pre-test, It appears logical that the students
gave no explanations for difficulties which they
perceived to have been remediated, indicating their
conviction of the positive impact they considered the
programme to have had on them.

These results, put together, indicate that the
remedial treatment produced a positive impact on the
students which significantly helped to reduce their
difficulties reported in part I. Based on this
outcome, the remedial programme can thus be describéd
&s successful, and to have achieved the aim for which
it was designed and implemented.

Excerpts from the students’ solutions

Some examples of pre~ and post—-test excerpts
of the EG are shown below. Each pair of pre~ and
post-test excerpts for each problem originate from
the same student to facilitate comparison. They are
displayed as another piece of relevant evidence
indicating the students' improved problem solving

capability resulting from remediation.
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It is seen, for example that the students,
following remediation, used symbols (e.g curved
arrows, formal charges) more accurately, and tackled
the problems more in terms of processes involving
breaking and making of bonds rather than in terms of
charges and the associated attractions - a
conceptualization that characterized their
pre~remediation approach. Three of these, problems
l, 4 and 5 are included to exemplify both ends of the
difficulty spectrum (table 11.,2), problem 1 on the
casier side, 4 and 5 representing those they found

most difficult,
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1. Considering structural and solvent factors, outline the most
probable reaction mechanism for the hydrolysis of bromopropane by
aqueous potassium hydroxide. The equation of the reaction is:

CH3CH2CHzBr + agkOH —F—> CH3CH2CH20H + KBr pre-remediation
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Pre-remediation.

4. Using the relevant mechanisms of the respective reactions

(2) Explain why 1-bromebutane forms only one isomer, while
2-bromobutane forms three isomers respectively, when treated with an
alcoholic solution of potassium hydroxide. The reactions are as follows:

alc, KoH

1-bromobutane but-1-ene

alc. KoH —_— cH3CH2€H= CHy + HyQ + KBr
but-1-ene

(11) CH3CH2CH(BPJCH3 —
2-bromobutane

CHacH == (H CH3 + H20 + KBr
but-Z-ene

Note: Work ocut the third isomeric butene from reaction II.

(b) What name is usually given to the mechanism that you have described?
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Post-remediation.
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5. Consider reactions I and II below in which HBr adds across the carbon-carbon
aglefinic bonds:

t 2 3 1 2 3
(1) CHZ = (H - CH3 + HBr-———-—)CHa— CHBr — CH3

electrophilic addition

] 2 3 1 2 3
- an CHy = CH — CHO + HBr ~———» CH.Br — CH, — CH =0

nuclesphilic addition

Outline the mechanisms of the reactions; and use it to explain why reaction 1l
behaves differently from reaction I.
Note: -CHO is an electron withdrawing group.

i{?% Pre-remedistion,

R R, s

@ Chsin—en - o odh W U > cf,—tH, ~el =D
t b

Poat-remediation.
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Bvaluative questionnaire and comments

The questionnaire (appendix 10.Z) scught the
students' (EG) opinion about the effectiveness of the
remedial programme., The results are shown in
table 11.4. The students expressed satisfaction
with the programme and indicated that it had helped
reduce their difficulties. For example, 92% of the
students indicated that the programme had helped to
improve their understanding of organic chemistry,
while 96% reckoned that it had generally helped to
improve their learning of organic chemistry. The
results alsc showed that 76% of the students
considered the remedial text very good, 24% opined
that it was good. None of them rated it poor.

These results indicate that the treatment 4did
have real remediation effects on the students, and
they acknowledged it. This deduction receives
further support from the students' responses to the
free, personal comments scught from them in item 8 of
the guesionnaire. Eighteen of the students
commented, from which fifteen excerpts are shown
below. The remaining were written in pencil, and

were not legible enough for inclusion,
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Findings and conclusions

The findings from the results of the remedial
studies have been outlined in section 11.4. The
discussions that followed in the chapter elaborated
the findings.

1t is concluded from these that:

(a} the structured text was a suitable
instructional medium for remediating the
students' difficulties observed in part I.

(b) the remediai programmne was effective and
successful as it significantly reduced the
students' initial difficulties.

{c) the assumption that the design and
implementation of the remedial package
constituted an effective approach of reducing
the students' problem solving difficulties was
shown to have validity.

There is no particular instruction method that
can be held to satisfy all the conditions under which
learning occurs at all times. However, it does
appear from these results that the learning of
organic reactions and the capability to use the
acquired knowledge to solve problems would be
enhanced if students' difficulties are continuously
monitored, constantly diagnosed and remedied. In
that case as much emphasis will be given to the
question of "what do the students not know?" as that

of "what do they know?"
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CHAPTER TWELVE

SUMMARY, FINDINGS, IMPLICATIONS AND

SUGGESTIONS FOR FURTHER RESEARCH

Overview

Although findings were reported, and
conclusions drawn at appropriate stages along the
course of this study, this chapter comprises an
overall summary of the findings and conclusions. It
also comprises a summary of implications arising from
the findings and suggestions for the direction of
future research.

Summary of research aim and procedure

The underlying aim of this study concerns the
identification of the nature and causes of the
problem solving difficulties of the students of
Schools of Basic Studies in mechanisms of organic
reactions. The literature reviewed indicated,
amongst other things, that success in problem solving
requires the possession, by the student of the
relevant chemical knowledge and an understanding of
how these can be arranged to fit the demands of the
problem posed.

In part I of the study, paper-and-pencil tests
and the "think aloud" method were used to probe the
students' problem solving difficulties. In part II
of the study, a remedial programme, aimed at reducing
the difficulties, was carried out. The results
showed that the programme was successful as it

significantly reduced the students' difficulties.
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12.3 The findings from the study

The following constitutes an overall summary

of findings from the entire study:

(a)

(b)

The initial observation {(sec 1.2.3.2) that the
students lacked chemical knowledge, and that
this was responsible for their failure in
solving problems was not wholly supported by
the results of the study. Rather, they
showed that while the students possessed much
of the requisite chemical knowledge, the
component concepts were acguired in an
igsolated fashion, such that the links and
interrelationships were not understood. This
tended to constrain thelr ability to apply the
knowledge that they possessed in solving the
problems.

The students were unsuccessful in solving the
proplems posed. This failure was due to a
number of underlying difficulties, which
included lack of understanding of the:

(i) nature and structural relationships of
covalent bonds, atoms and valence |
electrons within the molecule in a
classical Lewis model.

(ii) formalism of chemical symbols. Curly
arrows and the representation of
charges were among the prominent
difficulties,

(iii) interactive processes of bond-breaking
and bond~making that reactants undergo

as they are converted to products,
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The students lacked requisite strategies for

gsolving the problems. This was exemplified
by their:
{i) failure to understand the demands of

the problems posed.

(ii) failure to select relevant information
required to meet the demands of the
problems.,

{iii) haphazard and illogical organization
of the informaticon-bits in an attempt
to produce a solution,

There was a positive, but low correlation

between the students' reservoir of chemical

knowledge and the ability to utilize the
knolwedge in solving problems requiring them
as pre-requisites.

The students' reservoir of chemical knowledge

cannot be relied upon as an effective means of

predicting or estimating their potential
success in a problem solving exercise based on
the knowledge.

The male students performed significantly

better than the female students in solving the

problems, even though there seemed to be no
difference in their possession of the
underlying chemical knowledge.

The thought-processes that underlie the

students' problem solving behaviour in

mechanistic organic chemistry seemed to be
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guided by the idea that organic reactions are
caused by an attraction between
oppositely-charged species, Thus they felt
that the reactions must necessarily involve
charged reactants in one form or another,

The students' problem solving approach did not
show any clear, consistent pattern that could
be used ag basis for classifying their
strategies into any formal categories. They
were typified by a random, trial-and-error
approach.

The few students shown by the TAPS to be
successful in solving the problems were
significantly better than those that were
unsuccessful in structuring, progressive
refinement and organizing the relevant
information - both from the problem situation
and the long term memory.

The variations in the students' successes in
solving the problems seem to be explainable,
not so much in terms of the chemical knowledge
they possessed but more in terms of the
ability to transform the knowledge to meet the
demands of the problens.

The remedial programme produced positive
impact on the students, as it significantly
reduced their problem solving difficulties,
Structured texts constituted an effective
instructional approach that helped the
students to overcome most of their

difficulties,
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{m) Some of the assumptions made by the curriculum
planners in designing the course contents, and
the teachers in devising instructional
strategy and sequence do not seem to be
authentic, A typical example concerns the
prior chemical knowledge of the students.

Implications of the findings for curriculum planning

and implementation: recommendations

The findings from this study, which have been
outlined above, have relevance for appraising, and
subsequent improvement of the planning and
implementation of the curriculum in chemical
education. This is with particular regard to the
teaching and learning of organic chemistry in the
Schools of Basic Studies, and by extrapolation, the
pre-degree organic chemistry course in Nigeria.
These are now presented as recommendations:

Implications for the teaching of arganic

chemistry

(a) The teaching of organic reactions should be
pursued from an instructional approach that
facilitates students' understanding of the
chemical processes occurring as the reactants
_are converted to products, and also the
intimate relationships between chemical
structure and chemical reactivity. From the
results of this study, one such method is the

mechanistic approach.
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The procedure for teaching organic chemistry
should be appraised with a view to
diversifying, and taking on board other
instructional strategies to supplement the
existing lecture method. A fundamental
objective of such method(s) should involve the
provision of opportunity for the students to
interact, at individual levels, with the
materials to be learnt, as knowledge and
understanding are idiosyncratic phenomena
constructed by individuals. This study had
indicated that the structured text, which is
not the same as traditional hand-cuts,
constitutes a viable choice.

The traditional approach of teaching organic
reacticons, typified by reactants and products
connected by arrows or equation signs appears
grossly inadequate for a functional
understanding of the underlying concepts, as
the procedure does not show the chemical
processes involved. A more efficient
approach seems to be that which describes the
interactive processes at every stage of the
reaction - one depicting the breaking of
existing bonds and the formation of new ones,
and the conseguent structural changes in
structure. The use of Lewis model of
molecular structure representation, showing
bonds and valence electrons, and their

movements and rearrangements during chemicgal
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reactions, seems a reasonable proposition,

The teaching of organic chemistry should seek
to establish in the students a firm
understanding of the conventional symbols
generally used in describing reaction
processes. Typical examples include, curly
arrows, the dash (-} symbolism, representation
of molecules in terms of formulae, and partial
and formal charges. The knowledge of these
seems to have been taken for granted by
teachers and curriculum planners, but this
study showed that such knowledge is not always
within the working repertoire of the

students. The syllabus should spell them out
clearly and they should be taught
specifically.

A basic, generalized procedure or theoretical
model of solving chemical problems in organic
reactions should be suitably incorporated in
the syllabus. It is suggested that such may
include two broad elements: problem
understanding and problem execution. Thus,
instructions in this area should be geared
toward assisting the students to understand
problem situations, select relevant
information and to organize the
information~bits to fit the reqguirements of
the problem posed. It is believed that a
start in this direction could be made,

notwithstanding the intractable question of
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whether problem solving can be taught, and the

conditions that enhance success.

12.4.2 Implications for the teachers

(a)

(b}

(c)

A central consideration that should influence
the teachers' instructional attitude and
approach involves the realization that what is
structured and logical to them is not
necessarily so to the students.

Consequently, they should approach instruction
from the students’ stand-point rather than
their own.

Some of the underlying assumptions
that the teachers seemed to have made, and
which influenced their instructional approach,
have been shown tc have little correlation
with the practical situation of the students,
e.g their prior chemical knowledge.

The teachers should be aware that the
technical terms they use to communicate
chemical knowledge have profound influence on
the students' process of encoding information,
and hence on their construction of chemical
knowledge and the required understanding of
the subject matter. Thus, teachers should be
sensitive to, and exercise reasonable care in
the choice of words/expressions that they use -
to convey chemical ideas, especially where |
such have dual usages.

The teachers should diversify emphasis from
routinely seeking to establish what the

3
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students know or are competent in performing
to periodic diaghosis, through appropriate
tests, discussions and small-scale research,
of what they fail to know and the reason(s)
for the failure. Both approaches complement
each other, for without knowing what
constitutes the students' difficulties in
their learning situations, teachers may be in
danger of pursuing half-baked instructional
strategies.

The teachers should, from time to time, plan
and carry out remedial programmes, once the
students in need cof remediation have been
identified and the nature of the difficulty
diagnosed. This c¢ould take various forms,
some of which were discussed in

section 10.2. It is not enocugh for teachers
to wait for students to bring forward their
difficulties for remediation, as such action
assumes that students know what they do or do
not know. Research evidence in this area
(Metacognition) is rather scanty. As Lester
(1982) pointed out, it has been largely
ignored due to a belief that metacognition is
either unimportant or unresearchable. Though

such an exercise may mean additional burdens

‘on the teachersz, if it is properly carried

out, the results, and the use to which they

could be put are worth the trouble.
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Teachers should avail themselves of
opportunities for exchanging professional
ideas through conferences, symposia and
workshops, from which the experiences of the
teachers in the field and curriculum planners
in the offices could be pooled together.

Such a reservoir of experiences could form a
valuable basis for appraising the state of
curriculum design and implementation and the
formulation of future directions. The main
body that seems to fulfil this role at the
moment is the Science Teachers' Association of
Nigeria, which caters for the interests of all
science teachers, The establishment of a
similar body that caters for specific
interests of chemical educators should be

given serious consideration.

12.4.3 Implications for the curriculum planners

{a}

The Schools of Basic Studies syllabus in
organic chemistry should be structured and
organized arcund bond-types, which tend to
bring the discussions of different compounds
that share similar chemical reactions under
the same umbrella, rather than on the basis of
families of organic compounds, as it now
stands, which separate into different
conceptual categories compounds whose chemical

behaviour shares essential similiarities.
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The aims and objectives of the course contents
embodied in the syllabus should be clearly
spelt out in behavioural terms. Also, the
educational outcome and skills expected of the
students, after instruction should be
unambigiously indicated. This is grossly
inadequate at the moment. It is only when
this is done that instruction and assessment
of chemical knowledge assume meaningful
direction.

The Schools of Basic Studies syllabus should
be reviewed with a view to closing the gap
between the students' prior knowledge and the
conceptual demands of the new materials that
they are expected to learn. For example,
such concepts as covalent bonding, molecular
structure representation, chemical symbols and
formulae, hitherto taken for granted as
constituting part of the students' pool of
prior knowledge should be revised with a view
to teaching them specifically as basis for
subsequent learning in organic reactions.

The syllabus operated by the schools appears
over—-loaded with some chemical concepts that
can be safely shedded. For example, the
first sectin dealing with purification of
organic compounds, detection and determination
of elements, calculations of molecular formula
should be dropped or merged with the

laboratory instructions where they appear more



{e)

278

appropriate, if their continued retention is
desirable.

There should be greater articulation of the
various facets of the curriculum: the aim,
implementation of aim, assessment of
implementation and necessary adjustments via
feed back. That means closer liaison and
collaboration between the various agents
involved in chemical education. These
include the curriculum planners, the teachers

in the field and the examination boards.

12.4.4 Implication for the examination board

(a)

(b)

{¢)

The pattern of assessments undertaken by the
board should reflect the aims and objectives
underlying the design of the curriculum.

The structure of the tests should have
in-built flexibility that would make them
suitable in diagnosing the students'
difficulties, while at the same time pursuing
the broad aim of identifying their general
capabilities, One approach would be to
diversify the pattern of the tests
(examinations) to include multiple-choice
items, short questions and free-response
problems - all structured in some sort of
conceptual hierarchy.

The grading schemes designed by the
examination board or its chief examiners
should seek to define the meaning and explain

the utility of the conventional symbols:
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(/) to show a correct response and (X} to show

an incorrect sclutian. Some pertinent

guestions in this regard are:

(i} Does the symbol "X" show a lack of
ability on the part of the student?
(i1i) Is the student awarded */“

significantly more capable than that
scoring "X"?

One method of doing this is by designing

schemes that do not focus only on products of

thought but alsc on the process.

Limitations

This study suffers from a number of
limitations. The measurement of problem solving
ability is influenced by a anumber of factors that the
paper—-and-pencil method used could not take into
account. These include language and reading
abilities, students' general attitude to, and mood
during test-taking, effort etc. Thug the results
obtained from the measurements necessarily suffer the
limitation of the imperfect match between problem
solving ability and the tests designed to reveal
them,

The verbalizations used in the “"thinking
aloud" method to reveal underlying thought-processes
also have their shortcomings. They are, at best,
overt approximations of the covert processes
ocourring in the solver. In addition, the scopé of
generalization that can be made from the results

obtained from the technigue is constrained by the
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limited numbér of subjects called for by the nature
of the method.

The method used for obtaining initial
information about the students' difficulties involved
their examination scripts or results. These, by
nature were not designed with the aim of revealing
students' difficulties, but their achievements. It
id, however, expected that the reports and comments
of the chief examiners of IJMB included made up for
this limitation.

The remedial programme, which employed the
*printed text” method cannot fully answer the
question: Can problem solving be taught? The scope
of the method was necessarily narrow due to practical
constraints of time, funds and, of course the overall
aim of the study. Thus, while the students' problem
solving capability significantly improved following
remediation, it is not clear that the acgquired skills
can be effectively transferred to solve probhlems of
different nature and context, or indeed increased the
students' capability to solve every day, open
problems that do not generally conform to particular
theoretical models or heuristics. Thus, the results
though of significant importance, are limited in that
sense,

Conclusions

Some of the difficulties that the students of
Schools of Basic Studies in Nigeria face in solving
problems of mechanistic organic chemistry have been

revealed in this study. In a sense, they show the
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students' learning difficulties in that area of
chemistry.

For classroom teachers to improve their
methods of instruction, they need to know, not only
the aptitudes and achievements of the students, but
equally of importance, the sort of difficulties that
confront them in the task of learning chemical
concepts. This study has attempted to provide some
information In that direction. It has been shown
that the students' limited understanding of both the
chemical content and the problems posed, constrained
their capability in solving the problems. Scme of
the areas of chemical knowledge that presented
difficulty to the students were discussed. Their
difficulties in problem solving strategies or
procedures were also indicated. The study also
attempted to provide information about the mental
processes that underlie the students’ problem solving
behaviour. Their conceptual frameworks, and some of
the chemical misconceptions typical of their thought
processes were revealed. All these put together
constitute revelations about the students’ problem
solving difficulties which the study set out to
investigate,

The methods employed in both parts of the
study are simple and adaptabkle to classroom
situations. They can be replicated or modified by
teachers for carrying out small-scale research for
purposes of improving the general process of

pedagogy.
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Curriculum planners also require feedbacks not
only from achievement tests, but also from research
conducted to reveal the difficulties that attend the
learning of the course contents, The results from
this study provide such feedback which can be used aé
basis for reviewing and appraising the effectiveness

of curriculum design, and to provide some direction

for improvement.

Suggestions for further research

Curriculum development and implementation are
dynamic processes. Findings from one research often
raise further questions for investigation, Based on
the findings from this study the following
suggestions are offered for further investigations:
{a) The sort of study reported here should be

extended to the universities, with a view to

finding out if the same kind of difficulties
are typical of the universities which are
higher in the educational structure.

{b) Further research should be conducted into how
students construct understanding of problems
involving organic reactions, and the factors
that affect the process. The knowledge of
this will provide a theoretical basis for
designing instruction for teaching problem
solving.

(c) Research should be carried out to identify, in
some specific terms, the role of teachers in
the process of developing problem solving

skills in students. The results will be
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useful in focusing and directing teachers’
efforts.
The role of metacognition i.e the knowledge of
cognition, which includes awareness of
self-capabilities and limitations, in problem
solving success or failure should be
investigated.
The effects of such factors as interest,
attitude, career prospects on problem solving
success should be investigated in view of
their link with motivation.
Research should be carried out, with a view to
providing answers to the questions:

(i) Can problem solving be taught?

{(ii} If so, what are the theoretical
instructional models involved?
(iii) How can such instruction be most
effectively designed?

The role of sex differences in problem solving
success should be further investigated with a
view to spelling out those sex-related factors
that are involved, and how they function to

produce the effects ascribed to them.
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(s. 1. Unita to be Used)

This syllabus compares very well with that for the
A - Level Chemistry of the West African Examinations
council. Provisions have however been made for greater
depth in certain areas in order to facilitate {ransition
from the College course to the Part 1 Chemistry programae

in a University. \
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iNTERIM JOINT MATRICULATION BOARD
INSTITUTE OF EDUCATION '
AHMADU BELLO UNIVERSITY, ZARIA, NIGERIA.

-

1.J.M.B CHEMISTRY EXAMINATION FORMAT
BEGINING FROM 1984 ‘

There will be TWO Papers - Iand I

Paper T

Paper IT

This will be mede up of TWO SECTIONS A and B
and it will be for % hours.

Section A '

(Time -~ Thour) This section wlll con31st of TEM (10)
atructured guestions drawn from General, Phys;cal and
In-organlc Chemistry. FEach question carrles FIVE marks
giving a total of 50 marks for this section,

Sectign B

Ulime < Z hours) This section will consist of six (6}
essay questions in the areas of Chemistry as in sestion A,
Candidates will be required to answer FOUl {4) guestions.
All QUESTIONS in this sectlen carry equal marks,

“Section B carries 100 marks.

Paper I carries a total of 190 marks.

is made up of two sections - A and B and it will he
for 2 hours.

Section A : :

{Time - 7 hour) This section will consist of TEN
STRUCTURED QUESTIONS drawn from organic and from
Practical Chemistry. Each question carries equal marks.
Section A carries 50 marks.

_ Section B

{Time ~ 1 hour) This will be made up of FOUR (4)
essay type questions in organic Chemistry., Candidates
will be required to answer TWO (2) gquestions; all
questions carry equal marks. This section cérries &
total of 5C marks. :

Paper II carries a total of 100 marks.

The score from the IJMB Final Examination shall constitute 70%
of the Final score.

Continous assessment will constitute 30% of the Final score,
The continous assessment shall be made up as follows:

Note

208 from practical exercises

0% from monthly and Terminal tests of the theory
. component of the syllabus.

IT IS & CONDITION THAT A CANDIDATE MUST 3CORE AT LEAST
A MINIMUM PASS MARK IN BOTH THE CONTINQUS ASSESSMENT
AND THE FINAL EXAMINATION TGO BE ABLE TO QJUALIFY FOR AN
QVERALL PASS.

Recerds for the continous assessment should be kept up~to-date
so that the question papsr and the marks obtained in the -
continous assessment can be periodically checked by the moderator.

Perminal or Monthly Test should be conducted wnder Examination
conditions. Corrected Examination scripts may not be given to

the students.



2.

A GENERAL CHEMISTRY

Am,noumm, ELEMUNTS AND COMPOUNDS

(a)

(b)

(<)

(9)

(e)

Atoms, molecules, elements and compounds
Definitions and inter-relation with one another.

The Law of conservation of matter, the law of con-

stant proportions, the Law of multiple proportions,

the Law of combining volumes, Dalton's atomic theory,
Avogadro's hypothesis;

Definitions, experimental verifications and calculations.
Limitations of above Laws.

Atomic mass scale: 120 as the standard, Determination
of the relative atomic and molecular masses by mass
spectrometry (Details of mass spectrometry gp.cale
culations involved in mass spectrometry are not re-
quired). Comparison with Labcratory methods for

the determination of these quantities.

Relative densities and relationship with relative
molecular mass Determination of molecular mass
by victor Meyer method. Use of the simple gas
Law, P.V =ngT, to détermine relative molecular

Avogadro number; the mole as a fundamental unit in
Chemistry. Application of the mole concept in
volumetric analysis should be stressed; molarity
and mclality; reletionship between the twe.

Students are expected to be able to prepare solutions
of definite conceniration and or to caleculate the
concentration of unknown solutions from prepared
standard solutions.

GROSS FEATURES OF ATOMIC STRUCTURE

(a)

Electrical nature of atom - electron, preton, and
neutron from the works of Faraday, Goldstein,
Thomson, Millikan, Becquerel (natural radicactivity)
Moseley and Rutherford.



La)
-

1JMB Chemistry Syllabus (cont'd)

(v}

(4}

- (4i) Bohr's atomic theory (only aualitative trest-

Mathematical trestment of these experiments are

. not required, “ealitative +rsatwaw) ondy.

Atomic numbsr, mass numher, neulron number, Isotopes
(detection and uses)

Convention: TIn writing ngclear symbols mass number
and atomic number are to be writton on the top left

hend eorner and botton Lol Lano corner, respectively

235
.5
: 1] 16
. 92 8% .

Models of the atom: Gualitative descriptions:~'

.

(i) fmutherford's atowic modely Elsctronie énergy

Levels - eviderce fron omiszlon spectra (quali-

" tative treatment only)

ment of tne basic posiulates reguired) srrange-
ment- of the " 2lzctrons in the energy levels:
HMain Lev:ls, sub-lavels, o~bitals; electron
Spin. .catun numours-praacipal, subsidiary,
magitetic and epin. Shaps and symmetry of 5.P
and d oxbitals. Duezgy level diagrems.

Aufbau principle, Pauli exclusion prineciple,
Rund’s rule and electronic conriguration.
Degeneracy of atomic orbitals and filling of
oTbitals, '

LI
- ’

The periodic Law ond Periodiy Mable

The Periodicity of electronic confiiguration
Leading to periodicity of properties such as
atomic radius, isnization onergy, electrone~
gativity electron affinity,

Classification into S,P.D, and f block clements
Horizontal, verticsl znd diagonal relationships
0 be mentioned.

{Pertodic table giving symbel, atomic mumber
and atomic maes S
shall be provided to students at the time of
exanination).



IMB Chemistry Syllabuss T

3

(v)

CHEMICAL RONDING

Use of Lewis structures (electron - dot -~ formulae) to

dlscuss

(a)

Electrovalent (Jonic) bonds:

Importance of octet rule in explaining valencies,
importance of ionization potential}electron affinity
and electronegativity in predicting beond types,

Energy factor in the fomation of jonic compounds; The

Born-Haber cycle.

COVALENT BONDS:

(e}

»

(a)

Comparisen of electron det structures for ionie,
partially ionic, and covalent bonds. Valence

bond description: Elsetron sharing and potential.
energy diagram;single, double and triple bonds,
polar covalent bonds.

Eg: HZS’ H20, HCP etc.

Prediction of bond types using Fejan's rules
and properties associated with hond types.
The concept of reschance to retionalise the
possible existence of multiple struectures,

COORDINATE COVALENT BONDS
Examples with Cu Salts, ammonium chloride,
hydronium ifon, ammonis/boron trifluoride

complex,

METALLIC BOMD.

General pruperties of metals and explanation
for them in terms of ' electron cloud!
structure; eg.: metallic lustre, ductility,
malleability, conductivity, cation formation.
Brief compariscn of electrons in aicms,
molecules and metals in terms of ¥ snergy

levels.



S e

(e) HYDROGEN BOND
Especially using hyrides of Groups V to VII:
explanetion of molecular aseoclation for
H,0 end KF, Brief comparison with dipole/
* dipole effect on acetone/butanse.

(£) VAN DER WAAL FORCES
Explanation in nor. polar molecules Eg: Helium.
Relationship between stirength of Ven der Waal
forces and Phase change temperature Eg. b.p.
. of ine;t gas and hydrogen halides; iodine and
_ chlorine. ' )

(g)  MOLECULAR CRBITAL THEOHY - QUALITATIVE DESCRIPTION
Compariaon with valence bond theory: combina-—
tion of atomic orbitale fer hydrogen and helium
to give bonding and antibonding orbitals;
non-existence of Be2.
Existence of Nz, 02 & Fz.
p—orbital overlap amd rulss fordlectron dis-

Introduction of

- tribution applied to second perlod molecules:

_ Bond order calulations,

{n) DIPOLE MOMENTS
.. Qualitative determination and comparisen for
some molecules. Bond dipoles and molecular

dipoles, WNo numerical probleme to be given,

" (1) SHAPRE OF MOLECULES
’ Use of molecular dipole moments in pre—

dicting and/or rationalising molecular
shapes e.g. CO, {linear) 80, {non-linear);
The concept of bond angles and bond
lengths (effect of atomic Ho., bond
type, nature of group). Electron pair

.-J- repulsion model: besic ansumpitions. Eg:
Octet molecules:= dHh’ NH;r, H,0, H301:
non~Octet moleculoat BF3, Sndlg, Hgﬂl

e Reaséns for deviation in bcnd angles
from expected values.



L STOICHIOMETRY, OXIDATION - REDUCTION -~ REACTIONE

Flectrenic concepte, half reactions.

: Kotey

Candidates will be expected to use the concept of

oxidation numbers and of half-reaction egquations

to balance oxidation-reduction reactions.

5. CONCEPTS OF ACIDS AND BASES

Theories of Arrhenius, Lowry-Bronsted and Lewis.

Water as solvent,strengths of acids and bases; hydration,

hydrolysis and concept of strong and week elec~
trolytes.

B. FPHYSICAL CHEMISTRY

1 STATES OF MATTER:

{a) Gases

(b) LIQUIDS

(1)

=Tdzal

Boyle's Lgw, Charles' Lpw and the Absolute
Temperature ScaldDalton's Law of Partial
Presgures, Graham's Law, General Gas

Bquation, Gay Lusac's Law of combining volumes;

Arogadro's Law. The concept of molar volume -«
Value af Gas constant R=8.3’IJ'K“1 mnl-d

KINETIC MOLECULAR THEORY
Derivation of the expression PV = 1/3 nmc2
from the postulates of this theory and itse

application %0 gas laws.

REAT, GASES
Qualitative account of deviations from ideal
behavicur, Introduction of Van der Waslt

eguation (gualitgtive account)

Liguid as intermediate between gases and
svlids., Chonges of stale, Phase diagrems of
one compenent system: cooling and heating

Gxidation number
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IJMB Chemistry Syllabus (*3' 1 cont'd)

curves, supelrcodling. Vapour pressure °
and boiling point. Effect of nature of
. - bonds on the variation af boiling peini,

(1i) Solutions: Solution terminology; solubility of
substances; vapour pressure of solutions, Raoults
Law. Separation of Liquid mixtures by distillation

or by cooling.

' Colligative properties: Effect of non-volatile
solutes on phase diagrams of pure splvenis egs E
Elevaticn in boiling in beiling point, molal freez-
ing point depression constant, and related caleula-

tionsy Osmctic preassuTe.

Use of the expressions
(1) »T =K. m
Whers m = Molality
X = a constants details of the constant K

to bhe given . :

(2)
(ii) T¥v=nRT
No derivation of either equetion 1s required.
ROTE : '
Deviation from Raoult‘s Law should be men—
tioned but no detailed study is required.

(¢} - SOLIDS . .
Atomic radii (Van der Waal's radil, covalent
radii, metallic radii). Variation of atomic
padii in groups and periocds in the Periocdiec
Table., Ionie radii - variation of ionie b
radii in groups and periods in the Periodic
Te¥le. Structure of ienic golids. Limiting

radii ratios.

CRYSTALS Isomorphism, unit cell latiice eneTgy,
Born Haber cycle_and reiated galeculatiens.
Lattice structure, super lattice and Lattice

defects. Seven types of crystal systems with



LIMB

.‘7.-

IIME Chemistyy Syllabus ("B’ 1 cont?d)

- (1) (e} contra

(a)

(v)

(e)

(a)

o)

(£)

examples - cubic, tetragonal, crthorhombic,
rhombohedral, hexagonal, monoclinie and trielinie,
Classification of selids by the units thai ccecupy
{he lattice points. Eg: Moleowlar, Ionic, Covalent

and metallic. Students will not be required to carry

out ecaleulations inveolving melecular geometry.

. 2 THERMOCHEMISTRY

Relationship between chemical energy and thermal
energy. Exothermic and endothermic reacticns.
Effect of physical siate on heat of resction:
Laboratory determination of hegts of reactions
and heats of formation. Thermochenical equation.

Heat {or enthaluwy) of formation, combustion, neutra-
lisation, solution {including the effect of lattice
energy on the heat of solution and the difference
betweenn integral heat of solution and heat of solu-
tion st infinite dilution), dilution, hydration,

reaction and change of atate.
Hesg's Law and ite application.
Bond disssociation energy and calculation of enthalpy

with particualr reference toc certain bonds. Eg.
C - C, 0=C, C=C C-H, =0, 0-H

The uge of energy level dimgrams for starting ceterials,
- tranaltion states, intermediates, and products.

Inadequacy of enthalpy data alone to prediet spon—
taneity of a reaction, Entropy as a driving
force in chemical reaction. Introduction of the
idea of structural stability and thermal stability

-of products. Concept of free energy, enthalpy and
- entropy. Use of the derivation aG” = AE® - 1TAS
- as a pradictor of spontaneity.

<
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 1JI'B Chemistry Syllabus (*B*} 2 cont'd)

3 CHEMICAL KINETICS

(2) Overall reaction and elementary processes.

(v) Order and molecularity concept.

(e) 18t order rate Law. .Analysis of experimental results
for 1st order reactions
(1) for gaseous recctions when pressure measurements

are observed
(i) for homogeneous Liguid phase reactions e.g.
acid hydrolysis of an estar.

(111) for reactions in solution when a physical
property is used. €.g. use of polarimeter to
measure the ongle of rotation,

(a) ond order rate law, Analysis of experimental results
for 2nd order reactions.

(1) £r gesecue rezctions.

(1) for remctione in soluticn.

(e) Reaction of any order — Analysis of experimental
results. Differential methoé for analysis © - .7 .=
log Rate & log K + n log C.) - As e general relation-
ship for use in various physical - chemical systems,

(£) Pactors influencing the rate of reaction

(1) Cconcentration - Determination of rate

Law by obaerving the effect of concentration
on rate and related caleulations.

(ii) temperature
Use of simyj Collision theory to explain the
affect of conmentration and temporature.

(1ii) Catalysis - qunlitative treatment of types of
catalysts and mode of action.

(&) Activation energy. Introduction of Arrhenius equation

and the plotting of log K vs v~ values obtained from
experiment.



()  Application of chemical kinetics in predicting

mechanism of o reaction.
L. CHEMICAL EQUILIBRIUM

(a) Fquilibrium Low and equilibrium constant., The general
equilibrium expre¢asion as an experimental result, K
should be exprosscd both iy terms of pressure "P' and
in terma of econcentration, 'o'c s Relationship between
Kg and Kp. (no derivation required).
Dynamic nature of equilibrim, whena(j = 0. Deter-
mination of equilibrium-cor:entration from known
equilibrium constant of sie:le reaction.

BN, o= a2my 01 =2 P01y + 01,
Co + 012 e (:0012;4H2 - 12 === 2HI etc

AG® = ~RT 1nk (no deriwstion required).

(v) Altering the position of equi_ibrius: Efect of <hanging
concentration, temperature-ani presture: Le Chatelier's
principle, Examples-to~illustrate te principle.

-

-

(¢)  Dissociation constant ¥a mmd 7b for weak acids and
bases, Dissociztion of water and imic product of
water, Kwj pH, PGH, oa and pKb; therelation Pda +
pKb = pKw., Buffer solution - Mixtue of ® weak acid
and ite salt and or weak bose and it: salt.
Derivation cnd application of Hendersin - Hassellbech

equation.
pH = pKa + log salt and POH-=.pKb +[%, salt
Acid Base

Titraticn, and theory of acid-base indcators. Hydro-

lysis of salts, The relation Kh= Kw and Kh = Kw
Ka Kb

(Problems involving the above-constan:s should be %
treated).

(d) Solubility preduct and cmonf:ﬂ'ect in relation to
gualitative analysis. Detrsuination of solubility
of sparingly soluble s2't in water and in presence
of common ion.
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5. ELECTROCHEMiSTRY
{a}

-

(b}

(e)

(0

(e

()

"

Explanation of oxidation - reduciion reactions in
terms of (i) oxidation number and (ii) electron

transfer.

Metallic condustion, electrolytic conduétion;
Electrolysis of =ome molten and aqueous salts.
Electrolysis of -molten WaCl, agqueous NaESO ' '
molten cryglite and aqueous copper suphate using
inert aelectrodes: . '
Electrolysis of agueous copper gsulphate using
copper anode,

Feraday's Laws of Flectrolysis. Application to simple
systems, Soluiions of problems relating mase and

current.

Chemical changes to generate electric energy.
galvanic cells. Study of some galvarnic cells~ "
Daniell Cell, Dxy cell, storage celli fuel cell
Reduction pofential and electrochemical sepries
{Sign convention LiT + o = Li ~ 3,06V)

Variation of change of free energy (o) with con-

centration., Graphical explanation of the relation-

ship oG = oG° & RT 1ok, derivation of Nemnst

equation B = EC ~ 0,059 log X, hence '
"y .

varistion of cell potential with concentration,
solution of problems. Determination of e.m.f of 2
eell when concentrations axe not unity. Sﬁontaneity
of a cell reartion; G = - EnF Calculation of free

energy change { &G°) and equilibrium constant of

. a cell reaction.

Correosion of metals treated from the stand point of

elesctron transfer. Prevention of corresion.

6., NUCLEAR CHEMISTRY . ' '

Stebility of nucleuz: Lalf - life as a measure of
atability of nucleus; stability belts, types of
radioactivity - natural and artificial radicactivityj
radloactive a.vha and beta particles, gamma rays,
radicactive carbon dating, other uses, nuclear energy,

nuclear fispion, fusion, nuclear reactors as a means

PR

]
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of thermal pover generation (General discussion, no
details)

Simple nuclear reactions - nuclear x equatiocns to
be balanced in terms of both mass numbers and atomic

numbers.

€. INORGANIC CHEMISTRY

INTRODUCTION

Emphasis should be pleced throughout this part of the
course on the application of the chemical concepts studied under
General Chemistry (Section i) rather than on the presentation of
the mass of facts on specific elements and their inorganic
compounds, More specifically, the gradation of physical and
chemical properties within the periods and groups of the periodic
table should 2& stresséd and explained in terms of such parameters
as electronic structure jonization potential, electron affinity,
electro-negativity, atomic or icnic size, and type ete.

HYDROGEN
Variable position of hydrogen in the Periodiec Table.

Occurrencej preparation of hydrogen from acid and water using

active metals. Large scoale preparztion of hydrogen from water

g=s (only the outline). Atomic hydrogen and isotopes of hydrogen.
Heavy water and its physical properties compared with ordinary water.

LLKALT AMD ALKALINE BEARTH METALS.

Position in the periodic' Table.

Ocourrence and electronic confijurations, Their properties with
emphasis on comparison within the groups in the light of physical
and chemical propertics, Hature of their compounds - oxides, hyd-
rides, halides, carbonates and bicarbonates.

Extraction of the metals (only principles)

POROL /ND ALUMINIUM GROUP

Occurrence, electronic confijuration, their general properties.
Simfle treatment of their oxides, hydrides (only borane and diborane
for boron) and halides.

C/ARBON GROUP

Occurrence and electronic configuration, group comparison with
emphasis on metallic and non metallic cheracter and also differences
between carbon and silicon on one side and germanium, tin and lead
on the other side. The unique properties of carbon. g.g. Catenation-

ionization
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€,

potential method or inert-pair effsct or both could

d Te used to explain the unique character of cerbon.

Simple treatment of oxides, hydrides, halides and
sulphides. Differences between diamond and
graphinite., Differences in structure and hence In
properties between carbon dioxide and silicon

dioxide.

General comparison of oxygen, nitrogen and halogen
groups to bring out similarities and differences in

the chemical and physical propsrties.

‘Relationship of the properties in the formation of
cxides,nitrides, halides should be restricted to

compounds of period II and ITT elements. Interhalogen

. compounds may be mentioned but ne details are required.

The first transition metal series:

Eleetronic structure, and relationship to variable

o§idation gtates of the elements, eblour, metallic

properties and complex formation. Examples are 1o

be given using their hydrides, halides, and oxides

wherever possible., Differences in the reactivities
of members of the group should be related to their

electronic structures and comparisons made wherever
possible to the elements of periocds II and IIT

studied earlier.

D, ORGENIC CEoMISTRY

Mechanisms should be discussed whenever applicable and
IUPAC system of nommenoliature shauld be used.
{a) Introduction to organic chemistry
- brief review of the development of organic chemiztr

(b) Molecular compounds (aliphatic, aromatic, cyclic,
unsaturated and saturated)

{c) Purification of organic cempounds
- purity and ithe phycieal charactaristic
— Detormination of melting and boiling points.
—~ Crystallization and recrystallization
-~ Bimple dictillation
- Practional distillation {e.g. benzene~toluene)
- Other disfillation techniques (steam and vacuum)
~ Liquid gxtraction & ~ Sublimation

N R
-
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2.

3.

= Chromatographic separation: paper and thin layer

(a) Detection and determination of elements (C,H,N,S and
halogens except F)
- qualitative (sodium fusion text)
- quantitative (carius and Dumas methods;
experimentz] details not required)
- caleculation of empirical formula

(e) Calculation of molecular formula, when molecular
mass or vapeur density is given or calculated from
depression of freezing point, from a Volumetric
method, combustion experiment or Victor Meyer's
method,

(£) IUPAC nomenclaoture=Introduction

Electronic concepts in organic compounds
(=) - hybridizat.i.on-—sp,sp,z 8p3
- characterisation bond types in H]Q-CHY uzcscaz
and HC=TH
- covalent bonding, g—and J7 vonds.

() Effect of structure on reactivity.
_polarity of bonds; dipole moments

melecular association: H-bonding
Inductive effect

elecroperic effcct

steric effect.

Use of concepts in (2) to discuss reactivity of, and mechanism
of reaction ir wvarious organic compounds,

(a) Aliphatic Hydrocarbons
ALKANES

nomenclature

homologous series - general formula
alkyl croupe (np to pentyl)

- struct .v* someriem (up to pentane)
- physical p.operties (gradation)

- chemical proporties
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(1) reactivity—explanation for inertness
‘ (i1) mechanica of chlorination of CHy .
{ii1) nitration
{iv) oxidetion-combustion
— Treparation of alkanes
(i) from 00, €O, and H,
(i1) from alkenes and alkymes ~ reduction
| (111) frop metallic carbides
5 {1v) from alkyl halides end Grignard reagents
\ (v) from carboxylic acids.
. - Crude cil a= main source of hydrocarbons
- Simple cycloalkanes: general prop: cties
{cyclopropans to cyclohexane) shapes and
stercochemistry of mrlecules, '
Alkenes

1

- g;eonfe tric

nemenclature {dienes and trienes, too)

ghysicel properties

ieomerism: cis-trans influence on the

properties

(1)
(i1)
{1i3)
(iv)
{v}

rreparation of alkenes

by removal of HED from alechels
byremoval of HX from slkyl halides
by removal of halogen from dihalides
Kolbe method on sucecinie acid -

cracking of petroleum

i = Chemical properties

\

4Ll

es

differences

in reaction invoiving alkenes and’

alkengs related to the natuwe of single and double

bonds;
(i) mecheniem of sddition reaction of alkenes e.g.
bremination :
* (ii) Markonikoff's rule -
(11i) oxidation vith 02, H202, c:’zﬁﬂ-}_ 080+
MnO_h - .- 4
(iv} ozonizaticn — omonide formation
(v}  Thydrogenaiion
{vi) polymerisation (brief introduction)
- nomenglature

- preparatio

- properties

- physical prppezf_tie:.;

n fr__c‘im dihalides and tetrahalides
H .

metallic dsriyatives: acetylide formation,
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(Cu, Ag and Na acetylides)

- Ethyne {ecetylenc)

‘ @
(11)
(£11)

- -

properties

reactions

mechanism of addition of water
mechanism of addition of H2 and HX
Reduction

conversion of ethyne to benzene

{b)  AROMATIC - Hydrorabons

-~ Siructure and namee of simple aromatic
compounds
- = Dbenzene and functional dertivatives

— naphthalene and anthracene

- Benzene

L. TYPES OF ORGANIC REACTIONS ' /

- - physical properties
- Chemical properties
~ isomerism (1:2, 1:3, 1tL isomers)
- Contrasting benzene with aliphatie
unsaturated compounds

- Aromaticity

- Resonance

- orbital model of benzene

- compariscn with hypothetieal cyclohe—
xatriene

- resonance energy

- difference between aromatig and
unsaturated compeunds

- ruiles for resonsnece E

- resonating siructures of bezene énﬂ
dirsctive influence of functional
ZTOoups., .

(a) Subatitution reactions ' :

- mechanism of SN1 N

- mechanism of sz '//

. . - .
- structural effecys.of-alkyl substituents
- effect of leaving groups - .

- mic¥eophilic reagents

RN

- solvent effect
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{b) Elimination reaction .

- mechaniam of E1
_~ mechanism of E,

- elimination versus displacemeﬁt

(c) Addition reactions
~ micleophilic addition to polar double bonds

~ gleotrophilic addition to non polar double honds.
{a) Rearrangement Teactions

.= Brief mention only.

5. ALKYL BALIDES
- nomanclature
- preparation
: _ . (i) alkene + Hul
L . {ii} alcohol + HC1

Ty L {(iii) ealcohol + PClS or PCl3
o . Properties ' _ . -
{i) nucleophilic substitution reaction with
[ Grignard reagent, AgEO/H§> Aqueous KOH,

A0, AGNO,, KON, KSH, NH3

(11) Elimination resction with alcoholic
, p2>tash

STa i "0 .« halogen derivatives of unsaturated hydrocarbons
. (allyl derivatives)
~ Name and structure of CHCIB' and CHIB,
= Mantion and use of fluorochlorQQQﬁhgqgs“

¥ . -= Halogen derivatives of aromatic compounds I
{e.x. chloro deriVative‘ZrbEnzene and tolugne)
- physical properties '
- preparation
e chemical propertiss
S (i) Crignard
® . (1) WurtzFittig \
sdh o R e oo e (§34) Ulmann _Ti

(iv)  Axyl lithium _
(v) Reactions with amines
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6. HYDROXY COMPOUNDS
Alcohols - Introduction - primary, secondary, tertiary
- nome nclature
— propexties of hydroxyl groups
- physical properties (hydrogen bonding)
= preparation

(1) from alkenes
(ii) from carbonyl compounds
{1ii} from carboxylic acids

(iv) by Grignard from carbonyl cpds

(v) by hydrolysis of alkyl halides

{vi) Industrial methodz of preparation of ethanol by
fermentation,

- Chemical properties
{i) Ether formation
(ii) Williamson synthesis
{iii) Est er formation
{iv} formation of %alkehes
(v)  reasction with alkyl halides (alcoholysis)
(vi) oxidation
(wii) Acidic and basic praperties (alkoxide and
" alkoxonium ion)
- Unsaturated alcohols {allyl alcohols): Just mention
- polyhydroxy alcohols = glycol and glycerol
{mention only the source)
- phenols: comparison of the properties of alcohols with
' these of phenol,

T« CARBONYL COMEOUNDS

- polarigation of carbonyl compounds - - . «
- Structuxe and nomenclature -.. . e
- Aldehyded,

\
e e s - -\Emaparation
_\\, (i) oxidation of aleghol

- ;

Ci;) ozonolysis of alkenes !
{iii) Redue tion of acidy

R i — Alidﬂ-—tm—ﬂf alk?n
s /“S'-J:_E) -uf"ntc:‘“ : o8 .

in O ‘ )
. ‘/ /’ -_—
Y . e

f
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- Ketones

~ Preparation 1

[
¥

(1) Oxidation cf sec. alcohol
(ii) fron carboxylic acids

. B (1ii) from aldehydes
{iv) Ozenclysis of alkenes .
{v) Decarboxylstion of caleium salts

(vi) direct oxidition of hydrecarbons

- Physical properties of aldehydes and ketonese
- homologous series '
~ Chemical properties of aldehydes and ketonas
- 4aditicn reagsions with Grignard, FCN,
NaﬂSOB, NH?’ aleohol and the rzaction
mechanism
- condensation reactions with methyl amine,
hydrazine, hydroxyl amine; phenyl hydrazine
- aldol condensation I
- polymerisation of aldehydes (para for-
maldehyde, metaldehyde)

- oxidntion of carbonyl compound with KI'Inoh.
- Reduction of carbomyl compounds
(1) to aloohols by Ef, NabH ,1jilH
{1i) to hydrecarbon (dlemenson)
- Canizzarc reaction o
C- tantomerisn _
- Tests for aldehydes aid ketones

- Tollens, Fehliﬁg, Heloform reaction

Aromatic aldehydes ind ketones
- Comparison of bengaldehyde and bene
sophenonse vith the aliphatic analegue.

8. ACIDS
- Structure and nomenclatire '
- physical properties {ndrogen bonding)
~  Resonance effect-acidity. Comparison with the alecohols,
- ' Preparation

(1) oxidation of siconols& aldchydes -
o (11) hydrelysis of nitriles -
(1ii) Grignard + Cq
- Chemical properties
R {1} Esterificaton -
{1i) Refuction wth Li21¥, .
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(i1i)
(iv)

decarboxylation of acids
kolbe electrolysis

-Acid Derivatives

9.AMINES

-~ Acyl haliles

~ Anhydries

- Amides

-~ nitriles

- Esters

methods of preparation and chemical reactions)
Dicarboxylic scid (oxalic, malonic, maleic and
fumaric)

aromatic acids (benzoic, salicylic, phthalic)
fatty acids~fats

(only brief mention of the abave three groups)

Structure and nomenclature

physical propertics (Hydrogen bonding)
basicity of amines

methods of preparation

(i) RX + NH3

{ii) alcohols + NH5 + Znsl2

{iii) Hoffman degradation

({v) Curtius rearrangement

{(v) Beckmann rearrangement

(vi} Reduction of nitro & cyanc compounds
- Chemical properties

(1)  with HNO,

(ii{ aeylation

(iii) salt formetion

(iv) oxidation

Method to distinguish the types of amines

{any of the three methods)

distinction between aniline and aliphatic amine

10. CARBOHYDRATES

Structure and nomenclature

(only straight chain structure is required)
monosaccharides: glucose and fructose
reducing react.ons and osazpnc formation
disaccharides: sucrose

polysaccharides: starch and cellulose
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11. AMINO ACIDS & PROTUWINE '
- ghort introduction to amino acids and proteins.
- Behaviour of amine-acids and prote ins in an ele=

- triefield; zwitterions

12, POLYMERS
- Hature and examplez of natursl and synthetic polymers,
{cellulese, rubber, nylon, polythene cte)y Sources of
monomer 8 for varicus polymeric materials. Uses of

Polymers.

ACTEGH] WORK

1, WEIGHING PRACTICES
2.  TITRIMETRIC ANALYZSIS

(=) ACID —~ Base Titration.
(i) Preporation of a standard NaOH solution. The use of
this solution in gtendardising a given sclution of
diluke strong zcid e.g. dil HE sol,

(i1) Stondardiszation of & given oxalic acid solution
using a stondard sodium hydroxide solubion

(iit) Determinatior ot the amown of NaoH and Na, 003

in a given mixture — the we of two indicators.

{iv) Determinaiion of the conegatrations of HaHCO_ and
I'Iag CO_3 in a given mixture ~ the use of two indi-
cators.

Y ¥ PITRATIONS
(2 Standardisation of irer II) solution using solutions
of KMnOL and stoandard malic zeid selution-Foubls

titration.

Vi) tandardisation of HK-ICL selution using Oxalic
atd and siandard sodur hydroxide sclution.
(434) Estiation of Cxalicacid and sodium Oxalate in a
givwn mixtura,
(1v) Standasiigotion of given sodium thiosulphate selution
e ing standard KT0'=nd determinaticn of nunber of
B2 of water of ryst-allisation in the hydrated

$0dy Thicsulphay.
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(v) Determination of percentage purity of an impure sample
of copper sulphate (Cuﬂ), 5320 ) solution using sodium
thiocgulnlizte sud standard potnssium permanganate solution.

3. Detexmiynz=li-: .7 ™ 4hniphy of rezciion c.g. neutralisation
L. Partition co~flicient of lodip~ betycen water and ancther solvent,
€.g. CCIy,
5. CHEMICAL XINET CS
(i) Rav> of "yawlveiz oF in <ater e.g. methyl acetate.

(i1)

late oo mou2llin LeSueen sulrhite and Icdate ion:

(Clock exyoriani)
(1ii)  Determiration .f cctivaticn energy for the veaction.
BrO i % 3Pv &{BG & — 3!!:-2 + Mg
6, Depression of Freezing print in binary mixtures (e.g. Rast's
method)
7. Deteminatiow ¢l the solubility of 2 sparingly soluble salt
(eng- ca (08),)
8. Distillation (simple nnd steom éistillation)
9. Gualitative in-or znic analysie-Group analysis of In-organic salts.
(a) In-organic aniong

2= iw Qe - b - g - 2=
Co,”p HECO.T, 37, 70,5, €1 Br,” I, NO,, SO,

(v) Irorganic Jations

+ 2+ vy 2 2+ 2+
ag’ Po2t Gt gzt cutt ot gt saltt
TN "SR VA TSNS SRR 1 +
Fet Fe’" pi77 ox’T HL T 007, an

Hntt Ba®” 622w et i (:mh")

10. Qualitative tecle of the Fuw tioral gruups-wentionad in—tha thonry.

-

11, Preparatian of simpia “rarairicn motal cumplex

12. Acetylation and Feazeylaticr.
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University of East Angl

School of Chemical Sciences
University of East Anglia
Norwich NR4 7T)

Telephone Norwich (0603) 56161
TEST A Telegrams UEANOR NORWICH

PROBLEM-SOLVING IN ORGANIC REACTION MECHANISM

STUDENT'S INDEX NUMBER

SCHOOL

SEX

AGE

Dear Student,

This booklet consists of fifty multiple-choice questions. Part |
consists of questions 1-12 and Part |l, questions 13-40. The format of
Part | is slightly different from Part 1, but the underlying principle
for both is the same.

For each question, you have a choice of answers, only one of which
is correct. You have to decide which that is. You are provided with
a separate answer sheet on which to enter all answers.

Attempt all questions, and ensure that you make your entries very
clearly.

Thank you.

A.A.M. Shaibu
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TO BE USED FOR QUESTIONS 1-12
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SECTION A

PART I: TIME ALLOWED: 30 minutes

Questions 1-12 are based on the information given on Table I. Select the
box from the table that most appropriately answers each question, and put
"X" in the corresponding box provided in the answer sheet. You can mark
only one box for each question,

e.g. In which box do you find an aromatic compound with an electron
releasing group?

The answer is box 3 which is marked thus:

Now continue in the same way, using the answer sheet provided.

In which box do you find:

1. a compound that is likely to undergo electrophilic addition across
a non-polar double bond?

2. a secondary group?

3. a homolytic dissociation process?
4. an elimination process?

5. a primary group?

6. a compound that is likely to undergo nucleophilic addition across a
polar double bond?

7. an 5N2 reaction mechanism?

8. an aromatic compound with meta-substituent?
9, a tertiary carbonium ion?

10. a carbanion?

11. an aromatic compound that can undergo nucleophilic aromatic
substitution reaction?

12. an SN1 reaction mechanism? f’”ﬂlﬁz‘}f}‘.—ﬁ-ﬁ_i
' KASKIAr 10550 UNIVERS TS



PART II

Each of the questions 13-40 has four options as answers. Only one of these is
correct, Select the correct one and put “X" in the circle immediately below the
tetter on the answer sheet that corresponds with your choice. Here is an
example for you to folliow:

Which of the following elements are present in cyclopropane?

(A) carbon and oxygen

(B) hydrogen and oxygen

{C) carbon and hydrogen

(0} carbon, hydrogen and oxygen

On the answer sheet you will find:
A B C D
The . correct answer is C, so an "X" is put in the circle immediately below it as

shown above,
Now attempt the questions in the same manner:

13. The electrophile that is responsible for nitration of benzene in
concentrated suiphuric acid medium is normaily:

(R) not
(8) NO3
(C) NOj
(D) N,03

14-16. For these three reactions, indicate which reagent is required to carry
out the conversion. '

14, CBH5CO00H ————> C5H5COCH

(A} HCi

(B) NaOCI
(C) ciz/ccia
(D) socCiz



15, CGHS —_— C6H5N02

(A) HNOzlconc. HC)
(8) HN03/c0nc. HCT
(C) HN02/conc. NH3
(D) HNOS/conc. H2504

{A) Conc, H2304

(B) Alcohclic NaOH

(C) Alcohalic NH3

(D) Alcohelic KZCrZG?

17. By what name is the following reaction usually known?

A1C13_

c H6 + RCOC! —m———> CBH COR + HC1

6 5

(A} Hofmann reaction
(B) Friedel-crafts alkylation
(C) Friedel-crafts acylation
(B} Ulmann reaction

18. Consider the reaction below, following the mechanism indicated:
Me Mef“- Me
r'Ear“- + d;\ _tiﬁl__.»- ' /ﬁF\Tj
_ \J\GB PV%? s

},\e/ Mo

We Me®"
Addition of KBr to the aqueous reaction system will:

{A) increase the rate of reaction

(8) decrease the rate of reaction

(C) leaves the rate of reaction unaffected

(D) makes the rate of reaction impossible to determine.



The above reaction is an examplie of:

(A} rearrangement reaction
(B) electrophilic addition
(C) nucleophilic addition
(D) electrophilic substitution

20,

| _CfffO —0

D _C S
‘\O- . "‘\.O

The representation of moiecular structures by more than one molecular structural
forms as shown above 5 usually described as:

(A) conformation

(B) migration -
(C) mesomerism

(D} isomorphism

g o |

< 9 .1

21 aLt::‘ ‘/+\'61;2N;, — > Ri— hi._—}—,(:112-[-\11‘;_ —3RrC- cl:flz + N2
R? R 12

Consider the above reaction, it is an example of:

(A} rearrangement
(B) substitution
{C} addition

(D) elimination



22.

:C Q)_._—-—r -é-——-o-qE"' ————-—-*'C"“O
NU NU NU E

The above reaction is an example of:
(A) electrophilic addition

{B) nucleophilic substitution
(C) electrophilic substitution
(D) nucleophilic addition

23. In which of the following compounds can the carbon atom said to be SP3
hybridised?
{A) CH,0
(B) CHZN2
(C) CHCT 4

(D) CO2

24. Which of the following statements is true?

(A} An electrophile reacts by donating an electron pair.
~ (B) A1) Lewis acids are nuclecphiles

5 - (C) A1l electrophiles are cationic _ _
(D} A nucleophile reacts by donating an electron pair

25. Which of the following arrows point to a nucleophilic site?

oH
N B\;
7 N\ AR
H - h

| woe I e TN = - B -



26, W

f (C) Cl
¢ :
/TN
H’fl H 17| m
H B
(B) ?r (D) f
c ' C
H/,IN‘H H’/'\\H
H 1

In which of the above compounds does the carbon atom have the highest electron
density?

Hs | CHa

27. | Hy
R +'ﬁqcié » PJC%z -—————~———;-ﬂi::i::jﬂrpqc%z
| The above reaction is an example of: - | 'f¥{*

A) nucleophilic addition

B) electrophilic addition

C) nucleophilic substitution
D) electrophiiic substitution

— e, ey

N L
28. AC—C= ((~—>F— é_

The reaction shown above is an example of:
(A) electrophilic substitution '
(B) electrophilic addition
(C) elimination reaction
(D) nucleophilic addition
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29. HO CHB_CHZ_B -—-——-—-a-CH3--CH2-—-0H+Br

The above reaction is an example of:
(A} rearrangement

(B} nucleophilic addition

(C) electrophilic addition

(D) nucleophilic substitution
30. R'cor? : R} and RZ are aTkyl groups.
The molecule shown above is an example of:

(A} an ester

(B) an ether

(C) a ketone

(D} an anhydride

Questions 31 and 32 refer to Fig. I

Fig. I
31, Fig. I represents the molecular structure of:
{A) butyne
(B) butene

(C} butadiene
. (D) cyclobutane

32. Compounds with molecules of the structure shown in Fig. I are said to have:
(A} an aromatic system "
(B) a heterocyclic system
{C} a hyperconjugated system
(D) a conjugated system.

3. Chy— CHam CHy + Ny B ——>Ciy— E‘f—{:@ja\r;—ycng— CHBr — CHg

The above reaction is an example of:
" (A) electrophilic addition
(B) nucleophilic addition
{C} nucteophilic substitution
(D) elimination reaction



Questions 34 and 35 refer to reactions I and 11

CH3 G
(1) + CH3 -(9 Stop 1 C\C‘/ Step 2 é{\%

C}{a
o Brf\ff CH3——>Br-(}—CH3

4

34. In reaction I and 11 shown above, step 1 in each reaction is:

(A) an electrophilic attack on the hydrocarbon
(B) a rearrangement of the hydrocarbon

(C) a nucleophilic attack on the hydrocarbon
(D) none of the above

35. Step 2 in reaction I is:

(A) a substitution process
(B) an elimination process
(C) an addition process

(D) a rearrangement process

36. CH3 —~CH= CHZ CH2= CH2 CH2 = CHCI

1. 2. 3.

Consider the three compounds above; which box in the table below shows the

increasing order of relative ease in which HBr adds under polar conditions to them.

A B C D

1<3<K2 1<2<3 3<2<1% 2 <3<




: ' 1 ‘ F{ .
R
i NU+ R2Z- C-/-%*“———?'C@——"NU C\:‘Rj +Z"
R R’ R R

The reaction mechanism shown above is an example of:
(A) E2 ‘
(B) E1
{(C) SN
(D) SN

H
33 CH3 (3 i
H ¢ %l" - CHZIC\H+ Br+BH

The reaction mechanism shown in the above reaction is an example of:
(A) SN
(B) SN
{C) £t
(D) €2



Questions 39 and 40 refer to Fig., 2

free
energy Fig. 2

|

——» reaction path

39. 1f the above diagram (Fig. 2) represents the energy profile of the
reaction:

R—y, ——> R+m—————”———+ R—NU + X  then:

{A) first step is rate-limiting

(B) second step is rate-limiting

(C) both steps are rate-limiting

{D) none of the steps is rate-Timiting

40. Fig. 2 most likely represents the reaction progress of.

{A) E2 mechanism
(B) SN mechanism
(C}) sN' mechanism
{0) all of the abave




ANSWER SHEET

STUDENT'S INDEX NUMBER:

APPENDIX 3. 2

—————

QUESTIONS 1 2

10

i1

12

1

2

J10-

11

12




Yoporerorerereres
Yorloreriorerororen
0 -0 000000
<0 <0 <00 -0-0-0-0

-0 00000 +0 -0 00000 0 -0=0 -0 -0 =0
:0 <0000 00O “0 Q00 *Q O <00+ Q=0 «
<00 +0 Q-0 -0 -0 +0 Q=0 -0 +0 =0 O 0«0 =0 O =0 <
<0 <0 <0 <0 <0 <00 -0 00 V-0 -0 00000 O«

- M ™ - i - =] N o3 N ™ ol o~ ] N g [



APPENDTIX

3



University of East Anglia

School of Chemical Sciences
University of East Anglia
Norwich NR4 7TJ

Telephone Norwich (0603) 56161
' Telegrams UEANOR NORWICH
TEST B

PROBLEM-SOLVING IN ORGANIC REACTION MECHANISM

STUDENT'S INDEX NUMBER

SCHOOL

SEX

AGE

Dear Student,

The following questions form the second part of the test on organic
reaction mechanisms.

Please answer all the questions in the space provided immediately
after each question. Show all the steps in your solution as clearly
as possible,

Immediately following each question is a four-item questionnaire.
Complete it as soon as you have attempted the question.

There is also a six-item questionnaire at the end of the problems;
it is required that you respond to them as well.

Thank you.

A.A.M. Shaibu



SECTION B

ANSWER ALL QUESTIONS TIME ALLOWED: 2% hours

1. Considering structural and solvent factors, outline the most
probable reaction mechanism for the hydrolysis of bromoprcpane by
aqueous potassium hydroxide. The equation of the reaction is:

CH Br + agkKOH ——————>» CH3CH2CH20H + KBr

CHZCH

3 2



QUESTIONNAIRE
Put "X" in the box that corresponds to your opinion.

1. Are you familiar with this problem?

YES | NO |

2. How did you find solving the problem?

DIFFICULT |[EASY

3. How confident are you that your answer is correct?

CONFIDENT NOT CONFIDENT

|

4. If you had difficulties in solving this problem, which one of the followin

reasons mostly accounts for your difficulty?

(i} I do not have the grasp of the basic chemical
knowledge
(i) I knew the facts, but [ did not know how to

apply them to arrive at a solution.

({i1) I cannot understand the question, so I was not

able to proceed to solve it.

L

(iv) [ was never taught this.

(v) I got mixed up along the way.

If any other reasons, state them briefly.




2. Outline the mechanisms of the reactions of bromine with benzene
and with ethene; and briefly explain why a catalyst is needed for the
first reaction but not with the second. The reactions are:

(1) O + Br, Febry o O’BI o
F

(11) CH2= CH, + Br, —————> CH,BrCH,Br




GUESTIONNAIRE
Put “X" in the box that corresponds to your opinion.

1. Are you familiar with this problem?

YES ND

2. How did you find solving the problem?

DIFFICULT {EASY

3. How confident are you that your answer is correct?

CONFIDENT [NOT CONFIDENT

4. If you had difficuities in solving this problem, which one of the following
reasons mostly accounts for your difficulty?

(i) I do not have the grasp of the basic chemical
knowledge
(i1} 1 knew the facts, but I did not know how to

apply them to arrive at a solution.

(1i11) 1 cannot understand the question, so I was not

able to proceed to soive it.

(iv) I was never taught this.

(v} 1 got mixed up along the way.

If any other reasons, state them briefly.




3. Hydration of ketones is a reversible reaction resulting in the
formation of the hydrate. In alkaline solution, the mechanism is as follows:

‘ . R] %H R'\ /OH _

A T - +HO

A o
HO 4

The equilibrium is usually in favour of the ketone. Starting from the
hydrate, use relevant equation(s) to discuss the mechanism of the
reverse process in alkaline solution.

Note: The forward reaction is an example of addition while the reverse
reaction is an example of elimination.



GUESTIONNAIRE
Put “X" in the box that corresponds to your opinion.

1. Are you familiar with this problem?

YES | NO ]l

2. How did you find solving the problem?

DIFFICULT |EASY

3. How confident are you that your answer is correct?

CONFIDENT | NOT CONFIDENT

4. If you had difficulties in solving this problem, which one of the following
reasons mostly accounts for your difficulty?

(i) I do not have the grasp of the basic chemical
knowledge
(i1) I knew the facts, but I did not know how to

apply them to arrive at a solution.

(iii) I cannot understand the question, so I was not
able to proceed to solve it.

(iv) I was never taught this.

(v) I got mixed up along the way.

If any other reasons, state them briefly.




4. Using the relevant mechanisms of the respective reactions

{a) Explain why 1-bromobutane forms only one isomer, while
2-bromobutane forms three isomers respectively, when treated with an
alcoholic .solution of potassium hydroxide. The reactions are as follows

alc. KoH o
(1) CHBCHZCH2CHZBr N CH3CH2CH-—-CH2 + H20 + Br
1-bromobutane but-1~-ene
lc. KoH —
(11) CHyCH,CH(Br)CHy — - — CHyCHCH=CH, + H,0 + KBr
2-bromobutane - but-1-ene
Ie
. K—OH

CH3CH=CH CH3 + H20 + KBr
but-2-ene

Note: Work out the third isomeric butene from reaction II.

(b) What name is usually given to the mechanism that you have described?



GUESTIONNAIRE
Put "X" in the box that corresponds to your cpinion.

1. Are you familiar with this problem?

YES RO

2. How did you find solving the probliem?

DIFFICULT [EASY

3. How confident are you that your answer is correct?

CONFIDENT | MOT CONFIDENT

4. If yoy had difficulties in solving this problem, which one of the followi
reasoens mostly accounts for your difficulty?

(1) I do not have the grasp of the basic chemical
knowledge
(ii) I knew the facts, but I did not know how to
apply them to arrive at a soclution, —
(1i1) I cannot understand the question, so [ was not

able to proceed to solve it.

{iv) I was never taught this.

{v) I got mixed up along the way.

If any cother reasons, state them briefly.




5. Consider reactions 1 and II below in which HBr adds acroess the carbon-carbon

olefinic bonds:

1 2 3 1 ? 3
(1) CH, = CH— CHy + HBr ___-4-—5CH3— CHBr — CHy

electrophilic addition

1 2 3 1 2 3
ap cnzzcn——cm + HBr ————> CH,Br — CH, — CH =0

nucleophilic addition
Outline the mechanisms of the reactions; and use it to explain why reaction I

behaves differently from reaction I.
Note: -CHO is an electron withdrawing group.



QUESTIONNAIRE
Put "X" in the hox that corresponds to your opinion.

1. Are you familiar with this problem?

YES NO

2. How did you find solving the problem?

OIFFICULT jEASY

3. How confident are you that your answer is correct?

CONFIDENT [ NOT CONFIDENT

4. If you had difficulties in selving this problem, which one of the following
reasons mostly accounts for your difficulty?

(i) I do not have the grasp of the basic chemical
knowledge
(i) I knew the facts, but I did not know how to

apply them to arrive at a solution.

(1i1) I cannot understand the question, so 1 was not
able to proceed to solve it.

(iv) I was never taught this,

{v) I got mixed up along the way.

If any other reasons, state them briefly.




5. Rank the problems in the order of how difficult you found them, putting

"1" for the most difficult, "2" for the next most difficult and so on to the
easiest.

QUESTION GUESTION QUESTION QUESTION QUESTION
ONE TWO THREE FOUR FIVE

6. How mucnh do you like organic chemistry?

VERY MUCH NOT MUCH NOT AT ALL

7. How much to you like learning organic chemistry from a mechanistic
approach?

VERY MUCH NOT MUCH NOT AT ALL

8. How much is chemistry a necessary requirement for your proposed career?

VERY MUCH NOT MUCH NOT AT ALL

9. How much is chemistry (as a subject) boring to you?

VERY MUCH NOT MUCH NOT AT ALL

10. How much has your 0O-level education in chemistry helped to prepare you
for your present course?

VERY MUCH NOT MUCH NOT AT ALL
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4.1 University of East Anglia

From Dr. R.A.Y. Jones

‘Chemical Education Sector Schiool of Chemiical Scisnces

University of East Agglia
Norwich NR4 7T England.

Telephone Norwich (0603) 56161
Telegrams UEANOR NORWICH

VY March 1985

The Principal

Dear Sir,

Mr. A.A.M. Shaibu is at present a Ph.D research student in this
University. He is a chemistry lecturer at the School of Basic
Studies, Ahmadu Bello University, Zaria on secondment here to
pursue the course of study.

He is undertaking an investigation of students' problem-solving
difficulties in organic reaction mechanisms at the Schools of
Basic Studies level. He will be taking samples of Schools across
Nigeria for the study and your School is one of those he would like
to participate.

I am writing to ask for your kind permission to enable Mr. Shaibu

to administer the test to your chemistry students. I should be

most grateful for your assistance, and would ask that you give him
the cooperation necessary to carry out the exercise which is expected
to take place about the beginning of November 1985,

I believe that the results of his findings will be of educational

benefit to all the Schools of Basic Studies. 1 look forward to
hearing from you soon and thank you in anticipation.

Yours faithfully,

A.A.M. Shaibu Dr. R.A.Y. Jones
(Student) (Supervisor)



Ref. NoSEAS/CONF/013/11/221

-------------

In reply please quote reference number
and date, Do not address correspondence -
to Officers by name. l '

STATE COLLEGE OF ARTS
AND SCIENCE,

. P M B 2356,
R W) SOKOTO.

Telegram : SCAS SOKOTO

Telephone: SOKOTO 232301 Date. 2D May, 1985,

Dre Re Ae Y. Jones,
Supervisor,

Schoel of Chemical sciences,
University of East Anglia,
Norwich NR4 7TJ, England.

Dear Sir,

I am directed to refer to your letter of 21st March,
1985 to inform you that this college has no objection te
his coming here to administer test to our chemistry students
but we suggest that the test should take place in Febe 1986
when the college is in session and all the students to be
involved in the tést are physically presente.

We look forward to his coming here,

Yours faithfully,

o i

(BELLO UMARU GWANDU)
p. A. R.



RIVERS STATE SCHOOL OF BASIC STUDIES

(CAMPUSES AT ANDONI, OGBIA AND SAGBAMA)

R _ Rumuota,

. . . o _ ' P. M. B. 5936

> O, h.D. ]) . . . , - ]

 Felix E WM B.Sc, P I(Prmqpﬂ { L . N - Port Harcourt.
.k& o |

Our Ref....CCL8BS/6 . rarins ~ D e 2080, MaYa i 195,

Dr. R. A, Y. dJones,
Supervisor,

School of Chemical Sciences,
Chemical Education Sector,
University of East Anglia,
Norwich NR4 FTJ,

ENGLAND,

Dear Sir,

We thank you for your letter dated 2lst March, 1985, and
wish to confirm that our institution is very willing to accept
your test in Chemistry.

We would therefore like to request that the student, Mr. A. A.
Shaibu, inform us at least one month before the actual date of
commencement of the said test.

Thanking you for your interest in our schools,

Yours faithfully,




OF AD\L@NCED STUDIES ZARIA

27 AUG 1O Telephones: 32841, 33206, 33031.
P Telegram CAS ZARIA
Your Ref: R p.M. B. 1061, ZARIA

: e A e T /A0 ALt uz. 1GEE
OurRef: KCAST/BIC/MAC 7cl.I/1C4 Date =

- v e - :
LUle llLedsn-» YY" Lo

University of zuct .ngliz,

P, T . M : e | c €
~chool of Che.zcol .CLE CESy
L - - . —_ - ] - -: .
Cniversii, V= Tant LA
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4.5

SCHOOL OF BASIC STUDIES

P.M.B. 102211, MAKURDL.

Office of the SBEHIKIHIE PRINCIPAL

Principal: -T. V. D. [HYUMAN, B.A, [Hons] GRAD, CERT. IN EDUCATION

Secretary: 1. K. A, UMARU, B.A. {Hons] ABU, Dip. French Univ. of Dakar.

YOUR REF: o DATE 17th January,

OUR REF: PRI!GEN/22/LLE:2

Mr. AAM, Shalbu,
' School of Basic Studies,
Ahmadu Bello University,
Zaria .

PERMISSTON TO ADMINISTER TEST

I acknowledge receipt of your letter dated 8th

January, 1986 and to inform you that an approval is

given for you to administer your test on the 2iith February,

1986 as you have requested in your letter.

Thanks.

Yours faithfully,

ShLL

J.B. Abah
for: Principal
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APPENDIX 5

SCORING SCHEME FOR TEST B

P{oblem 1:
ol NI A E
CHBCH ?—-BI' -—-—~——-—*-H0-——-(|} ---—-CHQ(.‘;H3
OPERATIONS H B GRADES
Structural representation of bomopropane. : 1
Identification of the nucleophilic reagent, _ 1
Representation of the nucleophilic attack
of OB~ on the &% -~ carbon. 1
Representation of the heterolytic cleavage
of the C-Br bond. 1

Representation of the ¢-OH bond in alcohol. 1l

Prcblem 2:

5 g- -nt B
(I Brmﬁgff;;hFeBr J— ar — > H::j#

+ FeBr

Generation of the electrophile. 1
Representation of the electrophilic attack

on the ¥ system of the benzene ring. 1
Representation of the bending of Br to

the ring carbon. ' 1
Representation of the Wheland intermediate. 1
Representation of HY abstraction or conversion

of the intermediate te the product. ' 1



H ,///#g\\ §¢ /¥S- | +
(11) NeZLc” B;—OBr —_— BrQGH*—OH Br ———3»
i ol NH 2 2 |

CHEBr—"GHzBr

Identification of the electrophile. ' - 1_3

Representation of the electrophilic attack

of the polarised Bry on either of ethene carban. 1
Representation of the intermediate carbocation. 1
Representation of the nucleophilic attack |

by the Br -~ . 1.
Representation of the C-Br bonds formed in |

the 1,2-dibromoethane. : 3 1l

(III) Benzene is resonance stabilised, ethene is not,. 1
This stabilization is lost at the transition
state of the reaction, resulting in a relatively
wide energy difference between benzene moclecule
and the activated complex i.e high free energy-
of activation.

A catalyst provides a reaction path requiring

lower activation energy. ' - 1
Problem 3
R} @-H&/H}“ Q" R -
o/ == N~ > No=0 + o
VAN : N R
R “O-H R; ;

+ H20
Structural representation of the substrate

molecule. . . . . ' 1

Identification of OH™ as the nucleophile. _ 1



3

Representation of the removal of H by the
nucleophile.

Structural representation of the intermediate.
Representation of the elimination of OH™ via

the push-pull effects of the electron-pairs.

Problem 4
e’
(1) CH3CH§—-(§3?——BI- “—————> CH3CH2CH=CHy +Br-
HO"O.H H but-l-ene +H0

(or v

. > CH,CH,CH=CH, + Br~—
{XX) (.','HB()‘I“I2 {;-ﬁll-‘H AvEs 2

H[‘\ 4 HQO

HO~ but~1-ene
i G
(I11) CH3 b (!3 01-13 > CH3CH=CHCH3 + Br~ + H0
rJ{ " but-2-ene
Ho*
H CH
i A Nose” °
(IV) /c———=c\ S
CH
CH3 CH3 3 H

Cis-but-2-ene Trans~but-2-ene



4

Structural representation of l-bromobutane. 1
Structural representation of 2-bromobutane. 1
Identification of the nucleophile. 1

Representation of the removal of H' by

the nucleophile. 1
Representation of the C-H bond cleavage 1
Representation of the C-Br bond cleavage 1
Representation of the Cis-but-2-ene. |
Repregentation of the trans-but-2-ene. I
Naming the mechanistic process:
1,2-elimination. 1

Problem 5

(1) cuj-——cH—_—@ i mfsi' > Br —/0;1—3-'—\-—5}-1—-01{ § >

CH:,:-CHB::--*CH3

Identification of the electrophile. 1
Structural representation of the
electrophilic molecule 1
Representation of the electrophilic attack
on the C=C N system, indicating the
preferential attack. 1
Representation of the intermediate carbocation. :
Representation of the nucleophilic attack by
Br~ on the intermediate yielding the
2-bromopropane product. 1

H q
(II) CHFCH“(:}}:{:}Q fi*—(-‘%‘;: — BrﬂCHé—» 1\?,‘——6-—- H—
H
|
CH Br—CH=C—0— o —— 'Q'CHEBr"—CHE—‘é==O
thr/




(IIL)

5
Recognition of the non-bonded electron-pairs
of the carbonyl oxygen and its protonation.
Representation of the intermediate oxonium ion.
Nucleophilic attack of the Br™ on the
B -carbon.
Representation of the 1,4-addition product,
Equilibration of the enol product to

keto form.

The -CHO group activates the C=C bonds
toward nucleophilic addition by making the
ﬁ:ucarbon become an electrophilic site.
This activation become pronouned by the

added mesomeric effects as indicated;
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APPENDIX 8.1
A SCHEME FOR SCORINE THE PROTOCOL

. BRADE
PROBLEN
No
CATEGORY | RULE ACTION RULE | ACTION{ TOTAL
Bromcpropane molecule coaprises Represents brosapropane as:
arrangesents of C and H atoas, H
3.1 and 3 heterc atoa - all linked CeHs— C—er
by covaleat bonds W
or by any other correct
structural {formula
Because of high polarizability Represents broagpropane as:
and relatively higher H
3.2 eiectrune?at;zity nz bru:ti‘ne [y 5-
compared tood- carbon, the — -
latter constitutes a region of C’!EHS ; 8
fow electron density H
i XOH 1s aqueous, thus Represents the =
3.3 it is in the fors of nucleophile as: OH
potassius and hydroxyl 1ons
The nucleophile attacks the Represents the substrate/
O\- carbon by donating, and sharing | reagent interaction as:
with 1t, a pair of electrons
3.5 {foraing & hond{ while brcn?e .
atos departs with the pair o -’
bond-electrons leading to OHC_ H 1 //B"
tleavage of the C-Br bond 2 5'_(;-"' r
H
- lfiyﬂrval ?rngplrepiaces brosine, H
z oraing alcoha
s HO—G—CHs
H
Benzene molecule comprizes six C and | Represents benzene as:
six H atoas linked br"‘ and T bonds
1n a hexagonal structure;
il Eanerally represented by the
Y ekule (classital) structures.
3a2 The cloud of ™ electrons
canstitutes a region of high
electron density vulnerable to
electron-seeking reagents
Brz refresents a bromsine Represents bromine aoclecule
solecule which comprises two as:
2D 3.3 bromine atoss joined by a
covalent bond Br—ar
Because of resonance stabilization Represents generation of the
of benzene, Braz 15 not strong electrophile as:
enough an electrophile to
3.4 ;n:;:gte reaction, Polarization I ‘é:
elrs makes it a stronger P, 7
ere:trnpmh: reagent Br er eer&




ERADE
PROBLEM
No
CATEGORY | RULE ALTION fULE ACTION JTOTAL
The elettrophile attacks the fepresents the substrate/reagent|
benzene molecule b icceEtzng interaction as:
3.5 eierétron-paar uh:it 15 share LI- b
to form a ¢ hon
r<Br o Fes,
e Y
A Eosittvaly charged, reactive Represents Wheland + H
3.6 intersediate 15 forsed intersediate ass
8r
2 Because of resonance stabilization Represents elimination of H
of benzene, elimination of H froa Rheland intermediate as:
ireaoval by Febra~ as a H~) H
1.7 15 energptncaily sore favourable 3
than addition of a nucleophile; BF —»
thus forming a substitution
product
Ethene solecule comprises C and H Represents ethene molecule as:
atoms linked by @ and T bonds.
9% | The cloud of W electrons #f H
] constitutes a region of high o3 7
3.2 electron density that can easily be o — A
attacked by electron-seeking reagents }i// ‘\;1
Brz represents broaine molecule Aepresents Bra as:
3.3 cosprising two bromine atoas
joined together by a covalent bond Br—agar
21011 Brz is easily polarizable; thus Represeats Brz as an
3.4 ingucing an electrophilic site in electrophilic reagent:
the nsolecule B
Br—gr
Bra2 accepts a pair of T Represents the substrate/reagent
electrons froa ethene, to fors interaction as:
3.5 a bond with one of the carbon
atoms, accospanied by heterolytic
tission of the Br——3r bond *‘C: M & /-
= -~ g8r
H/ c x| 8
A positively charged reactive Represents the carbocation as:
3.6 intersediate 15 foreed Hy + H
,C~C-H
H ]
B
The departed bromine, now a Represents the nucleophilic
nuclepphile (Br-) attacks the addition of fr- as:
tntermediate and fores a bond

with 1t by sharing a pair of
electron in its valence shell

H
6rr¥3C"—¢—H—*
o ar
! [}
H=C—C~H




ERADE
PRDBLER
No
CATEGORY | RULE ACTION RULE JACTION [FOTAL
Problea 5 (i] follows the same scheme as in groblea 2 (II) extept
for two agdifications:
Bromine atea is wmore Fepresents HBr as a °
electronegative than hydrogen dipolar molecule:
34 atoe. Thus, HBr iz a polar, 5+ 35-
electrophilic molecula H—ar
L Propene is an unsysaetrical alkene. Regresents the reactive
The positive end of the internediate as a secondary
elactrophilic reagent adds to opae carbocation:
3.4 of the dcubll bonded C that already H H
has the greater ayusher of H ! + '
attached H~C—C—C~—H
Hoow A
The soiecule comprises an Represents gropenzl as:
3.l arrangenent af &, # and & atoss M
joingd by sipgle and dpubie bonds \C. _
o §E=0
[} et
The carhun-iagbur}tgugglecbgngs bt Represents sesomeric fors as:
arg COoijUJates Wi e L= Quli€
bonds. Resenance is thus a H\F __/(:’}Q_% "‘-é_ P
3.2 feature Wadnh il Sl S ol s i
H Lt
N7 S
N
Because of resonance ;ta?rj‘]izatinn, Represents autpcatalysis as:
a catalyst tc reguired. This is oS '
provided by HEr - an exaaple of l{c_-:_ Q-—Cz&ﬂﬁ'&:ﬁc%_u
3.3 acid autocatalysis inducing an | - A 4
electrophilic site r v "’
H,.é !
G5
3 D The brogide ion (nucleophile) Represents nutleophilic attack as:
. shares its electron palr with
3.9 the pasitive centre ar _f‘v-“_
—C= (l‘:-- O-
W
H H
; An enol is formed Regresents encl product as:
3! H
Br—C-C=C—0-n
| 1 ]
H H _H
The enolic product quickly Represents the proton exchange as:
tautomerizes 1nto the
3.7 corresponding, aore stable $ 2
kete form i _ & — (;-"" (;::C"'O""H""
H H
“h
C.Hzﬂ»f""cl'lg"'CHzo
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STRUCTURED TEXT
IN

ORGANIC REACTION MECHANISMS



INTRODUCTION

The study of organic chemistry is based on two aspects of molecules:
their structure and their reactions. Both are interrelated. The approach
adopted in this text is based on features and processes of organic reactions.

"Features" mean the structural changes that occur in the overall conversion

of reactants to products. "Processes' mean the steps involved in the
conversion, These are described by reaction mechanisms., The first few
topics of this text (topics 1-3) are devoted to the discussion of some

basic ideas about the structure of molecules,.

This text is designed to help you improve your understanding of the basic

principles of organic reactions, and your skill in using chemical ideas to

solve problems in organic chemistry.

The text is divided into a number of topics, each treating just one idea

or a few related ones, FEach topic has four parts, They are:

(1) Introduction: which explains what the topic is about.

(ii) Exercises: These are questions about the topic, for you to check

your understanding. Try them before you go on to the next part.

(iii) Lesson Note: This gives you some information about the topic.
Pay attention to anything that explains exercises that you have
difficulties with.

(iv) Answers: These are the answers to the exercises for you to compare
with your own answers, If you get a problem wrong, you should
cross-check to find out where and why you are wrong. Read through

the lesson note again until you are sure of it.

By the time you have completed this programme, your understanding of
organic chemistry, and your ability to use chemical ideas to solve problems

in organic reactions will be greatly improved.

Thank you,

A.A M, Shaibu
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1.2

COVALENT BONDS IN ORGANIC COMPOUNDS

INTRODUCTION

We want to begin by developing some basic ideas that will lead us on to
discussing the structure of molecules, This is necessary for our later

discussion of reaction mechanisms,

In this topic we shall discuss covalent bonds in organic compounds,

We shall focus attention on four aspects:

(i) Electronic nature of covalent bonds.

(i1) Representation of covalent bonds,

(i11) Valence electrons

(iv) Factors affecting covalent bonds.

(v) Breaking of covalent bonds.

By the time you have completed studying this topic you should be able to

understand:

(1) the electronic nature of bonds

(11) how bonds are represented in organic compounds

(1ii) some electronic factors affecting bonds

(iv) the processes of bond breaking.

EXERCISES
(1) From an electronic point of view, what is a covalent bond?
(2) (a) What do you understand by the term "polar bond"?

(b) Are all bonds polar?
If "Yes", why?
If "No", why not?

(3) (a) What do you understand by the term "inductive effect"?

(b) Use the example of a molecule having three carbon atoms and

terminal chlorine atom to illustrate inductive effect.



1.3

1.3.1

(4) (a) Name two processes by which covalent bonds are broken,

(b) Name the end-products of each process.

{c) Use an equation to illustrate each process,

LESSON NOTES

Electronic nature of covalent bonds

There is a vast number of organic compounds, Their molecules are made up
from relatively few elements; most commonly C, H, N, O and the halogens

comprising F, Ci, Br and I,

The molecules are composed of atoms held together by covalent bonds.

These bonds consist of an electron~pair shared between two atoms. Such

mutual sharing of an electron-pair binds the atoms concerned because the

negatively charged electrons are attracted to the positive atomic nuclei.

We will find this idea about covalent bonds consisting of an electron-pair
useful in understanding our later discussion of reaction mechanisms,
Some examples of covalent bonds in molecules are given below in table 1.1,

in which electrons are represented by dots (e),

TABLE 1.1
(1) CH4 Methane {i1) an Ammonia
5
Hoo(::oal-[ Hoaqtoﬁ
H H
(1ii) Hzo Water {(iv) 02H50H Ethanol
i
Hl'ﬁtoﬂ Hccé-céttg'aﬁ
+ 3
H H

LI —



1.3.2

Representation of bonds

In organlic chemistry, the symbol genserally used to represent honds is a
"dash” { — ), Thus the molecules shown as examples above (1.3.,1) are
represented below:

TABLE 1,2

'
H- ? “~H ﬂ/’?\n
B H
Methane Ammonia

VWatar Ethanol

It can thus bhe understood that each "dash" ( — ) between atoms represents
a bond, which represents a pair of electrons, between two atoms and shared
by both,

Valeounce Electrons

We have diacussed in the laat two sectlons that bhonding involves sharing
of a pair of electrons, The guestion may be aasked: which elactrona are

uged in bonding? They are the valence elecirobns., Valence electrons are

those in the outermoat shell of the atom, Some are palred, some are

uynpaired, Usually the bonding stoms "contribute' thelr unpaired electrons;
but paired ones are also sometimes used, as we shall see in examples
following table 1.3 below. It is a scheme of the electronic arrangements
within the atoms of elements comprising the first two rowa of the periodic
table,

—



A
i
A
e
. '
A
AL
A
§: §
AL

paired electrons

=

= unpaired electrons

* = Elements mostly found in molecules of common organic compounds.
F (tluorine) is taken in this table tO represent other halogens
(Ci, Br, 1) in the gense that they all have sevel yvalence

electrons, only one of which is ungaired.

A1l the atoms (except H) have their valence electrons in the

outer gg_nnd 2p orbitals.

This table should help us to further understand ponding and also give us

some insight into the structure of molecules (topic 3)s
Let us take Nﬂa as Aan example,

N has three ungaired valence electrons

H has only one valence electron

Thus we have & ratio of 1IN : 34 as shown below, in which three pairs of

electrons are shared between three hydrogen and one nitrogen atoms.



§+ Nitrogen atom showing the valence electrons
H* Hydrogen atom showirg the valence electron

H-M--H Ammonia molecule
H

Covalent bonds generally involve sharing of unpaired valence electrons as
shown in the ammonia molecule above, The paired valence electirons are

alao sometimes shared with an electroun-seeking entity such as hydrogen ion,
H+. A typical example is ammonium lon in which the paired valence electrons

of nitrogen are shared with H+ es shown below:

59

H o+ s ruly

-FYL-1FR-

Atons are bonded together (by sharing electron pairs) so that each atom in

the resulting molecule tends to acquire a closed shell similar to that of

the neare¢st noble gas, Take the example of NH3 molecule shown above;
we see that N tonds to acquire an electron shell of neon and H that of

helium,

Factora affecting bouds

(a) Polarity of bonds

Some atoms are able to mttract electroms more than others, When two atoms
of different electron—-attracting abilitiea are bonded together; the

bond electrons are not equally shared between them., They are attracted

maore towards the atom that has the greater attracting ability. When that
happens, the bond between them is said to be polarised. The result is that
the atoms acquire partial (small) charges; negative for the more electron-

attracting atom and positive for the less electron attracting one,

Ex les
(1) €=¢ Baond electrons are equally shared
(11} HB—% No polarity of bond

-



&+ G-

(V) ¢~Br Br attracts the bond electrons more than C and H.
5+ 8- The bond is thus polar., Br has a partial negative charge;
(ii) H—Br C and H have partial positive charge, This is shown as

d- and &+ respectively.

The symbol "&" means "a small amount',

(b) Inductive Effect

Polarisation in one bond may induce polarisation in adjacent bonds,.

Such a situation is known as inductive effect,

e.g.
668+ 68+ &+ &=
e C——— C—»—C X
3 2 1

The arrow (—»-) shows the direction of electron shift,

Usually, inductive effects become insignificant starting from about the
third carbon away from the electron-attracting atom i,e. X in the example

given above,

1.3.5 Breaking of covalent bonds

We have already discussed that a covalent bond consists of an electron-pair

shared between two atoms, Breaking of covalent bonds involve moving apart

of the bond-electrons, There are two processes by which bond-breaking

occurs, These are as follows:

(a) Heterolytic cleavage

In this process, one of the bonded atoms acquires the pair of bond-electrons,
This results in the atom which acquires the electron-pair becoming "richer”
by one electron and the other atom hecoming deficient by one electron,

It leads to formation of ions as shown in the examples given below:

' + -
(1) -CeBr —> ~C{ + Br

a molecule ions
B {—Br ——> - + Br”

(11) He*Br ——> H' + Br

a molecule ions

\l+ + Ar



Hoeterolytic cleavage occurs most commonly between bonded atoms that have
different electron-attrecting abilities. It is this kind of bond-breaking
that wo shall be mostly dealing with in our later discussionm of resction

mechaniams,

(b) Homolytic cleavage

In this proceas of bond-breaking, each of the bhonded atoms pull apart with
one of the bond~electrons, This results in formation of radiczals as shown

in the examples given below:

(1) H:+H > H" + H®
a molecule radicals
QR H—-H —r->»H" + H*

Fhuin-e)

(1i) Cls el Cl" + C1°
a molecule radicals

OR C1—Cl-——2C1" + C1°

Homolytic cleavage occura mostly between atoms of similar electron-attracting
abilities,

ANEWERS

(1) A covelent bond is a palr of electrons that are shared betwesen
two atoma, The mutual sharing of the electron-pair bindg the

atoms together,

(2} (a) A polar bond is one in which the hond-elactrona are not

equally shared between the atoms concerned.

{b) No,
Not all bonds are polar because the basis for polarity
(i,e, differencems in electron-attracting ability) does not
exist for all molecules eo,g, molecules formed from =imilar

atoms will be non-polar,

{3) (a) Induetive effect is the "transmisaion” of polarity from one

bond to the adjacent ones,

(b} 8§66+ S+ 8+
~m G Q3 C—- (01



- (4) {a) Homolytic and heterolytic processes.

(b) (i) homolytic cleavage results in formation of radicals,
For example:
CleeCl——3p Cl* + C1°

{(ii) Heterolytic cleavapge results in formation of ions,
For example:

+ -
-g’: #oBr -——p -C{ +Br
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2.1

FUNCTIONAL GROUPS

INTRODUCTION

Another idea we want to discuss just bhefore we dimcums structure of

molecules is functionel groups. It is posgible to study the chemiatry of

the very large number of organic compounds primarily because they are
clasgified, Functioral groups form an important basims for such classifica-
tion. This makes it possible to talk of compounds in terms of their
clapses, e.,g. carboxylic acids, alcohols, amines, etc, Funetional groups

are also important in the naming of organic compounds,

In this topic, we shall discuss functional groups in their relatlion to:
(1) Clasaification of organic compounds.
(i1) Naming of orgamic compounds.

By the time you have completed studylng this toplc, you should he able to:

(1) know the kind of functional groups that characterise organic

compounds,

{i1) demonstrate an understanding of "typesa" of organic compounda

based on functional groups,

{ii1) know how functional groups are used as a basis for naming

organic compounds.

EXERCISES

(1) Briefly explain the term "functional group”,

{2) List the functional groups that characterise the following

classes of organic compounds.

(i) carboxylic acids
{ii) ketones
{iil1) aldehydes
{iv} esters
{(v) acid amldes
(vi)} anines
(vii) alcohols



2.3

2,3.1

LESSON NOTE

Functional groups and classification of organic compounds

A functional group is an atom or group of atoms that determine the

characteristic chemical behaviour of organic compounds, They are thus
used to classify organic compounds, Some of the functional groups commonly
encountered in organic chemistry are listed in table 2,1 below, showing

the class of organic compound characterised by each functional group.

TABLE 2.1
BERIAL FUNCTIONAL GROUP CLASS OF ORGANIC COMPOUND

No.
1 -F, -C1, =-Br, -I Alkyl halides
2 —-~0H Alcohols
3 ~0R Ethers
4 =0 Aldehydes and ketones

=0
5 -0 Carboxylic acids

OH
O

6 -c::t)ll Esters
7 o

=X (X=2¢C1, Br, I) Acid halides
8 -—c.’:gu Anides

2
9 ? ? Acid anhydrides
-—C—0—-C—

10 -Nﬂz Amines
11 2 N - Imines
12 -—C=N Cyanides or nitriles
13 --502— OH Sulphonic acids

/continued



2.3.2

Table 2,1 (Continued)

SERIAL FUNCTIONAL GROUP CLASS OF ORGANIC COMPOUND
No.
14 -Soé—-CI Sulphonyl chlorides
» N
15 ,L=C Alkenes
£ 3
16 —C=C~— Alkynes

*
NOTE: These are not strictly functional groups, but they are listed
because they behave like functional groups in determining the

chemical characteristicsof their compounds.

Functional groups and naming of organic compounds

There are many conventions for naming organic compounds. The one presented
here is based on the rules of IUPAC; meaning International Union of Pure
and Applied Chemistry.

This is presented in table 2.2 below, The table is simplified because we
cannot go into too much details during this brief discussion, The table,
however, shows a general basis for naming the various "families" of

organic compounds and members of each class,

e.,g. Aldehydes have the general name alkanals, Members of the group
take their names from this, the difference being the number of

carbon atoms in the molecule of each member, Thus we have:

HCHO : methanal

083030 : ethanal
CﬂacHZCBD : propanal
cnscuzcnzcuo :  butanal etc.

Other groups of compounds follow similarly,

— i



TABLE 2,2

Compound Yormala Functional Group IUPAC Name
R = alkyl group
Alkanes Cnﬂzn+a Nil alkane
e.g. Czﬂﬂ ethane
Alkenes CoH, Nee==c g alkene
e.g. CH2CH2 ethene
Alkynes CnH 2n-2 —~C=C— alkyne
e.g. céHZ ethyne
Alcohols R~—OH — OH alkanol
€e.g. CHacH:lOH ethanol
CH 3CH20H20H propanol
Ethers R—O0—R —0OR alkoxyalkane
e.g. CHa OCZHS methoxyethane
Aldehydes R\"C=O =0 alkanal
/
H
e.g. cnacno ethanal
CﬂacHZCHO propanal
Ketones RN o=—0 =0 alkanone
/
R
e.g. CH3C ocC H3 propanone
1 C235COCH 3 L butanone

/econtinued




Table 2.2 (Continued)

I

C!!at‘.llz CONHp, L

Compound Forsula Functional Group IUPAC Name
R = alkyl group
Carboxylic R_c‘//o ——C”D alkanoiec acid
acids N on Nou
e.g. CH3000H ethanoic acid
CﬁacﬂchOH propanoic acid
Esters /}0 /0 alkyl alkanoate
R-—C\\ -—C\\
OR OR
e.g. a’aC-OO-CH; methyl ethanoate
c‘gC-D OC Hs methyl propanoate
Acid 0 [}
v Z
St CkeE lb—(.:\x ----(!\\x alkanoyl halide
{(x = c1, Br, 1l
e.g. Cﬂaco cl ethanoyl chloride
Cﬁacllzc,os‘r propanoyl bromide
Alkyl R—X | halogenoalkane
L] d
huhdea
[x = c1, Br, 1]
; i
e.g. CH.C1 é chloromethane
|
CHscﬂzﬂr | bromoethane i
.
foid n-c‘?o i c4’° alkanamides
amides \‘NH ! \NH
2 i 2 [
; ™
e.g. CH,CONHz i | ethanamide
; propanamide

/continued



Table 2,2 (Continued)

Compound Formula Functional Group IUPAC Name
Amines R-—Nﬂz ——NH2 aminoalkane
a8 CH3H!13 aminomethane
033033N82 aminoethane
Nitriles R—C=N ~—CN alkane nitrile
e.8. CﬂacHRCN propanenitrile
CHacHSCHZCN butanenitrile
Sulphonic n-so§—-on -—302—-03 alkanesulphonic
acids acid
©.B. CHSSOZOH methane sulphonic
acid
CH30328020H ethane sulphonic
acid
Sulphonyl B~—802-Cl -—802—-01 alkane sulphonyl
chlorides chloride

e.g. CH380201

033CH280201

methane sulphonyl
chloride

ethane sulphonyl
chloride




2,4 ANSWERS

(1} A functional group is an atom or group of atoms that determine
the characteristic chemicael behaviour of groups of organic

compounds e,g. alcohols, caboxylic acide, ssters, etc,

LLASS OF COMPOUND FUNCTIONAL GROUP
o
i Carboxylic acilds -C4#
\‘OH
ii Ketones )C==0
1ii Aldehydes >C==O
0
iv Esters _c?
\\OR
(4]
v Acigd amides —-Cyﬁ
~ .
NH2
vi Anines ——-NH2
vii Alcohols - OH
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MOLECULAR STRUCTURE

INTRODUCTION

This topic deals with molecular structure, It covers the following:

(1) The components of molecules and the forces that bind them

together.

{11) Repremsentation of molecules,

By the time you have completed studying this topic you should understand:

{1} The idea of molecular etructure,

(ii) Different ways used in symbelic representation of molecules,

EXERCISES

{1} (a) V¥hat do you understand by the term "molecule"?
{b) ¥hat are the components of molecules?
{2) What do you understand by the term "molectular siructure"?

{3 (a) 0Glve the condensed and the structural formulae of the followling

conpounds :

(1) propanocic acid
(11i) propanal
(1ii) propanone

{ilv) bDropanol

(v) methylethanoate

(b) Name the class of organic compounds that each of (i-v) belong to.

{4) (a) Give the structursl formulae of the following molecules:

(i) CH30H {iv) CHSCHzcﬂzBr
(11) CHSCOCH3 {(v) CHSCHBrCH3
(iil) CﬂacDOH

(b) Give the names of the compounds,



3.3 LESSON NOTES

3,3.1 Molecules

Molecules are the smallest unite of compounds that are capable of free
existence., They are composed of two or more atoms chemically joined

together, e.g. CH Czﬂso, 02H7N, etc,

4!

3.3.2 Molecular structure

"Structure" simply means the way in which atoms are arranged within the
molecule and how they are bonded to each other. Thus molecular structure

concerns:
(1) The component parts of the molecule (atoms)

(ii) The "forces" holding them together (bonds) and the way the

atoms and bonds are arranged in relation to each other.

Molecules are composed of atoms held together by covalent bonds, e.g.

1
z—({:—-x Fig. 3.1
Y

A molecule

Fig., 3,1 is an example of a molecule showing its structure. It consists
of atoms W, X, Y, Z, linked by covalent bonds to the central carbon atom.

Note that C, W, X, ¥, Z represent the symbols of the atoms concerned.

3.3.3 Representation

Molecules are usually represented by formulae, Two types of formulae
are commonly used., They are condensed and structural formulae. The

Lewis structure is sometimes used; especially to show valence electrons,

(1) Condensed Formulae:

These are representations of molecules which show the kind and number

of each atom present and the functional group(s)., They give no idea of

how the atoms are linked within the molecule, Examples of condensed

formulae are given in table 3,1 below:



TABLE 3,1

CONDENBED ATOMS PRESENT FURCTIONAL
FORMULA GROUP
i CH30H20H carbon, hydrogen, oxygen ~-OH
1i CH30H2NH2 carbon, hydrogen, nitrogen -NH2
11 CHSCOOH carbon, hydrogen, oxygen 3¢p
_...C\
OH

(II) Structural Formulae:

These show the kind and number of each atom present in a melecule, and

the order in which they are joined together,

Let us use the three examples already given abhove to make it easier for

us to compare the two methods of representation:

TABLE 3.2
STRUCTURAL FORMULA CONDENSED FORMULA NAME OF
COMPQUND
i ? ? CH3CH20H Ethanol
H-—C-?-—O——H
H H
il ? ; " CHacﬂle{2 Aminoethane
H--C-—?-—N/
NH
H H
i1id H CH,, COOH Ethanoic
| ¢¢D 3
H-—-—C—C\ acig
N o
NOTE :

You should note that molecules are not neceggarily flat structures as

the above sBtructural formulae seem to portray.

Thus bond angles and
shapes of the molecules are not truly represented by flat dlagrams on paper,

which show only the order in which atoms are bonded toegher,



(F11) Lewis

structure

In topic 1

, we showed molecules in which the valence electromns of the

bonded atoms are indicated by dots (s). This method of representing

molecules

is known as Lewis structure,

An example of methane is given below:

Lewis structure

of methane molecule

-
.

-
esiee i
.
=

ANSWERS
(1) (a) Molecules are the smallest units of compounds that are
capable of free existence.
{b) The components of molecules are:
atoms and covalent bonds,
(2) "Molecular structure'" refers to the way in which atoms
are linked and arranged within the molecule.
3(a & b) Condensed Formula Structural Formula Class of Organic
Compounds
i CH, CH_COOH H H Carboxylic acids
3 2 | "0
=l
H H %
ii CBSCHZCHO ? ? 4!0 Aldehydes
H—~C—C—C
I | g
H H
iit CH_COCH H O H Ketones
T HeG—l—C— R
I+
H H
iv CHacﬂchZOH H ? ? Alcohols
H~C—C—C~—0—H
B
H H H

/continued




S(s & b) Condensed Formula Structural Formula Class ot Organic
cont'd Compounds
v CH_COOCH H H Esters
3 3 [ £ |
H-—(‘:—-C-—O-—(':-—H
H H
4(a & b) Structural Formula Name
i l'i Methanol
n—tI:-—o-u
H
ii lti g ’l] Propanone
H—(‘:—C—(i‘,——ﬂ
H H
1i1 H 0 Ethanoic acid
|z
H—C—C\
!l! 0
H
iv I‘I l: !ll l1-bromopropane
e RN
H H H
v 2-bromopropane
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CONVENTIONS COMMONLY USED IN ORGANIC REACTION MECHANISMS

4.1 INTRODUCTION

This topic deals with conventions that are frequently used in organic
reaction mechanisms. You will find them being used in later topies,

You are therefore expected to know what they mean and be able to use

them correctly,

41,2 EXERCISES

(1) ?
c
{
H

The structural formula of methane is shown above.

What does each desh represent?

(2)

|
R'——~(|‘.! X —» 7
R

Examine the above process and answer the following guestlons:
(1) VWhat does the curved arrow ( (Tb) indicate?

{(1ii) What change{(m) will the procesms produce in the structure:

{iii) Write down the end-products of the procens,

AV S

The following guestion (i-iii) are based on the process

reprezented asbove.

{1)> Wwhat do the half-headed arrows (ﬂ) indicate?

{i1) What change(s) will the process produce in the'structure:
Cl—=C17?



(1ii) Write down the end-products of the process,

CH CH
(Br) 3\ N+ -
‘/,C===0 : ”,C*-O
CH3 CH3
1 11

Consider structures I and II gbove.

(1) Draw the usual symbol between them to show that both
structures are ways of representing the same -

mylecule (propanone),

(ii) Draw one more example of this use of two different

structures to show a single moleculs,

{1ii) What do we call this type of represemtation?

4.3  LESSON NOTE

4.3.1 A dash (-—)
This ims used to show a Z2~electron covalent bond hetween two atoma.

Recall atructural formuylae that we discumssed in topic 1,

An example of ethane is glven below:

i
H"‘I:—?"'H A molecule
H H of weathane

4.3,.2 Dotted line {(ee=+)

This is used to show partially broken and partially formed bonds,

especially at transition states of reactions, e_g.

CH
- | oy
BO Hv—C w By ~——2 | §-
] Ho«»-—c»-u Br ~—————3 Product
H / \
. partially partially

formed bond broken bond



4,3,3 Full-headed curved arrow { (“x b

4.3.4

This is used to show the shlft of an eleciron-pair from one position to

another, It shows thet the direction of the electron-pair movement i=
from tail to the head of the arrow, It could be within the same molecule
or between two reacting molecules. It may be accompanied by breaking

existing bonds: e.g.
+ -
H*J[jgi — H + Cl (heterolytic cleavage)

It is alao used to show attacking reagents in organic reactions: e,g.

CH3 CH
D N e s |9 _
HO H—¢C-—8Br———» BH0O—C—H + Br

H H

(1) q . .
(cns)aﬁ B ~———> (CH,j) N—q

The hydroxide (HO") ia shown "attacking" the partially positive
carbon centre in (i) and the pitrogen of dimethylaminomethane

& proton H+ in (ii).

Balf-headed curved errow ( r\» )

A half-headed arrow (fish-book mhape) is used to show the movement of

one electron: e,g.

[

(] Cl » C1* + c1* {homolytic cleavage)

Parallel arrows (&F—F)

These are used to show 2 reversible ryeaction or s reversible step within
a multi-step reaction, Many corganic reactions involve reversible

processes: e,g.

CH
K, 0 CH 3
/C—-—-O &=——® CH,—-C-~—-0H
CBg |
o] 1



4,3.6 Partial electrical charges

In molecules composed of atoms of different electron-withdrawing abilities,
the atom that pulls the bond electrons more towards itself acquirea &

partial negative charge, and the other, a partial positive charge.

These are usually indicated as 6~ and 8+ respectively. The symbol "&"
(delta) means " a small amount” (see 1,3,3).

R

i 16+ 5=
R=~—C —-Cl

RM
(A molecule)

It should be noted that these symbols have different meaning when used
without the "d&",

e.E. R

I, }

q\\ C1
P

- |
These are iocns in which C1 has one excess electron and /Q: deficient by

one electron compared to their respective nuclear charges.

4,3,7 Double~headed arrow (<€—»)

The structure of some molecules cannot be properly represented using
2-electron bond symbols, For example, there are three electrons for

every carbon-carbon bond in benzene as shown below:

: i i
C . Cc C
- ." .' . ' / \
H:C C.H H=—Ce «{C—H H—C C—H
e o o oo [ ]
HiC _C.H E~Cs *C—H H—C C—H
o \‘;’ \?/
H H
(a) (b) (ec)

One way of showing this is to write two (or more) different structures

Joined by a double-headed arrow thus:

Fig. 4.2 The two structures are referred to as

OHO canonical or classical structure of
benzene,




This means that the real molecule has a structure partway between
the two i,e I and II, (It does not mean that the molecule changes back

and forward between them,)

Each carbon-carbon bond 1s shown as double (four electrons) in ome
structure and single {two electrons) in the other, averaging to the real

value of three,

Benzene is often shown ag illustrated in fig 4.3 below:

Fig. 4.3

The cirecle represents the six elec¢trons shared round the six carbon-carbon

bonda {(see fig 4,1 b and c¢ above),

4.4 ANSWERS

(1) Eachk dash represents s 2-electron covalent bond.
{3) (1) The curved arrow indicates that the pair of bond-

electrons between C and X are being shifted to X,

{(ii) The bond breaks,

(1i1) R R
e l, )
R—CaieX ——3» C + X
| ~
" ¥ g
(3) (1) The half-headed arrows indicate that each of the pair

of bond electrons between the two chlorine atoms 1=

being shifted to each atom.

{ii) The bond will break.

AN

(111) 11— C1" + C1*
4) (1) CH, cH,
A -
C==0 <=—>» /c--o
CHg CH



(i1) Further examples lnclude:

Q-0

AL A
~C «—r €
- %D

o

(ii1) This type of representation is called mesomarism.
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5.2

CLASSIFICATION OF ORGANIC REACTIONS AND
INTRODUCTION TO REACTION MECHANISM

INTRODUCTION

In the previous topics (1-4) we have been building up the idea of the
structure of molecules, In the remaining topics of this text, we shall

be using these ideas in describing and discussing reactions of organic

compounds, In this topic, we shall discuss the structural basis for the

"reaction types" we shall discuss in topics 6-10.

Classification of organic reactions means grouping the vast number of

reactions into relatively few categories based on the structural changes

that result from the overall process of transforming reactants to products.
The advantage of classification of organic reactions in this way is that

it becomes possible to study only a few principles which can be applied

to the vast number of individual reactions that we come across, This
requires some basic abilities (or skills) which are discussed in this topic.

They are:
(i) Recognition of structural features,
(ii) Classification of the structural features so recognised.

(iii) Recognition of changes in structural features resulting from

reactions,

(iv) Classification of such structural changes, which forms the
basis for classification of reactions into "reaction types"

discussed in later topice,

EXERCISES

(1) List four basic abilities that you may need as pre-requisites for

classifying organic reactions,

(2) Classify the following reactions according to whether they are
substitution, elimination or addition:

(1) R
;‘c==o ___(HCN) 8

{
-—?-**OH
. CN



sy 7°  on v
—_—

R—C R——C + H.O
oH Nor :

(111) T H
‘ R, H
BeeCoeComx 801, NaOH) /c=c<
[ | H H

H H

. (iv)

H
" (NO;) H Oz
S
H K H H
M

(v) R H
' Ne—o” (87%) n—-z—-—f——-n

o L

(3) Indicate which of the following molecules have saturation and

which have unsaturation:

(1) CH3CH3 (11) Cﬂzcﬂz
(1i1) CH300C33 (iv) cuacoou
(v) Cﬂacﬂzﬁﬁz (vi) cascazou

(4) Which of the following statements is a definition of "reaction

mechanism”"?
(i) It is a description of how fast a reaction proceeds,

(ii) It is a description of the various classifications of organic

reactions.

(i11) It is a description of the processes involved at each step

of a reaction, from reactants to products,

(iv) It is a description of how catalysts affect equlilibrium of

reactions,

5.2 LESSON NOTES

5.2.1 Recognition of structural features

This refers to the recognition and interpretation of the structure of

molecules. It involves the recognition of:

’ I}?l‘f Aoy,



(1) The kinds and number of each atom or groups in the molecule.
(11) Recognition of bonds within the molecule.
(1ii) Bond polarity,

Examples: {1} CH3CH2C1 Thease examples will be used in

(I1) CH._COCH the later sections for illustration
3 3

We have already dealt with these idees in the previocus topics (see topics

1 and 3).

5.2,2 Classification of structural features

The recognition of structural features lead onh to their classification,

This requires the recognition of:
(1) Functional group{s) within the molecules,

{ii) Saturated or unsaturated bonds within carbon-carbon chain of

the molecule,

{111) Whether the functional group within the molecule contalns

unsaturation,

{1v) Combinption aof (5.2.1 and 2) to determine the class of the

molecule,

Example 1: CH305301
(1) The functienal group ias: Cl1
{i1) The molecule is =aturated,

(111) Seturated hetercatom iasa present, i,e, -CIl
{iv) The hydrocarbon group is CHSCHzﬂ-

Thus the mclecule is saturated; belongs to the c¢lass of alkyl halides;

apecifically, it is chlorovethane.

Example II: CH3000H3

(1) 'The functional group ia: \,C#O_

(1i) The functional group contains unsaturation,

-34-



(1ii) The hydrocarbon groups are: CH3 and CH3

The molecule ia a ketone; specifically, it is propanone.

A classification flow chart 1a given below:

organlic compound
{(molecule)

Fig. 5.1

saturation unsaturation
{single bonds) (multiple bonds)

saturated saturated unsaturated unsaturated
non-hetero atoms hetero atoms non~haterc atons hetero atoms

e.g. (1) CH30H3 e.g., (1) CH3NH2 e.g., (i) CH2=CH2 e.g. (1) CHSCOCH3

. {il) CH_CH_Br B {ii) CH_COOQH
(‘i) 3 2 (‘Ii) . 3
{1ii) CH3CDNH2

5.2,3 Recogpition and classification of chaqggg in structural features

resulting from reactiona

(a) Recognition of structural changes:

Having identified and clamsified the structural features (5,2,1 and 2) we

are then prepared to recognise the structural changes that result from the
overall reaction, as the reactant molecules are transformed into the
product molecules. ' ‘

One of the ways to do this (i,e, recognition of structural changes) i=
through comparison by careful inspection. This imvolves "inspection" of
the reactant and product molecules, making comparison to "see" what

P S

AiPfaranca tharn is batween them,



The recognition of the structural difference helps in the classification

of the structural changes that had taker place as a result of the reaction,

()

(1)

(11)

(11i)

Classification of the structural changes: Reaction~types

Substitution:

Let us use example I (CH CH201) to 1llustrate this:

3
Suppose 1t reacted with agueous NaOH:

CH,CH,CY + Na OH ™ ——— CH,CH,OH + Natcr”

Comparing the reactant and product molecules, we find that one
group (-Cl) has been displaced, i.e, substituted by another

group (~0OH) in the overall reaction,

Thus, all reactions of this kind in which one group (originally

present in the reactant molecule) has been displaced by another
in forming the product, are grouped together and called

substitution reactions.

Elimination:

Let us again use example I (CH30H201) to 1llustrate this:
Buppose 1t reacted with hot concentrated alecholic sclution of
sodium hydroxide:

CHSCH

e -
201 + alcohclic NaOH———>» f.':Hfﬂ'CH2 +RHCl

Comparing the reactant and the product melecules we see that in

the overall process of the reaction, smaller groups, -H and -Cl

have been eliminated i1.¢. ¢jected from the reactant molecule to
yield sn unsaturated preduct in the overall reaction, All reactions
of this kind in which scme groups are removed, l.e. eliminated from
the reactant molecule without subsequent replacement, are called

elimination reactions

Addition:

Lat us use example II (CHscOCHs) to illustrate this:
Suppose CH3000H3 reactad with Hzo; catalysed by dilute acid:



cH o CHy
Ne¢=0 + H—O0E —" CHz—C—— OB
Cis oF
In this reaction we find that the structural changes that occurred
comparing the reactant and produict molecules are that:
The groups of one molecule (i.e. HZO) have been added to the

second moclecule across a double bond to form a single“bigger"mnlecule.

All reactions of this kind are called addition reactions.

Thus we can see from the discussions in this topic that the basis for

clagsification of organic reactions intc "reaction-types' (substitution,

elimination and addition) is the structural changes brought about by the

overall reaction when the reactant molecules are compared with the product

molecules, Sometimes a complex over-all reaction may fall into more than one

of these categoriea; but even in such casas, the structural differences
between the initial reactent and the final product formed may be used as a
basis for classification. We shall see an example of this im topic 9,

REACTION-TYPE = SUBSTITUTION REACTIONS

Organic
reactions PEACTION-TYPE > ELIMINATION REACTIONS
REACTION-TYPE » ADDITION REACTIONS
Fig, 5.2
NOTE:

The classification in fig, 5,2 ia not exhauative, Other kinds of reactions,
€.g. rearrangements, have not been includ~d. However, most of the organic
reactions we come across can be dealt with on the hasis of the claasitication

80 far discussed.

The mechaniszms of substitution, addition and elimination reactions are
_ discussed in topics &6-10,

5.3.4 Organic Reactions and Mechanigm

Organic reactions:

(i) 1involve molecules, Their reactions involve breaking of existing
bonds and making of new ones,



(ii) are generally not simple i,e, they involve more than one atep
in going from reactant to product,
(iti) often involve reversible processes,

Mechanism is the descripiion of the processes involved in each step of a
reaction from reactantas to products, It describes the timing and

It also deagribes the energy, compoaition

sgquence of these processes,

and the electronic configuration of the transition state for each step.
Thum it forms g basis for the desc¢ription (and thus understanding) of a

few patterns of reaction-types into which we can f£it individual reactions,

ANSWERS

(1) Ability to:

(i) recognise structural features of molecules

(11) classify such structorsl features
(11i) recognise changes in the structural features
(iv) classify such changes of structure as molecules react
and get transformed.
{(2) (1) addition
{il) substitution
(1ii) elimination
{iv) subatitution
(v) addition
(3)
SATURATION UNSATURATION
(1) CHSCH3 (11) CH2032
(v) CHSCHerH2 (1i1) CH300033
(vi) CHSCHZOH (iv) CH,COOH

. - .




(4) The correct answer is statement (i1ii):
Reaction mechanism is a description of the processes involved

at each step of a reaction, from reactants to products,
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NUCLEOPHILIC SUBSTITUTION REACTIONS



6.1

SUBSTITUTION REACTIONS

INTRODUCTION

In the last toplc, we classified reactions into aubstitution, elimination

and addition, Each of these classes of reactions is now discuassed in

greater detail., In this topic and the next we shall discuss substitution

reactions,

Subatitution reactions can generally be represented as follows:

A + C—E ——2>» C—A + Z

the incoming group (reagent)

where A
Z = the leaving group
Cc

i

the carbon centre on which subatitution occurs,

There are basically three types of substitution resctions, depending on
the nature of "A" in the above general equation, and the kind of processes
involved in the overall reaction, Where “A" im an electron-rich reagent

(i.e., a nucleophile} the reaction is called nucleophilic subatitution,

Where "A™ ia an electron-seeking reagent {(i.e, an electrophile) the

reactlon is called electyophilic substitution. Where "A" is an entity

having an unpaired electron {(i.e, a radical) the reaction is called free
radical substitution.

Reactions involving radicals occur widely in the gas phase, A typical
example of radical substitution is chlorinetion of methane, in which the

hydrogen atome of methane are successively displaced by chlorine radicals
(C1*) to form a mixture of chlorcalkanes, In our dimcussion, we shall be

focussing on nucleophilie and ele¢trophilic aubstitution reactlona,

In this topic, we sbhall discuss nucleophilic aubstitution, By the time

you have completed studying this topic, you should be able to:
(1) Recognise nuc¢leophilic subatitution reactions,
(i1) Understand the mechaniswms of nucleophilic substitution reactions,

(ii1)} Enow some of the common factors that influence machaniams in

substitution reactions,



6,2

EXERCISES

(1) Lewis acids react by "accepting” an electrom-pair, while Lowia
bases react by "donating" an electrom-pair,

Are nucleophiles Lewis acids or Lewis bases?

(2) Which of the following reactions (i-v) represent nucleophilic

substitution?
(iy R—C1 B NeOH o om + NaTC1”
alkyl alecohol
chloride
Hzfcatalyst
(ii) R—CHO ("D R-Cﬂé-0H
aldehyde alecohol

6¢D

(113) 0 . +
a—c? R'—OH/H

R—C 4+ H.O
oH “\OR’ 2
carboxylic ; astar
acid
(iv) Br OH
¥O NG
2 2
ag NaOH ©/ + Na'Br~
2-nitrobromobenzena 2-nitrophenol
HBr
{v) R-—-Cnfnmiz-————r- R-——CHBr——CH3
alkene bromoalkane

(3) Use the reaction between RvﬁCHi——Cl {a primary chlorcalkane) and

aqueous NaOH to 1llustrate the basic principles of S,2 mechanism.

N
(4) Use the hydrolysis of 2-methyl-2-bromopropane f(CH3)3CBr] with
aquecus NaOH to ililustrate the baaic principles of SNI mechanism.

(5) Name three factora that promote an SN1 mechanisn and three that

promote SNZ .
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6.3.1

6.3.2

LESSON HOTES

Overview

Nucleophilic substitution reactions are those in which an elactron-rich,
incoming group (a nucleophile) diaplaces another greoup from a reactant
molecule, The group displaced is called the leaving group, A new bond
is formed by an electron pair from the nucleophile. The elaectron pair

from the broken bond loaves with the leaving group,

Nucleophilic Reagents (Nucleophiles)

Nucleophiles are reagents which have an unshared pair of electrons or

lone pair of electrons in their outermost shell, which they can share

with electron-deficlent centres. Nucleophlles are thus Lewis bases,

They may be negatively charged apeciles or they may he neutral molecules

having a lone pair of electronsa,

Examples of some commen nucleophlles mre given in table 6,1 below:

TABLE 6.1
Charged Nucleophiles Neutral Nucleophiles
H H,8
HOSO, N,
HO™ H5
RO™
o

6.3.3 Nucleophilic substitution

We shall gilve some examples of nucleophilic substitution reactions,
examine the features of the reactions and later discuss the mechanism
underlying the reactions., In these examples, we shall use halogencalkanes
{alkylhalides) because they are a class of organic compounds about which

much 1& known regarding nucleophilic substitution,



Ex les:

(1) CHSCH Br + agNaOH ——> CH ClizOH + NaBr (1a)

2 3

{it) CH_CH_I + CH_CH ONa —» CHSCﬂ

4CH,y 4CHy OC32033 + Nal (1b)

2

(1i131) (CHS)SCBr + anaOH-—*—i-(Cﬂa)3COH + NaBr (1c)

We shall now re-write these examples showing the nucleophiles and the

structural formulae of the reacting molecules:

H
1) ‘ H
HO™ cna_ci —Br —3p HO --rlz —CH, + Br (Qa)
H H
(11) i H
| | -
CHSCHZO CHS—"(i"_"I ——p cuscnzo-——rl:——-caa + 1 (2b)
H H
(iii) clms tina
HO™ CH ;—C —— Br ———> m—(i —CH, + Br @2c)
C’:Bs CH,

These examples (2a-c)} can be represented generally thus:

R R

R—C—2 + Nu —3p R—C—~—Nu + 2Z (3)

R” R"
where: R = hydrogen or alkyl groups, depending on whether the
alkylhalide is primary, secondary or tertiary,
Z = an atom or group, usually a halogen atom called the

leaving group,

Nu = a nucleophile,
=
Shows the carbon centre on which substitution occurred.
The important features we notice from the reactions are:

(i) One atom or group from the reacting molecule has been replaced
by another, i,e. the nucleophile:
-Br has been replaced by ~OH in (RQa)

-1 has been replaced by cnacuzo" in (2b) etc.



{1ii1) This means that the original C~Z bond in the molecule must

break and a new C—Nu bond formed in the overall reaction process.

{iii) The subatitution (displacement) occurred on g carbon centre
indicatad by the asterisk (*), Locate the carbon atoms on which

substitution cccurred in examples (2a-c).
4.3.4 Mechenisnm

We have already mentioned bond-hreaking and bond-making as processes

that occur in the overall reaction, The question may be asked: In what

Hrder do these chemical events occur?

The answer to this question 1a related to the mechanism of the reaction,
If the old bond C~2Z (see equation 2 above) is broken before the
formation of the new bond, C—Nu, the mechanism is Sﬂl. On the other
hand if the breaking of the old bond C—Z and the making of the new one

C—Nu occur at the same time, the mechanism is SNZ.

¥We shell now discumss each mechanism, and later discuss factors that favour

one mechanism over the other in nucleophilic substitution reactions,

6.3.4.1 SNI Mechanism

SNI means “"substitution nucleophilic unimolecular”, It is s two-step

mechanlsm inveolving two transition states and one intermediate,

The general pattern of the SNI mechaniam is as follows:

R R R R
R'—-—(!J —, e R'--—-L!.‘unz -—:L—+ (Lm > B cl.....Nu

| | 8low R~ SR" fast |

Y R R w
I II III l
R

R'-——-—r!‘——mj ')

I = initial reacting molecule L‘
II = first transition state v

IITI = the carbonium ion intermediate

IV = the mecond transition state

-
#

the subatituted product



The first transition state shows the old C—Z bond partially broken,
The second transition state shows the new C~—Nu bond partially formed,
Usually these transition states are not shown in writing a reaction sequence.

Thus we have:

R R R
l l |
Re—C—z 2P 2y 77 ¢ ¥ NE_——pr—C—nu  (5)
| R”” \R" step 2 |
R” R"

The processes are as follows:

(1) The reacting molecule ionises (heterolytic cleavage of c—~z)

to give an intermediate carbonium ion,

(ii) The nucleophile then "attacks" the carbonium ion as shown by the

curved arrow, forming the product,
I1f we examine equations (4) and (5) above, we find that:

(1) ©Only one entity (molecule) is involved in the transition state
of step 1,

(ii) Step 1 is a slow and reversible process, It is called the rate-
limiting step, It determines the rate of the overall reaction.
One of the implications of (i) and (ii) above is that the rate

of reaction (kinetics) that goes by 8.1 pathway is determined by

N
the concentration of only one of the reactants, i,e. the molecule

(or entity) present at the first transition state. In the example
we have given (see equation 4) rate q,taacz]. It is independent of

the concentration of the nucleophile (Nu™),
(iii) Step 2 is an irreversible and fast process,

Specific example

Let us now illustrate the SNI mechanism using a specific example, Let us

consider the hydrolysis of tertiary butyl bromide in aqueous solution of NaOH:
(CHa)SCBr + anaOH-—aep(CHa)SCOH + NaBr (B6)

The nucleophile = hydroxide ion (HO )



The mechanism is as follows:

TH:BQ CH3 m_ THS )
e e B MO ey o
CH (l! Br g——»8r 4 L‘HS/C*’\\CH:’ CH3 (ll OH
CH3 | CH3
2-pethyl~2-hronopropane tertiary carbonium ion 2~methylpropan-2-ol
6.,3.4.2 SH2 mechanism
BNZ means ""subsatitution nucleophilic bimoleculsar", It is s one-step

mechanism involving one transition state, The breaking of the existing

bond C—%Z and the formation of the new bond G—Nu, cccur at the same

time (see 6.3.4). Such a reaction is gaild to be concerted.

Let us use a general equation to illustrate the basic principle of SNZ

reactions:
n - | e | i
Nu R—C-—2% —— [Nu+++:Cr+++Z |~——>NuwwC~——~R + & (g
nucleophile I H}/ \\H
H H
reactant transition =tate subgitution product
molecule

Processes involved in the overall reaction

(1}

(i1)

(11i)

The nucleophile attacks the alkylhalide from a point opposite
to the slite of the halogen.

Two entities (the nuclecophile and the reacting molecule) sre
involved at the transition state, Thus the rate of the overall
reaction is determined by the concentrations of both entities,
i,e. the reaction is bimolecular,

)
Nu R -ICI;-—Z (q)

Rate

At the transition atate, the existing C—Z bond is partially hroken

and the new C—Nu bond is partially formed, Both are shown by

dotted lines [(....) see topic 4],



ni

6,3.5

Specific examples:

Let ues now considar some specific examples of nucleophilic substitution
that go by the 5.2 mechanism,
{1) Hydrolyais of bromoethane in aqueous solution of sodium hydroxide,

The oversll reaction ia:

CH,CH,Br + agNaON~— 3 CH.CH,OH + NaBr  (10)

Mechanism:

The nucleophile is the hydroxide ion (HO )

B CH
fﬂH\L . | 3 5 . )
BHO CH g C =BT 3> {HO+++ - C; - By | ——> HO —C ~—CH, + BPBr {11)
| l 7 g |
H : - ) §
bromaethane transition state ethanol

(1i) Formation of ethers from alkvhalides and msodium alkoxide solutionm.
(Williamson's ether synthesis})
Equation of the overall reaction is:

CH _CH_Br + CH cazom«-—-—-——-;-cn

3z 3 3

CH,OCH,CH, + NaBr (12.)

Mechanism;

The nucleophile is the ethoxide anion (CHBCHQO-)

M | s (2 6 |
CH ,CH,,0 CH j=—Cw—Br ——3 [CH,CH, 0+ C;-+ - Br |~ CH,CH 0 —C ~—CH, (3}
H = § H
nucleophile ' _ = (CH,CH,0CH,CH,)
bromoethane transition state
ethoxyethanse

Factors affecting mechanism

8o far, we have outlined the mechanism of the SNl and SNZ reactions.

The question might be asked: What makes some reactions follow the SNl

pathway and others SNZ? We shall discuss three factors:



{(m) Structure:

Here we shall conaider the "crowdednessg"” of the reacting molecule,

Consider structures I and II below:

H CH

, 3
CH5-~C-vBr CHg-——T~——Br

H CH3

I II

Structure II is more crowded at the central carbon atom tham I, The
xwore energetically favourable resction path for structure II would thus

be one in which there will be less "crowding” at the tranaition state

i.,e, SNI:
Tﬂa ) ?H3
/rl - Br +
Cﬂs——dc--Br » C Is energetically favourable
I CH/ \CH
CH3 3 3
crowded less crowded
Compare this to Suz. For exmmple:
CH CH

3 5= 3 5
NujrﬁlCHﬁ—-C--Br —— Nu----L---'Br Is energetically unfavourable

CHa CH3 CH3

crowded nore crowded

Buch factors may not be dominant for structure I which reacts by SNZ'

Generally the trend of "crowdedness™ im as follawa:

H ;| CHB | 3
H—~—C—Br < CE,— C—Br < CHy——-C-—Br < CH —C—Br (/4

B H H Cuy

I 1 I¥X 1v

Increasing "crowdedness' .

1 Increasing tendency to 5.1 mechanism from 1I-IV,

N

2 Decreasing tendency to SNZ mechanism from I-IV,




In addition to steric relief effects, the methyl groups attached to the

positive carbon atom help to delocalise the charge through inductive effects

opposite in direction to that which we discussed in topic 1, This is

shown below (see direction of arrows),

H CH CH CH

l +3 3 +3

//C+ ’/C+ ,(i+ ,(C+
Y \\H H \\H CH \\H CH '\RCH
3 3 3

I 11 I1X v

This tends to disperse the charge and results in stabilising the carbonium
ion, The atgbilisation increases with increasing number of atteched

methyl groups. Thus the order of stahllity of carbonium ion which parallels

i1tas eame of formation increases from I through IV; as shown below:

‘“,‘ ,‘fma $53 frms
C+ < C+ < C+ < C {5)
li/ \H H/ \H CH: \l-l CH;( \Cﬂa
Increasing stability ¢f carboniuvm ion *
1 Increasing tendency to SNI mechanism from I-IV,
2 Decreasing tendency to SNZ mechanisn from I-IV, b.

(b Solvent effects

Solvents in which reactions are carried out affect mechanisms of the

reactions, Polar solvents (e.g. water) promote SNI; non-polar solvents, SNZ'

Polar solventz= jnteract with the intermadiate carbonium lons (solvation)

in Sﬂl, thus stabilising them. The greater the =tability of the carbonium
ion, the higher the chances of its formation, thus favouring SNI. In SN2'

new charges are not formed at the transition state relative to the starting
material; and existing chargea are dispersed as shown below:

&~ §-
Nu~ R—¥, ~——>|Nu....R-- --X]“'—-"; Nu-—2R X “E\)

Thus stabilizatien efforded by aclvating effacta of polar aclvents are
not significant in SN2 mechanism,



{c) Nature of the incoming nucleophile

Generally, nucleophilic substitution reactions are of the nature:
A" + C—B —»C—A + B (D

¢h 8N1:

——

In 5,1 mechanism, the nature of A" (the incoming nucleophile)

does not affect the overall reaction, Thixz is hecause it (i.e. A*)
does not participate in the rate-limiting step of the resction,
as shown below:

C q BT 4 c@_,_ c~—~A (1)

L.
rate-limiting
step

(11) SN2:

In SN2 mechanism, A" attacks C—B directly and displaces B which

leaves as a nucleofuge (B*) as shown below:

A‘qc Q > A c + B (09

Thus, the more strongly nucleophilic the incoming reagent (A7) is, the

more the reaction will be promoted, Some of the general characteristica

of strong nucleophiles include: low electron-attracting abllity of

the donor satom and high polarisability,

{d) Nature of the leaving group

The nature of the leaving group affactes both SNl and SNZ mechanisms, This is

because breaking of the bond between carbon and the leaving group is

involved at the transition state of hoth mechaniams, as szhown below:

(i) SNI: CorreB oG-+ *B = B + C+/\——-&-—-—rc--—~ﬂ (20)
Transition
state
{1i) SN2: ch'—-—-—q ———2 fA. . Cvi.. B »A——0C + B (1)
Transition
atate

Where B = the leaving group.



The more easily the C——B isg broken, the more easily B can be displaced;

thus promoting the reactions,

The ¢ame ol bresking the C—-B bond and

hence displacement of B, is determined, amongst other things, by the nature

of B,

Generally, groups bonded to carbon by relatively small atoms having

high electron-attracting abilities and low polarisability are not easily

displaced,
Examples include: HD', RD-, NH

They are thus geverally referred to as poor leaving groups,

Gaod leaving groups are those that ere

2

oasily displaced; hence the opposite of poor leaving groupse.

' The higher halides, C1_, and eapecially Br and I are typical examples

of good

Good leaving groups promote both SN1 and SN2 mechanisms.

leaving groups,

The summary

of sections a, b, ¢ and d discussed above is given in table 6.2 below?

TABLE 6.2
SN1 SN2
{a) Favoured by alkylhalides having Favoured by alkylhalidea that
"bulky" groups (tertiary alkyl- do not have "bulky" groups
halides). {(primary alkylhallides and to
some extent secondarysg
{b) Favoured by polar solvents, Favoured by non-polar solvents.
(c) Nucleophilic "strength" of the "Strength" of the incoming
incoming group is nat a nucleophile is important.
significant factor in the
overall reaction,
{4} Favaured by good leaving groups. Favoured by good leaving groups.

6.,3.6 Summary

{8) RNucleophilic substitution reactions are those in which an incoming

nuclecphile displaces an atom {or group of atoms) from & carbom centre.

(b3

(1

The mechanism is usually described on the bamis of:

The timing of the attack of the incoming nucleophile.




6,4

{i1) The sequence of bond-breaking and bond-making,

(i11) The number of molecules (or entities) participating in
the rate-limiting transition state,

{c) There are some factors which affect the mechanism of nneleophilice

substitutions., They include:
(1) Structure of the reacting molecule.
{(11) HNature of the nucleophilic reagent.
{1i1i) Nature of the reaction medium,
(iv) Nature of the leaving group.

(d> Polarization of the C—7Z bhond plays an important role in initiating
nucleophilic substitutions.

ANSWERS

{1) Nuclecphiles are Lewls bases.

(2) The reactiona that represent nucleophilic substitutions are:

(1) R~—Cl1 + NaOH R——OH + NaCl
0 + Q
(1i1) R-———cj + R'-—FDH__-E—_;R—C/ + 0,0
OH “oR*

{iv) Br

o
No,, NO,
+ A9 NAOY. -~

(i1) and (v) are not substitution reactions

(3) In the reaction between R—w#CH§--Cl and agNaOH; the nucleophile
is HO furnished by the aqNaOH:

H R T
HOQR""‘CHCI'——“_‘:" HO'Q-GC"°'C1 - HO C R

7N |

H H B



(4) The hydrolysis of (Cﬂsjscnr in aqueous NaOH by SNI mechanism is

as follows:
T’Ia ‘,’33 ‘lms
- +ﬂ
e c_
CH ? Br —» Br ZH//C\\CH N CH3 ] OH
CH3 3 3 CHa
(5)
Factors that promote SN1 Factors that promote SNZ
(i) "Bulky" substituents on the Non-bulky groups on the
central carbon atom, e.g. central carbon atom, e.g.
tertiary alkylhalides, primary alkylhalides,
(i1) Polar solvents, e,g. water, Non-polar solvents, e.g.
acetone,
(iii) Easily polarizable groups Good leaving groups,

attached to the central
carbon atom (i.,e, good

leaving groups).




TOPIC 7

ELECTROPHILIC SUBSTITUTION REACTIONS



SUBSTITUTION REACTIONS CONT'D

7.1 INTRODUCTION

In the last topic, we discussed nucleophilic substitution reactions.

In this topic, we shall discuss electrophilic substitution reactions,

The overall principles of both reactions (1,e. nucleophilic and
electrophilic substitutions) are the same. Both involve the displacement

of one group by another. Some of the specific differences are:
(1) The kind of organic compounds involved in each reaction,
(i1) The types of reagents involved,

(1iii) The processes (mechanisms) involved in the transformation of

the reactants to products,
Having studied both topics (6 and 7) you should be able to:

(1) Know the types of organic compounds typically involved

in each reaction-type,
(i1) Know the basic principles underlying each reaction-type,

(i1i) Relate the principles to see where they are similar and where
they differ.

(iv) Apply the principles to specific cases of the reactions,

(v) Use the knowledge of the principles in solving problems in

organic reactions,

7.2 EXERCISES

(1) Classify the following compounds according to whether they are

aromatic or not,

O O C O ad

(1) (i1) (111) (1v) v)

(2) (a) Use Lewis structures to show the 67 delocalised bond-electrons in benzene,

(b) Name one important effect of delocalisation of v electrons on reactivity

of benzene.

(¢) Benzene is 36,0 Kcal/mole more stable than would normally be expected

from its classical structure. By what nama ie ¢thi~ ===-



usually known?

{3i {(a) Using a general equation, outline the essential

mechaniem of electrophilic gubstitution.

(b) Outline the mechanisms of the following reactions:

(1) o,
©.+ conc, HNO, S7°C 2,80, . O 2, H,0

AlCl
{11i) ﬂ:::j + CH3CH201 3 H2033

+ HC1 + AlCl8

(4) Using relevant equations and reagents, show how benzene may be

converted to:
COCH Br ' ' NH
o T e O e

7.3 LESSON NOTES

7.3.1 Overview

Electrophilic substitution is the characteristic reaction of benzene and
ita derivatives. The structure of benzene has already been di=cussed

{mee topic 4.3.6). Examples of the derivetives of beazene include:

(1) Aromatic nitro~compounds e.g. NO

nitrobhenzene

s

4
=]

{ii) Aromatic amines e.g.

amino benzene

O

(1ii) Aromatic halogen compounds e.g,

bromo benzene

{iv) Alkyl benzenes e.g.

methylbenzensa

VR (O



OH

(v) Phenols e.g. hydroxy-bhenzene etc.

7.3.2 Aromatic character (aromaticity)

Benzene has a system of 67 electrons shared round the six carbon atoms

in the ring (see topic 4,3,.6), These electrons are said to be delocalised.
One of the important effects of this delocalisation is that benzene
molecules exhibit an unusual chemical stability in their reactions,

For example, HCl easily adds to cyclohexene, but benzene is unreactive

towards it:

H
O-tHCl-———H——-———’- (l (1)
1

cyclohexene chlorocyclohexane

@ + HCl —— No reaction (2)

benzene

The expectation is that since benzene is unsaturated it should respond to
electrophilic addition reaction which is in fact a characteristic reaction
of unsaturated bonds (as we shall see in topic 9), but benzene rarely

reacts this way. Instead it reacts by substitution,

This unusual chemical stability of benzene which underlies its chemical

behaviour, put together, is referred to as aromatic character of benzene

or simply aromaticity.

At least two conditions are required for aromaticity in monocyclic

(one ring) compounds. These are:

(1) Presence of 61 electrons,

(ii) Uninterrupted conjugation in the ring atoms of the classical

structures representing the molecule,

For example, consider structures II and III below compared to benzene

(structure I). Can you see why II and III are not aromatic even though

their structures contain conjugation and 6r electrons respectively?



AROMATIC NOT AROMATIC NOT AROMATIC

)| 11 111
Benzene Cyclooctatetraene cycloheptatriene
(i) 61 electrons (i) 87 electrons (i) 67 electrons
(ii) Uninterrupted (ii) Uninterrupted (ii) Interrupted
conjugation conjugation conjugation
(Is aromatic) (Is not aromatic) (Is not aromatic)

-

7.3.3 Resonance energy in benzene

Resconance energy is sometimes called delocalization energy; both refer
to the same idea, Let us discuss some basic ideas that will help us to

understand what resonance energy means,

Unsaturated bonds can be hydrogenated to produce saturated compounds

e.g. conversion of alkenes to alkanes:

H
H H H Y |
~ Pl 2
C=—==C -3 H—C-—C—~—H (3)
H H
ethene ethane

The process is called hydrogenation.. The heat energy evolved in the
process is called heat of hydrogenation,

It has been found from experimental studies that when cyclohexene is
hydrogenated, 28.6 Kcal of heat is evolved per mole:

O +H, ——» O AH® = -28.6 Keal/mole  (4)

cyclohexene cyclohexane

If one double bond in a cyclic system of this nature produces 28,6 Kcal of
heat energy on hydrogenation, we should expect that three double bonds in
a similar system should produce 3 x 28.6 (85.8 Kcal/mole) of heat energy, i.e.:




potential

@ + 3H2 ————— O AHT = 83,8 Keal/mole (5)

bengene cyclohexane

However, it was found that heat of hydrogenation of benzene is 48,8 Kcal/mole,
and not 85,8 Kcal/mole, representing a shortfall of 36.0 Kcal/mole.
What does this tell ua?

It means that benzene molecule is more stable by 36.0 Hcal/mole than
would normally be expected, We can =ay this in another way: benzeme

nolecule is more atable than a hypothetical cyclohexatriene by 36,0 Kcal/mole,

Thie stability is attributed to the delocalization of the 6n electrons in

benzene, and the amount of the stabillization (36,0 Kcal/mole) 1s known as

the resonance energy of benzeme. This ie tllustrated in fig. 7,1:
IIx

/ 36.0 Kcal

/ per mole
/ RESONANCE
/ ENERGY '

[P —

Fig.
7.1

189 9799

/
¥ CYCLOHEXANE
I = eyclohexene
I1 = «c¢yclohexadiene
III = cyclohexatriene (hypothetical, is not found to exist)
1V = benzene

Fig., 7.1 1illustrates the chemical stabllity of benzene as 8 conseguence

of resonance stabllization.
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7.3.5

Implication of resonance stabilization in chemical reactions of benzene '

(i) Benzene reascts in such a way that its aromatic character is

preserved at the end of the reactlon (i.e. in the products),

(1i) 1Its reactions are characteristically those of subgtitution

which preserves the aromatic character, rather than addition
which destroys it.

{1ii) 1Its reactivity is relatively low, Thus catalysts are generally

used to enhance 1is reactions.

Electrophilic susbstitytion in benzone

Having discussed the background ildeas that determine the way in which
benzene behaves in chemical reactions, we ahould now proceed tc discuss’

its reactions, especially thelr mechanisma,

Reactions of benzene are characteristically electrophilic subatitutions,

What are the basic principles of electrophilic substitutions? Before

we introduce ideas that answer the question, let us discuas electrophiles

or electrophilic reagents,

(a) Electrophiles are electron-seoeking reagents.

They react by accepting an electron-~pair from a donor. Electrophiles are

thus Lewis acids, Often, they are positively charged but there are also

those that are neutral molecules, A summary of common electrophiles is

given below in table 7,1

TABLE 7.1
Charged Electrophiles Neutral Electrophlles
+
H AlCl3
+
HSO | | FeBr3
+
N02 BF3
+
Pth 803
+
RSC Br2




{b)

Mechanism of electrophilic substitution

Y2 @

IT1

Btructures I and II are known as resonance or clasalical structures of

benzena, Structure I1IY is the "true" structure of benzene molecule,

It is a resonance hybrid, i,e, partway between structures I and II,

In discussing the reactlons of benzene, the moulecule is represented by

eithar of the claseical siructures; but the "true" structure of the molecule

should always be borne in mind.

The basic principles of the mechanism of slectrophilic substitution in

benzens may be represented as follows:

) E B
. step 1 (slow) " (step > @’ ¢6)
E E -
electro- fast
I phile Iz III
benzene carbonium ion substitution
intermedisate product

(Wheland intermediate)

The procesaes lnvolve:

(1)

(11)

The attack of an electrophile (E+) on the v sysiem of the benzene

ring: leading to the formation of apn intermediaste carbonium ion (II)

called: Wheland intermediate. The intermediate has lost the

aromatic character of the starting benzene molecule {can you see how?).
It is thus less stabilised compared to the original benzenz molecule,
The implication of this is that a significant amount of energy

{activation energy) is required to reach the transition atate of

step 1 which is a slow and rate-Iimiting step,

H' ie removed from the intermediste to form the substitution
product (III) in which the inceming electrophile (E+) has displaced

8 hydrogen, (Compare the initial reacting molecule to the product,)



The intérmediate carbonium ion formed 1in equation (8) above is also
resonance stablised, but to a lesser extent compared to the resctling
benzene molecule, The ré¢sonance gtructures of the intermediate from (6)

are shown in {7) below:

R W H
o G\KH ﬁﬂqﬁ-————) E (7N
H
_ I II IIl

The "true" structure (1Iv) is partway between structures 1, II and II,

aa shown in {8) helow:
H

E &) (8

v

As with benzene, the classical structures aTe generally used in discussing

reactions, but the wgpue" structure 1s always borne in mind also.

{c) Substitution versus addition

Let us consider the reaction process shown in (6) a bit more closely at

the point of the intermediate. Theoretically, the intermediate could
undergo addition reaction by an attack of a nuclecphile on the positive
carbon (refer SNI). But if an addition product were formed it would destroy
the aromatic character of the benzene and the associated stability,

whereas gubstitution (ejection of H+) restores it, Thus sybstitution is
energetically more favourable; hence formation of aubstitution product.

This is §1iustrated in (9) below:

H u I R H
H | .
pra— _-H__ > -
1 T '

IT1
addition product  Wheland sybstitution
(non-aromatic) intermediate product

(non-aromatic) (aromatic)



(d) Specific examples

Having discussed the broed principles of electrophilic substitution, let

us conaider a few specific examples. We shall consider nitration,

halogenation and alkylation as examples to illustrate the principle of

electrophilic substitution we have already ocutlined,
I Mitration

Aromatic nitro-compounds are formed by thls process, Benzene is reacted

with a mixture of concentrated nitric and sulphuric acids,

i H+ NGZ +
+ HNO, —— 1y + HO+H
SRS (- 00)

Sulphuric acid aete as a catalyst,
Mechanism:
Two main processes are involved:

{i) Ceneration of the electrophile (uo;: called nitronium ion); achieved

by reaction of the two acids:

HNO, + 2H,50, == ND; + H,0' + 2HSO (11) (in

3 3 4

(ii) Reaction of the elsctrophile with benzene am shown in (12) below:

H
@ NO,
+
NOy > XNo, —> Cr + 1
electrophile
benzene
intermediate nitrobenzene

It ia & bi-molecular remction which is first order with respect to

the reagent and firat order with respect to the reactant:

Rate o Ear-—-H]ENo;J (13)

II Halogenation

Halogenation is the reaction of halogens (usually Cl and Br) with benzene
in the presence of suitable catalyst to glve the corresponding aromatic
halogen compound. Catelysts generally used include A1x3, Fex3 and ZnCl2
{X = Cl1 or Br). The general eguation of reaction involved in halogenation

is sahown in (14) below:



ALX, X )
O DS UL + ALX (14)

(X = C1 or Br)
Mechanism:

The electrophile in halogenation of benzene is a polarised complex which

attacks the m mysatem of benzene molecule o form the substituted product.
The polerisation is induced in the halogen molecule by the Lewis acild
catalyst, This is shown in (15) below in which there 1a a partial with-

drawal of an electron-pair from the halogen molecule by the aluminium atom
of the catalyst:

&+ G-
X—X Alxa > X X ...uxa {15)

halogen catalyst polarised complex (electrophlle)
molecule

Let us use the reaction of bromine with henzene as a specific example,
(Chlorination follows the pame principle,) The general equation of the
reaction is as follows:

AlBr3 r _ N
+ Brz > + AlBr.; + H {(16)

The mechanism is as follows:

=

Br
Br—-—(-y.ﬁ.lﬂr —_— @Br O H+ (17)

benzene + AlBr ' hromobenzene

IIT Alkylation

Alkylstion is reaction of alkyl halide with benzene, producing alkyl benzene.

Similar catalysts are used as for halogenation. The equation of the overall

reaction is as follows:

AlCL, H CH o
O + CH,CH,C1 > +BCT + A2, 1%

In alkyl halides, the carbon atom bonded to the halogen acquires a partial

positive charge as shown below:

H
S+ 8-
R—C=—=—X (19)



Thua 1t acts as an electrophile in reaction with benzene. It is however,
not sufiiciently electrophilic to effect gubstitution in benzene, hence
the requirement for a catalyst. The catalyat acts to incresse the C+——X

polarisation, This results in a pelarised complex which attacks the v

syatem of benzene to form a substituted product,

The geperal mechanism of the reaction 1z as follows:

H

| 5 H CH R
&+ 2

H

> AlCl4

Where R
X

It

an alkyl group

|

a halogen (Cl or Br)

The reaction of benzene with ethyl chloride (chloroethane) is given helow

a8 a specific example to illustrate the mechanism:

H H
| 8- CH,CH
8 eieeeaalCl CH_CH 23 Pl
cnj—m-T €1 a > oFHg —— {21}
! ) _
+ AlCl4

Note:

Alkylation and acylation are generally referred to as Friedel-Crafts reactions.

Acylatlon 1la the reaction of benzene with acid chlorides to form corresponding

aromatic ketones. The general eguation of the reaction is as follows:

Alc1, FOR }
©+ RCOC1 > « B+ alc1] (22)

acid

henzene chloride aromatic

ketone

For example:
C—CHy

acl, ) _
@ + CH,cOCl > « 8"+ a1c1] (23)




7.3.8

In acylation, the electrophile is an acylium ion formed from reaction of
the acid chloride with the Lewis acid catalyst as shown below:

RCOCT + AlCl3 a=——F RCO® + ey (24)
acid catalyst acylium
chloride ion
{electrophilae)

Attempt to work out the mechanism of the resction given in equation (23) abovs,

Summary

(a) In this topic the general principle of electrophilic substitution

is discussed,
(b) Preliminary ideas about electrophilic substitution discussed include:
{1) Electronic nature of aromatic compounds,
(ii) Aromatic character,
(iii) Resonance energy and resonance stabilization.
{iv) Classical and “true" structures of benzene,
{c) The main features of slectrophilic substitution are:

(1) Attack of electrophile on a benzene ring forming a carbocation
intermediate which ejects a proton (H+) ta form a substiution

product.

(d) Addition products are not formed because the process involved is

energetically less favourable than subhstitution,

(e) Because of the chemical stability of benzene, catalysts are required
to promote its reactions towards electrophilic reagentsa. The reactions

are characterised by a tendency to preserve the aromaticity of benzene,



7.4

ANSWERS

(1)
AROMATIC NON-AROMATIC
(1ii1) (1)
v (i1) ' '
{1iv)
(2) (a}
: ‘i'
eaN /AN
HeCs  C-H H—Cy S C—B B C—H
! i — ot [ — OR
HeeC+  *CeeH H—8A  FC~H H C—H
.”, \v—
% N
H H

6% delocalised
elecirons

The six dots () forming the “inner ring" =
the 6T delocalised electrons. Each of the
six glectrons belong to each of the six
carbon atoms, They (the six electrons) are

shared round the six carbon atoms,

(b} It makes benzene chemical stable, thus reducing its reactivity.

{c) Resonance energy or delocalization energy,



Note:
The hydrogens oOn the ring are shown here as 2 reminder. They
are generally 1eft out in the reactions of penzene. They should

however be borne in mind,

(b) HN03+ZK 504“‘_’1‘(0 +HO +2H.SD

e (% Y (O™

CH cn Cl + A1013 == Ch cu * AlCl

(j}c_um_ﬂ, @L« o

+ 5101
@ A1C1, oCH,
(i) + CH,COC1 =
AlBra Br
(ii) + Bry ——— .
H, S0 ¥o3 %
conc. \
(111) + ENO, ——— 2 4, Sn/HC1 2




TOPIC 8

FLECTROPHILIC ADDITION REACTIONS

.



ADDITION REACTIONS

INTRODUCTION

In this topilc and the next, we shall discuss addition reactions. The mein

feature of mddition reactions is that they involve the "building" of one

molecule into another., Addition reactions occur in:

(1} Compounds which have carbon-carbon multiple bonds in thelr

molecules, These are alkenes and alkynes,

(1i) Compounds having carbon-oxygen double bonds in their molecules.
These are aldehydes and ketones, (Recall the classification in
topic 5, fig. 5.1.)

Examples of these are shown below:

1y Ye=eX alkenes
—C==C— alkynes
{11) )C:::O aldehydes and ketones

Addition reactions occur by three mailn mechanisms:

{i) Electrophilic addition: This is found in alkenes and alkynes,
(il) Nucleophilic addition: This 1= found mostly in carbonyl compounds -

aldehydes and ketones,

{(i1i) Free-radical addition: This is found in compounds bhaving carbon-

carbon double bonds, including benzene
that is resistant to addition under

electrophilic subatitution (recall topic 7).

The reaction proceeses in electrophiiic and nucleophilic additioms involve

heterolytic cleavage of bonds, Thoss involved in free-radical sddition

involve homolytic cleavage of bonds,

As for free~radical mechanism, we shall give juat one example to illustrate

its principles and lesve further discussion on it,

In this topic we shall diacuss electrophilic addition reactions,

[ i

LR



Free-radical addition

Ethene reacts with bromine in the gaseous phase in presence of 1ight:

— hv
CHZ--—-CH2 + Br2 ,___—a.CHzﬂrCHzﬂr

The mechanism involves three main steps:
(i) Homolytic cleavage of Br-—Br thus:

Br—Br *—h‘f—y Br* + Br*
(ii) The second step is the attack of the bromine radical (atom) on the n
bond which undergoes homolytic cleavage as shown!

H ﬂﬂ/“ ¥vooLE
C=——=C
Ve ~

____.__y[-[_-— _—
H

H & NH

Br*® +

bromoethyl radical

(1ii) The third step im the attack of the bromoethyl radical on a

bromine molecule:

: ?r f/”“lﬁ Br H
[ f\ m _ o
H———C—-—C<_ + Pr Br > H (‘: é Bpr + Br*
| H ||
H H H

The Bre* generated at the end of step (iii) initiates the process
of step (ii) agsain; and the alternation between steps (1i) and

{(iii) continues, This is an example of chain reaction,

We shall now proceed to discuss electrophilic addition which is the theme

of this topic, By the time you have completed studying this topic, you

should be able to:
(i) Recognise electrophilic addition reactions, ' .

(11) EKnow the bond-breaking and bond-making processes involved in the

overall reaction.
(ii1) Demonstrate an understanding of the mechanism of those processes,

(iv) Use knowledge of 1-1il to solve problems in organic reactions.



8.2 EXERCISES

(1) (a) In what class of organic compoundz do electrophilic addition

reactions occur?

(b) What are the main strucutral features which make such compounds

undergo electrophilic addition reactions?

(2) Use the example of the reaction between etheme and hydrogen chloride

in a polar solvent to illumtrate the general mechapism of electrophilic

addition reactions,

{(3) Consider reactions {(a) and (b) below:

v [
) ~ Q + N e - —
(® >C -~ E aten 1 7 T step 2 ¢ ¢
E

—F 5 —=xs |
Nu E
+ Nu~
(b) K H R
¢ ® g ¢
/ ‘(2_
H—ﬁ (i—H . H—C I E u——-<|: C—E
E
H—C C—H step 1 4. ¢ c—n 5P 2 H--(l /‘-H . x
; 4 c
| ! |
H H H

the general mechanism for electrophilic addition reactions

the general mechanism for electrophilic substitution reactions

=
il

Compare steps 1 and 2 in both reactions:

(1) What im the major difference in the processes of the overall

reactions in both cases?

(11) At what step of the reactions does this difference feature?

{4) Consider resction {(a) and (h) below:

T Br
(a) CH
3>c m—c/a + BE, —— 5 CH o€ C——H
H g | )
Br H
AlBr Br

(b) + Br, ——— > + HBr + AlBr,



8,3

8.3.1

8.3.2

(i) Outline the mechanism of both reactions,

(1i) Why is a catalyst required in reaction (b) and none

in reaction (a)?

LESSON NOTES: ELECTROPHILIC ADDITION REACTIONS

Electrophilic addition:

Electrophilic addition reactions occur in compounds which have carbon-

carbon multiple bonds. These are alkenes and alkynes. We shall focus

attention on alkenes as the initial addition to glkynmes converts them to

alkenes.

The main feature of electrophilic addition is the addition of the groups

of a molecule across the carbon-carbon double bond; shown in (1) below:

E
\ |
SC===C{ 4 E—Y —» ~—<I:—-—T— (1)

One of the double bonds (i.e, the more diffused 7 bond) is broken in the

process leading to a saturated product. The reaction is initiated by an

~ electrophile, E* (remember electrophilic substitution in benzene?),

Mechanism:

The mechanism of electrophilic addition involves a two-step process:

. E
. () .
)C-__—Q_/\E"' \3/\&_ “rlf Tlr_“

. step i - i

Y

¢

alkene electro~ Y

i
phile carbonium ion addition product

intermediate

Step 1 is attack of electrophile (E+) on the m bond, The bond breaks

heterolytically and the electron-palr of the 7 bond is used for bonding

between carbon and the electrophile. This process gives an intermediate

carbonium ion. The second step involves attack of a nucleophile (usually

a conjugate base of the electrophilic reagent) on the carbonium ion

leading to formation of the addition product, (Compare the first and

second steps in the electrophilic substitution in benzene: what similarities

and differences do you observe?)



E
@ T step 1 C}j\i step 3 + }1+ (3)

benzene carbonium ion substitution
intermediate product

8.3.3 Examples of electrophilic addition:

We shall now illustrate the mechanism of electrophilic addition with specific
examples. We shall discuss addition of mineral acids and halogens.

{a) Mineral acids

In the addition of mineral acids to alkenem, the electrophile is B from

the acld, and the nuclgophile ig the conjugate-base of the rmcid:

fxe=—>u" + x° (3

acid conjugate base

Mineral acids that add to alkenes include: HC1, HPr and sto4. Hzo also

adds to alkenes in the presence of concentrated sulphuric acid as catelyst.

Additlon of HC1:

H H H
5\04\ H—~—C -——>01(\ /t':'————-t%-—-n __.ﬂpH*-t':l——(;:——H (4)

H )i
ethene €1
chloroethane
(i1) Addition of sulphuric acid
H H H
B | I l
cﬂ.___c H—080 G ——> c H 3 M~—C c—H. (5
n” ] ;r{
ethene sulphuric H 08020H
acid 8020H

ethylhydrogen sulphate

The addition of sulphuric aclid to ethene 1s an important industrial
process, The addition product (ethyl hydrogen sulphate)} ie easily
hydrolysed (boiled with water) to give corresponding alcohols.

B H

| )

H 2~4- H

H + H2804 (8)

— ) —m
m—)— 1

o el ——

OH

2~ propanol



Actually, combination ot reactions (3) and (6) into a single overall procesa

ancunts o addition of water to ethene, using sulphuric acid as catalyst.

(b} Addition of halogens

Halogena add to alkenes to give the corresponding dihalogeno compounds:

Yo==C< ¥y —om Gt @
X
(wvhere X = Br or Cl) _
L\ | 7 L
- cH H CH : |
ool s () Do
: C c Br —=—Bp —— Br c C H » CH —C—~—C—H
-~
- ‘\H atep 1 Ha’ A step 2 3 i L
propene bromine _ ' T d
dibromopropane

The first step involves attack of an electrophile to form an intermediate

carbonjum ion, This iz accompanied by the heterolytic cleavage of the Br—Br

bond,

The electrophile is a polarised bromine molecule with the partially positive
aend acting as the electrophilic site, Thims iz shown below in (8):

S+ §-
Br —»—Br (9)

The polarization is induced in Br—Br by the relatively high electron density
of alkene ™ system. Step 2 is attack of the nucelophile (Br ) on the carbonium
ion, leading to formation of the addition product,

Note:

Recall that in bromination of benzene, a substitution product (not addition)

was formed. Also, a catalyst im needed for bromination of benzene, but not

in addition of bromine to ethene (can you think why?).

Hint:

Becall resonance atabllizaticon in benzene which is sbaent in propene.

AlBr3 r

+Br, — 5 + HBr . oo o)

{8)



What are your obmervationa of bromination in benzene and in alkenes?

Chlorination follows the same process as bromination:
H Cl H
CHas, AA (&l Pog | [
sete_ Yalc—ra ;E-—-c-_.u——-;- CHz—~C—eCmH (11)
H H A | -

propene

Cl H C1

dichlorapropane

Orientation of addition: unsymmetrical alkenes

Alxenes may be aymmetricel or unsymmetrical. Symmetrical alkenes are those
in which the groups on either side of the double bonds are the same

e.g, (1) CH§==CH2, {i1) CHSCH==CHCEa.
in which the groups on either side cof the double bonds are not the same

Unsymmetrical alkenes are those

e.g. CHy—CH==CH,,

In symmetrical alkenes, the twe carbon atoma joined by the double bonds are
electronically equivalent, and the incoming electrophile bonds with either
of them with equal ease, In unsymmeirical alkenes, the two carbon atoms
Joined by the double bonds are not equivalent, Thus an incoming electrophile
Joins to the carbon atom that leads to formetion of the more stable

carbonium ion, The overall process is the formation of one product in

preference to the other, This 1s illusatrated in (12) below:

/-)é’/’ CHSCHzl'JHzBr (1)
Cﬁj——*CH===cH + HBY 1-bromopropane

2 \ (12)
CH_CHBrCH (a1}

3
2-bromopropane
Addition of HBr to propene could result in the formation of two isomers I and II,
but l=bromopropane (I} is not observed to be formed. This observation can

be explailned from the mechanism of the reection ags follows:

+
T . CHa-—-Cﬂé——~CH2 1 primary
,,H carbonium ien
- +
\\H ~ﬁﬂmhh (13)

+
\*Cﬂa———CH -——CH3 I1 secondary
carbonium ion

The incoming electrophile H' can bond to either 01 or Cz‘ A bond to 02 lesds
to formation of cerbonium ion (I) which is a primary carbonium ion. A bond
to Cl leads to formation of carbonium ion {1II) which is a secondary



carbonium ion, It is formed in preference to carbonium ion I because it is
more stable, The second step involves the attack of the nucldoghilc (Br-)
on carbonium ion II, forming product II as shown in equation (12),

Product I is not formed, This is because the carbonium ion intermediate

that would lead to its formation is not produced in the first plhce,

The energy required to form carbonium ion II is lower than for carbonium
ion I. This explains why product II is formed in preference to product I,
This is the basis for Markownikoff's rule which states that the negative
part of a reagent adding across an unsymmetrical carbon-carbon double bond

goes to the more sustituted carbon atom.

Generally the order of stability of carbonium ions is:

tertiary j:> secondary t;> primary > methyl cation

R K R H
i.e, L+ :::> g+ j::> é+ t::> i»
R/ \R n/ \u H/ \H H/ \H

where R = an alkyl group

(a) Electrophilic addition reactions are initiated by electrophiles,

E+, leading to the formation of intermediate carbonium ion,

(b) This is followed by a nucleophilic attack on the intermediate

carbonium ion, leading to formation of the addition product.

(c) Electrophilic additions occur in compounds having carbon-carbon double

bonds in their molecules.

(d) If the alkene is unsymmetrical the incoming electrophile attacks

the carbon-~carbon double bond in such an oriemtation that will lead
to formation of the more stable carbonium ion, This is the basis

for explaining Markownikoff's rule,

(e) The first steps in both electrophilic addition and electrophilic

substitution involve the same process, i.,e, an electrophilic attack.

It is the second steps in both reactions that make the difference.



In electrophilic addition the intermediate carbonium ion undergoes

& nucelophilic attack to form the addition product. In electrophilicg

+
subatitution, the intermediate carbonium ion loses a proton H to

form a substitution product, This process restores the aromaticity

of the benzene molecule,

8.4 ANSWERSB

(L)

(2)

(3)

(a) Electrophilic addition reactione ceccur in:
(1) alkenes : C==CZ
{(i1) =alkynes : —LC=C—
(b) The main structural features are the carbon-carbon multiple bonds,
[ (i
H, /;I\z (-\I:I
e ! +
C=C H—Cl —»Cl N —LC—H —~—w>H—-—C—C—H
-~ AN
H H H | b
' H Ct H
The processes involved are:

(1) An electrophilic attack on the carbon-carbon double bond by H+,

leading to formatlon of an intermediate carbonium ion,

(ii) A nuclegphilic¢ attack on the carbonlum ion by Cl” to form
the addition product,

(1) The major difference is that:

In reaction (a) formationm of the product invelves nucelophilic

attack on an intermediate carbonium ion,

In reaction (b) formation of product involves ejection of a

proton H* by a correspohding carbonium ion intermediate.

Bteps 1 in both reactions have the same principle - an electrophilic

attack on carbon-carhon T bond,

(i1) The difference occurs in satep 2 of the respective reactiona,



“ e £ IV B
(1) (a) CH /} CH . .
Br—8r ~Zro=77 Br-f\3>EuT B ety CH g C—C —H

H step 2 ‘ I
Br : o - H Br
propene

: carbonium On dibromopropane

ar '

Br-—-Br AlBr3 i ¢ *ﬁ

step 1 Btep 2
benzene carponium ion bromobenzene
+ FeBr4

The rate-limiting step in both reactions is step 1 in each case,

leading to the formation of the carbonium ions, Benzene is resonance

stablised (see topic 7); athene is not. Therefore benzene is more
stable (less reactlve) than ethene. Thus, the energy required for
step 1 in reaction (by is much higher than for reaction (a). Uaing a
catalyst in (b) helps to provide a iower energy path for the reaction
to occur, This is by making Br—Br sufficiently electrophilic to
effect subatitution,



TOPIC 9

NUCLEOPHILIC ADDITION REACTIONS



8.1

NUCLEOPHILIC ADDITION REACTIONS

INTRODUCTION

In the last tople, we discussed reactions in which additlons occur across

carbon-carbon double bonds, §C===C( + We discussed that the mechanism

of auch reaction processes is normally slectrophilic addition,

In this topic, we shall discuss another type of additon reaction in which

the processes of addition occur across carbon-oxygen double bonds.

This ix called nucleophilic addition., Compounds containing the XCz==0

group are called carbonyl compounds (see topie 3),

Carbonyl compounds can be classified into two categories as follows:

{a) Those having >C===O as the only functional group. These are

aldehydes and ketcnes:

R R
~N ~N
C =0 C=0
n” g
aldehyde ketone

(b} Those having anather group directly attached to the >C===O group

within their molecules.

Thede include:

0
(1) R~*—C¢¢ amides
“\NH
2
0
a1 R———C'/‘ esters
O
(11i) R-——Cff carboxylic acids
OH

In our discusaion of nucleophilic addition, we shall be considering

aldehydes and ketones, The chemical behaviour of the JC==0 group

in compounds of claas (b) are sufficiently modified by the presence of

the second group that they react scmewhat differently,



By the time you have completed studying this topic you should be able to:
(1) Recognise nucleophilic addition reactions.

(ii) ~Show an understanding of thé bond-breaking and bond-making

processes involved in the overall reactions,.
(i1i) Understand the mechanism of these processes.

(iv) Relate nucleophilic addition to other '"reaction types" we discussed

in topies 7 and 8,

(v) Use knowledge of i-iv to solve problems in organic reactions.

9.2 EXERCISES

(1) (a) What is the most significant structural feature in compounds

that undergo nucleophilic addition reactiona?

(b) Use a general structural formula of aldehydes and ketones

to illustrate this,

(2) Nucleophilic addition reactions involve the addition of a reagent
across the >C==0 double bonds. Illustrate the mechanism of

nucleophilic addition using as examples:

(i) Reaction of HCN with CHSCOCHS

(ii) Hydration of acetaldehyde (033CH0) in the presence of an
acid catalyst,

(3) Reaction of acetone with acidic ethanol yields the corresponding

acetal:
CH
N ai1 me1 | CHaN__9Cfs
P =0 + 2C2H50H —_— /C\ + azo
CH3 CH3 0C2H5
acetone acetal

Use the mechanism of the reaction to show that it represents an

example of nucleophilic addition followed by substitution.



8.3 LESSON NOTE

8.3.1 The basic principle of nucleophilic addition

Nucleophilic addition reactions are marked by attack of a nucleophile

on the carbonyl carbon followed by co-ordination (linking to) of an

electrophile to the carbonyl oxygen, This order may be sometimes altered

where acid catalysis is employed., The general principle, however remains

the same in the sense that the pucleophile gets attached to the carbonyl

carbon and the electrophile to the carbonyl oxygen. The overall process

reaults in saturation of the >Ct==0 double bond=. The basic principle
of nucleophilic addition 1s i1illustrated in (1) below:

Zz

R |
=0 t+ H—Z ———» R—C-—0 (1)
R [ ]

. R H
reacting reagent
molecule addition product
Where Z = a nucleophile that adds to carbon

+

H =

an electrophile that adds to oxygen,

9.3.2 Mechanism of nucleophilic addition

The general mechaniam of nucleophilic addition is 1llustrated in (2} below:

R R 0 R 0—H
‘\ ._./.,% . :‘,c< H —— '>c< )
RN R Nz Nz

Z

1 11 111

The processes involved are:

(1) Attack of & nucleophile, z" (which comes from the reagent, H———Z}
on the carbonyl carbon, formlng a new bond with it, C—2Z, This

is accompanied hy heteralytic cleavapge of the 7 hand of the SC=—=0

double bond leading to formation of a negatively charged intermedirte

IT (an enclate icon),

(1i) The electrophils B attacks the intermediate at the oxygen end,

forming a bond with it, using the pair of electrons that come from

the heterclytic cleavage of the >C==0 T bond.



9.3.2,1

Having outlined the general mechanism, let us now discuss the specific
details. Nucleophilic addition reactions can be classified into two

categories, These are:

(i)' Simple addition reactions,
(ii) Addition reactions followed by further reaction processes.
Let us discuss each of these,

Simple addition reactions

These are nucleophilic addition reactions in which groups of an inconming

reagent add across the reacting molecule, forming an addition product

that is not followed by further reaction processes. The overall reaction

process results in formation of only the addition product,.

We shall use two specific examples to illustrate the mechanism of

simple nucleophilic additions:

(a) Addition of water to aldehydes: hydration

CH + CH OH
=0 + BOo T —> 3:,“0/ (3
H " ox
acetaldehyde hydrate

(ethanal)

The mechanism is as follows:

(4)

What has effectively happened in the net process is addition of H-—O0H

-+
across the )C==0 double bonds, (Can you see how?) H acts as a catalyst.

(b) Addition of HCN

Hydrogen cyanide adds to aldehydes and ketones to form cyanohydrins.

It represents our second example of simple additions,

CH, CH__ CN



‘ The mechanism i3 as follows:

‘ 7\
H, R CH, O o CH,

-
el I c 6)
/Q\ W N 0 Ny

9,.3,2,2 Addition reaction followed by further reaction processes

These are nucleophilic addition reactions in which formation of the

addition product is followed by other reaction processes, such as

substitution or elimination, The net effect is that the addition product

ia formed, but it is further converted into a final product, We shall use

two examples to illustrate these,

{A) Example 1l: Addition of alcohols to aldehydes and ketones

In the reaction of alcohols with aldehydes and ketones, hemiacetals are

first formed. These represent the addition products; but the hemiacetals

undergo further reaction which converts them to acetals by substitution vis

an intermediate oxonium ion.

Let us use the reaction beitween acetaldehvde (efhanal) and ethanol to

1illustrate the mechanism of the processes:
The equation of the resction is as follows:

CH CH 0C H CH H

~czc0 + e oH = ¢ 25, cmone— 3\*c/‘ €2 N
-~ 275 N 25 ,’ ~
H H QH OC_H
25
acetaldehyde hemiacetal acetal
+ HZO

This can be shown in one atep as follows:

CH C_H
I~c==0 + 20 H OH =2 S ‘/0 s (8)
- 275 / AN
H oC,#
5
+ Hzo

The mechanism can be viewed as a combination of two major processes:

{i) Formation of hemiacetal

{1i1) Conversion of the hemlacetal to acetal



(2

OH + CH
3~\ ffﬁ\ll S\E Wi ~-H 3~ ,f
—-0 ——> —0H -—-——ﬁa- - c
A0 = ot e
H step 1 step “step 2 step 3 00235
W \:255
H C H hemiacetal
25
u*
step 4
cnhc JOCHL| ot CH3\c /OC,Hy CHy -nzo cna\ (\‘53
-£~—-ﬂ-—~9 + . b=
H’/ \\Oczﬂs step 7 r” E}O\ step 6 ’/qk\ step 5 H//
W c A,
acetal 2
H C2H5

All the processes of the reaction are reversible, We are interested in the

forward process in our discussion:

Step 1 involves an attack of a proton H+ (from the acid catalyst) on the
carbonyl double bond, forming an intermediate carbonium ion, This initial
process facilitates the nucleophilic attack of the alcohol on the carbonyl

carbon,

Step 2 is a nucleophilic attack of ethanol on the carbonium ion via the lone
pair of electrons on oxygen, leading to formation of an intermediate which,
in step 3 ejects a H+ to form the hemiacetal. The H+ used in step 1 is
recovered in step 3, an indication that H is acting as catalyst in the
reaction, Up to this point, (i.e, formation of hemiacetal) the reaction

is nucleophilic addition,

However, the H+ which catalyses the processes leading to formation of the

hemiacetal also catalyses its conversion to acetal as shown in steps 4-7.

(ii1i) The H+ protonates the -OH group of the hemiacetal (step 4) to form
an intermediate having a positive charge on oxygen (i.e. an aoxonium ion).

This process is similar to:

5\ ¥ H"’ ——l'-HaO (10)

(iv) The intermediate ejects a molecule of water, helped by the push of
electrons from the remaining oxygen atom to form an oxonium ion in step 5.
The oxonium ion is then attacked by a second molecule of ethanol (aee
equation 8: 2C2 5OH are 1nvolved), to form the acetal in two steps: 6 and 7.

(In which step was the first ethanol molecule involved?)

2 5



The summary of the processes descrlbed in steps 1-~7 involve just two major

chemical events:

(1) Nucleophllic addition of C_H

OH across the .C==0 double bond to

: 25
form a hemiacetal:
CH3 CHS I,OH
Sc==0 + CHOHZT—X °¢ (1)
H’/' 2’5 H’/ \\OC H
275

Thia "chemical event" is deacribed by processes in steps 1-3,

(1i) Nucleophilic substitution, in which the hydroxyl {(~0H) group of

the hemiacetal is substituted by an ethoxy (eOCzﬂs) group to form

the acetal:

CH OH CH oC_H
3>0/ ¥ cznsonﬂ 3>c< 25 L He0 (12)
H \\Oczﬂs H 002H5

(B) Example 2: Reaction of amines with aldehydes and ketones

Aldehydes and ketons react with amines to form characteristic compounds.

Examples of such amines include:

{1 HzNNHZ hydrazine
R
B~ce=0 4+ u_nNE ..‘__.._m_—_‘_"" \C=NNH + K0 (13)
2 2 2 g 2 2
aldehyde bhydrazine a hydrazone
or ketone
{i1) HENOH hydroxylamine
R
\C===0 + H_NOH «(-—-———-———g R\C=N0H + H O {14)
d/’ 2 H?/ 2
aldehyde hydroxylamine an oxime

or ketone

These are examples of nuclecophilic addition reactions in which the addition

product formed is converted to the final observed product via elimination

{refer hack to section 9,3,2,2),

Lat 1= use the reaction between acetcone (propanone) and hydroxylamine to

illustrate the mechanism of this clegs of reactions.



The general equation of the reaction is:

CH3 CH3
SCc==0 + HNOHzZ——2 °“C==NOH + H0
/ 2 2
CH CH
3
acetone acetoxime

The mechanism is as follows:

N+ '
3‘\§+ 3\\ 0 H CH3‘\CJ’OH
et
-
/i\ step 1 cn/ \n‘ﬂ—n step 2 CB3/ “\NHOH
OH H addition product
o/ E
H+
step 3
CH3 . +
Hy it | -H,0 Ha D)Hz
SC==NOH| $————— ’/c - ’//C
CH3 step & CH3 *?vlﬁ step 4 CH
elmination
product

Two major processes are involved:

(1)

(ii)

(iii)

Nucleophilic addition of HQNOH to CHSCOCH to form an addition product;

3

steps 1 and 2,

Further transformation of the addition product via elmination,as shown

in steps 3-3. Elimination of water and formation of C==N double

bonds occur simultaneously at step 4.

Steps 3.5 involving elimination of water molecule is acid catalysed as shown,

9.3.3 Summary

(a)

(b)

(c)

The characteristic feature of nucleophilic addition reactions is

the addition of an incoming nucleophilic reagent across the >C=='O
double bond,

Nucleophilic additions generally require the use of catalysts;
and the processes of the overall reactions are essentially

reversible,

Nucleophilic addition reactions can be classified into simple or
complex depending on whether or not the formation of the addition
product is followed by further chemical transformations.



9.4  ANSWERS

(1} (e) The cerbonyl group: ,C==0

(b) R B,
= C==0
H/ R/
aldehyde ketone .
@ ) AN
CH - CH 0 YH CH oH"
3~ h{é 5 3\0/ = 3\0/
~ N N
CH CH CN CH CN
3 . 3 3
CN
(ii) -
CH O
3&5*’4\9‘; CH,B\.C/ S CHS‘\C/OH +
H \, H 0*7 H OH
AN £
H H H
(3)
CH //f\\ + cH CH oH +
3/.\; ———{} ...._ﬂ._.__..._}. 3’>+ — QR ————— 3‘xc/* - -H -
CH; atep “atep 1 CH,; step 2 cH o step 3
0 3 \
VAN Collg
H 02H3
' H (‘5
cH oH + CHy L OH, "Hz f\
a7 H C\O
/C\ —, R A ~“etep 5
CH oc, H step 4 3 275 P
3 275
hemiacetal | /
By
step ©
+ CH oC_H
CH3\C/O(:2H5 - H _ /C/ 25
~ TN step 7 CH
n " ocH, Q}\ .-
acetal 28

Nucleophilic additlon reactions are marked by saturation of the C==0

double bonds by & nucleophille reagent to form an addition product.

In addition reactions followed by further processes, the addition product is
further converted to snother compound, That 1s what happened in the above
reaction in which the addition product, a héemiacetal, is further converted via
substitution to acetal, The overall product formed (the acetal) is s

substitution preoduct, but 1its formation follows (comes after) nucleophilic

additlion processes,



TOPIC 10

ELIMINATION REACTIONS



10.1

10,2

ELIMINATION REACTIONS

INTRODUCTION

In topic 8, we discusaed addition reactions in which an electrophilic

reagent reacts with an unsaturated molecule to form a saturated product,

We called these electrophilic addition reactions, i.e,

)
Se==CT + HH—Z-—-———}H——(I:—-?—-Z (1)

saturated product

In this topic, we shall discuss elimipnation reactions. They are reactions
which involve removal {elimination) of two groups from a reactant molecule

resulting in the formation of unsaturated products as shown in (2) below:
H— ‘;!:_"(Jf%z — 5 Se==cg (2)
unsaturated product
Elimination reactions can be seen as the opposite of addition reactions,
By the time you have completed studying this topic, you should be able to:
(1) Recognise elimination reactions,
{i1) Understand the processes involved in elimination reactions,

{ili) Demonstrate an understanding of the mechanism of these processes,

{iv) Relate elimination reactions to other reaction-types we have
discussed, noting similarities and differences in the basic

principles underlying each reaction-type.

EXERCISES

(1) When chloroethane ia treated with hot concentrated alcoholic
solution of sodium hydroxide, B and Cl are eliminated and ethene

is formed, Write a balanced equation representing the reaction.

{2y {(a) Using relevant symbols, show the mechagism of the reaction

indicated in (1) above.

(b) Classaify the mechanism you have jJjust used according to

whether it 1s El1l, or E2.



16.3

10.3.1

{(3) (a) Name two reaction factors that form the basis for the

mechaniams of elimination reectlons.
Qb) Use the knowledge of theme factors to deseribe:

(1) E2 mechanism, using reaction of bromopropane with

sodium ethoxide as an example,

{(il) El mechanism, using reaction of 2-methyl-2-bromopropane
with water (hydrolysis) as an exawmple,

™3

CH3——~C———Br

CH3

Z2-methyl-2-bromopropane

(4) Use your knowledge of the mechanism of the processes of elimination
reactions to predict how many isomeric alkenes would be formed
from the reaction of 2-bromobuiane with concentrated alcoholic
solution of sodium hydroxide:

CH3CH20HBrCH3

2-bromobutane

LESSON_NOTE
Overview

Elimination reactions are those in which the overall process involves the
ejection of some groups from the reactant molecule. Compounds that
typically undergo elimlnation reactiouns are alkyl halides,

' For example, the reaction of bromoethane with hot alcoholic NaOH results

in elimination of hydrogen and bromine groups resulting in the formation

of sethene (an alkene) as shown in (3) below:

CH,CH,Br + alc,NaOH ——3> CH==CH, + i Br- (3)
bromcethane ethene ejected
groups

The commonest of elimination reactions are the 1,2 (orjﬁn eliminations,
One of the important features of these kind of elimingtions is that the

groups removed are bonded to two adjacent carbon atoms in the (originsl)

reactant molecule, Detalls of thils are discussed below in section 10.3.2.



10.3.2 General features of 1,2-elimination remctions

The general feature of 1,2-elimination reactions is as shown in (4) below:

H—CpC—2 ——3 SC==C {4)

where Z = a leaving group (usually Cl, Br or I)
C1 = the carbon atom bonded to the leaving group
02 = the carbon atom adjacent to C1 in the molecules,

As can be segen from (&) above, for elimination to cccur, E——C and C—2Z
bonds must break, and a new C—C bond formed., Two main processes are

involved 1n elimination. These are:

(1) The removal of = f-hydrogen by a nucleopbile.
B~hydrogen refers to a hydrogen atom bonded to Cz.

(i1) The removal of the leaving group (Z).

The sequence in which these processes (1 and 11 above) occur determines
the mechanism of the elimination reaction. DPetails of the mechanisms

gre explained in section 1G.3.4 below,

10.3.4 Mechanism of 1,2-elimination reactlons

The mechanisu of elmination is explalned on the basis of:

(1) The timing of the attack of the nucleophile which removes a

"
B~hydrogen as a proton, H .

{(1i1) The sequence of the bond-breaking and the bond-making processes

in the overall reaction.

(1il) Where the bond-breaking and bond-making processes occur together,
the mechanism is called E2, and where they occur separately

{i.e. one after the other), it is called El. These are discussed

below:

10.3.4.1 E2 Mechanism

"E2" means elimination himolecular. The reaction process 1s one ir which

two reacting entities are involved at the transition state of the rate-

limiting step. It is thus a bimolecular reaction, invelving a one-step

machanism similar to SN2.



In this mechanism, the bond~breaking and bond-making processes occur

simultaneously. A general equation of the mechanism is as follows:

q L= -
ﬂ il{ }\1 Bla--].i' T
: & R H

R-—-C-—-C-Z:%-_.———-—‘r R—Cz22CrvniZ |—— \C:::.C/ (5)

[ g’ g

R' H R H

— t
alkylhalide L f""d"c__
Transition state BH + Z

(Z = C1, Br, or I)

B = a nucleophile (Lewis base)

The processes are as follows:

A nucleophile (B ) approaches a f-hydrogen and progressively co-ordinates
with it by removing it as a proton H+. The original pair of bond electrons
of the fp-hydrogen and f-carbon shift and gradually form a new bond
between the o« and f-carbon atoms. At the same time, the C—2Z bond

is being broken,with Z departing with the pair of bond electrons.

In the transition state, the bonds are being made or broken, The final

product 1s an alkene,

Generally, all alkyl halides undergo elimination by this mechanism,

A specific example is the reaction of bromopropane with sodium ethoxide,

forming propene.

Cﬂa—-——Cﬂz-——C}lzBr + 02H60Na‘.—-> CHS--—C'H"2==Ci"l2 * 02[{503 (6)

+ NaBr

The mechanism is as follows:

—
Czﬂsr”fl [ 5-@
H C_H 0¥y
CH —— C— CH, —————3 cu*—éﬁqﬂ — 5 P™e—cn
3 l 2 3 l i " 2
H CBr :@
H éré- propene
Tr— ey

i S Transition state » Cznsoa * Be

At the transition state: bonds (1) and (3) are being formed,

bonds (2) and (4) are being broken,



10,3.4,2

El Mechanism

"E1" means elimipation unimolecular, It is a two~step mechanism involvirng

Ey
formation of an intermediate carbonium jon from which a H is removed

by an attacking nucleophile. The transition state of the rate-limiting
step involves only one reacting entity - the alkyl halide, Its
concentration determines the rate of the reaction, El mechanism 1s a

slmilsar process to SN1.

The general equation of the reaction is as follows:

| z- ) t
——C e Carm 7 —-E--—-—_)- — ct H o ‘}C:—“’C\/__ (8)
* step 1 b { step 2
alkene

alkyl halide slow Intermediate fast
' carbonium jion + EH

The processes are as follows:

The first step 13 a heterolytic cleavage of the C—2Z bond {ionization

of C——Z bond) resulting in the formation of an intermediate carboniym ion,

The second step invelves a nucleophilic attack on the carbonium ion in

which the pucelophile (Bu) removes a ﬁ-hydrogen as a proton H+. That means
that the H-—C bond breaks heterolytically, with the pair of bond electrons
shifting as shown by the curved arrow to form a new hond between Cl and C2

atomns,

El mechanisme are leas common than E2, A typical example of E1 is the

reaction of 2-methyl-2~bromopropane with water (hydrolysis):

The general equation of the reaction is:

s
| H,0 #CH, _
CR—C—3Br — = CH—-C + Br (9
3 3 \\CH
3
CHS
The mechanism 1s as follows: -
D
CH3 H—C—>H H,O
-Br 2 //,,caz
CH,;—-—-C-——BI' R ct e CH3~—--C\ (10}
-—
| ca,” “Scu CH
: 3 3 3
CH3
2-methylpropene
2-methyl-2-bromopropane Intermediate

carbonium ion
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In E1, the rate of reaction is independent of the concentration of any base
employed, but dependent on the concentration of the alkyl halide, i.e.

Rate o [RX]

Increased concentration of the basic reagent used,shifts the reaction
mechanism from E1 to E2, because rate of E2 mechanism is dependent on both

reactants:

E2 o« [Rxl[basel

Thus with added base, for example NaOH in water, the E2 mechanism is dominant.

Steric hindrance does not play as significant a role in the E2

mechanism as it does for SH2: the bulky groups do not favour El1 over E2

in contrast to substitution where bulky groups favour S 1 over SN2.

N
This is because in substitution, nucleophilic attack is on the central

carbon atom which becomes shielded when bulky groups are attached;

whereas in elimination, attack is on the peripheral hydrogen atom,

Consequently, nearly all elimination reactions proceed via the E2 mechanism.

Elimination versus substitution: E1 =~ SN1 competition

You might have noticed from the discussions we have had so far in this
topic that the processes involved in elimination have close similarities
with nucleophilic substitution (topic 6).

Considering E1 and SN1 mechanisms, for example, we find that:

(i) Similar compounds are involved (alkyl halides) as the reacting
compounds,

(ii) Both are initiated by nucleophiles, i.e., basic reagents,
(iii) Both E1 and-SNI mechanisms involve a two~step mechanism,

(iv) The processes that lead to formation of an intermediate

carbonium ion in both E1 and SNI are the same, i,e, ionization

of the halide group.

Because of these close similarities in structure of the reacting molecules

and reaction processes, there is often competition between formation of

elimination and substitution products, It is this process that i1s referred

to as "elimination versus substitution” which we shall illustrate by El and

le reaction processes, »



In discussing this point, let us examine two important factors. They are:

{(a)

(b)

Factors that influence El/SNI product ratio, The most important

of these factors is the structure of the suhstrate., Substirates

that yield stable carbonium ions promote both E1 and SNl mechanisms

to varying degrees. This isx illustrated in reactions (11} and (12)

helow,

Factors that influence change of reaction pathway. The most important

of these is the nature of basic reagent employed: wesk bases promote

El together with SNI. Strong bases promote E2 and suppreases

formation of substitution products via SNZ.

Let us briefly examine each of these:

(a)

Substrates

For both El and SN1’ the trend in reaction tendency is:

tertiary :>> secondary t:> primary

subatrates substrates auhstrates

Thus it 1= fertiary substrates that react by these mechanismsa,
Considering tertiary substrates, those with more branched substituents
tend to yield higher proportions of elimipnation products. These are
1lluyatrated in reactioms (11) and (12) below which 1ia reaction of

2-methyl-2-bromopropane in ethanol at 25°C, i.e. solvolysis:

u
[ /\
‘]3“3 H— c—H¥ C_H _On

CHi— C——Bp ——2r_ o e~ T oy ¢ 2 elimination
3 €« S\ o4 3 N\ Product
Hy CH3 CH N\&% . 3 (19%)
11
2-methyl-2-bromopropans ) (11)
CH
3
CH ——C——0C,H,
CH3

substitution product (81%)

Elimination/substitution products is approximately 1in ratio 1:4

This shows that the amount of substitution preduct in the mixture

of products is four times more than elimination product,



If the reaction is carried out with a more substituted alkyl halide,

e.g. 2-methyl-2~bromobutane, under similar conditions, we have:

st 0 fﬁi////F\\\ THS
-Br W
s N p— S—
CH CH,, i Br ———> C+ g}@___.a CH,,CH~—C-—0C, H,
Hy Y v
2~methyl-2-bromobutane /N Ha 3
4]
C)} * substitution product (\2)
(64%)

- CHa

Ne Ha
elimination product (36%)

Eiinination/subatitution products is approximately in ratio 1:2,

Here we find that the ratio of elimination product is moderately increased

by introducing a more substituted substrate. Elimination product is about

half substitution product (compare this with reaction 11 above),

(b)

Nature of base

This is the most influential factor that serves to tilt the balance

of the ratio of elimination/substitution products, This is done
through modification of the reaction mechanism as illustrated in
reaction (13) below, Let us use the same substrate as in reaction

(115 above in which we found that the ratio of elimination/substitution
products is 1:4, Let us contrast that with a reaction in which we

now use a stronger base, e.g. 2M sodium ethoxide in ethanol,

i.e, 02H50-/Et0H. Because the base is a strong one, it attack the
substrate directly shifting the mechanism of the reaction from El
(equation 11) to E2, thereby suppressing SN1 process that accompany El.

The process is as follows:

£y ] T Y
C,H0 H.(;j__-n C H 00w svpensC—H
T ; iz v CH
Cl:la—---—(,:-cl}r-—-b Clia——ilz----ﬁsr 2 >~ Cﬁa C{ . (13)
CH
CH,, - CHg 3
—d elimination product
(93%)

Comparing this reaction with that shown in equation (11) above, we
find that using weak base, 1i.,e. CZHSOH with 2-methyl-2~brompropane,
yields only 18% of elimination product. Using a stronger base

drastically tilts the balance of product formation almost entirely

towards elimination (93%). through a change in reaction mechanism.



These are briefly summarised as Follows:

(a)

(b)

Naeture of substrate

The general trend of carbonium ion stability is:

tertiary :} secondary ::> primAary

E2 s 2

N

Nature of base employed

Generally, the more strongly the base employed, the greater the
tendency towards elimination via E2 mechanisam as seen in reaction (13)

forming almost exclusively elimination product.

The trend is as follows:

strong bases & > weak bases

NH; '>02H50" > HO ™ > cnscoo"

Elmination - - substitution

10.3.86 Summagz:

(a)

(b)

{c)

(d)

1l,2-eliminations involve ejection of two groups from two adjacent

carbon atoms.

Two reaction mechanisms have been discussed in this toplc., They are

E2 &nd El mechanisms,

(i) E2 mechanism: I{ 1s a one-step mechanism, Removal of nt and

ejection of a leavipng group occur together.

{(ii) El mechanism: It 1s a two-step mechanism, Ejection of the leaving

+
group precedes the removal of H , An intermediate carbonium ion

is involved,

There may be a "competiticon” between formation of elimination and

substitution products, especially with reactions proceeding via E1

mechanism. The product that predominates is determined by such
factors as the structure of the aubstrate and the nature of the

base enmployed,

Our discussion in section 10,3.5 shows that El mechanism is not a
particularly suitable synthetic route for obtaining alkenes,

(Do you know why?)



10.4 ANSWERS

(1) CH_,CH Cl1 + ale.NaOH '——-—-—-)-CH:CHz + H20 + NaCl

- gy 2
(2) (a) Hofl s -~
H H HO--*H H
| N H
n-—-ﬁc /} H—CiesC C15‘ _— \c.-:-_c/n
| | | " g
k= | & + Hy0 + €17

(b) The mechanism is E2., Bromoethane is a primary alkyl halide

which undergoes elimination reactions via E2 mechanism,
(3) (a) (i) Timing of attack of the nucleophile,

(ii) Sequence of breaking of existing bonds and forming

of new ones,

(b) (i) 1In E2 mechanism, the incoming nucleophile attacks the
+
alkyl halide molecule, removing a H . Bond-breaking and
bond forming occur together.

H H r— H H ‘

I A || B 5, P

CH -——T\jvc———Br — CH3-—--(? wC++=Br ——T‘I*CH/C"'—"lC\H
6= = 3
H CZH50----H H N
C2 + CEH.,’DH + Br
(ii) In E1 mechanism, the incoming nucleophile attacks an
intermediate carbonium ion removing a H+. Bond-breaking
precedes bond-making.
H /\
(]3H3 H—p—ﬂ 530 /m{
o NN T V... i1 C+ —>»ci,—c? 2
3 -\ g \CH
Ha i Cls Hant
30
(4) (a) T T
CHg—CH, -—-C-C{—H ~——— CH;—CH,~—CH==CH, + H,0 + Br_

CBr H l1-butene



(b) H H

]

CHS__CJC -—-CH3 > Cl'l:3 CI'IﬁCH---—Cl‘l3

HO'A I-ll l'lsr) 2-butene

There are two isomeric forms of 2-butene: Cis - and trans:

H\ . /H . H\ /CH3
c—cC /C_-—-_-:C
o,/ cg CH g
3 3 3
cis-isomer trans-isomer

Thus a total of three isomers are formed:
[.l)l - butene
© {ii) cis-2-butene

({11) trans-2-butene
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QUESTIONNAIRE

This is a questionnaire for you to express your opinion about this course
you have just completed. Put a tick (v3 in the appropriate boxes that
correspond with your opinion, Your identity is not required. You should

therefore feel free to be as honest as possible in your responses.

2, How difficult do you normally find studying organic chemistry?

VERY DIFFICULT | MODERATELY DIFFICULT EASY

3. How did you find reading through this "text on organic reaction

mechanism" that you have just completed?

VERY DIFFICULT MODERATELY DIFFICULT EASY

4. Having completed this course (i.e. this text), how much has it helped

to improve your understanding of organic chemistry?

VERY MUCH NOT MUCH NOT AT ALL

5. How much has this text helped to improve your learning or studying

of organic chemistry?

VERY MUCH NOT MUCH NOT AT ALL

6. Having completed this text, how much would you like to be taught

organic chemistry from a mechanistic approach?

VERY MUCH NOT MUCH NOT AT ALL




7. On the whole, how would you assess this text considering the
extent to which it has helped to reduce your difficulties in

organic chemistry?

VERY GOOD JUST GOOD POOR

8. Any other comments:




CONCLUDING REMARKS AND QUESTIONNAIRE



CONCLUDING REMARKS AND QUESTIONNAIRE

In the "Introduction" to this text we indicated that organic chemistry
is about the study of molecules - two aspects of molecules: their structure

and reactions.

Reactions of organic compounds involve processes of breaking of existing

bonds and making of new ones. Reaction mechanisms describe these processes.

Thus the understanding of reaction mechanisms helps us to understand these
processes of organic reactions, and thus helps to improve our learning of organic

chemistry. This text has been presented on that basis.

The text has not been presented to be additional "facts" of organic
chemistry. It is presented as a way through which our learning and understanding

of organic chemistry may be improved, based on our understanding of the

processes that occur within and between reacting molecules.

It is hoped that the text has helped you in overcoming some of your
difficulties in learning and understanding of organic chemistry. You are

requested to express your opinion by responding to the attached questionnaire.

Thank you.

A.A.M. Shaibu



University of East Anglia

School of Chemical Sciences
University of East Anglia
Norwich NR4 7T]

Telephone Norwich (0603) 56161
Telegrams UEANOR NORWICH

PROBLEM~SQLVING IN ORGANIC REACTION MECHANISM

STUDENT'S INDEX NUMBER:

.
Y e ——

Dear Student,

The following questions form the second part of the test on organic
reaction mechanisms,

Please answer all the guestions in the spaces provided immediately
after each question, Show all the steps in your solution as clearly
as possible,

Immediately following each question is a four-item gquestionnaire.
Complete it as soon as you have attempted the question,

If a question proves difficult for you, don't waste too much time
on it., Proceed to the next and then come back to it later,

There is also a six-item gquestionnaire at the end of the problems;
please respond to them as well.

Thank you.

A.A.M, Shaibu



SECTION A

PART 1I: TIME ALLOWED: 30 minutes

Questions 1-12 are based on the information given on Table 1. Select the

box from the table that most appropriately answers each question, and put

"X" in the corresponding box provided in the answer sheet. You can mark

only one box for each question.

e.g. In which box do you find an aromatic compound with an electron
releasing substituent?

The answer is box 3 which is marked thus:

Now continue in the same way, using the answer sheet provided.

In which box do you find:

1. A compound that is likely to undergo electrophilic addition across a

non-polar double bond?
2, A secondary group?
3., A homolytic dissociation process?
4, An elimination process?
5. A primary group?

6, A compound that is likely to undergo nucleophilic addition across a polar
double bond?

7. An SNz reaction mechanism?

8., An aromatic compound with meta-substituents?
9, A tertiary carbonium ion?

10, A carbanion?

11. An aromatic compound that can undergo a nucleophilic substitution reaction?

12, An SN1 reaction mechanism?
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13,

14,

15,

PART II

Each of the gquestions 13-50 has four options as answers. Only one of these
is correct, Select the correct one and put "X" in the circle immediately
below the letter on the answer sheet that corresponds with your choice.
Here is an example for you to follow.

Which of the following elements are present in cyclopropane?

(A) Carbon and oxygen

(B) Hydrogen and oxygen

(C) Carbon and hydrogen

(D) Carbon, hydrogen and oxygen

On the answer sheet you will find:

A B C D
The correct answer is C, so an "X" is put in the circle immediately below
it as shown, Now, attempt the questions in the same manner:

Which of the following is an electrophile?

(A) R-C:C-R
(B) R0
(€) R—CH,R
(D) R-NH-R

If A and B represent monovalent atoms, in which of the following compounds
is the bond polarised?

(A) B—B

B) A'B
(C) A—A

@ A%tg%"

Which of the following compound is a nucleophile?
o - O
(D) Z{:;::B

()

CHy



16, The electrophile that is regponsible for nitration of benzene in concentrated
sulphuric acid medium is normally:

-+

(A) NO
+
(B) NO,
+
{C) N03
+
(I N0,

17-18, For these three reactions, indicate which reagent is required to carry out

the conversions:

i7. C6H5C00H'———9 C6H50001
(A) HC1
(B) NaOCl

(€C)  Br,/CC1,

(D)  soc1,
18. CgH, ——> C.H.NO,
(A) HN02|conc.HC1

(B) HNOSIconc.HCI

) Hnozlconc.nns

(D) HNOsfconc.H2504
19. C_H_CH,CH Br —) C_H_CH=CH,

(A) Conc. H2804

(B) Alcoholic NaOH
C) Solution of Na/EtQH

(D) Alcoholic K20r207

20. By what name iz the following reaction usually known?
ﬁlCl3
C H. + RCOC1 ———» C_H_COR + HC1
66 6 5
(A} Cannizzaro reaction
{B) Hofmann reaction
{C) Friedel-crafts acylation
(D) . Friedel-crafts alkylation

-



21, An electrophile is an:
(A) Electron pair donor
(B) Electron pair acceptor
(C) Electron pair inhipitor

(D) Electron pair releasing group
w X ——xbNU 2
Nt

The above reaction is an example of:
(A) Electrophilic substitution

(B) Nucleophilic addition

(Cc) Electrophilic addition

(D) Nucleophilic substitution

23, Consider the reaction below, following the mechanism indicated:

Me : .o 4 M@q
We Me®" V'\e/ WE Mg

Addition of KBr to the aqueous reaction system will:

(A) Increase the rate of reaction
(B) Decrease the rate of reaction
(C) Leaves the rate of reaction unaffected

(D) Make the rate of reaction 1npossiblo to determine

CH3

M3
Be—Fe—O

The above reaction is an example of:

24,

(A) Electrophilic addition

(B) Electrophilic substitution
(C) Nucleophilic substitution
(D) Nucleophilic addition



25, ——(:;’ﬁ() >

26,

27,

28,

0
‘N\()- =0

The representation of a molecular structure by more than one structure,
as shown above, is described as:

(A) Isomerism

(B) Isomorphism

{C) Mesomerism

(D) Migration

Consilder the reaction below:

(:p 0

1~ LI 1 é) + 1 |l

puel— N — L —- e e

R ?2 + CH2 g TR & CH2 N2 —— R C cnz + N2
R R 2

R
It is8 an example of:
(A) Rearrangement
(B) Substitution
(C) Addition
[43)] Elimination

e ;
R S, S
NU™ NU NU é
The above reaction is an example of:
(A) Nucleophilic addition
{B) Electrophilic addition
{C) Nucleophilic subsgtitution
{0y Electrophilic gubstitution

In which of the following compounds can the carbon atom be described as
SP3 hybridised?
(A) CH,O

2
(B)  CH,N,
(C)  CHCL,
(D) co

2



29,

30,

31.

32.

33.

Which of the following arrows points to a nucleophilic site?

N

l
C
H/}L\H‘/ v/ |~|+ \H/

In which of the following compounds does the carbon atom have the highest

A -

o 0O w »

electron density?

(A) I (©) c1
c
u/l " 87| “H
H H
(B) Br (D) F
c c
87| Nu 1| “u
H H

Which of the following statements is true?

(A) An electrophile reacts by donating 2 electrons
(B) All Lewis acids are nucleophiles

(C) All electrophiles are cationic

(D) A nucleophile reacts by donating 2 electrons

Use Fig. 1 to answer questions 32 and 33.

F?‘\\\§+:::::é~
¥

Fig, 1

The carbon centre is susceptible to attack by:
(A) Electrophilic reagents

(B) Nucleophilic reagents

(C) Acylating reagents

(D) Dehydrating agents

Compounds having groups of this nature are most likely to undergo:
(A) Nucleophilic addition

(B) Electrophilic addition

(C) Nucleophilic substitution

(D) Electrophilic substitution



35.

36.

37.

a)
(B)
©)
(D)

Electrophilic addition
Electrophilic substitution
Nucleophilic substitution
Nucleophilic addition

H*he above reaction is an example of:

~ P \ ! AN
-C-é=c\ -3 =C- -f- —_—3 =C-
~ - ”

E

4E+ | Nu)

The reaction shown above is an example of:

(4)
(B
(C)
(D)

Nucleophilic addition
Electrophilic substitution
Elimination reaction

Electrophilic addition

3 72 3

Ho/ch(:ﬁ-qr ——> CHyCHzOH + Br~

The above reaction is an example of

(A)
(B)
()
(D)

Electrophilic substitution
Nucleophilic addition
Electrophilic addition
Nucleophilic substitution

Congider the dissociation indicated helow:

!

- —> -
(CH g} ,C—Cl (CH ) ,CH + C1

It itnvolves the breaking of the CU-Cl bond in which the bhonding electrons

are acquired by:

A)
(B)
(C)
(0

Carbon
Bromine
Both carbon and bromine

Neither carbon nor bromine

T



s

CH3
38, .___% H—C— + n
CN W H
The above reaction is an example of: .
(A) Nucleophilic addition
(B) Electrophilic addition
(c) Nucleophilic substitution
(D) Electrophilic substitution
39, nlconz s Rl and Rz are alkyl groups,

The molecule shown above is an example of:
(A) An ester

(B) An ether

(C) A ketone

(D) An aldehyde

40, nlooonz : nl and Rz are alkyl groups.

The molecule shown above represents
(A) An ester

(B) An ether

(C) A ketone

(D) An anhydride

Questions 40 and 41 refer to Fig. 2
fig2

41, Fig, 2 represents the molecular structure of:
(A) Butane
(B) Butene
(%] Butadiene
(D) Cyclobutane

42, Compounds with molecules of the structure shown in Fig. 2 are said to have:
(A) An aromatic system
(B) A heterocyclic system
) A hyperconjugated system
(D) A conjugated system



-
-~
-~

43, Cﬂa—CH-Cﬁzﬁ-\? e CHa-gﬁ-Cﬂa-}Br -—-—-——-bCHa-CHBr-CH

3
The above reaction is an example of:

(A) Electrophilic substitution

(B) Nucleophilic substitution

(C) Nucleophilic addition

(D) Electrophilic addion

Questions 44 and 45 refer to reactions I and I1I

CH3 CH P
O Y+ cHEd C\OS;—““’ t”.’?

CH'._':, CH C”
Y 2 H

C Ho+H-—Br ';te—p?BT +—C BEm—;BT-(E—CHa

- H’ S

44, In reactions 1 and Il above, step 1 in each case is:

(m /!

(A) An electrophilic attack on the hydrocarbon
(B) A nucleophilic attack on the hydrocarbon
(C) A rearrangement of the hydrocarbon

(D) None of the above

45, Step 2 in each case is:
(A) A substitution process
(B) A rearrangement process
(C) A free radical reaction

(D) None of the above

46, Which box indicates the increasing order of relative ease in

which HBr adds under polar conditions to the following three alkenes:

CH, - CH=CH, CH, = CH, CH,, = CHC1
1 - 2 o 3
A ' B c D

1<3<2 1<2<3 3<2<1 2<3<1




R' R R'
v ROe 3 SO NU=CCR 477
- R’ N R?

The reaction mechanism indicated above is an example of:

(A) SN
(B) SN
() El
() E2

CH3 C}i3
qJ¢ Lgr— CHz’C\H + B
8 H

The reaction mechanism shown above is an example of:

: |

(A) SN
(B) SNZ
(C) El
(D) E2
free
'“‘T’"’W Fig. 3

—» reaction path

If the above diagram (Fig, 3) represents the energy profile of the reaction:

R—X ;—4 x'+RW/S;1+ R—NU; then:

(A) First step is rate-limiting
(B) Second step is rate-limiting
(C) Both steps are rate-limiting
(D) None of the steps is rate-limiting



50,

The energy profile shown in Fig. 3 on the previcus page moat likely represents

the reactlion progress of:
1

(A} SN reaction
2

(B) SN reaction

({C) E2 reaction

(D) None of the zbove



SECTION B

ANSWER ALL QUESTIONS TIME ALLOWED: 23} hours

Considering structural and solvent factors, outline a possible reaction
mechanism for the hydrolysis of bromopropane by aqueous potassium hydroxide.
The equation of the reaction is:

CH3CBZCH28r + aqNaOH —— caacuzcnzon + NaBr



QUESTIONNAIRE

Put "X" in the box that most closely corresponds to your opinion:

1., Are you familiar with this problem?

YES NOT SURE NO

2, How did you find solving the problem?

DIFFICULT | MODERATE EASY

3. How confident are you that your answer is correct?

CONFIDENT | MODERATE | DOUBTFUL

4, 1If you had difficulties in solving this problem, which one of the following
reasons mostly accounts for your difficulty?

1 do not have the grasp of the basic chemical knowledge.

I knew the facts but I did not know how to apply them to

arrive at a solution,

I cannot understand the question 80 could not proceed.

I was never taught this,

I got mixed up along the way. —_— R4

If any other reasons, state them briefly.

——— o ——— - - - - ——— -




7. Conszidey reactions I and II below, in which HBr adds across the carbon-
carbon olefinic bonds:
1 2 3

(1) cH,=cH-CH,+HBr —> CH,-CHBr-CH,

electrophilic addition

| 2 3
(II) CH2=CH-CH0+HBI‘ —_— CHzBr—CH2-0H=0

nucleophilic addition

Outline the mechanism of the reactions; and use it to explain why reaction II

behaves differently from reaction I.

Hint: -CHO is an electron withdrawing group.



2‘

QUESTIONNAIRE

Put "X" in the box that most cleosely corresponds to your opinion:

Are you familiar with this

How did you find solving the problem?

problen?
YES NOT SURE NO
DIFFICULT | MODERATE EASY

How confident are you that your answer is correct?

CONFIDENT

MODERATE | DOUBTFUL

1f you had difficulties in solving tkis problem, which one of the following

reasons mostly accounts for your dlfficulty?

I do not have the grasp of the bhasic chemical knowledge.

b

arrive at a solution,

I cannot understand the question so could not proceed.

I was never taught this,

I got mixed up along the wa

¥,

If any other reasons, state them briefly,

I knew the facts but I did not know how to apply them to ‘




6.

Using the relevant mechanisms of the respective reactions,

(a)

(b)

Explain why l1l-butylbromide forms one isomer while 2-butylbromide forms

three isomers respectively, when treated with an alcoholie solution of

potassium hydroxide,

CH3CHBCHZCH23r CHSCHBCH(BI‘)CH3

1-butylbromide 2-butylbromide

What name is usually given to the mechanism that you have described?



QUESTIONNAIRE

Put "X" in the box that most closely corresponds to your opinion:

1. Are you familiar with this problem?

YES NOT SURE NO

2. How did you find solving the problem?

DIFFICULT | MODERATE EASY

3. How confident are you that your answer is correct?

CONFIDENT | MODERATE } DOUBTFUL

4. 1If you had difficulties in solving this problem, which one of the following
reasons mostly accounts for your difficulty?

I do not have the grasp of the basic chemical knowledge.

I knew the facts but I did not know how to apply them to

arrive at a solution,

I cannot understand the question so could not proceed.

I was never taught this,

I got mixed up along the way.

If any other reasons, state them briefly.




5. Aryl halides (having a halide group attached directly to benzene ring)
do net usually undergo nucleophilic substitution, though this iz common

with aliphatic analogues:

: :
C_+ HO > C + X
Y
H ]_‘{\X | H/}[}\OH

)( $ }{()- —e ey NO reaction

However, it has been observed that if electron withdrawing groups are
attached at ortho or para positions to the halide group, substitution

occurs thus:

CH3CO X +HO ———= CHyC0 OH
+ X
Suggest a reaction mechanism, showing the role of the electron withdrawing

group in the reaction.



1,

2-

3-

QUESTIONNAIRE

Put X" in the hox that most clogely corresponds to your opinion:

Are you familiar with this problenm?

YES NOT SURE NO

How did you find solving the problem?

DIFFICULT } MODERATE EASY

How confident are you that your amswer is correct?

CONFIDENT | MODERATE } DOUBTFUL

If you had difficulties in solving this problem, which one of the following
reasons mostly accounts for your difficulty?

I do not have the grasp of the basic chemical knowledge.

I knew the facta but I did not know now to apply them to

arrive at a solution,

I cannot understand the question so could not proceed.

I was never taught this,

I got mixed up along the way.

If any other reasons, state them briefly,
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Hydration of ketone is a reversible reaction resulting in the formation
of the hydrate. In alkaline solution, the mechanism is as follows:
R (1 O
] }{ ~ C) -
R nf_-—-r.Rz_k___O-—-—_‘——-—a- R C/ +HO
=0 / ) R N0OH
R O
R\l k{
HO
In fact the equilibrium is usually in favour of the ketone, Starting

from the hydrate, discuss the mechanism of the reverse process in

alkaline solution,



1-

2,

3,

QUESTIONNAIRE

- Put "X" in the box that most closely corresponds to your opinion:

Are you familiar with this problem?

YES NOT SURE NO

How did you find solving the problem?

DIFFICULT | MODERATE EASY

How confident are you that your answer is correct?

CONFIDENT | MODERATE ) DOUBTFUL

If you had difficulties in scolving this problem, which cne of the following

reasons mestly accounts for your difficulty?

I do not have the grasp of the basic chemical knowledge.

I knew the facts but I did not know how to apply them to

arrive at a solution,

I cannot understand the question s0 could not proceed.

i was never taught this.

I got mixed up along the way.

If any other reasons, state them briefly.
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Congidering the mechanisms of the reactions of bromine with benzene and
with ethene, explain the following observation:
A catalyst is needed for the reaction of benzene with bromine, but not for

the reaction of ethene with bromine,



2-

Using as examples, the reactions

of CN  with



QUESTIONNAIRE

Put "X" in the box that most closely corresponds to your opinion:

1. Are you familiar with this problem?

YES NOT SURE NO

2. How did you find solving the problem?

DIFFICULT { MODERATE EASY

3. How confident are you that your answer is correct?

CONFIDENT | MODERATE | DOUBTFUL

4, If you had difficulties in solving this problem, which one of the following

reasons mostly accounts for your difficuliy?

I do not have the grasp of the basic chemical knowledge.

1 ¥new the facts but I did not know how to apply them to

arrive at a solution. )

I cannot understand the question g0 could not proceed,

1 was never taught this,

I got mixed up along the way.

If any other reasons, state them briefly.
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