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FOREWORD 
 

This is an era of science and technology. Societies are changing at a rapid speed 
which demands keeping ourselves in touch with these revolutionary changes. 
Chemistry among the sciences has its significant role due to its frequent use in the 
daily life affairs. Other subjects like Biology, Physics, Medicine, and Engineering 
also borrow help from Chemistry. For this reason, it a core subject at secondary 
level. Teachers of Chemistry need to be equipped with the teaching strategies and 
methods alongwith the content knowledge. Allama Iqbal Open University and 
Science Education Department has accepted to maintain the excellence and 
adequacy in teacher education. This book is one of those series of books which 
will enable the teachers to cope with changing needs of the society and students, 
especially in the field of Teaching of Chemistry. 
 
This book is not written by a single author but a group of authors having vast 
experience in the field of Chemistry teaching. The course development team was 
committed to make it possible in this shape. Now it is a complete book written 
according to the approved content and format of AIOU. Efforts have been made 
to integrate the content and methodology for a better understanding of the 
prospective chemistry teachers.  
 
The focus of this book is to provide the prospective chemistry teachers with best 
knowledge, skills and content methods in the subject of Chemistry teaching. 
Keeping in view the qualitative aspect of education and an increasing demand of 
science teachers, stress is rested upon science content as well as strengthening 
their professional skills and knowledge. The elements of motivation and affection 
are also considered.    
 
We welcome suggestions and comments for improvements from the readers, 
teachers and public at large for the improvement of this course. 
 
 

Prof. Dr. Nasir Mahmood 
Chairman  

Science Education Department 
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PREFACE 
 
Teaching of Chemistry is an important course in the science cluster of B.Ed. 4 
Years and B. Ed 2.5 Years programme. This course is basically designed for those 
science teachers who are supposed to teach or currently teaching Chemistry at 
secondary level. There is an increasing research and innovative activities 
witnessed in the field of Chemistry alongwith other basic science disciplines. 
Teaching of Chemistry is also going to see changes in the same way. In this 
course, we have tried our best to organize the teaching of chemistry in accordance 
with time, circumstances, needs of the society, and requirements of University 
approved outlines.  
 
Possibility of improvement always exists. This is a quick work and may have 
some mistakes and lapses for which we shall welcome suggestions for 
improvement in the next edition. 
 
We are grateful to the authors Dr. Iqbal, Dr. Erum, Dr. Farzana, Dr. Bhatti, Mr. 
Arshad Qamar, and Mr. Zia ul Haq for their continuous efforts and cooperation in 
the development of this course. I am also indebted to the Chairman Science 
Education Department and the Dean Faculty of Education Prof. Dr. Nasir 
Mahmood for his generous support and guidance at every stage. 
 
 
 
 
 

Dr. Aftab Ahmed 
Course Development Coordinator 

 
 
 
 
 
 
 
 
 
 
 
 

v 
 



ACKNOWLEDGEMENTS 
 

Allama Iqbal Open University and the Course Development Coordinator along 
with course development team are grateful to the writers and publishers of books 
on Chemistry and Teaching of Chemistry for adopting their books and materials, 
internet for providing useful information regarding Chemistry and teaching, and 
reference materials for the development of the course of Teaching of Chemistry 
for B. Ed. Science Education. 
 
All are specially acknowledged whose information and material have been quoted 
in the course that Allama Iqbal Open University is a non- commercial educational 
University in Pakistan which is providing educational facilities to under-
privileged remote rural areas through distance and non-formal mode.  
 
It is a matter of pleasure for Department of Science Education and AIOU to 
acknowledge all those whose efforts and hard work make it possible to frame 
content of this book. Committee of courses tried her best to make necessary 
changes and then approved the content of this course.  
 
My special thanks to Dr. Aftab Ahmed, Course Development Coordinator, who 
got the approval of Course Team and completed it in a short time. I acknowledge 
the writers and reviewers for a speedy write-up and review of the units efficiently. 
 
I also acknowledge the team of APCP, Editor, and Layout Designer, Composer 
and Producer for giving their input to make this book more fruitful. Our PPU 
team is very cooperative and helpful for publishing the book. Finally, I 
acknowledge all those who in one way or the other put their efforts for completion 
of this task.  
 
 

Prof. Dr. Nasir Mehmood 
Chairman/Dean Faculty of Education 

 
 
 
 
 
 
 
 

vi 
 



OBJECTIVES OF THE COURSE 
 

After completing this course, you will be able to: 
1. Describe the general objectives of teaching Chemistry at secondary level 
2. Explain the specific objectives of Teaching of Chemistry at secondary level. 
3. Describe the importance of objectives of teaching Chemistry. 
4. Discuss the three domains of objectives. 
5. Analyze the current Chemistry syllabus 
6. Distinguish the local, national and international trends in Teaching of 

Chemistry. 
7. Apply different teaching strategies for teaching of different topics of 

Chemistry 
8. Explain the functions and limitations of chemistry in the society 
9. Guide the students in such a manner that they will be able to understand the 

nature of the matter and Chemistry as a subject 
10. Understand the chemical processes and the underlying principles 
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INTRODUCTION 
 
Nature, importance and objectives of chemistry teaching is the first unit of 
“Teaching of Chemistry” developed for students of B.Ed (2.5/4Years) 
specialization in science education. Chemistry is an essential basis for many 
facets of our everyday lives, and has many unforeseen potential benefits for our 
future. An understanding of chemistry allows us the opportunity to make sense of, 
and explain the world around us. It develops basic knowledge of how to live in 
this world, to deal with the issues of daily life and how to make decisions 
concerning our actions as individuals. Examples are: how food changes when we 
cook it, how cleaning works and which cleaner to choose for which purpose, how 
materials are produced and how we can use them with respect to their different 
properties, the functioning of medicine, vitamins, supplements, and drugs, or 
understanding potentials and risks of many modern chemistry related products 
and technologies. Chemistry is important to teach and learn as it has become an 
essential part of our lives. Chemistry is everywhere ranging from our health to our 
safety. Chemistry is multidisciplinary subject related to many other science 
subjects. For example when we study chemical reactions taking place inside the 
living bodies it is called as biochemistry. In the same way the study physical 
aspects of different phenomenon pertaining to chemistry is called physical 
chemistry.  
 
No subject has value without objectives and goals or aims. In this unit, objectives, 
new trends, concept learning and standard in Chemistry education are discussed in 
a very simple way. Most of the content is taken from online sources. Student 
activities, self assessment questions and other important information regarding the 
contents are given according to the format and pattern of the AIOU. 
 

OBJECTIVES 
 
After completion of this unit, you will be able to: 
• elaborate the nature of chemistry teaching. 
• develop aims, goals and objectives of the chemistry teaching. 
• differentiate between specific and general objectives with the help of 

examples. 
• explore the relationship of chemistry with other subjects. 
• explore new trends in the chemistry teaching 
• describe concept learning in the subject of chemistry 
• identify standards in chemistry education. 
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1.1 NATURE AND IMPORTANCE OF CHEMISTRY TEACHING 
 
Chemistry is the study of matter and energy and the interaction between them. 
There are many reasons to study chemistry, even if you aren't pursuing a career in 
science. 
 
Chemistry is everywhere in the world around you! It's in the food you eat, clothes 
you wear, water you drink, medicines, air, cleaners... you name it. Chemistry 
sometimes is called the "central science" because it connects other sciences to 
each other, such as biology, physics, geology, and environmental science. Here 
are some of the best reasons to study chemistry. 
1. Chemistry helps you to understand the world around you. Why do leaves 

change color in the fall? Why are plants green? How is cheese made? What 
is in soap and how does it clean? These are all questions that can be 
answered by applying chemistry. 

2. Basic knowledge of chemistry helps you to read and understand product 
labels. 

3. Chemistry can help you make informed decisions. Will a product work as 
advertised or is it a scam? If you understand how chemistry works you'll be 
able to separate reasonable expectations from pure fiction. 

4. Chemistry is at the heart of cooking. If you understand the chemical 
reactions involved in making baked goods rise or neutralizing acidity or 
thickening sauces, chances are you'll be a better cook. 

5. A command of chemistry can help keep you safe! You'll know which 
household chemicals are dangerous to keep together or mix and which can 
be used safely. 

6. Chemistry teaches useful skills. Because it is a science, learning 
chemistry means learning how to be objective and how to reason and solve 
problems. 
 

1. Helps you to understand current events, including news about petroleum, 
product recalls, pollution, the environment and technological advances. 

2. Makes life's little mysteries a little less... mysterious. Chemistry explains 
how things work. 

3. Chemistry opens up career options. There are many careers in chemistry, but 
even if you're looking for a job in another field, the analytical skills you 
gained in chemistry are helpful. Chemistry applies to the food industry, 
retail sales, transportation, art, homemaking... really any type of work you 
can name. 
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4. Chemistry is fun! There are lots of interesting chemistry projects you can do 
using common everyday materials. Chemistry projects don't just go boom. 
They can glow in the dark, change colors, produces bubbles and change states. 
 

1.2  AIMS, GOAL AND OBJECTIVES OF CHEMISTRY 
TEACHING 

 
Before starting aims, goals and objectives of chemistry teaching one must 
understand what is the difference between aims, goals and objectives?  Who 
generates aims, goals and objectives:  What are different types of objectives? For 
how long aims,  goals or objectives can be best achieved? 
 
An aim is a purpose or the desired outcome. Aims tend to be more general than 
goals and objectives because aims refer to the end results. But while they are 
general in nature, aims are also bigger. They are the vision for your organization. 
Aims are not always accompanied by goals and objectives, but to achieve the 
desired outcome there must be an action plan in place. For example, a person 
might state his or her aim is to be a successful entrepreneur, without setting the 
goals and objectives that would help him or her to achieve this. Aims are long 
term targets. It means long time more resources are required to achieve aims. 
Aims are most generalized statements containing a large number of goals and 
objectives. 
 
Goals are statements of intent. Goals help to achieve an aim. A goal is usually 
broad and does not lay out the steps to achieve it. A goal is a target or destination. 
Goals keep you focused on your aim and on track working to achieve it. There 
can be many goals in one aim. Goals can be achieved in less time as compared to 
aim. Goal require less time and resources to be accomplished. 
 
Goals are destinations and objectives are the actions needed to arrive at that 
destination. Objectives are measurable and there may be multiple objectives 
leading to your goals and aims. If your overall goal is to get a more rewarding job, 
for example, you may have a set of objectives that help you to achieve this. Such 
objectives might include sending letters to companies you want to work for, 
brushing up on interview techniques and learning skills or obtaining qualifications 
that would increase your employment prospects. Objectives are like a road map, 
giving you direction as to what you what you need to do and when you need to do 
it in order to achieve your business goals and aims. In educational context if goal 
is to become a doctor, then lot of actions are to be taken to complete a large 
number of activities. General objectives take less time than goals achievement but 
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specific objectives can be achieved in very short time. The hierarchy of targets 
may be from specific object to aims of chemistry. 
 
Chemistry is a central subject of science. It is also closely related to daily life. The 
broad aims are to help students to solve problems, and then there would be goals 
many types of problems. The broadness of problems becomes narrow and 
specific. In above mentioned aim only problem solving aims was one but there are 
a lot of problem solving situations.  
 
1.2.1 Aims of Chemistry Teaching 
 
Aims of Chemistry teaching are as follow: 
1.  acquire some knowledge of the empirical world.  
2.  acquire an ability to observe accurately and objectively.  
3.  acquire an ability to solve problem.  
4.  acquire an ability to think scientifically, independently and to make rational 

discussion.  
5.  acquire an ability to communicate, using the language of chemistry.  
6.  develop an appreciation of chemistry and its application in daily life.  
7.  promote an awareness of the social, economic, environmental and 

technological implication of  chemistry. 
 
1.2.2 Goals of Chemistry Teaching 
 
1.  to encourage students to take an active part in class. 
2.  to encourage students to develop curiosity and a spirit of enterprise. 
3.  to teach good laboratory practice and skills.  
4.  to teach students to be aware of the safety of oneself and others in the 

laboratory and be committed to safe practices in daily life.  
5.  to teach students to analyze data from experiments or from other sources.  
6.  to acquire students a readiness in becoming responsible citizens in a 

changing world.  
7.  to provide students with some insight into future career prospect in the fields 

related to Chemistry. 
 
They include national high school science objectives, which can be adapted to 
apply specifically to chemistry. 
 
i. Use of Chemistry to Address Scientific Inquiries 
Students must develop questions and use chemistry to determine the answers. 
This process is achieved by planning and implementing controlled experiments in 

6 
 



which students make educated guesses, or hypotheses, about how chemicals will 
interact. When the experiments are complete, students must analyze and record 
their findings. 
 
Also called learning standards, objectives are academic goals that guide 
instruction. Teachers develop lessons with the purpose of meeting specific 
objectives. States have their own set of objectives per subject and grade. 
However, standards also exist at the national level. These set the tone for learning 
at the state level and can be used to guide home-based instruction. They include 
national high school science objectives, which can be adapted to apply 
specifically to chemistry. 
 
ii. Connect Chemistry with Physical Science 
 
Students must understand the structure of atoms and chemical reactions. Students 
may meet these objectives by creating and labeling models of atoms and writing 
and balancing chemical equations that show the new substances were created as a 
result of blending specific elements identified on the Periodic Table of Elements. 
Achieving this objective also means that students should familiarize themselves 
with key vocabulary words such as "catalyst," "proton," "neutron" and "electron." 
Also called learning standards, objectives are academic goals that guide 
instruction. Teachers develop lessons with the purpose of meeting specific 
objectives. States have their own set of objectives per subject and grade. 
However, standards also exist at the national level. These set the tone for learning 
at the state level and can be used to guide home-based instruction. They include 
national high school science objectives, which can be adapted to apply 
specifically to chemistry. 
 
iii. Connect Chemistry with Life Science 
 
Students must investigate the relationship between chemical signals and cellular 
development. They also must study the way that body chemistry keeps humans 
alive and well. This objective may be met in part by creating models of neurons 
and analyzing the effects that specific behaviors have on humans' neurological 
development. Also called learning standards, objectives are academic goals that 
guide instruction. Teachers develop lessons with the purpose of meeting specific 
objectives. States have their own set of objectives per subject and grade. 
However, standards also exist at the national level. These set the tone for learning 
at the state level and can be used to guide home-based instruction. They include 
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national high school science objectives, which can be adapted to apply 
specifically to chemistry. 
 
iv. Connect Chemistry with Earth Science 
 
Students should identify and describe geochemical reactions, or chemical changes 
in the Earth. They may meet this objective by writing specific geochemical 
equations and investigating how geochemical reactions create natural phenomena 
such as mountain ranges and volcanoes. They also may meet this standard by 
researching chemical reactions that occur in outer space. 
 
Also called learning standards, objectives are academic goals that guide 
instruction. Teachers develop lessons with the purpose of meeting specific 
objectives. States have their own set of objectives per subject and grade. 
However, standards also exist at the national level. These set the tone for learning 
at the state level and can be used to guide home-based instruction. They include 
national high school science objectives, which can be adapted to apply 
specifically to chemistry. 
 
v. Use Technology to Promote Scientific Understanding 
 
Students must consciously integrate technology when conducting experiments. 
Students may use certain computer technology to simulate certain chemical 
reactions. 
 
Also called learning standards, objectives are academic goals that guide 
instruction. Teachers develop lessons with the purpose of meeting specific 
objectives. States have their own set of objectives per subject and grade. 
However, standards also exist at the national level. These set the tone for learning 
at the state level and can be used to guide home-based instruction. They include 
national high school science objectives, which can be adapted to apply 
specifically to chemistry. 
 
vi. Connect Chemistry and Contemporary Concerns 
 
Students should investigate and demonstrate knowledge about the significance of 
chemistry to contemporary concerns. This study includes man-made and natural 
disasters. Lessons may meet this requirement by focusing on the chemical 
components of alternative energy, chemical creation of environmentally friendly 
products, effects of efforts to clean up the 2010 Deep Water Horizon oil spill, 
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effects of the 2011 Fukushima meltdown and controversy surrounding the 
chemical components of vaccines. 
 
Also called learning standards, objectives are academic goals that guide 
instruction. Teachers develop lessons with the purpose of meeting specific 
objectives. States have their own set of objectives per subject and grade. 
However, standards also exist at the national level. These set the tone for learning 
at the state level and can be used to guide home-based instruction. They include 
national high school science objectives, which can be adapted to apply 
specifically to chemistry. 
 
vii. Connect Chemistry with History 
 
Students must demonstrate knowledge of chemistry's effect on history by 
studying famous chemists. They also may identify and analyze the ways that 
specific chemical innovations have changed the way society functions and had a 
global effect on the world. 
 
1.2.3 Chemistry Learning Objectives 
 
The following set of objectives is a result of the combined efforts of all of the 
chemistry departments of the CSU system. They were developed from the view of 
a student pursuing a bachelor's degree in chemistry. However, they are equally 
appropriate for students who are taking chemistry courses while pursuing a 
chemistry related degree. Clicking on the link preceding the goal will open a pop-
up window listing the courses wherein the goal is addressed (this same 
information is available on other pages under different format) 
 
A.  Students obtaining a baccalaureate chemistry degree should 

demonstrate upon graduation 
1.  General familiarity with the following areas in chemistry: analytical, 

biochemistry, inorganic, organic and physical. 
2.  The ability to work effectively and safely in a laboratory environment. 
3.  The ability to use the power of computers in applications in chemistry. 
4.  The ability to communicate effectively, both orally and in writing. 
5.  Learned how to think critically and analyze chemical problems. 
6.  The ability to work in teams as well as independently. 
7.  Developed formal (abstract) thinking skills as well as concrete thinking skills. 
8.  The ability to initiate their career following graduation. 
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B.  The preceding objectives can be met by the individual Learning 
Objectives listed on the next pages and by ongoing programs which 
encourage: 

1.  The timely and effective advisement of students. 
2.  Capstone experiences for students with independent projects strongly 

encouraged. 
3.  Opportunities for students and faculty to interact with alumni and with 

professional chemists. 
4.  Dialogues with colleagues in departments servicing chemistry students. 
5.  Laboratory experiences with up-to-date equipment. 
6.  The use of modern computing resources involving chemical applications. 
 
C.  Laboratory Knowledge and Skills 
 
Students obtaining a baccalaureate chemistry degree should have upon 
graduation: 
1.  The basic analytical and technical skills to work al and technical skills to 

work effectively in the various fields of chemistry. 
2.  The ability to perform accurate quantitative measurements with an 

understanding of the theory and use of contemporary chemical 
instrumentation, interpret experimental results, perform calculations on 
these results and draw reasonable, accurate conclusions. 

3.  The ability to synthesize, separate and characterize compounds using 
published reactions, protocols, standard laboratory equipment, and modern 
instrumentation. 

4.  The ability to use information technology tools such as the Internet and 
computer-based literature searches as well as printed literature resources to 
locate and retrieve scientific information needed for laboratory or theoretical 
work. 

5.  The ability to present scientific and technical information resulting from 
laboratory experimentation in both written and oral formats. 

6.  Knowledge and understanding of the issues of safety regulations, ethics and 
societal issues in the use of chemicals in their laboratory work. 

 
D.  Computer, Library and Information Skills 
 
Students obtaining a baccalaureate chemistry degree should have upon graduation 
1.  The ability to make effective use of the library and other information 

resources in chemistry, including 
a. Finding chemical information utilizing the primary literature. 
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b. Critically and ethically evaluating chemical information. 
c. Finding and evaluating chemical information utilizing secondary 

sources such as the Internet. 
2.  The ability to make effective use of computers in chemistry applications, 

including 
a. Using a computer as a tool in writing, drawing chemical structures and 

data analysis to communicate scientific information. 
b. Having a familiarity with the applications of computers in the 

modeling and simulation of chemical phenomena. 
c. Having an appreciation of the applications of computers in data 

acquisition and processing. 
d. Retrieval of information using library or internet resources. 

 
E.  Oral and Written Communication Skills in Chemistry; Ethics in 

Chemistry 
 
Students obtaining a baccalaureate chemistry degree should have upon graduation 
1.  Adequate skills in technical writing and oral presentations. [Students must 

be given the opportunity to practice effective writing and oral 
communication throughout the chemistry curriculum.] 

2.  The ability to communicate scientific information in oral and written oral 
and written formats to both scientists and nonscientists. 

3.  An understanding of current ethical issues in chemistry and be able to apply 
ethical principles in classes and research. 

 
F.  Quantitative Reasoning Skills 
 
Students obtaining a baccalaureate chemistry degree should have upon graduation 
1.  Sufficient quantitative reasoning skills successfully to pursue their career 

objectives, a related career or further professional training. 
2.  Developed their 

a. Proficiency in algorithmic and calculation skills. 
b. Ability accurately to collect and interpret numerical data. 
c. Ability to solve problems competently using extrapolation, 

approximation, precision, accuracy, rational estimation and statistical 
validity. 

d. Ability to relate theories involving numbers and the practice of the 
theory. 

e. proficiency in the scientific method (formulating hypotheses and 
arriving at appropriate answers and conclusions) 
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G.  Knowledge of Chemical Principles and Facts; Appreciation for 
Chemistry as a Discipline 

1.  Developed a mastery of critical thinking skills, problem-solving skills and 
data analysis skills leading to the ability to the ability to 
a. Collect and analyze data. 
b. Apply fundamental chemical principles to gather and explain data. 
c. Design experiments or model systems to test hypotheses. 
d. Assess the relative validity of several possible solutions to a problem. 

2.  A working knowledge of chemical principles appropriate to a chemistry 
degree program 

3.  A mastery of a broad set of factual chemical knowledge concerning the 
properties of substances, molecules and atoms. 

 
1.2.4 Chemistry Program Goals: 
 
1. To provide a broad foundation in chemistry that stresses scientific reasoning 

and analytical problem solving with a molecular perspective. 
2. To provide students with the skills required to succeed in graduate school, 

the chemical industry or professional school. 
3. To expose the students to a breadth of experimental techniques using 

modern instrumentation. 
 

1.2.5 Learning Objectives: 
1. The student will understand the importance of the Periodic Table of the 

Elements, how it came to be, and its role in organizing chemical 
information. 

2. The student will understand the interdisciplinary nature of chemistry and to 
integrate knowledge of mathematics, physics and other disciplines to a wide 
variety of chemical problems. 

3. The student will learn the laboratory skills needed to design, safely conduct 
and interpret chemical research. 

4. The student will acquire a foundation of chemistry of sufficient breadth and 
depth to enable them to understand and critically interpret the primary 
chemical literature. 

5. The student will develop the ability to effectively communicate scientific 
information and research results in written and oral formats. 

6. The student will learn professionalism, including the ability to work in 
teams and apply basic ethical principles. 

 

12 
 

javascript:showwindow(28)
javascript:showwindow(29)
javascript:showwindow(30)


1.3  CHEMISTRY AND ITS RELATION WITH OTHER 
SUBJECTS 

 
Chemistry is known as a multidisciplinary subject within the field of science. It 
links other areas of knowledge such as physics, biochemistry, astronomy, 
mathematics, geography among others. Initially, the studies that were based on 
our environment were termed as natural sciences. Therefore, the relationship 
between these matters helps us to clear.ly explain the complex phenomena that 
happen to us through nature. 
 
Due to the specializations that occurred in the natural science, scientists were able 
to come up with four major fields of natural science namely chemistry, physics, 
geology and biology. With a quantifiable passage of time, the studies of each field 
of natural science became more specialized or delimited, and new sciences 
emerged such as biophysics, biochemistry, geochemistry among others. The 
greatest of the relationship in natural science is the relationship between 
chemistry and physics which was very vital in the development of atomic theory. 
The rules of the material that are found in nature are explained through quantum 
mechanics hence theoretical chemistry can also be termed as theoretical physics. 
 
So, what is the actual relationship between chemistry and other fields of 
knowledge? 
By and large, chemistry relates to other fields of knowledge in many and different 
ways. Today, we shall discuss in detail how each field of expertise concurrently 
relates to chemistry. Therefore, feel relaxed and continue reading. 
 
i. Chemistry and physics 
 
As we had mentioned earlier, the greatest relationship of chemistry is with 
physics. And, this relationship was very vital in the development of atomic 
theory. Physical chemistry is a branch of chemistry which strives to study the 
occurrence of phenomena which links physics and chemistry. This study 
profoundly combines the properties of the two sciences. 
 
Physics provides us with the knowledge of how different material reacts with 
different things. Let's take for example, in physics; we study how much pressure a 
certain element gets while in chemistry, we study how that element reacts with the 
pressure. This way, when the chemistry is combined with physics, one would 
easily understand whether the element can take the pressure. 
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ii. Chemistry and psychology 
 

The relationship between chemistry and psychology is based majorly on 
psychiatric drugs. These drugs utilize the knowledge of chemistry by 
manipulating the molecules of the body to react in a certain different way. It is 
also quite difficult to understand the field of psychology if a person cannot 
understand the chemical reactions that occur in human brains. Also, a 
psychologist should understand how these chemical reactions in the brains affect 
the behavior of a person. 
 
iii. Chemistry and biology 
 

Biochemistry is a branch of chemistry that combines the knowledge of chemistry 
and biology to study how certain phenomena occur within the bodies of living 
organisms. Chemistry determines the structure, composition, reactions, and 
functions of the cells and tissues of a living organism (animal and plant). 
 
iv. Chemistry and Medicine 
 

Chemistry explains the imbalances that occur within our bodies and how that 
imbalance makes us sick. Pharmacology is also a branch within the field of 
medicine that relies heavily on chemistry when manufacturing new medicines that 
will help us restore the balance within our bodies. 
 
Chemistry is a multidisciplinary subject that has established a superb relationship 
with almost every field of knowledge including astronomy, archaeology, and 
agricultural science among others. 
 
v. Need help with Chemistry Homework? 
 

Understanding chemistry needs time and dedication which many students lack 
due to other extracurricular activities. Having challenges completing your 
chemistry homework? At homeworkdoer.org, we have a chemistry question 
solver who is always ready to save the hassle for you at affordable prices.  
 
1.4  NEW TRENDS IN CHEMISTRY TEACHING 
 
Apparently it took me a little while to recover from a weeklong trip to Kauai so 
let’s get back on board with a look at some current trends in high school/post-
secondary chemistry education. These are by no means the most important or the 
only trends, just a few that are particularly interesting to me right now: context-
based chemistry and inquiry-based learning. 
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Fig. 1.1 Photorack.net 
 

Key issues with how chemistry has traditionally been taught include: (1) an overload 
of content in courses due to the rapidly emerging body of scientific knowledge, (2) 
curricula being taught as a series of isolated facts that do not facilitate the formation 
of  meaningful connections between facts, (3) lack of transfer of problem-solving 
skills, (4) lack of relevance to students’ lives, and (5) inadequate emphasis on the 
skills necessary to advance in further studies of chemistry or inadequate emphasis on 
scientific literacy for those who will not be continuing in the field of chemistry 
(Gilbert, 2011). The idea of setting chemistry within particular contexts and 
structuring courses as modules to enhance student engagement and learning 
developed in the 1980s and has become increasingly popular. 
 
Context-based chemistry “provides meaning to the learning of chemistry; students 
should experience their learning as relevant to some aspect of their lives and be 
able to construct coherent ‘mental maps’ of the subject” (Gilbert, 2006, p. 960). 
This is done through providing a focal event or storyline based in a particular 
cultural setting. Providing this context allows students to experience relevancy of 
chemistry to their lives and connect personal stories with the material (prompting 
more motivation).  Rather than overloading students with an abundance of 
information, concepts and facts are only introduced as needed to fully deal with a 
storyline or event. The goal is to develop scientific literacy and an appreciation 
for chemistry’s place in society, provide hands-on experience with chemical 
phenomenon and build a fundamental understanding of chemical concepts. 
Examples of fully implemented context-based chemistry teaching are the Salters 
Chemistry courses in the UK (Bennet & Lubben, 2006), the ChemCom and 
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Chemistry in Context courses in the US (Schwartz, 2006), and an Israeli 
industrial-based chemistry curriculum (King, 2009). 
Inquiry-based learning allows students to participate in a community of scientific 
practice in keeping with the history of how chemical knowledge has evolved and 
how chemistry is actually done by scientists. Ways in which inquiry-based 
learning has been implemented include: case studies or problem-based learning 
(guided inquiry), virtual labs (guided or full inquiry), student-led design of lab 
experiments (full inquiry), and simulation or modeling of chemical concepts 
(guided or full inquiry). Use of case studies in science courses has been shown to 
increase student engagement, motivation, and understanding and long-term 
retention (Deslauriers, Schelew, & Wieman, 2011; Strobel & van Barnevald, 
2009; Walker & Leary, 2009). Case studies have also been used in combination 
with laboratory experiments to provide a more authentic scientific experience – 
providing a fictitious (but realistic) case-study with some paper-based information 
and requiring other information that can only be discovered through lab work to 
solve the problem (Frerichs, 2013). 
 
Laboratory experiments have also been undergoing reform to better engage 
students by using different levels of inquiry from highly structured experiments to 
fully open-inquiry (students come up with a hypothesis, experimental design, 
investigate, revise experimental design, investigate, collect data, report) (Xu & 
Talanquer, 2013). Higher levels of inquiry in labs resulted in students being able 
to identify procedural and metacognitive learning as opposed to factual learning 
in their lab reports. It also resulted in students seeking less instructor guidance on 
procedural or low level questions. Students engaged in more exploratory 
discussions and proposal of ideas as opposed to simply task based questions (Xu 
& Talanquer, 2013). Using inquiry-based labs provides students with exposure to 
authentic science where they can construct personal meaning and build 
knowledge of chemistry phenomena (Hofstein, Shore, & Kipnis, 2004). 
Personally, one of the greatest learning experiences in my undergrad was an open-
inquiry laboratory where we decided to analyze the menthone levels in mint 
chocolate samples. We had to design our own experimental procedure based on 
research articles, instructor feedback and available equipment. We attempted our 
procedure, revised it, attempted it again, and reiterated the process over an 8 week 
period. I was exposed to analytical procedures that I wouldn’t have learned 
otherwise, but I was completely engaged and invested in building my knowledge 
of the techniques. It was the most realistic “authentic science” I experienced to 
prepare me for graduate school research.  
 
The new trends in chemistry teaching can be identified by selecting the best 
articles from the relevant literature - those which give evidence of the changes in 
content and in the methods used to teach this subject - and by reflecting on the 
external as well as internal factors which influence the chemistry syllabus. It is 
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now becoming accepted that these factors must be taken into consideration, either 
with a view to mitigating their effects or, on the contrary, with a view to adapting 
chemistry teaching more closely to the needs and motivation of the students, and, 
more generally, making it correspond more closely with what societies have a 
right to expect from their educational systems. to reflections on the changes in 
society which must inevitably have repercussions on the de- sign of curricula, 
particularly as a new awareness of the links between science and society has led 
to a new approach to these problems. and technology developed against a 
background of confidence in the effectiveness of science, and the political 
prestige of scientists, particularly in the United States of America and the United 
Kingdom, was considerable: for example, ever since the war, scientific 
institutions and national science policies had been profoundly influenced by the 
ideas and style This Paper is intended as a contribution Until the beginning of the 
sixties, science of physicists. During the sixties, economists and systems analysts 
gradually gained increasing influence over science policies in Europe; national 
concern with questions ranging from health to general social and economic 
problems began to dominate the scene. 
(1)  At the same time a feeling of disenchantment with science began to appear 

in the United States  
(2)  And was to develop later and in different ways in Europe. So our world is 

now divided between two conflicting attitudes: recognition of the dynamism 
of scientific development which, however, is failing to con- trol progress 
and at the same time growing indifference by society towards science, an 
attitude which is in danger of developing into one of rejection. 

 
Need of Industry 
 
Over the last decade or more, major changes have occurred in industry - and 
especially in the large-scale chemical industry - as a result of the systematic 
application of earlier re- search in physical or engineering science and of 
industrial economics.  At the same time, the growing demand for university 
education has provided the impetus for advances in educational technology and 
for reshaping university courses. The opportunity now exists for examining how 
far university courses, apart from providing an education, are useful to chemistry 
students wishing to enter industry or other professions, and how this usefulness 
might be enhanced. 
 
1.5  CONCEPT LEARNING IN CHEMISTRY 
 
Concepts are inherently meaningful. A student may learn a concept label by rote, 
and even an associated definition, but if that is done without understanding then 
the student has not learnt the concept. There is certainly a good deal of rote 
learning in classrooms around the world, and sadly some approaches to chemistry 
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teaching may indeed encourage such an approach. Yet students in such classes are 
learning facts, and NOT learning science. Although there is considerable 
discussion on how to best understand the nature of concepts (Gilbert & Watts, 
1983), they may be most easily understood as categories. A student can be 
considered to have acquired a concept of ‘metal’, ‘methane’, ‘molecule’, ‘metallic 
bond’ or ‘molecular formula’ if they are able to make discriminations that allow 
them to decide when something is or is not a metal, some methane, a molecule, a 
metallic bond or a molecular formula. If they can make such discriminations, then 
they have a concept with that concept label: although this does not necessarily 
mean they make the same discriminations as the chemistry teacher would, and so 
have the ‘same’ concept. Hilda’s concept of metal included carbon as an example, 
whereas her teacher’s did not. Concepts tend to be understood in terms of the 
links they have with other concepts: metals conduct electricity, copper is a metal, 
metals have metallic bonding, metals are ductile, metals form cations, metals are a 
type of material, etc. So the third main category of learning, then, is meaningful 
learning, where new information is understood in terms of existing conceptual 
frameworks, and new concepts are incorporated into those frameworks to extend 
them (see Table 1). This type of learning is educationally more valuable, offering 
flexible, applicable knowledge; is more interesting for the student; and involves 
the development of the type of knowledge that science itself seeks – knowledge 
that is coherent, integrated, systematic and so forth. An irony, perhaps, in the 
context of a discussion of active learning, is that meaningful learning requires less 
effort than rote learning. Learning by rote requires deliberate focused acts of 
concentration. Meaningful learning just builds upon the brain’s evolved ability to 
make sense of new information, which is automatic. Indeed a student who is 
intrinsically motivated by interest in a topic, and who is working at a level where 
new concepts are being met, or existing ones being developed, at a pace and level 
that matches their existing level of understandings, may approximate a mental 
state of ‘flow’ (Csikszentmihalyi, 1988) where sustained concentration seems 
effortless. So the kind of active learning we should seek is not that where we 
encourage students to be active in terms of either physical manipulation or hard 
mental effort; but rather that where the match between current knowledge and 
new experiences allows engagement in the subject matter that best activates the 
natural cognitive processes associated with accessing existing knowledge, 
exploring how new material fits with old, and looking for new links and ways to 
incorporate new ideas into existing understanding. Of course, student study 
experiences are seldom explicitly perceived this way – unless they are 
undertaking activities designed to make concept linking explicit, such as concept 
mapping (Taber, 1994b). This type of mental activation can sometimes be 
achieved when a skilled teacher demonstrates and explains ideas to motivated 
students – although in general students taking notes from lectures will not fit the 
bill. Practical work can sometimes be effective, but not practical work for its own 
sake (Millar, 2004). Discussion tasks, where students have to explain and justify 
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their reasoning in groups, can be very effective. For that matter, written exercises 
can sometimes support effective learning. In all these cases, the key is to structure 
the activity so that the student is thinking about the new in terms of their existing 
understanding, something that is only possible if there is good matching so that 
the new material does not seem trite, and is not pitched at a level too high for the 
students to make sense of it. Indeed, the general principles here are no different in 
teaching chemistry than in effective teaching of history or geography or many 
other subjects. However, what chemical education research has revealed over 
recent decades is just how challenging the task of matching the new to the old is 
for chemistry teachers. In this regard, a key problem of chemistry education is 
NOT how to find ways of making learning meaningful for students, but rather 
how to channel students towards the particular meanings the chemistry teacher is 
charged with teaching. 
 
1.6  STANDARDS IN CHEMISTRY EDUCATION 
 
Something established by authority, custom, or general consent as a model, 
example, or point of reference the standard of the reasonable person. Something 
established by authority as a rule for the measure of quantity, weight, extent, 
value, or quality. 
 

Standard may be a set of criteria. Standards are what students should know and be 
able to do.  
 

Standards are broad descriptions of the knowledge and skills students acquire in 
a subject area. Knowledge includes endure knowledge, ideas, concepts, issues and 
information. The skills includes ways of thinking, working, way of 
communication, reasoning, and investigating that characterize a subject area. 
There are some basics of standards. These basic are describes as following. 
• Higher Order Thinking 
• Deep Knowledge 
• Substantive Conversation 
• Connection to the world beyond Classroom. 
 

Self-Assessment Questions 
 

Answer the following questions. 
i.  Explore different dimensions of the nature of Chemistry teaching. 
ii.  Differentiate aims, goals and objectives. 
iii.  Write General Objectives of a Unit then deduce specific objectives of topics  
iv.  Explore relationship o chemistry with other subjects. 
v.   Explain Importance of Chemistry Teaching. 
vi.  Give brief description of new trends in Chemistry 
vi.  Write standards of Chemistry as given in National Curriculum of Chemistry. 
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INTRODUCTION 
 
All those materials which help the teacher /instructor in teaching- learning process 
are called instructional materials. The main aim of instructional material is to 
make help the instructor to convey the instruction and effectively communicate 
the views in a very effective and smooth way. We can say that instructional 
materials aids support or supplement the instruction. In this unit the writer has 
described the importance, types and effective use of instructional material for 
teaching chemistry to the students. Chemistry contains a variety of concepts 
ranging from abstract to tangible. These concepts cannot be taught with clarity 
until instructional material is not employed. Therefore, a large variety of 
Instructional Materials is used for Teaching of Chemistry. Traditional, Projected, 
Non-projected and Electronic Materials are used in one way or the other way for 
making the teaching learning process effective.    
 
While instructors may become involved in the selection and preparation of 
Instructional Aids, usually they are already in place. Instructors simply need to 
learn how to effectively use them. 
 
Activities are given in unit 6-9, which are “managing the instructional materials 
for teaching of Chemistry concepts” put a responsibility over you to read this unit 
carefully and critically.  
 

OBJECTIVES 
 
After studying this unit, you will be able to: 
• Realize importance of instructional Aids in the teaching-learning process; 
• Know the classification of Instructional Aids used in instructional process; 
• Classify projected and non-projected instructional materials. 
• Know the effective use of science laboratory in the teaching of science; 
• Use ICTs effectively in the instructional process; 
• Use internet as a learning Aid. 
• Identify the best type of material for teaching and learning of any kind of 

lesson 
• Prepare and develop relevant instructional material for teaching.   
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2.1  NEED AND IMPORTANCE OF INSTRUCTIONAL 
MATERIAL  

 
With the paradigm shift from traditional teaching to innovative learning the need 
and importance of instructional material in sciences especially Chemistry has 
become evident. There are number of theories which tell that if more senses are 
employed for learning process the learning is effective. So the importance of 
instructional material cannot be denied for this purpose. Importance of 
instructional material is tagged with the use of instructional material for any 
Chemistry lesson. According to Farombi, (1998), instructional materials include 
books, audio-visual, software and hardware of educational technology. He further 
opines that the availability, adequacy and relevance of instructional materials in 
classrooms can influence quality teaching, which can have positive effect on 
students’ learning and academic performance. 
 
Use of instructional materials during instruction of chemistry is a fun and 
importance lies in a fact that there are some concepts and processes in chemistry 
which cannot be taught at abstract level. Further the level of abstractness if very 
higher in the subject of chemistry. 
 
For many years, educators have theorized about how the human brain and the 
memory function during the communicative process. There is general agreement 
about certain theoretical factors that are important for understanding the use of 
instructional Aids.  
 
During the communicative process, the sensory register of the memory acts as a 
filter. As stimuli are received, the individual's sensory register works to sort out 
the important bits of information from the routine or less significant bits. Within 
seconds, what is perceived as the most important information is passed to the 
working or short-term memory where it is processed for possible storage in the 
long-term memory. This complex process is enhanced by the use of appropriate 
instructional Aids that highlight and emphasize the main points or concepts.  
 
The working or short-term memory functions are limited by both time and 
capacity. Therefore, it is essential that the information be arranged in useful bits 
or chunks for effective coding, rehearsal, or recording. The effectiveness of the 
instructional aid is critical for this process. Carefully selected charts, graphs, 
pictures, or other well-organized visual aids are examples of items that help the 
student understand, as well as retain, essential information.  
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Ideally, instructional materials should be designed to cover the key points and 
concepts. In addition, the coverage should be straightforward and factual so it is 
easy for students to remember and recall. Generally, instructional materials that 
are relatively simple are best suited for this purpose.  Instructional materials are 
also called as A.V. Aids or instructional Aids. In the following lines somewhere 
these words can be used interchangeably. 
 
In addition to helping students remember important information, instructional 
aides have other advantages. When properly used, they help gain and hold the 
attention of students. Audio or visual aids can be very useful in supporting a topic, 
and the combination of both audio and visual stimuli is particularly effective since 
the two most important senses are involved. Instructors should keep in mind that 
they often are salesmen of ideas, and many of the best sales techniques that attract 
the attention of potential clients are well worth considering. One caution-the 
instructional aid should keep student attention on the subject; it should not be a 
distracting device.  
 
Clearly, a major goal of all instruction is for the student to be able to retain as 
much knowledge of the subject as possible, especially the key points. Numerous 
studies have attempted to determine how well instructional Aids serve this 
purpose. Indications from the studies vary greatly-from modest results, which 
show a 10 to 15 percent increase in retention, to more optimistic results in which 
retention is increased by as much as 80 percent. 
 
Good instructional materials also can help solve certain language barrier 
problems. Consider the continued expansion of technical terminology in everyday 
usage. This, coupled with culturally diverse backgrounds of today's students, 
makes it necessary for instructors to be precise in their choice of terminology. 
Words or terms used in an instructional aid should be carefully selected to convey 
the same meaning for the student as they do for the instructor. They should 
provide an accurate visual image and make learning easier for the student.  
 
Another use for instructional Aids is to clarify the relationships between material 
objects and concepts. When relationships are presented visually, they often are 
much easier to understand. For example, the subsystems within a physical unit are 
relatively easy to relate to each other through the use of schematics or diagrams. 
Symbols, graphs, and diagrams can also show relationships of location, size, time, 
frequency, and value. By symbolizing the factors involved, it is even possible to 
visualize abstract relationships. Instructors are frequently asked to teach more and 
more in a smaller time frame. Instructional Aids can help them do this. For 
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example, instead of using many words to describe a sound, object, or function, the 
instructor plays a recording of the sound, shows a picture of the object, or presents 
a diagram of the function. Consequently, the student learns faster and more 
accurately, and the instructor saves time in the process.  
 
Important Points 
• Every individual has the tendency to forget. Proper use of teaching aids 

helps to retain more concepts permanently. 
•  Students can learn better when they are motivated properly through 

different teaching aids. 
•  Teaching aids develop the proper image when the students see, hear, taste 

and smell properly. 
• Teaching aids provide complete example for conceptual thinking. 
• The teaching aids create the environment of interest for the students. 
• Teaching aids helps to increase the vocabulary of the students. 
• Teaching aids helps the teacher to get sometime and make learning 

permanent. 
• Teaching aids provide direct experience to the students. 
 
The use of any instructional aids must be planned, based on its ability to support a 
specific point in a lesson. A simple process can be used to determine if and where 
instructional-aids are necessary.  
• Clearly establish the lesson objective. Be certain of what is to be 

communicated.  
• Gather the necessary data by researching for support material.  
• Organize the material into an outline or a lesson plan. The plan should 

include all key points that need to be covered. This may include important 
safety considerations.  

• Select the ideas to be supported with instructional Aids.  
• The aids should be concentrated on the key points. Aids are often 

appropriate when long segments of technical description are necessary, 
when a point is complex and difficult to put into words, when instructors 
find themselves forming visual images, or when students are puzzled by an 
explanation or description.  

 
Aids should be simple and compatible with the learning outcomes to be achieved. 
Obviously, an explanation of elaborate equipment may require detailed 
schematics or mockups, but less complex equipment may lend itself to only basic 
shapes or figures. Since aids are normally used in conjunction with a verbal 
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presentation, words on the aid should be kept to a minimum. In many cases, 
visual symbols and slogans can replace extended use of verbiage. The instructor 
should avoid the temptation to use the aids as a crutch. The tendency toward 
unnecessarily distracting artwork also should be avoided.  
 
Instructional Aids should appeal to the student and be based on sound principles 
of instructional design. When practical, they should encourage student 
participation. They also should be meaningful to the student, lead to the desired 
behavioral or learning objectives, and provide appropriate reinforcement. Aids 
that involve learning a physical skill should guide students toward mastery of the 
skill or task specified in the lesson objective.  
 
The usefulness of aids can be improved by proper sequencing to build on previous 
learning. Frequently, good organization and natural patterns of logic dictate the 
sequence. However, use of standardized materials, including a syllabus, is 
recommended. Sequencing also can be enhanced simply by using overlays on 
transparencies, stripping techniques on charts and chalk or marker boards, and by 
imaginative use of magnetic boards. Sequencing can be emphasized and made 
clearer by the use of contrasting colors.  
 
The effectiveness of aids and the ease of their preparation can be increased by 
initially planning them in rough draft form. Revisions and alterations are easier to 
make at that time than after their completion. The rough draft should be carefully 
checked for technical accuracy, proper terminology, grammar, spelling, basic 
balance, clarity, and simplicity. Instructional Aids should also be reviewed to 
determine whether their use is feasible in the training environment and whether 
they are appropriate for the students.  
 
In practice, the choice of instructional Aids depends on several factors. 
Availability, feasibility, or cost may impose realistic limitations. The number of 
students in a class and the existing facilities are other considerations. In some 
school situations, the designers of the curriculum determine the use of 
instructional Aids. In this case, the instructor may have little control over their 
use. On the other hand, an independent instructor may have considerable latitude, 
but limited resources. Often, instructors must manage and adapt to the existing 
circumstances in order to incorporate quality instructional Aids.  
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Important Points 
• Every individual has the tendency to forget. Proper use of teaching aids 

helps to retain more concepts permanently. 
•  Students can learn better when they are motivated properly through 

different teaching aids. 
•  Teaching aids develop the proper image when the students see, hear, taste 

and smell properly. 
• Teaching aids provide complete example for conceptual thinking. 
• The teaching aids create the environment of interest for the students. 
• Teaching aids helps to increase the vocabulary of the students. 
• Teaching aids helps the teacher to get sometime and make learning 

permanent. 
• Teaching aids provide direct experience to the students. 
• It should be determined prior that when and where the instructional aids 

will be used. 
• Aids should be compatible with the learning outcomes to be achieved. 
• Aids should appeal to students and should be based on some instructional 

principle. 
• Aids can be useful if sequencing on the previous knowledge. 
• The designs of the curriculum determine the use of instructional aids. 
• The choice of the aids depends on these factors: 
• Availability 
• Feasibility 
• Cost effectiveness 
• Number of students in the class 
 
2.2  PRINCIPLES OF USE OF INSTRUCTIONAL MATERIAL  
 
Audio-visual aids cannot teach by themselves, they need skilful teaching to make 
them effective. Follow some principles make the effective use of materials. 
Following are some principles which will help the teachers to make maximal use 
of instructional material in the subject of chemistry. 
 

 

Try to Answer:  

1. Write the effectiveness of Instructional Aids which are used after the 
lesson ends. 

2. An aid was prepared to use at the time of opening of lesson, but it was 
used during formative assessment. Was it a good principle?  

3. A teacher prepared some charts which could not be seen at the 2 meter 
distance. Was it valuable for teaching and learning? 
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2.2.1 Principle of Appropriateness 
 
Instructional material should be relevant and must focus on the achievement of 
curricular objectives.  Instructional material contradictory to the curricular 
provision may prove fatal for learning. Guidelines, how to use relevant materials 
can be sought from the section 2.1. 
 
2.2.2 Principle of Authenticity 
 
This means that authentic materials for specific purpose are likely more effective. 
Material should focus on up to date and advance information.  
 
2.2.3 Principle of Cost 
 
Instructional material should be cost effective and durable. Determination of cost 
depends on the type and importance of concept. If a material is to be used for 
longer time then costly material can be managed. 
 
2.2.4 Principle of Interest 
 
Dull, bore and obsolete materials have less elements of interests for chemistry 
students. In the subject of chemistry, it is very important to keep the interest of the 
students in mind. For examples using unhygienic materials may cause hazard and 
loose interest of the students.   
 
2.2.5 Principle of Organization and Balance 
 
Materials should be organized in a way that they provide the maximum chances 
for learning.  
 
2.2.6 Principle of selecting the materials 
 
This principle includes effectiveness, availability and technical quality of the 
materials. Material should be tested before its use. 
 
2.3 TYPES OF INSTRUCTIONAL MATERIALS 
 
There are a many types of instructional materials. Classification of material 
depends on the nature of materials used.  Instructional materials may be projected 
or non-projected. Here media is involved in these types. There are some other 
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types of materials like traditional and innovative. Some more types of 
instructional material may be laboratory material, high cost materials and low cost 
materials, and electronic materials etc. different types of instructional materials 
are elaborated below.  
 
2.3.1 Traditional Materials  
Our forefathers had been using instructional materials since histories. You are 
given an activity to identify some materials used traditionally in the subject of 
chemistry; 
 
 
 
2.3.1.1 Charts and Diagrams 
Charts and diagrams are very helpful for teaching of science as they help students 
to see visual lays in an organized manner. Using charts is very common in 
Pakistani classrooms for teaching both science and arts. Charts can be used for 
diagrams, concepts maps, mind maps, assessment and making teaching easy for 
teacher of biology. Less skilled teacher can teach her/his lesson very effectively 
with the help of charts. Charts save the time of teachers teaching. Science teachers 
give projects to represent on charts. Charts are of different types. Some are 
coloured, some contain the pictures, some contain text, some contain for the 
pictures of animals and plants in different geographical areas. Different aspects 
regarding charts are as following; 
 
A)  The features and benefits of Class Charts  
• Add student photos, allowing you to put a face to the name (or use our pre-

made icons). 
• Using seating charts for effective differentiation – easily group or disperse 

certain students in the classroom (for example, placing the lower ability 
readers for together for additional support). 

• Collaborate with colleagues and parents to tackle behavior as a team. 
• Add key data about students – teachers can then be aware of student needs 

and abilities at a glance. 
• Monitor behavior – track behavior effectively and view the data in gorgeous 

charts. 
• Generate detailed reports for each class and individual students. 
• Quickly import a large number of students 
 
  

Activity: Make a list of instructional materials used during traditional teaching. 
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B) How to get started with Class Charts 
 
Class Charts is a free online tool that allows you to create seating charts and 
manage behavior. Here you can set up your own account at and create room 
layouts to represent your classrooms. Once you have added students to your 
account and a class is started you will be able to give student behavior points and 
show key student data on your seating chart. Use either Class Charts icons or 
student photos to represent the students. A report will be created once a class has 
ended which will be useful for school leaders. Parents and student codes can be 
generated so individual student reports can be viewed online. You also have the 
opportunity to tackle behavior with other teachers by collaborating with other 
colleagues in your school.  
 
 
C. Flip Charts and Display Easels 
 
A flip chart consists of a number of large sheets of paper fixed at the top edge and 
set on a stand called an easel. You may prepare the chart before your lecture or 
put information on it during your teaching session. Write or draw on the sheets of 
paper using a felt pen, and flip them over as they are filled. Alternatively, you can 
detach the sheets from the easel and fix them on a wall or board with gum, blue 
tack or tape. 

 
 

Fig: 2.4 Lecturer using a flip chart 
 
In practice you will probably use flip charts in seminars, tutorials, conferences 
and workshops. You can also use them with small postgraduate or undergraduate 
classes. Students can and should be encouraged to use flip charts when presenting 
their project or group reports. 

Activity: Design charts for visual representations of types of bonds. 
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D.  Advantages of Flip Charts 
 
Some advantages of flip charts: 
1.  They are low cost and easy to make since you yourself, a carpenter, 

technician or handyman can make them locally from wood, bamboo or 
metal. 

2.  You can purchase them, or improvise with discarded sugar or cement paper 
bags, or newsprint cut-offs from your local printer. 

3.  They are easy to use, provided you have felt pens. You can use colour for 
emphasis and to make them more attractive. The pens are refillable. 

4.  You can display sheets anywhere in the lecture room, seminar room, 
laboratory, or corridor after the lecture. 

5.  You can prepare material ahead of time. This is not always possible with 
the chalkboard. 

 
E.  Disadvantages or Limitations of Flip Charts 
 
Some disadvantages of flip charts: 
1.  They can be used with small classes only (maximum 30). 
2.  Good lettering is needed because otherwise they are hard to read. 
3.  They are not permanent since cheap flip chart paper made out of newsprint 

tears easily. 
4.  The cost of paper and pens may be prohibitive, depending on your 

institution’s financial resources. 

 
 
 
 

Activity: For one of your seminars, tutorials or conferences this term, 
prepare a flip chart presentation. Remember, you may write key points on 
the papers as you teach or you may prepare the sheets ahead of time in some 
detail including notes, diagrams and flow charts. 
2. If you are already using this medium, check if you can improve on it. Are 
you using colour for emphasis? Is your lettering large and clear? How is the 
arrangement of the page? Are you making use of boxes, bullets, arrows , 
diagrams and flow charts to illustrate or highlight your points? 

32 
 



F.  Wall Charts and Wall Posters 
You have no doubt seen these two-dimensional displays printed on paper and 
mounted on a wall, a notice/bulletin board or similar surfaces used in advertising. 
Have you ever tried to use them in your teaching? Like the chalkboard and the 
OHP, they are a display medium. You can use them to introduce a new concept, a 
process, a course, a programme, a product or a service. They are useful on open 
days, if your institution invites members of the public to show them what the 
university is all about. They are fairly cheap so you can use them instead of 
projectors and screens.There are three types of posters: 
i.   Single glance posters. You put these up and then take them down right away. 
ii.  Stop and study posters. These are more detailed. You put them up and each 

point is studied at a time. They often have more than one message. 
iii.  Coloured posters. You use different colours to attract attention and 

differentiate items. 
 
G.  Advantages of Charts and Posters 
 
Some advantages of these media are that: 
1.   they require little material and are easy to produce; 
2.  you can fix them permanently in one place, remove them, and put them up 

again as the need arises; 
3.  they are accessible to a large number of people; 
4.  you can use them at any time without need for supervision. 
 
H.  Disadvantages of Charts and Posters 
 
Some disadvantages of these media are that: 
1.  they are not useful for a large audience during a lecture; 
2.  they can be easily stolen or destroyed; 
3. they are hard to store in good condition over long periods; 
4. you need artistic skills or an artist to produce good quality ones. 
 
1. Production of Wall Posters and Charts 
Because the materials you require cost little, it is a good idea to produce some of 
the posters you need yourself. The materials required include: 
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Figure 6.19 Planning a poster 

 
1.  Strong paper (50 × 70 cm or larger); 
2.  felt pens and pencils of different colours; 
3.  a ruler and an eraser; 
4.  paper cutting equipment. A guillotine is the best if you have one, but a razor 

blade, a pair of scissors, a scalpel or even a sharp knife will do; 
5.  pins, gum/glue or blue tack or masking tape to stick the posters on the wall 

or notice board. 
 
The planning before production is similar to that outlined earlier, except that here 
you are trying to catch people's attention. So posters should be attractive and not 
overloaded. Ask a colleague or a student, your wife/husband or your offspring to 
look at your draft before you transfer it to the poster paper. 
 
To make posters attractive, follow some of these suggestions (Kemp and Dayton, 
1985: 171): 
-.  Make the display attractive to the reader by the use of 
-  Unusual design, 
-  colour 
-  bold headings, 
-  good bold illustrations, 
-  adequate lighting, 
-  battery-operated motion if possible; 
-  involve the reader of the poster in questions, contexts of skill or guessing 

games; 
-  Leave the display mounted long enough to attract attention and remove it or 

change it as the interest wanes. 
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2.3.1.2 Models 
 
A) What are Models 
Models are not realia but work as real things do. A model is a representation of an 
idea, object, event, process, mechanism or system. Sometimes it becomes difficult 
to handle with realia for a long time or frequently, at that time models are 
effective. A large number of models are seen in science laboratories. Models of 
different external and internal body parts are models of eye, ear, heart, brain, liver 
and bones are some examples of models used in biology. 
 
 
 
 
 
Models and modeling play a crucial role in science practice. One justification for 
their inclusion in Chemistry teaching is that they contribute to an ‘authentic’ 
chemistry education, where teaching reflects the nature of chemistry as much as 
possible. 
 
B) Learning challenges when using models 
 
Models are human inventions, based on an incomplete understanding of how 
nature works. Models concentrate attention on specific aspects by using 
something that is familiar as a simile to explain or describe something that is not 
familiar. Consequently, most models are limited or ‘wrong’ in some key aspect. 
This can create learning problems if students take a different meaning from the 
model than that intended by the teacher. For example, students may: 
• learn the model rather than the concept it is meant to illustrate 
• fail to distinguish between a mental image and a ‘concrete’ model 
• lack the necessary visual imagery to understand the model 
• lack awareness of the boundary between the model and the reality the model 

is representing 
• mix up aspects of two or more different models 
• miss some key attributes and so misunderstand the purpose of the model 
• continue to use the least sophisticated of a range of models, even when they 

have been introduced to more advanced models 
• find it difficult to apply the model in different contexts. 

 

Activity: Visit a school and ask biology teachers, the types of models used in 
Biology. 
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C) How to overcome learning challenges? 
 
Overcoming such learning challenges requires careful teaching that focuses quite 
consciously on the model as an idea, object, event, process, or system. A new 
model could be introduced in a sequence such as this: 
1. Introduce the idea that the model is intended to show and find out what 

ideas students already have about that event or pattern. 
2. Carry out the modeling activity. 
3. During the activity or at the end if more appropriate, talk about how the 

model/modeling activity is ‘like’ what would really be happening and how it 
is ‘different’. 

4. The analysis of the model could also include a discussion of how the model 
shapes a particular view of ‘reality’. Such an analysis would focus on: 
• identification of the positive features of the model (what is deliberately 

chosen to represent 'reality') 
• identification of the negative features of the model (what is 

deliberately excluded) 
• Identification of the neutral features (what is ignored or not 

commented on). 
5. Return to the ‘big idea’ at the end and let the students explain to you the 

sense they have made of the activity. Older students could analyse the model 
for themselves after some practice runs and their comparisons could be used 
to assess their new learning. Students may continue to need help do this for 
every new model used. 
 

D) From Mental Model to Expressed Model 
 
Mental models are used to describe and explain phenomena that cannot be 
experienced directly. Scientists use mental models to think through abstract ideas 
and theories. 
 
Mental models become expressed models when they enter the public domain 
through action, speech, and writing. They are often represented as analogies and 
metaphors. 
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Examples of this process are: 
i. Structure of the benzene molecule 
 

 
 

Fig 2.1 The ring structure of the benzene molecule 
 

August Kekule was puzzled by benzene, a 6-carbon molecule. There are 
many stories of his famous dream where he saw dancing snakes biting their 
own tails, and realized the benzene molecule could be seen as a ring 
structure rather than a straight chain. This was his mental model. 
The expressed model he made as a result of his ‘dream’ helped others 
understand how the atoms could fit together. 

 

ii. The composition of atoms 
When John Dalton started thinking about atoms he thought of them as if 
they were bowls or balls – this was his mental model. 
His experiments in 1802 supported the theory that matter was made of 
particles and he pictured them as small billiard balls. Using this model, he 
was able to show how each element could be represented as being made up 
of the same kinds of atoms, and that compounds could be explained as being 
made up of atoms in specific ratios – this was his expressed model. 

 
Fig. 2.2 The ‘plum pudding’ model of atom composition 
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J.J. Thomson studied atomic theory and cathode rays, and postulated the existence 
of small negative particles we now call electrons. He realised that the ‘billiard 
ball’ model where atoms had the same composition throughout didn’t explain the 
existence of electrons. His expressed model showed atoms having negative 
electrons dotted throughout the positive atom like plums in a pudding. 
 
E) Types of expressed models 
 
Expressed models used in science communication and teaching include: two-
dimensional models, such as those found in textbook diagrams; three-dimensional 
models such as scaled miniatures (a smaller version of large structures); scaled 
enlargements (an enlarged view of something too small to be seen); and working 
models. For example: 
 

 
Fig. 2.3 Leonardo da Vinci’s “Vitruvian man”: A two-dimensional anatomical 
model 
 
• Leonardo da Vinci created many wonderful anatomical drawings (two-

dimensional models) and these helped further medical understanding. 
• The internal structure of the Earth at Te Papa Tongarewa’s Awesome Forces 

exhibit is a scaled miniature. The model shows the layers of the Earth’s 
interior in what we believe to be their correct proportions. 

• The structure of a cell can be represented as a scaled enlargement. 
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F). Digital models 
 
Digital models include animated models and simulations. Simulations allow 
students to simulate a situation, such as making choices about land use. Animated 
models may also allow students to control variables to see what impact each 
variable has. Digital models intended for learning are called learning objects. 
Teachers can find a wide variety of learning objects suitable for use with New 
Zealand students of all ages available in Australia's Scootle. These objects were 
previously available in Digistore/Te Pataka Matahiko. They include animated 
models of science concepts such as cell division and tectonic plate movement, 
through to simulations of decisions about land use and factors which influence the 
UV index. 
 
2.3.2 Projected Materials  
 
Projected materials are those kind of materials which can be projected with the 
help of some magnifier. Transparencies, Slides and films are some types of 
projected materials for chemistry education. 
 
2.3.2.1 Transparencies 
 
Transparencies are sheets of acetate, which contain something written or 
portrayed on it. Transparencies are magnified by an instrument called overhead 
projector. Both transparencies and OPH are discussed below. 
 
Transparencies and OPH 
 
Transparencies are acetate or plastic sheets, normally about letter size (A4), on 
which you can write your information. The transparency is then used with an 
overhead projector to show the written material on a screen or wall (Figure 6.8). 
This instructional medium is probably next to the chalkboard and handouts in 
frequency of use. Unlike chalkboards, which are restricted to small classes, the 
OHP can be used with medium or large classes. Use it to demonstrate visually 
important points, show diagrams, highlight issues; build up information as you 
teach, and to support other methods of communication visually. 
 
Before you make transparencies, you should plan them carefully just as you 
planned your printed media. 
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Fig.2.5 A lecturer using an overhead projector 
 

Notice the position of the presenter and the pointer (marker/pen) being used. Do 
you always face your students when you use an overhead projector or do you face 
the screen? 
 
A) Preparing an Overhead Transparency 
 
Here are some useful steps in preparing overhead transparencies. 
1. Select the material that you will use for your transparencies. If there is no 

acetate paper, then clear plastic sheets, or old but well cleaned x-ray plates 
will do. 

2. Measure your page according to the size of the OHP screen. Leave a margin 
at the sides, top and bottom. This will ensure that all your information can 
be displayed at once if necessary. 

3. Plan your text and diagrams carefully. Try to summarize the main points. 
You should not attempt to convey your entire talk on the OHP, 

4. Remember that you can also add information to your original transparency 
as you talk. This can be done by using special pens. 

5. Choose your colour pens. There are basically two kinds of pens which you 
can use for writing or drawing on transparencies: (a) spirit-based pens 
whose images are permanent, meaning that the writing or drawing can only 
be erased using special solvents such as methylated spirits, and (b) water 
based pens whose images can be erased with plain water. 

6. Use large bold lettering and clear simple drawings with as few lines and 
labels as possible (Laver, 1990). 
 

 

Activity: Suggest alternative materials from which to make transparencies if 
acetate sheets are too expensive or are not available. Make transparencies 
from some of those materials. 
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B) Non-conventional Ways of Producing Transparencies 
Apart from felt pens, you can use photocopiers, thermo copiers, laser printers, dot 
matrix printers and plotters to make transparencies. These may be black and white 
or in colour. The principle involved here is that text or diagrams can be 
transferred from paper to paper by a variety of means. Instead of paper, the 
information is transferred to transparencies to be used for presentation in a 
lecture, seminar, conference or workshop. 
 
There are more sophisticated ways of making transparencies: photocopiers, 
thermocopiers, colour photocopiers, dot matrix, inkjet or laser printers, and 
plotters in one or more colours. If your institution owns these gadgets, try them 
and produce some of your transparencies. If you are not familiar with any of 
them, get someone to help you. Look for a machine elsewhere if your university 
does not have one or if it is broken down. 
 
C) Step-by-step Presentation Skills 
 
There are a number of presentation skills you can easily learn to improve your 
teaching sessions. Before your students arrive: 
1. set up the projector and test its position in relation to the power outlets in the 

room; 
2. ensure that you have all your transparencies at hand and in the right order; 
3. place one of the transparencies for your lecture on top of the projector 

screen, switch on the projector and practice before your lecture; 
4. adjust the height of the image so that everyone will be able to see; 
5. test the focus by adjusting the projection head; 
6. turn off the machine and place your transparencies in order; 
7. place a sheet of paper between the transparencies so that they do not stick 

together. 

You have used transparencies and you need to re-use them. Some contain 
material written in permanent ink, others in temporary water-soluble ink. 
Try to rub these used transparencies clean with water, methylated spirit, 
alcohol (laboratory ethanol or even gin), typewriter thinner, after-shave 
liquid, or any other solvent that will do the job. You might need to 
consult a friend in the chemistry department. Compare the instructional 
material that you write on these transparencies to those written on new 
and expensive transparencies. Try to estimate the saving involved and the 
good feeling you get after a satisfactory result 
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Fig. 2.6:  Adequate preparation will avoid panic 
 

D) Steps for when using the OHP 
 
1.   Always face the audience and never turn your back on the group. 
2.   Read the information from the transparency in front of you. There is no need 

to turn your back and point to the screen behind you. 
3.   Use a pen or a small pointer or even the shadow of your hand to highlight 

certain points. 
4.   Either read the text or keep quiet and allow the students to read it before you 

comment. Watch the students for reaction all the time and pause, ask 
questions and consolidate main points as you teach. 

5.   Cover the written material on the transparency with a sheet of paper or card, 
and reveal one point at a time. This technique ensures good note taking. 
Secondly, students will not be overwhelmed by too much material appearing 
on one transparency all at once. 

6.   Have a sheet of paper under your hand if you are adding points to your 
transparency. This will avoid sweat marks and smudging. 

7.   Switch off the OHP when you are not referring to the transparency. 
8.   Check that the fan is working or the OHP will overheat. 
9.   Clean the glass screen with a clean cloth and methylated spirit or other 

cleaning fluid after use, or at least after 3 - 5 days of moderate to heavy use 
(Laver, 1990). 

 
  

42 
 



E). Advantages of Transparencies and the Overhead Projector 
 
There are important advantages to using transparencies. They enable you to: 
 

 
 

Fig. 2.7: Advantages of OHP 
 
• face the class at all times; 
• prepare beforehand to make your lecture more presentable and effective; 
• make effective use of colour; show both transparent and opaque objects 

which will be greatly enlarged; 
• make things appear to increase or grow by the use of overlays; 
• demonstrate movement (animation). 
 
F) Disadvantages on Limitations of Transparencies and the Overhead 

Projector 
 
The disadvantages of the medium, according to Laver (1990), result from the 
limitations of the OHP which: 
1. needs a constant supply of electricity as well as spare bulbs and fuses; 
2. needs good maintenance and service; 
3. must be switched off when not in use for otherwise it distracts attention 

from the lecturer; 
4. should not be moved immediately after use because the filament will be hot 

and can easily break; 
5. requires you to have a constant supply of OHP pens. They should never be 

left open, because they dry quickly. 
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2.3.2.2 Slides and Film Stripes 
 
Lecturers use slides and slide series in the process of teaching. The technical 
requirements for production and presentation of these are comparatively 
inexpensive. Moreover, because you project them on a screen, you can present the 
slides even to large groups. How well you use your slides depends on proper 
preparation and evaluation.               
 

 
 

Fig: 2.8 Film Strips 
 

Let us discuss a few suggestions for the effective use of this medium. You should 
begin by selecting your slides according to the subject, method (lecture or 
seminar) and audience. Select slides that will help your audience to understand 
your topic. Avoid bad quality slides. Arrange them in a logical sequence or 
combine them into a story. 
 
On each frame write the title of the slide and its number. In addition, take notes 
about each single slide and write down the story. This will be the guideline for 
your presentation and will help you to find single slides in future. 
 
  Next, put the slides in a tray the right way up in the desired sequence. Avoid 
touching the slides. Touch only the frames. A single fingerprint may spoil a 
valuable picture. Avoid fingering the lens and bulb of the projector. Apart from 
the resulting poor picture quality, fingerprints shorten the lifespan of the bulb. 
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Fig: 2.9 Loading slides the right way up. 
 

Before showing your slides to an audience, check how the projector is operated. 
Become familiar with the technique, arrange all equipment in the lecture room, 
and take a quick look at your slides. Adjust the distance between the projector and 
the screen to ensure that all the audience can see the slides. 
 

 
 

Fig: 2.10 The optimal distance to view slides 
 

Follow your guideline or your story as you show your slides. Keep in mind that 
your audience is neither familiar with your topic nor with your pictures. 
Therefore, do not change the slides quickly. Observe the reaction of the viewers 
to find out the right pace. Let individuals describe what they see or ask them 
questions related to the pictures. This way you can compare your intention with 
the audience's perception. 
 

In case you do not achieve your objectives with some slides you should revise 
your slide series. At the end of your presentation switch off the light of the 
projector but let the fan run for a few minutes to cool down the bulb before you 
move the machine. This is because the filament breaks easily when hot, just like 
the OHP element. Store your slides in a cool, dry and dust-free place. 
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1. Technical and Didactic Use of Filmstrips 
Slides arranged in sequence and copied on a film are called a filmstrip. This 
technical transformation makes the slide series very compact, easy to 
handle, carry and keep in the proper sequence. Unfortunately, this sequence 
cannot be rearranged or modified. Filmstrips can also be made from 
photographs, posters, diagrams, cartoons or even text and are usually 
accompanied by tapes or a written text. 
The technical requirements and preparations for the presentation of film 
strips are very similar to those for a slide series. 
 

 
 

Fig: 2.11 A film strip is a useful teaching aid 
 

2. Production of Photographs, Slides and Filmstrips 
To produce photographs, slides or filmstrips you require technical skills or a 
technician, and equipment such as a camera, films, darkroom, chemicals, 
and so on. Photography is costly, so plan carefully to minimize waste. The 
different steps in the production process may be described as follows: 
 

 
 

Fig: 2.4 Steps in the production process slides and filmstrips 
 

Visit the audiovisual unit, if there is one in your institution, and request the person 
in charge to demonstrate to you some of the techniques used to produce 
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instruction materials. Do they produce photographs and slides? We do not expect 
you to become an expert. However, observing their production techniques will 
make you a better user of instructional media. You will do even better if you 
produce some yourself. 
 
2.3.3 Non-Projected Material  
 
Any type of material which do not need to be projected with the help of projector 
or microscopes. They include maps, charts, pictures and visits.  
 
2.3.3.1 Pictures 
 
Visuals of various kinds - photographs, paintings, diagrams, illustrations – are 
helpful for teaching of chemistry.  Their purpose is to enhance and hone the visual 
perception of children.  Pictures help improve retention and observation power of 
the students’ increase.  
a) Learning with Pictures (Experience in Visual Education) 
 Generally speaking, pictures, paintings, and other visuals constitute the most 

effective, most plentiful, and least expensive teaching medium.  It is also the 
medium that is least utilized.  There are good school-useful pictures in 
abundance, almost anywhere you look.  History of chemistry can be taught 
well in pictorial form by showing pictures of chemists and their inventions 
and different processes for the preparation of chemicals.  

 The old saying that a picture is worth a thousand words may or may not be 
true.  What is true, however, is that one appropriate picture can be a catalyst 
giving rise to the production of thousands of words and a multitude of 
creative and analytical thoughts. 

 Used appropriately and sequentially, pictures can not only illustrate a topic 
but also can provide the experience base children require in order to profit 
from reading and writing and from numerous other learning experiences, 
including those associated with art programming. 

 b) Sources of Pictures 
 Sometimes, teachers say that they have difficulty finding appropriate 

pictures.  This may be the situation if a picture is looked for when one is 
needed to fit a particular concept or lesson.  The "secret" is to collect 
pictures, whenever and wherever they can be found, regardless of whether 
they fit an immediately perceived need.  Eventually, the collection will 
grow.  Sources of pictures are numerous, the following probably being the 
most obvious:  

 Printers and publishers, Calendars, Science discoveries, Magazines, 
Greeting Cards 

 Advertising (Especially Tourist Brochures),  Posters, Etc. 
 For Quality Prints: Art Stores and Mail Order Services. 
 However, we need to keep our eyes open to opportunity and be a bit 

audacious. (One day, walking along the corridor of an office building, I saw 
a roll of "poster board" stuck in a trash can with some other 'garbage".  I 
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took a quick peek and discovered four absolutely wonderful reproductions 
of water colours of scenes of Pads.  I took them!) 

 Also, we might enlist children in picture collecting.  They will likely be 
enthusiastic helpers.  Sometimes, they let their grandparents and relatives in 
other towns know of their quest and, before long, the trickle of pictures can 
become a veritable flood. 

c) An Organized Collection 
Teachers and principals will quickly learn that it is one thing to have a 
collection of pictures; it is quite another thing entirely to have a collection of 
pictures that can be used.  A collection of pictures will quickly reach such a 
quantity that it will be of limited utility unless it is an ORGANIZED 
collection.  The organization may be by topic or theme, in individual file 
folders, and accessibly stored in a file cabinet or picture file.  If a teacher has 
to spend a lot of time sifting through a series of pictures, then it is likely that 
s/he will find that activity a frustrating exercise... with predictable results. 
After some point in the collection building, it may be useful to include 
identification criteria (i.e., a code) on each visual (i.e., picture) so that when 
the teacher is finished with a picture, it can be replaced in the appropriate file 
folder.  To make the borrowing process easier, it may be most useful to have 
pictures (i.e., photographs) filed separately from painting reproductions.  A 
separate file section may be reserved for "illustrations and diagrams". 

 d) Building Picture Files 
Teachers should pool their picture collections in some central location.  
Then the visuals should be categorized according to topic or theme.  To 
some degree the category will be determined solely by the content of the 
picture.  However, pictures may also be categorized according to intended 
use.  For example, if a language arts theme is "Relationships", then some of 
the visuals may need to be categorized to facilitate their utilization in that 
theme.  A set of color codes along the top of each picture will facilitate 
maximum utilization of pictures. 
Pictures of materials, elements and their uses, atomic structures, flowcharts 
of different industries, paints, colours, cells,  circuits , mixtures, and 
compounds. 

e) How Big Should Pictures Be? 
 It depends!  A small picture can be used in a one-one situation or in a small 

group.  However, a much larger picture will be needed for larger groups.  
The rule of thumb is "every student should be able to see the detail".  In 
other words, we should get pictures and painting reproductions that are as 
big as possible. 

 Large pictures and posters will need their own storage.  We may have to ask 
the school's "handyman" to make a poster file of the type found in Art 
reproduction stores. 

 
Selecting pictures (photographs, illustrations, paintings) for use with children 
requires just as much care as selecting stories and other portions of text for 
reading.  The "content" of the picture must be consistent with the age and 
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maturity of the children.  Some of the paintings by Degas for example, or some of 
the work of Toulouse-Lautrec (for example, "At the Moulin Rouge - The Glass of 
Absinthe") are hardly appropriate for school-age children.  Some of the more 
controversial photographic exhibition, likewise, may be left for students to 
consider for themselves when they are mature adults. 
 
The visuals selected should be those having elements which the particular group 
of children will be able to identify, based on their previous experiences.  These 
past experiences may be "real" experiences - a visit, say, to a history museum, or 
to market, or to a circus, or a stage play - either as an actor or as an observer.  
Also, the experiences may be more-or-less vicarious - classroom video 
presentation, say, or tape-slide show, or previous photographs, or a TV show at 
home, or a movie, or a book read in class, or a newspaper or magazine. 
 
 If a picture needs background information or experiences, then we should ensure 
that these experiences are provided before attempting to utilize the picture. 
 Particular attention should be given to site-specific or geographic specific pictures.  
An inner city child who has never been as far as the suburbs will certainly have a 
different set of site-specific experiences than will a village child who has never 
visited a city or who has never seen a building higher than two stories. 
In other words, a high degree of "fit" is required between the picture and the 
child-group, if the picture is to be used effectively.  
 
Using Pictures:  In order to extract the optimum amount of "experience" from 
any one picture, the picture has to be "selected" and should meet several criteria: 
1.  It has to be appropriate.  For example, the following criteria will need to be 

considered:  
 -   age of students. 
 -  geographic locale of usage. 
 -  past "real" experiences of students. 
 -  past vicarious experiences of students. 
  
Typical Questioning Routes to Take When Using Pictures in Classroom 
Teaching 
 
Obviously, the level and type of questioning used in the classroom will depend on 
the age, maturity and experiential background of the students.  Questions such as 
the following will be adapted to "match" the readiness of the students: 
1.  What do you see in this picture? 
2.  How do you feel when you look at the picture? 
3.  What do you like about this picture? 
4.  What do you dislike about this picture? 
5.  Does this picture have some parts which are more interesting than other 

parts?  What are they?  Why are they more interesting? 
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6.  What is the setting?  Where?  When?  Date?  Season? 
7.  Is there any action - describe. 
8.  Are there main figures? 
9.  What is the relationship between the main figure(s) and the minor figure(s)? 
10.  What is the relationship between the figures and the setting? 
11.  What feelings are exhibited in the picture?  Do they "fit" the picture? 
12.  Talk about shape, line, light and shade, color, tone, texture, balance, 

repetition, variety, etc., especially in a 'painting" or other "work of art'. 
13.  What is this picture about? (Some pictures are really "sententious"; other 

less so). 
14.  Include both sensory and sentient experiences in discussion. (Sensory 

Experiences:  touch, smell, taste, sight, sounds.  Sentient Experiences: 
[emotional content?] fear, happiness, pleasure, loneliness, longing, sadness, 
love, hate, etc.) 

 Pictures have enormous potential as teaching tools.  However, they have to be 
carefully selected and professionally utilized.  When used appropriately children 
will learn to see and to think.  Isn't that what education is about? 
 
2.3.3.2 Visits 
 
Educational visits in the chemistry subject are very effective, in a way that there 
are some industries which cannot be brought in the science lab or classroom. To 
see the actual process taking place in any industry for example soda ash, glass, 
cements. Visits are much effective for learning   
 
2.3.4 Electronic Material  
 
Any kind of material where electric energy is required and images and visuals are 
virtual along with voices of the actions is called electronic materials. 
Here T.V and Computers are playing very important roles as electronic 
instructional materials. 
 
2.3.4.1 T.V: Historical and current images of science and scientists on 
television  
 
Science on television can be found in newscasts, educational documentaries, 
children's educational programming, and entertainment fare. When Apollo 11 
landed on the moon all the major networks were saturated with the news and 
related stories for almost two weeks (Perlman, 1976). Since the lunar landing no 
scientific endeavor has received such comprehensive coverage. The 1997 landing 
of the Martian Pathfinder Lander and Sojourner Rover was a media sensation for 
only two to three days. 
The way scientists are portrayed on television and what the public's perception of 
who scientists are and what they do is an important topic. Since so few people 
have direct experience with formal scientific pursuits it is "...the creators of 
popular culture from whom the wide American public receives its portrayals of 
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science and scientists 17 (Basal la, 1976). Historically, (in the 1930s and 1940s) 
scientists on popular television were "elderly white males who were insane or 
evil" and over the last couple of decades that image has been transformed into a 
scientist who is white, "well-meaning but obsessed" who will let nothing stand in 
his way (Garfield, 1978). Reviews of research on the public's perception of 
scientists show that the masses idea of a scientist closely resembles the stereotype 
presented on the television and in films (Schibeci, 1986). 
 
Gerbner et al. (1981) compiled some interesting statistics about science on 
television. The themes of science and technology dominant roughly half of all 
dramatic network programming (Although La Follette (1982) pointed out that 
much of popular science is pseudoscience like time travel and space travel). Sixty 
percent of prime-time programming and 70 percent daytime programming on 
weekends concerns science and technology themes, topics, or concepts. Even 
though science is a common theme scientist per se, are seen only once a week, 
and are the protagonists every other week. Scientists are seen in their occupational 
role on television at a frequency less than half of their frequency in the labor force 
(female scientists are overrepresented on television compared to their proportion 
in reality- except in children's programming where females are usually in 
secondary roles (Steinke and Long, 1995)). Scientists are portrayed as older, 
without family or significant other, dangerous, and usually headed for failure. 
Five percent of television scientists kill another person and 10 percent of 
television's scientists get killed (Gerbner, 1987). Would you aspire to be a lonely 
old crackpot who is likely to die soon or kill someone? 
 
Reviewing the images of scientists on children's television Long and Steinke 
(1994) found images that supported and conflicted with previous research. 
Science is presented as truth and sometimes dangerous, the authors report. 
Television presents science as fun and as important to everyone in their everyday 
lives. Scientists appear elite and omniscient but they are not evil; they are 
typically benign. Greenberg's (1984) content analysis of children's television 
pointed out that technology (the results of science) are imbued with the power to 
make everything better and is frequently used for destruction of evil. Scientists in 
cartoons are hapless buffoons or evil men bent on world domination. Greenberg 
finds science on Saturday morning television ambiguous and threatening. 
Physicist Phillip Morrison and Phylis Morrison (1984) note, as the authors above, 
that television programming (they use the example of the white-coated Doctor 
Bunsen Honeydew on the Muppets) represents science as something beyond the 
average American conducted by specialists who are almost superhuman. The 
Morrisons close with the comment that science needs to be connected with 
everyday life and the viewers personal experience which will result in a 
demystification of science and the realization that science is for everyone Gerbner 
et al. (1981) and La Follette (1982) note that science is presented on television as 
fact, without context, years of efforts and failures compressed into minutes, and 
presented by all-knowing experts. In Gerbner's (1987) analysis of the publics' 
attitude toward science he found that in spite of the typically positive images of 
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scientists and science on television, viewing television dramas "exacerbate[s] 
public ambivalence and anxiety about science." While I agree that experiencing 
science from television as a primary source of information can cause ambivalence 
(because of conflicting medical reports, use of science and technology to create 
weapons, etc.) but dramas are not solely at fault. Hornig (1990) blames NOVA for 
perpetuating the tension between science and the general public as well as 
maintaining the dichotomy between "privileged" scientists and everyone else. 
Hornig believes that television should be an equalizer; it should make people feel 
comfortable with science instead of putting science on a pedestal to be 
worshipped by a minority elite as Hornig believes NOVA does. 
 
The Star Treks portray science as benevolent. In these shows little has changed in 
four millennia. The social order is relatively unchanged with technology being 
portrayed as only good, providing leisure and health to all or it is used to combat 
evil. Banks and Tankel (1990) use the Star Treks as examples of television 
promoting the status quo; promising the future will be good for all. The authors 
note that science fiction that shows society in decline, e.g. Max Headroom and V, 
failed because they are depressing and because commercial television is driven by 
advertising, advertisers do not want to portray the future as hopeless. Shows like 
Star Trek are targeted to the young. The dramatic shows, documentaries, and 
news reports are watched by older viewers. If the work discussed above is 
accurate, television seems to be pitching the benefits of science to the young 
while frightening or disillusioning older viewers. 
 
Dornan (1990) believes that coverage of science in the media is dominated by a 
small group of scientists and science journalists who prefer to illuminate science 
in the "traditional, heroic, positivist" light showing science as an "assured avenue 
of access to the real." Dornan believes that preventing critical discussion of 
science benefits and pitfalls allows science to continue as it always has, elite, 
powerful, and omniscient. Preventing the public from entering the discourse about 
the future direction of scientific endeavor perpetuates the public's distrust of 
science and scientists 
 
Efforts have been made to make science educational and entertaining (e.g. 3-2-1 
Contact, Bill Nye The Science Guy) but the audience for these shows is small. 
There is a schism on popular television as to what science is and who scientists 
are. Science either makes our lives better or threatens us with technology and 
conflicting studies about what works or what does not. The process of science is 
not infallible and it is time-consuming. The public must be informed that 
scientists fail and misstep, frequently. The public must also be invited to join in 
the discussions about the directions of science and shown how they, themselves 
are competent scientists, in their own right. 
 

How can we use television to teach Chemistry sciences? 
 

Science and educational programming are not reaching vast numbers of our 
population. In fact, many viewers have negative attitudes about overtly 
educational programs. The vast majority of Americans spend significant amounts 
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of time watching television to pass time. The public prefer feature films, news and 
science fiction programs in their quest for relaxation, entertainment, and arousal. 
Children know what they want in science programs (cartoons, celebrity 
protagonists and guests, kids as primary performers, provide opportunities for the 
audience to participate, debate both sides of an issue, and a healthy dose of 
mystery (Jerome, 1984)) and through formative research television producers 
should find out what the public knows and wants. 
 

Research shows that people can and do learn from television in spite of the fact 
that learning is not their primary motivation. Little research has been conducted 
on how much we learn from non-educational, commercial television. Learning 
from television can be enhanced through narration, parental involvement, 
judicious application of formal features, and by carefully selecting what is to be 
taught. Learning is facilitated by tying programming to the viewers’ frame of 
reference, airing salient programs, including humor tied to the educational 
purpose, and providing characters that viewers can relate to. “...Instructional 
television is often at its best when it does not instruct" (Lundgren, 1972). 
 

Viewers do not relate well to scientists as they are currently portrayed in the 
media. The white coats and racks of test tubes have to go. When visiting scientific 
laboratories on any university campus typically only the chemists are clad in 
white and surrounded by glassware. The public should see scientists as they are 
not as some scientists and journalists feel they should be seen. 
 

The sometimes long, tedious process of science should be presented to the public 
and people should have opportunities to appreciate that they do science every day 
when they test hypotheses about things as simple as selecting a food for their cat 
or finding the best tomato for their gardens. The public must be included in 
discussions about what science is important as they ultimately fund most science 
and stand to benefit from the results of science. The best way to educate the 
public is by including realistic science content in popular television programming 
and showing scientists as "regular" people 21 who are not infallible and do not 
know everything. Dramatic presentations on television should elucidate the 
scientific method, show the public how they use science daily, and present critical 
arguments about the pros and cons of particular scientific undertakings. News 
telecasts have a responsibility to demystify science by doing away with the 
demagoguery and pedantry by giving a balanced treatment of scientific issues. 
Popularization of science must "become attuned to the daily preoccupations of the 
layperson with a view to injecting them with a homeopathic dose of scientific 
literacy" (Fayard, 1991). Television cannot simply tell people that science is fun 
and important it has to show them how science can be fun and include the public 
in the discussion as to what science should be important. 
 

Educational Television in the world today has made great advances worldwide 
in forging inventive applications. There have been many success stories of using 
television for education in many countries which has outlined the concept that 
television is basically not just an entertainment oriented medium and it is hostile 
to thoughts. 
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According to the researcher at the University of Texas, Studies on preschool children 
have shown immense results. Performance on achievement tests over time has been 
better in preschool children who spent much less time on educational programming 
than their peers who watch more general entertainment shows. 
 
Generally, Television Can Help to achieve The Following Objectives: 
1. Provide mass education opportunities. 
2. Stimulates learning 
3. Social quality in education 
4. Provide flexibility of time and space in learning. 
5. Reduce dependency on verbal teaching and teachers 
6. Enhance quality in education 
 

Young students are being conditioned, just like Pavlov’s dogs, to be passive 
learners. Learning requires active engagement and to generate and sustain interest 
and pay attention and generate ideas and integrate knowledge into evolving 
learning styles. And that is where educational television comes in providing 
interest and attention. 
 

Apart from all these beneficial objectives educational television is providing. It is also 
fairly attractive to students because of the audio-visual elements in it. Almost Every 
home in the country has a television nowadays and not just the young but even older 
audience are quite addicted to soap operas and reality shows. All this is because of 
the engaging content that network provide. Just like this educational television can 
channel interesting elements that can help students engage better in academics? 
 

 
 

2.3.4.2 Computers 
 

A computer is a machine that can be instructed to carry out sequences of 
arithmetic or logical operations automatically via computer programming. 
Modern computers have the ability to follow generalized sets of operations, called 
programs. These programs enable computers to perform an extremely wide range 
of tasks. A "complete" computer including the hardware, the operating system 
(main software), and peripheral equipment required and used for "full" operation 
can be referred to as a computer system. This term may as well be used for a 
group of computers that are connected and work together, in particular a computer 
network or computer cluster. 
 

Computers are used as control systems for a wide variety of industrial and 
consumer devices. This includes simple special purpose devices like microwave 
ovens and remote controls, factory devices such as industrial robots and 

Activity: write different ways in which we can use computers for teaching 
of Chemistry. 
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computer-aided design, and also general purpose devices like personal computers 
and mobile devices such as smartphones. The Internet is run on computers and it 
connects hundreds of millions of other computers and their users. 
 

Computers in the classroom include any digital technology used to enhance, 
supplement, or replace a traditional educational curriculum. As computers have 
become more accessible, inexpensive, and powerful, the demand for this 
technology has increased, leading to more frequent use of computer resources 
within classes, and a decrease in the student-to-computer ratio within schools. 
 
Self-Assessment Questions 
Q.1  Identify what instructional aids will help you to teach structure of 

compounds. 
Q.2  Write how slides help you to make your lesson of Chemistry more effective. 
Q.3  Write the importance of charts and videos. Which one is more economic and 

easy to use generally. 
Q.4  Give examples of projected and non-projected instructional aids. 
Q.5  Instruction without instructional material is mere lecture which promotes 

passive learning Suggest the ways how you can make lecture more effective 
for teaching of Biology. 

Q.6  Write importance of instructional materials 
Q.7  Identify the topics in the subject of chemistry which can be taught by 

models. 
Q.8  Write procedures for the preparation of models. 
Q.9  Write difficulties in preparation of OPH transparencies. 
Q.11  What is the role of TV in learning of chemistry concepts. 
Q.12  Now a day’s Computers has replaced many instructional materials. Give 

descriptions how computer has replaced radio, TV, charts and 
transparencies.  

Q.13 Which is better overhead transparencies or slides for learning of chemistry. 
Q.14  Write implications for electronic materials as instructional materials for 

Pakistani schools and teachers. 
Q.15 Enlist all electronic instructional materials use for teaching Chemistry. 
Q.16 Enlist all non-electronic materials for teaching chemistry.  
Q.17 Enlist programmes of TV which are helpful in learning Biology. 
Q.18 Determine concepts in chemistry where no instructional aid is required. 
Q.19 Compare which one has more effect on the attention of students; TV or 

Films and stripes. 
Q.20 What are implications of instructional materials for distance education. 
 

 
 

Project: work in a group and suggest different instructional materials for 
teaching symbols and formulae, mixtures and compounds, electronic 
configuration, periodicity of properties and bonding. 
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INTRODUCTION 
 
Education is considered to be the very important tool for attaining national goals. 
Education provides learners with skills needed for survival. Science and 
chemistry education in particular is a true instrument for national development. 
According to Okon – Enoh, (2008) science is a way of seeking information 
(process) and also an accumulated knowledge resulting from research (products). 
Okoro (2013) sees science as a systematic investigation of nature with a view to 
understudy and harnessing them to serve human needs. Science may be regarded 
as the body of related courses concerned with knowledge. It consists among other 
component; Chemistry, Physics, Biology, Mathematics, Astronomy, Agriculture, 
among these, chemistry is vigorously described as the queen of science. Realizing 
the role science plays in achieving self-reliance and intellectual development, one 
tries to find the place of chemistry in science. Notwithstanding the negative role 
chemistry education does play globally, such as pollution and drug abuse, the 
positive roles are well known. Chemistry is the central in the drive of global 
sustainable economic development. It plays the major roles in food (fertilizers and 
insecticides), clothing (textile fibers), housing (cement, concrete, steel, bricks), 
Medicine (drugs), Transportation (fuel, alloy materials). Presently, man is 
experiencing an era in scientific and technological development that affects his 
life in one way or the other. Virtually everything we use daily involves science. 
Chemistry is a popular subject among senior secondary school students in 
Pakistan due to its nature. It addresses the needs of majority through its relevance 
and functionality in content, practice and application. What many nations like 
Pakistan need now is a functional chemistry education that will assist in national 
development. Chemistry education has been identified to be one of the major 
foundations for the transformation of our national economy. Chemistry Education 
can be seen as the acquisition of knowledge or ideals relevant to chemistry. It is 
concerned with the impartment of knowledge on properties, components, 
transformations and interactions of matter. Chemistry Education is therefore the 
systematic process of acquiring the fundamental knowledge about the universe. 
With these indispensable knowledge richly acquired, man can shape and reshape 
his world for his benefit. Hence, the development of the nation is usually 
measured by the degree and extent of growth brought to it through the enterprise 
of science education and a gate way to it is chemistry education. Chemistry 
education is the vehicle through which chemical knowledge and skill reach the 
people who are in need of capacities and potentials for development. In addition, 
chemical education addresses the social objective of substance development as 
education is now of the primary means for empowerment, participation, cultural 
preservation, social mobility and equity (Emmanuel, 2013) The impact of 
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chemistry on technology involves the process of bringing manufacturing 
inventories and sculpturing, designing etc. Technology can be seen as the 
application of scientific knowledge, skills, work, attitudes, tools and equipment in 
evaluation of new processes and adoption of these processes to the production of 
goods and services for the benefit of mankind (Hornby, 2010). Chemistry 
education plays important role in enhancing the quality of teaching and research 
as well as ensuring that students are equipped with good knowledge to produce 
intensive goods and services to meet human needs for food, health care products 
and other materials aimed at improving the quality of life. Every single material 
thing in the universe is a chemical and the ability to understand and manipulate 
these chemicals is responsible for everything from modern food and drugs to 
plastics and computers. Conclusively, the ideas of chemistry are not getting the 
attention they desire in either formal or informal education provision. It is argued 
that an improvement in this position requires the further development of the 
nature and quality of chemical education to chemical industries through intensive 
and extensive research. Chemistry education is needed in the professional 
development of chemical industries required in the establishment of modern 
technology and operation of chemical industries. The process of chemical 
transformation involves intra-chemical reactions within the same substances 
examples, sublimation, radioactive decay like uranium, plutonium etc and other 
chemical reactions when the substances react with other things which includes the 
evaporation of volatile substances like fuel, Mentholated spirit and even water 
when exposed to air. Really, chemistry can be used to find solution to problems of 
everyday activates in science, industry, technology, government, educational 
sector and economics. Some of the industries that obviously cannot do without 
chemistry include; cosmetics industry, brewery industry, chemical industry, 
textile industry, food processing and technology industry, forestry, Agricultural 
industry, petroleum, pharmaceutical industry etc. Man’s success in the different 
realm of chemistry provides ones unquenchable source of hope for success in 
technology. Whatever technology is, be it monster, man is poised to face it 
challenges having gained courage, built in confidence in himself as he overcomes 
the seemingly impenetrable mysteries of chemistry. To be able to operate 
machinery involved in technology, good dosage of simple experimental concept 
like observation and recording, theory and principles and measurement to take 
record of events that are needed. Also market forces succumb to the supremacy of 
social chemistry which includes simple experiment formulation such as record 
and observation, profit and loss, minimum and maximum, to the more complex 
ones like optimization theory and also operation research such experimental 
expressions. 
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OBJECTIVES 
 
After reading this unit, it is hoped that you will be able to; 
1. Illustrate Aims and rationale for practical work 

2. Demonstrate Practical work in school sciences 

3. Classify Varieties of Practical work 

4. Create environment of practical work 

5. Identify the use of work contexts in science practical activities 

6.  Construct new knowledge about practical work in Chemistry Education 
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3.1 AIMS AND RATIONALE FOR PRACTICAL WORK 
 
Practical work can: 
a) motivate pupils, by stimulating interest and enjoyment to learn laboratory skills  
b) enhance the learning of scientific knowledge  
c)  Give insight into scientific method and develop expertise in using it  
d)  Develop 'scientific attitudes', such as open-mindedness and objectivity 
 
Practical work has had a central and distinct role in chemistry education (from 
school to university) for more than a century. One of the features of chemistry as 
a subject in school or university is that it involves practical work in the laboratory. 
It is not difficult to see why. The aim of chemistry is to increase our 
understanding of the composition, properties and change of matter. Claims and 
explanations in chemistry should be supported by observational data (Hofstein & 
Lunetta, 2004; Millar, 2010). What does the phrase ‘practical work’ mean? Based 
on science education literature practical work “refers to any type of science 
teaching and learning activity in which students, working either individually or in 
small groups, are involved in manipulating and/ or observing real objects and 
materials  as opposed to virtual objects and materials as those obtained from a 
DVD, a computer simulation, or even from a text-based account. Practical work 
has a prominent position in chemistry curricula. The development of the science 
of chemistry is the result of an interaction between experiment and theory. This 
interaction is reflected in the programme subject Chemistry, in which the planning 
and implementation of experiments play a key role.  Training in chemistry shall 
link theory with practical laboratory work. Many of the competence aims in the 
curriculum deal with practical work. It is stated explicitly that practical work has 
to be done. Among other things it should be mentioned that in chemistry, almost 
exclusively, one could ‘engage’ all five senses of a school student: 
1. The results of an experiment can basically be seen (as in most of the other 

practical educational activities used in the sciences or other disciplines). 
2. Often they can be heard in the form of bangs, pops, etc.  
3. On many occasions the result could be smelled (during generation of 

ammonia, iodine, hydrogen sulphide, samples of various alcohols etc.). 
4. The system (a beaker or a flask where a chemical reaction occurs) can quite 

often be touched, to witness that it is hot, warmer, colder or freezing cold 
when compared with the temperature of the environment.  

5.  Under special circumstances (when talking about different carbohydrates, 
presenting samples of glucose, fructose, sucrose, or during neutralization of 
sodium hydroxide, with a slight excess of hydrochloric acid, and 
evaporation till solid NaCl is obtained) it might be permissible to carefully 
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taste the samples/product, under the supervision of the instructor. Indeed, 
teachers (and others interested in chemistry education) assume many 
benefits as a consequence of school students engaging in laboratory 
activities and other practical work. Practical activities are claimed to 
increase the interest for chemistry and to support learning. In addition they 
contribute to a student-directed and inquiry-based learning environment in 
contrast to more teacher-directed learning .Researchers have questioned the 
role of laboratory work; particularly its effectiveness has been a research 
focus. In an often cited review it is concluded: The research has failed to 
show simplistic relationships between experiences in the laboratory and 
student learning concluded from several reviews related to practical work: 
When outcomes are measured using pen and paper tests, the use of practical 
work offers no significant advantage in the development of school students 
scientific conceptual understanding was very critical about the effect of 
laboratory work as it is carried out in many cases. It appears as unproductive 
and confusing. He questions what the school students actually do and for 
what purpose. Laboratory activities appeal as a way to learn with 
understanding and, at the same time, engage in a process of constructing 
knowledge by doing science.  

 
3.2 PRACTICAL WORK IN SCHOOL SCIENCES 
 
The idea is that students are taught to carry out their own scientific enquiries and 
so acquire scientific knowledge for themselves. Clearly practical work has a 
central role in any such vision of science education. ... An enquiry-based approach 
may also encourage students to be more independent and self-reliance. 
 
3.2.1 Types of experiments 
 
There is no unique way for the classification of chemistry experiments. The very 
classification often depends on the ‘taste’ of the experimenter/instructor. Still, 
many chemists would agree that experiments as a tool of the chemical educator 
could conveniently be classified into three groups:  
1.  Teacher demonstrations 
2. Cookbook/recipe experiments 
3. Open-ended/inquiry experiments 
 
1.  Teacher demonstrations 

Just as an artist uses a paintbrush to reveal an underlying concept, a science 
educator uses a demonstration as his or her tool to illustrate scientific 
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principles. In both cases, the picture is worth a thousand words. For many 
chemistry teachers and professors, chemical demonstrations are an integral 
part of their lesson planning because of their ability to promote student 
learning. Demonstrations can be effective in showing teacher enthusiasm, 
sparking student interest, initiating scientific inquiry, and displaying 
scientific phenomena in the classroom. Despite the many functions 
demonstrations can serve in the education process, some educators are 
apprehensive of incorporating them into the science curriculum. This 
reluctance is due primarily to convenience factors, limitations of 
demonstrations, and the consequences of misusing demonstrations. When 
considering whether or not to incorporate demonstrations into a teaching 
routine, educators should research the pros and cons of the technique and 
then learn how demonstrations should be implemented if they are to be 
effective. A conclusion one most certainly should reach is that 
demonstrations serve a great purpose in chemical education if they are used 
correctly. 

 
2.  Open-ended/inquiry experiments 
 One type, open-ended experiments, has received a lot of positive attention in 

recent years. Different terms like open-ended, inquiry-based or open-inquiry 
experiments are used in the literature. They all refer to experiments where 
school students cannot follow a given procedure. The experiments can be 
more or less open-ended in different ways: data may be given or incomplete, 
methods can be familiar or unfamiliar and outcomes/goals given or open 
(Wood, 2006).  

 
3.  Cookbook/recipe experiments 
 Most laboratory work in school and higher education is of “cook-book” or 

recipe style.  Cook-book experiments are an ineffective way to learn science 
concepts and might provide a wrong picture of how knowledge is developed in 
science; - Such experiments do not challenge the school students to think about 
the purpose of the experiment or the sequence of steps involved - Both the 
practical work and the following written report are often of a ritualized or 
formulaic nature. The school students’ focus is on following the given step-by-
step procedure and finishing the task (getting the “right” results). Important 
general goals in secondary education are creativity, problem-solving skills, and 
critical and independent thinking.. Other more specific benefits of open-ended 
experiments are well documented in the literature follows: 

 •  Learning of content knowledge (CK);  
 •  Scientific process skills; 
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 •  Attitudes towards chemistry;  
 •  Motivation to learn chemistry;  
 •  Understanding of the nature of science and 
 •  Communication skills.  
 
As a consequence of reforms in chemistry education, more inquiry-based 
laboratory work was introduced in high schools in investigated the effects of these 
changes. They reported an increased interest in chemistry, and both inquiry skills 
and scientific understanding improved significantly. Students in their first year of 
chemistry studies at university level showed better learning outcomes and more 
positive attitudes when doing open-inquiry experiments. Comparing inquiry and 
confirmatory experiments, found that discourses were rich in arguments during 
inquiry-type experiments. The construction of arguments was encouraged 
especially when students discussed possible hypotheses, analysed their results and 
worked on conclusions. Challenges associated with implementing inquiry-based 
laboratory work include: a lack of time, shortage of instructional materials and 
class sizes .The implementation is specially demanding for novice teachers, who 
are inexperienced in domains like pedagogical content knowledge (PCK), and 
knowledge of teaching, school students and classrooms During open-ended 
experiments the following undesirable behaviour might be observed 
•  After school students have worked out a procedure, they follow it cook-

book style;  
•  School students can work out and stick to an inadequate procedure leading 

to meaningless results and  
•  Still, school students’ main goal can be to finish the task and get the 

expected results. It is therefore particularly important to monitor the work of 
school students while they are carrying out open-ended experiments. As 
mentioned before, one of the features of chemistry as a subject in school is 
that it involves experiments. At least some of these experiments should be 
open-ended. 

 
3.2.2 Main goals for practical work 
 
The principal aims of practical work are to enhance students: 
• understanding of scientific concepts;  
• interest and motivation;  
• scientific practical skills and problem solving abilities;  
• scientific habits of mind and 
• understanding the basics of the nature of science. 
• Enhancing school students’ interest and motivation  
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Learning practical skills 
 
In general, chemistry courses have the focus both on content knowledge in 
chemistry and practical skills. In the laboratory the PSTs learn how to use 
practical chemistry equipment (from glassware to sophisticated instruments). Not 
surprisingly, research studies show consistently that the best way to learn practical 
skills is the “hands-on” approach (Millar, 2010). The PSTs have to acquire a 
number of practical skills to be able to follow more advanced courses in 
chemistry. At the same time it is essential for laboratory safety that future 
chemistry teachers learn how to use equipment and handle chemicals properly. 
PSTs have to learn about safety and waste management in the laboratory, in 
accordance with the new CLP-regulations (ECHA, 2009). No PSTs are allowed to 
work in a chemistry laboratory on their own without having completed a 
compulsory safety course (which could be a part of the chemistry course). More 
details about teaching of different practical skills will be presented later as good 
practice examples. 
 
Enhancing the learning of scientific knowledge 
 
As presented in the introduction, there is no clear evidence supporting the idea 
that practical work gives a higher learning effect of CK than other methods, like 
teacher demonstrations or non-practical teaching methods (Millar, 2010). The 
science laboratory settings can be a very good learning environment; the social 
environment is usually less formal than a classroom, the school students 
collaborate in small groups, the student-teacher ratio is usually lower than in a 
classroom and most school students have positive attitudes towards laboratory 
activities. Unfortunately, research has shown that during laboratory activities 
much of the time is spent on reading recipes, following instructions and 
interacting with equipment (Hodson, 1990). But if the practical work is well 
organized, then the school student can learn CK, as illustrated by this quote 
(Lunetta, Hofstein, & Clough, 2007, p. 405): “When well-planned and effectively 
implemented, science education laboratory and simulation experiences situate 
students learning in varying levels of inquiry requiring students to be both 
mentally and physically engaged in ways that are not possible in other science 
education experiences” An important question is how teachers can enhance the 
learning of CK through practical work. The literature describes several important 
factors which promote learning from practical work: - the activity should interact 
with the prior knowledge of the student; - the activity should have a clear goal; - 
time for reflections and discussion and - the teachers’ role. Information about the 
school students’ prior knowledge is essential to ensure learning in general, also in 
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the laboratory (Lunetta et al., 2007). If the prior knowledge is insufficient then the 
school students are not able to derive meaning from their results (Berry et al., 
1999) and the learning of CK will be poor. Thus, the timing of the experiment is 
important (Southam, since the school students need to have the necessary CK for 
the practical work to be effective. During a laboratory session, school students 
often have to process a lot of information in addition to carrying out the practical 
work. The school students are reading the laboratory description, interacting with 
peers, activating their prior knowledge, getting messages from the teacher, 
interacting with the equipment and doing the experiment. In such settings school 
students can get a cognitive overload, with too much information at the same time 
(Johnstone & Wham, 1982). A study from several European countries has 
identified that embracing too many objectives in one laboratory session will give 
a poor learning result (Sere, 2002). Ways to avoid this can be to give school 
students small qualitative laboratory tasks (Gunstone & Champagne, 1990), 
activities with a clear goal and to clarify the pedagogical purpose of the activity 
for the school students (Hart et al., 2000). An important part of most learning 
processes is that the learner needs time to reflect, and to embed the new 
knowledge into the existing cognitive networks. This is also true for the learning 
of CK from laboratory activities. Findings from a study in England stated that 
teachers need to be more realistic in terms of what they want school students to do 
and learn in the laboratory session (Abrahams & Reiss, 2012). If there is a 
shortage of time, the school students still have to finish the practical task, but the 
time for reflection and discussion is reduced. This will result in a poor learning 
outcome. Short but high quality activities, in which there is time for reflection and 
discussion, will enhance learning (Gunstone & Champagne, 1990). In some cases, 
time-consuming laboratory activities could be replaced with time-efficient 
alternatives, like teacher demonstrations or simulations (Lunetta et al., 2007). The 
school students will then have more time to discuss and reflect about the results of 
the experiments. The teacher’s input is essential to achieve the desired learning 
outcome from practical work. In addition to the more obvious aspects of the 
teacher’s role (like deciding the practical task, how time is spent, etc.) the student-
teacher interactions during practical work have been shown to be especially 
important (Hogstrom, Ottander, & Benckert, 2010; Lunetta et al., 2007). School 
students need help to develop the abilities of observation during experiments. 
Quality discussions between the teacher and school students are effective in 
enhancing the learning outcome from practical work (Millar, 2010). Laboratory 
activities including “scaffolding” have also been shown to enhance learning 
(Abrahams & Reiss, 2012). Giving insight into the nature of science the construct 
of the nature of science (NoS) is complex and different definitions can be Giving 
insight into the nature of science The construct of the nature of science (NoS) is 
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complex and different definitions can be found in the literature (Lederman, 2007). 
An introduction to the construct and why it is important is given in another 
chapter . We also refer to that other chapter for good practice examples about 
teaching NoS. In this chapter we look briefly at contributions from practical work 
to a better understanding of NoS Misconceptions about different elements of NoS 
should be addressed in teacher training, in the context of practical work and/or in 
seminars. It is important that future chemistry teachers have a sound 
understanding of key concepts like theory, law and hypothesis and the relations 
between them. McComas (1998) presents different myths concerning these key 
concepts, as follows: - hypotheses become theories that in turn become laws - 
scientific laws and other such ideas are absolute - a hypothesis is an educated 
guess The performance of investigative or inquiry-based experiments helps school 
students to get a better understanding of scientific methods. According to Trefil 
(2003) and McComas (1998) the existence of a general and universal scientific 
method is a myth:” The notion that a common series of steps is followed by all 
research scientists must be among the most pervasive myths of science given the 
appearance of such a list in the introductory chapters of many precollege science 
texts” (McComas, 1998, p. 57). Instructional approaches which are mainly 
implicit (with learning about NoS as some kind of by-product) are not sufficient. 
Lederman & Abd-el-Khalick (1998, p. 83) argue that school students would not 
get enough understanding of a complex concept like NoS “solely through learning 
about the content of science or its processes […] a concerted effort on the part of 
science educators and teachers to explicitly guide learners in their attempts to 
develop proper understanding of the scientific enterprise is essential.” 
 
Analytical framework 
 
It does not make sense to look at the effectiveness of practical work in general. 
There is a broad variety of different activities with different aims and objectives. 
It is more useful to consider the effectiveness of a specific experiment with a 
specific goal.  
 
Good practice examples  
 
Practical work is a substantial part of the teaching a chemistry teacher does during 
a day. Thus, it is important that teacher educators focus on this part in the teacher 
education courses. In this sub-chapter we will present good examples of how 
practical work is included in the education of PSTs for secondary school. 
Practical work – the importance of school practice PSTs gain knowledge about 
how to do practical work both at the university and during practice at schools. The 
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PSTs will experience considerable differences between the University chemistry 
laboratories and the laboratory facilities at schools, especially in lower secondary 
schools. Some of the challenges are: • less (or no) support by technicians; • other 
(usually much less sophisticated) equipment; • lack of important/necessary 
equipment and chemicals and • responsibility for experiments, safety, storage of 
chemicals and waste management. When it comes to practical work there has to 
be a different focus in teacher education courses compared to University 
chemistry courses. The PSTs must be prepared to meet the reality in school. This 
has to be addressed in the lectures and followed up during school practice. PSTs 
spend a significant amount of time in schools (100 – 110 days in Norway). Out in 
school they have the opportunity to test different types of practical work and get 
feedback right away, both from school students and the tutor. The tutor is crucial 
for the PSTs’ learning outcomes. Our experience is that PSTs find it difficult in 
the beginning to conduct experiments in their school practice. There are a lot of 
things to consider in addition to the challenges mentioned above: how to organize 
the experiment, clarify the goals, getting familiar with the laboratory, guide the 
class, covering Environmental, Health and Safety (EHS) considerations etc. Thus, 
it can be overwhelming for the PSTs to do laboratory activities with a large group 
of school students. However school practice is an important arena for giving PSTs 
experience with experiments in a classroom setting. We believe that our qualified 
PSTs will be well suited to organize practical work in a way which arouses 
excitement and promotes learning for their future school students. We try to 
achieve this by giving the PSTs the chance to try out different types of practical 
work, both at the university and during school practice, combined with high 
quality reflections. 
 
Laboratory safety 
 
One of the goals when doing practical work is to learn laboratory safety. To be 
skilled in this field one needs to have worked for a substantial amount of time in 
the laboratory. Then one gets to know how to handle chemicals, learns important 
laboratory techniques and safety rules. Environmental, Health and Safety (EHS) 
has increasing attention in education in recent years. This is due to the new EU-
regulation CLP (the classification, labeling and packing of substances and 
mixtures) (ECHA, 2009). Closely related are the CLIPs (chemical laboratory 
information profiles) of various substances (Young, 2001) that are used in the 
laboratory (the latter are extensively in use in USA and could be easily found on 
the Internet). In addition some countries have in recent years implemented 
regulations which demand risk assessment of all laboratory experiments in school 
and in higher education. Both in lower and upper secondary teacher education in 
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Norway there is an increased focus on laboratory safety. One of the challenges 
was that the EHS regulations are not very easily accessible for PSTs. But lately 
the University of Oslo (UiO) has developed an online resource for teachers, which 
gives an introduction to the CLP regulations, safety concerns in school 
laboratories and risk assessments (Skaugrud & Hannisdal, 2014). These resources 
are written in a language and a style that is well suited to be used by teachers in 
secondary schools and PSTs. At the Arctic University of Norway (UiT) we use 
these resources in the EHS part of the teacher education courses. The PSTs get a 
theoretical background about safety issues concerning laboratory experiments at 
an appropriate level. The PSTs have to apply this knowledge to work out risk 
assessments before they perform a selection of experiments. The EHS is part of 
the curriculum and the PSTs know that they can be tested in this area in the final 
exam, which contributes to more emphasis on EHS. We believe that laboratory 
safety is best learned in context. By using appropriate teaching materials, trying 
out some potentially risky experiments and discussing laboratory safety, we 
believe the PSTs will become chemistry teachers who know the regulations and 
have good insight into potential risks in the chemistry laboratory. In Macedonia, 
unfortunately, there isn’t any systematic approach to this important issue, but 
some authors use somewhat arbitrary estimates of the overall risks for a given 
demonstration, using signs to indicate the degree of risk: 1 – being the lowest and 
indicating virtually no risk at all, and 5 – being the highest risk, in which case the 
demonstration should be performed only by highly experienced and skilled 
instructors (Najdoski & Petruševski, 2002; Petruševski & Najdoski, 2000). 
 
3.3  VARIETIES OF PRACTICAL WORK 
 
3.3.1 Low-cost experiments 
 
Experiments in science are associated with different challenges  
•  They cost money and the budgets for this kind of expenses are decreasing 

(no matter how rich the country is). 
•  New regulations about safety in connection with chemicals (CLP) are 

introduced in the EU. 
•  In many schools (especially lower secondary schools) experiments have to 

take place in traditional classrooms. As a consequence school students’ 
activities are reduced to a minimum in many cases. Low-cost experiments 
provide several distinct advantages: 

•  Schools save money (less need of chemicals, cheaper materials from 
everyday life or medical supply); 

•  Less room for storage is needed; 
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•  Experiments take (much) shorter time; 
•  They offer higher mobility (transport without special needs);  
•  Fewer EHS concerns (less chemicals, easier disposal) and 
•  They can be done in an ordinary classroom. Microscale experiments 

Microscale chemistry is an environmentally-friendly, pollution-prevention 
approach accomplished by using miniature glassware and significantly 
reduced amounts of chemicals. Many schools (and teacher education 
institutions) use microscale-kits. It is not necessary to buy all the equipment. 
Low-cost experimental kits can be developed in the classroom as part of the 
experiments. Learning outcomes associated with microscale experiments are 
likely to differ from LOs using equipment of usual size. Equipment from 
medicine Syringes (with or without cannula) in different sizes and with 
different seals can replace much more expensive burettes and gas syringes. 
One example is a low-cost  

 

 
 
Hofmann apparatus In addition it’s possible to recycle waste (e.g. cans, glasses, 
pill packaging, film containers) and to use chemicals from everyday life.  
 
3.3.2 Open-ended experiments  
 
One type, open-ended experiments, has received a lot of positive attention in 
recent years. Different terms like open-ended, inquiry-based or open-inquiry 
experiments are used in the literature. They all refer to experiments where school 
students cannot follow a given procedure. The experiments can be more or less 
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open-ended in different ways: data may be given or incomplete, methods can be 
familiar or unfamiliar and outcomes/goals given or open (Wood, 2006). 
 
Developing abilities to successfully present experiments  
 
Occasionally the main goal for a teacher demonstration may be pure 
entertainment (e.g. in chemistry shows). Usually other goals mentioned earlier are 
prevalent. A teacher demonstration can be chosen in preference to experiments 
done by school students for several reasons: safety aspects, costs, difficult 
experiments or to save time. The following suggestions can be useful for 
performing and presenting the demonstration successfully  
 
•  The experimental set-up should be prepared in advance and often it is 

necessary to try it out before the lesson (certainly, if the teacher is 
unfamiliar with the experiment). • The teacher is not supposed to talk in 
advance about the results of the experiment!  

•  While performing the experiment it is good practice that school students pay 
attention to every change in the system (e.g. smoke, flame, light, sound, 
odour, bubbling, glow, colour change etc.) as a basis for discussions and 
interpretations. It is advisable that the teacher turns their attention to such 
events. 

•  It is never recommended to carry out too many experiments at the same time 
to prevent school students from being confused and distracted. 

•  When working with older and more experienced students it is advisable to 
stimulate students to ask questions regarding the experiments and to 
encourage them to predict the outcome of such experiments. Each of these 
reinforcements represents a challenge for the student and each successful 
prediction increase their motivation and self-confidence. 

•  Secondary-school teachers usually work alone (without an assistant) so, at 
some point, they can ask school students to assist.  

•  Real chemistry is very far away from acting, magic or show business. Still, 
experiments should be as spectacular as possible. In that way they can evoke 
discussion among school students and increase their interest in the subject. 
Usually loud explosions, glimmering, spontaneous appearance of flame or 
light and sharp changes of colour leave strong impressions on school 
students, engrave on their minds and make school students fond of 
chemistry. These are some of the advice that can help PSTs to get started 
with successful demonstrations. They have to practice and modifications are 
inevitable. For example, it is not always easy to cover all the time with 
suitable remarks, questions or comments. Moreover, the more complex the 
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experiment the less likely it is that an inexperienced teacher will 
successfully activate the school students. Often he/she will be worried about 
the successful outcome of the experiment. This is mainly a matter of routine 
in experimenting and teaching experience. 

 
Use of ICT in Practical Work of Chemistry 
 
Although the offer of new tools using information and communication technology 
(ICT) in teaching has grown in the last years, their practical uses in the classroom 
remains uncommon in chemistry teaching at upper secondary school levels. A 
French policy maker recently claims for making common place the use of ICT in 
teaching, “it is a tool among other” and pre-service teachers’ formations should 
consider it (Obin, 2002, p.65). Although many research results claim the high 
potentiality of ICT in learning (see below), ICT is not a tool among other in actual 
science classrooms and we hypothesize that teachers must have difficulties to 
introduce them in their practices. The aim of the present work is to analyse few of 
the reasons of these difficulties. The main difference between ICT and more 
traditional techniques for representing knowledge, such as textbook, is based on 
the nonlinear representation of information (Jacobson & Archodidou, 2000). In 
hypermedia, nodes of symbols are linked together in a flexible manner that make 
it powerful but which increases the difficulty (e.g. for teachers) to enter the 
product to appropriate its potentialities. Many research studies have been devoted 
to ICT to understand the factors that can influence learning such as the 
multimedia effect – in which students learn more deeply from words and pictures 
than from words alone, the coherence effect – in which students learn more 
deeply when extraneous material is excluded rather than included, the spatial 
contiguity effect – in which students learn more deeply when printed words are 
placed near rather than far from corresponding pictures and the personalization 
effect – in which students learn more deeply when words are presented in 
conversational rather than formal style (Mayer, 2003). Relations with modeling 
have been largely explorer so are the benefit of exploring the possibilities of 
multiple representations (Kozma & Roussel, 1997). The way technology can 
augment the cognitive and social processes of scientific understanding and 
learning has been largely commented (Kosma R.,B. 2000). The use of surface 
features has been positively and negatively described. It may shape the students’ 
understanding and are profitable (Kozma, 2000), or be used with no 
understanding and lead students to copy and paste information with low learning. 
The use of models in science has been related to the importance of modeling 
activities in learning and interactive learning environments that associate 
constructivist learning with computer applications allow students to interact with 
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accessible dynamic representations of models (Jackson et al., 2000). Learning 
models is a challenge that can be helped by dynamic representations. Our 
theoretical approach is based on modeling to analyse both the knowledge in 
chemistry and the cognitive activity of the learner. 
 
Information Communication Technology (ICT) is now regarded to have 
promising features to enhance and support teaching learning practice in schools 
(e.g. Cox, Webb, Abbott, Blakeley, Beauchamp, & Rhodes, 2004; McFarlane & 
Sakellariou, 2002; Osborne & Hennessy, 2003; Voogt, 2003). There are also 
efforts made to explore the use of ICT on purpose to support student learning and 
improve their performance in secondary schools in African countries (e.g. Kozma, 
McGhee, Quellmalz, & Zalles, 2004; Tilya, 2003;). As in other countries, 
computers are now gradually spreading into secondary schools in Tanzania, and 
in large cities it is not rare to see a computer(s) in secondary schools. The 
Tanzanian government is also encouraging schools to implement ICT and 
introduce ICT education in the curriculum (MoCT, 2003). There is little doubt 
that ICT is now regarded as a promising educational tool which may bring about 
new innovative practices in schools. Although at present the use of ICT in schools 
is still rather limited in most of the secondary schools in Tanzania, people are 
interested in ICT and eager to take advantage of the technology. In order to 
promote ICT implementation in schools, it is significant to facilitate teachers’ 
practice of using ICT in such a way that they can find relevance and usefulness of 
ICT in real school settings for themselves. The exploration of practical use of ICT 
by secondary school teachers in an effort to improve students’ performance in 
Tanzania is the other interest of this study. 
 
Education is a fundamental human right (UNESCO report 2000). This is exactly 
what Open and distance learning (ODL) programmes have been striving to 
provide. ODL is an amalgam of two approaches to education that focuses on 
expanding access to learning and the use of multimodal delivery systems such as 
technology and printed modules. It is characterized by two factors; - its 
philosophy, and its use of technology (Chikuya, 2007; Freeman, 2004). Most 
ODL systems have a philosophy that aims to remove barriers to education and to 
allow students to study what they want, when they want, and where they want. 
This philosophy implies that education should be made available to all, regardless 
of time, place, and age (Freeman, 2004; Rowe, 1994). In addition to quality 
assurance, ODL programmes offer flexibility that cannot be matched by 
conventional programmes. These assurances have been established to the fullest 
by recent development in e-learning, especially in the context of online learning 
via the Internet. Non science-based ODL courses have a longer history compared 
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to science-based ODL courses. In the field of science and engineering, the 
practical sessions have been conducted by some ODL providers, based on an 
existing practical model and often by setting up laboratories at the districts’ 
learning centres. However, several constraints and difficulties have been observed 
in the implementation of science-based practical work. Incorporating practical 
work into Distance Education courses is a worldwide challenge that calls for 
careful planning and creative curriculum development. While most science 
educators would agree that studying science without any exposure to practical 
work would result in a rather idiosyncratic qualification (Bennett, Metcalfe, 
Scanlon, Thomas & Williams, 1995), there has been growing realization that the 
laboratory is not the only place in which all the objectives of practical work can 
be achieved. Consensus is spreading that the benefit students derive from practical 
work cannot necessarily be measured by the number of hours spent in a 
laboratory. Effective ODL education should be flexible enough to accommodate 
science disciplines with practical components. The main challenges with practical 
work in ODL are that students are geographically scattered and that they come 
from very different educational backgrounds (Basson, 2010). The ODL are mostly 
adult learners and studying in a second language. But in spite of these constraints, 
there is an equivalence motive as justification for compulsory practical work as a 
means to put degrees and diplomas awarded through ODL on the same level of 
achievement as those awarded through full-time residential studies (Basson, 
2010). The present method is very conventional: it relies heavily on physical 
laboratories. To evaluate use of instructional technologies for science practical 
work in science, the researchers adopted Kumar, Subramaniam and Mukherjee 
(2005) five-stage model in trying to address the following research questions that 
guided this research: 
1.  How do lecturers value practical work in science teaching and learning? 
2.  What instructional technologies are being used for teaching and learning of 

science through the Virtual and Open Distance Learning programme?  
3.  What students’ support materials are available for the Virtual and Open 

Distance Learning programme? 
 

Teaching of chemistry is comprised of inputs and processes. Inputs, the existing 
starting conditions affecting teaching activities, could be further classified into 
two areas: pedagogical and technological features, which in this particular 
research, were determined by the Delphi Panel. However, an input of critical 
importance to use computer in teaching chemistry was the recognition of 
international studies. Inputs are related to the resource base that supports teaching 
of chemistry, as well as the processes. These inputs are identified and countries 
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have achieved awareness and experiences in an international context which has 
led to improvement in teaching of chemistry. 
 
Assessment of Practical Work 
 
Practical laboratory science is a great way to motivate and engage young minds. 
Hands-on experiments are an essential part of learning science and a way to 
develop wider life skills. 
 
But what should ‘good’ practical science look like in today’s secondary schools 
and how might school leaders or heads of department develop their own 
programmes?The first benchmark recommends every school has a written policy 
that explains why teachers use practical science and the outcomes they expect 
from it. The policy, ideally drawn up by teachers and technicians across the 
science department and reviewed regularly, should detail how different age 
groups and pupils with special educational needs and disabilities are 
accommodated. It should also explain how to make the most of opportunities 
offered outside of school. 
 
Teachers should have subject-specialist training that is maintained by continued 
professional development (CPD) in the subject and age range they teach, along 
with specific training in practical science, according to another benchmark. 
Tonicha Davies, Head of Science at Cullompton Community College agrees: ‘I 
think having a focus on practical work in department meetings, both in sharing 
good practice and skilling-up staff that are less confident in a particular field is 
really important’. Good training ensures that teachers can carry out practical 
science with confidence and with knowledge of the underlying principles. 
 
Excellent technical staff should support these well-planned programmes. All 
science departments should employ enough technicians with expertise covering 
biology, chemistry and physics to allow teachers to incorporate practical work 
into lessons. Technical staff should also have access to regular CPD. 
 
These three main aims achieved, schools will be well on their way to offering top-
quality practical education. 
 
The Good Practical Science benchmarks 
1.  Planned practical science 
 Write a policy that explains why teachers use practical science, the 

outcomes they expect from it and how they achieve those outcomes. 

76 
 



2.  Purposeful practical science 
 Know the purpose of any practical science activity, and plan and executed it 

so it is integrated with other science learning. 
3.  Expert teachers 
 Provide subject- and age-specialist training, so teachers can carry out practical 

science with confidence and knowledge of the underlying principles. 
4.  Frequent and varied practical science 
 Provide practical activity in at least half of science lessons. These can be 

short or long, but should be varied. 
5.  Laboratory facilities and equipment 
 Schools should have enough well-equipped laboratories for every teacher to 

do frequent practical science safely. 
6.  Technical support 
 Departments should have enough technical or technician support for 

teachers to carry out frequent and effective practical science. 
7.  Real experiments, virtual enhancements 
 Use digital technologies to support and enhance practical experience, but not 

to replace it. 
8.  Investigative projects 
 Create opportunities for open-ended and extended investigative projects. 
9.  A balanced approach to risk 
 Unnecessary risk aversion should not restrict students’ experiences. 
10.  Assessment fit for purpose 
 Formative and summative assessment should include assessment of their 

practical knowledge, skills and behaviours. 
 
3.4  THE ENVIRONMENT IN PRACTICAL WORK 
 
An effective teacher plans practical work with specific learning objectives in 
mind. By using different pedagogical approaches, the same practical task can be 
used to achieve different learning outcomes. For some practical tasks, the learning 
is about objects and observables. Students are expected to recall what they have 
observed. Other tasks involve making links between observables and scientific 
ideas. Students generally find the latter harder, as they involve thinking as well as 
seeing and doing. The task design needs to ‘scaffold’ students’ efforts to make 
these links. Practical work to develop students’ scientific knowledge is likely to 
be most effective when: 
• the learning objectives are clear, and relatively few in number for any given 

task; 
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• the task design highlights the main objectives and keeps ‘noise’ to the 
minimum; 

• a strategy is used to stimulate the students’ thinking beforehand, so that the 
practical task is answering a question the student is already thinking about. 
 

3.5 THE USE OF WORK CONTEXTS IN SCIENCE 
PRACTICAL ACTIVITIES 

 
Practical science activities have huge significance in the learning process. They 
engage students, helping them to develop important skills, understand the process of 
scientific investigation and develop a broad understanding of scientific concepts. 
 
The quality, quantity and breadth of practical science work carried out in the 
classroom should be the ultimate focus. If the range of experiments and skills that 
are assessed is at present too narrowly focused, it would make more sense to 
broaden that range, rather than switch to a different assessment method that might 
encourage a more hands-off text book approach 
 
Self-assessment Questions: 
1. Illustrate Aims and rationale for practical work? 
2. Describe importance of Practical work in school sciences? 
3. Classify Varieties of Practical work? 
4. Identify the use of work contexts in science practical activities? 
5. Explain role of ICT in practical work of Chemistry Education? 
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INTRODUCTION 
 
Learning is the process by which an individual acquires knowledge, attitudes and 
skills that are necessary to meet the demands of life. While touching a burning 
candle, a child gets burnt and he withdraws the fingers. When he faces a similar 
situation again he withdraws his fingers faster. Gradually he learns to avoid not 
only the burning candle but also other burning things. The behavior of an 
individual is thus changed through experiences. This change in behavior brought 
about by experiences is commonly known as learning. 
 
Thus, Learning means change in behavior or behavior potential that occurs as a 
result of experience. Learning can result from both vicarious and direct 
experiences. Vicarious means observing someone and learning from that 
observation and not being directly involved in the experience. For example, a 
child learns how to clap hands by seeing someone else do it. Learning also takes 
place through direct experiences. For example, a child learns to write by 
practicing writing. A child normally learns from his parents, teachers and the 
environment. In this unit content regarding learning, discovery learning, learning 
by building on previous knowledge and learning styles have been discussed to 
make an idea how learning can be maximized? 
 

 
OBJECTIVES 

 
After completion of this unit you will be able to: 
• Define different terms related to learning 
• Describe discovery learning 
• Deduce loopholes in discovery learning 
• What is concept of building on previous Knowledge 
• Tell and identify different learning styles. 
• Explain field dependent and field independent learning.                               
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4.1 WHAT IS LEARNING? 
 
Different experts gave different definitions of learning and nature of learning is as 
following. 
1.  Gardener Murphy: “The term learning covers every modification in 

behavior to meet environmental requirements.” 
2.  Henry P. Smith: “Learning is the acquisition of new behavior or the 

strengthening or weakening of old behavior as the result of experience.” 
3.  Crow & crow: “Learning is the acquisition of habits, knowledge & attitudes. It 

involves new ways of doing things and it operates in individuals attempts to 
overcome obstacles or to adjust to new situations. It represents progressive 
changes in behavior. It enables him to satisfy interests to attain goals. 

 
Learning is defined as the acquisition of knowledge and skill, but the latter two 
concepts are somewhat too general and heady to be useful to those struggling to 
evaluate and improve higher education. In more pragmatic terms, learning might 
be viewed as a blend of mastery of information and improvement of 
understanding with an accompanying increase in the capacity to use and to reflect 
on the information mastered. In this context, learning at the college level requires 
of the learner both diligence and ability. Moreover, diligence-which is easier to 
measure and more easily mustered by the majority-tends more and more to be 
favored over ability in a higher education system committed to educating 
everyman in a climate of fairness and equal opportunity. Behaviorists take 
learning as complete change of behavior. New kinds of learning are always being 
implemented by educational institutions, in an effort to improve the quality and 
reputation of their own institutions, and of course to better the quality of 
education that their students and pupils receive. New and innovative methods 
have become commonplace in schools, colleges and universities, and one of these 
interesting methods of learning is discovery learning. 
 
NATURE OF LEARNING 
1.  Learning is Universal. Every creature that lives learns. Man learns most. 

The human nervous system is very complex, so are human reactions and so 
are human acquisition. Positive learning is vital for children’s growth and 
development. 

2.  Learning is through Experience. Learning always involves some kind of 
experience, direct or indirect (vicarious). 

3.  Learning is from all Sides: Today learning is from all sides. Children learn 
from parents, teachers, environment, nature, media etc. 
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4.  Learning is Continuous. It denotes the lifelong nature of learning. Every day 
new situations are faced and the individual has to bring essential changes in his 
style of behaviour adopted to tackle them. Learning is birth to death. 

5.  It results in Change in Behaviour. It is a change of behaviour influenced 
by previous behaviour. It is any activity that leaves a more or less permanent 
effect on later activity. 

6.  Learning is an Adjustment. Learning helps the individual to adjust himself 
adequately to the new situations. Most learning in children consists in 
modifying, adapting, and developing their original nature. In later life the 
individuals acquire new forms of behaviour. 

7.  It comes about as a result of practice. It is the basis of drill and practice. It 
has been proven that students learn best and retain information longer when 
they have meaningful practice and repetition. Every time practice occurs, 
learning continues. 

8.  Learning is a relatively Permanent Change. After a rat wake up from his nap 
he still remembers the path to the food. Even if you have been on a bicycle for 
years, in just a few minutes practice you can be quite proficient again. 

9.  Learning as Growth and Development. It is never ending growth and 
development. At reach stage the learner acquires new visions of his future 
growth and news ideals of achievement in the direction of his effort. 
According to Woodworth, “All activity can be called learning so far as it 
develops the individual.” 

10.  Learning is not directly observable. The only way to study learning is 
through some observable behaviour. Actually, we cannot observe learning; 
we see only what precedes performance, the performance itself, and the 
consequences of performance 

 
4.2  DISCOVERY LEARNING 
 
Discovery learning is a kind of teaching that is based on the student finding things 
out for themselves, looking into problems, and asking questions. Essentially, it's 
all about students coming to their own conclusions and asking about things in 
their course that might not make particular sense. Obviously, as soon as enquiries 
are made, they can learn new things and hence will have become part of an 
innovative, thought-provoking and interesting educational journey. Top 
psychologists in the country have promoted this kind of learning 
 
The main times that discovery learning is used in the classroom are during 
problem solving exercises and educational programs. Students will undergo 
discovery learning when they are looking at their own experiences and knowledge 
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in their studies, and enquiring about further information to improve their 
understanding. Discovery learning will also be used in terms of answering 
controversial and tricky questions, asking other people what they think, and 
generally discussing things. Experiments are also key to discovery learning, for 
instance in sciences, where students will be able to experience science right in 
front of them - and discover things that may occur, which hence prompts them to 
ask the question 'why?' 
 
Discovery learning is used across the United States in regular schools, but it has 
also been popular in special-needs facilities for students with disabilities or 
learning problems. It has been proven time after time that discovery learning is an 
incredibly effective method of teaching special needs students, and is perfect for 
allowing students to have a productive learning environment that promotes 
questioning things, discussing ideas, and getting involved. 
 
Discovery learning also has a part in getting special needs students involved in 
normal, conventional educational curriculum - indeed, this means that discovery 
learning can play a key part in getting special needs students in the same classroom 
as 'regular' students, studying the same things, and sitting the same kinds of exams. 
This means that special needs students will not feel estranged, and will not feel like 
their education is particularly different to anybody else's. In the long run this 
provides a moral boost for special needs students, whilst also enhancing their 
education and the education of the other students sharing their class. 
 
In a regular classroom, a teacher who is trying to enforce new innovative methods 
of teaching might give students different problems, and try and get them to work 
together to come up with a solution to this problem. This can be implemented in 
nearly any kind of class and consistently proves to be an effective way of teaching. 
It provides numerous benefits, and of course is a great way of integrating special 
needs students with other students in conventional educational facilities 
 
Discovery, as a teaching approach, has a history much longer than the current 
manifestation, which blossomed in the 1960's. Willoughby (1963) and Bolding 
(1969)note that the teaching methods of Socrates are related to the current use of 
the term, and Skinner (1968) believes the great principle expounded by Rousseau in 
Emile wasdiscovery: Let the student learn from nature. Let him go directly to the 
facts, to things, which alone are incorruptible. (p.709, emphasis in original). More 
recently, Dewey's "learning by doing" has been regarded as being synonymous with 
discovery teaching (Carin & Sund, 1980). Similarly, it is possible to trace much of 
the current interest in discovery teaching to Piaget and Bruner. 

84 
 



Discovery Learning was introduced by Jerome Bruner, and is a method of 
Inquiry-Based Instruction. This popular theory encourages learners to build on 
past experiences and knowledge, use their intuition, imagination and creativity, 
and search for new information to discover facts, correlations and new truths. 
Learning does not equal absorbing what was said or read, but actively seeking for 
answers and solutions. 
 
4.2.1 Principles of Discovery Learning Model 
 
The Discovery Learning Model integrates the following 5 principles: 
• Principle 1: Problem Solving. 
 Instructors should guide and motivate learners to seek for solutions by 

combining existing and newly acquired information and simplifying 
knowledge. This way, learners are the driving force behind learning, take an 
active role and establish broader applications for skills through activities 
that encourage risks, problem-solving and probing. 

• Principle 2: Learner Management. 
 Instructors should allow participants to work either alone or with others, and 

learn at their own pace. This flexibility makes learning the exact opposite of 
a static sequencing of lessons and activities, relieves learners from 
unnecessary stress, and makes them feel they own learning. 

• Principle 3: Integrating and Connecting. 
 Instructors should teach learners how to combine prior knowledge with new, 

and encourage them to connect to the real world. Familiar scenarios become 
the basis of new information, encouraging learners to extend what they 
know and invent something new. 

• Principle 4: Information Analysis and Interpretation. 
 Discovery learning is process-oriented and not content-oriented, and is 

based on the assumption that learning is not a mere set of facts. Learners in 
fact learn to analyze and interpret the acquired information, rather than 
memorize the correct answer. 

• Principle 5: Failure and Feedback. 
 Learning doesn’t only occur when we find the right answers. It also occurs 

through failure. Discovery learning does not focus on finding the right end 
result, but the new things we discover in the process. And it’s the instructor’s 
responsibility to provide feedback, since without it learning is incomplete. 

 
4.2.2 The Discovery Learning Model Techniques 
 
The discovery learning educational sessions should be well-designed, highly 
experiential and interactive. Instructors should use stories, games, visual aids and 
other attention-grabbing techniques that will build curiosity and interest, and lead 
learners in new ways of thinking, acting and reflecting. 
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The techniques utilized in Discovery Learning can vary, but the goal is always the 
same, and that is the learners to reach the end result on their own. By exploring 
and manipulating situations, struggling with questions and controversies, or by 
performing experiments, learners are more likely to remember concepts and 
newly acquired knowledge. 
 
4.2.3 The Discovery Learning Model Key Advantages and Drawbacks 
 
Discovery learning has many key advantages, such as: 
• It encourages motivation, active involvement, and creativity 
• It can be adjusted to the learner’s pace 
• It promotes autonomy and independence 
• It ensures higher levels of retention 
 
However, as all models, it has also few drawbacks that can be summarized as follows: 
• It needs a solid framework, because the endless wandering and seeking for 

answers might be confusing. 
• It shouldn’t be used as a main instruction method, because it has limitations 

in practice and might produce inadequate education. 
• Instructors need to be well prepared and anticipate the questions they may 

receive, and be able to provide the right answers or guidelines. 
• At a certain level, it rejects the idea that there are significant skills and 

knowledge that all learners should need to learn 
 
4.2.4 Conditions that Stimulate Discovery Approach 
There are a number of conditions which stimulate discovery. Some of these 
conditions are imposed by science teachers, others are parental, societal based and 
still others are environmental. 
 
i.  This approach helps in understanding Nature of Science 
 The basis of science teaching understands that natural phenomena and the 

nature of science require inquiring and discovering. Inquiry in science 
consists of experiments and inquiring natural phenomena by discovery 
learning (Bruner, 1996; Lee et al., 2004). 

 
ii.  Curiosity 
 Bruner points out that any individual has the will to learn and this will 

should be used in such activities that it should raise curiosity and direct 
students to studying and discovering knowledge. Bruner (1961) states that 
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learning happens by discovery, which prioritizes reflection, thinking, 
experimenting, and exploring. 

 
iii.  Explorations open new Horizons of knowledge 
 Discovery is a way from the unknown to the known by the learners 

themselves (Bruner, 1966). The active participation of the learner in the 
learning process is called discovery learning (Bruner, 1968; Kara & Özgün-
Koca, 2004; Kipnis, 2005). In discovery learning, students construct 
knowledge based on new information and data collected by them in an 
explorative learning environment (De Jong & Van Joolingen, 1998; Njoo, 
1994). In this way students get confidence and ready to find new ways of 
learning, in which they get more knowledge. 

 
iv. Cognitive and physical skills 
 In discovery learning students develop their cognitive and physical 

skills.this implies that discovery learning approach needs active 
participation of students for the solution of a problem 

 
v. Satisfaction and contentment 
 Erdal and Öngel (1993), state that when learners take part in an inquiry, they 

get a complementary excitement and satisfaction by what they do, sense, 
and share, and what and how others do and sense during the discovery 
process. In this study, the subjects related to the unit “If It Weren’t for The 
Pressure,” and were taught through daily plans and activities that are 
consistent with the discovery learning method and the effects of the method 
upon the students’ perceptions of inquiry learning skills and academic 
achievements. 

 
vi. National Curriculum and Policy 
 National curriculum and policy promotes inquiry based learning. Inquiry 

based learning is a kind of discovery learning. 7 
 
vii.  Encourage mistakes and productive struggle 
 When students take control of their own learning, mistakes are inevitable. 

But mistakes are part of Discovery Learning. Providing timely feedback, 
quickly correcting mistakes, and continuously encouraging students to keep 
at it are critical to encourage students to push through difficult problems. 

 

 
 

Activity: Develop a lesson plan based on discovery learning 
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4.3  CRITICISM ON DISCOVERY LEARNING 
 
Critics of this model believe that discovery learning: 
• creates cognitive overload 
•  may result in potential misconceptions and misunderstandings 
• makes it difficult for teachers to detect whether students are having 

problems 
• may be overwhelming for learners who need more structures. 
• needs a solid framework, because the endless wandering and seeking for 

answers might be confusing and others conclude that there is no difference, 
but more importantly they also conclude that weak students benefit strongly 
from strong treatments. 
 

4.4  LEARNING BY BUILDING PREVIOUS KNOWLEDGE 
 
Learning by Building on Previous Knowledge Ausubel’s ideas are significantly 
important in the work reported here because of his emphasis on meaningful 
learning, it includes pre-knowledge and the knowledge developed in the learner’s 
cognitive structure. Ausubel’s cognitive learning theory has been found to be 
useful guide for learning events. The key concepts involved in the theory are a 
guide for teachers to improve teaching and learning. According to Ausubel 
(1967), “Meaningful learning occurs when the learner’s appropriate existing 
knowledge interacts with the new learning.” As an educational psychologist, 
Ausubel was concerned with prior knowledge as a factor influencing learning. 
And this is the main emphasis of this study reported here that how meaningful 
learning takes place. According to Ausubel (1978), “the most important factor 
influencing learning is the quantum, clarity and the logical organization of a 
learner’s present knowledge. This present knowledge which is available to the 
learner at any time is referred to as his cognitive structure”. (A cognitive structure 
consists of stable organization of concepts, facts, rules, theories and the raw 
perceptual data, arranged hierarchically, with the most generic concept at the apex 
and increasingly specific concepts toward the base.) 
 
Ausubel (1968) stated that if I had to reduce all of educational psychology to just 
one principle; “I would say this: the most important single factor influencing 
learning is what the learner already knows”. Ascertain this and teach him 
accordingly. Novak (1980) agreed that Ausubel’s theory is applicable and more 
powerful for teaching science education than the developmental psychology of 
Piaget. Both Ausubel and Piaget have offered some key insights for sciences. 
Forgotten is caused mainly by the connections between the ideas being lost so that 
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the persons can find their way in their long term memory to retrieve the answer 
they want. According to Ausubel (1978), “A primary process is learning 
subsumption in which new material is related to relevant ideas in the existing 
cognitive structure on a substantive, non-verbatim basis. Cognitive structures 
represent the residue of all learning experiences; forgetting occurs because certain 
details get integrate and lose their individual identity.”  
 
According to Arends (2004), the major pedagogical strategy proposed by Ausubel 
(1963) was the use of advance organizers. It is the job of the organizers to: 
“Delineate clearly, precisely, and explicitly the principal similarities and 
differences between the ideas in a new learning passage, on the one hand, and 
existing related concepts in cognitive structure on the other.” Ausubel (1963) 
states, “advance organizers are different from overviews and summaries, which 
simply emphasize key ideas and presented at the same level of abstraction and 
generality as the rest of the material. Organizers act as a subsuming bridge 
between new learning material and existing related ideas.” According to Shah 
(2004), “Optimal learning generally occurs when there is a potential fit between 
the student’s schemas and the material to be learned. To foster this association, 
Ausubel suggests that the lesson always begin with an advance organizer- an 
introductory statement of a relationship of high-level concept, broad enough to 
encompass all the information that will follow. The function of the advance 
organizers is to provide scaffolding or support for the new information. It is a 
conceptual bridge between new material and a student’s current knowledge.” 
Another instructional tool, which has its basis on Ausubel’s learning theory, 
called concept map which main purpose is to relate the concepts in logical 
organization with mega concept at the apex and, serves to clarify links between 
new and old knowledge and force the learner to externalize those links. Concept 
maps and advance organizers are very useful tools to help students learn about 
their knowledge structure and the process of knowledge construction 
(metaknowledge), and help the students learn how to learn meta-learning. 
 
Research in educational psychology demonstrates that students’ prior knowledge 
can directly impact their learning in class. For example, learners who have more 
extensive K-12 academic preparation tend to have greater academic success in 
college (Kurlaender and Howell, 2012). Conversely, prior mis-conceptualizations 
or inaccurate knowledge can also hinder future development (Ambrose, et. al 
2010). As such, instructors should take the time through assessments, active 
learning, and beginning-of-class activities to ascertain the knowledge their students 
bring to the classroom, and strategize how this information can inform pedagogy 
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• Some students in a class had not been exposed to relevant material since 
their early high school years, while others more recently took a similar class 
and scored well on an advanced placement exam in their senior year. These 
students began performing better in class and were at a distinct academic 
advantage. In response, the instructor used placement test data to assess 
students’ level of knowledge and provided optional enrichment to students 
on a voluntary basis outside of class.  

• Students did not develop strong writing skills in high school, but chose to 
pursue a major that involved essays and other written assignments. After the 
first writing assignment, the instructor noticed disparities in students’ 
writing capabilities and encouraged students who needed extra support to 
hone their writing skills by working on their essays with the university 
writing center.  

• An instructor opened class, by asking students to crowd-source their 
knowledge about Shakespeare in groups, and then pools their shared 
conclusions on the board. Responses ranged from a mix of accurate 
knowledge (date of birth, profession, common themes), to the inaccurate and 
mis-conceptualized (wrote “novels,” never existed, avoided religious 
topics). The instructor addressed some misconceptions in class, and used 
responses to plan future conversations and assignments 

• Implement a diagnostic assessment - Consider giving students a 
brief assessment at the beginning of the course (or an individual class) to 
measure prior knowledge or skills. This kind of assessment is typically low-
stakes with no formal grade, and can be framed to the students as such (for 
instance, where appropriate, students can be told that they are not expected 
to know much of the information). It is fine for students to know that the 
purpose of the assessment is to ascertain the knowledge and skills they bring 
to the classroom in order to develop more effective instruction. Instructors 
may also consider re-administering the assessment after instruction as a 
measure of learning. For some disciplines, concept tests or 
published concept inventories (link is external) can be used to gauge 
students’ prior knowledge.  

• Use multiple assessment strategies - An instructor can use multiple 
strategies to assess students’ prior knowledge each class. This may involve 
strategies like discussion in small groups, Think-Pair-Share, 1-minute 
papers, anonymous surveys on Canvas, instructional tools like clicker 
questions or handouts, and more. These continual assessments help 
instructors monitor student learning in their classroom and address gaps and 
deficiencies as needed.  
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• Target misconceptions directly - Once an instructor has identified student 
misconceptions and/or has referred to the literature and is aware of student 
misconceptions, they can encourage students to confront their own 
misconceptions and restructure their thinking. This may involve 
metacognition, or guided activities that ask students to analyze their own 
thought process and outline their grasp of an issue. It may also involve 
helping students reconstruct their knowledge in more accurate ways.  

• Build upon prior knowledge - After assessing students’ prior knowledge and 
addressing misconceptions, the instructor can use assessment results to 
inform future instruction, connecting what students already know with new 
knowledge and understandings. Strategies include pointing to upcoming 
lessons, providing lesson or lecture roadmaps, inviting reflective writing, 
and active learning activities like concept maps or case studies. Hampshire 
College provides a helpful list of other activities(link is external) for 
engaging student prior knowledge. 

 
Background knowledge is the raw material that conditions learning. It acts as 
mental hooks for the lodging of new information and is the basic building block 
of content and skill knowledge. In the literature, the term prior knowledge is often 
used interchangeably with background knowledge. Here, the terms are used 
synonymously since they mean essentially the same thing. It is interesting to 
consider how researchers define the concept. Some simply define prior 
knowledge as what a person already knows about the content (Marzano, 2004; 
Stevens, 1980) while others have more complex definitions. For example, 
Biemans and Simons (1996) conceive of prior knowledge as “all knowledge 
learners have when entering a learning environment that is potentially relevant for 
acquiring new knowledge (p. 6). Dochy and Alexander (1995) go further by 
claiming that prior knowledge is the whole of a person’s knowledge, including 
explicit and tacit knowledge, metacognitive and conceptual knowledge. Another 
helpful perspective of background knowledge is evident in Australia’s Productive 
Pedagogies efforts. The State of Queensland’s Department of Education (2002) 
refers to “high connection” and “low connection” learning. High connection 
learning gives students the opportunity to link their prior knowledge to the topics, 
skills, and competencies addressed in the classroom. By contrast, low connection 
learning introduces new information without any direct or explicit exploration of 
students’ background knowledge. Queensland educators are encouraged to teach 
productively by tapping student background knowledge. The Australian example 
is noteworthy. Substantial research has validated the important role prior 
knowledge plays in students’ academic success (Educational Research Service, 
2006; Marzano, Gaddy & Dean, 2000; Smith, Lee, & Newmann, 2001). In fact, 
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research has identified “red flag” approaches to teaching that undermine student 
motivation and learning. These include foregoing connecting new material to 
students’ prior knowledge (Dolezal, Welsh, Pressley, & Vincent, 2003). Such 
connections are important because students confront new information every day. 
They must integrate the new material into their existing knowledge, construct new 
understandings, and revise current beliefs or theories as needed. Students who 
lack adequate prior knowledge or unable to activate what they know often 
struggle to progress in a subject area or school itself. As educators, we are 
fortunate to have meta-analyses and other research available on effective 
strategies. Before considering the findings from these studies, it should be 
clarified that there are two primary classroom approaches to working with prior 
knowledge. The first includes tapping or activating preexisting knowledge. The 
second approach is that of building or developing new background knowledge. 
The strategies included in this chapter address both. Much of the research on 
background knowledge has focused on basic skills acquisition (Donovan & 
Bransford, 2005; Marzano, 2004; Strangman & Hall, 2004). For example, we 
know that reading comprehension (in many subject areas, not just language arts!) 
increases when background knowledge about a text’s content is engaged (Bolin, 
2005; Christen & Murphy, 1991; Graves &Cook, 1980; Hayes & Tierney, 1982; 
Ogle, 1986; Stevens, 1982; Strangman & Hall, 2004).  
 
Successful techniques for tapping prior knowledge need not be difficult. Several 
meta-analyses (Marzano, 1998; Pressley, 1992; Strangman & Hall, 2004) reveal 
that simply asking students what they know about a topic before reading or 
instruction can raise achievement. Likewise in math and science, research has 
demonstrated that asking students questions about key concepts and/or clarifying 
them before teaching the content increases achievement (Fuson, Kalchman, & 
Bransford, 2005; King, 1992; Minstre11, 1989). Many studies suggest that 
mathematics instruction should build on students’ existing knowledge along with 
teaching computational algorithms (Ball, 1993; Bolin, 2005; Bransford, Brown, 
and Cocking, 2000; Carpenter & Fennema, 1992; Carpenter, Fennema, & Franke, 
1996; Donovan & Bransford, 2005; Educational Research Service, 2007; 
Lambert, 1986). This is because students often possess relevant information that 
can assist them in mastering new content. A case in point is that many children 
have informal methods for working with math in their everyday lives. Such 
knowledge can be engaged when the formal symbol systems are taught. Younger 
students might explain how they know the number of classmates stepping on and 
off a school bus. Older youth can be asked about financial approaches to buying a 
car. For those struggling with math using student think out louds and explicit 
instruction have been shown to enhance background knowledge (Education 
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Research Service, 2007; Gersten & Clark, 2007). It is also important that teachers 
teach and ask their students to use the language of mathematics and the actual 
vocabulary encountered in the classroom and text. Vocabulary plays a 
fundamental role in any student’s knowledge base. In fact, some research suggests 
that teaching vocabulary is synonymous with building background knowledge 
(Marzano, 2004). Understanding key words is critical before learners can progress 
academically. For example, the average number of new words expected to be 
learned by a middle schooler is around 600 annually while for a high schooler it is 
800 (Bolin, 2005; Marzano, 2004). It is easy to see how students can fall behind if 
they do not learn vocabulary. Unfortunately, many students do begin behind. 
Studies of diverse first grade students reveal that many possess half the 
vocabulary knowledge as their peers (Graves & Slater, 1987; Marzano, 2003; 
Nagy & Herman, 1984). Fortunately, all teachers at all grade levels, in all subject 
areas, can teach the essential words for their disciplines. A benefit of the 
standards movement is that it has targeted specific words in subject areas which 
can be the ones taught. Further, it is important that students use and apply the 
words themselves. Teachers may be interested in the work of Marzano (2004, 
2005) and his colleagues at Mid-Continent Research for Education and Learning 
(MCREL). They identified nearly 8,000 words for common subject areas and 
suggest that teachers and schools teach 30 key terms per subject area annually. 
Additionally, the Tennessee State Department of Education (2006) has launched a 
statewide effort and has posted K–12 vocabulary for core subject areas on its Web 
site. The recent emphasis on developing background knowledge by teaching key 
vocabulary echoes research findings from the cognitive sciences. In addition to 
the acquisition of facts, learners of all ages need to be taught key organizing ideas 
or generalizations of the topic or discipline at hand (Bransford et al., 2000; 
Diamond & Hopson, 1998). Big concepts or categories provide the glue for 
factual understanding, accommodate in-depth learning, and allow students to 
transfer and apply what they know. If a conceptual framework is lacking, students 
will be left to rely on their own preconceptions about how the world works. Many 
researchers maintain that a significant purpose of education is to correct students’ 
erroneous notions (Bransford, Brown, & Cocking, 2000; Donovan & Bransford, 
2005; Gardner, 1991; Strangman & Hall, 2004). Attempts to make sense of the 
world, self, and others begin in early childhood and such homespun theories are 
not often correct. Subsequently, they can have consequences in K–12 education. 
Strangman and Hall (2004) report several studies that show that when students do 
harbor misperceptions, prior knowledge activation can actually impede new 
learning. Preexisting ideas can distort or interfere with the new content. If this 
occurs without intervention, students can fare poorly on tests and disregard 
information that conflicts with theirs. When teachers encounter misperceptions 
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they should find, or help the student to discover, thoughtful ways to correct such 
ideas. Of course, establishing the conditions that enable student thinking to be 
revealed is no small task in and of itself. A positive, inquiry-based classroom 
environment is a prerequisite for students to share what they think they know. At 
the same time, creating a level playing field of knowledge for all students matters. 
Even a shallow amount of correct prior knowledge does much to improve learning 
in the short run and allows for greater depth at a future time (Marzano, 2004). It 
would be a mistake to think that prior knowledge’s only influence on learning is 
negative. This is not the case. Learning ultimately begins with the known and 
proceeds to the unknown. Connecting everyday experiences with classroom topics 
and intentionally engaging preexisting knowledge with new classroom content 
can promote meaningful and lasting learning. A large number of studies on the 
topic of prior knowledge has focused on improving reading comprehension. This 
lens into prior knowledge emerged because of the need for students to be able to 
read to learn in all subject areas. Several approaches have been identified as 
capable of improving students’ comprehension of informational texts. Direct 
instruction strategies have shown much promise with diverse elementary, junior 
and high school students (Graves, Cooke, & Laberge, 1983; Stevens, 1982; 
Strangman & Hall, 2004). Examples of such techniquesinclude vocabulary 
instruction as mentioned above, introducing difficult concepts contained in a text 
before reading, and providing plot and character synopses before reading 
narrative text. Of course, there are many alternatives to direct instruction as well 
(Education Research Service, 2006). Such strategies include individual reflection 
and recording, interactive discussions, peer question and answer sessions, and, 
importantly, connecting concepts in a text with one’s prior knowledge. Students 
can also compare and contrast new and existing knowledge. Patchen (2005) also 
talks about diversifying classroom groups to encourage participation among all 
students and to pose questions to everyone that are answerable. For example, 
teachers can ask students’ for their opinions of classroom readings to avoid right 
or wrong response constraints. 
 
For culturally diverse students, previewing can be especially vital in achieving 
academic success. Sandefur, Watson, & Johnston (2007) explain that some 
students need explicit frames of reference. The authors recommend “frontloading” 
the development of prior knowledge through visual media or simply talking about 
the issue. It goes without saying that background knowledge is contextual and 
culturally construed. A challenge for teachers is to insure that all students reach 
the same high standards while communicating respect for their students’ 
uniqueness. Building a common knowledge base among all students is 
challenging, and yet, as researchers have shown, good teaching remains good 
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teaching in most environments (Ellison, Boykin, Towns, & Stokes, 2000; 
Williams, 2006). For example, Williams (2006) explains whether culturally 
relevant teaching differs from good teaching: “Culturally relevant teaching 
includes all that is considered good teaching but also takes the learner’s cultural 
background into consideration, building on the student’s experiences and 
affirming his or her cultural identity” (p. 12). Teachers can strike a balance 
between commonality and diversity in their classrooms. All students can be 
helped to acquire the same skills necessary for contemporary society, and at the 
same time, respect for their diversity can be affirmed. What are strategies that 
teachers can use to engage students’ cultural knowledge? Such techniques consist 
of asking open-ended questions so that students are notlimited to right orwrong 
responses or approaches (DomNwachukwu, 2005; State of Queensland, 2002). As 
the brief literature review reveals, background knowledge plays a significant role 
in student achievement. There are myriad such strategies for teachers to employ in 
their classrooms. Building on direct techniques consists of immersing students in 
hands-on experiences such as science labs, mentoring, or field trips. Building 
approaches also include teaching key academic vocabulary, previewing what is 
ahead, and explaining difficult concepts before they are taught in depth. 
Activating or tapping prior knowledge strategies includes reading, writing, 
discussing, thinking out loud, and visual cues or organizers. Engaging students’ 
preexisting knowledge or misperceptions offers teachers one way to informally 
diagnose their students’ baseline. This can then serve as the critical first step in 
the learning cycle of the classroom. By meeting students where they are, teachers 
can make informed, strategic decisions about the content to be taught. In the 
pages ahead, there are 17 research- and teacher-tested strategies for activating and 
building student background knowledge as well as resources for finding more. 
 
4.5  COGNITIVE LEARNING STYLES 
 
Cognitive learning styles are the information processing habits of an 
individual.  Unlike individual differences in abilities, cognition describes a 
person's typical mode of thinking, perceiving, remembering, or problem solving. 
Cognitive style is usually described as a personality dimension which influences 
attitudes, values, and social interaction. 
 
For example, ask yourself how you process experiences and knowledge and how you 
organize and retain information. Do you need to visualize the task before starting? Do 
you approach learning and teaching sequentially or randomly? Do you work quickly 
or deliberately? These are examples of cognitive learning style characteristics. The 
biological basis for cognitive learning styles is grounded in brain theory. There may 
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be a dozen or more cognitive learning style theories which psychologists have 
developed models for.  In this tutorial, we will focus on these four. 
 

 
 
4.5.1 Background of Howard Gardner 
 
Howard Gardner is a psychologist and Professor at Harvard University's Graduate 
School of Education.  Based on his study of many people from many different 
walks of life in everyday circumstances and professions, Gardner developed the 
theory of multiple intelligences. He performed interviews with and brain research 
on hundreds of people, including stroke victims, prodigies, autistic individuals, 
and so-called "idiot savants."  
 
Gardner defined the first seven intelligences in Frames of Mind in 1983.  He 
added the last two in Intelligence Reframed in 1999.   
 
4.5.2 Theory behind the Model 
 
Gardner's MI Theory challenged traditional beliefs in the fields of education and 
cognitive science.  According to a traditional definition, intelligence is a uniform 
cognitive capacity people are born with.   
 
This capacity can be easily measured by short-answer tests.  According 
to Gardner, intelligence is: 
• The ability to create an effective product or offer a service that is valued in a 

culture 
• A set of skills that make it possible for a person to solve problems in life 
• The potential for finding or creating solutions for problems, which involves 

gathering new knowledge.  
 In addition, Gardner claims that: 
• All human beings possess all intelligences in varying amounts 
• Each person has a different intellectual composition 
• We can improve education by addressing the multiple intelligences of our 

students 
• These intelligences are located in different areas of the brain and can either 

work independently or together 

Project: Develop a tool to find the learning styles of students in your class. 
Then find how many students are visual, how many students are kinesthetic, 
and how many students are auditory 
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• These intelligences may define the human species 
• Multiple intelligences can be nurtured and strengthened, or ignored and 

weakened  
• Each individual has nine intelligences (and maybe more to be discovered) 
 
4.5.3 Multiple Intelligences 
 
According to MI Theory, identifying each student’s intelligences has strong 
ramifications in the classroom.  If a child's intelligence can be identified, then 
teachers can accommodate different children more successfully according to their 
orientation to learning.  Teachers in traditional classrooms primarily teach to the 
verbal/linguistic and mathematical/logical intelligences.  The nine intelligences are: 
1.  Visual/Spatial: Children who learn best visually and organizing things 

spatially. They like to see what you are talking about in order to 
understand. They enjoy charts, graphs, maps, tables, illustrations, art, 
puzzles, costumes - anything eye catching. 

2.  Verbal/Linguistic - children who demonstrate strength in the language arts: 
speaking, writing, reading, listening. These students have always been 
successful in traditional classrooms because their intelligence lends itself to 
traditional teaching. 

3.  Mathematical/Logical - children who display an aptitude for numbers, 
reasoning and problem solving. This is the other half of the children who 
typically do well in traditional classrooms where teaching is logically 
sequenced and students are asked to conform. 

4.  Bodily/Kinesthetic - children who experience learning best through activity: 
games, movement, hands-on tasks, building. These children were often labeled 
"overly active" in traditional classrooms where they were told to sit and be still! 

5.  Musical/Rhythmic - children who learn well through songs, patterns, 
rhythms, instruments and musical expression. It is easy to overlook children 
with this intelligence in traditional education. 

6.  Intrapersonal - children who are especially in touch with their own feelings, 
values and ideas. They may tend to be more reserved, but they are actually 
quite intuitive about what they learn and how it relates to them. 

7.  Interpersonal - children who are noticeably people oriented and outgoing, 
and do their learning cooperatively in groups or with a partner. These 
children may have typically been identified as "talkative" or " too concerned 
about being social" in a traditional setting. 

8.  Naturalist - children who love the outdoors, animals, field trips. More than this, 
though, these students love to pick up on subtle differences in meanings. The 
traditional classroom has not been accommodating to these children. 
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9.  Existentialist - children who learn in the context of where humankind stands in 
the "big picture" of existence. They ask "Why are we here?" and "What is our 
role in the world?" This intelligence is seen in the discipline of philosophy. 

 

Table 4.1: The 9 Intelligences of MI Theory 
  
 Sr. Intelligence Skills and Career Preferences 
1. Verbal-Linguistic Intelligence  

Well-developed verbal skills and 
sensitivity to the sounds, meanings and 
rhythms of words 

Skills - Listening, speaking, writing, 
teaching. 
Careers - Poet, journalist, writer, 
teacher, lawyer, politician, translator 

2. Mathematical-Logical 
Intelligence  Ability to think 
conceptually and abstractly, and capacity 
to discern logical or numerical patterns 

Skills - Problem solving (logical & 
math), performing experiments 
Careers - Scientists, engineers, 
accountants, mathematicians 

3. Musical Intelligence 
Ability to produce and appreciate 
rhythm, pitch and timber 

Skills - Singing, playing instruments, 
composing music 
Careers - Musician, disc jockey, 
singer, composer 

4. Visual-Spatial Intelligence 
Capacity to think in images and pictures, 
to visualize accurately and abstractly 

Skills - puzzle building, painting, 
constructing, fixing, designing objects 
Careers - Sculptor, artist, inventor, 
architect, mechanic, engineer 

5. Bodily-Kinesthetic Intelligence 
Ability to control one's body movements 
and to handle objects skillfully 

Skills - Dancing, sports, hands on 
experiments, acting 
Careers - Athlete, PE teacher, dancer, 
actor, firefighter 

6. Interpersonal Intelligence 
Capacity to detect and respond 
appropriately to the moods, motivations 
and desires of others 

Skills - Seeing from other perspectives, 
empathy, counseling, co-operating 
Careers - Counselor, salesperson, 
politician, business person, minister 

7. Intrapersonal Intelligence 
Capacity to be self-aware and in tune 
with inner feelings, values, beliefs and 
thinking processes 

Skills - Recognize One’s S/W, 
reflective, aware of inner feelings 
Careers - Researchers, theorists, 
philosophers 

8. Naturalist Intelligence 
Ability to recognize and categorize 
plants, animals and other objects in 
nature 

Skills - Recognize one’s connection to 
nature, apply science theory to life 
Careers – Scientist, naturalist, 
landscape architect 

9. Existential Intelligence 
Sensitivity and capacity to tackle deep 
questions about human existence, such 
as the meaning of life, why do we die, 
and how did we get here 

Skills – Reflective and deep thinking, 
design abstract theories 
Careers – Scientist, philosopher, 
theologian 
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4.5.4 Background of Robert Sternberg 
 
Dr. Robert Sternberg is a professor of psychology at Yale University and has 
published 750 books and articles in the fields of intelligence, creativity and 
love.  As an undergraduate, he performed so poorly in rote-based Introductory 
Psychology, that his professor urged him to pursue a career out of the field, but 
his innate desire for psychology made him ignore the advice.  
 
Sternberg is the director of a research center at Yale which is concerned with 
problems of the human mind. His work bridges the areas of cognitive, 
developmental and social psychology. 
 
According to Sternberg, "Real life is where intelligence operates and not in the 
classroom…the true measure of success is not how well one does in school, but 
how well one does in life.”  He is a widely known expert on intelligence testing, 
and had an early case of test anxiety and scored poorly in an IQ test when he was 
six years old. 
 
4.5.5 Theory behind the Model 
 
Sternberg developed the Mental Self-Government learning theory in 1994.  It is a 
concept of intelligence that equates to combinations of individual preferences 
from three levels of mental self-management.  
These three areas correspond with: 
1.       Functions of governments of the mind 
2.       Stylistic preferences 
3.       Forms of mental self-government 
  
People must organize or govern themselves and the way they do this corresponds 
to the kinds of governments and government braches that exist worldwide – 
legislative, executive, judicial, monarchic, hierarchic, and oligarchic.  There are 
13 styles under five categories, and most people tend toward one style within each 
category, although these preferences may vary with the task and situation.  A 
child may be liberal in science class (enjoy doing things in new ways) and may be 
conservative in cooking class (prefers the familiar recipe). 
  
Many of Sternberg's characterizations appear to equate to some of the aspects of 
personality type theory developed by Carl Jung.  For example, Jung's work on 
personality preferences are evident in Sternberg's SCOPE variables of internal 
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and external.  These might equate to preferences for either introversion or 
extraversion in Jungian typology. 
  
4.5.6  The Mental Self-Government Model 
  
FUNCTIONS of governments of the mind: 
• Legislative - creating, planning, imagining, and formulating. 
• Executive - implementing and doing. 
• Judicial - judging, evaluating, and comparing. 
  
FORMS of mental self-government: 
• Monarchic – These people perform best when goals are singular. They deal 

best with one goal or need at a time. 
• Hierarchic - These people can focus on multiple goals at once and 

recognize that all goals cannot be fulfilled equally. These people can 
prioritize goals easily. 

• Oligarchic – These people deal well with goals that are of equal weight, but 
they have difficulty prioritizing goals of different weight. 

• Anarchic – These people depart from form and precedent. Often they don't 
like or understand the need for rules and regulations. They operate without 
rules or structure, creating their own problem-solving techniques with 
insights that often easily break existing mindsets. 

 
SCOPE - stylistic variables: 
• Internal – Like to be by themselves 
• External – Like to collaborate and work in groups 
 
For example, a person might prefer Legislative FUNCTIONS, Internal 
SCOPE and Hierarchic FORMS of mental self-government while another 
individual might prefer Executive FUNCTIONS, External SCOPE and 
Anarchic FORMS. 
 
 The goal of the teacher is to accommodate the range of thinking and learning 
styles and develop teaching and assessment methods to reach every 
student.  However, most teachers teach based on their own Mental Self 
Government and often don’t reach those students who have different styles. 
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Table 4.2: Styles of Mental Self-Government 
 

Styles of Mental Self-Government 
Style Characterization Example 

FUNCTIONS 
Legislative Likes to create, invent, design, 

do things his or her own way, 
have little assigned structure 

Like doing science projects, 
writing poetry, stories, or 
music, and creating original 
artworks 

Executive Like to follow directions, do 
what he or she is told, be 
given structure 

Like to solve problems, write 
papers on assigned topics, do 
artwork, form models, build 
from designs, learn assigned 
information 

Judicial Like to judge and evaluate 
people and things 

Like to critique work of others, 
write critical essays, give 
feedback and advice 

FORMS 
Monarchic Like to do one thing at a time, 

devoting to it almost all 
energy and resources 

Like to immerse self in a single 
project, whether art, science, 
history, business 

Hierarchic Likes to do many things at 
once, setting priorities for 
which to do when and how 
much time and energy to 
devote to each 

Like to budget time for doing 
homework so that more time 
and energy is devoted to 
important assignments 

Oligarchic Like to do many things at 
once, but has trouble setting 
priorities 

Like to devote sufficient time 
to reading comprehension 
items, so may not finish 
standardized verbal-ability test 

Anarchic Likes to take a random 
approach to problems; dislike 
systems, guidelines, and 
practically all constraints 

Writes an essay in stream-of-
consciousness form; in 
conversations, jumps from one 
point to another; starts things 
but doesn’t finish them 

LEVELS 
Global Likes to deal with big 

p[picture, generalities, 
abstractions 

Writes an essay on the global 
message and meaning of a 
work of art 
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Local Likes to deal with details, 
specifics, concrete examples 

Writes an essay describing the 
details of a work of art and how 
they interact 

SCOPE 
Internal Likes to work along, focus 

inward, be self-sufficient 
Prefers to do science or social 
studies project on his or her 
own 

External Likes to work with others, 
focus outward, be 
interdependent 

Prefers to do science or social 
studies project with other 
members of a group 

LEANING 
Liberal Likes to do things in new 

ways, defy conventions 
Prefers to figure out how to 
operate new equipment even if 
it is not the recommended way, 
prefers open-classroom setting 

Conservative Likes to do things in tried and 
true ways, follow conventions 

Prefers to operate new equipment 
n traditional way, prefers 
traditional classroom setting 

 
4.5.7 Theory behind the Model 
 
Learning modalities are the sensory channels or pathways through which 
individuals give, receive, and store information.  Perception, memory, and 
sensation comprise the concept of modality.  The modalities or senses include 
visual, auditory, tactile/kinesthetic, smell, and taste.  Researchers, 
including Reiff, Eisler, Barbe, and Stronck have concluded that in a classroom, 
the students would be approximately: 
 25-30% visual 
 25-30% auditory 
 15% tactile/kinesthetic 
 25-30% mixed modalities 
  
Therefore, only 30% of the students will remember most of what is said in a 
classroom lecture and another 30% will remember primarily what is seen. 
  
Visual learners are those who learn by seeing.  They need to see overheads, 
diagrams, and read text books, etc. to understand a concept. 
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Auditory learners must hear what they are learning to really understand it.  They 
enjoy listening, but cannot wait to have a chance to talk to themselves. These 
students respond well to lecture and discussion. 
  
Tactile/kinesthetic learners need to feel and touch to learn...these learners also learn 
better if movement is involved.  They may be those students who are not doing well 
in school.  Instruction geared to the auditory learner can be a hindrance to these 
learns, causing them to fall behind.  One key reason at-risk children have trouble with 
school is that they tend to be these types of learners.  About one-third of 
students does not process auditorially and are educationally deaf.  Students with a 
tactile strength learn with manipulatives such as games, the internet, and labs. 
  

An effective means to reach all learners is modality-based instruction; this 
consists of organizing around the different modalities to accommodate the needs 
of all learners.  Most students learn with all their modalities, but some students 
may have unusual strengths and weaknesses in particular modalities.  For 
example, students strong in the visual modality will be frustrated or confused with 
just verbal explanations. 
  

The following chart describes each modality and can help you determine your 
learning style; read the word in the left column and then answer the questions in 
the successive three columns to see how you respond to each situation. Your 
answers may fall into all three columns, but one column will likely contain the 
most answers. The dominant column indicates your primary learning style. 
                   

Table 4.3 Modalities to find your learning style 
MODALITES….How do you Learn? 

When you.. Visual Auditory Kinesthetic & 
Tactile 

Spell Do you try to see 
the word? 

Do you sound out 
the word or use a 
phonetic approach? 

Do you write the 
word down to find 
if it feels right? 

Talk 

Do you sparingly 
but dislike listening 
for too long? Do 
you favor words 
such as see, picture, 
and imagine? 

Do you enjoy 
listening but are 
impatient to talk? 
Do you use words 
such as hear, tune, 
and think? 

Do you gesture and 
use expressive 
movements? Do 
you use words such 
as feel, touch, 
and hold? 

Concentrate 

Do you become 
distracted by 
untidiness or 
movement? 

Do you become 
distracted by sounds 
or noises? 

Do you become 
distracted by 
activity around you? 
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Meet someone 
again 

Do you forget 
names but 
remember faces or 
remember where 
you met? 

Do you forget faces 
but remember 
names or remember 
what you talked 
about? 

Do you remember 
best what you did 
together? 

Contact people on 
business 

Do you prefer 
direct, face-to-face, 
personal meetings? 

Do you prefer the 
telephone? 

Do you talk with 
them while walking 
or participating in 
an activity? 

Read 

Do you like 
descriptive scenes 
or pause to imagine 
the actions? 

Do you enjoy dialog 
and conversation or 
hear the characters 
talk? 

Do you prefer 
action stories or are 
not a keen reader? 

Do something 
new at work 

Do you like to see 
demonstrations, 
diagrams, slides, or 
posters? 

Do you prefer 
verbal instructions 
or talking about it 
with someone else? 

Do you prefer to 
jump right in and 
try it? 

Put something 
together 

Do you like at the 
directions and the 
picture? 

  

Do you ignore the 
directions and 
figure it out as you 
go along? 

Need help with a 
computer 

application 

Do you seek out 
pictures or 
diagrams? 

Do you call the help 
desk, ask a 
neighbor, or growl 
at the computer? 

Do you keep trying 
to do it or try it on 
another computer? 

 Adapted from Colin Rose(1987). Accelerated Learning. 
  
4.5.8  Mind Styles  
 
Background of Anthony Gregorc 
Anthony F. Gregorc, Ph. D., is a phenomenological (this links to 
Phenomenography-Noel Entwistle) researcher, lecturer, consultant, author and 
President of Gregorc Associates, Inc.  His career has included positions as a 
teacher, professor, and lecturer throughout the world.  
He is internationally recognized for his work in learning styles which began in 
1969 with the introduction of his Energic Model of Styles. This work evolved into 
the Mind Styles Model in 1984. 
   
Theory Behind the Model 
 
Gregorc's Mind Styles model provides an organized way to consider how the 
mind works.  
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 Perceptual Quality 
• Concrete: This quality enables you to register information directly through 

your five senses: sight, smell, touch, taste, and hearing. When you are using 
your concrete ability, you are dealing with the obvious, the "here and now." 
You are not looking for hidden meanings, or making relationships between 
ideas or concepts. "It is what it is."  

• Abstract: This quality allows you to visualize, to conceive ideas, to 
understand or believe that which you cannot actually see. When you are 
using your abstract quality, you are using your intuition, your imagination, 
and you are looking beyond “what is” to the more subtle implications. "It is 
not always what it seems." 

  
Although all people have both concrete and abstract perceptual abilities to some 
extent, each person is usually comfortable using one more than the other. The 
person whose natural strength is the concrete, for example, may communicate in 
a direct, literal, no-nonsense manner. The person whose natural strength is 
the abstract may use more subtle ways to get a point across. 
  
Ordering Ability 
• Sequential: Allows your mind to organize information in a linear, step-by-

step manner. When using your sequential ability, you are following a logical 
train of thought, a traditional approach to dealing with information. You may 
also prefer to have a plan and to follow it, rather than relying on impulse.  

• Random: Lets your mind organize information by chunks, and in no 
particular order. When you are using your random ability, you may often be 
able to skip steps in a procedure and still produce the desired result. You may 
even start in the middle, or at the end, and work backwards. You may also 
prefer your life to be more impulsive, or spur of the moment, than planned. 

  
Both ordering abilities are present in each person, but usually a pattern emerges 
for using one over the other more comfortably.   There are four combinations of 
the strongest perceptual and ordering ability in each individual: 
1. Concrete Sequential (CS) 
2. Abstract Random (AR) 
3. Abstract Sequential (AS) 
4. Concrete Random (CR) 
 
No one is a "pure" style. Each of us have a unique combination of natural 
strengths and abilities 
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Table 4.4: Ordering Ability 
  

CONCRETE SEQUENTIAL ABSTRACT SEQUENTIAL  
This learner likes: 
 order 
 logical sequence 
 following directions, predictability 
  getting facts 
They learn best when: 
 they have a structured environment 
 they can rely on others to complete 

this task 
 are faced with predictable situations 
 can apply ideas in pragmatic ways 
What's hard for them? 
 Working in groups 
 Discussions that seem to have no 

specific point 
 Working in an unorganized 

environment 
 Following incomplete or unclear 

directions 
 Working with unpredictable people 
 Dealing with abstract ideas 
 Demands to "use your imagination" 
 Questions with no right or wrong 

answers 

This learner likes: 
 his/her point to be heard 
 analyzing situations before making 

a decision or acting 
 applying logic in solving or finding 

solutions to problems 
They learn best when: 
 they have access to experts or 

references 
 placed in stimulating environments 
 able to work alone 
What's hard for them? 
 Being forced to work with those of 

differing views 
 Too little time to deal with a subject 

thoroughly 
 Repeating the same tasks over and 

over 
 Lots of specific rules and 

regulations 
 "sentimental" thinking 
 Expressing their emotions 
 Being diplomatic when convincing 

others 
 Not monopolizing a conversation 

CONCRETE RANDOM ABSTRACT RANDOM 
This learner likes: 
 experimenting to find answers 
 take risks 
 use their intuition 
 solving problems independently 
They learn best when: 
 they are able to use trial-and-error 

approaches 
 able to compete with others 
 given the opportunity to work through 

the problems by themselves. 

This learner likes: 
 to listen to others 
 bringing harmony to group situations 
 establishing healthy relationships 

with others 
 focusing on the issues at hand 
They learn best when: 
 in a personalized environment 
 given broad or general guidelines 
 able to maintain friendly relationships 
 able to participate in group activities 
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What's hard for them? 
 Restrictions and limitations 
 Formal reports 
 Routines 
 Re-doing anything once it’s done 
 Keeping detailed records 
 Showing how they got an answer 
 Choosing only one answer 
 Having no options 
  

What's hard for them? 
 Having to explain or justify feelings 
 Competition 
 Working with dictatorial/ 

authoritarian personalities4.7 
 Working in a restrictive environment 
 Working with people who don’t 

seem friendly 
 Concentrating on one thing at a time 
 Giving exact details 
 Accepting even positive criticism 

  
 4.6 FIELD DEPENDENT AND FIELD INDEPENDENT  
 
So far we have been assuming all learners to be the same in whichever theory of 
learning we have considered. However, we know from daily life that people differ 
in many ways so it would not be surprising if they differed in the way they learn. 
 
It has been identified as two different cognitive styles: field dependent and field 
independent. This is one of the rare learning styles instruments that have been 
reasonably well validated; the field dependence/field independence model has 
successfully predicted academic performance in a number of studies (Hayes & 
Allinson, 1997; Thompson et al, 1979; Wilson, 1998). Field independent students 
are more likely than field dependent students to succeed academically. 
 
Unlike many of the other inventories and theories, these dimensions are entirely 
distinct and separate from the Jungian dimensions. So they do not have any 
relation to introversion-extroversion, concreteness-abstractness, or random-
sequential thinking in any way. This makes this theory a useful adjunct to the 
others. It is also quite predictive of what might be called giftedness. Those who 
have a field-independent preference due to their narrow focus and ability to screen 
can process information more efficiently, but may miss the social context that 
their field-dependent peers more readily perceive. So an over simplification 
would be that field-dependence leads to popularity and field-independence leads 
to academic success. 
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Some scholars feel, however, that the GEFT measures ability rather than learning 
style, making it an inappropriate choice as a tool to help students understand 
themselves. 
 
Self-Assessment Questions 
 
Q.1 Define Learning. 

Q.2  What are different steps for learning by discovery. 

Q.3 Explore different types of discovery learning. 

Q.4 Write importance of learning based on previous knowledge. 
 
Q.5 Write suitable intelligence style for the following characteristics: 
 
Characteristics Intelligence Style 
Children who learn best visually and organize things 
spatially. They like to see what you are talking about in 
order to understand.  They enjoy charts, graphs, maps, 
tables, illustrations, art, puzzles, costumes - anything 
eye catching. 

 

Children who demonstrate strength in the language arts: 
speaking, writing, reading, listening. These students have 
always been successful in traditional classrooms because 
their intelligence lends itself to traditional teaching. 

 

Children who display an aptitude for numbers, reasoning 
and problem solving. This is the other half of the 
children who typically do well in traditional classrooms 
where teaching is logically sequenced and students are 
asked to conform 

 

Children who experience learning best through activity: 
games, movement, hands-on tasks, building. These 
children were often labeled "overly active" in traditional 
classrooms where they were told to sit and be still! 
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Children who are especially in touch with their own 
feelings, values, and ideas may tend to be more 
reserved, but they are actually quite intuitive about what 
they learn and how it relates to themselves. 

 

Children who learn well through songs, patterns, rhythms, 
instruments and musical expression. It is easy to overlook 
children with this intelligence in traditional education. 

 

Children who are noticeably people oriented and 
outgoing, and do their learning cooperatively in groups 
or with a partner. These children may have typically 
been identified as "talkative" or " too concerned about 
being social" in a traditional setting. 
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INTRODUCTION 
 
In education, the term assessment refers to the wide variety of methods or tools 
that educators use to evaluate, measure, and document the academic readiness, 
learning progress, skill acquisition, or educational needs of students. While 
assessments are often equated with traditional tests developed by testing 
companies or institutions and administered to large populations of students, 
educators use a diverse array of assessment tools and methods to measure 
students’ academic progress 
 
Assessment has a very important role in the teaching and learning process. 
Teaching is a national responsibility and every teacher has to play his/her role in a 
befitting manner. Assessment in teaching of chemistry is an essential ingredient 
without which we are unable to judge the progress and development in teaching. 
Assessment means to judge the work and bring it to a desired level by comparing 
it with a set standard. It is such an instrument which measures the students’ 
performance at one hand and identifies the merits and demerits in the teaching of 
teachers on the other hand. The government spends huge resources on the 
education of science and technology hence its evaluation is necessary. 
 
 
 

LEARNING OBJECTIVES 
 
At the end of this unit students will be able to: 
• explain different concepts of assessment and evaluation 
• deliberate on importance of assessment in chemistry 
• elaborate different techniques of assessment 
• use different techniques for students’ assessment 
• construct different types of tests on the basis of assessment principles 
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5.1  PURPOSE OF ASSESSMENT IN CHEMISTRY 
 
Assessment in chemistry has following major purposes: 
• To make education effective and bring observable change in behaviour of 

students 
• To judge the students interest, aptitude, and tendency towards chemistry 
• To attain objectives related to cognitive, affective, and Psychomotor aspects 

of education 
• To evaluate the professional competence and teaching methodology of 

teachers 
• To classify the students on the basis of educational development, diagnosis 

and prognosis 
• To inform the parents about the progress and shortcomings of the students 
 
Assessment is a process that includes four basic components: 
1)  Measuring improvement over time. 
2)  Motivating students to study.  
3)  Evaluating the teaching methods. 
4)  Ranking the students' capabilities in relation to the whole group evaluation. 
 
5.2 PRINCIPLES OF ASSESSMENT 
 
There are five general principles of assessment:  
1. practicality 
2. reliability 
3. validity 
4. authenticity 
5. washback 
 
Practicality 
This principle refers to the time and cost constraints during the construction and 
administration of an assessment instrument. Meaning that the test should be 
economical to provide. The format of the test should be simple to understand. 
Moreover, solving a test should remain within suitable time. It is generally simple 
to administer. Its assessment procedure should be particular and time-efficient.  
 
Reliability 
The principle of reliability refers to the stability of scores over time and different 
raters. There are four types of reliability: student-related which can be personal 
problems, sickness, or fatigue, rater-related which includes bias and subjectivity, 
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test administration-related which is the conditions of test taking process, test-
related which is basically related to the nature of a test.  
 
Validity 
Validity refers to the tests that measure what it claims to measure.  
• content validity 
• criterion validity 
• construct validity 
• consequential validity 
• face validity 
 
Authenticity 
The assessment instrument is authentic when it is contextualized, contains natural 
language and meaningful, relevant, and interesting topic, and replicates real world 
experiences.  
 
Washback 
This principle refers to the consequence of an assessment on teaching and 
learning within classrooms. Washback can be positive and negative. Positive 
washback refers to the desired effects of a test, while negative washback refers to 
the negative consequences of a test. In order to have positive washback, 
instructional planning can be used.  
 
5.2.1 Principles of student assessment  
i.  Assessment plays an essential role in shaping student learning. Assessment 

practices should promote student engagement, support student learning and 
judge levels of performance.  

ii.  Assessment is an integral component of course and program design 
Assessment tasks should be aligned with the objectives and teaching and 
learning arrangements of the course.   Assessment across the courses within 
a program should be coordinated to:  
a.  ensure coverage and opportunities for students to achieve the learning 

outcomes for the program   
b.  ensure coverage, development and achievement of the program’s 

Graduate Qualities 
c.  ensure consistency in the University’s expectation of workload across 

courses   
d.  spread assessment load and intensity across the study period (see 

clause 1.2.3)  
e.  provide a variety of types of assessment (see clause 1.1.4) 
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f.  develop, support and monitor students’ readiness to undertake more 
advanced course requirements and practice-based learning activities.  

 iii.  The design of assessment tasks has a significant impact on student learning 
Assessment design should provide students with the stimulus to learn in 
depth, apply their developing skills and knowledge in new situations, and 
challenge and change their ways of thinking and doing.   

 iv.  Assessment tasks should be diverse Assessment practices should be 
inclusive and support equity and disability principles, catering for both 
individual and group diversity. All assessment models have limitations. A 
variety of assessment techniques should be used to minimize disadvantage. 
Inclusive language must be used to avoid gender, racial, cultural or other 
language bias.  

 
5.3 ASSESSMENT POLICIES AND PROCEDURES  
  i. Assessment should be used for both formative and summative purposes 
Formative assessment helps students and staff to identify strengths, weaknesses, 
and ways to improve and enhance learning attainment. Summative assessment 
provides information to judge the extent to which a student has achieved 
objectives relevant to the Graduate Qualities in a course or program.   
ii. Good assessment requires clear articulation of purpose, requirements, standards 
and criteria Assessment works best when students have a clear understanding of 
assessment expectations. Assessment criteria must be clear and explicit so that 
students know what is expected of them for each assessment task.   
iii. Good assessment practice gives students timely feedback on their learning 
Quality feedback is clear and constructive, and enables students to make sensible 
judgements about modifying aspects of their academic performance to meet 
course objectives. Feedback should enable students to understand their level of 
development of the required skills, their mastery of the understandings embedded 
in the assessment activity, and how their performance in each domain could be 
improved in subsequent learning activities.   
iv. Assessment methods should be valid, reliable and consistent Quality assurance 
of assessment is an integral component of assessment design. Assessment 
methods and judgments must be valid and reliable, and regularly subjected to peer 
review, discussion and consensus. The setting and marking of assessment tasks 
should be subject to moderation processes to improve their validity and reliability. 
External benchmarking should be included where appropriate.   
ii. Good assessment practices should promote ethical academic conduct Ethical 
academic conduct is both a staff and student responsibility. Good assessment 
design can educate students about academic integrity, and minimize academic 
misconduct.  
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vi.  Practice-based learning assessment should recognize the importance of 
authentic experience Assessment of student performance in practice-based 
learning activities should recognize the importance of authentic experience, 
and the integral role that authenticity plays in the students’ learning and 
acquisition of graduate capabilities. 

 
5.4   THE ROLE OF ASSESSMENT FOR IMPROVING TEACHING 

AND LEARNING 
 
Using classroom assessment to improve both teaching and student learning is not 
a new concept. Benjamin Bloom first described the practice of Mastery Learning 
and showed us how to conduct this process in practical and highly effective ways. 
Mastery Learning yields not only effective cognitive or achievement outcomes; 
but also improvements in student confidence, school attendance, participation in 
class, attitudes toward learning, and a variety of other affective measures. 
 
Large-scale assessment programs provide the foundation for nearly every modern 
education reform initiative. They are a vital component in our efforts to reform 
and improve education.  Policymakers and legislators at the state and national 
levels see assessments as essential for change.  Large-scale assessments are 
designed for a specific purpose – to rank-order schools and students and provide 
measurement for accountability.  But assessments designed for ranking are 
generally not good instruments for helping teachers improve their instruction or 
modify their approach to individual students. 
 
On the other hand, quizzes, tests, writing assignments, and other assessments 
teachers administer on a regular basis in their classrooms tend to be the 
assessments better suited to guide improvements in instruction and student 
learning. Teachers trust the results from these assessments because they relate 
directly to instructional standards in the classroom.  Plus, results are immediate, 
relevant, and easy to analyze at the individual student level. 
 
However, to use classroom assessment to make improvements, teachers must change 
both the way they view assessment and the way they interpret results.  Specifically, 
they need to see their assessments as an integral part of the instructional process and 
as an essential element in their effort to help students learn. 
 
For assessment to become an integral part of the instructional process, teachers 
need to change their approach in three important ways: 
• Use assessments as sources of information for both students and teachers 
• Follow assessments with high-quality corrective instruction 
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• Give students second chances to demonstrate success 
Nearly every student has suffered the experience of spending hours preparing for 
an assessment only to discover that the material the student studied was different 
from that the teacher chose to emphasize on the assessment.  This experience is a 
common one for students because many teachers still mistakenly believe that they 
must keep their assessments secret. 
 
Classroom assessments that serve as meaningful sources of information do not 
surprise students.  Instead, they are well-aligned extensions of the teacher’s 
instruction.  Such reflect the standards the teacher emphasized in class, along with 
the criteria the teacher provided for how student performance would be judged. 
 
Ideally, these concepts, skills, and criteria are also aligned with the state common 
core standards.  Students see these types of assessments as fair measures of 
important learning goals.  The results of the assessments facilitate learning by 
providing essential feedback on student learning progress and by helping to 
identify learning problems. 
 
Assessment must be followed by high-quality corrective instruction designed to help 
students remedy whatever learning errors identified with the assessment.  Using high-
quality corrective instruction is not the same as re-teaching, which often consists 
simply of restating the original explanations louder and more slowly. 
 
Instead, the teacher must use strategies that accommodate differences in learning 
styles and intelligences.  Although teachers generally try to incorporate different 
approaches when they plan their lessons, corrective instruction extends and 
strengthens that work.  Students who have few or no learning errors to correct 
should also participate in enrichment or extension activities to help broaden and 
expand their learning. 
 
Assessments must be part of an ongoing effort to help students learn.  If teachers 
follow assessments with high-quality corrective instruction, then students should 
be provided a second chance to demonstrate their new level of competence and 
understanding.  This second chance determines the effectiveness of the corrective 
process while giving students another opportunity to experience success in 
learning, thus providing additional motivation. 
 
All educators strive to help their students become lifelong learners and to develop 
learning-to-learn skills.  What better learning-to-learn skill is there than learning 
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from one’s mistakes?  Mistakes should not mark the end of learning; rather, they 
can be the beginning. 
When teachers’ classroom assessments become an integral part of the 
instructional process and a central ingredient in efforts to help students learn, the 
benefits of assessment for both teachers and students will be boundless. 
 
5.5  ASSESSMENT OF PRACTICAL WORK 
 
5.5.1What is practical work?  
 
Definition of practical work in an extensive review of research on practical work 
in school science, undertaken by Dillon says that researchers and educators give 
different meanings for practical work in science. He uses a variety of terms to 
describe science practical, including commonly used terms such as “practical and 
enquiry skills’, “practical and investigative activities’, “independent enquiry” and 
“experimental work”. Dillon selected an inclusive definition to clarify the 
confusion: practical activities include any “learning experiences in which students 
interact with materials or with secondary sources of data to observe and 
understand the natural world”. 
 
Millar stated that he used the term ‘practical work’ to refer to “any teaching and 
learning activity which at some point involves the students in observing or 
manipulating the objects and materials they are studying “. He preferred the term 
‘practical work’ rather than ‘laboratory work’ “because location is not a critical 
feature in characterizing this kind of activity. The observation or manipulation of 
objects might take place in a school laboratory, but could also occur in an out-of-
school setting, such as the student’s home or in the field (e.g. when studying 
aspects of biology or Earth science). 
 
The British Science Community Representing Education (a collaboration of 
leading science organizations) or SCORE has very recently defined practical work 
in science education as “learning activities in which students observe, investigate 
and develop an understanding of the world around them, through direct, often 
hands-on, experience of phenomena”. 
 
Millar described a practical activity as ‘Any science teaching and learning activity 
which at some point involves the students, working individually or in small groups, in 
observing or manipulating objects to develop understanding’. (Millar (2009)). It is 
described in The National Strategies as: ‘Any activity that enables pupils to have 
direct, often hands-on, experience of the phenomena they are studying’. (The 
National Strategies (2008)). In fact, the following quotation from SCORE underpins 
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what many believe about the importance of practical work in science: ‘Science 
without practical is like swimming without water’. (SCORE, 2008). 
Therefore, regardless of how practical work is defined, or what activities are 
thought to constitute it, it can be seen as a central part of how science should be 
taught in schools 
 
5.5.2 What is the purpose of practical work? 
 
Laboratory work is a core component of the chemistry (science) curriculum but its 
ubiquity means that we rarely stop to consider its purpose explicitly. This leads to 
many problems. Even within institutions, where their might be some prescription 
of what the purpose is in broad terms, different faculty involved in the laboratory 
may have different emphases, and subsequently the message about what the 
purpose of practical work is differs depending on who is running the lab on a 
given day. 
 
“The purpose of these practical is to reaffirm theory taught in lectures…”?  
 
The notion that the purpose of practical is in somehow supplementing taught 
material in lectures has long come in for criticism, and has little basis in evidence. 
Laboratories are generally quite inefficient places to “teach” theory. Woolnough 
and Allsop argued vehemently for cutting the “Gordian Knot” between theory and 
practical, arguing that practical settings offered their own unique purpose that, 
rather than being subservient to theory work, complemented it. 
 
Practical laboratory science is a great way to motivate and engage young minds. 
Hands-on experiments are an essential part of learning science and a way to 
develop wider life skills. 
 

 
Figure 5.1: Practical Work 
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Practical work activities have been used for many purposes in science teaching. 
However, its use for assessment purposes has been limited. This study highlights 
the role of practical work activities in assessment. Practical work activities present 
various advantages as an assessment tool. Practical work activities allow the 
assessor access to a variety of knowledge types into a student's knowledge base. 
That is, with practical work activities the student's knowledge and skills may be 
assessed simultaneously.  
 
Assessment of or for learning assists both the teacher and the student to reflect on 
the teaching approaches and the knowledge and skills they possess. This is 
important as it assists in improving both their teaching and learning respectively.  
With practical work being used for assessment purposes the reflection is enhanced 
as assessment is conducted in the dynamic process of knowing. Assessment 
during knowing has the potential of judging the situation of the activity 
appropriately because it is accurately reflected as it is done in the context of the 
activity. That is, interpretation is context specific and in this way aspects of 
ambiguity are minimized. In this case concepts or their use are assessed according 
to the meanings that reflect the context.  That is, assessment identifies and 
characterizes knowledge in terms of its components (concepts) and structure (how 
they relate and completeness and what is missing) in the context in which 
knowledge is used. The immediacy of assessment in context enhances and 
remedies misconceptions through an accurate and relevant action. 
 
5.6 EVALUATION AND DISTRIBUTION OF MARKS IN 

CHEMISTRY TEACHING 
 
Like other science subjects, evaluation in the subject of chemistry is of particular 
nature. Unfortunately, majority of the teachers is not conversant with the 
importance and techniques of evaluation. We are used to conduct weekly, 
monthly, bimonthly, trimester, semester or annual exam. 
 
5.6.1 Evaluation Strategy 
 
Curriculum evaluation is an attempt to toss light on two questions: Do planned 
courses, programs, activities, and learning opportunities as developed and 
organized actually produce desired results? How can the curriculum offerings best 
be improved? 
 
The following are strategies that successful administrators use in developing 
assessment and evaluation programs.  
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5.6.2 Setting Goals and Indicators  
 
The evaluation and assessment process must be linked back to the original 
mission statement and objectives of the district. Indicators of successful 
curriculum integration for the purposes of evaluation should be established during 
the early planning stages of the program.  
 
5.63 Identifying Target Populations 
 
Successful evaluation and assessment procedures should focus on targeting 
specific external and internal population groups. Parents and community represent 
external groups. Trustees, administrators, teachers, and students represent internal 
target groups. Data collection needs to focus specifically on these target areas and 
how they relate to school and curriculum.  
 
5.6.4 Evaluation Centers  
 
The increased involvement of the state and federal government in education and 
curriculum has had a definite impact on the development of curriculum. the 
written curriculum of schools needs to follow state standards closely. With this in 
mind, the evaluation of the written curriculum and its effectiveness is ever more 
dependent on the taught curriculum. To be effective, the written curriculum needs 
to be the “taught curriculum.” 
 
5.7  WEIGHTAGE IN EVALUATION 
 
5.7.1 Designing an Assessment  
 
When designing a new assessment or revising an old one, “the most important 
component is to be sure there is a match between the objectives of the 
unit/course/lesson being assessed, the teaching/learning activities used, and the 
assessment tool.” Indiana University suggests asking the following questions:  
• What are the objectives of the course/unit/lesson that are being assessed?  
•  What level from Bloom's taxonomy is being assessed: knowledge, 

comprehension, application, analysis, synthesis and/or evaluation?  
• Is the level appropriate given in the objectives for the course/unit/lesson?   
• Is the assessment at a level appropriate to the level of the course (first year, 

graduate etc.)? 
•  How well does the content of the assessment match the objectives being 

assessed?  

122 
 



• How well does the content of the assessment match the learning 
opportunities presented in the unit/lesson/course (i.e., does the assessment 
assess what was taught)?  

• Is the assessment organized in such a way as to aid clarity and 
understanding of its requirements? (excerpted from Evaluating Your 
Assessment Instruments. 

 
5.7.2 Matching Assessments to Learning Outcomes  
 
Learning outcomes are statements that predict what learners will gain as a result 
of learning… A carefully thought-out learning outcome will give a solid 
indication of what kinds of assessment are appropriate, and of the skills and 
knowledge the learner will have to demonstrate to pass. Finally, the clearer the 
learning outcome, the easier it will be to devise an appropriate assessment. 
(Enhancing Student Learning through Assessment,  
http://www.tcd.ie/vpcao/academicdevelopment/assets/pdf/250309_assessment_to
olkit.pdf) As summarized by Deakin University, “each intended learning outcome 
should describe the observable knowledge or skills that you expect students to be 
able to demonstrate as a result of their work in the unit. It should contain:  
• A verb that is appropriate to the type of knowledge or skill required  
• A noun that describes the content that the verb is meant to address.” 

(excerpted from Writing Intended Learning Outcomes,  
• http://www.deakin.edu.au/itl/dso/strategies-teaching/tips/d2l-writing-

ilo.php)  
 
When designing assessments to match learning outcomes, remember:  
• “The assessment should align firstly with the overall desired learning 

outcomes and secondly with the more detailed content of the course.  
• Be clear about what you are trying to assess. This will make writing 

assessment tasks or questions much easier. Most courses will need a range 
of assessment methods to adequately assess the content and desired learning 
outcomes.  

• Pay attention to the cognitive level of the assessment task or question… 
Some tasks operate at a low level of factual recall, while others ask students 
to analyze, synthesize, or evaluate information. The cognitive level of the 
task or question should match your goals in the desired learning outcomes or 
curriculum plan.” (Excerpted from Developing Effective Assessments, 
Several examples of learning outcomes matched to appropriate assessments 
can be found on the LTO website.  
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The following are samples of outcomes and assessments for an undergraduate 
English course:  
1.  Outcome: Describe and discuss an overview of various authors, major 

movements, and periods in western literature  
 
Assessment: Essay  
2.  Outcome: Demonstrate appropriate use of literary terminology 
 
Assessment: Written test or exam 
Learning frameworks organize the many potential forms of learning into a concise 
structure detailing what is to be learned and at what level. One type of learning 
framework is Bloom’s Taxonomy. Matching assessments to Bloom’s Taxonomy 
is also discussed in the “Creating Effective Assessments” handout. It may also be 
helpful to review the Degree Level Expectations, which are set out by the Ontario 
Universities Council on Quality Assurance.  
 
5.7.3 Learning Frameworks: Bloom’s Taxonomy  
 
As explained by the University of Central Florida, the goal using Bloom's 
Taxonomy is “to encourage higher-order thought in students by building up from 
lower-level cognitive skills.” The levels of Bloom’s Taxonomy, starting with the 
lowest and moving up to the highest order skills, are: knowledge, comprehension, 
application, analysis, synthesis, and evaluation. When structuring summative 
assessments, there are certain formats that are more appropriate for assessing 
specific levels of Bloom’s Taxonomy than others. The University of Central 
Florida has broken it down in the following way:  
 
Knowledge  
Rote factual knowledge is assessed by the ability to recall appropriate information 
on command. Exam items of the form: define, label, list, and reproduce.  e.g. 
Label the parts of the human eye  
 
Comprehension  
Understanding the meaning of information is assessed by the ability to translate 
information from one form to another through explanation, summarization, or 
prediction. Exam items of the form: describe, explain, summarize, identify, or 
select. e.g. trace the path the stimulus takes from the time light enters the eye to 
processing in the visual cortex. 
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Application  
Using information to solve new problems or respond to concrete situations that 
have a single or best answer and may be assessed by the application of learned 
material such as rules, methods, concepts, principles, laws, and theories. Exam 
items of the form: apply, use, solve, demonstrate, employ. e.g. Apply the 
Opponent Processes color theory to predict how the world appears to the major 
varieties of color blindness and vision anomaly  
 
Analysis  
Breaking materials down into their component parts so that they can be examined 
and understood. Such skills may be assessed through the ability to develop 
multiple conclusions concerning the motives, causes, inferences, and 
generalizations that can be derived from the material’s component parts and 
organization. Exam items of the form: analyze, compare, distinguish, examine, 
test o Portfolio entries focused on analyzing case studies or clinical experiences.  
e.g. Compare and contrast Hemholtz’s (1865) “Place Theory” to Rutherford’s 
(1886) “Frequency Theory.”  
 
Synthesis  
Synthesis refers to using new and creative applications of prior knowledge or 
skills. This may be assessed through the ability to produce a new or original end 
product. Exam items of the form: develop, plan, prepare, propose, construct, 
design, formulate, create, and assemble. Design or build a model, create a work of 
art, develop a unique plan to serve some purpose. e.g. Choose a perceptual 
disorder and create a device that would mitigate its effects 
 
Evaluation  
Judging the value of materials based on personal values/opinions or definite 
criteria (either external or internal), evaluating material to determine if it fulfills a 
given purpose. Assessed through the production of an end product that fulfills a 
given purpose rather than being right/wrong. Exam items of the form: evaluate, 
argue, assess, defend, judge, predict, rate, support o Student presentations.  e.g. 
Evaluate the ADA guidelines in light of what you have learned about blindness 
and critique its strengths and weaknesses. Do you believe the guidelines are 
effective? Why or why not? (Adapted from Bloom’s Taxonomy, Karen L. Smith 
Faculty Center for Teaching and Learning, University of Central Florida, 
Orlando,(http://www.fctl.ucf.edu/teachingandlearningresources/coursedesign/bloo
mstaxonomy) 
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5.8  WEIGHTAGE OF ASSESSMENT OBJECTIVES 
 
Assessment of skills or knowledge is as important as the teaching/learning of the 
skill or knowledge. Assessment or testing or knowledge evaluation is not a new 
concept and we have all at some point taken pre-instructional assessment tests 
(e.g. Central examinations for admissions into college), interim mastery test (mid-
course assessments to check progress) and mastery tests (end course evaluation). 
We have also often asked ourselves and academicians ‘what is the purpose of 
these tests?’ 
 
Herman, Aschbacher, and Winters (1992) point out that "People [students] 
perform better when the know the goal, see models, know how their performance 
compares to the standard." The basic purpose of all tests, regardless of the way in 
which the test is used and the outcome associated with the test, is discrimination 
i.e. to distinguish the level of aptitude, abilities, skills among the test takers. For 
professional (employment) and academic interest, the objective would include 
such discriminators as proficiency, analytical and reasoning skills, technical 
aptitude, and behavioral traits, among many others. 
 
Two most popular approaches to facilitate this discrimination process are the 
norm-referenced approach, which is commonly understood as the percentile 
system wherein the relative performance of test takers is considered, and the 
criterion-referenced approach where in the performance of test takers is assessed 
against a pre-determined benchmark. 
 

5.9  WHAT MAKES A TEST A GOOD TEST?  
 
Following characteristics make a test seem good: 
• Variance in scores: The goal of discrimination is achieved only if there is 

sufficient variance in the scores of the test takers. A test which is too tough 
would result in all test takers scoring low marks while one that is too easy 
will lead to overall high scores thereby not highlighting any discrimination 
on any of the criterions and thus neither test is considered good. 

• Reliability: Is a measure of a test’s consistency – both over a period of time 
as well as internal consistency. It measures precision of test scores or extent 
of measurement error in the test. 

• Validity: Validity is an indicator of how well an assessment is measuring 
what it is supposed to measure. In other words it measures a test's 
usefulness. 

• Truth in testing/integrity: A good test has integrity and transparency built 
into it at multiple stages. 
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• While the test is being developed, it should be reviewed by a number of 
experts to make it free of developer bias, Once the test is developed it is 
reviewed on the basis of its content and scoring, Post completion of the test, 
scores are released to all test takers and due process is defined for any test 
taker accused of cheating or other irregularities. 

• Standardization: Is the process of benchmarking by conducting the test on 
a representative population to see the scores that are typically obtained. This 
helps in setting benchmarks and enables a test taker to assess his/her score 
by comparing it to the standard scores. 

• Leak-proof: Tests are fraught with the possibility of questions being leaked 
and accessed by those who have not yet taken the test thereby resulting in an 
unfair advantage to some. A question bank usually 20-25 times a test is 
developed which ensures that frequency of a particular question is 
contained. Adaptive tests also ensure that no 2 test papers are alike as the 
questions administered to a candidate depend on his/her aptitude and skill. 
 

5.10 HOW ARE TESTS DESIGNED? 
 
A test is made up of various individual questions, so it follows naturally that for 
the test to be good each individual question also needs to be good. Each test 
question must meet three requirements for it to be classified as a good question. 
First, the question must evaluate an important aspect, an area which is crucial for 
the test taker to be good at in order to succeed in the outcome associated with the 
assessment e.g. job, further studies etc. However, question quality is not solely 
governed by the aspect it covers. It is also essential that the questions are well 
structured, avoiding flaws that benefit the test wise examinee and are of 
appropriate difficulty levels. And third, the question should rate high on both 
subjective and objective evaluations and adhere to standards. 

 
Figure5.2:  Three steps in the test development process 
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• The primary step in developing a test is the definition of the outcome or 
objective which would be used as the basis for discriminating between test 
takers. This is done by, at the outset, defining the stage at which the test 
would be administered i.e. 

• Pre-instructional: Tend to cover a broad range of skills and topics 
Interim Mastery: Tend to be brief and specific Mastery: Tend to be infrequent 
but very critical, having long term implications 

• To illustrate, employment tests would be categorized as pre-instructional 
tests if the purpose is to assess trainability of work force and would be 
classified as mastery tests if they are being used to shortlist candidates on 
the basis of their skills/knowledge. 

• Understanding the instructional objective is also crucial in order to arrive at 
the testing objective, which would involve researching the curriculum and 
teaching methodology, to be able to draw insights from what the students 
are learning and the purpose of the instruction (fundamental concepts, 
advanced concepts, vocational training etc.) 

• This would lead to defining of objective or outcome of the assessment. 
Figure 5.3 showcases one of the most widely accepted lists of learning 
objectives as given by Bloom (in the triangle) and question cues for each of 
these learning objectives as generally accepted (on the right). 

 

 
 

Figure5.3: Bloom’s taxonomy defining objectives for the cognitive domain 
mapped against question cues 
• Categorization of learning objectives is done by an independent panel of 

experts. A panel of at least 2 subject matter experts works on the 
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categorization independently and the classification is thereafter compared. If 
the classifications differ on more than two counts, additional experts are 
referred to in order for a consensus to be arrived at. 

• Once the learning objectives have been defined, the next task is to formulate 
a test blue print which specifies domain area wise learning outcome and 
enlists the skills that need to be tested for each domain along with relative 
importance of each. Figure 2 gives a sample test blue print for accounting 
domain with only 3 learning objectives. 

• Essentially a test blue print serves as a ready reckoner for the following 
• Determining total number of questions to be developed with domain level 

break-up Cognitive level breakup 
 

5.11SUGGESTIONS FOR STRUCTURING ASSESSMENT AND 
EVALUATION 

 
Assessment of education and outreach programs may be done for many reasons, 
on many scales and the results may be utilized by different interested groups-
including top-to-bottom project reviews, evaluation of the effectiveness of 
specific materials or methods, indicators of student learning, long-term impacts of 
a project, confirmation that the goals of a project have been met. Assessment 
activities may also lead to more expansive research on learning projects. The 
scholarship of teaching and learning provides many exciting (and much needed) 
opportunities to form partnerships with the cognitive and social sciences. 
There are a few basic principles that will help you effectively develop your own 
assessment plans to best meet the needs of your project: 
• Clearly define project goals and expected outcomes at the start. 
• What is the purpose of the assessment? Who will use the results and in 

what way? 
• Identify the baseline data you will need to document change. 
• There is an arsenal of assessment techniques that are available; pick the 

right tools and metrics that will provide the information required to meet 
your needs. 

• Assessment is done throughout the course of a project for varying reasons: 
formative assessment is done to provide feedback for ongoing activities, and 
to inform any needed mid-course corrections; summative assessment is done 
to measure a project's overall success; longitudinal assessment tracks 
impacts beyond the duration or initial scope of the project. 

• The assessment plans should be integral to the development and 
management of the project, not just added on as an after-thought. 
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• Develop partnerships with colleagues who have knowledge and expertise in 
assessment. 

 
Some of the instructional strategies that can be used formatively include the 
following: 
• Criteria and goal setting with students engages them in instruction and the 

learning process by creating clear expectations. In order to be successful, 
students need to understand and know the learning target/goal and the 
criteria for reaching it. Establishing and defining quality work together, 
asking students to participate in establishing norm behaviors for classroom 
culture, and determining what should be included in criteria for success are 
all examples of this strategy. Using student work, classroom tests, or 
exemplars of what is expected helps students understand where they are, 
where they need to be, and an effective process for getting there. 

• Observations go beyond walking around the room to see if students are on 
task or need clarification. Observations assist teachers in gathering evidence 
of student learning to inform instructional planning. This evidence can be 
recorded and used as feedback for students about their learning or as 
anecdotal data shared with them during conferences. 

• Questioning strategies should be embedded in lesson/unit planning. Asking 
better questions allows an opportunity for deeper thinking and provides 
teachers with significant insight into the degree and depth of understanding. 
Questions of this nature engage students in classroom dialogue that both 
uncovers and expands learning. An "exit slip" at the end of a class period to 
determine students' understanding of the day's lesson or quick checks during 
instruction such as "thumbs up/down" or "red/green" (stop/go) cards are also 
examples of questioning strategies that elicit immediate information about 
student learning. Helping students ask better questions is another aspect of 
this formative assessment strategy. 

• Self and peer assessment helps to create a learning community within a 
classroom. Students who can reflect while engaged in metacognitive 
thinking are involved in their learning. When students have been involved in 
criteria and goal setting, self-evaluation is a logical step in the learning 
process. With peer evaluation, students see each other as resources for 
understanding and checking for quality work against previously established 
criteria. 

• Student record keeping helps students better understand their own learning 
as evidenced by their classroom work. This process of students keeping 
ongoing records of their work not only engages students, it also helps them, 
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beyond a "grade," to see where they started and the progress they are 
making toward the learning goal. 
All of these strategies are integral to the formative assessment process, and 
they have been suggested by models of effective middle school instruction. 

• Balancing Assessment 
As teachers gather information/data about student learning, several 
categories may be included. In order to better understand student learning, 
teachers need to consider information about the products (paper or 
otherwise) students create and tests they take, observational notes, and 
reflections on the communication that occurs between teacher and student or 
among students. When a comprehensive assessment program at the 
classroom level balances formative and summative student 
learning/achievement information, a clear picture emerges of where a 
student is relative to learning targets and standards. Students should be able 
to articulate this shared information about their own learning. When this 
happens, student-led conferences, a formative assessment strategy, are valid. 
The more we know about individual students as they engage in the learning 
process, the better we can adjust instruction to ensure that all students 
continue to achieve by moving forward in their learning. 
 

Activities: 
1.  Construct at least 10 MCQs on different topics of chemistry. 
2.  Select any three chapters and develop the following types of items/questions 

i. True False 
ii. Completion type 
iii. Matching type 
 

Self-assessment Questions 
 
1. What are the major purposes of assessment? 
2. Discuss the general principles of assessment. 
3. What do you mean by students’ assessment? 
4. How Assessment can be used for improving teaching? 
5. How assessment can be used for improving learning? 
6. What is meant by practical work? 
7. Discuss the characteristics of a good test. 
8. Explain some formative evaluation strategies. 
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INTRODUCTION 
 
To understand bond formation, it is necessary to know the general features of 
the electronic structure of atoms—that is, the arrangement of electrons around the 
central nucleus. Chemical bonding is one of the key and basic concepts in 
chemistry. The learning of many of the concepts taught in chemistry, in both 
secondary schools as well as in the colleges, is dependent upon understanding 
fundamental ideas related to chemical bonding. Nevertheless, the concept is 
perceived by teachers, as well as by learners, as difficult, with teaching commonly 
leading to students developing misconceptions. Many of these misconceptions 
result from over ‐simpli fied models us          
pedagogy that presents a rather limited and sometimes incorrect picture of the 
issues related to chemical bonding and by assessments of students' achievement 
that influence the way the topic is taught. 
 
 

OBJECTIVES 
 
After studying this unit, the students will be able to: 
• Describe the Rutherford’s Atomic Model 
• Discuss Bohr’s Atomic Model 
• Define Energy levels 
• Discuss arrangement of electrons in orbitals 
• Elaborate the periodic tables 
• Explain the characteristics of element in groups and periods 
• Discuss chemical bonding 
• Differentiate between different types of bonding 
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6.1 RUTHERFORD AND BOHR’S ATOMIC MODEL 
 
An atom is made up of electrons, protons, and neutrons. Many scientists 
participated by presenting different models in giving its accurate form. The model 
of an atom given by Ernest Rutherford was classical and is known as Rutherford 
atomic model or Rutherford model of the atom. However, still it is not deliberated 
the accurate form of an atom. To overcome the drawbacks of Rutherford’s atomic 
model, Bohr put forward more comprehensive model of atom. Let us recognize 
about the models. 
 
6.1.1 Rutherford Atomic Model: 
 
Rutherford suggested that most of an atom has empty space with electrons that are 
orbiting in a set probable path around positively charged fixed nucleus. 

 
 

Figure 6.1: Rutherford’s Atomic Model (Source Credit: Britannica) 
 
6.1.1.1 History 
Atom’s concept dates back to 400 BCE when the first idea was perceived by 
Greek philosopher Democritus. However, again in 1803 John Dalton suggested 
the idea of the atom. But atoms were considered to be indivisible entity at that 
time. This idea about the atom being indivisible entity sustained till 1897 when 
British Physicist J.J. Thomson discovered  the particles with negative charge that 
were named Electrons later. 
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The model proposed by him explained that in matrix that is positively charged the 
electrons were embedded uniformly. At that time the model was named as plum 
pudding model. However, plum pudding model proposed by J.J. Thomson had 
some limitations such as it could not explain some experimental results about the 
atomic structure of certain elements.  
 
A British Physicist “Ernest Rutherford” who was a British physicist suggested a 
model of the atom known as Rutherford’s Model of Atoms. He led an experiment 
where α-particles were bombarded by him in gold’s thin sheet. In this experiment, 
he observed α-particles trajectory after their interaction with gold’s thin sheet. 
 
6.1.1.2 Rutherford Atomic Model Experiment 
 
In the experiment of Rutherford, he bombarded high energy streams of α-particles 
of high energy were bombarded on a thin foil of gold with 100 nm thickness. The 
α-particle’s streams were directed from a radioactive source. In this experiment he 
studied the deflection produced by α-particles trajectory after their interaction 
with the thin sheet of gold. He placed a screen of zinc sulfide around the gold foil 
to study the deflection. The observations made by Rutherford contradicted the 
plum pudding model given by J.J. Thomson. 
 

 
 

Figure 6.2: Rutherford’s Gold Foil Experiment (Source Credit: Britannica) 
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6.1.1.3 Remarks of Rutherford Experiment 
 
Rutherford concluded on the basis of the interpretations made during the 
experiment that 
• In an atom most of the space is empty. A large fraction of α-particles passed 

through the gold sheet without getting deflected. Therefore, the major part 
of an atom must be empty. 

• The positive charge in an atom is not distributed uniformly and it is 
concentrated in a very small volume – Few α-particles when bombarded 
were deflected by the gold sheet. They were deflected minutely and at very 
small angles. Therefore he made the above conclusion. 

• Very few α-particles had deflected at large angles or deflected back. 
Moreover, very few particles had deflected at 180o. Therefore, he concluded 
that the positively charged particles covered a small volume of an atom in 
comparison to the total volume of an atom. 

 
6.1.1.4 Postulates of Rutherford atomic model based on observations 
and conclusions 
• An atom is composed of positively charged particles. Majority of the mass 

of an atom was concentrated in a very small region. This region of the atom 
was called as the nucleus of an atom. It was found out later that the very 
small and dense nucleus of an atom is composed of neutrons and protons. 

• Atoms nucleus is surrounded by negatively charged particles called 
electrons. The electrons revolve around the nucleus in a fixed circular path 
at very high speed. These fixed circular paths were termed as “orbits.” 

• An atom has no net charge or they are electrically neutral because 
electrons are negatively charged and the densely concentrated nucleus is 
positively charged. A strong electrostatic force of attractions holds together 
the nucleus and electrons. 

• The size of the nucleus of an atom is very small in comparison to the total 
size of an atom. 

 
Learn more about Thomsons Model of an Atom, by J.J. Thomsons, which was 
first model of Atom. 
 
6.1.1.5 Limitations of Rutherford Atomic Model 
 
Rutherford’s experiment was unable to explain certain things. They are: 
• Rutherford’s model was unable to explain the stability of an atom. According to 

Rutherford’s postulate, electrons revolve at a very high speed around a nucleus 
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of an atom in a fixed orbit. However, Maxwell explained accelerated charged 
particles release electromagnetic radiations. Therefore, electrons revolving 
around the nucleus will release electromagnetic radiation. 

• The electromagnetic radiation will have energy from the electronic motion 
as a result of which the orbits will gradually shrink. Finally, the orbits will 
shrink and collapse in the nucleus of an atom. According to the calculations, 
if Maxwell’s explanation is followed Rutherford’s model will collapse with 
10-8 seconds. Therefore, Rutherford atomic model was not following 
Maxwell’s theory and it was unable to explain an atom’s stability. 

• Rutherford’s theory was incomplete because it did not mention anything 
about the arrangement of electrons in the orbit. This was one of the major 
drawbacks of Rutherford atomic model. 

 
Conclusion 
Even though the early atomic models were inaccurate and could not explain the 
structure of atom and experimental results properly. But it formed the basis of the 
quantum mechanics and helped the future development of quantum mechanics. 
 
6.2 THE BOHR MODEL OF THE ATOM  
 

Bohr type models of the atom give a totally incorrect picture of the atom and are 
of only historical significance. However, the Bohr models were an important step 
in the development of quantum mechanics. Quantum mechanics is a mathematical 
theory to account for the atomic related behaviour of our physical world. In 
quantum mechanics, the electrons bound to an atom are described in terms of 
waves. No longer can one talk about the path of an electron moving around the 
nucleus, but only about the probability of finding an electron at a certain location.   
 

Niels Bohr proposed the Bohr Model of the Atom in 1913. Because the Bohr 
model is a modification of the earlier Rutherford Model, some people call Bohr's 
Model the Rutherford-Bohr Model. Unlike earlier models, the Bohr model 
explains the Rydberg formula for the spectral emission lines of atomic hydrogen.  
 

The Bohr model is a planetary model in which the negatively-charged electrons 
orbit a small, positively-charged nucleus because of the Coulomb force between 
the positively-charged nucleus and the negatively-charged electrons.  
 

He developed his theory based upon assumptions that would lead to an 
explanation of the line spectra emitted from atoms and to a derivation of the 
Rydberg equation for hydrogen-like atoms. Bohr used the ideas of Planck and 
Einstein that radiation is emitted and absorbed in discrete amounts and these ideas 
lead to the concept of the photon.   Main Points of the Bohr Model Bohr used the 
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Rutherford model of the atom as his starting point. His modifications involved 
two postulates that were simply acknowledgements of experimental facts related 
to the spectral emissions. These postulates were at odds with the ideas of classical 
physics. The Bohr picture of the atom was of a central positive nucleus with an 
electron in “allowed” circular stable orbit such that the electron’s angular 
momentum was quantised. The electron in a stable orbit did not lose energy by 
the emission of electromagnetic radiation. Bohr assumed that classical 
electromagnetic theory was not completely valid for atomic systems. 
 
Postulate 1 
An atom can exist in certain allowed or stationary states, with each state having a 
definite value for its total energy. When the atom is in one of these states it is 
stable and does not radiate energy. The total energy of an orbiting electron is 
quantised such that the electron’s angular momentum L has a set of discrete 
values given by equation (1)  
 

 
 
Postulate 2 
An atom emits or absorbs energy only when an electron moves from one stable 
state to another. In a transition from its initial state to its final state, a photon is 
either emitted or absorbed and the energy of the photon is equal to the difference 
in the energy of the two states (equation 2) 
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Fig. 6.3: Bohr’s model of the atom. 
 

We can derive an equation for the radii of the stable circular obits (equation 3) 
and the total energies of the allowed states (equation 4) using the ideas of classical 
electromagnetic theory and Bohr’s quantisation of angular momentum postulate.   
The allowed radii rn of the stable states are 

 
The total energies of the electron En (E = EK + EP) are 

 

 
6.3 Arrangement of Electrons in Various Orbital/Energy Levels 
 
Arrangement of electrons in various orbits and orbitals is called electronic 
configuration. It is determined by the principles of quantum mechanics. Electrons 
can be distributed in orbits (shells) and orbitals (sub shells) of an atom whereas 
this distribution follows a pattern which is governed by some rules. So to 
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understand the concept of electronic configuration, it is important to know about 
the basic concept of orbit, orbital and rules for the filling of electrons in orbitals. 
 
6.3.1 Orbits (shells):  
 
Orbit can be defined as the hypothetical pathway of an electron present around the 
nucleus. Shells can be named as K, L, M, N, O, P and Q; or 1, 2, 3, 4, 5, 6 and 7 
going from the innermost to the outermost. The shell that is closest to the nucleus 
is named as “K shell” (also called “1 shell”), while this shell is followed by the 
“L shell” (also called “2 shell”), then comes the “M shells” (also called “3 shell”) 
and so on farther from the nucleus. A fixed electron number can be contained by a 
shell. Such as: 
K shell: only 2 electrons can be hold by the K shell. 
L shell: L shell can have up to eight (2+6) electrons. 
M shells: 18 electrons (2+6+10) can be occupied by the M shell. 
And so on. 
The fillings of electrons in shells follow the general formula  

2n2 
Where n= 1 for K shell, 2 for L and so on 
For example Na has 11 electrons. The distribution of electrons in different shells 
will be as follows 
K shell = 2 electrons, L shell = 8 electrons, M shell = 1 electrons 
 
6.3.2 Orbitals (sub shells): 
 
Each orbit contains some sub shells or orbitals. Atomic orbital is a physical space 
or region where probability of finding the electron in an atom is most or where the 
electron can be calculated to present. Each orbital that is characterized by the set 
of values of the three quantum numbers such as n, l and m can have only two 
electron each with its own spin quantum number. The orbitals are named as s 
orbital, p orbital, d orbital and f orbital. Each shell is composed of one or more 
sub shells.  
 
s sub shell: s sub shell is a spherical orbital. Only two electrons can accommodate 
in it. Each of the energy level has at least one s sub shell. 
 
P orbital: This sub shell has dumbbell-shaped three orbitals. All are present at 
right angle to one another. Each of the orbital can hold only two electrons. In the 
energy states of two or higher p orbital can be present. 
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Figure 6.4: Shapes of s and porbitals 
 

d orbital: This sub shell contain five orbitals and they are arranged in x, y and z 
axis. Each of the orbitals can hold only two electrons. So, when a d sub shell is 
fully completed it will have 10 electrons. In the energy level of three or higher 
this orbital is present. 
 

 
 

Figure 6.5: Shapes of d or bitals 
 

f sub shell: f sub shell contains seven orbitals with symmetrical distribution in x, 
y and z axis. Each of the orbital can hold only two electrons. If a f sub shell is 
fully loaded then it will have 14 electrons. In the energy states of four or higher 
this sub shell can be found. 
 
6.3.3 Rules for filling of orbitals 
 
Filling of electrons in different orbitals follow some general rules, which are following: 
1. Pauli Exclusion principle 
2. Auf Bau’s principle 
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3. Hund’s rule 
4. n+l rule 
 
1. Pauli Exclusion Principle: 

This principle states that for electrons in an atom, in a poly electron system 
it is impossible for two electrons to have same values of four quantum 
numbers, i.e. principle quantum number (n), Azimuthal quantum number (l), 
magnetic quantum number (mℓ) and spin quantum number (ms). 
 

2. Auf Bau’s Principle: 
Also known as building up principle states that atomic orbitals of lower 
energy levels will be filled first. For example, 1s sub shell is filled before 
the filling of 2s sub shell. 
 

3. Hund’s rule: 
This rule states that in sublevel every orbital is singly filled before any 
orbital is doubly filled. And also, the electrons have same spin in singly 
occupied orbital. 
 

4. n+l rule: 
n+l rule is used to know which of the orbital will be filled first with the 
electrons. For example, the orbitals which have same values of n+l, the 
orbital with lower value of n (principle quantum number) will be first filled. 
i.e. 3d will be filled before the filling of 4p. 
 

6.3.4 Rules for Assigning Electron Orbitals: 
 
Orbitals occupation: 
 
Orbitals are filled by electrons in a way to minimize the energy of atom. In an 
atom, electrons fill the orbitals in principle energy levels in order of increasing 
energy (electrons getting far from nucleus). The order look like 

1s, 2s, 2p, 3s, 3p, 4s, 3d, 4p, 5s, 4d, 5p, 6s, 4f, 5d, 6p, 7s, 5f, 6d, and 7p 
To remember this pattern, probably the easiest, is to refer to the periodic table and 
remember where each orbital block falls to logically deduce this pattern. Another 
way is to make a table like the one below and use vertical lines to determine 
which subshells correspond with each other. 

144 
 



 
 
So, orbital electronic configuration for sodium atom can be shown as follows. 
11Na = 1s2, 2s2, 2p6, 3s1           
or 

11Na = 1s2ꜛꜜ, 2sꜛꜜ, 2pxꜛꜜ, 2pyꜛꜜ, 2pzꜛꜜ, 3sꜛ 

This configuration describes the orbits and orbitals being filled taking into 
account all filling rules. e.g. valence electron configure here as:  3sꜛ 

Here 3 is the principle quantum number describing energy level 3, s is the 
sublevel or orbital and 1 is the single electron in 3rd energy level and s-orbital. 
The electronic configuration of first 20 elements is shown in the table below. 
1H 1s1 11Na 1s2 2s2 2p6 3s1      OR  [Ne]10  3s1 
2He 1s2 12Mg 1s2 2s2 2p6 3s2        OR  [Ne]10  3s2 
3Li 1s2 2s1          OR[He]2 2s1 13Al 1s2 2s2 2p6 3s2 3p1 OR [Ne]10  3s2 3p1 
4Be 1s2 2s2       OR[He]2 2s2 14Si 1s2 2s2 2p6 3s2 3p2 OR [Ne]10  3s2 3p2 
5B 1s2 2s2 2p1   OR[He]2 2s2 2p1 15P 1s2 2s2 2p6 3s2 3p3 OR [Ne]10  3s2 3p3 
6C 1s2 2s2 2p2   OR[He]2 2s22p2 16S 1s2 2s2 2p6 3s2 3p4 OR [Ne]10  3s2 3p4 
7N 1s2 2s2 2p3  OR  [He]2 2s2 

2p3 
17Cl 1s2 2s2 2p6 3s2 3p5 OR [Ne]10  3s2 3p5 

8O 1s2 2s2 2p4   OR [He]2 2s2 

2p4 
18Ar 1s2 2s2 2p6 3s2 3p6 

9F 1s2 2s2 2p5    OR  [He]2 2s2 

2p5 
19K 1s2 2s2 2p6 3s2 3p6 4s1 OR  [Ar]18  

4s1 
10Ne 1s2 2s2 2p6 20Ca 1s2 2s2 2p6 3s2 3p1 4s2 OR [Ne]18  4s2 
 
6.4  PERIODIC TABLES 
 

Arrangement of elements on the basis of periodicity (regular recurrence in 
properties) in tabular form is called periodic Table.  
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Although many individual elements exited till the birth of the earth, and elements 
such as gold, silver, tin, copper, lead and mercury have been known since ancient 
times, the first scientific discovery of an element occurred in 1649 when Hennig 
Brand discovered phosphorous. During the next 200 years, a vast body of 
knowledge concerning the properties of elements and their compounds was 
acquired by chemists (view a 1790 article on the elements). By 1869, a total of 63 
elements had been discovered. As the number of known elements grew, scientists 
began to recognize patterns in properties and began to develop classification 
schemes. Some of the important contribution in this respect is discussed here. 
 
6.4.1 Law of Triads  
 
In 1817 Johann Dobereiner noticed that the atomic weight of strontium fell 
midway between the weights of calcium and barium, elements possessing similar 
chemical properties. In 1829, after discovering the halogen triad composed of 
chlorine, bromine, and iodine and the alkali metal triad of lithium, sodium and 
potassium he proposed that nature contained triads of elements the middle 
element had properties that were an average of the other two members when 
ordered by the atomic weight (the Law of Triads).   
 
German chemist Johann Wolfgang Dobereiner observed that groups of three 
elements (triads) could be formed in which all the elements shared similar 
physical and chemical properties. 
 
Dobereiner stated in his law of triads that the arithmetic mean of the atomic masses 
of the first and third element in a triad would be approximately equal to the atomic 
mass of the second element in that triad. He also suggested that this law could be 
extended for other quantifiable properties of elements, such as density. 
 
The first of Dobereiner’s triads was identified in the year 1817 and was 
constituted by the alkaline earth metals calcium, strontium, and barium. Three 
more triads were identified by the year 1829. These triads are tabulated below. 
 
Triad 1 
This triad was made up of the alkali metals lithium, sodium, and potassium. 
 

Triad Atomic Masses 
Lithium 6.94 
Sodium 22.99 

Potassium 39.1 
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The arithmetic mean of the masses of potassium and lithium corresponds to 23.02, 
which is almost equal to the atomic mass of sodium. 
Triad 2 
As mentioned earlier, calcium, barium, and strontium formed another one of 
Dobereiner’s triads. 
 

Triad Atomic Masses 
Calcium 40.1 

Strontium 87.6 
Barium 137.3 

 
The mean of the masses of barium and calcium corresponds to 88.7. 
 
Triad 3 
The halogens chlorine, bromine, and iodine constituted one of the triads. 
 

Triad Atomic Masses 
Chlorine 35.4 
Bromine 79.9 
Iodine 126.9 

 
The mean value of the atomic masses of chlorine and iodine is 81.1. 
 
Triad 4 
The fourth triad was formed by the elements sulfur, selenium, and tellurium. 
 

Triad Atomic Masses 
Sulfur 32.1 

Selenium 78.9 
Tellurium 127.6 

 
The arithmetic mean of the masses of the first and third elements in this triad 
corresponds to 79.85. 
 
Triad 5 
Iron, cobalt, and nickel constituted the last of Dobereiner’s triads. 
 

Triad Atomic Masses 
Iron 55.8 

Cobalt 58.9 
Nickel 58.7 
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However, the mean of the atomic masses of iron and nickel corresponds to 57.3. 
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6.4.1.1 Limitations of Dobereiner’s Triads 
 
The key shortcomings of Dobereiner’s method of classifying elements are listed 
below. 
• The identification of new elements made this model obsolete. 
• Newly discovered elements did not fit into the triads. 
• Only a total of 5 Dobereiner’s triads were identified. 
• Even several known elements did not fit into any of the triads. 
 
Owing to these shortcomings, other methods of classifying elements were 
developed. 
 
 If you look at the properties and relative atomic masses of 3 elements in group 1:  

  
The relative atomic mass of sodium is the mean of lithium and potassium.   
  the rate of reaction of sodium is also in between the other 2.   
  this also occurs for other ‘triads’ of elements.   
 
This new idea of triads became a popular area of study. Between 1829 and 1858 a 
number of scientists (Jean Baptiste Dumas, Leopold Gmelin, Ernst Lenssen, 
Max von Pettenkofer, and J.P. Cooke) found that these types of chemical 
relationships extended beyond the triad. During this time fluorine was added to 
the halogen group; oxygen, sulfur, selenium and tellurium were grouped into a 
family while nitrogen, phosphorus, arsenic, antimony, and bismuth were 
classified as another. Unfortunately, research in this area was hampered by the 
fact that accurate values of were not always available.  
  
6.4.2 Law of Octaves  
 
John Newlands, an English chemist, wrote a paper in 1863 which classified the 56 
established elements into 11 groups based on similar physical properties, noting 
that many pairs of similar elements existed which differed by some multiple of 
eight in atomic weight. In 1864 Newlands published his version of the periodic 

Element Relative atomic Mass Properties with water 
Lithium  6.9 Fizzes gently-Hydrogen given 

off. 
Sodium  23 Fizzes – hydrogen given off 
Potassium 39.1 Fizzes violently – hydrogen 

given off 
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table and proposed the Law of Octaves (by analogy with the seven intervals of the 
musical scale). This law stated that any given element will exhibit analogous 
behavior to the eighth element following it in the table.  An illustration detailing 
the elements holding similar properties as per Newland’s law of octaves is 
provided below. 

 
 

Figure 6.6: Elements holding similar properties as per Newland’s law of octaves 
 
Newlands compared the similarity between the elements to the octaves of music, 
where every eighth note is comparable to the first. This was the first attempt at 
assigning an atomic number to each element. However, this method of classifying 
elements was met with a lot of resistance in the scientific community. 
 
6.4.2.1 Limitations of Newland’s Law of Octaves 
 
The key shortcomings of Newland’s law of octaves are listed below. 
• Several elements were fit into the same slots in Newland’s periodic 

classification. For example, cobalt and nickel were placed in the same slot. 
• Elements with dissimilar properties were grouped together. For example, the 

halogens were grouped with some metals such as cobalt, nickel, and platinum. 
• Newland’s law of octaves held true only for elements up to calcium. Elements 

with greater atomic masses could not be accommodated into octaves. 
• The elements that were discovered later could not be fit into the octave 

pattern. Therefore, this method of classifying elements did not leave any 
room for the discovery of new elements. 

 
6.4.3 Dmitri Mendeleev’s Periodic Table (1834-1907) 
 
Many periodic tables were made but the most important one was the Mendeleev 
periodic table. In 1869, after the rejection of Newlands Octave Law, Mendeleev 
Periodic table came into the picture. In Mendeleev’s periodic table, elements were 
arranged on the basis of the fundamental property, atomic mass, and chemical 
properties. During Mendeleev’s work, only 63 elements were known. After 

150 
 

https://byjus.com/chemistry/atomic-number-mass-number/


studying the properties of every element, Mendeleev found that the properties of 
elements were related to atomic mass in a periodic way.  He arranged the 
elements such that elements with similar properties fell into the same vertical 
columns of the periodic table. 

 
Figure 6.7: Mendeleev’s periodic table 

 
Among chemical properties, Mendeleev treated formulae of hydrides and oxides 
as one of the basic criteria for categorization. He took 63 cards and, on each card,, 
he wrote the properties of one element. He grouped the elements with similar 
properties and pinned it on the wall. He observed that elements were arranged in 
the increasing order of atomic mass and there was the periodic occurrence of 
elements with similar properties. 
 
According to this observation, he formulated a periodic law which states: 
 
“the properties of elements are the periodic function of their atomic masses.” 
 
In Mendeleev periodic table, vertical columns in the periodic table and horizontal 
row in the periodic table were named as groups and period respectively. 
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Merits of Mendeleev Periodic Table 
• Some gaps were left for the elements yet to be discovered. Thus, if a certain 

new element is discovered, it can be placed in a new group without 
disturbing any existing group. 
 

Demerits of Mendeleev Periodic Table 
 
1.  Position of hydrogen: Hydrogen is placed in group I. However, it 

resembles the elements of group I (alkali metals) as well as the elements of 
group VILA, (halogens). Therefore, the position of hydrogen in the periodic 
table is not correctly defined. 

2.  Anomalous pairs: In certain pairs of elements, the increasing order of 
atomic masses was not obeyed. In these cases, Mendeleev placed elements 
according to similarities in their properties and not in increasing order of 
their atomic masses. For example, argon (Ar, atomic mass 39.9) is placed 
before potassium (K, atomic mass 39.1). Similarly, cobalt (Co, atomic mass 
58.9) is placed before nickel (Ni, atomic mass 58.6) and tellurium (Te, 
atomic mass 127.6) is placed before iodine (I, atomic mass 126.9). These 
positions were not justified. 

3.  Position of isotopes: Isotopes are the atoms of the same element having 
different atomic masses but same atomic number. Therefore, according to 
Mendeleev’s classification, these should be placed at different places 
depending upon their atomic masses. For example, isotopes of hydrogen 
with atomic masses 1,2 and 3 should be placed at three places. However, 
isotopes have not been given separate places in the periodic table. 

4.  Some similar elements are separated and dissimilar elements are grouped 
together: In the Mendeleev’s periodic table, some similar elements were 
placed in different groups while some dissimilar elements had been grouped 
together. For example, copper and mercury resembled in their properties but 
they had been placed in different groups. At the same time, elements of 
group IA such as Li, Na and K were grouped with copper (Cu), silver (Ag) 
and gold (Au), though their properties are quite different. 

5.  Cause of periodicity: Mendeleev did not explain the cause of periodicity 
among the elements. 

6.  Position of Lanthanoids (or lanthanides) and Actinoids (or actinides): The 
fourteen elements following lanthanum (known as Lanthanoids, from atomic 
number 58-71) and the fourteen elements following actinium (known as 
Actinoids, from atomic number 90 – 103) have not been given separate 
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places in Mendeleev’s table. In order to cover more elements, Mendeleev 
modified his periodic table. 

 
6.5  DISCOVERY OF THE NOBLE GASES  
 
In 1895 Lord Rayleigh reported the discovery of a new gaseous element named 
argon which proved to be chemically inert. This element did not fit any of the 
known periodic groups. In 1898, William Ramsey suggested that argon be placed 
into the periodic table between chlorine and potassium in a family with Helium; 
despite the fact that argon's atomic weight was greater than that of potassium. 
This group was termed the "zero" group due to the zero valency of the elements. 
Ramsey accurately predicted the future discovery and properties neon.  
 
6.6  ATOMIC STRUCTURE AND THE PERIODIC TABLE  
 
Although Mendeleev's table demonstrated the periodic nature of the elements, it 
remained for the discoveries of scientists of the 20th Century to explain why the 
properties of the elements recur periodically.  
  
In 1911 Ernest Rutherford (see a picture) published studies of the scattering of 
alpha particles by heavy atom nuclei which led to the determination of nuclear 
charge (view the paper here). He demonstrated that the nuclear charge on a 
nucleus was proportional to the atomic weight of the element. Also in 1911, A. 
van den Broek in a series of two papers (1, 2) proposed that the atomic weight of 
an element was approximately equal to the charge on an atom. This charge, later 
termed the atomic number, could be used to number the elements within the 
periodic table.  
 
It wasn’t until 1913, six years after Mendeleev’s death that the final piece of the 
puzzle fell into place. The periodic table was arranged by atomic mass, and this 
nearly always gives the same order as the atomic number.  However, there were 
some exceptions (like iodine and tellurium, see above), which didn’t work. 
Mendeleev had seen that they needed to be swapped around, but it was Moseley 
that finally determined why.  
 
He fired the newly-developed X-ray gun at samples of the elements, and 
measured the wavelength of X-rays given.  He used this to calculate the frequency 
and found that when the square root of this frequency was plotted against atomic 
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number, the graph showed a perfect straight line. He’d found a way to actually 
measure atomic number.  When the First World War broke out, Moseley turned 
down a position as a professor at Oxford and became an officer in the Royal 
Engineers.  He was killed by a sniper in Turkey in August 15, and many people 
think that Britain lost a future Nobel Prize winner. 
 
Within 10 years of his work, the structure of the atom had been determined 
through the work of many prominent scientists of the day, and this explained 
further why Moseley’s X-rays corresponded so well with atomic number.  The 
idea behind the explanation is that when an electron falls from a higher energy 
level to a lower one, the energy is released as electromagnetic waves, in this case 
X-rays.  The amount of energy that is given out depends on how strongly the 
electrons are attracted to the nucleus.  The more protons an atom has in its 
nucleus, the more strongly the electrons will be attracted and the more energy will 
be given out.  As we know, atomic number is also known as proton number, and it 
is the amount of protons that determine the energy of the X-rays. 
 
After years of searching, at last we had a periodic table that really worked, and the 
fact that we still use it today is testament to the huge achievement of these and 
many other great minds of the last two centuries of scientific discovery. 
 
The question of why the periodic law exists was answered as scientists developed 
an understanding of the electronic structure of the elements beginning with Niels 
Bohr's studies of the organization of electrons into shells through G.N. Lewis' 
discoveries of bonding electron pairs.   
 
6.7  THE MODERN PERIODIC TABLE  
 
The last major changes to the periodic table resulted from Glenn Seaborg's work 
in the middle of the 20th Century. Starting with his discovery of plutonium in 
1940, he discovered all the transuranic elements from 94 to 102. He reconfigured 
the periodic table by placing the actinide series below the lanthanide series. In 
1951, Seaborg was awarded the Nobel Prize in chemistry for his work. Element 
106 has been named seaborgium (Sg) in his honor. 
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Figure 6.8: The Modern Periodic Table of Elements 
 
6.8 PERIODICITY 
 
In chemistry periodicity of elements means the recurrence of similar properties of 
the elements after certain regular intervals when they are arranged in the order of 
increasing atomic numbers.  
 
6.8.1 Cause of Periodicity of Elements 
 
The cause of periodicity of the properties of elements is the repetition of similar 
electronic configuration of their atoms in the outermost energy shell (or valence 
shell) after certain regular intervals. To explain the cause of periodicity of 
elements we are taking two examples.  
 
The chemical properties of all alkali metals resemble each other. This is due to the 
fact that chemical properties of elements depend primarily on the arrangement of 
electrons in the outermost shell (valence shell). The electronic configuration of 
the atoms of alkali metal group shows that all the alkali metals have one electron 
in their outermost s-orbital. So, their electronic configuration may be represented 
as [noble gas] ns1. 
 
Some of the properties showing periodic trends are discussed one by one. 
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6.8.2 Atomic Radius  
 
The distance from the centre of the nucleus to the outermost shell of the electrons 
in the atom of any element is called its atomic radius. 
 
Periodicity-  
(a)  In period- Atomic radius of elements decreases from left to right in a period. 
(b)  In Group- Atomic radius of elements increases on moving top to bottom in a 

group. 
 
Reason: While moving from left to right in a periodic table, the nucleus gains 
protons, which increases the positive charge of the nucleus and hence its attractive 
force on the electrons. At the same time, electrons are added to the atoms as you 
move from left to right across a period. These electrons reside in the same energy 
shell and do not offer complete shielding. 
 
The effect of the increasing proton number is greater than that of the increasing 
electron number. 
 
As a result, the valence electrons are held closer to the nucleus, and the atomic 
radius decreases. 
 
While moving down the group the atomic radii increases because the number of 
shells increase, so the distance between nucleus and valence electrons increases, 
which decreases the force of attraction between nucleus and outermost electrons, 
thereby increasing size of the atom. Hence the radii increase down the group 
 
6.8.3 Ionization Energy:  
 
“It is equal to the energy required to remove an electron from the outermost shell 
of an isolated gaseous atom.” Its unit is eV/atom or KJ/mole. It is represented by 
I. Thus energy required for the reaction 

M(g)→ M+ (g)+ e- 
is the ionization energy of the element M. This is termed as first ionization energy 
(I1). Like 1st ionization energy, the successive ionization energy may also be 
termed as 2nd ionization enthalpy (I2), third ionization energy (I3) etc. Ist, 2nd and 
3rd ionization can be shown as follows 

M(g)→ M+
(g)+ e-                     I1 

M+
(g)→ M+2

 (g)+ e-                    I2 
M+2

(g)→ M+
(g)+ e-                    I3 
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Periodicity: 
i) Generally, the ionization energy follows the order (there are few 

exceptions):  
(I1) < (I2) < (I3) 

ii) The ionization energy decreases on moving top to bottom in a group. 
iii) The ionization energy increases on moving from left to right in a period. 
 
When an electron is removed from the neutral atom, the effective nuclear charge 
of the cation is increased. Consequently, electrons of outermost shell of the cation 
are attracted towards the nucleus by greater force. Hence making it difficult to 
remove the second electron from the outermost shell of cation and greater amount 
of energy is required to remove second electron.  Therefore, second Ionization 
potential of an element is always greater than first Ionization potential. Similarly, 
Ionization third potential is greater than second Ionization potential. 
 
Two factors are important in consideration of ionization enthalpies. 1. Shielding 
by other electrons (especially by electrons in inner shells) and 2. Nuclear Charge. 
Across a Period, nuclear charge increases successively, and the electrons in 
incomplete shells shield this nuclear charge very ineffectively. Atomic radius 
decreases which results in increased attraction between electrons and nucleus, 
thus increasing the energy required to remove outermost electron from atom. 
While moving down the group, nuclear charge increases but one extra shell is 
added as well. The electron in outermost shell is effectively shielded by inner 
shell electrons, thereby causing reduction in pull between nucleus and valence 
electrons. Atomic radii thus increase, decreasing ionization energy. 
 
6.8.4 Electron Affinity:  
 
The electron affinity is the amount of energy released when an isolated gaseous 
atom or ion in its ground state adds an electron to form the corresponding anion 
thus the energy released in this reaction;  

X(g)  +  e- → X-
(g) 

is called the electron affinity (EA) of the element X. The EA may be positive or 
negative. The successive values for the addition of second, third etc. Electron, 
these are called second, third etc. electron affinities. For example, 

X(g) + e- → X-
(g)       EA1 is called first electron affinity 

    X(g) + e- → X2- 
(g)     EA2 is called second electron affinity 

X2- 
(g)  + e- → X3-

(g)   EA3 is called third electron affinity 
 is called third electron affinity. Usually the term electron affinity means the first 
electron affinity. 

157 
 



(i)   In period- The electron affinity increases from left to right in a period. 
(ii)  In group- The electron affinity decreases from top to bottom in a group. 
 
Moving from left to right across a period, atoms become smaller as the forces of 
attraction become stronger. This causes the electron to move closer to the nucleus, 
thus increasing the electron affinity from left to right across a period. Electron 
affinity generally decreases down a group of elements because each atom is larger 
than the atom above it. This means that an added electron is further away from the 
atom's nucleus compared with its position in the smaller atom. With a larger 
distance between the negatively-charged electron and the positively-charged 
nucleus, the force of attraction is relatively weaker. Therefore, electron affinity 
decreases down the group.  
 
However, there are some exceptions in electron affinity trends. For example 
1. Group 2 elements have much lower electron affinities than group 1 

elements, with Beryllium and magnesium with even positive electron 
affinities, This is due to the fact that group 2 elements has already full 
valence s shell and the addition of a new electron would move to the higher 
energy p shell that is otherwise left empty in the neutral atom. This 
occupation of a new, higher-energy shell is very energetically unfavorable 
and so this accounts for the more positive, or lower, electron affinity. 

2. Similarly, same trend is observed for Group 15 elements which have less 
negative electron affinities than Group 14. This is because the addition of an 
electron to nitrogen's neutral configuration, for example, creates the first 
paired electrons in the p orbital. Because of electron-electron repulsions, this 
is energetically unfavorable, making the electron affinity more positive. 

3. Notice that the Period 3 elements actually have the greatest electron 
affinities, instead of the Period 2 elements as the trend suggests. This is 
because the atomic radii of the Period 2 elements are considerably smaller 
and thus the electrons experience significant electron-electron repulsions 
that are not completely off-set by the electron-nucleus attractions. For the 
Period 3 elements, their radii are larger and thus the balance between 
electron-nucleus attractions and electron-electron repulsions is maximized. 
 

6.8.5 Electronegativity: 
 

“The relative tendency of an atom in a molecule to attract the shared 
pair of electrons towards itself is termed as its electro- negativity.” 
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Periodicity: 
(i)   In period- The electro-negativity increases from left to right in a period. 
(ii)  In group- The electro-negativity decreases from top to bottom in a group. 
 
The electronegativity of atoms increases while moving from left to right across a 
period in the periodic table. This is because in going from left to right across a 
period, the nuclear charge is increases faster than the electron shielding, so the 
attraction that the atoms have for the valence electrons increases.  
 
The electronegativity of atoms decreases in moving from top to bottom down a 
group in the periodic table. This is because in moving from top to bottom down a 
group, the atoms of each element have an increasing number of energy levels. The 
electrons in a bond are thus farther away from the nucleus and are held less tightly.  
 
Atoms with low ionization energies have low electro negativities because their 
nuclei do not have a strong attraction for electrons. Atoms with high ionization 
energies have high electro negativities because the nucleus has a strong attraction 
for electrons.  
 
Important exceptions of the above rules include the noble gases, lanthanides, and 
actinides. The noble gases possess a complete valence shell and do not usually 
attract electrons. The lanthanides and actinides possess more complicated 
chemistry that does not generally follow any trends. Therefore, noble gases, 
lanthanides, and actinides do not have electronegativity values. 
 
As for the transition metals, although they have electronegativity values, there is 
little variance among them across the period and up and down a group. This is 
because their metallic properties affect their ability to attract electrons as easily as 
the other elements. 
 
6.9  CHEMICAL BONDING 
 
Chemical bond is the force which holds the two or more chemical constituents 
(atoms, ions etc) forming different chemical species.  
There are different types of bonds that occur between atoms which give rise to 
different properties. Chemical bonding takes place to gain stability. According to 
Kossel Lewis theory, atoms take part in chemical bond formation to complete 
their octet to attain the nearest noble gas configuration. 
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6.9.1 Ions and ionic bond 
 
Ionic Bonds form when electrons are transferred from one atom to another, 
forming charged Ions which are attracted to each other by Electrostatic Forces. 
Elements tend to loose or gain electrons, forming Ions, to get a ‘full other shell’. 
 
Ions 
Species carrying either positive or negative charges are called ions. Species 
carrying positive charge are called cations, while those carrying negative charge 
are called anions. Ionic bonds involve a cation and an anion. The bond is formed 
when an atom, typically a metal, loses an electron or electrons, and becomes a 
positive ion, or cation. Another atom, typically a non-metal, is able to acquire the 
electron(s) to become a negative ion, or anion. The formation of cation and anion 
is due to inherent tendency to atoms to gain stability by attaining nearest noble 
gas configuration. For example sodium has atomic number 11. The electronic 
distribution in shells is as follows. 
 
In shells: K shell = 2 electrons 
     L shell = 8 electrons 
     M shell = 1 electron  
It needs 7 electrons to complete its valence shell or can lose one electron to gain 
noble gas configuration. So Na can lose one electron easily and will form a cation 
as shown in figure. 

 
Similarly, chlorine atom has atomic number 17. The electronic distribution in 
shells is as follows. 
 
In shells: K shell = 2 electrons 
     L shell = 8 electrons 
     M shell = 17 electron  
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It needs 1 electron to complete its valence shell or can lose 7 electrons to gain 
noble gas configuration. So Cl can lose one electron easily and will form a anion 
as shown in figure. 

 
Format 

6.9.2 Formation of ionic bond 
 
One example of an ionic bond is the formation of sodium chloride, NaCl, from a 
sodium atom and a chlorine atom. In this reaction, the sodium atom loses its 
single valence electron to the chlorine atom, which has just enough space to 
accept it. The ions produced are oppositely charged and are attracted to one 
another due to electrostatic forces. 

 
 
6.9.3 Favorable factors for formation of ionic bond 
• Metals should have lowest ionization energy 
• Non-metals should have highest electron affinity. 
• Energy released for the formation of one mole of lattice (lattice energy) 

should be high. 
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6.9.4 Characteristics of ionic bond 
 Ionic substances can conduct electricity through the movement of charged 

Ions. However, they may only do so if the Ions are free to move around. 
Therefore, Ionic substances conduct electricity when molten or dissolved, 
but not when in a solid state. 

 Many Ionic Compounds dissolve in water. This is because the polar water 
molecules cluster around Ions, and so separate them from each other. 

 
At the macroscopic scale, ionic compounds form lattices, are crystalline solids 
under normal conditions, and have high melting points. Most of these solids are 
soluble in H2O and conduct electricity when dissolved. The ability to conduct 
electricity in solution is why these substances are called electrolytes. Table salt, 
NaCl, is a good example of this type of compound. 
 
6.9.5 Covalent bond 
 
Covalent Bonds involve the sharing of electrons so that all atoms have ‘full 
outer shells’ 
 
A covalent bond is a chemical bond that involves the sharing of electron pairs 
between two atoms. These electron pairs are known as bonding electron pairs, and 
they share these electrons to form covalent bond. This bonding is primarily found 
between nonmetals; however, it can also be observed between nonmetals and metals. 
 

6.9.6 Covalent Bond Example 
 
Most common compound methane contains covalent bond where four hydrogens 
covalently bonded with one carbon center. 
 
Carbon has four valence electrons, half of an octet. To make ionic compound it needs 
to loss or gain 4 electrons. Both are unfavorable; thus, it shares 4 electrons with 4 
hydrogen. Each hydrogen is also satisfied by sharing their electrons with carbon. 
 

6.9.7 Types of covalent bond 
 
Depending on the number of electron pairs being shared or the bonds between 
two atoms, covalent bonds can be classified in 3 different types. Single covalent 
bond, double covalent bond and triple covalent bond, while depending on the 
polarity, covalent bond is classified in 2 different types: 
 
 Non polar covalent bond, and  
 Polar covalent bond  
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A.  On the basis of the number of shared electron pair 
1.  Single covalent bond 

When a covalent bond is formed by sharing one pair of electron by two 
atoms then it is called single covalent bond. Single covalent bond is formed 
by head to head overlapping of two orbitals of two atoms. This way a sigma 
bond is formed which is stronger compare to other two covalent bonds. 
Single covalent bond is denoted by single short line (-). e.g. H-Cl. 

 
 

Here a sigma bond is formed by head to head overlapping of one s and one p 
orbitals. 

 
2.  Double covalent bond 

When two covalent bonds are formed by sharing two electron pairs between 
two atoms then it is called double covalent bond. In double covalent bond, 
one is a sigma bond formed by head to head overlapping of two orbitals of 
two atoms, and other one is a pi- bond formed by side to side overlapping of 
two orbitals of two atoms. It is denoted by two short lines (=). e.g. O=O 

 
3.  Triple covalent bond 

When three covalent bonds are formed by sharing of 3 electron pairs 
between two atoms then it is called triple covalent bond. In this type of 
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bond, one is sigma and other two is pi- bond formed by side to side 
overlapping. It is denoted by three short lines (≡). e.g. N≡N 

 
 
B.  On the basis of polarity 
 
1.  Non polar covalent bond 

A nonpolar covalent bond is formed when two same atoms share electrons 
by head to head overlapping (single covalent bond). As this bond is formed 
between two same atoms the difference in electronegativity is zero thus, 
they both attract bonding electron pair equally and no polarity is found 
within the molecule. e.g. H2, N2, O2 etc. 

 
Coordinate Covalent Bonds 
 
A coordinate bond (also called a dative covalent bond) is a covalent bond (a 
shared pair of electrons) in which both electrons come from the same atom. A 
covalent bond is formed by two atoms sharing a pair of electrons. The atoms are 
held together because the electron pair is attracted by both of the nuclei. In the 
formation of a simple covalent bond, each atom supplies one electron to the bond 
- but that does not have to be the case. The atom which contributes the electrons is 
called the donor (Lewis base) while the other which only shares the electron pair 
is known as acceptor (Lewis acid). This bond is usually represented by an arrow 
(→) pointing from donor to the acceptor atom. 
 
Examples: 
BF3 molecule, boron is short of two electrons. So to complete its octet, it shares 
the lone pair of nitrogen in ammonia forming a dative bond. 
 
Each of the covalent bonds that we have looked at so far has involved each of the 
atoms that are bonding contributing one of the electrons to the shared pair. There 
is an alternate type of covalent bond in which one of the atoms provided both of 
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the electrons in a shared pair. Carbon monoxide, CO, is a toxic gas that is released 
as a by-product during the burning of fossil fuels. The bonding between the C 
atom and the O atom can be thought of as proceeding in this way. 
 

 
 

Figure 6.9: Formation of a CO double bond (incorrect structure). 
 
At this point, a double bond has formed between the two atoms, with each atom 
providing one of the electrons to each bond. The oxygen atom now has a stable 
octet of electrons, but the carbon atom only has six electrons and is unstable. This 
situation is resolved if the oxygen atom contributes one of its lone pairs in order 
to make a third bond with the carbon atom. 
 

 
 

Figure 6.10:  Correct CO structure. 
 

The carbon monoxide molecule is correctly represented by a triple covalent bond 
between the carbon and oxygen atoms. One of the bonds is a coordinate covalent 
bond , a covalent bond in which one of the atoms contributes both of the electrons 
in the shared pair. 
 
Once formed, a coordinate covalent bond is the same as any other covalent bond. 
It is not as if the two conventional bonds in the CO molecule are stronger or 
different in any other way than the coordinate covalent bond. 
 
6.9.8 Characteristics of coordinate covalent bonds 
 

(1)  Their melting and boiling points are higher than purely covalent compounds 
and lower than purely ionic compounds. 

(2)  These are sparingly soluble in polar solvent like water but readily soluble in 
non-polar solvents. 
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(3)  Like covalent compounds, these are also bad conductors of electricity. Their 
solutions or fused masses do not allow the passage to electricity. 

(4)  The bond is rigid and directional. Thus, coordinate compounds show 
isomerism. 

 
Electronegativity and Bond Polarity 
 
Although we defined covalent bonding as electron sharing, the electrons in a covalent 
bond are not always shared equally by the two bonded atoms. Unless the bond 
connects two atoms of the same element, there will always be one atom that attracts 
the electrons in the bond more strongly than the other atom does, as shown in 
Figure 5.4.15.4.1. When such an imbalance occurs, there is a resulting buildup of 
some negative charge (called a partial negative charge and designated δ−) on one side 
of the bond and some positive charge (designated δ+) on the other side of the bond. A 
covalent bond that has an unequal sharing of electrons, as in Figure 5.4.1b5.4.1b, is 
called a polar covalent bond. A covalent bond that has an equal sharing of electrons 
(Figure 5.4.1a5.4.1a) is called a nonpolar covalent bond. 
 

 
Figure 6.11:  Polar versus Nonpolar Covalent Bonds. (a) The electrons in the 
covalent bond are equally shared by both hydrogen atoms. This is a nonpolar 
covalent bond. (b) The fluorine atom attracts the electrons in the bond more than 
the hydrogen atom does, leading to an imbalance in the electron distribution. This 
is a polar covalent bond. 
 
Any covalent bond between atoms of different elements is a polar bond, but the 
degree of polarity varies widely. Some bonds between different elements are only 
minimally polar, while others are strongly polar. Ionic bonds can be considered 
the ultimate in polarity, with electrons being transferred rather than shared. To 
judge the relative polarity of a covalent bond, chemists use electronegativity, 
which is a relative measure of how strongly an atom attracts electrons when it 
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forms a covalent bond. There are various numerical scales for rating 
electronegativity. Figure 5.4.25.4.2 shows one of the most popular—the Pauling 
scale. The polarity of a covalent bond can be judged by determining the difference 
in the electro negativities of the two atoms making the bond. The greater the 
difference in electronegativities, the greater the imbalance of electron sharing in 
the bond. Although there are no hard and fast rules, the general rule is if the 
difference in electro negativities is less than about 0.4, the bond is considered 
nonpolar; if the difference is greater than 0.4, the bond is considered polar. If the 
difference in electro negativities is large enough (generally greater than about 
1.8), the resulting compound is considered ionic rather than covalent. An 
electronegativity difference of zero, of course, indicates a nonpolar covalent bond. 
 

 
 
Figure 6.12: Electro negativities of Various Elements. A popular scale for electro 
negativities has the value for fluorine atoms set at 4.0, the highest value. 
 
6.10 HYDROGEN BOND 
 
6.10.1 Forming a Hydrogen Bond 
A hydrogen bond is the electromagnetic attraction created between a partially 
positively charged hydrogen atom attached to a highly electronegative atom and 
another nearby electronegative atom. A hydrogen bond is a type of dipole-dipole 
interaction; it is not a true chemical bond. These attractions can occur between 
molecules (intermolecular) or within different parts of a single molecule 
(Intramolecular). 
 
6.10.2 Hydrogen bonding in water. This is a space-filling ball diagram of the 
interactions between separate water molecules. 
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Figure6.12: Hydrogen bonding in water molecule 
 

6.10.3 Hydrogen Bond Donor 
 
A hydrogen atom attached to a relatively electronegative atom is a hydrogen bond 
donor. This electronegative atom is usually fluorine, oxygen, or nitrogen. The 
electronegative atom attracts the electron cloud from around the hydrogen nucleus 
and, by decentralizing the cloud, leaves the hydrogen atom with a positive partial 
charge. Because of the small size of hydrogen relative to other atoms and 
molecules, the resulting charge, though only partial, is stronger. In the molecule 
ethanol, there is one hydrogen atom bonded to an oxygen atom, which is very 
electronegative. This hydrogen atom is a hydrogen bond donor. 
 
6.10.4 Hydrogen Bond Acceptor 
 

A hydrogen bond results when this strong partial positive charge attracts a lone 
pair of electrons on another atom, which becomes the hydrogen bond acceptor. 
An electronegative atom such as fluorine, oxygen, or nitrogen is a hydrogen bond 
acceptor, regardless of whether it is bonded to a hydrogen atom or not. Greater 
electronegativity of the hydrogen bond acceptor will create a stronger hydrogen 
bond. The diethyl ether molecule contains an oxygen atom that is not bonded to a 
hydrogen atom, making it a hydrogen bond acceptor. 
 
Hydrogen bond donor and hydrogen bond acceptor. Ethanol contains a 
hydrogen atom that is a hydrogen bond donor because it is bonded to an 
electronegative oxygen atom, which is very electronegative, so the hydrogen atom 
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is slightly positive. Diethyl ether contains an oxygen atom that is a hydrogen bond 
acceptor because it is not bonded to a hydrogen atom and so is slightly negative. 
 
Hydrogen attached to carbon can also participate in hydrogen bonding when the 
carbon atom is bound to electronegative atoms, as is the case in chloroform 
(CHCl3). As in a molecule where hydrogen is attached to nitrogen, oxygen, or 
fluorine, the electronegative atom attracts the electron cloud from around the 
hydrogen nucleus and, by decentralizing the cloud, leaves the hydrogen atom with 
a positive partial charge. 
 
6.10.5 Applications for Hydrogen Bonds 
 
Hydrogen bonds occur in inorganic molecules, such as water, and organic 
molecules, such as DNA and proteins. The two complementary strands of DNA 
are held together by hydrogen bonds between complementary nucleotides (A&T, 
C&G). Hydrogen bonding in water contributes to its unique properties, including 
its high boiling point (100 °C) and surface tension. 
 
In biology, Intramolecular hydrogen bonding is partly responsible for the 
secondary, tertiary, and quaternary structures of proteins and nucleic acids. The 
hydrogen bonds help the proteins and nucleic acids form and maintain species. 
 
Van der Waal's forces 
Van der Waals forces' is a general term used to define the attraction of intermolecular 
forces between molecules. There are two kinds of Van der Waals forces:  
1. weak London Dispersion Forces and  
2. stronger dipole-dipole forces. 
 
London dispersion forces 
The London dispersion force is the weakest intermolecular force. The London 
dispersion force is a temporary attractive force that results when the electrons in 
two adjacent atoms occupy positions that make the atoms form temporary dipoles. 
This force is sometimes called an induced dipole-induced dipole attraction. 
London forces are the attractive forces that cause nonpolar substances to condense 
to liquids and to freeze into solids when the temperature is lowered sufficiently. 
Because of the constant motion of the electrons, an atom or molecule can develop 
a temporary (instantaneous) dipole when its electrons are distributed 
asymmetrically about the nucleus. 
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Figure 6.13: London Dispersion Forces 
 

A second atom or molecule, in turn, can be distorted by the appearance of the 
dipole in the first atom or molecule (because electrons repel one another) which 
leads to an electrostatic attraction between the two atoms or molecules. 
 

 
 
Dispersion forces are present between any two molecules (even polar molecules) 
when they are almost touching. 
 
Molecular Size 
 
Dispersion forces are present between all molecules, whether they are polar or 
nonpolar. Larger and heavier atoms and molecules exhibit stronger dispersion 
forces than smaller and lighter ones. In a larger atom or molecule, the valence 
electrons are, on average, farther from the nuclei than in a smaller atom or 
molecule. They are less tightly held and can more easily form temporary dipoles. 
The ease with which the electron distribution around an atom or molecule can be 
distorted is called the polarizability. London dispersion forces tend to be: 
• Stronger between molecules that are easily polarized 
• Weaker between molecules that are not easily polarized 
• Molecular Shape 
• The shapes of molecules also affect the magnitudes of dispersion forces 

between them. 
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• At room temperature, neopentane (C5H12) is a gas whereas n-pentane 
(C5H12) is a liquid. 

• London dispersion forces between n-pentane molecules are stronger than 
those between neopentane molecules even though both molecules are 
nonpolar and have the same molecular weight. 

• The somewhat cylindrical shape of n-pentane molecules allows them to 
come in contact with each other more effectively than the somewhat 
spherical neopentane m 

 
Dipole-Dipole Forces 
 
These forces are similar to London Dispersion forces, but they occur in molecules 
that are permanently polar versus momentarily polar. In this type of 
intermolecular interaction, a polar molecule such as water or H2O attracts the 
positive end of another polar molecule with its negative end of its dipole. The 
attraction between these two molecules is the dipole-dipole force. 
 
Dipole-dipole forces are attractive forces between the positive end of one polar 
molecule and the negative end of another polar molecule. Dipole-dipole forces 
have strengths that range from 5 kJ to 20 kJ per mole. They are much weaker than 
ionic or covalent bonds and have a significant effect only when the molecules 
involved are close together (touching or almost touching).  
 
The figures show two arrangements of polar iodine monochloride (ICl) molecules 
that give rise to dipole-dipole attractions. 
 

 
Figure 6.14: Dipole-Dipole Attraction 

Note:  
• Polar molecules have a partial negative end and a partial positive end. 
• The partially positive end of a polar molecule is attracted to the partially 

negative end of another. 
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• In an ICl molecule the more electronegative chlorine atom bears the partial 
negative charge; the less electronegative iodine atom bears the partial 
positive charge. 

• The partially positive iodine end of one ICl molecule is attracted to the 
partially negative chlorine end of another ICl molecule. 

 
A dashed line is used to represent an intermolecular attraction between molecules 
because these forces are NOT as strong as chemical bonds. 
 
Dipole-induced dipole interaction: 
 
A dipole-induced dipole attraction is a weak attraction that results when a polar 
molecule induces a dipole in an atom or in a nonpolar molecule by disturbing the 
arrangement of electrons in the nonpolar species. 
 

 
 

Figure 6.15: Dipole-induced dipole interaction 
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OBJECTIVES 
 
The objectives of the unit are as follows: 

1. To gain knowledgeable about the key concepts of chemistry teaching. 

2. To think about the instructional materials in teaching Chemistry. 

3. To construct new knowledge about practical work in chemistry education. 

4. To promote learning that is relevant and thus useful. 

5. To focus on understanding, not syllabus coverage. 

6. To teach concepts of empirical and molecular formula. 

7. To teach and assess stoichiometry and related concepts. 

8. To teach and assess limiting reactant and related concepts with new 

strategies. 

9. To teach and assess concept of yield. 
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7. STOICHIOMETRY 
 
The quantitative relationship between two or more substances especially in 
processes involving physical or chemical change, is called stoichiometry. 
 
7.1.  EXPONENTIAL NOTATION 
 
Exponential notation expresses very large or very small numbers.  Space 
exploration involves very large distances and masses when we talk about planets. 
 Chemistry and biology involve very large numbers because matter is made up of 
very small atoms.  For example, we could express the speed of light as 300000000 
m/s or 3.0 x 108 m/s. The second value is much easier to use.  In chemistry, a 
certain number of molecules is called as mole. It is a very large number because 
molecules are very small.  The mole represents 602000000000000000000000 or 
6.02 x 1023 molecules. The second value is again much easier to work with. One 
form of exponential notation commonly used in the sciences is scientific notation. 
 In scientific notation the number is expressed as a product of a number between 1 
and 10 and a power of ten.  The steps by which very large and very small numbers 
are converted to scientific notation are as under: 
1. Separate the very large or very small number into two parts, one of which is 

the largest factor of ten contained within the number.  For example, the 
number 50000 would be separated into two parts, 5 and 10000.   10000 is 
chosen since that is the main power of ten contain within 50 000. 

2. The two parts are then written as a product, with the second pat as power of 
ten expressed as an exponent.  From the preceding example 50000 would be 
5 and 10000 which would become 5 and 104 and this would be written as 5 
x 104.  10000 is the same value as 104. 

 
Example 1: Write the exponential notation for 450000. 
Solution: Step 1: Split the number into two parts i.e., 4.5 and 100000  
     Step 2: Write these two parts as product i.e., 4.5 x 100000 or 4.5 x 105 

 
Example 2: Write the exponential notation for 0.000000687. 
Solution: Step 1: Split the number into two parts i.e., 6.87 and 0.0000001 
Step 2: Write these two parts as product i.e., 6.87 x 0.0000001 or 6.87 x 10-7 
 
Example 3: Write the number 6.82 x 107 into long form. 
Solution: Step 1: 6.82 x 107 = 6.82 x 10000000 
        Step 2:  6820000000 
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7.2. CALCULATION WITH EXPONENTIAL NOTATION   
MULTIPLICATION 

 
The multiplication of exponential numbers is carried out as follows:  
1.  Multiply the first factors by each other, as usual. 
2.  Multiply the exponents by adding the exponents.  
 
Example 1: Write the product of two terms i.e., 3.2 x 104 and 6.1 x 102. 
Solution: This can be solved as: 
3.2 x 104 x 6.1 x 102 = 3.2 x 6.1 x 10(4+2) = 19.52 x 106 = 1.925 x 107 
 
Example 2: Multiply the two exponential numbers i.e., 7.15 x 107 and 2.01 x 109. 
Solution: This can be solved as: 
7.15 x 107 x 2.01 x 109 = 7.15 x 2.01 x 107+9) = 14.37 x 1016 = 1.437 x 1016 
 
Example 3: Write the product of two terms i.e., 6.37 x 1012 and 1.09 x 1021. 
Solution: This can be solved as: 
6.37 x 1012 x 1.09 x 1021 = 6.37 x 1.09 x 10(12+21) = 6.94 x 1033 
 
Example 4: Write the product of three terms i.e., 1.2 x 1011, 3.11 x 1023 and 5.17 
x 1019. 
Solution: This can be solved as: 
1.2 x 1011 x 3.11 x 1023 x 5.17 x 1019 = 1.2 x 3.11 x 5.17 x 10(11+23+19) = 19.29 x 
1053 = 1.929 x 107 
 
Example 5: Write the product of three terms i.e., 6.77 x 1015, 8.96 x 1018 and 4.56 
x 10-31. 
Solution: This can be solved as: 
6.77 x 1015 x 8.96 x 1018 x 4.56 x 10-31 = 6.77 x 8.96 x 4.56 x 10(15+18-31) = 276.60 
x 102 = 2.76 x 102 
 
7.3.  SIGNIFICANT FIGURES 
 
In any measurement, the number of accurately known digits and first doubtful 
digit are called significant figures. Numbers from 1 to 9 are called accurately 
known digits. Number other then 1 to 9 i-e 0 is called doubtful digits. The concept 
of significant figures is very important and useful. It shows the extent or limit to 
which readings are reliable. 
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7.3.1.Rules for finding significant figures 
1.  All non-zero digits from 1 to 9 are significant. For example, in 25.234 m, all 

the five digits are significant. 
2.  The zeros that come after some non-zero digits (trailing zeros) in 

measurements. They will be significant only if there is decimal point in the 
measurements. For example, in 3.0000 m, there are 5 significant figures. And in 
0.00060, there are only 2 significant figures. Zero after 6 is only significant 

3.  The zeros between the two non-zero digits are always significant. Such 
zeros are called trapped zeros. For example, in 302 m there are three 
significant figures and in 3.0056 cm, there are five significant figures. 

4.  The zeros before or on the left of non-zero digits are called leading zeros. These 
zeros are always non-significant. For example, in 0000062 cm, there are two 
significant figures and in 0.00045 m, there are only two significant figures.  

5.  In the integral number the zeros may or may not be significant. In such 
cases, the significance of the zeros depends upon least count of measuring 
instruments. For example, 8000 Kg. If least count of measuring instruments 
is 1 kg, then we find significant figures as: = 8000/1 = 8000 Kg (4 
significant figures). And if least count is 10 kg, then we find significant 
figures as: = 8000/10 = 800 Kg (3 significant figure). 

5.  Whenever the measurements are recorded in scientific notation or standard 
form, the figures or digits other than the power of 10 are significant. For 
example, in number 2.80 x 108, there are three significant figures.  

6.  Whenever some measurements are added or subtracted the results of these 
measurements will be retained to the least precise measurement.  For 
Example, there are three lengths; L1 = 3.5 cm, L2 = 8.375 cm and L3 = 
9.973 cm and by adding the answer is 21.848 cm. Now we will consider the 
given measurements and will see that which one is least precise. As L1 = 3.5 
cm is the least count is smaller among all. So, the answer will be retained to 
one value after the decimal point. 21.848 cm = 21.8 cm. 

7.  In multiplication and division the final result is limited or retained to the 
measurement containing least number of significant figures. 

 For example: 
  X1 = 3.6 cm 
  X2 = 3.856 cm 
  X1 x X2   = (3.6 x 3.856) cm2 

   = 13.8816 cm2 
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So, the least number of significant figures in given measurement is 3.6 i.e., 2. 
Therefore,  
  =13.8816 cm2  
  = 13.882 cm2 (Apply rule of rounding off) 
  = 13.88cm2 
   = 13.9cm2  

   = 14 cm2 

 
Same is in the case of division, we will retain our answer to the number of 
significant figures that are present in smallest given measurement. 
 
7.4. PRECISION, ACCURACY AND CONCEPT OF ERROR 
 
i)  Precision is related to least count. 
ii)  The word precise itself means the how close the values are to each other 
iii)  Precision is also called as least count or absolution uncertainty. 
iv)  Precision can be determined by knowing the least count of measuring 

instrument. The smaller    the least count the more will be precise 
measurement we have i.e., precision.  

 
For example, if least count of measuring instrument = 0.1cm then the measured 
value is precise up to 0.1. 
 
Accuracy is concerned with the error of measuring instrument. The word accuracy 
means how close the measured value is to actual or target value. Accuracy can be 
determined by knowing the fractional error (also known as relative error). The 
smaller is the error the more will the accuracy we can get. For accuracy we first 
find the fractional error by using formula: 
F.E = (least count / measured value) and              
% F.E = (least count / measured value) x 100             
 
After that if the err is smaller, then the answer will be closer to the target value 
and the measurement will be more accurate. It has no concern with its precision 
i.e. how small is its least count. It gives information how many close to the 
standard value. For example, if weight in lab is measured is 3.2 Kg but actual 
value is 10 kg. In this case, results are not accurate. But, precision indicates how 
close measured values are. By Using above example, if you weigh substance five 
times, and get 3.2 kg each time, then your measurement is precise. Precision is 
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independent of accuracy. You are precise but not accurate, as described above. 
You can also be accurate but not precise.If known value are close to average 
measurements, but measurements are far away from each other, then results are 
without precision.  
 
To further understand the accuracy and precision, consider a basketball player 
shooting baskets. “If the player shoots with accuracy, he will try to take the ball 
close to basket. If player shoots the ball with precision, he will try to shoots the 
ball at same location, which may or may not be close to the basket.Player will be 
accurate and precise by shooting the ball the same way each time and each time 
making it in the basket.  
 
7.5. CHEMICAL COMPOUNDS & THEIR FORMULAS 
 
Chemistry is a science of the composition of matter and transformation of its physical 
or chemical property. Our universe is made of matter. The matter is composed of 
atoms of various different chemical elements that are found in pure as well as 
combined form. Any substance consisting of the matter is called chemical. They 
occur in the form of solids, liquids or gases. It can exist as a pure substance or as a 
mixture. Every chemical element is represented by a unique symbol. 
 
There are naturally occurring chemicals and artificially made chemicals. 
Examples of naturally occurring chemicals are as follows: 
Solids – Rocks, plant fibers, soil, minerals such as zinc, copper, etc. 
Liquids – Water 
Gases – Hydrogen, nitrogen, oxygen 
 
Artificially made chemicals have various applications. They have transformed the 
pharmaceuticals and food industries. Due to this the food flavoring and 
preservation has become easy and inexpensive. 
 
The chemical formula is a way to represent any chemical substance using the 
symbol of the elements present in it. The chemical formulae of different 
compounds are given in Table 7.1 on next page. 
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Table 7.1 Molecular weight and molecular formulae of some selected compounds.    
 
Sr. Name  Molar mass Molecular 

Formula 
1 Acetic acid 60.052 g/mol CH3COOH 

2 Hydrochloric acid 36.458 g/mol HCl 

3 Sulfuric acid  98.072lom/g  H2SO4 

4 Acetate 59.044 g/mol CH3COO–
 

5 Ammonia 17.031 g/mol NH3  

6 Nitric acid 63.012 g/mol HNO3  

7 Phosphoric acid 97.994 g/mol H3PO4 

8 Sodium phosphate 119.976 g/mol Na3PO4 

9 Calcium carbonate 100.086 g/mol CaCO3  

10 Ammonium sulfate 132.134 g/mol (NH4)2SO4 

11 Carbonic acid 62.024 g/mol H2CO3 

12 Sodium bicarbonate 84.0066 g/mol NaHCO3  

13 Sodium hydroxide 39.997 g/mol NaOH 

14 Calcium hydroxide 74.092 g/mol Ca(OH)2  

15 Ethanol 46.069 g/mol C2H5OH 

16 Hydrobromic acid 80.912 g/mol HBr 

17 Sulfuric acid 98.072 g/mol H2SO4 

18 Nitrous acid  47.013lom/g  HNO2  

19 Potassium hydroxide 56.11 g/mol KOH 

20 Silver nitrate 169.872 g/mol AgNO3  

 
7.6. EMPIRICAL & MOLECULAR FORMULAS 
 
7.6.1. Empirical formula 
 
The empirical formula of a chemical compound is the simplest positive integer 
ratio of atoms present in a compound. It is the simplest formula of the substance. 
A simple example of this concept is that the empirical formula of Sulphur 
monoxide, or SO, would simply be SO, as is the empirical formula of disulphur 
dioxide, S2O2. Similarly, empirical formula of glucose is CH2O.  
 
7.6.2. Molecular formula 
 
The molecular formula is an expression of the number and type of atoms that are 
present in a single molecule of a substance. It represents the actual formula of a 
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molecule. Subscripts after element symbols represent the number of atoms. If 
there is no subscript, it means one atom is present in the compound. For example, 
the molecular formula of glucose is C6H12O6. One molecule of glucose contains 6 
atoms of carbon, 12 atoms of hydrogen and 6 atoms of oxygen. 
 
7.7. PERCENTAGE COMPOSITION & DETERMINATIONS 

OF EMPIRICAL FORMULA 
 
Percent composition is the percentage by mass of each element in a compound. 
For example, the percent composition of water is 20% hydrogen and 80% 
oxygen. One of the methods used to determine percent composition of 
hydrocarbons is combustion analysis. The setup used for combustion analysis is 
shown in Figure 7.1.   
 

 
 

Figure 7.1 Setup used for combustion analysis of hydrocarbons. 
 
Steps involved in the determination of empirical formula of the compound by 
combustion analysis are as under: 
1. Determine mass of the sample. 
2. Burn the sample in oxygen. 
3. Determine the mass of each combustion product i.e. H2O and CO2. 
4. Determine the percentage of carbon, hydrogen and oxygen in given sample 

by using following equations:   
i. %age of carbon = mass  of CO 2 obtained  in experiment

mass  of organic  compound
× 12

44
× 100 

ii. %age of hydrogen = mass  of H2O obtained  in  experiment
mass  of organic  compound

× 2.0
18.0

× 100 
iii. %age of oxygen = 100 – (% of carbon + % of hydrogen) 

182 
 



5.  Determine the number of moles of each element.  
6.  Determine mole ratio for each element. 
7.  Finally, determine empirical formula of the compound.   
 
Example: A 0.5439g of the compound gave 1.039g of CO2, 0.6369g of H2O on 
burning in the presence of oxygen. Compound contains C, H and oxygen.  
Determine the empirical formula of the compound. 
 
Solution:  

Element % No. of moles Mole 
ratio 

Empirical 
formula 

C 
1.039𝑔𝑔

0.5439𝑔𝑔
×

12.00
44.00

× 100 = 52.108 52.108
12

= 4.34 
4.34
2.17

= 2 

C2H6O H 
0.6369𝑔𝑔
0.5439𝑔𝑔

×
2.016

18
× 100 = 13.115 13.115

1.008
= 13.01 

13.01
2.17

= 6 

O 100 – (52.108 + 13.115) = 34.77 34.77
16.00

= 2.17 
2.17
2.17

= 1 

 
7.8. AVOGADRO’S NUMBERS & CONCEPT OF MOLE 
 
7.8.1. Avogadro’s Number  
 
The number of particles present in mole of the substance is called Avogadro’s 
number.It can also be defined as “the number of atoms, molecules, formula units 
or ions in one mole is called Avogadro number”. Its value is 6.02 × 1023 and is 
denoted by NA. 
 
Examples: 
23 g of Na    = 1 mole = 6.02 × 1023 atoms 
18 g of H2O = 1 mole = 6.02 × 1023 molecules 
58.5 g of NaCl = 1 mole = 6.02 × 1023 formula units 

96 g of SO−2
4 = 1 mole = 6.02 × 1023 ions 

 
7.8.2. Mole 
Mole name was given by Wil hem Ostwald. The quantity which contains 
Avogadro’s number (6.02 × 1023) of atoms, molecules, formula units, or ions  is 
called a mole. It can also be defined as the atomic mass, molecular mass, or ionic 
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mass, expressed in grams is called a mole. 
 
Examples:  
1.  1 mole of H  = 1.008 g = 1mole = Gram Atom 
2.  1 mole of H2O = 18.0 g = 1mole = Gram molecule 
3.  1 mole of NaCl = 58.5 g  = 1 mole = Gram formula 
4. 1 mole of OH−  = 17.0 g = 1mole = Gram Ion 
 
Relation between mole and mass is:  
Number of moles of substance = Given mass/Molar mass. 
The relation between mole and Avogadro’s number is:  
Number of moles of substance = Number of particles/ NA. 
 
7.9.  CALCULATION BASED ON STOICHIOMETRIC 

EQUATIONS 
Different types of calculation are performed by the help of stoichiometry. 
 
7.9.1. Mole –mole relationship 
We determine the mole of one component by the help of mole of other 
component. 
Number of moles = conversion factor x moles given 
Conversion factor is the ratio of unknown and given from balance chemical 
equation. 
 
7.9.2. Mole -mass relationship 
We determine the mass of one component by the help of mole of other component 
Number of moles = conversion factor x moles given 
Mass of component to be calculated = Mole x molar mass 
 
7.9.3. Mole –number of particle relationship 
We determine the Number of particles of one component by the help of mole of 
other component. 
Number of moles = conversion factor x moles given 
Number of particles = mole x NA 
 
7.9.4. Mole –volume relationship 
We determine the Volume of one gas by the help of mole of other component. 
Volume of the gas = mole x 22.41 dm3 
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7.9.5. Limitations of chemical equation 
 Following are the limitations: 

(i) It does not tell us about the conditions. 
(ii)  It does not tell us about the rate of reaction. 
(iii) An equation can also be written for a reaction which does not occur 

actually. 
 
Example: 
The octane present in gasoline burns according to the following equation. 
2C8H18(1) +25O2(g)→16CO2(g) + 18H2O(1) 
(a)  How many moles of O2 are needed to react fully with 4 moles of octane? 
(b)  How many moles of CO2 can be produced from one mole of octane? 
(c)  How many moles of water are produced by the combustion of 6 moles of 

octane?  
(d)  If this reaction is to be used to synthesize 8 moles of CO2 how many grams 

of oxygen are needed? How many grams of octane will be used?  
 
Ans.  (a) 2 moles octane require O2 = 25 moles 
  4 moles octane require O2= 2x 25 = 50 moles 
 (b) 2 moles octane produce CO2 = 16 moles 
   1 mole octane produce CO2 = 8 moles 
 (c) 2 moles of octane produce H2O = 18 moles 

  1 mole of octane produce H2O = 
18
2  

  6 moles of octane produce H2O = 
18
2  x 6  = 54 moles H2O 

 (d) 16 moles CO2 require O2 = 25 moles 

  1 mole CO2 require O2  

  8 moles CO

 = 
25
16

2 require O2 = 
25
16x 8 = 12.5 moles 

  Mass of O2 in grams = 12.5 x 32 = 400 grams 
  16 moles CO2 require octane = 2 moles 
  8 moles CO2 require octane = 1 mole 
  Mass of octane in g required = 12 x 8 + 18 = 96 + 18 = 114 g 
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7.10. APPLICATION OF LIMITING REACTANT 
 
The reactant which consumed completely at the end of the reaction is called 
limiting reactant. Usually in chemical reactions, one or more reactants are used in 
excess to: 
(a) Make sure that all the expensive reactant is completely used. 
(b) Complete the 100% reaction. 
(c) Make the reaction occur faster. 
 

In such cases, one of the reactants is consume earlier and limits the amount of 
product formed. This reactant is called “limiting reactant”. Other reactant which 
is in excess and left un-reacted after the reaction is called “excessive reactant”. 
Following steps are carried out to determine the limiting reactant: 
i.  Convert the mass of all the reactants into their moles. 
ii.  Calculate the molar amount of the product from the molar amounts of each 

reactant. 
iii.  The reactant which consumed completely at the end of the reaction is called 

limiting reactant.   
 

Examples: 
1.  Formation of Sandwiches 

2slices + 1 kabab →1sandwich 
Suppose we have 30 kababs and 5 breads having 58 slices.  We want to 
prepare sandwiches. From these kababs and slices 29 sandwiches can be 
prepared. One kabab will be extra. It is excessive reactant (non-limiting 
reactant) and slices are limiting reactant. 

 

2.  Formation of H2O 
Consider the reaction between H2 and O2 to form H2O. 
2H2 + O2→  2H2O 
Suppose two moles(4g) of H2 are allowed to react with two moles (64g) of O2. 
According to balanced chemical equation, 2 moles (4g) of hydrogen will react 
with 1 mole (32g) of O2. Therefore, one mole (32g) of oxygen will be left un-
reacted. Thus O2 is an excessive reactant and H2 is a limiting reactant. 
 

3.  Burning 
In a chemical reaction a large quantity of oxygen makes the things to burn 
rapidly. 
(i)  Burning of C to form CO2 
(ii)  Burning of Sui gas to form CO2 and H2O 
 CH4 + 2O2→  CO2 + 2H2O 
(iii)  Burning of octane to form CO2 and H2O 
 2C8H18 + 25O2→ 16CO2 + 18H2O 
 In above reactions oxygen is non limiting reactant.  
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7.11. REVERSIBLE REACTION 
 

The reaction which proceed in both the directions i.e. forward as well as 
backward direction is called reversible reaction.  
 

Examples: 
1.  One example of a reversible reaction is the reaction of hydrogen gas and 

iodine vapor to from hydrogen iodide. 
2.  Aqueous solution of carbonic acid is another example of reversible reaction. 
 H2CO3 (l) + H2O(l) ⇌ HCO3

−
(aq) + H3O+

(aq). 
 
7.12. THEORETICAL AND ACTUAL YIELD 
 

7.12.1. Theoretical yield 
Product calculated from balanced chemical equation is called theoretical yield. It 
does not require any experimental work. It is always greater than actual yield.  
 

7.12.2. Actual yield 
The amount of product obtained actually in a chemical reaction is called “actual 
yield”. It requires experiment. It is less than theoretical yield. 
 

Causes of less yield 
 

1. Un-experienced worker 
A practically un-experienced worker has many limitations and therefore 
actual yield is decreased. 
 

2. Handling of techniques: 
The process like filtration, distillation, crystallization, drying of precipitate 
etc., decrease the actual yield. 
 

3. Side Reactions: 
Some of reactions may take part inside reactions and therefore actual yield 
is decreased. 

 
7.12.3. Efficiency of a Reaction (Percentage Yield): 
It is defined as the ratio of actual yield with theoretical yield and multiply by 100. 
Mathematically: 

 % yield  = 
Actual yield

Theoretical yield× 100 
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Key Point 
 
• The quantitative relationship between two or more substances especially 

in processes involving physical or chemical change, is called 
stoichiometry. 

• Exponential notation expresses very large or very small numbers.   
• The multiplication of exponential numbers is carried out by multiplying the 

first factors by each other, as usual and by adding the exponents.  
• In any measurement, the number of accurately known digits and first 

doubtful digit are called significant figures. 
• Precision is related to least count. 
• Accuracy is concerned with the error of measuring instrument. The word 

accuracy means how close the measured value is to actual or target value. 
• The smaller is the error the more will the accuracy. 
• The chemical formula is a way to represent any chemical substance using 

the symbol of the elements present in it. 
• The empirical formula of a chemical compound is the simplest positive 

integer ratio of atoms present in a compound. 
• The molecular formula is an expression of the number and type of atoms 

that are present in a single molecule of a substance. 
• Percent composition is the percentage by mass of each element in a 

compound. 
• The number of particles present in mole of the substance is called 

Avogadro’s number. 
• Mole name was given by Wil hem Ostwald. The quantity which contains 

Avogadro’s number (6.02 × 1023) of atoms, molecules, formula units, or ions  
is called a mole. 

• The reactant which consumed completely at the end of the reaction is called 
limiting reactant. 

• Product calculated from balanced chemical equation is called theoretical 
yield. It does not require any experimental work. It is always greater than 
actual yield.  

• The amount of product obtained actually in a chemical reaction is called 
“actual yield”. It requires experiment. It is less than theoretical yield. 
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INTRODUCTION 
 
The many chemical reaction and physical analysis/measurements of any chemical 
process are done in solvent medium. So the properties of solvents are important 
for completion/feasibility of reaction or accuracy of measurements (whatever the 
case may be). Water is universal solvent due to its unique properties, it take part 
in many reactions in different ways. There are also other solvents which are in use 
such as methanol, ethanol, dimethyl sulfoxide etc. Being a chemist, there are 
many properties of solvents which needed to be considered while deciding a 
solvent for a study or reaction such as; 
1. Temperature range of its liquid state 
2. Nature and extent of auto-dissociation 
3. Acidity/basicity 
4. Ability to conduct electricity (measured as dielectric constant) 
5. Donor or accepter properties 
 
One of the important parameter which decides the key properties of solvent is 
acidic or basic nature of solvent. 
 
The concept of acids and basis is ancient and has been modified from time to time 
to broaden its working spectrum. This unit covers all the theories, properties and 
working of acids and basis and ways to the evaluate acid/base strength. 
 
 

OBJECTIVES 
 
At the end of this unit students will be able to: 
• Identify the acid and base on the basis of different concepts 
• Elaborate acidity and basicity of bases and acids 
• Correlate pH and pOH through pKw scale and will be able to calculate pH 

from concentration of [H+] or [OH-]. 
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8.1. DISTRIBUTION OF CHEMICAL COMPOUND INTO 

ACID, BASE AND SALT  
 
In ancient times, the acids, bases, and salts were classified by noticing the taste of 
their aqueous solutions. An acid was the name given to any substance which when 
dissolved in water resulted in sour tested solution and that solution was able to 
turn blue litmus red and it can neutralize the base solution.  A substance was 
labeled as base if its aqueous solution had bitter taste, was able to turns red litmus 
blue and could neutralize acid solution 
 

 
 

Figure 8.1: Pictorial example of an acid base or salts solution.  
 
Salt is defined as neutral substance whose aqueous solution does not affect 
litmus. Faraday defined: acids, bases, and salts as a group of compounds which 
when dissolved in water were able to conduct electricity and were termed as 
electrolytes. Further, Liebig proposed that acids are compounds which contain 
hydrogen that can be replaced by metals. 
 
8.1.1.Acids 
The word acid has been derived from the Latin word ‘acidus’ which means sour. 
It is characteristic properties of acids. We are all familiar with hydrochloric acid, 
Sulphuric acid, Nitric acid, Citric acid, Hydrofluoric acid and so on. All of them 
have sour taste. Naturally the acids are found in citrus fruits like lemons and 
oranges which contain citric and ascorbic acids which are responsible for their 
sour taste. Similarly tamarind paste contains tartaric acid. 
If you dip a blue litmus paper into an acid, it will turn red while a red litmus paper 
will not change color. When a piece of alkali metal is added to solution of an acid, 
hydrogen gas will be liberated. 
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8.1.2.Bases 
 

The word base is used for substances which turn red litmus paper blue while the 
blue litmus paper is not affected by them. They taste bitter and also feel soapy. 
Some other common examples of bases include sodium bicarbonate that is used in 
cooking and household bleach. 

 
Figure 8.2. Litmus paper test.  

 

[Source: Https://Www.Beliefnet.Com/Columnists/Treeleafzen/2008/12/Sit-A-Long-With-Jundo-Litmus-T.Html] 

8.1.3.Salts 
 
Salts are the substances which are the product of reaction of an acid with a base 
such as sodium chloride which is produced as a result of reaction between the 
hydrochloric acid (acid) and sodium hydroxide (base). In other words, we can say 
that a compound that has acidity in its nature and a compound that has basicity as 
its nature, may yield salts when combined together. Other common salts are 
sodium nitrate, barium sulfate etc.  
 
The solid sodium chloride is crystalline in nature. The crystal of NaCl is made of 
a cluster of positively charged sodium ions and negatively charged chloride ions 
held together by electrostatic forces. The electrostatic forces between oppositely 
charged ions are inversely proportional to the dielectric constant of the medium. 
The dielectric constant of water, universal solvent, is 80. Therefore, when we 
dissolve sodium chloride in, the high dielectric constant of water reduces the 
electrostatic forces between Na ion and Cl ion as a result ions move freely in the 
solution. These get well-separated due to hydration with water molecules. 
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Figure 8.3: Dissolution of sodium chloride in water [Source: Wikimedia Commons] 

 

When a solid ionic compound dissolved in water, ions from its ionic crystal get 
dissociated in water, water then solvates these ions. This process of dissolution of 
salt in water is called dissociation. 
 

Summary 
 

The bases are the substances which are bitter, corrosive and change litmus from 
red to blue while acids are sour in taste, slippery, change litmus from blue to red. 
Salts are neutral and are formed as result of reaction of acid with base. 
 

Self Assessment Questions 
1. Which of the following statements is true concerning acids and bases? 

a) acids and bases don't react with each other 
b) acids mixed with bases neutralize each other 
c) acids mixed with bases make stronger bases 
d) acids mixed with bases make stronger acids 

2. Which is the correct set of acid properties, as described by Boyle: 
a) sour taste, corrosive, change litmus from red to blue 
b) sour taste, corrosive, change litmus from blue to red 
c) sweet taste, slippery, change litmus from blue to red 
d) sour taste, slippery, change litmus from blue to red 

3. An amphoteric substance can act as both an acid and a base. True or false? 
a) true 
b) false 

4. Which substance completely dissociates in water? 
a) weak acids 
b) strong acids 

 

Answers 
1 (b)   2 (b)  3 (a)  4 (b) 
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8.2. CONCEPT OF ACID AND BASE 
 
There are three modern theories presenting the concepts of acids and bases are: 
 
8.2.1.Arrhenius theory 
 
In an attempt to provide chemical justification to the earliest recognized 
properties of acid and bases, Arrhenius Svante, a Swedish chemist (1859 - 1927), 
proposed a theory. According to Arrhenius theory, any substances, which when 
dissolved in water yield H+ ions and a negatively charged specie, will be 
characterized as an acid while those substances which ionize in water to 
produce OH– ions and a cationic specie are termed as bases. According to this 
theory the sour taste of an acids comes from H+ ion and OH- ion tastes bitter. 
HA →   H+ + A– (Acid)                                    (1) 
BOH → B+ + OH– (Base)                                 (2) 
 
Arrhenius proposed that acid-base reactions are characterized as acids if they 
dissociate in aqueous solution to form hydrogen ions (H+) and bases if they form 
hydroxide (OH–) ions in aqueous solution. 
 
According to this theory, acid is any compound with ionizable hydrogen atoms. 
e.g. H that can be released form compound as H+ ion when compound is dissolved 
in water. Only those hydrogen atoms are labile (ionizable) which are bound with a 
highly polar covalent bond. For example, hydrogen chloride (HCl) is a gas at STP 
(standard temperature and pressure). The covalent bond between H and Cl in 
H−Cl is a polar covalent bond. Here, the electron density on hydrogen atom is 
less than unity because it is bounded with highly electronegative chlorine atom. 
When dissolved in water the both shared electron remain with Cl forming Cl-. 
While H breaks as H+ ion. The H+ ion get attached with water molecule, forming 
a polyatomic cation named as hydronium ion. The hydronium ion (H3O+) is a 
water molecule with an additional hydrogen atom attached to it. 
 

 
 

Figure 8.4: Formation of a hydronium ion. 
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For simplification the water molecule hydrating proton is omitted from equation 
for the ionization of an acid in water. For HCl dissolved in water the equation for 
ionization is written as: 

HCl (g) → H+(aq) + Cl−(aq)(3) 
 
Instead of following complicated version; 

HCl (g) → H3O+(aq) + Cl−(aq)(4) 
 
In all molecular compounds, the hydrogen atoms are not ionized as in case of 
HCl, particularly those compounds which involve less polar hydrogen bonds. For 
example in CH4 the polarity of C-H is not as high as that of HCl bond. Therefore 
hydrogen atom in CH4 is not capable of ionizing and methane does not exhibit 
and acidic behavior. Similarly, the acetic acid (CH3COOH), as the name 
indicates, is acidic in nature. It is an organic acid. Although this molecule contains 
four H atoms but only one H atom which is attached to highly electronegative 
oxygen atom is ionizable. The H bound with O of COO group is ionizable and can 
yield H+ ion in solution while the three H atoms attached with C atoms directly 
are not ionizable. Thus it is a monoprotic acid. 
 

 
Figure 8: The O−H bond can be ionized to yield the H+ ion and the acetate anion.  
• An acid that releases only one hydrogen atom when dissolved in water is 

called a monoprotic acid such as HCl or CH3COOH. 
• An acid which releases multiple ionizable hydrogen in water is termed as 

polyprotic.H2SO4 is termed as diprotic acid. H3PO4 is termed as triprotic 
acid and so on. 

 
Examples of some common acids are: 
1. Hydrochloric acid HCl 
2. Nitric acid  HNO3 
3. Sulfuric acid  H2SO4 
4. Phosphoric acid  H3PO4 
5. Acetic acid  CH3COOH 
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6. Hypochlorous acid HClO 
 
When a compound ionizes in water to yield hydroxide ions (OH−) is termed as 
an Arrhenius base. The table below lists several of the more common bases: 
Some common bases are; 
1. Sodium hydroxide  NaOH 
2. Potassium hydroxide  KOH 
3. Magnesium hydroxide Mg(OH)2 
4. Calcium hydroxide  Ca(OH)2 
 

The above mentioned bases exist as solid at room temperature. When these are 
dissolved in water, theseget dissociate in metal cation and the hydroxide anion. 

NaOH(s)→Na+(aq) +OH−(aq)(5) 
 
The Sodium belongs to group I of periodic table. The elements in group 1 are also 
called alkali metals. Therefore, the solution of alkali metal which is basic in 
nature is also termed as alkaline solution. The alkali metals when in contact with 
water generate metal hydroxide and hydrogen gas. 

2K(s) +  2H2O(l)→2KOH(aq)   +   H2(g)(6)   
 

All alkali metal cation and hydroxide containing bases are water soluble.  
Similarly, the group II of periodic table yield basic hydroxides. Just as in case of 
acids, the Arrhenius bases are also characterized as mono basic and poly basic 
hydroxides. 
• A base that releases only one hydroxide ion when dissolved in water is 

called a monohydroxy base such as Na OH or KOH. 
• A base which releases multiple ionizable hydroxide ions in water is termed 

as polyprotic. Mg(OH)2 is termed as dihydroxy base.  
 

8.2.1.1. Limitations of Arrhenius Concept 
According to Arrhenius theory 
• The substance will act as an acid only when it is dissolved in water. The 

presence of water is absolutely necessary for acids and bases. Therefore dry 
HCl will not be characterized as an acid. Further HCl won’t act as an acid in 
any other solvent. 

• The concept is not suitable for acidic and basic behavior of substances in 
non-aqueous solvents. 

• The neutralization is only possible for acid base reactions in aqueous 
solutions. Although salt formation reactions also occur in the absence of a 
solvent. 
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• This theory does not explain acidic character of some salts such as AlCl3 in 
aqueous solution. 

• Similarly, the basic character of NH3 remains unexplained in Arrhenius 
theory.  

 

The Arrhenius concept of acids and bases was a replacement and expansion of 
theoriginal idea of Lavoisier that all acids contained oxygen. However, the 
Arrhenius did not account for the role of the solvent and concept the acid-base 
behavior of substance when dissolved in non-ionizing solvents such as benzene. 
So, there was a need of new theory which covers the findings of Arrhenius but 
could also go beyond them. 
 

8.2.2.Bronsted-Lowry Concept 
 

The two scientists Bronsted and Lowry,while working independently proposed a 
more general definition of acids and bases in 1923. Danish chemist Johannes 
Brønsted (1879 - 1947) and English chemist Thomas Lowry (1874 - 1936) 
broadened the definition of acids and bases.According to their concept, an acid 
can be defined as any species (molecule, anion or cation) that can donate a proton 
to other substance and a Base is any substance (molecule, cation or anion) that 
can accept a proton from any other substance. Therefore, we can regard all proton 
donorsas acids while proton acceptors as bases. 

 
 

Figure 8.6: Arrhenius, Bronsted-Lowry and Lewis concepts.  
 
The figure 8.6 reveals the broadening of working spectrum of acid and base 
according to Arrhenius (short circle), Bronsted-Lowry (broaden/larger circle 
than Arrhenius but shorter than Lewis) and Lewis concepts (largest of all 
circles covers all types of acids and bases) 
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8.2.2.1. Success of Bronsted-lowery concepts 
The Bronsted lowery definition of acid and bases covers the range of acidic or 
basic substances which were difficult to be classified by Arrhenius definition. 
There properties of some compounds that suggest them to exhibit acidic or basic 
behavior, but they do not donate –H+ or -OH- to become Arrhenius acid or base. 
An example is ammonia (NH3). The aqueous solution of ammonia turns red 
litmus blue, it can reacts with acids just like a base can and also displays other 
properties of abases. However, it is not associated with the hydroxide ion. 
A Bronsted-Lowry acid can be any molecule or ion that “donates a hydrogen ion 
in a reaction”. A Bronsted-Lowry base can be any molecule or ion that accepts a 
hydrogen ion in a reaction. A hydrogen ion is actually a proton because the 
hydrogen has one electron and one proton. When we remove electron from 
hydrogen atom, it is left with only one proton with empty electronic orbital. So 
the Bronsted-Lowry definition can be expressed in abroad way by saying that an 
acid is proton donor and a base is a proton acceptor respectively. All substances 
that are categorized as either acids or bases according to the Arrhenius definition 
are also defined as such under the Brønsted-Lowry definition. This new definition 
is, however, the extended one and also includes those substances that were left out 
in Arrhenius definition. 
The qualification for being a Brønsted-Lowry base is that the molecules must be 
able to accept a hydrogen ion (or proton).  
There are two types of such molecules 
• an anion that can form a neutral compound with a proton such as Arrhenius 

base OH− 
• a molecule in which one or more atoms exhibit lone-pair electrons for 

example ammonia.  
Now this definition classified ammonia as a base to explain it base properties 
although it was left over in Arrhenius definition.  The Lone-pair of electron 
present over nitrogen which is not involved in formation of any covalent bond 
with H atom can be used to accept a proton (H+) and form fourth C-H 
bond.Therefore NH3 is a base in Bronsted –Lowery definition. 
 

 
 

Figure 8.7: Lone pair electrons on nitrogen can capture a proton. 
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Oxygen also has lone pairs of electrons that can function as a Brønsted-Lowry base. 
 

 
 

Figure 8.8: Electrons in an oxygen atom. 
The two single electrons can be used to form single bond with other molecules 
such as H but the one of the two unshared pair of electron over oxygen atoms can 
capture a proton to form an additional O-H bond. Consider the formation of 
H3O+. 
When Oxygen forms two single bonds using its unpaired electrons in with H atoms, it 
is left with two pairs electron in its outer most orbitals. One of these lone pair can 
accept a proton to for a coordinate covalent bond with it generating H3O+ ion. 

 
H2O (aq)  +  H+   → H3O+(aq)                  (7) 

 
After formation of coordinate covalent bond it is difficult to distinguish between 
two covalent and one coordinate covalent bond. Thus, this H3O+ has three 
equivalent bonds attached with it. After the formation of H3O+, the concentration 
of positive charge becomes high over the molecule. Thus, it is not possible for 
second lone pair to accept any more proton. Therefore, H3O+ will not have any 
basic character any more. 
 
Another example is acetate anion CH3COO−ion. It can be combined with a proton 
to form acetic acid.  
 
8.2.2.2. Brønsted-Lowry acid-base reaction 
 
According to definition of Brønsted-Lowry, “an acid-base reaction is a transfer of 
a proton from one molecule or ion to another”. When ammonia is dissolved in 
water, it undergoes the following reversible reaction. 
 

NH3 (aq)base + H2O (l)acid ⇌ NH+4(aq)acid + OH−(aq)base          (8)                       
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In this reaction, the water molecule is donating a proton to the ammonia molecule, 
therefore, water is acting as a Brønsted-Lowry acid while the ammonia is acting 
as a Brønsted-Lowry base.  
 
The resulting products are the ammonium ion and the hydroxide ion. The 
hydroxide ion is the major source of basicity in solution. The reverse reaction in 
equation 6 can also be taken to assign the acidic and basic character to the 
solution. In reverse reaction, the proton is donated by ammonia ion to the 
hydroxide ion. Therefore the ammonium ion is labeled as a Brønsted-Lowry acid, 
while the hydroxide ion is acting as Brønsted-Lowry base.  
 
Many Brønsted-Lowry acid-base reactions can be analyzed in this way. There is 
one acid and one base as reactants, and one acid and one base as products.  
The above example explains water as a base which seems to be unexpected as 
water has two lone pairs over its oxygen atom which is expected to add basic 
character to the water by capturing H from solution. But here the water acts as an 
acid by donating proton to NH3. Actually water has not donated proton to the 
ammonia rather ammonia has extracted the proton form water due to basicity of 
ammonia. Therefore, it can be inferred that water will act as an acid whenever it 
will be reacting with a stronger base. 
 
Similarly, water will act as a base in a Brønsted-Lowry acid-base reaction, 
whenever it will be reacting with a better proton donor. For example, in a reaction 
with HSO4

-:  
HSO4

-(aq)acid + H2O (l)base ⇌ H3O+(aq)acid + SO2
−4(aq)base          (9) 

 
So, water is capable of being either an acid or a base, a characteristic called 
amphoteric. An amphoteric substance is the one which is capable of acting as 
either an acid or a base by donating or accepting hydrogen ions. When it will act 
as an acid or a base depends upon the relative acidity/basicity of the component it 
is attached with. 
 
8.2.2.3. Conjugate Acids and Bases 
 
When a substance that is acting as a Brønsted-Lowry acid donates its proton thus 
becomes proton deficient and in the reverse reaction it will be able to accept 
proton and will act as a base. In the reaction above, the hydrogen sulfate 
ion HSO4

−donates a proton to water and becomes a sulfate ion SO4
2−. The only 

difference between HSO4
− and the SO4

2− is the presence and absence of the H+ in 
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HSO4
−and SO4

2− ion respectively. A conjugate acid-base pair is a pair of 
substances, both of which are related by the loss or gain of a single hydrogen ion.  
• A conjugate acid is the particle produced when a base accepts a proton. The 

hydrogen sulfate ion is the conjugate acid of the sulfate ion.  
• A conjugate base is the particle which is produced when an acid donates a 

proton. The sulfate ion is the conjugate base of the hydrogen sulfate ion. 
 
In the reaction given blow, the water molecule is acting simultaneously as both 
acid and base. One of the two water molecules loses a proton and act as a base 
and this lost proton is received by second water molecule which acts as an acid at 
that time.  

 
 

Figure 8.9:  Water molecules as a conjugate acid-base pair. 
 
A typical Brønsted-Lowry acid-base reaction contains two conjugate acid-base 
pairs as shown below. 
 

HNO2(aq) + PO4
3−(aq) ⇌ NO2−(aq) + HPO4

2−(aq)(10) 
 
One conjugate acid-base pair is HNO2/NO2−, while the other pair 
is HPO4

2−/PO4
3−. 

 
For a generalized reaction 
                                             Acid1 + Base2  →  Acid2  +  Base1 

H2O + HCl ⇔ H3O+  + Cl–                                (11) 
 
In this reaction, a proton is donated by HCl to H2O therefore HCl is an acid. On 
the other hand, water receives a proton from HCl, therefore, it will be regarded as 
a base. For equilibrium reaction, the reverse reaction proceeds at same rate as 
forwards reaction. In the reverse reaction the acid base moiety will revert. The 
H3O+ ions donate a proton to Cl– ion, hence H3O+, an ion is an acid. The Cl– will 
be regarded as base for the reverse reaction as it accepts a proton from H3O+ ion, 
is a base. 
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Acid-base pairs in which the members of reaction can be formed from each other 
by the gain or loss of protons are called conjugate acid-base pairs. 
 
When a proton is extracted form an acid the remaining moiety is termed as a 
“conjugate base”. For example a chloride ion produced as a result of extraction of 
proton from HCl is conjugate base of HCl; 
 

H2O + HCl ⇔ H3O+  + Cl–                   (12) 

                                                                                                                acid                   conjugate base          
Similarly, the moiety produced by receiving of electron by a base will be 
designated as “conjugated acid” of base. For example hydronium is conjugate 
acid of water base in above example.  
 

H2O + HCl ⇔H3O+  + Cl–                  (13) 

                                                                                   base                             conjugate acid 

 
Any acid base reaction involves two pairs of acid and bases. One is acid-base pair 
and other conjugate acid-base pair. For a generalized acid base reaction; 
 

Acid1  +  Base2  →  Acid2  +  Base1 
                                                                            acid          +       base              conjugate acid+    conjugate base 

 
The subscripts show that acid 1-base 1 show same conjugate acid base pairs 
whileacid 2-base 2.    
 
Consider the dissolution of HF and HCl in water.  
 

H2O + HF ⇔H3O+  + F–(14) 

                                                                                               acid                           conjugate base          
H2O + HCl →H3O+  + Cl–(15) 

                                                                                           acid                         conjugate base          
 
When HF is dissolved in water it releases a proton in water. There are two bases 
which can accept this proton. Either F- can take proton to form un-dissociated or 
water can form H3O+ ion with it.  The F- has greater potency to accept H+ to for 
un-dissociated HF. However, when HCl is dissolved in water, there are also both 
Cl- ions and water molecules to take up the proton released form HCl. The water 
has greater potency to accept the proton than Cl-.   
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Therefore, the reaction of HF is reversible while that of HCl is irreversible. The 
base which has greater potency of accepting proton is stronger base while that 
which has less potency is a weak base. 
 
 Therefore it can be inferred that: 
1. The conjugate acid of a strong base is a weak acid. 
2. The conjugate base of a strong acid is a weak base. 
 
Examples: 
Ethoxide reaction with water proceeds to completion and is irreversible because 
here water acts a strong acid. 

C2H5O +H2O →   C2H5OH  +    OH–(16) 

                                                       base1       +       acid 2                          acid 1+       base 2 

Here the proton can be accepted from either water or ethanol.  The proton is taken 
upto exclusively from water indicating that the conjugate acid ethanol is 
extremely weak acid. Otherwise the reaction would have been reversible reaction.  
When ammonia reacts with water the reaction if reversible and does not proceed 
to completion  

    NH3+H2O →   NH4
+  +    OH–(17) 

                                                               base1       +       acid 2                       acid 1+       base 2 

Here the proton can be accepted from either water or ammonia.  The proton is 
taken from water in forward reaction and also taken up by ammonium ion in 
reverse reaction indicating that the conjugate acid ammonium is also a stronger 
acid. Therefore the reaction is has been reversible reaction.  
 
When reacts with an acid such as HCl, water act as a base and when reacts with 
any base such as ammonia, water act as an acid. Therefore it is both weak acid 
and a weak base. It is termed as either amphoteric or amphiprotic in nature. 
 
8.2.2.4. Limitations of Bronsted Lowry Concept 
 

• Bronsted Lowry could not explain the reaction occurring in the non-protonic 
solvent like COCl3, SO2, N2O4, etc. 

• It cannot explain the reactions between acidic oxides  and the basic oxides  
which can easily take place in the absence of solvent as well e.g. (No proton 
transfer) 

• Substances like BF3, AlCl3 etc, do not contain hydrogen which means they 
can’t donate a proton, still they behave as acids. 
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8.2.3.Lewis Acid-Base Concept 
 
As the Bronsted and Lowery talks about the donation of proton to describe acid or 
base character in their theory, the Lewis describes acid or base character in terms 
of loss and gain of electron pairs.  According to Lewis theory of acid-base 
reactions, the bases are the substances that can donate pairs of electrons and acids 
are the substances that can accept pairs of electrons.  Thus, it can be said that a 
Lewis acid is electron-pair acceptor and base is an electron pair donor.  
The biggest advantage of the Lewis theory is that it takes into account oxidation-
reduction reactions as well. The oxidation-reduction reactions occur when there is 
a transfer of electron from one atom to other leading to a change in oxidation 
number of one or more atoms. 
 
Examples 
The Lewis theory further suggested that an acid can react with base through 
sharing an electron pair while keeping the oxidation number of reacting atoms 
intact. In such cases, either an electron is transferred from one atom to another, or 
the atoms come together to share a pair of electrons. 
Al(OH)3 + 3H+ → Al3+ + 3H2O (18) 
      base1            +       acid 2                     acid 1+       base 2 

Al(OH)3 + OH– → Al(OH)4-(19)          
                            acid 2      +      base1                         acid 1 

 
In above examples, when Aluminum hydroxide is accepting protons will be 
characterized as a base. But when it accepts electrons, it acts as an acid.  
The success of Lewis acid-base theory is in explaining the acidic behavior of non-
metal oxides when dissolved in H2O to form acids. For example 
Carbon Dioxide when dissolved in water will yield such as carbonic acid H2CO3. 

CO2(g) + H2O(l) → H2CO3(aq)(20) 
 
Thus an acid is electron deficient compound and base is electron rich compound. 
Therefore, in a coordinating reaction between BF3 and NH3 can be characterized as 
either acid or base. None of these is proton donor or acceptor so this reaction cannot 
be characterized as acid-base reaction by any concepts other than Lewis concept. 
 
The BF3 has three bond pairs of electrons around boron and in order to achieve 
stable electron configuration that is an octet, it needs one more pair of electron. 
Therefore it is electron deficient specie and can act as a Lewis acid by accepting a 
pair of electron from and electron rich specie. This criterion can be fulfilled by 
NH3 which has a complete octet but a lone pair of electron under the influence of 
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one nucleus which it can share with any other molecule to for coordinate covalent 
bond. The lone pair of electron in NH3 provides it with base character. 

 
 

Figure 8.10: Acid base reaction between NH3 (base) and BF3 (acid). 
https://www.quora.com/Why-is-BF3-a-Lewis-acid 

 
Therefore according to Lewis theory, the neutralization process is the formation 
of coordinate bond between a Lewis acid and a Lewis base. 
 
In coordinate complex formation, metal acts as an acid as it accepts electron pairs 
for coordinating base molecules. For example in Co hexamine coordinate 
complex formation ammonia donates its lone pairs of electrons to the central Co 
metal cation as shown in figure 8.11 below. 
 

 
Figure 8.11: Acid base reaction between NH3 (base) & Co (III) (acid) 

https://s3.studentvip.com.au/notes/25617-sample.pdf 
 

8.2.3.1. Limitations of Lewis Concept 
 

• Although the Lewis concept gave a more generalized idea which can include 
all redox reactions and coordination compounds. However, it is not 100% 
workable in all cases. 
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• It is difficult to describe the behavior of protonic acids like HCl, H2SO4, etc. 
which do not form coordination bonds with bases. Therefore, according to 
Lewis, these are not regarded as acids. 

• The relative strength of an acids or bases is not discussed by Lewis concept. 
• Lewis concept is not in line with the acid-base reaction concept. 

 
8.2.4.Hard And Soft Acid And Base Theory 
The basic postulates of hard and soft acid base theory which is shortly written as 
HSAB.  
1. Hard acids are those metal ions which have small size and high charge ad 

polarizing in nature. For example, lithium, beryllium, aluminum titanium etc. 
2. The cations with large size and small positive charges will be designed as 

soft acids which exhibit negligible polarizing ability. 
3. Hard bases are those molecules which are associated with small sized and 

slightly polarizable donor atoms for example ammonia, fluoride etc.  
4. Soft bases have larger donor atoms of high polarizablities such as phosphine 

or iodide etc. 
 

The Pearson’s principle: 
The basic of acid base reaction among HSAB are; 
• Hard acids trends to combine with hard bases. 
• Soft acids trends to combine with soft bases. 
 
According to Pearson’s principle the tendency of anion/donor atoms to combine 
with a hard acid is; 

N > P > As 
O > S > Se 
F > Cl > Br 

 
Whereas the tendency of these atoms to be combined with soft acid will be 
reversed.  

N < P < As 
O < S < Se 
F < Cl < Br 

 
Any acid base reaction will proceed in forward direction f it leads to the 
combination of soft with soft and hard with hard. For example: 
When CH3HgF, which is a combination of soft-hard pair comes in contact with 
LiI and other hard soft pair. The reaction will proceed to recombine soft with soft 
and hard with hard. e.g.  
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CH3HgF   +   LiI    →  CH3HgI +  LiF   (21) 
Soft-hard    Hard-soft               Soft-soft     Hard-hard 

The hardness and softness terms are relative for example, Ce (I) is softer than Li 
(I) and Ta (I) is softer than Ta (III). 
 
Example 1:  

R2S.BF3 +  R2O    →  R2O.BF3 +  R2S(22) 
Soft-hard                                  Hard-hard 

 
Example 2:  

R2O.BH3 +  R2S    →  R2S.BH3 +  R2O(23) 
Hard-soft                                Soft-soft 

Example 3:  
H3N.BH3 +  C5H5N    →  C5H5N.BH3 +  NH3 (24) 

Hard-soft      Soft                          Soft-soft 

 

8.2.1.Properties of acid 
Acids are a distinct class of compounds because of the properties of their aqueous 
solutions. Some of these properties are listed below: 
1. The Aqueous solutions of acids are electrolytes. This means that when acids 

are dissolved on water they are able to conduct electricity. Strong acids 
willionize in water completely and will act as strong electrolyte. While other 
are weak electrolytes as they are not ionized completely in water. They exist 
primarily in a non-ionized form when dissolved in water. 

2. Acids have a sour taste. Lemons, vinegar, and sour candies all contain acids. 
3. Acids change the color of certain acid-base indicates. Two common 

indicators are litmus and phenolphthalein. Blue litmus turns red in the 
presence of an acid, while phenolphthalein turns colorless. In acidic 
solution, phenolphthalein exhibits its ring structure, R.H.S. of figure 8.12, 
which is colorless due to supply of excess of H+ ions. 

4.  

 
Figure 8.12. Protonation-deprotonation of phenolphthalein indicator. 
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5. Acids react with active metals to yield hydrogen gas. The metals which are 
more active or are hard acids than hydrogen will replace the hydrogen from 
an acid in a single-replacement reaction, such as: 

Zn (s) + H2SO4(aq) → ZnSO4 (aq) + H2 (g)(25) 
6. Acids react with bases to produce a salt compound and water. When equal 

moles of an acid and a base are combined, the acid is neutralized by the 
base. The products of this reaction are an ionic compound, which is labeled 
as a salt, and water. 

 
8.2.2       Properties of base 
 
Bases have many properties opposite to those of acids. 
1. Aqueous solutions of bases are also electrolytes because many bases release 

OH- in solution which can readily conduct electricity. Strong bases are 
strong electrolyte and weak bases are weak electrolyte depending upon 
extend of dissociation in aqueous solution. 

2. Bases often have a bitter taste and are found in foods less frequently than 
acids. Many bases, like soaps, are slippery to the touch. 

3. Bases also change the color of indicators. Litmus turns blue in the presence 
of a base while phenolphthalein turns pink. The deprotonated form of 
phenolphthalein exists in basic solution which is pink in color. 

 
 

Figure 8.13. Color of phenolphthalein indicator in solution of base. 
 

4. Bases do not react with metals in the way that acids do. 
5. Bases react with acids to produce a salt and water. Antacids, are basically 

base in nature which are used to counter the effect of excess acidity in 
stomach such as magnesium hydroxide or sodium hydrogen carbonate. The 
formulation contains partially dissociating bases the dissociation of which is 
governed by the amount of excess acid resent in stomach.  

Comment [DFS1]: show in superscript 

Comment [DFS2]: extent 
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The group II of periodic table is termed the alkaline earth metals are their 
compounds are also basic in nature. However their solubility is low in water. For 
example, 

Mg(OH)2(s)⇌    Mg2+(aq) + 2OH−(aq)   (26) 
 
The equilibrium constant for this reaction is defined in terms of solubility product 
constant (Ksp). The solubility of magnesium hydroxide is 0.0084g per liter of 
water at 25oC. Therefore magnesium hydroxide is no longer as dangerous as 
sodium hydroxide because of its low solubility.The magnesium hydroxide in 
combination with Al(OH)3 is also termed as milk of magnesia and is used for the 
treatment of stomach and gastric acidity. The solubility/ dissociation in water is 
not complete rather in equilibrium reaction is there. This equilibrium is directed in 
forward direction when it comes in contact with highly acidic solution by 
removing OH- ion from base to react with H+ ion form acidic solution of stomach 
to form H2O. This base is a caustic substance which is also known as lye. The 
applications of Lye include rigorous cleaning and it is also used in a chemical 
reaction for manufacturing soaps. Just like acids, misuse of the strong bases can 
lead to severe burns.Sodium hydroxide as a base has number of applications. It is 
used as an active agent in commercial products for cleaning clogged drains.  Also 
it is used as thickening agent in Ice cream. Other applications include the 
synthesis of plastics, for etching aluminum, for paint removal and ripening of 
food such as olives. 
 
8.2.3.Basicity of acid 
 
“Basicity of an acid refers to the number of replaceable hydrogen atoms in one 
molecule of the acid”. 
 
Monobasic acid: The acids that produce 1 H+ ion per molecule upon dissociation 
such as HCl, HNO3. It is actually monoprotic acid. 
Dibasic acid: The acids that produce two H+ ion per molecule upon dissociation 
such as H2SO4. 
Tribasic acid: It is actually a triprotic acid with ability to produce three H+ ion per 
molecule upon dissociation in water such as H3PO4. 
8.2.4. 
8.2.5.Acidity of base 
 
“Acidity of base refers to the number of electron pairs available which can be 
donated to form new bond or number of protons/hydrogen ions captured 
neutralized by one molecule of the base” 

H2O 
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Monobasic acid: The base that produce 1 OH- ion per molecule upon dissociation 
or which can donate one lone pair of electron is termed as mono acidic base e.g. 
NaOH or NH3.  
 
Dibasic acid :The base that can neutralize two H+ ion per molecule, can produce 
two OH- per molecular can donate two lone pairs of electrons is termed as di 
acidic base e.g. Mg(OH)2 and so on. 
 
Summary 
The Arrhenius theory explains the acid as H+ ion provider in solution and base as 
OH- ion provider in aqueous solution. The Bronsted-Lowery theory characterizes 
the acid as proton donor and proton acceptor. This definition made it easy to 
characterize NH3 as base. A more broadened spectrum of characterizing acid-base 
is Lewis theory which characterizes acid an electron pair acceptor while base is an 
electron pair donor. A Bronsted-Lowey acid loses electron to form a conjugate 
base and a base gains proton to form conjugate acid. Combining the concepts of 
all theories an acid is, H+/proton donor or electron pair acceptor while a base is 
OH-/electron pair donor or H+ acceptor and the strength of this 
acceptance/donation lead to formation of Hard or soft acids/bases.  
 
Self Assessment Questions 
1. A patient suffers from severe heartburn due to decrease in pH. The treatment 

will include serving patient with 
 (a)  acidic medicine 
 (b)  coca cola  
 (c)  citrus fruits 
 (d)  Mg (OH)2 
2.  Suppose a large organic molecule X is classified as a Lewis acid, while 

another large molecule Y is classified as a Bronsted-Lowry acid. Which of 
the following most accurately describes a similarity in their behaviors in 
solution? 
a) Both molecules will tend to acquire a net positive charge 
b) Both molecules will release hydroxide ions 
c) Both molecules will tend to acquire a net negative charge 
d) Both molecules will release hydrogen gas 

3. Which of the following would have the weakest conjugate acid? 
a) A strong base 
b) A weak acid 
c) A strong acid 
d) A weak base 
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4.  According to the definitions of acids and bases devised by Lewis: 
a) acids are electron pair acceptors and bases are electron pair donors 
b) acids are electron pair donors and bases are electron pair acceptors 

5. A chemical species having one ionizable hydrogen ion is: 
a) monoprotic 
b) diprotic 
c) triprotic 
d) polyprotic 

6. Vinegar, fruit juice, and cola are examples of: 
a) strong acids 
b) weak acids 
c) strong bases 
d) weak bases 

 
ANSWERS 
1  (d)   2  (c)  3  (a)  4  (a)  5  (a)  6  (b) 
 
8.3.   pH SCALE 
 
8.3.1       Ionization of water 
 
The water molecules get dissociated into H+ and OH- ions as: 

H2O(l) ↔ H+(aq) + OH-(aq)(27) 
In pure water which is free from ions the concentration s of H+ and OH- ions are equal 
at standard temperature and pressure that is 1 atm pressure and 25 0C = 278 K.  
The concentration of H+ ion = the concentration of OH- ion = 1x10-7 M.  
 
Thus, pure water will be a poor conductor of electricity as the concentration of ions in 
this too low in it. The water can be termed as neutral medium as concentrations of 
positive and negative ions is equal. The total concentration of both ions will be 
constant in water. This constant factor can be obtained by multiplying the 
concentration of H+ ion and OH- ion in pure water ta STP (1 atm, 250C) that is 1x10-

14 M. This number is also called ionization constant of pure water. 
 
When the acid is added to pure water, the concentration of H+ ions is increased 
and the concentration of OH- is decreased. So, 

[H+] > 1x10-7 M and [OH-] < 1x10-7 M 
 
When the base is added to pure water, the concentration of H+ ions is decreased 
and the concentration of OH- is increased. So, 

[OH-] > 1x10-7 M and [H+] < 1x10-7 M 
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Therefore, it can be said: 
 If concentration of  [H+] = [OH-]=10-7 M, then solution is neutral. 
 If concentration of  [H+] > [OH-] or [H+]>10-7M and [OH-]<10-7 M, then 

solution is acidic. 
 If concentration of [OH-]>[H+] or [H+]<10-7M and [OH-]>10-7 M, then 

solution is basic. 
 
If we prepare 0.01 M solution of HCl, then, 

[HCl] = [H+] = [Cl-] 
 
And HCl is a strong acid, it completely ionizesin solution so,  

[H+] = 0.01m = 1x10-2M 
 
The corresponding concentration of [OH-] can be obtained from ionization 
constant of water. 
As Kw= 1 x10-14 M is a constant. So, 

Kw = [H+] x [OH-]=10-14 
10-2x [OH-]=10-14 

[OH-]=10-12 
 
8.3.2       Definition of pH 
 
The acidity or basicity of aqueous solutions is measured in terms of 
concentrations of [H+] ion or [OH-] ions. the quantitative parameter for the 
measurement of [H+] or [OH-] is pH or pOH. 
The pH is defined as negative log of [H+]. 

pH=-log[H+] 
 
The logarithmic scale is used because it brings  the concentration scale from 10-n 
to a round n. and negative log is used because the concentration of either H+ or 
OH- is less than 1 so the log [H+] or log [OH-] is negative number. Therefore pH 
or pOH is defined as negative log.  
Thus,  

pH=-log[H+] 
 

pOH=-log[OH-] 
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8.3.3       Measurement of pH 
 
The pH is measured by taking –ive log of [H+]. For example, if [H+] =10-2 M has 
pH=2 and solution having molar concentration of OH-=10-5 has pOH=5.  
 
From ionization constant of water,  

[H+] x [OH-]=10-14 
Taking log of this equation; 

log[H+] + log[OH-]=-14 
Multiply with –ive sign. 

-log[H+] - log[OH-]=14 
Then, 

pH + pOH = 14 
As,  
In acid solutions, [H+]>10-7 or pH<7 
In base solutions [H+]<10-7 or pH>7 
So,  
• If 7>pH>0 acidic solution 
 If 14>pH>7 basic solution 
 If pH=7 neutral solution 

 
Figure 8.14: pH range. 

 
8.3.4   Importance of pH 
 
The pH scale is way to measure the acidity of any solution. It is significant 
because in our daily life the maintenance of pH is very important. 
 
The presence of minerals in water not only responsible for its taste and 
healthfulness, but also the water’s pH is greatly affected by the presence and 
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concentration of these ions. This is significant because the natural pH of human 
body is 7.4. For efficient performance of all the enzymes and body parts, this pH 
level is needed to be maintained. If the body becomes overly acidic or alkaline, it 
will disturb the normal functioning of the body. The drinking water with all its 
minerals removed and intake of acidic foods can bring imbalance in body’s pH. 
Also the intake of more alkaline water and food can help the body restore this 
imbalance. On the other hand, drinking more alkaline water will also have healthy 
impact on your teeth. 
 
Other than food, cultivation, crop quality and yield are also badly affected if 
irrigation water is not of good quality. For example acid rain or acid irrigation 
water destroys the crops badly. 
 
Similarly there are many chemical reactions that take place efficiently in certain 
pH range. So, maintaining the pH is also important for optimization of many 
chemical reactions.  
 
Self Assessment Questions 
1. If the pH of some patient’s blood decreases it means that 

a) the concentration of H+ ion decreases 
b) the concentration of H+ ion increases 
c) the concentration of OH- ion decreases 
d) the concentration of OH- ion decreases 

 

2.  The pH of a solution is 6 what will be the concentration of [A-]? 
 (a) 10-4  (b) 10-6        (c) 10-14 

3.  Which of the following describes the pH of an equilibrated, stoichiometric 
mixture of ammonia, NH3and hydrochloric acid HCl 
(a) pH > 7  

(b) pH < 7 

(c) pH = 7 

(d) pH = 14 
 

4 What is the pH of a solution with a hydronium ion concentration [H3
O+]=104 

(a) 10 

(b) -8 

(c) -4 

5. Neutral solutions have a pH of: 
a) 0 
b) 1 
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c) 7 
d) 14 

6. Which is true? 
a) pH of less than 7 is basic; pH of more than 7 is acidic 
b) pH of less than 7 is acidic; pH of more than 7 is basic 

 
Answers 
1  (b)   2  (b)  3  (b)  4  (c)  3  (c)  4  (b) 
 
8.4  SALT FORMATION AND NEUTRALIZATION 
 
When an acidic solution is mixed with some basic solution, the OH- ion from base 
combines with H+ ion from acid, the reaction is termed as neutralization reaction. 
 
The cation from base combines with anion from acid to form salt. This is termed 
as salt formation reaction. For example, 
In a Strong Acid-Strong Base Neutralization reaction between HCl and NaOH in 
water 

HCl (aq) + NaOH (aq) ⇋ NaCl (aq) + H2O                                 (28) 
acid + base ⇋ salt + water 

 
This can be written in terms of the ions (and canceled accordingly) 

H+(aq)+Cl−(aq)+Na+(aq)+OH−(aq)→Na+Cl−(aq)+H2O(l)            (29) 
 
This can be split written as two reactions; one salt formation and other 
neutralization reaction 

Cl−(aq)+Na+(aq)→NaCl(aq)   salt formation                              (30) 
                              H+(aq)+OH−(aq)→H2O(l)neutralization                               (31) 
 
When a strong acid and a strong base fully neutralize, the pH is neutral. Neutral 
pH means that the pH is equal to 7.00 at 25ºC. At this point of neutralization, 
there are equal amounts of OH− and H3O+. There is no excess NaOH. The 
solution is NaCl at the equivalence point. Therefore it can be inferred that a strong 
acid neutralization with a strong base, the pH of the salt solution will always be 7. 
 
Weak Acid-Weak Base Neutralization can be shown by the net ionic equation 
example: 

H+(aq) + NH3(aq) ⇋NH+4(aq)                                   (32) 
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The equivalence point of this neutralization reaction is the relative concentration 
of both species where both [H+] ions and [OH-] ions are used up and neither of 
them is in excess.  
 
The neutralization of strong acid with weak base results in pH less than 7. Similarly, 
the neutralization of strong base with weak acid results in pH more than 7. 
 
8.4.1  Concentration of solution 
 
The concentrations of solutions are mentioned in different units. 
• w/w percentage:  It is the weight of compound dissolved in 100g of solution. 

The formulae to calculate the w/w percentage of solution is; 

%
𝑤𝑤
𝑤𝑤

=
𝑤𝑤𝑤𝑤𝑤𝑤ℎ𝑡𝑡 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑡𝑡𝑤𝑤

𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ𝑡𝑡 𝑜𝑜𝑜𝑜 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑡𝑡𝑤𝑤𝑜𝑜𝑠𝑠
𝑥𝑥 100 

 
when 5 g of NaCl is dissolved in 100g of solution the resulting solution has 
concentration of is 5% w/w. 
• w/v percentage:  It is the weight of compound dissolved in 100mL of 

solution. The formulae to calculate the w/w percentage of solution is; 

%
𝑤𝑤
𝑉𝑉

=
𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ𝑡𝑡 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑡𝑡𝑤𝑤

𝑣𝑣𝑜𝑜𝑜𝑜𝑜𝑜𝑣𝑣𝑤𝑤 𝑜𝑜𝑜𝑜  𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑡𝑡𝑤𝑤𝑜𝑜𝑠𝑠
𝑥𝑥 100 

 
when 5 g of NaCl is dissolved in 100mL of solution the resulting solution has 
concentration of 5% w/V. 
• V/w percentage:  it is the volume of solute dissolved in 100g of solution. 

The formulae to calculate the V/w percentage of solution is; 

%
𝑉𝑉
𝑤𝑤

=
𝑉𝑉𝑜𝑜𝑜𝑜𝑜𝑜𝑣𝑣𝑤𝑤  𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑡𝑡𝑤𝑤
𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ𝑡𝑡 𝑜𝑜𝑜𝑜 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑡𝑡𝑤𝑤𝑜𝑜𝑠𝑠

𝑥𝑥 100 

 
when 5 mL of ethanol is dissolved in 100g of solution the resulting solution has 
concentration of   5% V/w. 
• V/V percentage:  It is the Volume of compound dissolved in 100mL of 

solution. The formulae to calculate the V/V percentage of solution is; 

%
𝑉𝑉
𝑉𝑉

=
𝑉𝑉𝑜𝑜𝑜𝑜𝑜𝑜𝑣𝑣𝑤𝑤  𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑡𝑡𝑤𝑤
𝑉𝑉𝑜𝑜𝑜𝑜𝑜𝑜𝑣𝑣𝑤𝑤  𝑜𝑜𝑜𝑜 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑡𝑡𝑤𝑤𝑜𝑜𝑠𝑠

𝑥𝑥 100 

 
when 5 mL of ethanol is dissolved in 100mL of solution the resulting solution has 
concentration of  5% V/V. 
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8.4.2  Molarity 
Another and mostly used unit of concentration if molarity which is defines as  
“Number of moles of any substance dissolved in 1dm3 or 1 L of solution”. 
 

𝑀𝑀𝑜𝑜𝑜𝑜𝑀𝑀𝑀𝑀𝑤𝑤𝑡𝑡𝑀𝑀 =
𝑠𝑠𝑜𝑜𝑣𝑣𝑛𝑛𝑤𝑤𝑀𝑀 𝑜𝑜𝑜𝑜 𝑣𝑣𝑜𝑜𝑜𝑜𝑤𝑤𝑜𝑜 𝑜𝑜𝑜𝑜 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑡𝑡𝑤𝑤
𝑉𝑉𝑜𝑜𝑜𝑜𝑜𝑜𝑣𝑣𝑤𝑤 𝑜𝑜𝑜𝑜 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑡𝑡𝑤𝑤𝑜𝑜𝑠𝑠 𝑤𝑤𝑠𝑠 𝑣𝑣𝑚𝑚

𝑥𝑥 1000 

 
For example, if 20 g of NaOH is dissolved in water to prepare the 250 mL of 
solution then, the molarity will be calculated by first calculating its number of 
moles. The number of moles of NaOH can be calculated by dividing its mass with 
molar mass. Therefore, the 20g of NaOH will be equal to the 20g/40gmol-1 = 0.5 
moles. So, 0.5 moles of NaOH is dissolved in 250 mL of solution. So, the 
molarity of resulting solution will be   

𝑀𝑀𝑜𝑜𝑜𝑜𝑀𝑀𝑀𝑀𝑤𝑤𝑡𝑡𝑀𝑀 = 0.5
250  𝑣𝑣𝑚𝑚

𝑥𝑥 1000 = 2 M 
 

8.4.3  Normality 
 
Normality is defined as number of gram equivalent of substance dissolved per 
liter of solution. 
 

𝑁𝑁𝑜𝑜𝑀𝑀𝑣𝑣𝑀𝑀𝑜𝑜𝑤𝑤𝑡𝑡𝑀𝑀 =
𝑠𝑠𝑜𝑜𝑣𝑣𝑛𝑛𝑤𝑤𝑀𝑀 𝑜𝑜𝑜𝑜 𝑤𝑤𝑀𝑀𝑀𝑀𝑣𝑣 𝑤𝑤𝑒𝑒𝑜𝑜𝑤𝑤𝑣𝑣𝑀𝑀𝑜𝑜𝑤𝑤𝑠𝑠𝑡𝑡  𝑜𝑜𝑜𝑜 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑡𝑡𝑤𝑤

𝑉𝑉𝑜𝑜𝑜𝑜𝑜𝑜𝑣𝑣𝑤𝑤 𝑜𝑜𝑜𝑜 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑡𝑡𝑤𝑤𝑜𝑜𝑠𝑠 𝑤𝑤𝑠𝑠 𝑣𝑣𝑚𝑚
𝑥𝑥 1000 

 
 

𝑠𝑠𝑜𝑜𝑣𝑣𝑛𝑛𝑤𝑤𝑀𝑀  𝑜𝑜𝑜𝑜 𝑤𝑤𝑀𝑀𝑀𝑀𝑣𝑣 𝑤𝑤𝑒𝑒𝑜𝑜𝑤𝑤𝑣𝑣𝑀𝑀𝑜𝑜𝑤𝑤𝑠𝑠𝑡𝑡  𝑜𝑜𝑜𝑜 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑡𝑡𝑤𝑤 =  
𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ𝑡𝑡 𝑜𝑜𝑜𝑜 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑡𝑡𝑤𝑤

𝑤𝑤𝑒𝑒.  𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ𝑡𝑡 𝑜𝑜𝑜𝑜 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑡𝑡𝑤𝑤
 

For NaOH the molar mass = eq. mass. So, its molarity = normality 
While for H2SO4, molar mass = 2 eq. mass, therefore, Molarity = 2 Normality 
 
For example, if 10 g of H2SO4 is dissolved in water to prepare the 250 mL of 
solution then, the normality will be calculated by first calculating its number of 
equivalent. The number of equivalent of NaOH can be calculated by dividing its 
mass with eq. mass. Therefore, the 10g of H2SO4 will be equal to the 10g/49 g. 
eq. = 0.204 eq. So, 0.204 eq of NaOH is dissolved in 250 mL of solution. So, the 
normality of resulting solution will be   

𝑁𝑁𝑜𝑜𝑀𝑀𝑣𝑣𝑀𝑀𝑜𝑜𝑤𝑤𝑡𝑡𝑀𝑀 =
0.204

250 𝑣𝑣𝑚𝑚
𝑥𝑥 1000 = 0.81 𝑁𝑁 
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8.4.4 Titration 
 

 
Titration is an analytical technique used to evaluate the acidic or basic strength of 
solution. This is based on neutralization process. The acidic solution is titrated 
with a base of known molarity and, basic solution is titrated with acid molarity.  
The unknown solution is taken in burette and titrated with the known volume of 
counter solution of known molarity.  
 
For example:If we have an unknown base solution in Erlenmeyer flask. We will 
add a few drop of phenolphthalein as an indicator in flask. this indicator will turn 
pink in basic solution and will change its color from pink to colorless at the end of 
titration. We will take a standard solution of an acid from a burette and will start 
adding up in the flask. At the beginning of the titration the solution in the flask 
will be pink. At equivalence point the color changes to colorless. We will note the 
volume added from the burette. 
 
For example, if it has taken 10.5 mL of a known 0.5 M acid solution to neutralize 
15 mL of unknown NaOH solution, we can find the molarity of the unknown 
solution using the following formula: 

M1V1=M2V2 
 
Where M1 is the molarity of the first solution, V1 is the volume in liters of the 
first solution, M2 is the molarity of the second solution, and V2 is the volume in 
liters of the second solution. 
So, apply the formula: 

M1V1=M2V2 
M1 x 10.5 mL = 0.5 M x 15 mL 

Then the molarity of unknown M1 = 0.714 M. 
From this formulae we can also estimate the volume of acid/base solution that 
will be need to neutralize particular volume of base/acid if molarities of both 
solutions are known. 
 
8.4.5 Preparation of salt 
 
There are different reactions that will result in production of salt. 
 
1. Acid reaction with metal 

These reactions yield soluble salts. For example the reaction of sulphuric 
acid with Zn metal prepares ZnSO4 salt along with generation of H2 gas. 

Zn(s) + H2SO4(aq) → ZnSO4(aq) + H2(g)(33) 
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The solution is filtered, leaving insoluble impurities, such as excess zinc and 
particles of carbon on the filter paper. The ZnSO4 is then crystallized from the 
solution. 
 
The caution required is complete conversion of excess of H2SO4 to ZnSO4 
by adding more zinc. Otherwise, H2SO4 will become concentrated during 
the process of crystallization affects the purity of compound. Other salts that 
may be produced this way are FeSO4 and MgSO4

- from their respective 
metals. Often use of Dilute acids is recommended the concentrated acid is 
used only when metal is less reactive otherwise the reaction becomes 
vigorous and difficult to control. 

 
Similarly, to prepare CuSO4, the Cu is reacted with warm concentrated H2SO4.  

Cu(s) + 2H2SO4(aq) → CuSO4(aq) + 2H2O(l) + SO2(g)                (34) 
 
Washing of salt is done with water which hydrates product. 

CuSO4(s) + 5H2O(l) → CuSO4.5H2O                              (35) 
Other examples include, 

Zn(s) + 4HNO3(aq) → Zn(NO2)2(aq) + 2NO2(g) + 2H2O(l) (conc)     (36) 
 
To prepare chlorides of heavy metals heat the metals in a current of dry HCl, 
otherwise, water of crystallization is difficult to remove.  Heating hydrated Zn 
chloride result in hydrolysis to form basic salts. 

ZnCl2.H2O heat → Zn(OH)Cl(s) + HCl(g)                                (37) 
 

2. Double Decomposition 
This method is used to prepare insoluble salts. lt involves the reaction 
between two soluble compounds to produce one soluble and one insoluble 
products. Amongst the products, the one of importance is the insoluble salt 
which is gotten as it precipitates out of the solution. 
To prepare lead (II) sulphate react lead (II) nitrate and sulphuric acid or 
sodium sulphate.  
Pb(NO3)2(aq) + H2SO4(aq) → PbSO4(s) + 2HNO3(aq)            (38) 
Or  
Pb(NO3)2(aq) + Na2SO4(aq) → PbSO4(s) + 2NaNO3(aq)          (39) 

 Other salts forming reaction are: 
BaCl2(aq) + H2SO4(aq) → BaSO4(aq) (white ppt) + 2HCl(aq)    (40) 

 Pb(NO3)2(aq) + 2NaCl(aq) → PbCl2(s) + 2NaNO3(aq)                (41) 
CaCl2(aq) + Na2CO3(aq) → CaCO3(s) + 2NaCl(aq)                    (42) 
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3. Neutralization 
Neutralization of an acid by base also results in salt formation. Evaporating 
water will lead to the precipitation of salt. Some examples are: 

2NaOH(aq) + H2SO4(aq) → Na2SO4(aq) + 2H2O(l)               (43) 
Na2SO4(s) + 10H2O(l) → Na2SO4.10H2O(s)                          (44) 
NaOH (aq) + HCl (aq) → NaCl(aq) + H2O(l)                        (45) 
NaOH(aq) + HNO3(aq) → NaNO3(aq) + H2O(l)                   (46) 
NH3(aq) + HCl(aq) → NH4Cl(aq)                                         (47) 
2NH3(aq) + H2SO4(aq) → (NH4)2SO4(aq)                            (48) 

 

4. Insoluble Base neutralization 
 Reaction of acid with insoluble basic oxide or hydroxide also yields salt. 

CuO(s) + H2SO4(aq) → CuSO4(aq) + H2O(l)                       (49) 
CuSO4(s)+ 5H2O(l) → CuSO4.5H2O(s)                               (50) 

 Other examples include: 
ZnO(s) + H2SO4(aq) → ZnSO4(aq) + H2O(l)                       (51) 
Zn(OH)2(s) + H2SO4(aq) → ZnSO4(aq) + 2H2O(l)              (52) 
PbO(s) + 2HNO3(aq) → Pb(NO3)2(aq) + H2O(l)                   (53) 
Pb(OH)2(s) + 2HNO3(aq) → Pb(NO3)2(aq) + 2H2O(l)           (54) 

 

5. From Metal Carbonate 
 Reaction of metal carbonate with acid generates salt such as; 

ZnCO3(s) + H2SO4(aq) → ZnSO4(aq) + H2O(l) + CO2(g)      (55) 
CaCO3(s) + 2HCl(aq) → CaCl2(aq) + H2O(l) + CO2(g)           (56) 
PbCO3(s) + 2HNO3(aq) → Pb(NO3)2(aq) + H2O(l) + CO2(g) (57) 

 

8.4.6 Classification of salt 
 

The salts are classified according the acidic or basic behavior in aqueous solution. 
The aqueous solution of salt will have acidic or basic properties depend on 
relative strength of anion and cation forming that salt. For example, a strongly 
acidic cation with strongly basic cation will yield neutral solution. Therefore it is 
important to classify cation and anions as neutral, acidic and basic ions. This 
classification is given in Table 1.  
 
Table 1 the acidic, basic nature of salts forming ions. 
 

Ions of neutral salts Acidic Ions Basic Ions 
Cations Anions Cations Anions Anions 

Na+ K+ Cl− Br− NH4
+ Al3+ HSO4

− HPO4
2− F− C2H3O2− 

Rb+ Cs+ I− ClO4
− Pb2+ Sn2+ H2PO4

− PO4
3− NO2

− HCO3− 
Mg2+ Ca2+ BrO4

− ClO3
−         CN− CO3

2− 
Sr2+ Ba2+ NO3−           S2

− SO4
2− 
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In above table salt formed between neutral anion and neutral cation will be neutral 
in nature. Whereas the acidic cations and anions when combined with any of 
neutral counter ion give acidic solution while combining them with basic counter 
ions will lead to neutral solution. Similarly, basic ions in combination with neutral 
ion will generate basic solution while their combination with acidic counter ion 
will result in neutral solution. 
For example, NaCl, NH4HPO4 and (NH4)2CO3 are neutral salts while NH4Cl is 
acidic salt and KF is basic salt. 
 
8.4.7   Hydrolysis of salt 
 
A salt is formed between the reaction of an acid and a base. When salt is 
dissolved in water it splits the molecules of water to yield the H+ ion and OH- 
ions. This is termed as hydrolysis (breaking of water). As this hydrolysis is 
brought about by salt ions this is termed as hydrolysis of salt. 
 
Just as a neutral salt is formed by a reaction ofa strong acid and a strong base, the 
most neutral salts will dissolve in water splits water in equal amount of H+ and 
OH- ions leading to formation of neutral solution. However, the salts formed as 
result of reaction of weak acid with strong base or weak base with strong acid are 
either basic or acidic in nature. 
 
A salt formed between a strong acid and a weak base is an acid salt. Ammonia is 
a weak base, and its salt with any strong acid gives a solution with a pH lower 
than 7. For example, let us consider the reaction: 

HCl + NH4OH ⇌NH+4 + Cl− + H2O                                (58)  
In the solution, the NH+4 ion reacts with water (called hydrolysis) according to the 
equation: 

NH4
++H2O ⇌NH3 + H3O+            (59)  

 
The acidity constant can be derived from Kw and Kb. 

 
A basic salt is formed between a weak acid and a strong base. The basicity is due 
to the hydrolysis of the conjugate base of the (weak) acid used in the 

222 
 



neutralization reaction. For example, sodium acetate formed between the weak 
acetic acid and the strong base NaOH is a basic salt. When the salt is dissolved, 
ionization takes place: 

NaAc⇌Na++Ac−(60) 
In the presence of water, Ac− undergoes hydrolysis 

H2O+Ac−⇌HAc+OH−(61) 
The equilibrium constant for this reaction is Kb of the conjugate base  Ac− of the 
acid HAc. Note the following equilibrium constants: Acetic acid (Ka=1.75×10−5) 
and Ammonia (Kb=1.75×10−5). 

 
 
Self Assessment Questions 
1.  Suppose a weak acid has Ka = 4.0 x 10-9Which of the following gives its 

equivalentKb? 
 (a)    2.5 x 10-6          (b)    1.5 x 10-6       (c)    1.4 x 10-14 

2.  Which of the following best describes a chemical species that is measured to 
have Kb= 3.2×10−18K? 
a. a weak acid 
b. a strong base  
c. a weak base 
d. a strong acid 
 

Answers 
(1) a  (b) d 
 
Learning Activity 
Characterize the following substances around us as acid base or salt.  
Sugar, Salt, Pepsi, Oranges, Strawberry, Baking Soda, Vinegar 
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INTRODUCTION 
 
The chemistry of carbon compounds pervades every aspect of our lives. We use 
thousands of carbon compounds every day they are a important chemical 
reactions within our bodies. Many of them are so vital that we cannot live without 
them. organic compound is generally any chemical compound that contains 
carbon. Due to carbon's ability to Catenate (form chains with other carbon atoms), 
millions of organic compounds are known. The study of the properties, reactions, 
and syntheses of organic compounds comprises the discipline known as organic 
chemistry. For historical reasons, a few classes of carbon-containing compounds 
(e.g., carbonates and cyanide salts), along with a handful of other exceptions (e.g., 
carbon dioxide), are not classified as organic compounds and are considered 
inorganic. Other than those just named, little consensus exists among chemists on 
precisely which carbon-containing compounds are excluded, making any rigorous 
definition of an organic compound elusive. 
 
A few types of carbon-containing compounds, such as carbides, carbonates, 
simple oxides of carbon (for example, CO and CO2), and cyanides are considered 
inorganic. Allotropes of carbon, such as diamond, graphite, fullerenes, and carbon 
nano-tubes are also excluded because they are simple substances composed of 
only a single element and therefore allotropes are not generally considered to be 
chemical compounds. 
 
 

OBJECTIVES 
 
After studying this unit the students will be able to: 
1. Differentiate Organic and Inorganic Compound  
2. Discuss Homologous Organic Group 
3. Apply Functional Groups 
4.  Describe Nomenclature 
5. Relate Reaction of functional Group 
6. Explain Oxidation –Reduction 
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9.1 TEACHING OF ORGANIC AND INORGANIC COMPOUND 
 
Lesson Plan N0.1 
Subject:         Chemistry  
Topic:           Organic and Inorganic Compound 
Class:            10th  
Duration:      40 minutes  
 
Objectives of the lesson  
General objectives 
1. To develop scientific attitude among students. 
2. To develop the mental and logical strength of the students. 
3. To develop cognitive, affective and testing activities in the students. 
 
Specific objectives: 
To study the organic and inorganic compound 
 
Introduction 
Organic compound is generally any chemical compound that contains carbon. 
Due to carbon's ability to catenate (form chains with other carbon atoms), millions 
of organic compounds are known. 
 
Previous knowledge test  
1) Define chemistry 
2) What are the different branches of chemistry? 
3) Differentiate organic and inorganic chemistry 
 
Announcement of the topic 
After receiving expected answer of last question teacher will announce the topic 
dear students 
Today I Will teach you organic and inorganic compounds 
 
Teaching methods 
Lecture cum Discovery Method. 
Activity based 
 
Presentation  
Organic Versus Inorganic Compounds 
There are chief differences between organic and inorganic compounds. While 
both types of compounds make up the basis of chemistry, the two types are rather 
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different. The main difference is in the presence of a carbon atom; organic 
compounds will contain a carbon atom (and often a hydrogen atom, to form 
hydrocarbons), while almost all inorganic compounds do not contain either of 
those two atoms. 
 
While most inorganic compounds do not contain carbon, there are a few that do. 
Carbon monoxide and carbon dioxide, for example, each contain carbon atoms, 
but the amount is not large enough to form strong bonds with the oxygen present 
in the molecule. Due to the small amount of carbon and the weak bonds it forms, 
scientists have long classified those molecules as inorganic, but this has led some 
in the scientific community to declare the need for a better classification system 
for compounds. 
 
Another important distinction between organic and inorganic compounds is the 
type of molecule and its association with living things. Organic compounds will 
include things like the nucleic acids, found in DNA, lipids and fatty acids found in 
the cells of living organisms, proteins and enzymes that are necessary for cellular 
processes to take place, and more. Meanwhile, inorganic compounds include the 
salts, metals, and other elemental compounds. 
 
1. C12H22O11 - Sucrose, better known as the sugar we use at home, is an 

important organic compound that contains not only carbon and hydrogen, 
but contains them in abundance and in ratios greater than the oxygen 
present. 

2. CH4 - Also known by the more common name methane, this carbon and 
hydrogen based organic compound is a widely recognized waste product of 
living things. 

3. C55H72O5N4Mg - Better known among researchers as chlorophyll-a, this 
component found in green plants not only is high in carbon and hydrogen 
ratios, but is also a chief factor in the process of photosynthesis in plants. 

4. (NH4)2S - Despite the presence of hydrogen atoms in this compound, the 
lack of a carbon atom and the resulting weak bonds that are formed between 
the atoms makes ammonium sulfide an inorganic compound. 

5. CaCl2 - Calcium chloride is an inorganic compound with a variety of uses, 
but its lack of either a carbon / hydrogen atom, or both means it is classified 
as an inorganic compound. 
 

 Activity  
Teacher will ask the students collect some natural compounds differentiate 
organic and inorganic compounds  
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Class work and observation  
1.  Trainee teacher will roam in the class to make it disciplined. 
2.  The students will copy down the white board summary 
3. Trainee teacher will try to solve the personal problems of the students. 
4. Trainee Teacher will check the postures of the students. 
 
Home assignments 
Draw concept map of organic and inorganic compounds 
 
Departure 
Teacher will leave the class by saying Allah Hafiz 
 
9.2. TEACHING OF HOMOLOGOUS ORGANIC GROUPS 
 
Lesson Plan # 2  
Subject:       chemistry  
Topic:              Homologous   organic groups. 
Class:              10th  
Duration:  40 minutes  
 
Objectives of the Lesson 
General objectives 
1.  To equip the students with all basic scientific knowledge 
2.  To develop patience, self-dependence, and self-study in the students. 
3. To develop scientific attitude among students. 
 
Specific objectives: 
To study homologous organic groups 
 
Introduction  
Homologous series is a group of compounds that share the same basic chemical 
makeup, but differ in the number of iterations of a certain aspect of their structure. 
Homologous series are referenced frequently in organic chemistry, where 
compounds can differ by the length of their carbon chain. 
 
Previous knowledge Test 
1.  What is meant by hydrocarbons? 
2.  Define catenation 
3.  A group of compounds with similar structural features that can be represented 

by a general formula whose members differ by one -CH2- unit is called…? 
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Announcement of the topic 
After receiving expected answer of last question teacher will announce the topic 
dear students 
Today I Will teach you about homologous   organic groups. 
 
Teaching method 
Lecture cum Discovery Methods.  
Activity based 
 
Presentation 
Homologous Organic Groups 
 
Definition 
A homologous series is a group of compounds with similar structural features that 
can be represented by a general formula whose members differ by one -CH2- unit. 
You can think of a homologous series as a 'family' or group of compounds, whose 
chemical behaviour is very similar and whose physical properties show trends 
when ascending the members of the group (in terms of number of carbon atoms). 
Each homologous series has a class name that must be distinguished from the 
name of the functional group that it contains. For example: The homologous 
series of alcohols (class) contains the hydroxyl functional group. 
 
General formula 
A general formula is one in which the numbers of carbons are represented by the 
letter 'n' and the numbers of other elements as a function of 'n'. So if there are two 
carbons and four hydrogens, n is equal to 2 (the number of carbons) and the value 
for the hydrogen is = 2n. The general formula becomes CnH2n. 
 
Example  
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Trends in properties 
 
The chemical properties of the members of an homologous series are due to the 
presence (or lack of) functional groups. As all members of the same series have 
the same functional groups, then the chemical properties are similar. They are not 
identical because chemical properties are also modified by other factors, such as 
the position of the functional group, or branching in the carbon chain. A case in 
point is the reactivity of the halogen Alkanes. This is known to depend on the 
position of the halogen atom on the carbon chain, as well as the shape of the 
carbon chain itself. The physical properties of a homologous series show a trend 
as the series is ascended. This is due to the increased relative molecular mass, as 
each member of the series differs from the previous member by one -CH2- unit. 
 
Physical properties include: 
1.  density 
2.  melting point 
3. boiling point 
4.  diffusion rate 
5.  solubility 
6.  refractive index 
7.  conductivity 
 
Both density and boiling point depend on the intermolecular forces in the 
compound. These may be due to Van der Waal's forces only, or a combination of 
Van der Waal's and dipole-dipole attractive forces. In either case, the Van der 
Waal's force increases as the relative molecular mass increases, causing a 
corresponding increase in density and boiling point 
 
Activity 
The class is divided into groups of 10-15 students and tasked with discovering the 
common link between a series of illustrations containing images depicting organic 
chemistry concepts or images of everyday scenes linked to organic chemistry.  
 
Class work and observation  
1. Trainee teacher will roam in the class to make it disciplined. 
2.  The students will copy down the white board summary 
3. Trainee teacher will try to solve the personal problems of the students. 
4. Trainee Teacher will check the postures of the students. 
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Home assignments 
Write the examples of homologous series compounds on your note books 
 
Departure 
Teacher will leave the class by saying Allah Hafiz 
 
9.3. TEACHING OF FUNCTIONAL GROUP 
 
Lesson Plan # 3  
Subject:                       Chemistry  
 Topic:                         Functional groups. 
Class:                            10th  
Duration:                     40 minutes 
 
Objectives of the lesson  
General objectives 
1. To develop scientific attitude among students. 
2. To develop the mental and logical strength of the students. 
3. To develop cognitive, affective and testing activities in the students. 
 
Specific objectives: 
To study the Functional Groups 
 
Introduction 
Functional group is a specific group of atoms or bonds within a compound that is 
responsible for the characteristic chemical reactions of that compound. The same 
functional group will behave in a similar fashion, by undergoing similar reactions, 
regardless of the compound of which it is a part. 
 
Functional Group 
 
Functional groups are specific substituents or moieties within molecules that are 
responsible for the characteristic chemical reactions of those molecules. The same 
functional group will undergo the same or similar chemical reaction(s) regardless 
of the size of the molecule it is a part of. This allows for systematic prediction of 
chemical reactions and behavior of chemical compounds and design of chemical 
syntheses. Furthermore, the reactivity of a functional group can be modified by 
other functional groups nearby. In organic synthesis, functional group 
interconversion is one of the basic types of transformations. 
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The following is a list of common functional groups. In the formulas, the symbols 
R and R' usually denote an attached hydrogen, or a hydrocarbon side chain of any 
length, but may sometimes refer to any group of atoms. 
 
Hydrocarbons 
Functional groups, called Hydrocarbyl that contain only carbon and hydrogen, but 
vary in the number and order of double bonds. Each one differs in type (and 
scope) of reactivity. 

 

Organic molecules vary greatly in size and when focusing on functional groups, 
we want to direct our attention to the atoms involved in the functional group. As a 
result, the abbreviation R is used in some examples. The letter R is used in 
molecular structures to represent the “Rest of the molecule”. It consists of a group 
of carbon and hydrogen atoms of any size. It is used as an abbreviation since a 
group of carbon and hydrogen atoms does not affect the functionality of the 
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compound. In some molecules, you will see R, R’, or R’’ which indicates that the 
R groups in the molecule can be different from one another. For example, R might 
be –CH2CH3 while R’ is –CH2CH2CH2CH3. 
 
Alkenes and Alkynes 
Alkenes are hydrocarbons that contain one or more double bonds between 
neighboring carbon atoms. Alkynes contain one or more triple bonds between 
neighboring carbon atoms. The presence of a double or triple bond results in 
reactivity not present in Alkanes, and alkynes (see figure below) undergo 
characteristic reactions which will be covered later. 

 
Aromatics 
The additional functional group that contains only carbon and hydrogen is an 
aromatic ring which is a six-carbon ring with alternative double bonds. The 
aromatic ring is also shown as a ring with a circle in the middle representing the 
double bonds. Aromatic rings (see figure below) are found in many compounds 
including steroids and medications. 

 
Alcohols 
The alcohol functional group involves an oxygen atom that is bonded to one 
hydrogen atom and one carbon atom. The carbon atom will be part of a larger 
organic structure. One way to indicate a generic alcohol would be with the 
formula R−OHR−OH. RR represents any organic fragment in which a carbon 
atom is directly bonded to the explicitly indicated functional group (in this 
case, OHOH). The RR group is typically a chain of carbon atoms. 
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Alcohols can be classified as primary, secondary, or tertiary based on the 
characteristics of the carbon to which it is attached. In a primary alcohol, the 
carbon bonded directly to the oxygen atom is also bonded to exactly one carbon 
atom, with the other bonds generally going to hydrogen atoms. In a secondary 
alcohol, the carbon is attached to two other carbon atoms, and in a tertiary 
alcohol, the carbon is bonded to three other carbon atoms. The type of alcohol 
being used will determine the product of certain reactions. Note the naming of 
alcohols as illustrated in the figure above. The location of the −OH−OH group is 
indicated with the number of the carbon to which it is attached. 
 
We are already familiar with several common alcohols. For example, 
ethanol (CH3CH2OH) (CH3CH2OH) is the alcohol present in alcoholic 
beverages. It is also widely used in the industrial manufacture of other chemicals. 
Methanol (CH3OH) (CH3OH) is used as a gasoline additive or alternative. 
Additionally, methanol can be used to manufacture formaldehyde, which is 
employed in the production of plastics, paints, and other useful substances. 
Isopropanol is commonly known as rubbing alcohol. In addition to its industrial 
uses, Isopropanol is used to clean various surfaces, including computer monitors, 
whiteboards, and even skin (e.g., before getting blood drawn). 
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Ethers 
The ether functional group consists of an oxygen atom that forms single bonds 
with two carbon atoms. 
 

 

 
 
Ethers are good solvents for other organic compounds because of their low 
reactivity. They readily dissolve nonpolar molecules. Diethyl ether is perhaps the 
best known ether. It is widely used as a solvent and has been used as an inhalable 
anesthetic. 
 
Although ethers themselves are relatively unreactive, however, they can be 
converted to peroxides after prolonged exposure to oxygen. Peroxides are very 
reactive and are often explosive at elevated temperatures. Many commercially 
available ethers come with a small amount of a peroxide scavenger dissolved in 
them to help prevent this type of safety hazard. 
 
Thiol 
The Thiol functional group contains a sulfur atom bonded to a hydrogen atom. It 
is very similar to an alcohol functional group with the sulfur replacing the O. 
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Thiols are also called mercaptans which is derived from the Latin phrase for 
"capturing mercury" because of the strong bonds it forms with mercury-
containing compounds. Some Thiol compounds have a distinctive smell similar to 
rotten eggs. They are often added to natural gas, which itself has no odor, as a 
way to detect leaks since its odor can be detected by humans in very small 
amounts. A Thiol group is also present in the amino acid cysteine which will be 
discussed later. 
 
Amines 
An amine consists of a nitrogen atom bonded to some combination of carbons 
and hydrogens. 
 

 
 
Like alcohols, amines can be classified as primary, secondary, or tertiary. 
However, the rules for assigning these categories are slightly different. In an 
alcohol, the oxygen atom is always bonded to exactly one carbon atom, so we 
look at the branching on the adjacent carbon, not the oxygen atom itself. In a 
neutral amine, the nitrogen can be bonded to one, two, or three carbon atoms, and 
this is how we decide whether it is called a primary, secondary, or tertiary amine. 
Neutral amines are weak bases, because the lone pair on nitrogen can act as a 
proton acceptor. Many smaller amines have very strong and offensive odors. For 
example, the aptly-named compounds cadaverine and putrescine are foul-smelling 
amines, formed as a part of the decay process after death. 
 
Amines serve a wide variety of uses. Diphenylamine acts as a stabilizer for certain 
types of explosives. Amines are found as components in some lubricating 
materials, in developers, and are a part of waterproofing textiles. Some amines, 
such as Novocain, are used as anesthetics. Many pharmaceutical compounds 
contain amines, including 8 of the 10 most prescribed medications in 2012. 
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Aldehydes 
A very common structural component of organic structures is the carbonyl, 
which is simply a carbon atom and an oxygen atom connected by a double bond. 
The reactivity of carbonyls is primarily dictated by the polarization of 
the C=OC=O bond, but the surrounding atoms also play a role in its specific 
reaction pathways. While carbonyl is a component of many functional groups, it 
is not itself a functional group. 

 
 
An Aldehyde is a carbonyl in which the carbon atom is bonded to at least one 
hydrogen atom. The other group attached to the carbonyl may be an RR-group or 
a hydrogen atom. Because the hydrogen atom is so small, the partial positive 
charge on the carbonyl carbon is very easy for other molecules to approach, 
making aldehydes a particularly reactive type of carbonyl. Aldehydes are versatile 
reactants for a wide variety of organic syntheses. Many aldehydes also have 
distinctive flavors and aromas. For example, the flavor of cinnamon is primarily 
due to the molecule cinnamaldehyde, and vanillin is the Aldehyde most 
responsible for the smell and taste of vanilla extract. 
 
A special Aldehyde is the molecule in which the carbonyl is bonded to two 
hydrogen atoms. This molecule, called formaldehyde, has a wide variety of uses. 
By itself, it can be used as a tissue preservative or as a very harsh disinfectant. It 
is also used as a precursor to various materials, including plastics, resins, and 
other polymers. 
 
Ketones 
 
A Ketone involves a carbonyl in which the carbon atom makes single bonds with 
two RR-groups. Ketones undergo most of the same reactions as aldehydes, but 
they tend to be slightly less reactive. The simplest ketone is acetone, in which the 
carbonyl carbon is bonded to two CH3CH3 groups. This ketone is commonly used 
to remove fingernail polish and serves as an industrial solvent. Methyl ethyl 
ketone is used as a paint stripper and a solvent. Ketones are also used in the 
production of various polymers, either as a building block or as a solvent. 
The RR-group in a ketone can be the same or different as seen in the example. 
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Carboxylic Acids 
 
Carboxylic acids are another carbonyl-containing functional group, in which the 
carbon atom is bonded to an OHOH group on one side and either a carbon or 
hydrogen atom on the other. 
 

 
 
As the name implies, carboxylic acids are weak acids. An OHOH group that is 
directly connected to a carbonyl will ionize to a small extent when dissolved in 
water. The reason for this is the relative stability of the resulting anion. A 
Carboxylate ion (see figure below), in which the negative charge is spread over 
two different oxygen atoms through resonance structures, is more stable than an 
isolated oxygen-centered anion. The carboxylic acid and Carboxylate ion are 
interchangeable. Carboxylate ions are often present in amino acids. 
 
Carboxylic acids are used in a variety of environments. Formic acid acts as a 
protective chemical for many stinging insects and plants. Acetic acid gives 
vinegar its characteristic smell and flavor and is a fundamental biological and 
industrial building block. Carboxylic acids with longer carbon chains (fatty acids) 
are used by animals as a way of storing energy and are widely used in the 
manufacture of soaps. Some compounds contain multiple carboxylic acids within 
a single molecule. For example, citric acid (three carboxyl groups) is especially 



abundant in citrus fruits and it used as a flavoring and preservative in many foods 
and beverages. 

 
 
Ester 
An Ester is similar to a carboxylic acid, in that it contains a carbonyl where the 
carbon is bonded to one additional oxygen atom and one carbon or hydrogen 
atom. However, the second oxygen atom is bonded to another carbon instead of to 
an acidic hydrogen atom. Structurally, carboxylic acids and esters are related to 
one another in the same way as alcohols and ethers. 

 
Esters can be formed by heating carboxylic acids and alcohols in the presence of 
an acid catalyst. This process is reversible, and the starting materials can be 
regenerated by reacting an ester with water in the presence of a weak base. 
 
Some esters have very pleasant odors, so they are used in the manufacture of 
many perfumes. Propyl acetate contributes to the odor of pears, while Isoamyl 
acetate gives bananas their smell. This ester also serves as an alarm signal for 



honeybees. Esters are employed in the manufacture of fabrics (polyesters) and 
Plexiglass. Anesthetics such as procaine and Benzocaine also contain esters. 
 
Amides 
 
An amide is a carbonyl in which the carbon is attached to one nitrogen atom and 
one carbon or hydrogen atom. Alternatively, we could define an amide as an 
amine in which one of the carbon atoms attached to the nitrogen is part of a 
carbonyl. 

 
 
An Amide can be formed by combining a carboxylic acid and an amine. Only 
primary and secondary amines can be sued to form amides, since they have a 
hydrogen that can be replaced with the carbonyl carbon; tertiary amines will not 
form amides. The amide shown in the figure above was formed from a carboxylic 
acid and a primary amine. Amides are used as coloring agents in crayons, pencils, 
and ink. They are employed in the paper, plastic, and rubber industries. Polyacryl 
Amide is a very widely used amide; it is involved in t he treatment of drinking 
water and sewage, and in plastics manufacture. The amide Kevlar is widely 
employed for the production of body armor, and nylon is another type of amide-
based polymer. 
 
Haloalkanes 
 
The Haloalkanes, also known as alkyl halides, are a group of chemical 
compounds comprised of an Alkane with one or more hydrogens replaced by a 
halogen atom (Group 17 atom). There is a fairly large distinction between the 
structural and physical properties of Haloalkanes and the structural and physical 
properties of Alkanes. A 
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Haloalkanes are found in fire extinguishers, refrigerants, propellants, solvents, 
and medications. They are also a significant source of pollution and their use has 
been reduced or eliminated in some products. Chlorofluorocarbons (CFCs) were 
used as refrigerants in air-conditioners but were found to be a major cause of the 
depletion of the ozone layer. Research and development of alternatives began in 
the 1970s. Hydro chlorofluorocarbons (HCFCs) have been used for many years 
since they cause less damage to the ozone layer, but many countries agreed to 
eliminate HCFCs by 2020. 
 
Activity #1  
Mentor will ask the Trainee teacher to write the Example of each functional group 
Activity #2  
Explore the application of functional groups in daily life  
 
9.4. NOMENCLATURE 
 
How to name organic compounds using the IUPAC rules? 
In order to name organic compounds you must first memorize a few basic names. 
These names are listed within the discussion of naming Alkanes. In general, the 
base part of the name reflects the number of carbons in what you have assigned to 
be the parent chain. The suffix of the name reflects the type(s) of functional 
group(s) present on (or within) the parent chain. Other groups which are attached 
to the parent chain are called substituents. 
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9.4.1 Alkanes - saturated hydrocarbons 
 
The names of the straight chain saturated hydrocarbons for up to a 12 carbon chain 
are shown below. The names of the substituents formed by the removal of one 
hydrogen from the end of the chain is obtained by changing the suffix -ane to -yl. 
here are a few common branched substituents which you should memorize. These 
are shown below. 
 

 
Here is a simple list of rules to follow. Some examples are given at the end of the list. 
1. Identify the longest carbon chain. This chain is called the parent chain. 
2. Identify all of the substituents (groups appending from the parent chain). 
3. Number the carbons of the parent chain from the end that gives the 

substituents the lowest numbers. When comparing a series of numbers, the 
series that is the "lowest" is the one which contains the lowest number at the 
occasion of the first difference. If two or more side chains are in equivalent 
positions, assign the lowest number to the one which will come first in the 
name. 

4. If the same substituent occurs more than once, the location of each point on 
which the substituent occurs is given. In addition, the number of times the 
substituent group occurs is indicated by a prefix (di, tri, tetra, etc.). 

5. If there are two or more different substituents they are listed in alphabetical 
order using the base name (ignore the prefixes). The only prefix 
which is used when putting the substituents in alphabetical order is iso as in 
isopropyl or isobutyl. The prefixes sec- and tert- are not used in determining 
alphabetical order except when compared with each other. 

6. If chains of equal length are competing for selection as the parent chain, 
then the choice goes in series to: 
a)  the chain which has the greatest number of side chains. 
b)  the chain whose substituents have the lowest- numbers. 
c)  the chain having the greatest number of carbon atoms in the smaller 

side chain. 
d) the chain having the least branched side chains. 
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7. A cyclic (ring) hydrocarbon is designated by the prefix cyclo- which appears 
directly in front of the base name. 

 
In summary, the name of the compound is written out with the substituents in 
alphabetical order followed by the base name (derived from the number of 
carbons in the parent chain). Commas are used between numbers and dashes are 
used between letters and numbers. There are no spaces in the name. 
 
Here are some examples: 

 
 
9.4.2 Alkyl halides 
The halogen is treated as a substituent on an Alkanes chain. The halo- substituent 
is considered of equal rank with an alkyl substituent in the numbering of the 
parent chain. The halogens are represented as follows: 
 

 
 
9.4.3 Alkenes and Alkynes - unsaturated hydrocarbons 
 
Double bonds in hydrocarbons are indicated by replacing the suffix -ane with -ene. If 
there is more than one double bond, the suffix is expanded to include a prefix that 
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indicates the number of double bonds present (-adiene, -atriene, etc.). Triple bonds 
are named in a similar way using the suffix -yne. The position of the multiple bond(s) 
within the parent chain is(are) indicated by placing the number(s) of the first carbon 
of the multiple bond(s) directly in front of the base name. 
 
Here is an important list of rules to follow: 
1. The parent chain is numbered so that the multiple bonds have the lowest 

numbers (double and triple bonds have priority over alkyl and halo 
substituents). 

2. When both double and triple bonds are present, numbers as low as possible 
are given to double and triple bonds even though this may at times give "-
yne" a lower number than "-ene". When there is a choice in numbering, the 
double bonds are given the lowest numbers. 

3. When both double and triple bonds are present, the -en suffix follows the 
parent chain directly and the -yne suffix follows the -en suffix (notice that 
the e is left off, -en instead of -ene). The location of the double bond(s) 
is(are) indicated before the parent name as before, and the location of the 
triple bond(s) is(are) indicated between the -en and -yne suffixes. See below 
for examples. 

4. For a branched unsaturated acyclic hydrocarbon, the parent chain is the 
longest carbon chain that contains the maximum number of double and 
triple bonds. If there are two or more chains competing for selection as the 
parent chain (chain with the most multiple bonds), the choice goes to (1) the 
chain with the greatest number of carbon atoms, (2) the # of carbon atoms 
being equal, the chain containing the maximum number of double bonds. 

5. If there is a choice in numbering not previously covered, the parent chain is 
numbered to give the substituents the lowest number at the first point of 
difference. 

 
Here are some examples: 
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9.4.4 Alcohols 
 
Alcohols are named by replacing the suffix -ane with -anol. If there is more than 
one hydroxyl group (-OH), the suffix is expanded to include a prefix that indicates 
the number of hydroxyl groups present (-anediol, -anetriol, etc.). The position of 
the hydroxyl group(s) on the parent chain is(are) indicated by placing the 
number(s) corresponding to the location(s) on the parent chain directly in front of 
the base name (same as alkenes). 
 
Here is an important list of rules to follow: 
1. The hydroxyl group takes precedence over alkyl groups and halogen 

substituents, as well as double bonds, in the numbering of the parent chain. 
2. When both double bonds and hydroxyl groups are present, the -en suffix 

follows the parent chain directly and the -ol suffix follows the -en suffix 
(notice that the e is left off, -en instead of -ene). The location of the double 
bond(s) is(are) indicated before the parent name as before, and the location 
of the hydroxyl group(s) is(are) indicated between the -en and -ol suffixes. 
See below for examples. Again, the hydroxyl gets priority in the numbering 
of the parent chain. 

3. If there is a choice in numbering not previously covered, the parent chain is 
numbered to give the substituents the lowest number at the first point of 
difference. 

 
Here are some examples: 
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9.4.5 Ethers 
You are only expected to know how to name ethers by their commmon names. 
The two alkyl groups attached to the oxygen are put in alphabetical order with 
spaces between the names and they are followed by the word ether. The prefix di- 
is used if both alkyl groups are the same. 
Here are some examples: 
 

 
 
9.4.6 Aldehydes 
 
Aldehydes are named by replacing the suffix -ane with -anal. If there is more 
than one -CHO group, the suffix is expanded to include a prefix that indicates the 
number of -CHO groups present (-anedial - there should not be more than 2 of 
these groups on the parent chain as they must occur at the ends). It is not 
necessary to indicate the position of the -CHO group because this group will be at 
the end of the parent chain and its carbon is automatically assigned as C-1. 
Here is an important list of rules to follow: 
1. The carbonyl group takes precedence over alkyl groups and halogen 

substituents, as well as double bonds, in the numbering of the parent chain. 
2. When both double bonds and carbonyl groups are present, the -en suffix 

follows the parent chain directly and the -al suffix follows the -en suffix 
(notice that the e is left off, -en instead of -ene). The location of the double 
bond(s) is(are) indicated before the parent name as before, and the -al suffix 
follows the -en suffix directly. Remember it is not necessary to specify the 
location of the carbonyl group because it will automatically be carbon #1. 
See below for examples. Again, the carbonyl gets priority in the numbering 
of the parent chain. 

3. There are a couple of common names which are acceptable as IUPAC 
names. They are shown in the examples at the end of this list but at this 
point these names will not be accepted by the computer. Eventually they 
will be accepted. 

4. If there is a choice in numbering not previously covered, the parent chain is 
numbered to give the substituents the lowest number at the first point of 
difference. 
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Here are some examples: 

 
9.4.7 Ketones 
Ketones are named by replacing the suffix -ane with -anone. If there is more than 
one carbonyl group (C=O), the suffix is expanded to include a prefix that 
indicates the number of carbonyl groups present (-anedione, -anetrione, etc.). 
The position of the carbonyl group(s) on the parent chain is(are) indicated by 
placing the number(s) corresponding to the location(s) on the parent chain directly 
in front of the base name (same as alkenes). 
 
Here is an important list of rules to follow: 
1. The carbonyl group takes precedence over alkyl groups and halogen 

substituents, as well as double bonds, in the numbering of the parent chain. 
2. When both double bonds and carbonyl groups are present, the -en suffix 

follows the parent chain directly and the -one suffix follows the -en suffix 
(notice that the e is left off, -en instead of -ene). The location of the double 
bond(s) is(are) indicated before the parent name as before, and the location 
of the carbonyl group(s) is(are) indicated between the -en and -one suffixes. 
See below for examples. Again, the carbonyl gets priority in the numbering 
of the parent chain. 

3. If there is a choice in numbering not previously covered, the parent chain is 
numbered to give the substituents the lowest number at the first point of 
difference. 
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Here are some examples: 

 
 
9.4.8 Carboxylic Acids 
 
Carboxylic acids are named by counting the number of carbons in the longest 
continuous chain including the carboxyl group and by replacing the suffix -ane of 
the corresponding alkane with -anoic acid. If there are two -COOH groups, the 
suffix is expanded to include a prefix that indicates the number of -COOH groups 
present (-anedioic acid - there should not be more than 2 of these groups on the 
parent chain as they must occur at the ends). It is not necessary to indicate the 
position of the -COOH group because this group will be at the end of the parent 
chain and its carbon is automatically assigned as C-1. 
 
Here is an important list of rules to follow: 
1. The carboxyl group takes precedence over alkyl groups and halogen 

substituents, as well as double bonds, in the numbering of the parent chain. 
2. If the carboxyl group is attached to a ring the parent ring is named and the 

suffix -carboxylic acid is added. 
3. When both double bonds and carboxyl groups are present, the -en suffix 

follows the parent chain directly and the -oic acid suffix follows the -en 
suffix (notice that the e is left off, -en instead of -ene). The location of the 
double bond(s) is(are) indicated before the parent name as before, and the -
oic acid suffix follows the -en suffix directly. Remember it is not necessary 
to specify the location of the carboxyl group because it will automatically be 
carbon #1. See below for examples. Again, the carboxyl gets priority in the 
numbering of the parent chain. 

4. There are several common names which are acceptable as IUPAC names. 
They are shown in the examples at the end of this list but at this point these 
names will not be accepted by the computer. Eventually they will be 
accepted. 
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5. If there is a choice in numbering not previously covered, the parent chain is 
numbered to give the substituents the lowest number at the first point of 
difference. 

 
Here are some examples: 

 
 
 
9.4.9 Esters 
 
Systematic names of esters are based on the name of the corresponding carboxylic 
acid. Remember esters look like this: 
 

 
 

The alkyl group is named like a substituent using the -yl ending. This is followed 
by a space. The acyl portion of the name (what is left over) is named by replacing 
the -ic acid suffix of the corresponding carboxylic acid with -ate. 
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Here are some examples: 
 

 
 
9.4.10 Amines 
You are only expected to know how to name amines by their common names. 
They are named like ethers, the alkyl (R) groups attached to the nitrogen are put 
in alphabetical order with no spaces between the names and these are followed by 
the word amine. The prefixes di- and tri- are used if two or three of the alkyl 
groups are the same. 
 
NOTE: Some books put spaces between the parts of the name, but we will not. 
Follow the examples. 
Here are some examples: 

 
 

Activity # 1 
Trainee teacher will ask the students to enlist all functional groups  
 
Activity # 2 
Trainee teachers will divide the class in two groups and ask them to write the 
general and specific objectives of Nomenclature of organic compounds 
 
9.5. REACTION OF FUNCTIONAL GROUP 
 
Functional groups are atoms or small groups of atoms (two to four) that exhibit a 
characteristic reactivity. A particular functional group will almost always display 
its characteristic chemical behavior when it is present in a compound. Because of 
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their importance in understanding organic chemistry, functional groups have 
characteristic names that often carry over in the naming of individual compounds 
incorporating specific groups 
 
As we progress in our study of organic chemistry, it will become extremely 
important to be able to quickly recognize the most common functional groups, 
because they are the key structural elements that define how organic molecules 
react. For now, we will only worry about drawing and recognizing each functional 
group, as depicted by Lewis and line structures. Much of the remainder of your 
study of organic chemistry will be taken up with learning about how the different 
functional groups tend to behave in organic reactions. 
 
Hydrocarbons and halides 
We have already seen some examples of very common functional groups: ethene, 
for example, contains a carbon-carbon double bond. This double bond is referred 
to, in the functional group terminology, as an alkene. 
 

 
 
The carbon-carbon triple bond in ethyne is the simplest example of 
an alkyne function group. 
 
What about ethane? All we see in this molecule is carbon-hydrogen and carbon-
carbon single bonds, so in a sense we can think of ethane as lacking a functional 
group entirely. However, we do have a general name for this ‘default’ carbon 
bonding pattern: molecules or parts of molecules containing only carbon-
hydrogen and carbon-carbon single bonds are referred to as alkanes. If the carbon 
of an alkane is bonded to a halogen, the group is now referred to as 
a haloalkane (fluoroalkane, chloroalkane, etc.). Chloroform, CHCl3, is an 
example of a simple haloalkane. 
 
Alcohols and Thiols 
We have already seen the simplest possible example of an alcohol functional 
group in methanol. In the alcohol functional group, a carbon is single-bonded to 
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an OH group (this OH group, by itself, is referred to as a hydroxyl). If the central 
carbon in an alcohol is bonded to only one other carbon, we call the group a 
primary alcohol. In secondary alcohols and tertiary alcohols, the central carbon is 
bonded to two and three carbons, respectively. Methanol, of course, is in class by 
itself in this respect. 
 

 
The sulfur analog of an alcohol is called a thiol (the prefix thio, derived from the 
Greek, refers to sulfur). 

 
In an ether functional group, a central oxygen is bonded to two carbons. Below 
are the line and Lewis structures of diethyl ether, a common laboratory solvent 
and also one of the first medical anesthesia agents. 
 

 
In sulfides, the oxygen atom of an ether has been replaced by a sulfur atom. 

 
 
Amines and Phosphates 
Ammonia is the simplest example of a functional group called amines. Just as 
there are primary, secondary, and tertiary alcohols, there are primary, secondary, 
and tertiary amines. 
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One of the most important properties of amines is that they are basic, and are 
readily protonated to form ammonium cations. 
 

                      
Phosphorus is a very important element in biological organic chemistry, and is 
found as the central atom in the phosphate group. Many biological organic 
molecules contain phosphate, diphosphate, and triphosphate groups, which are 
linked to a carbon atom by the phosphate ester functionality. 

 
Because phosphates are so abundant in biological organic chemistry, it is 
convenient to depict them with the abbreviation 'P'. Notice that this 'P' 
abbreviation includes the oxygen atoms and negative charges associated with the 
phosphate groups. 

 
 

 
Carbonyl Containing Functional Groups 
Aldehydes and Ketones 
There are a number of functional groups that contain a carbon-oxygen double 
bond, which is commonly referred to as a carbonyl. Ketones and aldehydes are 
two closely related carbonyl-based functional groups that react in very similar 
ways. In a ketone, the carbon atom of a carbonyl is bonded to two other carbons. 
In an aldehyde, the carbonyl carbon is bonded on one side to a hydrogen, and on 
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the other side to a carbon. The exception to this definition is formaldehyde, in 
which the carbonyl carbon has bonds to two hydrogens. 

 
Molecules with carbon-nitrogen double bonds are called imines, or Schiff bases. 

 
Carboxylic acids and acid derivatives 
If a carbonyl carbon is bonded on one side to a carbon (or hydrogen) and on the 
other side to a heteroatom (in organic chemistry, this term generally refers to 
oxygen, nitrogen, sulfur, or one of the halogens), the functional group is 
considered to be one of the ‘carboxylic acid derivatives’, a designation that 
describes a grouping of several functional groups. The eponymous member of this 
grouping is the carboxylic acid functional group, in which the carbonyl is bonded 
to a hydroxyl (OH) group. 

 
As the name implies, carboxylic acids are acidic, meaning that they are readily 
deprotonated to form the conjugate base form, called a carboxylate (much more 
about carboxylic acids in the acid-base chapter!). 

 
In amides, the carbonyl carbon is bonded to a nitrogen. The nitrogen in an amide 
can be bonded either to hydrogens, to carbons, or to both. Another way of 
thinking of an amide is that it is a carbonyl bonded to an amine. 
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In esters, the carbonyl carbon is bonded to an oxygen which is itself bonded to 
another carbon. Another way of thinking of an ester is that it is a carbonyl bonded to 
an alcohol. Thioesters are similar to esters, except a sulfur is in place of the oxygen. 

 
In an Acyl phosphate, the carbonyl carbon is bonded to the oxygen of a 
phosphate, and in an acid chloride, the carbonyl carbon is bonded to a chlorine. 

 
Finally, in a nitrile group, a carbon is triple-bonded to a nitrogen. Nitriles are also 
often referred to as cyano groups. 
 

 
A single compound may contain several different functional groups. The six-
carbon sugar molecules glucose and fructose, for example, contain aldehyde and 
ketone groups, respectively, and both contain five alcohol groups (a compound 
with several alcohol groups is often referred to as a ‘polyol’). 
 

 
Capsaicin, the compound responsible for the heat in hot peppers, contains phenol, 
ether, amide, and alkene functional groups. 
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Activity 
1. Identify the functional groups in the following organic compounds. State 

whether alcohols and amines are primary, secondary, or tertiary. 

 
 

2. Draw one example each (there are many possible correct answers) of 
compounds fitting the descriptions below, using line structures. Be sure to 
designate the location of all non-zero formal charges. All atoms should have 
complete octets (phosphorus may exceed the octet rule). 

 a)  a compound with molecular formula C6H11NO that includes alkene, 
secondary amine, and primary alcohol functional groups 

 b)  an ion with molecular formula C3H5O6P 2- that includes aldehyde, 
secondary alcohol, and phosphate functional groups. 

 c)  A compound with molecular formula C6H9NO that has an amide 
functional group, and does not have an alkene group. 

Solution 
1: 
a) carboxylate, sulfide, aromatic, two amide groups (one of which is cyclic) 
b) tertiary alcohol, thioester 
c) carboxylate, ketone 
d) ether, primary amine, alkene 
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9.6. OXIDATION–REDUCTION 
 
Lesson plan  
Oxidation and reduction in terms of oxygen transfer 
The terms oxidation and reduction can be defined in terms of the adding or 
removing oxygen to a compound. while this is not the most robust definition, as 
discussed below, it is the easiest to remember. 
Oxidation and Reduction with respect to Oxygen Transfer 
• Oxidation is the gain of oxygen. 
• Reduction is the loss of oxygen. 
 
For example, in the extraction of iron from its ore: 
 

 

 
Because both reduction and oxidation are occurring simultaneously, this is known 
as a redox reaction. 
 
An oxidizing agent is substance which oxidizes something else. In the above 
example, the iron(III) oxide is the oxidizing agent. A reducing agent reduces 
something else. In the equation, the carbon monoxide is the reducing agent. 
• Oxidizing agents give oxygen to another substance. 
• Reducing agents remove oxygen from another substance. 
 
Oxidation and reduction in terms of hydrogen transfer 
These are old definitions which are no longer used, except occasionally in organic 
chemistry. 
Oxidation and Reduction with respect to Hydrogen Transfer 
Oxidation is the loss of hydrogen. 
• Reduction is the gain of hydrogen. 
 
Notice that these are exactly the opposite of the oxygen definitions (#1). 
For example, ethanol can be oxidized to ethanol: 
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An oxidizing agent is required to remove the hydrogen from the ethanol. A 
commonly used oxidizing agent is potassium dichromate(VI) solution acidified 
with dilute sulfuric acid. Ethanal can also be reduced back to ethanol by adding 
hydrogen. A possible reducing agent is sodium tetrahydridoborate, NaBH4. Again 
the equation is too complicated to consider at this point. 
 

 
 
More precise definitions of oxidizing and reducing agents are 
• Oxidizing agents add oxygen to another substance or remove hydrogen 

from it. 
• Reducing agents remove oxygen from another substance or add hydrogen 

to it. 
 

Oxidation and reduction in terms of electron transfer 
Oxidation and Reduction with respect to Electron Transfer 
• Oxidation is loss of electrons 
• Reduction is gain of electrons 
 
Remembering these definitions is essential, and easily done using this convenient 
acronym: 
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Activity # 1 
The equation below shows an obvious example of oxygen transfer in a simple 
redox reaction: 

CuO+Mg→Cu+MgO(1) 
Copper(II) oxide and magnesium oxide are both ionic compounds. If the above is 
written as an ionic equation, it becomes apparent that the oxide ions are spectator 
ions. Omitting them gives: 
 

 

 
In the above reaction, magnesium reduces the copper(II) ion by transferring 
electrons to the ion and neutralizing its charge. Therefore, magnesium is a 
reducing agent. Another way of putting this is that the copper(II) ion is removing 
electrons from the magnesium to create a magnesium ion. The copper(II) ion is 
acting as an oxidizing agent. 
 
Self Assessment Questions 
MCQs 
1.  Saturated hydrocarbons are otherwise referred as 
 a)  Alkanes 
 b)  Alkenes 
 c)  Alkynes 
 d)  Alkaloids 
2.  Identify the correct Alkanes name for the molecular formula C30H62 
 a)  Propdecane 
 b)  Eicosane 
 c)  Triacontane 
 d)  Dodecane 
3.  Identify the smallest Alkanes which can form a ring structure (cycloalkane) 
 a)  Cyclomethane 
 b)  Methane 
 c)  Cyclopropane 
 d)  Propane 
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4.  In which among the following Alkane, a carbon atom is displaced so as to 
form a compactly structure with the resemblance of a butterfly wing 

 a)  Cyclopropane 
 b)  Cyclobutane 
 c)  Cyclopentane 
 d)  Cyclohexane 
5.  The first step in IUPAC nomenclature is to identify the total number of 

carbon atoms present in the compound. State true or false 
 a)  True 
 b)  False 
6.  The substituent in the chain is named by replacing the “ane” in the alkanes by 
 a)  ene 
 b)  ic 
 c)  one 
 d)  yl 
7.  The C=C bond in the chain of the compound considered is shown by 
 a)  Specifying the number of carbon atoms associated with the bond 
 b)  Specifying the number of carbon atoms at beginning of the C=C bond 
 c)  Specifying the number of carbon atoms at end of the C=C bond 
 d)  Specifying the number of carbon atoms in the entire chain 
8.  Dienes are the name given to compounds with 
 a)  Exactly a double bond 
 b)  Exactly a triple bond 
 c)  Exactly two double bond 
 d)  more than two double bond 
9.  Triple bond with two carbon atoms on either side is called 
 a)  Methnyl group 
 b)  Ethynyl group 
 c)  Propionyl group 
 d)  Propargyl group 
10.  The substituent groups that are commonly associated with benzene ring are 
 a)  Phenyl and benzyl 
 b)  Propyl and phenyl 
 c)  Methyl and benzyl 
 d)  Butyl and phenyl 
11.  Old paintings can be restored through an oxidizing agent 
 a) H2S                  C.  H2PO4 
 b) H2O2                        D.    H3O 
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12.  Oxidizing agents 
a) are mostly non-metals 
b) are mostly metals 
c) decrease in oxidation state 
d) are mostly transition metals 

13.  Hydrogen acts as a reducing agent, 
a) by taking oxygen 
b) by giving electrons 
c) by taking hydrogen 
d) Both A and B 

14.  Oxidizing agents does not include 
a) potassium iodide 
b) potassium manganate 
c) potassium dichromate 
d) bromine solutions 

15) While Potassium Iodide (KI) is a powerful reducing agent, 
a) the iodide ion is oxidized to iodine 
b) the iodide ion is reduced to iodine 
c) iodine is reduced to iodide ion 
d) iodine is oxidized to iodide ion 

16. Butanol contains which one of the following functional groups? 
a)  Carboxyl group 
b)  Carbonyl group 
c)  Hydroxyl group 
d)  Phenyl group 

17. What is the IUPAC name for the following compound? 

 
 (a) 1,3-pentamethylpropane 
 (b) 1,1,3,3-tetramethylbutane 
 (c) 2,4,4-trimethylpentane 
 (d) 2,2,4-trimethylpentane 
1.  Differentiate Organic and inorganic compound 
2.  Discuss Homologous organic group 
3.  Define functional group explain functional group with examples 
4.  Enlist the Nomenclature of saturated and unsaturated hydrocarbons 
5.  Write down Reaction of functional group 
6.  Explain oxidation -reduction  
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