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FOREWORD

Through the National Council for Curriculum and Assessment (NaCCA), Ghana’s
Ministry of Education has introduced a series of curriculum reforms to improve
the quality and relevance of learning experiences in pre-tertiary schools in
the country.These reforms will improve learning through the introduction of
innovative pedagogies that encourage critical thinking and problem-solving. For
a long time, our learners memorise facts and figures, which does not develop
their analytical and practical skills. The Ministry recognises that learners need
to be equipped with the right tools, knowledge, skills and competencies to deal
with the fast-changing environment and the challenges facing their communities,
the nation and the world.

These curriculum reforms were derived from the Education Strategic Plan
(ESP 2018-2030), the National Pre-tertiary Education Curriculum Framework
(NPTECF) and the National Pre-Tertiary Learning Assessment Framework
(NPLAF), which were all approved by Cabinet in 2018.The new standards-based
curriculum implemented in 2019 in basic schools, aims to equip learners to
apply their knowledge innovatively to solve everyday problems. It also prioritises
assessing learners’ knowledge, skills, attitudes, and values, emphasising their
achievements. The content of the basic school standards-based curriculum was
therefore designed to promote a curriculum tailored to the diverse educational
needs of the country’s youth. It addresses the current curriculum’s deficiencies
in learning and assessment, especially in literacy and numeracy. These reforms
have been carried out in phases.The curriculum for the basic school level — KG,
Primary and Junior High School (JHS) — was developed and implemented from
2019 to 2021.

The curriculum for Senior High School (SHS), Senior High Technical School
(SHTS) and Science, Technical, Engineering and Mathematics (STEM), which
constitutes the next phase, is designed to ensure the continuation of learning
experiences from JHS. It introduces flexible pathways for progression to facilitate
the choice of subjects necessary for further study, the world of work and adult
life. The new SHS, SHTS and STEM curriculum emphasises the acquisition of
21 Century skills and competencies, character development and instilling of
national values. Social and Emotional Learning (SEL), Information Communications
Technology, Gender Equality and Social Inclusion, have all been integrated into
the curriculum. Assessment — formative and summative has been incorporated
into the curriculum and aligned with the learning outcomes throughout the
three-year programme.

The Ministry of Education’s reform aims to ensure that graduates of our secondary
schools can successfully compete in international high school competitions and,
at the same time, be equipped with the necessary employable skills and work
ethos to succeed in life. The Ministry of Education, therefore, sees the Senior
High School (SHS) curriculum as occupying a critical place in the education
system — providing improved educational opportunities and outcomes for further
studies, the world of work and adult life — and is consequently prioritising its
implementation.
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THE SHS CURRICULUM OVERVIEW

The vision for this curriculum is to ensure the nation has a secondary education
system that enables all Ghanaian children to acquire the 21st Century skills,
competencies, knowledge, values and attitudes required to be responsible citizens,
ready for the world of work, further studies and adult life. The nation’s core values
drive the SHS curriculum, and it is intended to achieve Sustainable Development
Goal 4:‘Inclusive, equitable quality education and life-long learning for all’. Above
all,it is a curriculum enabling its graduates to contribute to the ongoing growth
and development of the nation’s economy and well-being.

The curriculum is inclusive, flexible, and robust. It was written under the auspices
of the National Council for Curriculum and Assessment by a team of expert
curriculum writers across Ghana. It reflects the needs of critical stakeholders,
including industry, tertiary education, the West African Examination Council, SHS
learners, teachers, and school leaders. It has been written based on the National
Pre-Tertiary Learning and Assessment Framework and the Secondary Education
Policy.

The key features of the curriculum include:

* flexible learning pathways at all levels, including for gifted and talented learners
and those with deficiencies in numeracy and literacy, to ensure it can meet
the needs of learners from diverse backgrounds and with different interests
and abilities.

* the five core learning areas for secondary education: science and technology,
language arts, humanities, technical and vocational and business; with emphasis
placed on STEM and agriculture as integral to each subject.

* a structured, standards-based approach that supports the acquisition of
knowledge, skills and competencies, and transition and seamless progress
throughout secondary education, from JHS to SHS and through the three
years of SHS.

* a focus on interactive approaches to teaching and assessment to ensure
learning goes beyond recall enabling learners to acquire the ability to
understand, apply, analyse and create.

* guidance on pedagogy, coupled with exemplars, demonstrating how to
integrate cross-cutting themes such as 2Ist Century skills, core competencies,

the use of ICT, literacy and mathematics, Social Emotional Learning, Gender

Equality and Social Inclusion as tools for learning and skills for life. Shared

Ghanaian values are also embedded in the curriculum.
The curriculum writing process was rigorous and involved developing and using
a Curriculum Writing Guide which provided systematic instructions for writers.
The process was quality assured at three levels: through (a) evaluation by national
experts, (b) trialling curriculum materials in schools and (c) through an external
evaluation by a team of national and international experts. Evidence and insights
from these activities helped hone the draft’s final version. The outcome is a
curriculum coherently aligned with national priorities, policies and the needs
of stakeholders.A curriculum tailored to the Ghanaian context ensures that all
learners benefit from their schooling and develop their full potential.

The following section highlights the details of the front matter of the draft
curriculum.The vision, philosophy and goal of the curriculum are presented.This is
followed by the details of the 2Ist Century skills and competencies, teaching and
learning approaches, instructional design and assessment strategies. The template
for the curriculum frame, which outlines the scope and sequence, the design that
links the learning outcomes to particular 21st Century skills and competencies,
as well as Gender Equality and Social Inclusion, Social and Emotional Learning and
Ghanaian values are presented together with the structure of the lesson frame
showing the links between the content standards, learning indicators with their
corresponding pedagogical exemplars and assessment strategies.
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INTRODUCTION

Effective implementation of this Senior High School (SHS) curriculum is the
key to creating a well-educated and well-balanced workforce that is ready to
contribute to Ghana’s progress by harnessing the potential of the growing youth
population, considering the demographic transition the country is currently
experiencing (Educational Strategic Plan [ESP] 2018-2030). SHS curriculum aims
to expand equitable, inclusive access to relevant education for all young people,
including those in disadvantaged and underserved communities, those with special
educational needs and those who are gifted and talented. Senior High School
allows young people to develop further skills and competencies and progress
in learning achievement, building from the foundation laid in Junior High School.
This curriculum intends to meet the learning needs of all high school learners
by acquiring 2Ist Century skills and competencies to prepare them for further
studies, the world of work and adult life. Changing global economic, social and
technological context requires life-long learning, unlearning, and continuous
processes of reflection, anticipation and action.

Philosophy of Senior High School Curriculum

The philosophy underpinning the SHS curriculum is that every learner can develop their
potential to the fullest if the right environment is created and skilled teachers effectively
support them to benefit from the subjects offered at SHS. Every learner needs to be
equipped with skills and competencies of interest to further their education, live a
responsible adult life or proceed to the world of work.

Vision of Senior High School Curriculum

The vision of the curriculum is to prepare SHS graduates equipped with relevant skills
and competencies to progress and succeed in further studies, the world of work and
adult life. It aims to equip all learners with the 2 st Century skills and competencies
required to be responsible citizens and lifelong learners. When young people are
prepared to become effective, engaging, and responsible citizens, they will contribute
to the ongoing growth and development of the nation’s economy and well-being.
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Goal of Senior High School Curriculum

The goal of the curriculum is to achieve relevant and quality SHS through the
integration of 21st Century skills and competencies as set out in the Secondary
Education Policy.The key features to integrate into the curriculum are:

* Foundational Knowledge: literacy, numeracy, scientific literacy, information,
communication and digital literacies, financial literacy and entrepreneurship,
cultural identity, civic literacy and global citizenship

» Competencies: critical thinking and problem-solving, innovation and creativity,
collaboration, and communication

* Character Qualities: discipline, integrity, self-directed learning, self-confidence,
adaptability and resourcefulness, leadership, and responsible citizenship.

The JHS curriculum has been designed to ensure that learners are adequately
equipped to transition seamlessly into SHS, where they will be equipped with
the relevant knowledge, skills and competencies.The SHS curriculum emphasises
character building, acquisition of 21st Century skills and competencies and
nurturing core values within an environment of quality education to ensure the
transition to further study, the world of work and adult life. This requires the
delivery of robust secondary education that meets the varied learning needs of
the youth in Ghana.The SHS curriculum, therefore, seeks to develop learners to
become technology-inclined, scientifically literate, good problem-solvers who can
think critically and creatively and are equipped to communicate with fluency, and
possess the confidence and competence to participate fully in Ghanaian society
as responsible local and global citizens — (referred to as ‘Glocal citizens’).

The SHS curriculum is driven by the nation’s core values of truth, integrity,
diversity, equity, discipline, self-directed learning, self-confidence, adaptability
and resourcefulness, leadership, and responsible citizenship, and with the intent
of achieving the Sustainable Development Goal 4:‘Inclusive, equitable quality
education and life-long learning for all’. The following sections elaborate on the
critical competencies required of every SHS learner:



Gender Equality and Social Inclusion (GESI)

* Appreciate their uniqueness about others.

* Pay attention to the uniqueness and unique needs of others.

* Value the perspective, experience, and opinion of others.

* Respect individuals of different beliefs, political views/ leanings, cultures, and
religions.

* Embrace diversity and practise inclusion.

* Value and work in favour of a democratic and inclusive society.

* Be conscious of the existence of minority and disadvantaged groups in society
and work to support them.

* Gain clarity about misconceptions/myths about gender, disability, ethnicity,
age, religion, and all other excluded groups in society

* Interrogate and dispel their stereotypes and biases about gender and other
disadvantaged and excluded groups in society.

* Appreciate the influence of socialisation in shaping social norms, roles,
responsibilities, and mindsets.

* Identify injustice and advocate for change.

* Feel empowered to speak up for themselves and be a voice for other
disadvantaged groups.

21*t Century Skills and Competencies

In today’s fast-changing world, high school graduates must be prepared for the
2|st Century world of work.The study of Mathematics, Science, and Language
Arts alone is no longer enough. High school graduates need a variety of skills
and competencies to adapt to the global economy. Critical thinking, creativity,
collaboration, communication, information literacy, media literacy, technology
literacy, flexibility, leadership, initiative, productivity, and social skills are needed.
These skills help learners to keep up with today’s fast-paced job market. Employers
want workers with more than academic knowledge.The 21st Century skills and
competencies help graduates navigate the complex and changing workplace.
Also, these help them become active citizens who improve their communities.
Acquisition of 21st Century skills in high school requires a change in pedagogy
from the approach that has been prevalent in Ghana in recent years. Teachers
should discourage and abandon rote memorisation and passive learning. Instead,
they should encourage active learning, collaboration, and problem-solving, project-

based, inquiry-based, and other learner-centred pedagogy should be used.As well
as aligning with global best practices, these approaches also seek to reconnect
formal education in Ghana with values-based indigenous education and discovery-
based learning which existed in Ghana in pre-colonial times. This is aligned with
the ‘glocal’ nature of this curriculum, connecting with Ghana’s past to create
confident citizens who can engage effectively in a global world. Digitalisation,
automation, technological advances and the changing nature of work globally
mean that young people need a new set of skills, knowledge and competencies
to succeed in this dynamic and globalised labour market.

Critical Thinking and Problem-Solving Competency

* Ability to question norms, practices, and opinions, to reflect on one’s values,
perceptions, and actions.

* Ability to use reasoning skills to come to a logical conclusion.

* Being able to consider different perspectives and points of view

* Respecting evidence and reasoning

* Not being stuck in one position

* Ability to take a position in a discourse

* The overarching ability to apply different problem-solving frameworks to
complex problems and develop viable, inclusive, and equitable solution options
that integrate the above-mentioned competencies, promote sustainable
development,

Creativity
* Ability to identify and solve complex problems through creative thinking.
* Ability to generate new ideas and innovative solutions to old problems.

* Ability to demonstrate originality and flexibility in approaching tasks and
challenges.

* Collaborating with others to develop and refine creative ideas

 Ability to incorporate feedback and criticism into the creative process

+ Utilising technology and other resources to enhance creativity

* Demonstrating a willingness to take risks and experiment with new approaches
Adapting to changing circumstances and further information to maintain
creativity
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Integrating multiple perspectives and disciplines to foster creativity
Ability to communicate creative ideas effectively to a variety of audiences

Collaboration

Abilities to learn from others; to understand and respect the needs,
perspectives, and actions of others (empathy)

Ability to understand, relate to and be sensitive to others (empathic leadership)
Ability to deal with conflicts in a group

Ability to facilitate collaborative and participatory problem-solving

Ability to work with others to achieve a common goal.

Ability to engage in effective communication, active listening, and the ability
to compromise.

Ability to work in groups on projects and assignments.

Communication

Know the specific literacy and language of the subjects studied

Use language for academic purposes

Communicate effectively and meaningfully in a Ghanaian Language and English
Language

Communicate confidently, ethically, and effectively in different social contexts.

Communicate confidently and effectively to different participants in different
contexts

Ability to communicate effectively verbally, non-verbally and through writing.

Demonstrate requisite personal and social skills that are consistent with
changes in society

Ability to express ideas clearly and persuasively, listen actively, and respond
appropriately

Ability to develop digital communication skills such as email etiquette and
online collaboration.

Ability to engage in public speaking, debate, and written communication.

Learning for Life

Understand subject content and apply it in different contexts
Apply mathematical and scientific concepts in daily life
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Demonstrate mastery of skills in literacy, numeracy, and digital literacy.
Develop an inquiry-based approach to continual learning.

Be able to understand higher-order concepts and corresponding underlying
principles.

Participate in the creative use of the expressive arts and engage in aesthetic
appreciation.

Use and apply a variety of digital technologies

Be digitally literate with a strong understanding of ICT and be confident in
its application.

Be equipped with the necessary qualifications to gain access to further and
higher education and the world of work and adult life

Ability to apply knowledge practically in the workplace so that they are able
to utilise theory by translating it into practice.

Develop their abilities, gifts and talents to be able to play a meaningful role
in the development of the country

Be able to think critically and creatively, anticipate consequences, recognise
opportunities and be risk-takers

Ability to pursue self-directed learning with the desire to chart a path to
become effective lifelong learners.

Independent thinkers and doers who show initiative and take action.
Ability to innovate and think creatively, building on their knowledge base so
that they take risks to achieve new goals

Ability to think critically and solve problems so that they become positive
change agents at work, in further study and in their personal lives.

Be motivated to adapt to the changing needs of society through self-evaluation
and ongoing training

Be able to establish and maintain innovative enterprises both individually and
in collaboration with others.

Be able to ethically prioritise economic values to ensure stability and autonomy
Show flexibility and preparedness to deal with job mobility

Be committed towards the improvement of their quality of life and that of
others

Feel empowered in decision-making processes at various levels e.g., personal,
group, class, school, etc.



* Be able to seek and respond to assistance, guidance and/or support when
needed.

* Ability to make and adhere to commitments.

* Adopt a healthy and active lifestyle and appreciate how to use leisure time
well.

* Be enthusiastic, with the knowledge, understanding and skill that enable them
to progress to tertiary level, the world of work and adult life.

* Ability to transition from school to the world of work or further study by
applying knowledge, skills and attitudes in new situations.

* Be independent, have academic and communication skills such as clarity of
expression (written and spoken), and the ability to support their arguments.

* Be innovative and understand the 21st Century skills and competencies and
apply them to everyday life.

Global and Local (Glocal) Citizenship
* Appreciate and respect the Ghanaian identity, culture, and heritage

* Be conscious of current global issues and relate well with people from different
cultures

* Act in favour of the common good, social cohesion and social justice
* Have the requisite personal and social skills to handle changes in society
* Appreciate the impact of globalisation on the society.

* Ability to be an honest global citizen displaying leadership skills and moral
fortitude with an understanding of the wider world and how to enhance
Ghana’s standing.

Systems Thinking Competency
* Ability to recognise and understand relationships
* Ability to analyse complex systems

* Ability to think of how systems are embedded within different domains and
different scales

* Ability to deal with uncertainty

Normative Competency

* Ability to understand and reflect on the norms and values that underlie one’s
actions

* Ability to negotiate values, principles, goals, and targets, in a context of conflicts
of interests and trade-offs, uncertain knowledge and contradictions

Anticipatory Competency

* Ability to understand and evaluate multiple futures — possible, probable, and
desirable

+ Ability to create one’s vision for the future.

+ Ability to apply the precautionary principle

* Ability to assess the consequences of actions

* Ability to deal with risks and changes

Strategic Competency

* Ability to collectively develop and implement innovative actions that further
a cause at the local level and beyond.

* Ability to understand the bigger picture and the implications of smaller actions
on them

Self-Awareness Competency

¢ The ability to reflect on one’s role in the local community and (global) society
* Ability to continually evaluate and further motivate one’s actions

* Ability to deal with one’s feelings and desires

Social Emotional Learning (SEL): Five Core Competencies with
Examples

|. Self-Awareness

Understanding one’s emotions, thoughts, and values and how they
influence one’s behaviour in various situations. This includes the ability
to recognise one’s strengths and weaknesses with a sense of confidence and
purpose. For instance:

* Integrating personal and social identities;

* Identifying personal, cultural, and linguistic assets;
* Identifying one’s emotions;

* Demonstrating honesty and integrity;
 Connecting feelings, values, and thoughts;
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* Examining prejudices and biases;

» Experiencing self-efficacy;

* Having a growth mindset;

* Developing interests and a sense of purpose;

2. Self-Management

The capacity to control one’s emotions, thoughts, and actions in a
variety of situations and to realise one’s ambitions. This includes delaying
obtaining one’s desires, dealing with stress, and feeling motivated and accountable
for achieving personal and group goals. For instance:

* Managing one’s emotions;

* Identifying and utilising stress-management strategies;
* Demonstrating self-discipline and self-motivation;
 Setting personal and group goals;

*  Using planning and organisation skills;

* Having the courage to take the initiative;

» Demonstrating personal and collective agency;

3. Social Awareness

The capacity to comprehend and care for others regardless of their backgrounds,
cultures, and circumstances.This includes caring for others, understanding larger
historical and social norms for behaviour in different contexts, and recognising
family, school, and community resources and supports. For instance:

* Recognising others’ strengths

* Demonstrating empathy and compassion

* Caring about others’ feelings

* Understanding and expressing gratitude

* Recognising situational demands and opportunities

* Understanding how organisations and systems influence behaviour

4. Relationship Skills

The capacity to establish and maintain healthy, beneficial relationships and adapt
to various social situations and groups. This includes speaking clearly, listening
attentively, collaborating, solving problems and resolving conflicts as a group,
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adapting to diverse social and cultural demands and opportunities, taking the
initiative, and asking for or offering assistance when necessary. For instance:

» Communicating effectively;

* Building positive relationships;

* Demonstrating cultural competence;

*  Working as a team to solve problems;
* Constructively resolving conflicts;

* Withstanding negative social pressure;
 Taking the initiative in groups;

» Seeking or assisting when needed;

* Advocating for the rights of others.

5. Responsible Decision-Making

The capacity to make thoughtful and constructive decisions regarding
acting and interacting with others in various situations. This includes
weighing the pros and cons of various personal, social, and group well-being
actions. For example:

* Demonstrating curiosity and an open mind;

* Solving personal and social problems;

* Learning to make reasonable decisions after analysing information, data, and facts;

* Anticipating and evaluating the effects of one’s actions;

* Recognising that critical thinking skills are applicable both inside and outside of the
classroom;

* Reflecting on one’s role in promoting personal, family, and community well-being;

 Evaluating personal, interpersonal, community, and institutional impacts

Learning and Teaching Approaches

Learning and teaching should develop learners as self-directed and lifelong learners.
Learners must be helped to build up deep learning skills and competencies
to develop the ability to acquire, integrate and apply knowledge and skills to
solve authentic and real-life problems. Learners need to be exposed to a variety
of learning experiences to enable them to collaborate with others, construct
meaning, plan, manage, and make choices and decisions about their learning.This
will allow them to internalise newly acquired knowledge and skills and help them



to take ownership of their education.The 21st Century skills and competencies
describe the relevant global and contextualised skills that the SHS curriculum
is designed to help learners acquire in addition to the 4Rs (Reading, wRiting,
aRithmetic and cReativity). These skills and competencies, as tools for learning and
teaching and skills for life, will allow learners to become critical thinkers, problem-
solvers, creators, innovators, good communicators, collaborators, digitally literate,
and culturally and globally sensitive citizens who are life-long learners with a keen
interest in their personal development and contributing to national development.

Given the diverse needs of learners, teachers need to have a thorough grasp
of the different pedagogies as they design and enact meaningful learning
experiences to meet the needs of different learners in the classroom.The
teaching-learning techniques and strategies should include practical activities,
discussion, investigation, role play, problem-based, context-based, and project-
based learning. Active learning strategies have become increasingly popular in
education as they provide learners with meaningful opportunities to engage
with the material. These strategies emphasise the use of creative and inclusive
pedagogies and learner-centred approaches anchored on authentic and enquiry-
based learning, collaborative and cooperative learning, differentiated teaching and
learning, holistic learning, and cross-disciplinary learning. They include experiential
learning, problem-based learning, project-based learning, and talk-for-learning
approaches. Some of the pedagogical exemplars to guide learning and teaching
of the SHS curriculum include:

* Experiential Learning: Experiential learning is a hands-on approach to
learning that involves learners in real-world experiences.This approach focuses
on the process of learning rather than the result. Learners are encouraged to
reflect on their experiences and use them to develop new skills and knowledge.
Experiential learning can take many forms, including internships, service
learning, and field trips. One of the main benefits of experiential learning is
that it allows learners to apply what they have learned in the classroom to
real-world situations. This can help them develop a deeper understanding of
the material and make connections between different concepts. Additionally,
experiential learning can help learners develop important skills such as critical
thinking, problem-solving and communication.

* Problem-Based Learning: Problem-based learning is an approach that
involves learners in solving real-world problems. Learners are presented with

a problem or scenario and are asked to work together to find a solution.This
approach encourages learners to take an active role in their learning and helps
them develop important skills such as critical thinking and problem-solving.
One of the main benefits of problem-based learning is that it encourages
learners to take ownership of their learning. By working together to solve
problems, learners can develop important skills such as collaboration and
communication.Additionally, problem-based learning can help learners develop
a deeper understanding of the material as they apply it to real-world situations.
Project-Based Learning: Project-based learning is a hands-on approach to
learning that involves learners in creating a project or product. This approach
allows learners to take an active role in their learning and encourages them to
develop important skills such as critical thinking, problem-solving, collaboration,
and communication. One of the main benefits of project-based learning is
that it allows learners to apply what they have learned in the classroom to
real-world situations. Additionally, project-based learning can help learners
develop important skills from each other and develop a deeper understanding
of the material.

Talk for Learning Approaches: Talk for learning approaches (TfL) are a
range of techniques and strategies that are used to encourage learners to
talk by involving them in discussions and debates about the material they are
learning. This approach encourages learners to take an active role in their
learning and helps them develop important skills such as critical thinking,
collaboration and communication and also makes them develop confidence.
One of the main benefits of TfL is that it encourages learners to think deeply
about the material they are learning. By engaging in discussions and debates,
learners can develop a deeper understanding of the material and make
connections between different concepts.

Initiating Talk for Learning: Initiating talk for learning requires the use
of strategies that would encourage learners to talk in class. It helps learners
to talk and participate meaningfully and actively in the teaching and learning
process. Apart from developing skills such as communication and critical
thinking, it also helps learners to develop confidence. Some strategies for
initiating talk among learners are Activity Ball; Think-Pair-Share; Always,
Sometimes, Never True; Matching and Ordering of Cards.

Building on What Others Say: Building on what others say is an approach
that involves learners in listening to and responding to their classmates’

CHEMISTRY | 13



ideas. This approach encourages learners to take an active role in their
learning and helps them develop important skills such as critical thinking
and communication. One of the main benefits of building on what others
say is that it encourages learners to think deeply about the material they
are learning. By listening to their classmates’ ideas, learners can develop a
deeper understanding of the material and make connections between different
concepts.Additionally, building on what others say can help learners develop
important skills such as collaboration and reflection. Some of the strategies
to encourage learners to build on what others say are brainstorming, concept
cartoons, pyramid discussion, and 5 Whys, amongst others.

Managing Talk for Learning: Managing talk for learning requires the use of
various strategies to effectively coordinate what learners say in class. Effective
communication is a crucial aspect of learning in the classroom.Teachers must
manage talk to ensure that learners are engaged, learning, and on-task in
meaningful and purposeful ways. Some strategies for managing learners’
contributions are debates, think-pair-share, sage in the circle etc.
Structuring Talk for Learning: One effective way to shape learners’
contributions is to structure classroom discussions. Structured discussions
provide a framework for learners to engage in meaningful dialogue and develop
critical thinking skills. Teachers can structure discussions by providing clear
guidelines, such as speaking one at a time, listening actively, and building on
each other’s ideas. One popular structured discussion technique is the “think-
pair-share” method. In this method, learners think about a question or prompt
individually, and then pair up with a partner to discuss their ideas. Finally,
the pairs share their ideas with the whole class. This method encourages all
learners to participate and ensures that everyone has a chance to share their
thoughts.Another effective way to structure talk for learning is to use open-
ended questions. Open-ended questions encourage learners to think deeply
and critically about a topic. They also promote discussion and collaboration
among learners.Teachers can use open-ended questions to guide classroom
discussions and encourage learners to share their ideas and perspectives.
Other strategies that can be used are Concept/Mind Mapping, “Know,” “Want
to Know,” “Learned” (KWL); Participatory Feedback;and the 5 Whys.
Diamond Nine: The Diamond Nine activity is a useful tool for managing talk
for learning in the classroom. This activity involves ranking items or ideas in
order of importance or relevance. Learners work in groups to arrange cards
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or sticky notes with different ideas or concepts into a diamond shape, with
the most important idea at the top and the least important at the bottom.
The Diamond Nine activity encourages learners to think critically about a
topic and prioritise their ideas. It also promotes collaboration and discussion
among group members.Teachers can use this activity to introduce a new topic,
review material, or assess student understanding.

*  Group Work/Collaborative Learning: Group work or collaborative
learning are effective strategies for managing talk for learning in the classroom.
These strategies encourage learners to work together to solve problems, share
ideas, and learn from each other. Group work and collaborative learning also
promote communication and collaborative skills that are essential for success
in the workplace and in life. To implement group work effectively, teachers
must provide clear guidelines and expectations for group members. They
should also monitor group work to ensure that all learners are participating
and on-task. Teachers can also use group work as an opportunity to assess
individual student understanding and participation.

* Inquiry-Based Learning: Learners explore and discover new information
by asking questions and investigating.

* Problem-Based Learning: Learners are given real-world problems to solve
and must use critical thinking and problem-solving skills.

* Project-Based Learning: Learners work on long-term projects that relate
to real-world scenarios.

* Flipped Classroom: Learners watch lectures or instructional videos at
home and complete assignments and activities in class.

* Mastery-Based Learning: Learners learn at their own pace and only move
on to new material once they have mastered the current material.

* Gamification: Learning is turned into a game-like experience with points,
rewards, and competition.

These strategies provide learners with opportunities to engage with the material

in meaningful ways and develop important skills such as critical thinking, problem-

solving, collaboration, and communication. By incorporating these strategies into
their teaching, teachers can help learners develop a deeper understanding of the
material and prepare them for success in the real world. Effective communication
is essential for learning in the classroom.Teachers must manage talk to ensure
that learners are engaged in learning and on-task. Strategies such as structuring



talk for learning, using Diamond Nine activities, and implementing group work/
collaborative learning can help teachers manage talk effectively and promote
student learning and engagement. By implementing these strategies, teachers
can create a positive and productive learning environment where all learners
can succeed.

Universal Design for Learning (UDL) in the SHS Curriculum

The design of the curriculum uses UDL to ensure the creation of flexible learning
environments that can accommodate a wide range of learner abilities, needs, and
preferences.The curriculum is designed to provide multiple means of engagement,
representation, and action and expression, so teachers can create a more inclusive
and effective learning experience for all learners. UDL is beneficial for all learners,
but it is particularly beneficial for learners needing special support and learners
who may struggle with traditional teaching approaches. The integration of UDL
in the pedagogy is aimed at making learning accessible to everyone and helping
all learners reach their full potential. For instance, teachers need to:

* incorporate multiple means of representation into their pedagogy, such as
using different types of media and materials to present information.

* provide learners with multiple means of action and expression, such as giving
them options for how they can demonstrate their learning.

* consider incorporating multiple means of engagement into their choice
of pedagogy, such as incorporating games or interactive activities to make
learning more fun and engaging.

By doing these, teachers can help ensure that the curriculum is accessible and

effective for all learners, regardless of their individual needs and abilities.

Curriculum and Assessment Design: Revised Bloom’s Taxonomy
and Webb’s Depth of Knowledge

The design of this curriculum uses the revised Bloom’s Taxonomy and Webb’s
Depth of Knowledge (DoK) as frameworks to design what to teach and assess.

The Revised Bloom’s Taxonomy provides a framework for designing effective
learning experiences. Understanding the different levels of learning, informed the
creation of activities and assessments that challenge learners at the appropriate
level and help them progress to higher levels of thinking. Additionally, the
framework emphasises the importance of higher-order thinking skills, such

as analysis, evaluation, and creation, which are essential for success in today’s
complex and rapidly changing world. This framework is a valuable tool for
educators who want to design effective learning experiences that challenge
students at the appropriate level and help them develop higher-order thinking
skills. By understanding the six levels of learning and incorporating them into their
teaching, educators can help prepare students for success in the 21st century.
The six hierarchical levels of the revised Bloom’s Taxonomy are:

I. Remember — At the foundation is learners’ ability to remember.That is
retrieving knowledge from long-term memory.This level requires learners
to recall concepts—identify, recall, and retrieve information. Remembering is
comprised of identifying, listing, and describing. Retrieving relevant knowledge
from long-term memory includes, recognising, and recalling is critical for this
level.

2. Understand — At understanding, learners are required to construct meaning
that can be shown through clarification, paraphrasing, representing, comparing,
contrasting and the ability to predict. This level requires interpretation,
demonstration, and classification. Learners explain and interpret concepts at
this level.

3. Apply —This level requires learners’ ability to carry out procedures at the
right time in a given situation.This level requires the application of knowledge
to novel situations as well as executing, implementing, and solving problems.
To apply, learners must solve multi-step problems.

4. Analyse —The ability to break things down into their parts and determine
relationships between those parts and being able to tell the difference between
what is relevant and irrelevant. At this level, information is deconstructed, and
its relationships are understood. Comparing and contrasting information and
organising it is key. Breaking material into its constituent parts and detecting
how the parts relate to one another and an overall structure or purpose is
required. The analysis also includes differentiating, organising and attributing.

5. Evaluate — The ability to make judgments based on criteria. To check
whether there are fallacies and inconsistencies.This level involves information
evaluation, critique, examination, and formulation of hypotheses.

6. Create —The ability to design a project or an experiment.To create, entails
learners bringing something new.This level requires generating information—
planning, designing, and constructing.
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Webb’s Depth of Knowledge (DoK) is a framework that helps educators and
learners understand the level of cognitive engagement required for different
types of learning tasks.The framework includes four levels. By understanding the
four DoK levels, educators can design learning activities that challenge students
to engage in deeper thinking and problem-solving. DoK is an essential tool for
designing effective instruction and assessments. By understanding the different
levels of DoK, teachers can design instruction and assessments that align with
what they intend to achieve. DoK is a useful tool for differentiating instruction
and providing appropriate challenges for all learners.Teachers can use DOK to
identify students who need additional support or those who are ready for more
advanced tasks.The four levels of Webb’s’ DoK assessment framework are:

* Level I:Recall and Reproduction = Assessment at this level is on recall
of facts, concepts, information, and procedures—this involves basic knowledge
acquisition. Learners are asked specific questions to launch activities, exercises,
and assessments.The assessment is focused on recollection and reproduction.

* Level 2: Skills of Conceptual Understanding — Assessment at this level
goes beyond simple recall to include making connections between pieces of
information.The learner’s application of skills and concepts is assessed. The
assessment task is focused more on the use of information to solve multi-step
problems. A learner is required to make decisions about how to apply facts
and details provided to them.

* Level 3: Strategic Reasoning — At this level, the learner’s strategic thinking
and reasoning which is abstract and complex is assessed.The assessment task
requires learners to analyse and evaluate composite real-world problems with
predictable outcomes. A learner must apply logic, employ problem-solving
strategies, and use skills from multiple subject areas to generate solutions.
Multitasking is expected of learners at this level.

* Level 4: Extended Critical Thinking and Reasoning — At this level of
assessment, the learner’s extended thinking to solve complex and authentic
problems with unpredictable outcomes is the goal. The learner must be able to
strategically analyse, investigate, and reflect while working to solve a problem,
or changing their approach to accommodate new information.The assessment
requires sophisticated and creative thinking. As part of this assessment, the
learner must know how to evaluate their progress and determine whether
they are on track to a feasible solution for themselves.
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The main distinction between these two conceptual frameworks is what is
measured. The revised Bloom’s Taxonomy assesses the cognitive level that
learners must demonstrate as evidence that a learning experience occurred.
The DoK, on the other hand, is focused on the context—the scenario, setting, or
situation—in which learners should express their learning. In this curriculum, the
revised Bloom’s taxonomy guided the design, and the DoK is used to guide the
assessment of learning. The taxonomy provides the instructional framework, and
the DoK analyses the assignment specifics. It is important to note that Bloom’s
Taxonomy requires learners to master the lower levels before progressing to the
next. So, suppose the goal is to apply a mathematical formula. In that case, they
must first be able to identify that formula and its primary purpose (remember
and understand).The cognitive rigour is therefore presented in incremental steps
to demonstrate the learning progression.VWWhen measuring assessments in DoK,
learners move fluidly through all levels. In the same example, while solving a
problem with a formula, learners recall the formula (DoK ) to solve the problem
(DoK 2 and DoK 3). Depending on the difficulty of the problem to be solved,
the learner may progress to DoK 4.

Webb’s Depth of Knowledge Assessment
A
Recall/ Basic Skills/ Strategic Extende
Reproduction Concepts Thinking Fy d -
r.
7 A [
DOK | DOK 2
Analyse ( b
DOK.3 DOK 4
Apply DOK 2
DOK I
Understand
¥ 2\ )
Remember
NHNHNNEY

Figure 1: Revised Bloom Taxonomy combined with Webb’s Depth of Knowledge for Teaching and Assessment



The structure of teaching and the assessment should align with the six levels
of Bloom’s knowledge hierarchy and DoK shown in Figure |.Each level of DoK

should be used to assess specific domains of Bloom’s Taxonomy as illustrated
in the table below:

Depth of Knowledge (DoK) Assessment

Bloom’s Taxonomy applied to DoK

* Level |:Recall and Reproduction

* Remembering, Understanding, Application, Analysis and Creation

* Level 2: Basic Skills and Concepts

* Understanding, Application, Analysis and Creation

* Level 3: Strategic Thinking

* Understanding, Application, Analysis, Evaluation and Creation

* Level 4: Extended Reasoning

* Understanding, Application, Analysis, Evaluation and Creation

In line with the National Pre-Tertiary Learning and Assessment Framework,
the Secondary Education Assessment Guide (SEAG) requires that classroom
assessments should cover Assessment as learning (AaL), Assessment of
learning (AoL) and Assessment for learning (AfL). Therefore, teachers
should align the Revised Bloom’s Taxonomy with the DoK framework of
assessment. Formative assessments should include classroom discussions, project-
based assignments, and self-reflection exercises, while summative assessments
should include standardised tests and rubric-based evaluations of learners’ work.
It is important to seek feedback from learners themselves, as they may have
unique insights into how well they are developing these skills in the classroom.

To assess 21 Century skills and competencies in the classroom, teachers will
have to use a combination of both formative and summative assessments to
evaluate learners’ acquisition of these skills and competencies. For instance:

¢ ldentify the specific 2 st Century skills and competencies to be assessed. For
instance, you might want to assess critical thinking, problem-solving, or creativity.
* Align the skills and competencies with the DoK levels. For example, lower
DoK levels might be more appropriate for assessing basic knowledge and

comprehension, whereas higher DoK levels might be more appropriate for
assessing more complex skills such as analysis, synthesis, and evaluation.

* Develop assessment items that align with the DoK levels and the skills and
competencies you want to assess. These items should be designed to elicit
evidence of learning across the different levels of the DoK framework.

* Administer the assessment and collect data.Analyse the data to gain insights
into student learning and identify areas where learners may need additional
support or instruction.

The DoK framework is a powerful tool for assessing the acquisition of 21st

Century skills and competencies in the classroom, helping teachers to better

understand how learners are learning and identify areas for improvement.

Educational success is no longer about producing content knowledge, but rather
about extrapolating from what we know and applying the knowledge creatively
in new situations.

The overall assessment of learning at SHS should be aligned with the National
Pre-Tertiary Learning and Assessment Framework and the Secondary Education
Assessment Guide. Formative and summative assessment strategies must be used.
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Definition of Key Terms and Concepts in the Curriculum

Learning Outcomes: It is a statement that defines the knowledge, skills,
and abilities that learners should possess and be able to demonstrate after
completing a learning experience. They are specific, measurable, attainable, and
aligned with the content standards of the curriculum. It helps the teachers
to determine what to teach, how to teach, and how to assess learning. Also,
it communicates expectations to learners and helps them to better master
the subject.

Learning Indicators: They are measures that allow teachers to observe
progress in the development of capacities and skills. They provide a simple
and reliable means to evaluate the quality and efficacy of teaching practices,
content delivery, and attainment of learning outcomes.

Content Standards: It is a statement that defines the knowledge, skills, and
understanding that learners are expected to learn in a particular subject area
or grade level. They provide a clear target for learners and teachers and help
focus resources on learner achievement.

Pedagogical Exemplars: They are teaching examples used to convey values
and standards to learners. Pedagogical Exemplars are usually demonstrated
through teacher behaviour.
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Assessment: It is the systematic collection and analysis of data about
learners’ learning to improve the learning process or make a judgement
on learner achievement levels. Assessment is aimed at developing a deep
understanding of what learners know, understand, and can do with their
knowledge because of their educational experiences.Assessment involves the
use of empirical data on learners’ learning to improve learning.Assessment is
an essential aspect of the teaching and learning process in education, which
enables teachers to assess the effectiveness of their teaching by linking learner
performance to specific learning outcomes.

Teaching and Learning Resources: Teaching and learning resources are
essential tools for teachers to provide high-quality education to their learners.
These resources can take various forms, including textbooks, audiovisual
materials, online resources, and educational software. It is also important to
avoid stereotypes and use inclusive language in teaching and learning resources.
This means avoiding language that reinforces negative stereotypes and using
language that is respectful and inclusive of all individuals regardless of their
background. Using a consistent tone, style, and design is very important.



PHILOSOPHY,VISION AND GOAL OF CHEMISTRY

Philosophy
All learners can engage in an exciting and fascinating learning experience in

Chemistry, with inquiry and experimental skills and competencies for transition
to further studies, lifelong learning or the world of work.

Vision
Learners who exhibit competencies in the critical evaluation of scientific and

technological development, capable of developing products, processes in chemistry
and related fields as well as further studies.

Goal

The Senior High School Chemistry curriculum develops learners’ ability to
creatively think and understand complex phenomena, productively engage in
explanation, justification and reasoning that are supported with scientific evidence,
as well as contribute to the success of the economy.

Contextual Issues

Inadequate laboratory infrastructure, equipment and chemicals.

In the chemistry laboratory, the usage of glassware, which is prone to break
and the fear of being billed for breakages becomes a demotivating factor for
the learners to handle the apparatus confidently.

‘Chemophobia’ — some learners are afraid of the hazards associated with
chemicals and do not feel comfortable working in the laboratory.

There is gender stereotype when it comes to involving learners in the teaching
and learning process (group work, project design and demonstrations).
Linguistic barrier (learners with limited proficiency in English find it difficult
to understand abstract and complex concepts in chemistry.

Misconceptions in chemistry-basic and common chemical terms may not have
clear and unambiguous definitions or some words or terms used in everyday
life have different meaning in chemistry. E.g., reduction, compound, etc.
Abstract nature of some chemistry concepts makes it difficult for learners
to visualize and understand.

Lack of linkage or application of the concept taught in chemistry to everyday
life (environment, homes, industry etc.). Concepts are not linked to other
concepts taught or applied to other subjects.

Some learners with impairments and others with different learning styles have
their needs not accommodated in the teaching and learning process.
System inequity. Some topics in chemistry require prior knowledge in elective
physics and mathematics, which makes it difficult to understand the concept
being taught by Home Economics and Agric learners. Example, mathematics
topics such as calculus, indices, logarithm and natural logarithm are applied
in treating chemical kinetics in chemistry.

Rationale

Chemistry is the study of matter, their properties and transformations they
undergo through interactions. Chemists use the knowledge and understanding of
chemical models, reactions and processes to explain, protect, control, influence,
handle and explore resources to meet the 2Ist century needs. This includes
minimizing pollution, rusting of metals, bush fires, global warming, flooding, food
insecurity and energy shortages. Chemistry helps learners to develop interest
and understanding of important concepts and models of atoms and molecules,
behaviours, bonding characteristics and chemical changes and adopt these for
particular purposes.
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SCOPE AND SEQUENCE

Chemistry Summary

S/N | STRAND SUB-STRAND YEAR | YEAR 2 YEAR 3
CS |LO (LU CS |LO | L CS |LO (LU
I Physical Chemistry Matter and its Properties 3 4 22 || 2 8 - - -
Equilibria I I 3 2 2 9 4 4 10
2 Systematic Chemistry of | Periodicity I I 2 2 2 4 I I 2
the Elements Bonding 2 2 5 | | 2 - - -
3 Chemistry of Carbon Characterization of Organic Compounds I I 2 I I I - - -
Compounds Organic Functional Groups I I 2 I I 5 2 2 4
Total 9 10 (36 |8 9 29 |7 7 16

Overall Totals (SHS | - 3)

Content Standards 24
Learning Outcomes 26
Learning Indicators 8l
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Subject

Strand
Sub-Strand

CHEMISTRY

I. PHYSICAL CHEMISTRY
I. MATTER AND ITS PROPERTIES

Learning Outcomes

215t Century Skills and Competencies

GESI', SEL2 and Shared National Values

I.1.1.LO.|

Use the knowledge and
understanding of the scientific
practices in Chemistry to explain
the structure of the atom as well as
the stability of its nucleus.

Digital Learning:

Use ICT devices to watch YouTube videos of violent
reactions

By using simulations and videos of Rutherford and J.).
Thompson's experiment using laptop or tablet or smart
phone and projector.

The use of Chemsketch to fill the orbitals and also watch
videos of the process of filling the orbitals.

Highly proficient learners use Chemsketch to fill the orbitals
and whole class may watch a video of the process of filling
the orbitals.

Collaboration and Communication:

To discuss the impact of chemistry and chemistry-related
careers.

Discussing laboratory rules and hazard symbols.

Use think-pair-share approach to explain why chemicals
should not be stored alphabetically and discuss how to put
out small fires.

Critical Thinking:

Learners engage in analysis of evidence gathered.
Evaluating and critiquing the postulates.
Relating measurement of atoms to C-12 scale.

GESI:

SEL:

Respect individuals of different abilities as
they practice putting out fire.

Be aware of diversity and the need to
practice inclusion as they use ICT and role-
play.

Be aware of misconceptions/myths about
gender and disabilities as they discuss
chemistry-related careers.

Embrace diversity and practice inclusion
(with respect to gender and unfamiliar
household items).

Respect views of individual learners. Be
sensitive to the inter-relatedness of the
various spheres of life.

Practice communication (e.g. dialoguing and
listening to others.)

Work together with other learners.
Develop the strategies for learners to
complete a task or learn a new concept.
Work to build learners’ confidence in ICT
devices.

! Gender Equality and Social Inclusion
2 Socio-Emotional Learning
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Creativity and Innovation:

e Designing a model of Dalton's atom.

e Learners construct models and draw them.

e Using balloons, play dough or clay or modelling clay to
model the shapes of s and p-orbitals.

Problem-Solving Skill:

Performing calculations using the problem-solving strategy.

National Core Values:
e Patriotism
e Tolerance

I.1.1.LO.2

Use the mole concept to determine
the amount and quantity of various
substances involved in chemical
reactions.

Collaboration and Communication:
e Mixed-ability groups engage in discussions.
e Working together to prepare standard solutions.

Critical Thinking and Problem Solving:

e Relating measurement of atoms to Carbon -12 scale.

e Comparing the actual mass of particles to one-twelfth the
mass of the carbon-12 isotope.

e Calculating amount of substances.

e Calculating the various parameters using mathematical
equations and giving a valid answer.

e Calculating the moles of a given substance using the mass.

Leadership and Personal Development:
By playing different roles in group activities during the
preparation of solutions and discussions on the mole
concept.

GESI:

e Be aware be of individuals’ abilities as they
undertake problem-solving activities.

e Begin to ask questions of some of their
stereotypes and biases as they prepare
standard solutions.

SEL:

e Provide opportunities for learners to feel
successful in performing calculations.

e Offer learners with a range of strategies to
help manage the steps in calculations
involving the mole concept

o  Work together with other learners in
preparing a standard solution.

e  Work to build learners’ confidence in the
use of laboratory apparatus.

National Core Values:
o Tolerance

e Respect for others

e Discipline

I.1.1.LO.3

Write mole ratios for chemical
equations and apply it in
quantitative analysis.

Collaboration and Communication:
e  Use think-pair-share approach to write chemical formulae of
compounds and balance equation.

GESI:
e Respect individuals of different backgrounds
as they share ideas to write chemical
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e Sharing ideas to determine mole ratio and performing the
calculations

Critical Thinking:
Performing calculations to determine percentage
composition.

Problem Solving:
Solving questions involving limiting reagents.

Global Citizenship:
By learning about the importance of the mole in the preparation
of solutions across the globe by Chemists.

formulae of compounds and balance
equations.

e Appreciate individuals of different
backgrounds as differentiated tasks are
given to learners to perform the
experiments.

e Be aware of some misconceptions/myths
about gender and disabilities as they role-
play activities

SEL:

e Practice communication (e.g. dialoguing and
listening to others).

e Develop strategies for learners to write
and balance chemical equations.

e Provide opportunities for learners to
express the various forms of writing mole
ratios.

e Develop the strategies for learners to
complete the tasks in using the mole ratio
in performing calculations.

National Core Values: Tolerance

I.1.1.LO4

Use the kinetic theory of matter to
explain the behaviour of solids,
liquids and gases under different
conditions and describe the
laboratory preparation of gases as
well as their uses in everyday life.

Digital Learning:

e  Using video or simulation to observe the behaviour of
particles in solids, liquids and gases.

e Using ICT devices for virtual learning or watching videos.

Creativity and Innovation:
Using role-play to illustrate the behaviour of particles.

Communication and Collaboration:
e Planning and working together to prepare gases.

GESI:

* Notice individuals of different backgrounds
as they collaborate to plan and work
together to prepare gases.

e Be aware of some misconceptions/myths
about gender and disabilities as they role-
play to illustrate the behaviour of particles.

e Comfortably work with other learners as
they undertake problem-solving activities.
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e Learners share ideas on explanation of the effect of
molecular mass on rate of diffusion.

Critical Thinking and Problem Solving:

e Analysing the observed relationships to sketch a graph and
derive mathematical relationship and engage in problem
solving.

e Using think-pair-share approach to solve theoretical
questions.

Personal Development:
Learners acquire and apply scientific manipulative skills in
performing the experiment.

SEL:

e To practice identifying how others may be
feeling and using active listening skills such
as body positioning as they role-play to
illustrate the behaviour of particles.

e To work together in groups to prepare
gases and share ideas on the effect of
molecular mass on rate of diffusion.

National Core Values:
e Tolerance

e Discipline

e Honesty
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Content Learning Indicators and Pedagogical Exemplars with 21st Century and GESI Assessment
Standards

I.1.I.CS.1 [.1.1.LL1 I.1.ILAS.1
Demonstrate Describe chemical processes around us, and their applications in everyday life. Level | Recall

understanding of
the scientific
practices in
chemistry using
relevant
acquired skills to
solve problems
as well as
explaining the
structure of the
atom and its
stability.

Digital Learning:

Watch a video or slides/pictures on a variety of natural and artificial phenomena that can be
explained by Chemistry and make observations.

From the observations, deduce and discuss the meaning of Chemistry.

Through a group discussion, distinguish among the traditional branches of Chemistry: Pure
Chemistry (physical, organic and inorganic) Applied Chemistry (Medicine, Pharmacy,
Environmental Chemistry, Biochemistry, Chemical Engineering, Agriculture, Petrochemistry,
etc.).

Discuss the centrality of Chemistry as a science discipline, which is related to other science
subjects.

With the aid of charts and pictures, summarize ways in which Chemistry affects daily life under
the following headings: (Food and Nutrition, Agriculture, Medicine, Transportation, Energy
etc.)

In mixed-ability groups, discuss careers in Chemistry and Chemistry-related fields.

Discuss the education and training required for the careers.

Level 2 Skills of conceptual
understanding

Level 3 Strategic reasoning
Level 4 Extended critical
thinking and reasoning

I.1.1.L1.2

I.1.1.AS.2

Discuss and explain safety rules and hazard symbols in the laboratory.

Talk for Learning:

In pairs or groups, watch videos or use charts to show wrong practices in the Chemistry
laboratory and discuss the 'dos' and 'don’ts’ in the Chemistry laboratory, and hence the rules
and regulations that should be followed in the Chemistry laboratory.

Examine the assay of chemical containers or reagents, electrical gadgets and other materials
and identify the hazard symbols on them. Discuss a. chemical hazards under the following
headings: (corrosive, toxic, oxidising, flammable, explosive, radioactive, irritant/harmful,
biohazard) b. Prohibition signs under the following headings: (No naked flame, danger, No
smoking, High voltage, etc) c. First aid sign (First aid, safety shower, eye wash station).

Level | Recall

Level 2 Skills of conceptual
understanding

Level 3 Strategic reasoning
Level 4 Extended critical
thinking and reasoning
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Sketch the hazard symbols and explain what they mean.

Through think-pair-share, exchange ideas on how to handle those materials safely using
personal protective equipment (chemical goggles, hand gloves, apron/laboratory coat,
respirator/gas mask etc) and safety equipment (eye shower station, fume chamber etc).

Collaboration and Communication:

Discussing laboratory rules and hazard symbols.

I.1.1.L1.3 I.1.1.LAS.3
Explain why chemicals should be stored by compatibility and not alphabetically in the | Level | Recall
laboratory. Level 2 Skills of conceptual

Exploratory Learning:

Visit the school chemical store or Chemistry laboratory to observe how chemicals are stored.
In mixed ability groups, explain why chemicals should be stored by compatibility and not
alphabetically in the laboratory.

Watch a video showing an uncontrollable or violent reaction between chemicals right next to
each other. E.g., hydrogen peroxide and hydrazine, or, oxidising materials and flammable
materials, acetic acid and nitric acid or reaction between potassium permanganate and glycerol.
Using think-pair-share approach, discuss and practise how to put out small fire using fire
blanket and fire extinguisher.

understanding

Level 3 Strategic reasoning
Level 4 Extended critical
thinking and reasoning

I.1.1.L1.4

I.1.1.AS4

Investigate the scientific method of inquiry.

Inquiry-Based Learning:
In mixed-gender groups,

Discuss the steps involved in the scientific method of inquiry.

Apply the scientific method to solve a named problem in the school environment or nearby
community.

Design a poster outlining the method used and share with the class for discussion.

Level | Recall

Level 2 Skills of conceptual
understanding

Level 3 Strategic reasoning
Level 4 Extended critical
thinking and reasoning

[.1.1.LL5 [.1.I.LAS.5
Identify the main postulates of Dalton's atomic theory and explain the weaknesses of | Level | Recall
the theory. Level 2 Skills of conceptual

understanding
Level 3 Strategic reasoning
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Talk for Learning:
Review the description of the atom and its sub—atomic particles from JHS syllabus.
Group Work: In mixed-ability groups,
¢ Discuss the Dalton's atomic theory.
e Evaluate and critique each of the postulates of Dalton's atomic theory with the aid of relevant

charts or other resources.

Project-Based Learning:

e Construct a model to represent the atom as a simple sphere with no internal structure.
¢ Draw a diagram of the atom modelled.

¢ Display the model and diagram for class discussion.

Level 4 Extended critical
thinking and reasoning

I.1.1.LL.6

I.1.1.AS.6

Describe the cathode rays experiment and alpha particles scattering experiment and
identify the weaknesses of }. . Thompson and Rutherford's models of the atom.

Activity-Based Learning: In mixed-ability groups,
e Use simulation or videos or charts to investigate the properties of cathode rays under the
following headings:
a. Effect in a magnetic field,
b. Effect in electric field
c. Effect on photographic plate.
e Use simulation to investigate or chart to illustrate or video to show and describe J. J.
Thompson's cathode ray experiment and Rutherford's alpha scattering experiment.
¢ Describe the structure of the atom based on analysis of the evidence gathered from both
experiments.

Project-Based Learning: Individually or in groups,

e Construct a model to represent the atom.

e Draw a diagram of the atom modelled

e Display the model and diagram for class discussion.

Level | Recall

Level 2 Skills of conceptual
understanding

Level 3 Strategic reasoning
Level 4 Extended critical
thinking and reasoning:

I.I.1.LL7

I.1.1.AS.7

State the main postulates of Bohr's planetary theory and explain the importance of
the quantum numbers to the electron structure of the atom.

Level | Recall
Level 2 Skills of conceptual
understanding
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Collaborative Learning: In small mixed ability or mixed-gender (where applicable) groups,

¢ Discuss the main postulates of Bohr’s planetary theory with the aid of books, charts or
pictures on Bohr’s planetary theory.

¢ Distinguish between a continuous spectrum and line spectrum and explain how the lines in the
emission spectrum of hydrogen are related to electron energy levels.

¢ Discuss the contribution of Quantum theories towards the development of atomic structure.

¢ Distinguish between an orbit and an orbital with examples.

Demonstrative Learning:
e Discuss and undertake calculations on the following Quantum numbers:
a) Principal quantum number
b) Angular momentum quantum number or Azimuthal quantum number
c) Magnetic quantum number
d) Spin quantum number
e Discuss the importance of quantum numbers to the electron structure of the atom.

Project-Based Learning:

e Model the shapes of s and p-orbitals using materials in the environment or clay or modelling
clay or inflated balloons.

¢ Draw the orbitals modelled and describe the s and p orbitals.

e Discuss the number of orbitals making up the s, p, and d subshells and the number of electrons
that occupy each.

*  Watch videos to reinforce the concept learnt.

Level 3 Strategic reasoning
Level 4 Extended critical
thinking and reasoning

I.1.1.L1.8

I.1.1.LAS.1.8

Apply Aufbaus principle, Pauli's exclusion principle and Hund's rule of maximum
multiplicity to write electron configuration of the first thirty elements of the periodic
table.

Group Learning: Research from the Internet, library, books and other sources about Aufbaus
principle, Pauli's exclusion principle and Hund's rule of maximum multiplicity. In three large groups,
do class presentations on the following:

e Aufbaus Principle and the order in which orbitals are filled in a given element.

e Pauli's exclusion principle and

¢ Hund’s rule of maximum multiplicity.

Level | Recall

Level 2 Skills of conceptual
understanding

Level 3 Strategic reasoning
Level 4 Extended critical
thinking and reasoning
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¢ How to express electron configurations using
(). s, p, d notation.
(b). Electrons-in-boxes method.

Activity-Based Learning:

e Apply the rules and principles to write electron configuration of the first thirty elements of the
periodic table and their ions.

e Identify all the irregularities in writing electron configurations.

e Explain the differences in stability between fully filled, half-filled and partially filled orbitals in
subshells.

Digital Learning:
Watch videos or observe demonstrations of the process of filling orbitals (the shape and
names of the orbitals of d subshells are not required).

I.1.1.LL.9

I.1.1.AS.9

Describe radioactivity, the properties of radiations and compare isotopes based on
their stability as well as their applications in everyday life.

Through a Class Discussion:

e Explain relative atomic mass and relative molecular mass.

¢ Describe the principal parts of a mass spectrometer and explain how it works, using charts or
pictures or models.

Problem Solving Approach:
¢ |dentify peaks on a simple mass spectrum and use them to calculate the relative abundance and
masses of isotopes.
¢ Calculate the relative atomic mass of different elements from:
(2). Mass spectrum
(b). Percentage abundance data

Collaborative Learning:

e Discuss radioactivity and distinguish between nuclear reactions and chemical reactions.

e Use simulations or charts to investigate and describe the properties of alpha, beta and gamma
radiations

Level | Recall

Level 2 Skills of conceptual

understanding

Level 3 Strategic reasoning
Level 4 Extended critical

thinking and reasoning
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¢ Complete and balance simple nuclear reaction equations.
e Explain why certain nuclei are unstable in terms of neutron-to-proton ratio and binding energy
per nucleon.

Problem Solving Approach:
¢ Define and determine the half-life of a nuclide from experimental data and by calculation.
e Use half-life information to determine the amount of radioisotopes remaining at a given time.

Using Think-Pair-Share Approach:
Discuss the uses of radioisotopes and explain the principle behind each use as well as the risks
associated with radioactivity.

Teaching and
Learning
Resources

MATERIALS ¢ Graph sheet

ICT devices

Household items with labels

Chemical containers with labels
Containers having chemical assay
Personal protective equipment (goggles,
laboratory coat/apron, hand gloves etc)
Hydrogen peroxide

Hydrazine

Oxidising materials

Flammable materials

Acetic acid and nitric acid

Worksheets with incomplete nuclear reactions
with prepared mark schemes
Worksheets of empty orbital diagram for
learners to complete

Worksheets with blank column for numbers of
proton, neutrons and electrons

Fire extinguisher

Fire blanket

Material for setting fire

Markers

Cardboard

¢ Models: Use One balloon per s orbital, two balloons joined at their knots
per p-orbital, three (different coloured) pairs of balloons to make one
subshell of P orbital

WEBSITES

e Chemsketch or simulation for filling atomic orbitals

e Http://www.kentchemistry.com/links/atomicstructure/PauliHundsRule.htm

e Http://www.youtube.com.watch?v=2AFPfg0come

e Http:/lIwww.khanacademy.com

e Https://www.youtube.com/watch?v=Z|AyNFLRFuw

e https://phet.colorado.edu/en/simulations/rutherford-scattering

e https://www.khanacademy.org/science/chemistry/electronic-structure-of-
atoms/history-of-atomic-structure/a/discovery-of-the-electron

e http//www.youtube.com/watch?v=PpOAlj7sOEc

e https://www.khanacademy.org/science/chemistry/electronic-structure-of-
atoms/history-of-atomic-structure/v/rutherfords-gold-foil-experiment

e Http//www.youtube.com/watch?v=m92QR7CBNoQ

CHARTS

e Charts of hazard, prohibition and mandatory symbols

¢ Videos or charts of wrong practices in the chemical laboratory
e  Chart of the mass spectrometer
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Potassium permanganate and glycerol
Counters with up and down orientation to
represent electron spin-pairing and boxes to
represent orbitals

Modelling clay (plasticine)

Clay

Styrofoam

Calculator

Mass spectrogram for analyses

Charts of experimental set-up of J. . Thompson's experiment and
Rutherford's alpha particle scattering experiment

Charts of line and continuous spectra

Chart showing how the energy levels in the hydrogen give rise to spectral
series
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Content Standards
[.1.1.CS.2
Demonstrate an
understanding of the
mole concept and its
significance to the
quantitative analysis of
chemical reaction.
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Learning Indicators and Pedagogical Exemplars with 21st Century and GESI
[.1.1.LL1
Explain relative atomic mass and relative molecular mass.

Prior to the lesson:
Find-out why carbon-12 isotope is used as a reference scale for measurement.

Activity-Based learning:
Use a beam balance to demonstrate the determination of the mass of an element/compound by
placing the standard (Carbon-12) in one pan and the mass to be determined in the other pan.

[.1.1.L1.2
Describe the atomic mass unit as an average mass.

Talk -for -Learning: Through a presentation by your teacher, explain how the atomic mass unit,
(AMU) of an individual particle (atom or molecule) is obtained by comparing the actual mass of the
particle to one-twelfth the mass of | atom of the carbon-12 isotope.

I.1.1.LL.3
Describe the mole as a unit of amount of substance.

Talk for Learning: Through a class activity:

e Explain the mole in relation to various elementary entities (atoms, ions, molecules, electrons,
protons, neutrons).

e Discuss the relationship between the Mole and Avogadro’s Constant.

[.1.1.LI.4
Calculate different physical quantities (number of entities, mass and volume) based on
the amount of substance.

Assessment
[.1.1.LAS.1

Level | Recall
Level 2 Skills of
conceptual
understanding
Level 3 Strategic
reasoning

Level 4 Extended
critical thinking and
reasoning
[.1.1.AS.2

Level | Recall
Level 2 Skills of
conceptual
understanding
Level 3 Strategic
reasoning

Level 4 Extended
critical thinking and
reasoning
[.1.1.LAS.3

Level | Recall
Level 2 Skills of
conceptual
understanding
Level 3 Strategic
reasoning

Level 4 Extended
critical thinking and
reasoning
[.1.1.LAS.4

Level | Recall



Problem-Based Approach:

e Describe how the amount of a substance (n) can be used to determine the number of entities
(atoms, molecules or ions), mass (m) of a substance, volume (V) of a gas using mathematical
equations that represent their interconversions.

e Practice calculations involving the amount of substance, number of entities and molar
quantities.

[.1.1.LL5
Explain the mole concept and its relevance in preparation of standard solutions.

Initiating Talk for Learning:
Brainstorm on the need to know the concentration of solutions.

Think-Pair Share:
Use mass and relative molecular mass to determine number of moles of a given substance.

Experiential Learning:

¢ |dentify the apparatus for preparing standard solutions from solid solutes or liquid solutes.

e In small groups, apply the mole concept to prepare standard solutions in moldm-3 and gdm-3
[.1.1.LL.6

Use IUPAC nomenclature to name inorganic compounds, write the formulae of
compounds based on the laws of chemical combination and write balanced chemical
equations.

Group Presentations: In small groups,

e Research and give class presentations on the [IUPAC rules for naming various groups of
inorganic compounds.

e Apply the IUPAC rules to name binary and ternary compounds, oxoacids, salts and hydrated
salts

e Design a chart on the IUPAC rules for naming inorganic compounds to be posted in the
classroom

Level 2 Skills of
conceptual
understanding
Level 3 Strategic
reasoning

Level 4 Extended
critical thinking and
reasoning

[.1.1.AS.5

Level | Recall

Level 2 Skills of
conceptual
understanding

Level 3 Strategic
reasoning

Level 4 Extended
critical thinking and
reasoning

I.1.1.LAS.6

Level | Recall
Level 2 Skills of
conceptual
understanding
Level 3 Strategic
reasoning

Level 4 Extended
critical thinking and
reasoning
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Problem-Based Learning: In a class activity,

¢ Discuss the laws that are applied in writing or determining chemical formulae of various
compounds.

¢ Calculate the empirical and molecular formulae of various inorganic compounds.

¢ Write chemical formulae for named binary and ternary compounds, oxoacids, oxosalts and
hydrated salts.

¢ Determine the percentage composition of elements in various compounds based on their
formulae. E.g., MgO, Cuz20 and CuO.

Collaborative Learning:

e With the aid of a chart, discuss the rules to be followed in balancing chemical equations.
e In pairs or groups, write and balance chemical equations for the following:

Combustion

Synthesis

Displacement or replacement

Decomposition

lonic equation

®oapow

Initiating Talk for Learning: Using relevant examples, discuss the laws of chemical combination
namely:

e Law of conservation of matter

e Law of constant proportion

e Law of multiple proportion

Inquiry-Based Learning:

e In pairs or groups, perform a simple experiment to show that mass is conserved in a chemical
reaction.

* Use the reaction between molar solutions of Na,COj3 and CaCl,.

[.1.1.LL7

Perform calculations involving stoichiometric relationships.

Experiential Learning:
e  Work in small mixed ability groups to perform experiments on some common reactions in the
laboratory.

I.1.1.LAS.7

Level | Recall
Level 2 Skills of
conceptual
understanding



Teaching and
Learning Resources

Based on the reactants used, write down balanced equations on each of the reactions. Level 3 Strategic

In pairs or groups, determine the mole ratio of species in each of the chemical reactions. reasoning

Use the mole ratio to calculate the following quantities in chemical reactions: Level 4 Extended
a.  Number of entities critical thinking and
b. Amount of substance reasoning

c. Mass of substance

d. Concentrations in gdm-3, moldm-3 and ppm

e. Volume of substance

Determine the limiting and excess reagents in chemical reactions by comparing the available
moles of each reactant to the moles required for complete reaction using the mole ratio.
Work individually to calculate the percentage yield of products.

Worksheets with sample questions | ¢ Calculator e Apparatus for preparing solutions
Worksheets to record results. (beaker, funnel, stirrer, volumetric
Na;COs MATERIALS flask, weighing scale),

CaCl, e Periodic table containing the ¢ Worksheet with sample questions

Bolt and nuts elements with their relative atomic on the interconversion of amount

Resources for measuring volume masses of substance to number of entities

and preparing solutions e Calculator and molar quantities.

Weighing scale e Beam balance or diagram of beam e Solid solutes (e.g., NaOH, NaCl)
balance Substances of different Liquid solutes (e.g., HCI) Solvent
weights (e.g., water)

CHARTS

e Charts showing interconversion
between amount of substance and
other quantities
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Content Standards
[.1.1.CS.3

Demonstrate understanding
of the use of the kinetic
theory of matter to explain
the behaviour of solids,
liquids and gases under
different conditions and
describe the laboratory
preparation of gases as well

as their uses in everyday life.
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Learning Indicators and Pedagogical Exemplars with 21st Century and GESI
[.1.1.LL1

Explain the kinetic theory of matter and apply it to distinguish between the
properties of solids, liquids and gases.

Collaborative Learning:
¢ Review and recall chemical bonding and states of matter from JHS curriculum.
¢ With the aid of simulation or videos or charts, investigate/illustrate the behaviour of the
particles in solids, liquids and gases and record the observations.
¢ In groups of three, draw sketches to represent the arrangement of particles in solid,
liquid and gaseous substances.
¢ Research about the kinetic theory of matter and use it to explain the properties which
distinguish gases from liquids and solids under the following headings:
a) Volume
b) Shape
c) Compressibility
d) Density
e) Spacing of particles
f) Motion of particles
g) Force of attraction between particles
h) Arrangement of particles
® In mixed-ability groups or in pairs use the kinetic theory to explain the various change
of state processes.

Experiential Learning:

e Perform experiments to determine the melting point of a solid.

e Perform experiment to determine the boiling point of a liquid.

[.1.1.L1.2

State and perform calculations involving various gas laws and analyse graphs
based on the laws.

Assessment

[.1.1.LAS.1

Level | Recall

Level 2 Skills of conceptual
understanding

Level 3 Strategic reasoning
Level 4 Extended
critical thinking and
reasoning

[.1.1.AS.2

Level | Recall

Level 2 Skills of conceptual
understanding

Level 3 Strategic reasoning



Exploratory Learning: Level 4 Extended
e In small mixed-ability groups, research from the Internet, library, books and other critical thinking and
resources about the various gas laws (Boyle’s law, Charles’ law, Avogadro's law, Gay- reasoning:
Lussac's law in terms of:
a) The formulae
b) Variables
c) Conditions required
e Use simulation or charts to illustrate the relationships among the various variables.
e Sketch graphs of the relationship and deduce the mathematical relationship between
the variables.
e Based on the Boyle’s, Charles’ and Gay-Lussac's laws, determine the expression for
the combined gas law.

Task-Based Learning:
Perform calculations involving the various gas laws.

[.1.1.LL.3 [.1.1.LAS.3
State Graham's law of diffusion/effusion and Dalton's law of partial pressures Level | Recall
and apply them to perform calculations. Level 2 Skills of conceptual
understanding
Talk for Learning: In small mixed-ability groups, Level 3 Strategic reasoning
e Discuss Graham’s law of diffusion/effusion and use it to describe and explain the effect Level 4 Extended
of relative molecular mass and/or density on the rate of diffusion/effusion of gases. critical thinking and
e Explain Dalton’s law of partial pressures and its application in determining the total reasoning

pressure of a mixture of gases or the partial pressure exerted by each component in a
mixture of gases.

Experiential Learning:

¢ Design and perform an experiment to investigate the rate of diffusion of gaseous
ammonia and hydrogen chloride.

e Make deductions from the results of the experiment.

Problem Solving Approach:

Perform calculations involving diffusion/effusion as well as Dalton’s partial law of
pressure.
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[.1.1.LI.4
Write the ideal gas equation and apply it in simple calculations using the
different numerical values of R and units of pressure and volume.

Collaborative Learning:

e Review previous knowledge on the Boyle’s law, Charles’ law and Avogadro’s law.

e Work in groups to show how the laws above can be combined to give the ideal gas
law.

e Discuss each of the variables in the ideal gas Law.

Problem Solving Approach:
Practice using the ideal gas equation (PV = nRT) in solving theoretical tasks including
determination of molar mass.

In small mixed-ability groups:

Use ideal gas equation to determine the molar mass of different gases.
[.1.1.LL5
Explain why gases show deviation from ideal behaviour and suggest how the
ideal gas equation could be modified to describe gas behaviour more
accurately.

Project-Based Learning:
e Through various sources such as the internet, videos or books, explain qualitatively in
terms of intermolecular forces and molecular size:
a. The conditions necessary for a real gas to approach ideal behaviour.
b. The limitations of ideality at very high pressure and very low temperature.

Talk for Learning: In a whole class discussion,
State and explain Van der Waals equation and discuss its applications.
[.1.1.LL.6
Design and perform experiments to prepare and test for gases (hydrogen,
ammonia and carbon (IV) oxide gases).

[.1.1.LAS.4

Level | Recall

Level 2 Skills of conceptual
understanding

Level 3 Strategic reasoning
Level 4 Extended
critical thinking and
reasoning

[.1.1.AS.5

Level | Recall

Level 2 Skills of conceptual
understanding

Level 3 Strategic
reasoning

Level 4 Extended critical
thinking and reasoning

[.1.1.LAS.6

Level | Recall

Level 2 Skills of conceptual
understanding

Level 3 Strategic reasoning



Collaborative Learning: In small mixed-ability groups, Level 4 Extended

e Discuss the properties of each of the following gases: hydrogen, carbon (IV) oxide and  critical thinking and
ammonia. reasoning

e State their uses in everyday life.

Experiential Learning:

e Perform experiments to prepare hydrogen, ammonia and carbon (IV) oxide gas.

¢ Create charts to illustrate the experimental setup for the preparation of each of the
gases.

¢ Make deductions on each practical activity.

NB: Where apparatus is not available, virtual laboratory or video can be used.

Teaching and Learning ¢ Melting point determination ¢ Chemical goggles e Lime water
Resources apparatus ¢ Protective gloves e Marble chips
e Chart to illustrate the behaviour e Retort stand with clamps * Hydrochloric acid
of particles e Strip of universal indicator paper e Magnesium ribbon
e [Simulations (PHET), video, virtual | e Calculator e Calcium hydroxide
laboratory can be used here] *  Worksheets with steps for the *  Ammonium chloride etc.
¢ Graph board calculation e Universal litmus paper
¢ Graph sheets e  Gas preparation kits
¢ Long cylindrical transparent glass ¢ Wooden splint

tube

¢ Small wads cotton wool

e Forceps or bungs (to fit into the
ends of the glass tube)

¢ Conc. HCl and Conc. NH;3;
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Subject CHEMISTRY
Strand
Sub-Strand 2. EQUILIBRIA

Learning Outcomes

[.1.2.LO.I

Apply the solubility rules to analyse
and predict the behaviour of
common ionic compounds in
qualitative analysis.
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I. PHYSICAL CHEMISTRY

21st Century Skills and Competencies

Critical Thinking and Problem Solving:

e Observing and constructing understanding on the
behaviour of common ionic compounds based on the
solubility rules.

e Determine ions present in an unknown sample.

Communication and Collaboration:

e Sharing ideas on factors that affect solubility

e Sharing ideas to explain solubility rules as well as testing
and deducing the ions present

Personal Development:

e Learners acquire analytical skills through the activities on
qualitative analysis of common ionic compounds.

e Acquisition of skills in plotting of graphs and analysis of the
curve.

Leadership:
Learners assume different roles in the group
activities on qualitative analysis

GESI, SEL and Shared National Values

GESI:

Appreciate individuals of different
backgrounds as they collaborate to share
ideas on factors that affect solubility.
Interrogate their stereotypes and biases as
they construct understanding on the
behaviour of common ionic compounds
based on the solubility rule.

Be aware of misconceptions/myths about
gender and disabilities as they play different
roles in the activities on qualitative analysis.

SEL:

To work together in groups to share ideas
on the factors that affect solubility.

Offer learners multiple options for
communicating and completing their work.
Provide learners the opportunity to evaluate
their own work as they acquire the skills in
plotting graphs

National Core Values:

Honesty
Justice
Tolerance
Empathy



Content Standards Learning Indicators and Pedagogical Exemplars with 21st Century and GESI Assessment

1.1.2.CS.1 [.1.2.LL1 [.1.2.AS.1
Demonstrate knowledge Explain the term solubility and describe the factors that affect solubility of Level | Recall
and application of solubility = substances. Level 2 Skills of
and solubility rules. conceptual

Talk for Learning: understanding

e Using sample solutions, brainstorm to explain the terms solute, solvent and solution. Level 3 Strategic

e With the aid of sample solutions such as sugar solution, mixture of kerosene and water,a  reasoning
mixture of coke and carbon dioxide, describe the various types of solutions based on the Level 4 Extended critical
state of solute and solvent and give specific examples (solid-liquid, solid-gas, gas-liquid, thinking and reasoning
solid-solid, liquid-liquid, gas-gas solutions).

Demonstration:
Watch a video or prepare samples of the various types of solutions (unsaturated, saturated
and supersaturated).

Inquiry-Based Learning: In groups,
* Perform experiment to investigate the factors that affect solubility: temperature, pressure,
nature of solute and solvent (molecular size and polarity)

NB: Stirring or shaking increases the rate of solubility.
e Relate the factors to everyday life such as dissolution of salt in soup, sugar in hot and cold
water, carbon (IV) oxide in fizzy drinks.

[.1.2.L1.2 [.1.2.AS.2
Determine the solubility of soluble and sparingly soluble substances. Level | Recall
Level 2 Skills of
Activity-Based Learning: conceptual
Perform an experiment to determine the solubility of a named salt at different understanding
temperatures. Level 3 Strategic
reasoning
Collaborative Learning: Level 4 Extended critical
In groups, analyse a given data on salts and determine their solubilities. thinking and reasoning
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Exploratory Learning:
e Plot a graph of solubility curve using data from experiment.
¢ Analyse and deduce information from the curve.

[.1.1.L1.3 [.1.1.LAS.3
Perform tests on water-soluble compounds to identify ions based on the solubility | Level | Recall
rules. Level 2 Skills of
conceptual
Talk for Learning: understanding
Brainstorm to explain the solubility rules and predict the effect of precipitating agents on Level 3 Strategic
some ions. reasoning
Level 4 Extended
Inquiry-Based Learning: In mixed gender grouping where applicable, critical thinking and
¢ Design and perform experiment to test for the presence of the following cations (Al3+ reasoning
Cazt Cu?*, Fe2*, Fe3+, Zn2*, Pb2t, NH4*) using NaOHq) and NH3sq) as precipitating
reagents,

¢ Design and perform tests to identify and describe the behaviour of the following anions
(COs7, CI, Br, I, NOg3-, SO3%, SO42-, S7)
¢ Design and perform an experiment to determine the presence of salt using the grid

method.
Teaching and Learning MATERIALS * Tripod stand e Distilled water
Resources *  Worksheets, e Salts containing desired cations or | ®* Bench solutions,
e Simulations (PHET), video, virtual anions, e Dropper
laboratory can be used here. e Test tubes
*  Warm and cold water e Wash bottle CHARTS
e Sugar ¢ Gauze e Chart of the solubility rules
e Common salt e Source of heat e Chart on the solubility of
e Thermometer e Excel sheet different salts
e Beaker ¢ Graph
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Subject CHEMISTRY

Strand 2. SYSTEMATIC CHEMISTRY OF THE ELEMENTS
Sub-Strand I. PERIODICITY

Learning Outcomes 21st Century Skills and Competencies
1.2.1.LO.I

Describe and explain the trends of = Critical Thinking and Problem Solving:
periodic properties on the periodic e  Analysing the electron configuration to determine the
table. position of each element on the periodic table and predict
its properties.
e Analyse and predict trends in each periodic property.

Communication and Collaboration:

e  Working in groups to write the electron configuration of
elements

e Teaming up to classify and group different elements

Digital Literacy:
By watching videos and making online research on the periodic
table

GESI, SEL and Shared National Values

GESI:

e Accept individuals of different backgrounds
as they work together to analyse the
electron configurations and determine the
position of each element in the periodic
table.

e Contribute meaningfully as learners team
up to classify and group different elements.

SEL:

e Provide opportunities for learners to
evaluate their work as they analyse and
predict trends in each periodic property.

e To work together in groups as they team
up to classify and group different elements.

National Core Values:
Tolerance

Respect for other’s views
Patience

Humility
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Content Standards
1.2.1.CS.1

Demonstrate knowledge and

understanding of how

periodic properties change

with atomic number and

principal quantum number.
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Learning Indicators and Pedagogical Exemplars with 21st Century and GESI
[.2.1.LL1

Use the electron configuration of elements to determine their position on the
periodic table.

Activity-Based Learning: Independently, write the electron configuration of the first thirty
elements based on the orbital notation.

Collaborative Learning:

In pairs, classify the elements according to the following categories:

e The blocks (s, p, d)

*  Groups (IUPAC system and the roman numeral system).

e The period in which the element belongs.

e Metals, semi-metals and non-metals.

* Describe the physical properties (hardness, density, melting point, boiling point and
physical state) and chemical properties of some representative elements (groups |, 2 and
the noble gases).

* Make a design of the periodic table in pairs.

[.2.1.L1.2

Explain how periodic properties change with atomic number and principal

quantum number.

Talk for Learning:
State and explain the periodic law.

Collaborative Learning:

¢ Research and do presentations on each of the periodic properties (atomic size, ionic size,
ionization energy, electron affinity and electronegativity).

e The presentations on the periodic properties should cover the following headings:
a) The meaning of each periodic property.
b) Factors that affect each periodic property.
c) The variation of the periodic property in the periodic table.

e Account for discrepancies in the periodic properties with respect to beryllium, boron,
oxygen and nitrogen.

Assessment

[.2.1.AS.1

Level | Recall

Level 2 Skills of
conceptual
understanding

Level 3 Strategic
reasoning

Level 4 Extended critical
thinking and reasoning

I.X21.1.AS.2

Level | Recall

Level 2 Skills of
conceptual
understanding:

Level 3 Strategic
reasoning:

Level 4 Extended critical
thinking and reasoning:



Teaching and Learning MATERIALS CHARTS
Resources * Videos on the periodic table e Chart of the periodic table
*  Worksheets to write the electronic configuration of e Flipcharts for group presentations
the first thirty elements
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Subject CHEMISTRY
Strand
Sub-Strand 2. BONDING

Learning Outcomes

1.2.2.LO.I

Predict and explain ionic, covalent
and metallic bonding as well as their
characteristic properties.
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2. SYSTEMATIC CHEMISTRY OF THE ELEMENTS

21st Century Skills and Competencies

Communication and Collaboration:

e Discussing in groups and describing the formation
of ionic bonds

e Discussing among themselves how covalent bonds
and metallic bonds are formed

Critical Thinking and Problem Solving:
Using the electron dot to illustrate simple, dative
and polar covalent bonds.

Personal Development and Leadership:

e Ability to pursue self-directed learning with the
desire to chart a path to become effective lifelong
learners.

e By playing various individual roles in group
presentations and activities

GESI, SEL and Shared National Values

GESI:

Respect individuals of different backgrounds as they
discuss among themselves how covalent, ionic and
metallic bonds are formed.

Accept others as they play various roles in group
presentations and activities.

Interrogate their stereotypes and biases as they use
the electron dot to illustrate simple, dative and polar
covalent bonds.

SEL:

Provide opportunities for learners to work together
in groups to discuss the formation of ionic and
covalent bonds.

Work together with other learners to discuss the
properties of ionic and covalent compounds.

To help learners accurately assess their own
capabilities and qualities as they pursue self-directed
learning with the desire to chart a path to become
effective lifelong learners.

National Core Values:

Tolerance
Empathy



1.2.2.LO.2

Predict and describe the type of
intermolecular bonds that will be
formed between a group of
compounds

Critical Thinking:

e |dentifying and illustrating the various types of
bonds under intermolecular bonding.

e Critically examine the conditions that help in the
formation of the Van der Waal's forces.

Digital Learning:
Using digital tools to watch the video animation of
Hydrogen bonding

Collaboration:
Discussing in groups the factors that determine
bond strength.

Personal Development:
Ability to pursue self-directed learning with the
desire to chart a path to become effective lifelong
learners.

GESI:

Respect individuals of different backgrounds by giving
equal opportunities to both males and females as
they discuss the factors that determine bond
strength.

Create opportunity to support diverse group to
complete tasks that require critical thinking.

SEL:

Work to build learners confidence in associating the
type of intermolecular bonding with a particular
molecule.

To help learners accurately assess their own
capabilities and qualities as they pursue self-directed
learning with the desire to chart a path to become
effective lifelong learners.

National Core Values:

e Tolerance
e Empathy
e Discipline
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Content Standards

Learning Indicators and Pedagogical Exemplars with 21st Century and GESI

Assessment

1.2.2.CS.|

1.2.2.L11

1.2.2.AS.1

Demonstrate knowledge
and understand of the
formation and properties of
inter-atomic bonding.

Explain ionic bonding, its formation and state the properties of ionic compounds.

Talk for Learning:

e Review the meaning of chemical bonding and the types of interatomic bonding (ionic,
covalent and metallic) from JHS curriculum.

* Discuss the factors that affect ionic bond formation (ionization energy, electron affinity,
electronegativity difference and lattice energy).

e Using illustrations, explain the formation of cations and anions and relate the charge on
simple ions to the group number of the element on the periodic table.

Activity-Based Learning: In mixed ability groups,

e Use atomic models or simulations or electron dots to describe and explain the
formation of ionic bonds between metals and non-metals.

e Use models to illustrate and describe the formation of Sodium chloride crystals.

* Discuss the properties of ionic compounds.

Level | Recall

Level 2 Skills of
conceptual
understanding

Level 3 Strategic reasoning
Level 4 Extended critical
thinking and reasoning

1.2.2.L1.2

1.2.2.AS.2

Explain covalent bonding, its formation and state the properties of covalent
compounds

Talk for Learning:

* Review the previous knowledge on covalent bonding from the JHS curriculum through a
class discussion.

e Identify and distinguish between the types of covalent bonds (simple covalent, dative or
co-ordinate and polar covalent bonds).

Exploratory Learning:

e Using atomic models, explain the formation of covalent bonds between different non-
metals.

e Use electron dot structures or models to illustrate the formation of simple (H>), dative
(NH4*) and polar (HF) covalent bonds.

Level | Recall

Level 2 Skills of conceptual
understanding

Level 3 Strategic
reasoning

Level 4 Extended critical
thinking and reasoning
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Initiate Talk for Learning:

¢ In groups, discuss and explain the following terms polarization, polarizability, polarizing
power, ionic character and covalent character then state the factors that introduce ionic
character in covalent bonds.

¢ Predict bond type in terms of electronegativity difference between atoms.

¢ Discuss the properties of covalent compounds.

1.2.2.L1.3

1.2.2.AS.3

Explain metallic bonding, its formation, factors that affect its formation and
properties of metals

Use of Digital Resources:
Watch a video or listen to a presentation (with the aid of relevant charts) on metallic
bonding.

Activity-Based Learning:

¢ Based on the presentation, design a mind map on the explanation of metallic bonding,
factors that affect its formation as well as its properties.

¢ Work individually to design models to show metallic bonding (lattice of positive ions in a
pool of electrons).

Talk for Learning:
e Explain each of the factors that affect metallic bond formation.
¢ Discuss the properties of metallic solids and link the properties to metallic bonding.

Level | Recall

Level 2 Skills of conceptual
understanding

Level 3 Strategic
reasoning

Level 4 Extended critical
thinking and reasoning

Teaching and Learning
Resources

WEBSITES

¢ https://study.com/academy/lesson/cation-definition-examples-quiz.html atomic models, diagrams
https://www.khanacademy.org/science/in-in-class- | 0-chemistry-india/x87dd2847d57ee4 | 9:in-in-metals-and-non-
metals/x87dd2847d57ee4 1 9:in-in-metals-reacting-with-nonmetals/v/ionic-bonds-reaction-of-metals-non-metals-metals-

and-non-metals-chemistry-khan-academy

e atomic models, diagrams https://www.khanacademy.org/science/in-in-class-|0-chemistry-india/x87dd2847d57ee419:in-
in-carbon-and-its-compounds-coming-soon/x87dd2847d57ee419:in-in-bonding-in-carbon-covalent-bond/v/covalent-

bond-and-lewis-dot-structure-h2o0-co2-chemistry-khan-academy

CHARTS
e Chart on ionic, covalent and metallic bonds
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Content Standards

Learning Indicators and Pedagogical Exemplars with 21st Century and GESI

Assessment

1.2.2.CS.2

1.2.2.L11

1.2.2.AS.1

Demonstrate knowledge
and understanding that, the
type of chemical bond in a
compound determines the
physical and chemical
properties of that
compound.

Describe the types of intermolecular forces and explain how they arise from the
structural features of molecules.

Talk for Learning:

e With the aid of charts, models or other resources, identify the different types of
intermolecular forces found in compounds (ionic and covalent compounds).

Note: lonic compounds are linked by inter-ionic or electrostatic forces

e  Watch a video or use a chart to reinforce the types of intermolecular forces in
molecules.

Collaborative Learning: Using think-pair-share,
¢ Deduce and describe:
a. Dipole-dipole type of Van der Waal's forces.
b. Induced-dipole-induced-dipole type of Van der Waal's forces.

e Using charts of molecular mass (molecular size, number of electrons per molecule) of the
halogens and their boiling points, deduce and explain the factors that affect the strength
of Van der Waal's forces of attraction.

¢ In pairs, and with the aid of charts or any other data, visualize and deduce the factors that
affect the strength of hydrogen bond.

a. Electronegativity and size of elements directly bonded to the hydrogen.
b. Number of hydrogen bonds per molecule.
c. Orientation of the hydrogen bond.

Level | Recall

Level 2 Skills of conceptual
understanding

Level 3 Strategic
reasoning

Level 4 Extended critical
thinking and reasoning

1.2.2.L1.2

1.2.2.AS.2

Explain how intermolecular forces affect physical properties of compounds.

Talk for Learning:
Discuss and explain how intermolecular forces affect physical properties such as solubility,
density, viscosity, enthalpy of vaporisation, volatility, surface tension, melting point and
boiling points of compounds.

Level | Recall

Level 2 Skills of conceptual
understanding

Level 3 Strategic
reasoning

Level 4 Extended critical
thinking and reasoning
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Experiential Learning:

Perform activities to demonstrate some physical properties of covalent and ionic
compounds such as their solubility in different solvents, density, melting point etc.

Inquiry-Based Learning:

Predict the physical properties of various compounds based on the types of

intermolecular forces that exist in them.

Relate the physical properties of polar and non-polar compounds to their everyday life

application.

Teaching and Learning
Resources

CHARTS

Chart illustrating the types of intermolecular bonds
Chart containing the trend of covalent compounds
according to their physical properties

Charts of boiling points of hydrides of Group 15, 16 and
|7 elements

Charts of boiling points of halogens Molecular models,

e Table of NH3, H,O and HF and their boiling points

WEBSITES
e Https://www.youtube.com/watch?v=RSRiywp9vow
e  https://www.youtube.com/watch?v=aH2IbYs_XjY

CHEMISTRY | 53



CHEMISTRY

3. CHEMISTRY OF CARBON COMPOUNDS
I. CHARACTERISZATION OF ORGANIC COMPOUNDS

Subject

Strand
Sub-Strand

GESI, SEL and Shared National
Values

Learning Outcomes 21st Century Skills and Competencies

1.3.1.LO.1

Apply the knowledge and Digital Learning: GESI:

understanding in science to describe | e  Using virtual laboratory or videos to demonstrate distillation, e Appreciate individuals of different
qualitative and quantitative fractional distillation and chromatography where apparatus is background as they interact to plan and
elemental analysis of organic not available. execute an activity.

compound. e  Using calculators to perform calculations involving mass and e Embrace diversity and practice
percentage mass. inclusion as they critically analyse
chromatograms to deduce the
components in a natural sample.
Collectively use digital learning tools.

Critical Thinking and Problem Solving:
Ciritically analyse a chromatogram to deduce the componentin | e
a natural sample.

SEL:

Communication and Collaboration: e Provide opportunity for learners to
Interacting to plan and execute the activity. make valid interpretations of

chromatograms.

To work together in groups to share

ideas to critically analyse

chromatograms.

Personal Development: o
Encouraging the acquisition of analytical skills as they analyse
and interpret paper chromatograms.

National Core Values:

Patience
Tolerance
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Content Standards Learning Indicators and Pedagogical Exemplars with 21st Century and GESI Assessment

[.3.1.CS.1 [.3.1.LL1 [.3.1.AS.1

Demonstrate knowledge | Describe qualitative and quantitative elemental analysis of organic compounds. Level | Recall

and understanding of the Level 2 Skills of

general processes Digital Learning: conceptual understanding
involved in qualitative and ¢ Watch video clips or observe teacher demonstration of: Level 3 Strategic
quantitative elemental a. Distillation reasoning

analysis of organic b. Fractional distillation Level 4 Extended critical
compound. c. Crystallization thinking and reasoning:

e Discuss the key steps in the use of recrystallization, drying and distillation to purify a given
impure organic compound.

Inquiry-Based Learning:
Explore the use of melting and boiling points to determine the purity of a given organic
compound.

Experiential Learning:

¢ Demonstrate the determination of melting points of some organic solids (benzoic acid,
oxalic acid, ethanamide).

e Describe paper chromatography as an analytical technique that separates components in a
mixture of organic compounds and state its uses in everyday life, such as in forensics, natural
product, environmental analysis etc.

¢ Analyse and interpret simple paper chromatograms including the use of Ri-values.

[.3.1.L1.2 1.3.1.AS.2
Design and perform experiment to test for the presence and mass composition of Level | Recall:
carbon, hydrogen, sulphur, nitrogen and halogens in organic compounds. Level 2 Skills of
conceptual
Experiential Learning: understanding:
In small mixed-ability groups, design and conduct experiments to test for the presence of Level 3 Strategic
carbon, hydrogen, sulphur, nitrogen and halogens in organic compounds. reasoning:
Level 4 Extended
Inquiry-Based Learning: critical thinking and
e Describe how the mass of elements (C, H, X) is obtained. reasoning:
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e Perform calculations involving percentage composition using secondary data and review the
calculation of empirical and molecular formulae.
Teaching and e Virtual laboratory can be used, laptop, smart phone, video
Learning Resources e Materials: fractionating column, Liebig condenser, round bottom flask, adapter, conical flask; thermometer, ethanol-
water mixture, powdered charcoal, stirrer/hotplate and liquid paraffin Chromatography: beaker, chromatography paper,
capillary tube, cardboard, glass or other green plant, ethanol for pigment extract, petroleum ether: propanone mixture
to use as eluant
e Test tubes, Bunsen burner, metal tong, pestle, mortar, gauze, filter paper, funnel, protective cloth and eye google
¢ Organic compounds containing N, S, and halogens, sodium metal, dil NaOH, dil H,SO4, HNO3, dil AgNO3, FeSOy4, FeCls,
sodium pentacyanonitrosyl ferrate (ll).
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Subject CHEMISTRY
Strand 3. CHEMISTRY OF CARBON COMPOUNDS

Sub-Strand 2. Organic Functional groups

Learning Outcomes

21st Century Skills and Competencies

GESI, SEL and Shared National Values

1.3.2.LO.1

Predict and classify organic
compounds.

Communication and Collaboration:

e Learning and sharing ideas together on what organic
chemistry is and the unique nature of carbon and types
of organic compounds.

e Learning and sharing ideas together on what
homologous series is.

Critical Thinking and Problem Solving:

Through sharing of ideas and brainstorming sessions on why
carbon forms many compounds as well as the features of
compounds in a homologous series

GESI:

SEL:

National Core Values:

Respect individuals of different backgrounds as
learners share ideas on what organic chemistry
and homologous series are.

Gain awareness of diversity and practice
inclusion as learners brainstorm to come out
with the reasons why carbon forms many
compounds.

To work together in groups to share ideas on
the unique nature of carbon.

To solve problems relating to homologous
series.

Help learners to discuss why carbon forms
many compounds.

Tolerance
Honesty
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Content Standards
1.3.2.CS.1

Demonstrate knowledge
and understanding organic
chemistry to classify
organic compounds.

Teaching and Learning
Resources
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Learning Indicators and Pedagogical Exemplars with 21st Century and GESI
[.3.2.LL1

Distinguish between organic and inorganic compounds and classify organic
compounds.

Inquiry-Based Learning:
Prior to the lesson, investigate to find out answers to the following task: The meaning of
organic chemistry and why carbon forms many compounds.

Collaborative Learning:
Through a class activity, differentiate between organic compounds and inorganic
compounds, giving examples.

Activity-based Learning:

¢ W/ith the aid of cut-outs on types and examples of organic compounds, classify different
organic compounds into aliphatic hydrocarbons, alicyclic hydrocarbons, aromatic
hydrocarbons and heterocyclics.

¢ In small mixed-ability groups, model the various classes of organic compounds and draw
their structures.

1.3.2.L1.2

Explain homologous series and state their properties.

Talk for Learning:
Deduce the meaning of homologous series using the inductive approach.

Inquiry-Based Learning:

®  Write down the homologous series for alkanes and alkenes.

e Discuss the properties of homologous series based on the example.

e Demonstrate ways of representing organic compounds (molecular formula, condensed
formula and structural formula) with the aid of charts, models etc.

*  Work sheet for learners to tabulate the differences of organic compounds.

¢ Molecular models to represent organic functional groups

Assessment

1.3.2.AS.1

Level | Recall

Level 2 Skills of
conceptual
understanding

Level 3 Strategic reasoning
Level 4 Extended critical
thinking and reasoning

1.3.2.AS5.2

Level | Recall

Level 2 Skills of conceptual
understanding

Level 3 Strategic
reasoning

Level 4 Extended critical
thinking and reasoning
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Subject CHEMISTRY

Strand

Sub-Strand I.MATTER AND

Learning Outcomes
2.1.1.LO.1

Describe the different energy
changes that occur as a result of
reorganization of atoms.

3 Gender Equality and Social Inclusion
4 Socio-Emotional Learning
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I. PHYSICAL CHEMISTRY

ITS PROPERTIES

21st Century Skills and Competencies

Communication and Collaboration:

e Discussion of the meaning of enthalpy changes and uses of
their values.

e Sharing of ideas, planning, designing and performing
experiment together.

e Sharing ideas, and applying Hess’ Law.

e Sharing ideas on differences between bond energy and bond
dissociation energy.

Critical Thinking and Problem Solving:

e Use mathematical thinking skills to solve problems involving
enthalpy changes.

e Using mathematical thinking skills to calculate enthalpy
changes and evaluate the experiment

e  Using mathematical thinking skills to calculate enthalpy of
reaction

e  Using mathematical thinking skills to calculate enthalpy
changes

Creativity and Innovation:
e Designing hot/cold packs.
e Constructing energy cycles and Born-Haber cycles.

Digital Learning: Watching video to reinforce concepts.

GESI3, SEL4 and Shared National Values

GESI:

Respect individuals of different
backgrounds as learners share ideas, plan,
design and perform experiment together.
Accept diversity and practice inclusion as
learners collaborate and communicate
scientific ideas.

Examine and dispel misconceptions/myths
about gender and disabilities as they
design and construct Born-Haber cycle.

SEL:

Develop their own strategies to complete
tasks such as construction of energy
cycles and designing hot and cold packs.
To work together in groups to share
ideas in the application of Hess’ law.

National Core Values:

Tolerance:
Honesty
Integrity
Discipline



2.1.1.LO.2

Use the concept of chemical
kinetics to explain that chemical
reactions proceed at different rates
depending on their conditions and
design experiment to investigate
these conditions.

Personal Development: Learners develop the skills necessary
to conduct research and sustain this throughout their lives as
they undertake various tasks.

Communication and Collaboration:

e Sharing ideas on rate of reaction

e Sharing ideas, planning, and designing and perform
experiment to investigate factors that affect the rate of
reaction

e Sharing ideas on rate constant, sketching and analyzing order
of reactions

Critical Thinking and Problem Solving:

e Deducing the suitable method of monitoring reaction to
determine the rate.

e Analysing experimental results and evaluating experiment and
give practical application of concepts.

e Learners will apply the theory to explain effects of the factors

e Deducing rate expressions, analyse graphs and calculate half-
life

Digital Learning:

e Using virtual learning to perform suitable experimental
procedure or may watch video to reinforce concept.

e Learners watch video/use simulation to reinforce concepts.

e Watching video on rate law and order of reaction

e  Watching video on rate law and order of reaction.

Creativity and Innovation: Learners will role-play collision
theory.

GESI:

Appreciate individuals of different
backgrounds as learners collaborate and
share ideas on rate of reaction.
Interrogate their stereotypes and biases
as they plan, design and perform
experiments to investigate factors that
affect the rate of reaction.

Examine and dispel misconceptions/myths
about gender and disabilities as they think
critically and solve problems.

SEL:

Learners will confidently explain the
effects of factors that affect the rate of
reaction.

Learners show empathy, compassion and
respect towards the needs and feeling of
others as they undertake the role-play.
Learners will understand and express
ideas confidently and accommodate the
views of others as they collaborate to
undertake all the experiments.

National Core Values:

*

[ ]
L J
[ ]

Tolerance

Inquirer

Honesty and integrity
Discipline
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Content Standards
2.1.1.CS.I

Demonstrate knowledge
and understanding that
energy changes occur in
chemical reactions as a
result of reorganization
of atoms at different
rates.
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Learning Indicators and Pedagogical Exemplars with 21st Century and GESI
2.1.1.LLI

Explain the various standard enthalpy changes that occur and carry out calculations
to determine them.

Demonstration: Use hot water in a bottle to demonstrate and come out with the meaning of
the terms chemical system, surrounding and distinguish between open, closed and isolated
systems

Collaborative Learning:
¢ In small-mixed ability groups,
(2). Discuss the meaning of chemical energy, enthalpy and enthalpy changes during chemical
reaction.
(b). Explain that chemical reactions are accompanied by enthalpy changes that can be
exothermic or endothermic and give examples.
e Watch video to reinforce the concept of endothermic and exothermic reactions.

Activity-Based Learning:

e Draw a simple enthalpy profile diagram to show endothermic and exothermic reactions.

e Explain the following terms: standard enthalpy change of reaction, standard enthalpy change
of formation, standard enthalpy change of combustion, standard enthalpy change of
neutralization, standard enthalpy of solution and hydration.

e  Carry out calculations to determine their value and discuss their importance.

2.1.1.L1.2

Determine the various enthalpy changes as well as the calorific value of common

foods and fuels used in everyday life through calorimetry.

Inquiry-based learning:
¢ In small mixed-ability groups, design and carry out circus experiments to determine
c. Enthalpy change of combustion of alcohols and food substances, such as maize or
groundnut.
d. Enthalpy of neutralization of acid and base (HCI| and NaOH)-enthalpy of solution
(NH4Cl and CaCl; solutes).
e. Enthalpy of solution (Zn and CuSO; solutes)

Assessment

2.1.1.AS.1

Level | Recall

Level 2 Skills of
conceptual understanding
Level 3 Strategic
reasoning

Level 4 Extended critical
thinking and reasoning

2.1.1.LAS.2

Level | Recall

Level 2 Skills of
conceptual understanding
Level 3 Strategic
reasoning

Level 4 Extended
critical thinking and
reasoning



e Use the relationship, AH = mcAT to calculate enthalpy changes from the experimental results.

e Interpret the results and evaluate the experiment.

Digital Learning: Watch video or use virtual laboratory to reinforce the measurement of
energy content of food and fuels.

2.1.1.L1.3

Explain Hess's law of constant heat summation and apply it to construct energy cycle
diagrams as well as calculate relevant enthalpy changes.

Activity-Based Learning: State Hess’ law and apply it to construct simple energy cycle
diagrams.

Inquiry-Based Learning:

e Carry out calculations involving-determination of enthalpy changes that cannot be found by
direct experiment using thermochemical equations, energy cycles and given data. Examples:
Enthalpy change of reaction from enthalpy change of combustion and enthalpy change of
formation.

e Use Born-Haber cycle to determine ionization energy and electron affinity, lattice energy,
dissociation energy, atomization energy, sublimation energy, etc.

Digital Learning: Watch videos to reinforce concept.

2.1.1.L1.4

Explain bond energy and apply it to determine endothermic and exothermic
reactions.

Talk for Learning Approach: Using think-pair-share approach, distinguish between bond
dissociation energy and bond energy

Activity-Based Learning:

e Calculate the enthalpy change of reaction from bond energy values.

e Discuss bond energy as a measure of energy content hence, bond strength.

e Discuss that the amount of energy released per unit mass is a factor in choosing fuel used at
home, transport and industry.

2.1.1.LAS.3

Level | Recall

Level 2 Skills of
conceptual understanding
Level 3 Strategic
reasoning

Level 4 Extended
critical thinking and
reasoning

2.1.1.AS4

Level | Recall

Level 2 Skills of
conceptual understanding
Level 3 Strategic
reasoning

Level 4 Extended
critical thinking and
reasoning
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2.1.1.LL5

Explain the term rate of reaction and describe the suitable experimental procedures
for measuring rates of reactions.

Collaborative Learning Approach: Using think-pair-share approach, discuss and explain the
term rate of reaction and determine ways of expressing the rate (initial rate, average rate and
instantaneous rate).

Inquiry-Based Approach: In small mixed-ability group, discuss suitable methods or use virtual
laboratory to determine suitable procedures for measuring rates of reaction. Examples colour
change, changes in volume of gas evolved, formation of precipitate, change in mass, appearance,
and disappearance of product etc.

2.1.1.LLé

Perform experiments to investigate the factors that affect the rate of reaction and
analyse the data from the rate experiments.

Experiential Learning:
¢ In small mixed-ability groups and using circus activities, design, and perform experiments to
investigate the effect of the following on rate of reaction:
a. Change in concentration (using gas syringe to measure the volume of CO; from HCI
and CaCO;s; reaction with time).

b. Changes in surface area (using balance to measure loss of mass or using gas syringe to

measure volume of CO; produced from HCI and CaCOs reaction with time).
c. Changes in temperature or concentration with respect to time (Sulphur-clock
experiment).
d. Catalyst (using gas syringe to measure the volume of oxygen gas produced from
decomposition of HO, by MnO,)

Talk for Learning:

¢ In small mixed-ability and mixed-gender groups where applicable, analyse the experimental
data and graphs of reactions and deduce patterns and hence the effect of the parameters on
the rate of reaction.

e Discuss practical applications of each outcome on everyday life (Example, surface area and

safety of grain mill factories, why a glowing splint rekindles when it is put in a bottle of oxygen

2.1.1.AS.5

Level | Recall

Level 2 Skills of
conceptual understanding
Level 3 Strategic
reasoning

Level 4 Extended critical
thinking and reasoning

2.1.1.AS.6

Level | Recall

Level 2 Skills of
conceptual understanding
Level 3 Strategic
reasoning

Level 4 Extended
critical thinking and
reasoning



gas, why smoking is forbidden in areas where bottled oxygen is in use, burning of charcoal,
the use of antioxidants as competitive inhibitors to preserve food etc.).
2.1.1.L1.7
Describe the collision theory and use it to explain qualitatively, the effects of the
factors that affect the rate of reaction.

Collaborative Learning:

e In a class session, brainstorm on the interactions occurring in a chemical reacting system and
describe the collision theory.

e Highlight the main points of the collision theory.

Activity-Based Learning:

e Role-play to simulate the collision theory.

e Predict and explain using the collision theory, the qualitative effect of each factor on the rate
of reaction.

e Sketch and use the Maxwell-Boltzmann energy distribution curve to explain the effect of
temperature change and catalyst on the rate of reactions.

2.1.1.LL.8

Construct rate equations from experimental data, analyze graphs to deduce the

order of reactions and solve problems involving the rate expression.

Collaborative Learning:

¢ In mixed gender group where applicable, distinguish between the terms rate constant and
order of reaction with respect to a particular reactant and overall order of reaction.

e Brainstorm to come out with definition of rate determining step.

Problem Solving Approach:

e Deduce the rate expression for a reaction from experimental data. i.e., r=k[A]*[B]»

e Using think-pair-share approach, sketch graphical representation for zero, first and second
order reactions.

e Use mathematical skills to solve problems involving the rate of reaction, including half-life of a
reaction from first order and its significance as well as using half-life to predict the order of
reaction.

2.1.1.AS.7

Level | Recall

Level 2 Skills of
conceptual understanding
Level 3 Strategic
reasoning

Level 4 Extended critical
thinking and reasoning

2.1.1.AS.8

Level | Recall

Level 2 Skills of
conceptual understanding
Level 3 Strategic
reasoning

Level 4 Extended
critical thinking and
reasoning
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Teaching and
Learning Resources
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Note: Calculations involving the Arrhenius equation and its interpretations are beyond the scope of this
curriculum.
MATERIALS

Worksheets: for drawing and labelling enthalpy profile
diagram.

Worksheets for supporting calculation of standard
enthalpy changes.

Worksheets with task on applying Hess’ law to calculate
enthalpy of reaction.

Calculator

Hot water

Hydrochloric acid

Sodium hydroxide pellets

Thermometer

Copper sulphate

Zinc powder

Virtual lab on calorimetry

Use of gas syringe

Chemical balance

Calcium chloride

Probe

Beakers (100ml and 400ml)
Ammonium chloride

Calorimetry setup

Conical flask

Beakers

Marble chips

Hydrochloric acids

Kits for sulphur-clock experiment
Kits for investigating effect of catalyst on decomposition
Of H202

e Graph sheets

WEBSITE
e Videos on the topic:khanacademy.org



Subject CHEMISTRY

Strand I. PHYSICAL CHEMISTRY
Sub-Strand 2. EQUILIBRIA

Learning Outcomes 21st Century Skills and Competencies

2.1.2.LO.1

Explain that dynamic equilibrium is Communication and Collaboration: Communicating
attained when the rates of the ideas to establish the relationship between the

forward and backward reactions are | equilibrium constant and the concentration of chemical
equal and this principle has entities in a chemical reaction.

industrial applications.

Critical Thinking and Problem Solving:

e Thinking through to explain reversible processes.

e Using the Le Chatelier's principle as the basis to
predict the direction of a chemical reaction based on
the type of stress that is imposed.

e Using the Le Chatelier's principle as the basis to
discuss how chemists increase their yields in the
Haber and Contact processes.

e Thinking through the idea of mass action to deduce
an expression for equilibrium constant

2.12.L0.2
Apply your knowledge in acidsand =~ Communication and Collaboration:
bases to classify and describe

GESI, SEL and Shared National Values

GESI:

Respect individuals of different backgrounds as
they share ideas to establish the relationship
between the equilibrium constant and
concentration of the chemical entities in a
reaction.

Embrace diversity and practice inclusion as
learners think critically and solve problems.
Interrogate their stereotypes and biases about
gender as they discuss how Chemists increase
their yields in the Haber and Contact process.

SEL:

To work together in groups to establish the

relationship between the equilibrium constant and

the concentration of chemical entities.

To enable learners to confidently use the Le
Chatelier’s principle to predict the yields in
reversible reactions.

National Core Values:

Discipline
Patience
Prudence

GESI:
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substances as acids and bases as e Working in groups and sharing ideas while e Accept individuals of different backgrounds as
well as determine the brainstorming. they collaborate and share their observations on
concentration of analyte through e Learners will communicate their observations of the the physical properties of acids and bases.
titration. physical properties of acids and bases. e Embrace diversity and practice inclusion as
e Learners will work in groups to explore the learners investigate their findings in the circus
properties of acids and bases. activity.
e Learners will communicate their findings in the circus = ® Examine and dispel misconception/myths about
activity verbally and in written form. gender and disabilities as they determine
e Learners will investigate the strength of acids and concentration of analyte and percentage purity.
bases in groups around the various stations of the
circus activity. SEL:
e Working in mixed-ability groups to undertake e To work together to share ideas on physical and
experiments. chemical properties of acids and bases.
e Learners discuss the various types of salts. e To foster learners’ awareness of different types of

salts and how to identify them.
Critical Thinking and Problem-Solving Skills:
e Learners will predict the strength of the acid or base =~ National Core Values:
used as the electrolyte based on the brightness of the ® Respect:
bulb lit. e Honesty
e Learners brainstorm to differentiate among the e Patience
different types of salts. Tolerance
e Determining concentration of an analyte, percentage
purity of an impure sample, percentage of water of
crystallization in a hydrated salt and relative atomic
mass.

Digital Literacy: Making online investigations and
watching videos on reversible and irreversible reactions.

Personal Development: Working individually to

identify and write down the conditions that will optimize
a desired outcome of a reaction.
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Content Standards
2.1.2.CS.

Demonstrate
understanding that a
balance of opposing
reactions occur in chemical
equilibrium systems to
attain equilibrium and this
principle is applied in
chemical industrial
processes.

Learning Indicators and Pedagogical Exemplars with 21st Century and GESI
2.1.2.LL1

Explain the terms reversible and irreversible reactions and dynamic equilibrium.

Participatory Learning:

e Explain what reversible reactions are after watching a short video of reversible and
irreversible reactions and apply them to physical, chemical, biological and environmental
processes.

e Use graphical method to explain the concept of dynamic equilibrium.

Exploratory Learning: Conduct an experiment on the reversible reaction between
anhydrous copper (Il) tetraoxosulphate (VI) and water or any other workable reagent.
2.1.2.L1.2

State Le Chatelier’s Principle and apply it to deduce qualitatively, the effects of
various factors on the positions of equilibrium and on the value of the equilibrium
constant.

Talk for Learning Approach:

¢ |dentify the factors that affect chemical equilibrium and use Le Chatelier's principle to
predict the direction of the shifting from various possible stress (these should include
changes in concentration, temperature, pressure, volume and catalyst) on a system at
equilibrium

e In groups discuss and predict the effect of each of the factors on the position of
equilibrium as well as the equilibrium constant.

Activity-Based Learning: Individually, identify and write down a set of conditions that will
optimize a desired outcome of a reaction, such as a product.

2.1.2.L13

Apply the concepts of equilibrium and rates to industrial processes (Haber and
Contact Process).

Exploratory Approach: Investigate from the Internet and other sources about how Le
Chatelier's principle is applied in industrial processes.

Assessment

2.1.2.AS.1

Level | Recall

Level 2 Skills of conceptual
understanding

Level 3 Strategic
reasoning

Level 4 Extended critical
thinking and reasoning

2.1.2.AS.2

Level | Recall

Level 2 Skills of conceptual
understanding

Level 3 Strategic reasoning
Level 4 Extended
critical thinking and
reasoning

2.1.2.AS.3

Level | Recall

Level 2 Skills of conceptual
understanding

Level 3 Strategic reasoning
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Collaborative Learning: Give group presentations on how Chemists carry out reactions Level 4 Extended

economically to get the highest yields in the shortest possible time using the Haber and critical thinking and

Contact processes in the production of ammonia and sulphuric acid. reasoning

2.1.2.L14 2.12.AS4

Deduce expressions for equilibrium constants in terms of concentrations and Level | Recall

partial pressures and perform relevant calculations from appropriate data. Level 2 Skills of conceptual
understanding

Activity-Based Learning: Level 3 Strategic

¢ In mixed-ability groups, deduce expression for equilibrium constant using the law of mass = reasoning

action. Level 4 Extended critical

e  Using the think-pair-share approach, explain the significance of the equilibrium constant.  thinking and reasoning
e Perform calculations to determine equilibrium concentrations or partial pressures and
equilibrium constant using experimental data and the initial quantities of reactants.
e  Establish the relationship between Kp and Kc using the ideal gas equation.
e Perform calculations involving Ksp of sparingly soluble salts.

Teaching and Learning MATERIALS CHARTS
Resources e Video on the topic. e Chart of the production line of the Haber and Contact
e Worksheet containing tables to be completed on the processes.
equilibrium factors. e Chart of processes that are reversible

e  Worksheet with scaffolding strategies in Kc, Kp and Ksp
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Content Standards
2.1.2.CS.2

Demonstrate knowledge
and understanding of the
concepts and properties of
acids and bases to classify
substances as well as
determine concentration of
analysis through titration.

Learning Indicators and Pedagogical Exemplars with 21st Century and GESI
2.1.2.LL1

Explain Arrhenius, Bronsted-Lowry and Lewis concepts of acids and bases.

Collaborative Learning: With the aid of charts or videos, brainstorm to find answers to
the following tasks:

e Arrhenius theory of acids and bases and give their strengths and limitations

e Bronsted-Lowry theory of acids and bases and give their strengths and limitations.

e Types of Bronsted-Lowry acids (simple acids, oxoacids and hydrated cations) and bases.
e Lewis theory of Acids and Bases and give their strengths and limitations.

Activity-Based Learning:

e Deduce the conjugate acid-base pairs in a given acid-base reaction.

o Classify household chemical, fruits, vegetables etc as acids or bases

e  Watch video to reinforce the concepts.

2.1.2.L1.2

Describe the physical and chemical properties of acids and bases.

Exploratory Learning: In small mixed ability groups,

e Explore using virtual laboratory or simulation or simple activities, the physical properties
of acids and bases under the following headings: pH, feel, behaviour in indicators
(including litmus paper)

Note: No chemicals should be tasted in the laboratory.

Experiential Learning:

e Undertake experiments on acids such as:
a) Reaction with metals like Zn, Fe and Mg.
b) Reaction with bases (Neutralization).

c) Reaction with trioxocarbonate(lV), (COs?) or hydrogentrioxocarbonate(lV), (HCOj3-)

d) Reaction with basic oxides.
e Undertake experiments on bases such as:
a. Reaction with acidic oxides.
b. Reaction with ammonium salts to liberate ammonia gas

Assessment

2.1.2.AS.1

Level | Recall

Level 2 Skills of conceptual
understanding

Level 3 Strategic
reasoning

Level 4 Extended critical
thinking and reasoning

2.12.AS.2

Level | Recall

Level 2 Skills of
conceptual
understanding

Level 3 Strategic reasoning
Level 4 Extended critical
thinking and reasoning
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c. Reaction with acids.

Talk for Learning: Discuss application of neutralization in treating insect bites, stomach
indigestion, treating soil and lake acidity.

2.1.2.L13

Distinguish between strong and weak acids, strong and weak bases in terms of the
extent of dissociation, rate of reaction, electrical conductivity, pH value in
aqueous solution and enthalpy change of neutralization value.

Inquiry-Based Learning:

e Explain qualitatively, the differences between weak and strong acids and weak and strong
bases in terms of dissociation.

e Using a circus activity, investigate acid or base strengths based on the following methods:
a. Conductivity measurement or using the acids or bases as electrolyte with electric

bulb in a circuit.

b. pH measurement using a pH meter or universal indicator method.
c.  Use of heat of neutralisation value.

e Discuss basicity of acids and relate it to the strength of acids.

2.1.2.L14

Explain the meaning of salt and classify salts.

Talk for Learning:

e Brainstorm to come out with the meaning of salt.

e Differentiate among normal, acidic, basic, double, complex, hydrated, deliquescent,
hygroscopic and efflorescent salts with examples.

Experiential Learning:

e In small mixed-ability groups, undertake experiments to prepare soluble and insoluble
salts.

e Discuss various uses of salts in everyday life.

Field trip or Excursion: Take an industrial trip to a salt mining site to identify the
processes involved in their operations.

2.1.2.AS8.3

Level | Recall

Level 2 Skills of
conceptual
understanding

Level 3 Strategic reasoning
Level 4 Extended critical
thinking and reasoning

2.1.2.AS4

Level | Recall

Level 2 Skills of conceptual
understanding

Level 3 Strategic
reasoning

Level 4 Extended critical
thinking and reasoning



Teaching and Learning
Resources

2.1.2.LI5

Determine the quantity of analyte in a solution using acid-base titration.

Exploratory Learning: Perform titrations and use the data obtained to determine the

concentration of an analyte in a solution. The titrations include:

a. Simple acid-base titrations for determining percentage purity, percentage of water of
crystallization in a hydrated salt, relative atomic mass.

b. Back or Indirect titration.

c. Double-indicator titration.

Worksheets with illustrative examples of Arrhenius,
Bronsted-Lowry and Lewis acids and bases for
Learners to identify

Fruits

Vegetables

Common acids (HCI, HNO3, H,SO4, CH3;COOH,
H.COs;,

Bases

Universal indicator with pH colour chart

Litmus papers

Ammonium compound (e.g., ammonium chloride)
Bases: NaOH(aq), KOH(aq), Ca(OH)2, NH3

Zinc chips, iron filings, magnesium ribbon

pH meter

A simple electric circuit with electric bulb/ lamp,
beakers, wire, key/switch

2.1.2.AS.5
Level | Recall

Level 2 Skills of conceptual

understanding

Level 3 Strategic reasoning

Level 4 Extended
critical thinking and
reasoning

Mixture of Na,COs and NaHCO3)
Methyl orange and phenolphthalein indicators
Burette

Pipette

Conical flask

Droppers

Retort stand and clamp

Pipette filler

White tile

Wash bottle with distilled water
Calculator
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Subject

Strand
Sub-Strand

Learning Outcomes

22.1.LO.1

Predict and describe the trends of
chemical and physical properties of
elements and their compounds in
the periodic table.
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CHEMISTRY

2. SYSTEMATIC CHEMISTRY OF THE ELEMENTS
I. PERIODICITY

21st Century Skills and Competencies

Collaboration and Communication and Critical Thinking:

Brainstorming to come out with the physical and chemical
properties of the period 3 elements.

Watching a video on the reactivity of the elements to re-
enforce the concept by searching on YouTube.

Using their mathematical thinking skills to plot graphs from data.

From the graphs, deduce periodic trends in properties of the
period 3 elements.

Brainstorming to come out with the physical and chemical
properties of the period 3 compounds.

Problem-Solving Skills:

Writing chemical equations on worksheets to show chemical
reactions of the compounds.

Investigating the thermal stabilities of the specified carbonates
by conducting heat tests on them.

GESI, SEL and Shared National

Values

GESI:

Embrace diversity and practice
inclusion as learners collaborate and
think critically.

Examine and dispel
misconceptions/myths about gender
and disabilities as diverse groups are
supported with scaffold worksheets to
write chemical equations.
Interrogate their stereotypes and
biases as they investigate the thermal
stabilities of carbonates and nitrates

SEL: Provide opportunities for learners to
evaluate their own work on writing
chemical equations

National Core Values:

Respect
Tolerance
Selflessness



22.1.LO0.2

Predict and describe the physical
and chemical properties of the
halogens as well as their uses in
everyday life.

Critical Thinking and Problem Solving:

Learners think critically and communicate as they discuss
variations and anomalies in physical properties of the halogens.
Learners think critically as they discuss electron configurations
and variable oxidation states of the halogens and link them to
their chemical properties.

Learners brainstorm to deduce the differences in the reactivity
of the halogens based on their electrode potential.

Communication and Collaboration:

Learners communicate as they dialogue in pairs to explain the
chemical basis for the uses of the reactions of halogens in
everyday life.

Learners collaborate as they work in mixed-ability groups.
Learners communicate and think critically as they engage in
discourse and write balanced chemical equations.
Demonstrations and carrying out investigations make learners
creative.

Digital Learning: Learners practice digital learning by watching a
video on the reaction of the halogens with water.

GESI:

e Embrace diversity and practice
inclusion as they communicate to
explore the uses of the reactions of
halogens in everyday life.

e Interrogate their stereotypes and
biases about gender as they deduce the
differences in the reactivity of the
halogens.

e Refute misconceptions/myths about
gender and disabilities as they
demonstrate and carryout
investigation.

SEL: Provide opportunities for learners to
evaluate their own work on writing
chemical equations involving halogens.

National Core Values:

e Respect
e Open-mindedness
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Content Standards
2.2.1.CS.

Demonstrate
understanding of the
regular patterns of
chemical and physical
properties of elements
and their compounds in
the periodic table.
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Learning Indicators and Pedagogical Exemplars with 21st Century and GESI
2.2.1.LLI
Describe the patterns in physical and chemical properties of the period 3 elements.

Talk for Learning: With the aid of charts, videos or books, discuss trends in the properties of
period 3 elements including:
a. Metallic property,
b. Physical properties (density, melting point and boiling point, hardness).
c. Chemical properties (reaction with some common reagents, example, water, acids,
alkalis air or oxygen, chlorine)

Digital Learning: Research on the internet or watch videos on the reactions of period 3
elements.

Problem-Based Learning: Plot a graph of physical properties from given data and use it to
deduce trends in physical properties of the elements in period 3.

2.2.1.L1.2

Describe the patterns in physical and chemical properties of compound (hydrides,
oxides, hydroxides and chlorides) of period 3 elements.

Talk for Learning Approach: Using think-pair-share approach,
predict and describe the physical properties of the compounds of the period three elements.
a. Hydrides: structure and bonding, acid-base characteristics, their reaction with water and
air.
b. Oxides: structure and bonding, acid-base characteristics, hydrolytic behaviour and
solubility in water.
c. Hydroxides: types, structure and bonding, acid-base characteristics.
d. Chlorides: types, structure and bonding, acid base characteristics, reaction in water and
air.

Collaborative Learning:

e In small groups, discuss the thermal stability of carbonates (CO32) and nitrates (NO3-) of
period two and three elements to include Li, K and Ca and account for their differences.

e  Write chemical equations to show how the compounds decompose on heating.

Assessment

2.2.1.AS.1

Level | Recall

Level 2 Skills of
conceptual
understanding

Level 3 Strategic
reasoning

Level 4 Extended critical
thinking and reasoning

2.2.1.AS.2

Level | Recall

Level 2 Skills of
conceptual understanding
Level 3 Strategic
reasoning

Level 4 Extended critical
thinking and reasoning



Teaching and
Learning Resources

Experiential Learning:

Perform simple experiments to compare the thermal stabilities of Na,CO3, K,CO3 and
CaCO:s.

Test for any gas that evolves.

Write balanced chemical equations of the reactions that take place.

ICT tools e Samples of the carbonates and e Delivery tube
Textbooks nitrates of Li, Na, K, Mg and Ca e Test tubes
Graph sheets to plot given data e Source of heat e Test tube holder
Worksheets e Lime water
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Content Standards
2.2.1.CS.2

Demonstrate knowledge
and understanding of the
pattern of the physical
and chemical properties
of the halogens as well as
their uses.
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Learning Indicators and Pedagogical Exemplars with 21st Century and GESI
2.2.1.LL1

Explain the physical and chemical properties of the halogens (Group |7 elements).

Talk for Learning Approach:
e In mixed-ability groups, discuss the variations in the physical properties of the halogens
under the following headings:
a. Physical State
b. Melting and Boiling points
c. Bond energies
e Discuss any anomalies in the bond energies.

Collaborative Learning:
* In mixed-ability groups, discuss the electron configurations and the exhibition of variable
oxidation states of the halogens.
e Discuss the similarities in chemical nature of the halogens.
e Deduce the differences in the reactivity of the halogens based on their standard electrode
potential values.
e Use the following reactions for your discussions:
a. Halogens with halide ions (displacement reactions).
b. Halide ions with silver ions (precipitation reactions).

Digital Learning:

¢ In mixed-ability groups, watch videos and discuss the reagents, conditions and products
formed when the halogens react with water and alkalis.

e Write balanced chemical equations to show how the reactions occur.

2.2.1.L1.2

Describe the reaction of halide salts and explain the differences in acid strength of

the hydrogen halides as well as the uses of the halogens.

Talk for Learning Approach: Using think-pair-share approach,

e Explain the differences in reducing power of the halides.

e  Write chemical equations to illustrate the various reactions of halides salts with
concentrated tetraoxosulphate (VI) acid.

Assessment

2.2.1.AS.1

Level | Recall

Level 2 Skills of
conceptual understanding
Level 3 Strategic
reasoning

Level 4 Extended critical
thinking and reasoning

2.2.1.AS.2

Level | Recall:
Level 2 Skills of
conceptual
understanding:
Level 3 Strategic
reasoning:



Teaching and
Learning Resources

Collaborative Learning: In mixed-ability groups:

Discuss the acid strengths of hydrogen halides under the following headings:

a. Relative bond strengths of HX, where Xis F, Cl, Br and I.

b. Ka values of HX

Discuss the thermal stability of the halogen halides in terms of their bond energies.

Explain the chemical basis for the uses of the reactions of halogens in everyday life under the
following headings:

a. Purification of water for drinking

b. The use bleach to oxidise dyes and other coloured molecules

c. Disinfecting toilets

d. Use of halogenated hydrocarbons as solvents, refrigerants and in aerosols

Periodic table showing atomic numbers, electron e Worksheets
configuration of the elements as well as their fixed or e Bleach solution
variable oxidation states e \Water

ICT tools e A piece of stained cloth
KOH

NaOH

Level 4 Extended critical
thinking and reasoning:
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Subject CHEMISTRY
Strand 2. SYSTEMATIC CHEMISTRY OF THE ELEMENTS
Sub-Strand 2. BONDING

Learning Outcomes 21st Century Skills and Competencies

222.L0.1

Describe the structure, chemical Critical Thinking and Problem Solving:

bonding and properties of molecular o  Using the molecular models to predict the shape of molecules.
compounds. e Use diagrams to explain the formation of hybrid orbitals

Communication and Collaboration:

e Learners will work together in using the molecular models.

e Learners will brainstorm to come out with the uses of diamond
and graphite.

e Work in small mixed-ability groups to discuss formation of
orbitals.
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GESI, SEL and Shared National

Values

GESI:

Respect individuals of different
backgrounds as they critically think and
solve problems.

Practice inclusion and accept diverse
opinions as they work together and
use the molecular models.

Examine and dispel
misconceptions/myths about gender
and disabilities as they use diagrams to
explain the formation of hybrid
orbitals.

SEL: To work together in groups to use
molecular models in predicting the shape
of molecules.

National Core Values: Tolerance



Content Standards
2.2.2.CS.1

Demonstrate knowledge
and understanding of the
role of modelling, evidence
and theory in explaining the
structure, bonding as well as
properties

of molecular compounds

Learning Indicators and Pedagogical Exemplars with 21st Century and GESI
2.2.2.LLI

Predict the shape and bond angles for species and distinguish between sigma and
pi bonds.

Collaborative Learning Approach:

e Use electronegativity values to predict the relative polarity of bonds.

e Predict the shape and bond angles for species with 4, 3, and 2 negative charge centres on
the central atom using the Valence shell electron pair repulsion (VSEPR) theory.

e Predict whether or not a molecule is polar from its molecular shape and bond polarities

Talk for Learning:

e Discuss in a small mixed-ability group, how orbital overlap of two atoms results in the
formation of molecular orbital.

e Describe and distinguish between sigma and pi bonds.

222112

Explain hybridization and relate it to various structures.

Collaborative Learning Approach:

e Engage in a teacher led discussion on hybridization as the mixing of atomic orbitals of
different energy and shape to obtain a set of new orbitals of equivalent energy and shape.

e Explain the characteristics of hybrid orbitals.

Activity-Based Learning: Working in pairs, use molecular models to identify and explain
the various types of hybridization (sp, sp2 sp3, sp3d, sp3d? and dsp?)

Collaborative Learning: In small mixed ability groups,

e Identify and explain the relationship between the Lewis dot structures and hybrid
orbitals

e Use the orbital diagram configuration to explain the formation of (sp, sp?, sp3, sp3d, sp3d?
and dsp?) hybrid orbitals and model it with the molecular orbitals models.

e Predict shape and bond angles of molecules (CHs4, BeCl,, BCl3, NH3, H,O, PCls, SF,
[Ni(CN)4]?") based on the hybrid orbitals of the central atom.

Assessment

2.2.2.AS.1

Level | Recall

Level 2 Skills of
conceptual
understanding

Level 3 Strategic reasoning
Level 4 Extended critical
thinking and reasoning:

222.AS82

Level | Recall

Level 2 Skills of conceptual
understanding

Level 3 Strategic
reasoning

Level 4 Extended critical
thinking and reasoning
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Teaching and Learning
Resources

82 | CHEMISTRY

Home Task: Research through the Internet, books or other sources to:
e Describe and compare the structure and bonding in diamond and graphite using
molecular models.
e Come out with the uses of diamond and graphite based on their structures.
e Describe structure and bonding of silicon (V) oxide.

MATERIALS e Coloured balloon e Periodic table

¢ Molecular models e  Worksheets with orbital diagram e  Ball and stick models

e Toothpick e Balloons of different colours CHARTS

e Modelling clay e Coloured balloons e Chart containing diagrams of
e Ball and stick models e Thread molecular orbitals

e Chart of the Lewis dot structures



Subject CHEMISTRY

Strand 3. CHEMISTRY OF CARBON COMPOUNDS

Sub-Strand I. CHARACTERISATION OF ORGANIC COMPOUNDS

Learning Outcomes 21st Century Skills and Competencies GESI, SEL and Shared National

Values

2.3.1.LO.1

Describe sigma and pi bonds of Communication and Collaboration: Sharing ideas on the use of = GESI:

carbon compounds and explain their = molecular model to construct multiple bonds. e Embrace diversity and practice

structure and bonding. inclusion as they share ideas on the use
Creativity and Innovation: Manipulating models to represent of molecular models to construct
multiple bonds. multiple bonds.

e Examine and dispel
misconceptions/myths about gender
and disabilities as they manipulate
models to represent multiple bonds.

SEL: To work together in groups to share
ideas in using molecular models to

construct multiple bonds.

National Core Values: Tolerance
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Content Standards
2.3.1.CS.

Demonstrate knowledge
and understanding of
multiple bonds and use it
to account for the
structure of compounds.

Teaching and Learning
Resources

84 | CHEMISTRY

Learning Indicators and Pedagogical Exemplars with 21st Century and GESI Assessment

2.3.1.LL1 2.3.1.AS.1

Apply the concept of hybridization to explain sigma and pi bond of organic Level | Recall

compounds and explain their structure and bonding. Level 2 Skills of conceptual

understanding

Exploratory Learning: Level 3 Strategic reasoning

¢ In small mixed-ability groups, use molecular models to construct carbon-carbon double = Level 4 Extended critical
bond and carbon-carbon triple bond. thinking and reasoning

e Use the models constructed to describe how carbon-carbon double bond and carbon-
carbon triple bond are formed.

Inquiry-Based Learning: With the aid of relevant videos, charts or pictures brainstorm

to come out with the formation of pi and sigma bonds in unsaturated hydrocarbons either

through the liner/co-axial or lateral/sideway overlap of orbitals.

e Molecular models e Toothpicks and modelling clay

e  Worksheet on task on pi bond formation e Videos on the topic: khanacademy.org



Subject

Strand
Sub-Strand

CHEMISTRY

3. CHEMISTRY OF CARBON COMPOUNDS
2. ORGANIC FUNCTIONAL GROUPS

Learning Outcomes

215t Century Skills and Competencies

GESI, SEL and Shared National Values

23.2.L0.1

Explain the source, structure,
nomenclature, properties, uses
of the various classes of organic
compounds and the test for their
functional groups.

Communication and Collaboration: Sharing ideas on
generating members of alkane series, applying IUPAC rules
and discussing properties and uses of alkanes.

Critical Thinking and Problem Solving:

e Applying ideas on toxicity and environmental effects of
products of reactions of alkanes.

e Applying ideas on alkanols as biofuel on energy
sustainability

Digital Learning: Watch video to reinforce concept

Creativity and Innovation: Designing alcohol
breathalyser

GESI:

Respect individuals of different backgrounds as
they share ideas and apply IUPAC rules to name
compounds, discuss properties and uses of
alkanes.

Interrogate their stereotypes and biases about
gender as they apply their ideas on toxicity and
environmental effects of product of reactions of
alkanes.

Examine and dispel misconceptions about gender
and disabilities as they design alcohol breathalyser.

SEL: To work together in groups to apply IUPAC
rules in naming alkanes.

National Core Values:

Tolerance
Discipline
Honesty
Integrity
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Content Standards

Learning Indicators and Pedagogical Exemplars with 215t Century and GESI

Assessment

2.3.2.CS.|

2.3.2.LIL1

2.3.2.AS.1

Demonstrate knowledge
and understanding of
source, structure,
nomenclature, properties
and uses of organic
compounds as well as the
characteristic test for
their functional groups.

Explain the nomenclature, structure, properties and everyday uses of alkanes.

Activity-Based Learning: Prior to the lesson, find out about the general formula, properties
and nomenclature of alkanes and other hydrocarbons.

Talk for Learning:

® In a whole class discussion, talk about organic reactants (saturated, unsaturated
compounds, electrophiles, nucleophiles, free radicals), types of organic reactions, factors
that affect organic reactions, homolytic and heterolytic fission, functional groups and
isomerism (chain, position, functional group, geometrical isomerism)

e Generate the formulae and structure of the first 10 members of the alkanes series using
their general molecular formula.

Activity-Based Learning:

e Model each isomer of alkane (C4 and C5).

e Apply IUPAC rules to name straight chain (C| — C10) and branched chain alkanes up to
Ce.

Inquiry-Based Learning:

e Investigate the physical properties of alkanes such as melting points, boiling points, density,
volatility and solubility.

e Explain the low reactivity of alkanes in terms of bond enthalpies and bond polarity.

e Describe using equations, complete and incomplete combustion reactions of alkanes and
discuss the effect of their products to the environment (greenhouse effect and global
warming), release of CO and the use of catalytic converter to minimize the pollution.

Collaborative Learning:

e Discuss the effect of other products of burning fuel (formation of acid rain).

e Describe using equations, the reactions of methane with chlorine. Discuss the effect of the
product (CFCs) on ozone layer.

e Discuss free radical mechanism of the reaction of methane and chlorine.

e Discuss cracking and reformation of alkanes.

Level | Recall

Level 2 Skills of conceptual
understanding

Level 3 Strategic
reasoning

Level 4 Extended critical
thinking and reasoning
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Discuss the uses of alkanes. (i.e., Uses of the various petroleum fractions obtained from
fractional distillation of crude oil).

2.3.2.L1.2

2.3.2.A5.2

Explain the nomenclature, structure, properties of alkenes and alkynes.

Collaborative Learning Approach:
Using think-pair-share,

Generate the formulae and structure of the first six alkenes series using their general
molecular formula.

Activity-Based Learning

Model each isomer of alkene (C4 and C5).
Apply IUPAC rules to name alkenes up to C6 (straight chain and branched chain).

Design a mind map to show the sources, the laboratory preparation and physical
properties of alkenes

Write chemical equations to illustrate the reactions of symmetrical and unsymmetrical
alkenes with:

a. Hydrogen

b. Halogens

c. Steam

d. Hydrogen halides
e. KMnO4

Note: Use Markornikov's rule for the unsymmetrical alkenes.

Experiential Learning: Distinguish between alkanes and alkenes using bromine water or
bromine in tetrachloromethane.

Initiating Talk for Learning:

Outline the economic importance of the reactions of alkenes (production of margarine and
alcohol).

Watch video to reinforce the concepts taught.

Level | Recall

Level 2 Skills of conceptual
understanding

Level 3 Strategic
reasoning

Level 4 Extended critical
thinking and reasoning
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Collaborative Learning Approach:

e Generate the formulae and structure of the first six alkynes in their homologous series
using their general molecular formula.

e Determine structure of the isomers of C4 and C5

e Discuss the acidity of terminal alkynes and distinguish them chemically from non-terminal
alkynes.

e Describe the preparation of ethyne,

e Write chemical equations to illustrate reactions of terminal and non-terminal reaction with
a) Hydrogen, b) Halogen c) Hydrogen halide

e Discuss the use of ethyne in welding (combustion reactions of alkynes)

e Watching video to reinforce the concepts taught.

2.3.2.L1.3

2.3.2.AS.3

Describe the structure, bonding, properties of benzene and its uses in everyday life.

Collaborative Learning Approach: In small groups, describe the structure, stability and
bonding of Benzene (Kekule, resonance and molecular orbital theories).

Digital Learning: Watch videos or use virtual laboratory to investigate and identify patterns
of substitution reactions of benzene with halogens, conc. HNO3, conc. H,SO4, alkyl halide and
acyl halide.

Inquiry-Based Learning:

e Discuss addition reactions of benzene with hydrogen and Halogens.
e Use concept map to summarise the reactions of benzene.

e Discuss the importance of benzene in everyday life.

Level | Recall

Level 2 Skills of
conceptual
understanding

Level 3 Strategic reasoning
Level 4 Extended critical
thinking and reasoning

23.2.L14

2.3.2.A54

Explain the structure, nomenclature, preparation, properties and uses of alkanols
as well as their characteristics test.

Collaborative Learning Approach:

e Through think-pair-share approach, generate the formulae of alkanols up to Cé.
e Describe the classes and isomers of alkanols.

e Apply IUPAC rules to name Alkanols up to Cé and their isomers.

Level | Recall

Level 2 Skills of conceptual
understanding

Level 3 Strategic reasoning
Level 4 Extended
critical thinking and
reasoning
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Experiential Learning:

e Prepare alkanols in the laboratory.

e Compare and contract the preparation of ethanol by fermentation and hydration and
discuss the physical properties of alkanols.

Activity-Based Learning:

e  Watch video or use virtual laboratory to investigate or write the following reactions of
alkanols; dehydration, esterification, substitution (reaction with phosphorus trihalides),
metals, oxidation of primary and secondary alkanols, iodoform reaction and Lucas reaction.

e Describe some synthetic pathways involving alkanols

e Discuss the use of ethanol at home, hospital, pharmaceutical industries and research work
in Chemistry and related science laboratories.

Project-Based Learning:

e In a small mixed-ability group, plan and design alcohol breath analyser using potassium
dichromate. (STEM application)

e Discuss energy efficiency by evaluating the advantages and disadvantages of biofuels.

2.3.2.LI5

2.3.2.AS.5

Explain the structure, nomenclature, preparation, properties and uses of alkanoic
acids as well as their characteristic test.

Collaborative Learning Approach:

e Generate members of alkanoic acids (carboxylic acids) up to Cé.

e Apply IUPAC rules to name alkanoic acids up to Cé6 and their isomers.

e  Write chemical equations for the production of alkanoic acids (i.e., from primary alkanols,
alkanals, alkyl benzene).

e Discuss the biological way of producing ethanoic acid from acid fermentation.

e Discuss the physical properties of alkanoic acids (solubility in water, boiling point, melting
point, density, volatility).

e Account for the acidity of alkanoic acids and state the factors that affect their acidity.

Exploratory Learning: Plan and carry out simple test tube experiments or watch videos or
use virtual laboratory to investigate the reactions of alkanoic acids with the following
substances: Na, NaOH, NaHCO3, Na,COs, NH3, ROH, LiAlH4

Level | Recall

Level 2 Skills of conceptual
understanding

Level 3 Strategic reasoning
Level 4 Extended
critical thinking and
reasoning

CHEMISTRY | 89



Experiential Learning:

Conduct an experiment to test for alkanoic acids through the reaction with alkanols to

produce esters.

Talk about other ways of testing for the presence of alkanoic acids.

Initiating Talk for Learning:

Describe some synthetic pathways of alkanoic acids.

Describe some uses of alkanoic acids (manufacture of synthetic flavouring, nylon, food

preservatives, vinegar, terylene, brighteners).

Teaching and
Learning Resources

MATERIALS

Molecular models

Video of greenhouse effect, toxicity of CO, acid rain
Worksheets with task on naming, isomer, and
properties

Worksheets with tasks on naming, isomers, properties,
uses of alkenes

Video of preparation of ethyne

Worksheets with tasks on naming, isomers, properties,
uses of alkynes

Materials to design alcohol breath analyser Kit for
esterification reactions

Na, NaHCO;, PC|5, CszOH, LiA|H4

Worksheets on reactions of benzene

WEBSITE

Virtual lab/video on laboratory and reactions of alkanoic
acids

Virtual lab/video on laboratory and industrial
preparation of alcohol

Virtual labs on preparation of alkene, test for alkenes
Virtual lab on preparation of alkynes
Videos on the topic: khanacademy.org

CHARTS

Charts on homologous series of alkanes, fractionating
column

Charts on uses of alkynes

Charts on uses of alkenes

Chart on uses of benzene

Chart on classes of alcohols, uses of alkanols

Chart on uses of alkanoic acids

Chart on molecular orbital theory of benzene
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YEAR THREE



Subject CHEMISTRY

Strand I. PHYSICAL CHEMISTRY

Sub-Strand 2. EQUILIBRIA

Learning Outcomes

3.1.2.LO.1

Use the knowledge in pH to
distinguish between solutions that
are acidic, neutral or basic.

5> Gender Equality and Social Inclusion
6 Socio-Emotional Learning
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21st Century Skills and Competencies

Collaboration and Communication: Learners discuss the
pH Scale in groups.

Critical Thinking and Problem Solving:

e Learners need to think through the best possible way to
calculate the pH of specific solutions.

e Learner will need to use pH as a case study to come up
with a relationship between Ka and pKa.

e By manipulating the Henderson-Hasselbalch equation to
determine certain aspects of buffer solutions.

e Glocal Citizenship

e Learners will acquire knowledge on the relevance of pH an
pOH on everyday life

GESI5, SEL¢ and Shared National Values

GESI:

Respect individuals of different backgrounds
as they collaborate and communicate.
Examine and dispel misconceptions/myths
about gender and disabilities as they
manipulate the Henderson-Hasselbalch
equation to determine some aspects of
buffer solution.

Embrace diversity and practice inclusion as
they determine the relationship between Ka
and pKa.

SEL:

To provide Learners with a range of options
to calculate the pH of a specific solution.

To provide opportunity for learners to
manipulate the Henderson-Hasselbalch
equation to determine certain aspects of
buffer solutions.

National Core Values:

Discipline
Tolerance
Respect



3.1.2L0.2

Use your knowledge and
understanding of concepts in
hydration and hydrolysis to
determine the types of salts.

3.1.2.LO.3

Use the understanding of hydrolysis
of salts to decide on suitable
indicator as well as plot and
interpret titration curves.

3.1.2L04

Describe oxidation and reduction
reactions and apply their principles
to electrochemical cells as well as
their importance in everyday life.

Critical Thinking and Problem Solving: Learners will
have to brainstorm to come out with the meaning of hydration
and hydrolysis.

Collaboration and Communication: Learners will discuss
in groups acid-base indicators and draw titration curves.

Personal Development: By learning to draw and interpret
titration curves

Communication and Collaboration:

e Learners brainstorm and share ideas in discussing concepts
of oxidation and reduction and also in planning and
investigating reactivity of metals.

GESI: Put up with individuals of different
backgrounds as they brainstorm to come out
with the meaning of hydration and hydrolysis.

SEL: Provide opportunities for learners to
practice communication skills to come out with
the meaning of hydration and hydrolysis.

National Core Values:
e Tolerance
e Discipline

GESI:

e Embrace diversity and practice inclusion as
communicate and collaborate.

e Interrogate their stereotypes and biases
about gender as they draw and interpret
titration curves.

SEL:

e To provide opportunities for learners to
practice communication skills to decide a
suitable indicator for titration experiment.

e To provide opportunities for learners to
draw and interpret titration curves.

National Core Value: Prudence

GESI:

e Embrace diversity and practice inclusion as
all groups are involved in brainstorming and
sharing ideas about oxidation and reduction.
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Learners brainstorm and share ideas in discussing the
meaning of oxidizing and reducing agents.

Brainstorm and share ideas on electrochemistry and how
voltaic cells are constructed.

Design and construct simple voltaic cell.

Learners brainstorm and share ideas of factors that affect
selective.

Learners brainstorm and discuss economic impact of
corrosion and also share ideas in performing their
investigations.

Critical Thinking and Problem Solving:

Learners analyse the results of the experimental
investigation to deduce patterns of reactivity.

Learners analyse titre value and apply Mathematical skill to
determine concentration of analytes.

Learners analyse and predict the various product of
electrolysis

Learners analyse their results and discuss ways of
preventing rusting

Learners will perform calculations to determine cell
potential and predict feasibility of reaction.

Innovation and Creativity:

Learners design and perform redox titration.
Learners roll components of electrolytic cells and also
design electrolytic cell.

Digital Learning: Learners watch video on the lesson.

Personal Development and Leadership: Learners develop

the skills necessary to conduct research and sustain this
throughout their lives as they undertake the experiments.

Do away with misconceptions / myths about
gender and disabilities as they design and
construct simple voltaic cells.

Interrogate their stereotypes and biases as
they analyse and predict the various product
of electrolysis.

SEL:

To provide opportunity for learners to
share ideas in planning and investigating
reactivity of metals

To provide opportunity for learners to feel
successful in designing and performing redox
titration

National Core Value:

Tolerance
Discipline
Honesty
Integrity



Content Standards
3.1.2.CS.1

Demonstrate knowledge
and understanding of the
pH scale in determining
the acidity and alkalinity
of strong and weak
acids, bases and aqueous
solutions.

Learning Indicators and Pedagogical Exemplars with 21st Century and GESI
3.1.2.LL1

Explain and undertake calculations on the concepts of pH, and pOH and describe
their significance in everyday life.

Digital Learning: Watch a video or listen to a presentation on pH and pOH, how they are
calculated and their applications.

Talk for Learning: In a teacher-led discussion, explain pH (as the negative logarithm to the
base ten of the hydrogen ion concentration of a solution) and deduce the mathematical
expression for it (pH =-log [H+])

Collaborative Learning:

e  With the aid of relevant pictures or charts, describe the pH scale making emphasis on the
various sections:
a. Values below 7, is acidic.
b. Values above 7, is basic.
c. Exactly 7 is neutral.

e Discuss the ionic product of water and deduce the relationship between pH, pOH and
pKw

e Calculate the pH and pOH of strong acids and strong bases.

Inquiry-Based Learning: Research and discuss the significance of the values of pH in
everyday life e.g. acid rain and its effect, pH of soil, blood, urine and saliva; shampoo and
pharmaceutical products.

3.1.2.L1.2

Explain the incomplete or partial ionization of weak acids and weak bases and
calculate pKa and pKb.

Talk for Learning:

e Compare and contrast between
a. Strong and weak acids
b. Strong and weak bases

Assessment

3.1.2.AS.1

Level | Recall

Level 2 Skills of conceptual
understanding

Level 3 Strategic
reasoning

Level 4 Extended critical
thinking and reasoning

3.1.2.AS.2

Level | Recall

Level 2 Skills of conceptual
understanding

Level 3 Strategic
reasoning

Level 4 Extended critical
thinking and reasoning
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Teaching and
Learning Resources
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e Explain the ionization constant Ka for weak acids and Kb for weak bases, relate Ka to pKa
and Kb to pKb.

Activity-Based Learning: Calculate pKa, pKb, pH and pOH for weak acids and weak bases.

3.1.2.L1.3 3.1.2.AS.3
Explain buffer solution, buffer action and their applications in everyday life. Level | Recall
Level 2 Skills of conceptual
Collaborative Learning: In mixed-gender groups, research and give class presentations on: understanding
a. Buffer solution, its composition and how it behaves. Level 3 Strategic reasoning:
b. How to calculate the pH of a buffer solution and the concentration of the various Level 4 Extended critical
component of the buffer. thinking and reasoning

Experiential Learning: In mixed ability group, prepare a buffer solution of a specific pH,
given a weak acid and its salt and weak base and its salt.

Inquiry-Based Learning: Give specific examples of the application of buffer in everyday life
in:
a. Living systems
b. Industries
e pHscale e Universal indicator
e pH meter e Calculator



Content Standards
3.1.2.CS.2

Demonstrate knowledge
and understanding of
concepts of hydration
and hydrolysis of salt.

Teaching and
Learning Resources

Learning Indicators and Pedagogical Exemplars with 21st Century and GESI
3.1.2.LL1

Explain hydration and hydrolysis of salts and predict the acidity or alkalinity of
aqueous salt solutions.

Talk for Learning: In mixed-ability groups, brainstorm to come out with the meaning of
hydration

Collaborative Learning:
e Use chemical equations to illustrate hydration of salts.
e Explain some key features of hydration (exothermic in nature, a physical process).
e Discuss the factors that affect hydrated energy
a. Size of ion
b. Charge on the ion

Talk for Learning: Brainstorm to come out with the meaning of hydrolysis and discuss the

types of hydrolysis (cation and anion hydrolysis).

Collaborative Learning:

e Use chemical equations to illustrate the mechanisms hydrolysis of salts (cation and anion).

e Explain why some salts do not undergo hydrolysis.
e Worksheets

Assessment

3.1.2.AS.1

Level | Recall

Level 2 Skills of
conceptual
understanding

Level 3 Strategic reasoning
Level 4 Extended critical
thinking and reasoning
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Content Standards
3.1.2.CS.3
Demonstrate
understanding of
concepts of hydrolysis
of salt in the choice of
indicators based on
titration curves.

Teaching and
Learning Resources
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Learning Indicators and Pedagogical Exemplars with 21st Century and GESI
3.1.2.LL1

Explain acid-base indicator, determine a suitable indicator for a titration and draw
graphs to represent titration.

Collaborative Learning:

¢ In mixed gender-based groups, discuss acid-base indicators, their nature and their
respective working ranges.

e Discuss the suitable indicator for an acid-base titration reaction taking into consideration
the nature of the acid and base involved, the type of salt formed and the working range of
acid-base indicators.

Exploratory Learning:
Work in groups to explore the use of different indicators for undertaking titrations in the
laboratory.

Activity-Based Learning:
Draw or sketch an acid-base titration curve and indicate the appropriate indicator for:
a. Strong acid against a strong base
b. Strong acid against a weak base
c. Woeak acid against a strong base
d. Weak acid against a weak base

Assessment

3.1.2.AS.1

Level | Recall:

Level 2 Skills of conceptual
understanding:

Level 3 Strategic
reasoning:

Level 4 Extended critical
thinking and reasoning:

e Acid-base indicators e Basic substance e Graph board

e Acidic substance e Beaker



Content Standards
3.1.2.CS4

Demonstrate knowledge
and understanding of
redox and apply its
principles to
electrochemical cells as
well as their importance
in everyday life.

Learning Indicators and Pedagogical Exemplars with 21st Century and GESI
3.1.2.LL1

Explain oxidation and reduction reactions and illustrate reactivity of metals
experimentally.

Talk for Learning: Through a class session, explain oxidation and reduction reactions in
terms of:

a. Addition and removal of Oxygen and Hydrogen

b. Electron transfer

c. Changes in oxidation number

Collaborative Learning:
Working in groups of three, apply changes in oxidation state to deduce whether each of the
following reactions are oxidation or reduction reactions:
a. Combination reaction
Decomposition reaction
Combustion reaction
Displacement reaction
Disproportionation reaction
Photosynthesis
Respiration

N S

Exploratory Learning:

e In small mixed ability or mixed gender groups, design and perform an experiment to
illustrate the reactivity of metals.

e Analyse results from the experiment and deduce patterns of reactivity of metals.

3.1.2.L1.2

Explain the terms oxidizing agent, reducing agent, redox half equations and apply

the principles in redox titrations.

Initiating Talk for Learning:
e  Using think-pair-share approach, discuss the meaning of oxidizing and reducing agents in
terms of the three definitions of oxidation and reduction reactions.

Assessment

3.1.2.AS.1

Level | Recall

Level 2 Skills of conceptual
understanding

Level 3 Strategic
reasoning

Level 4 Extended critical
thinking and reasoning

3.1.2.AS.2

Level | Recall

Level 2 Skills of conceptual
understanding

Level 3 Strategic reasoning
Level 4 Extended critical
thinking and reasoning
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e Identify oxidizing and reducing agents from oxidation and reduction reactions based on
changes in oxidation number of species involved.

e Deduce simple oxidation and reduction half-equations given species involved in oxidation
and reduction reactions and vice versa.

e Explain the steps involved in balancing oxidation and reduction equations using medium
method (in acidic and basic media).

Inquiry-Based Learning:
In small mixed-ability groups, design and perform oxidation and reduction titrations
involving:
e KMnO;4 versus Fe2*
e  KMnOj4 versus C04%
e /Kl versus $;03

Problem Solving Approach:
Calculate the concentration of an analyte, analyse and interpret the results.

Exploratory Learning:
Perform experiment to qualitatively test for the presence of oxidizing agents and reducing
agents.

Talk for Learning:
Use charts, pictures, videos, to discuss the application of oxidizing and reducing agents in:

e Beautician industry

e Motor traffic control

e Catalytic converter

e Extraction of iron using carbon (ll) oxide as reducing agent.

e Household and swimming pool disinfection.
3.1.2.L1.3 3.1.2.AS.3
Explain how redox is used to produce electricity in storage and fuel cells. Level | Recall:

Level 2 Skills of conceptual

Collaborative learning understanding

Level 3 Strategic reasoning



In gender-based groups where applicable, describe how a potential is developed between
an electrode placed in aqueous solution of its ions and discuss the factors that affect its
value:

a. Nature of electrode

b. Temperature of electrolyte

c. Concentration of electrolyte

d. Pressure of gas species

Explain why it is impossible to obtain an absolute electrode potential for a single half — cell.

Describe the standard hydrogen electrode.

Describe how to measure standard electrode potentials relative to the standard hydrogen
electrode.

Describe how standard electrode potentials are used to construct and represent voltaic
cells by writing and drawing of:

a. Metals or non-metals in contact with their ions in aqueous solution

b. lons of the same element in different oxidation states

Use video or simulation to illustrate and explain the operation of a voltaic cell

Problem Solving Approach:

Calculate a standard cell potential by combining two half-cells.
Predict the feasibility of a reaction using:

a. Standard cell potentials
b. Gibbs free energy (AG =-nFEc.n)

Note: Limitations of predictions made using standard cell potentials in terms of kinetic energy
and concentrations are not required.

Exploratory Learning:

Design and perform experiment to determine emf of voltaic cell.

Apply the principles of electrode potentials to modern storage cells:
a. Lead-acid battery (wet cell)

Alkaline cell (dry)

Lithium-ion battery.

Nickel-cadmium battery.

Fuel cells

© oo o

Level 4 Extended critical
thinking and reasoning
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e  Write their simple half and overall equations

Digital Learning: Watch videos on storage and fuel cells and how scientists in car industry
are developing fuel cell vehicles fuelled by:

a. Hydrogen gas

b. Hydrogen-rich fuels and their advantages over conventional diesel powdered vehicles

(STEM)

3.1.2.L14
Explain qualitatively and quantitatively the operations of electrolytic cell as well as
their applications in everyday life.

Collaborative Learning:
In small mixed-ability groups, describe using a diagram or simulations the essential
components of an electrolytic cell.

Activity-Based Learning:
Use role-play to illustrate the two main transactions that occur at the bank (depositing and
crediting), link them to the parts and functions of the components of electrolytic cells and
describe how currents flow in an electrolytic cell.

Talk for Learning:

e Discuss the factors that influence the selective discharge of species at the electrodes
during electrolysis.

e Describe and predict the product of electrolysis of molten salts, dilute salt solution and
concentrated salt solution (using inert and active electrode).

Inquiry-Based Learning: Using circus activity,

e Design and perform experiment to investigate electrolysis of various aqueous solutions in
the laboratory.

e Design and perform experiment to demonstrate electroplating as application of
electrolysis.

3.1.2.AS.4

Level | Recall

Level 2 Skills of conceptual
understanding

Level 3 Strategic reasoning
Level 4 Extended critical
thinking and reasoning



Teaching and
Learning Resources

Talk for Learning:

e Discuss extraction of aluminium and gold as application of electrolysis and the effect of
illegal mining on the environment.

e Discuss Faraday's laws of electrolysis and perform calculations based on the laws.

3.1.2.LL5

Explain the concept of corrosion of metals and its application in everyday life.

Initiating Talk for Learning:
e Using think-pair-share approach, explain the following terms:
a. Corrosion
b. Rusting
e Use equations to explain electrochemical processes involved in rusting.

Experiential Learning:

* In mixed ability or mixed gender groups where applicable, conduct an experiment to
investigate the conditions needed for rusting and conditions that also affect the rate of
rusting.

e Design experiments to investigate ways of preventing rusting.

Talk for Learning:

o Reflect on the results of the investigation and explain redox and non-redox methods of
preventing rusting

e Discuss the impact of rusting and corrosion in everyday life.

e  Watch a video of the lesson to reinforce the concept.

MATERIALS e Retort stands e 0.1 Mlron (lll) chloride
e Test tubes in a rack e KMnO, solution
e  Strips of copper foil e Iron (Il) solution e 0.02M potassium
e  Strips of zinc foil e lodine solution manganate (V1)
e  Strip of silver wire o Potassium iodide e 0.IM potassium bromide
e Emery paper e  Na$0; e |ICT tools
e 0.5 M copper sulphate e Starch e Calculator
solution e Test tubes e Electrolysis cell
e 0.5 M zinc sulphate e Test tube rack e Power pack
solution

3.1.2.AS.5

Level | Recall

Level 2 Skills of conceptual
understanding

Level 3 Strategic reasoning
Level 4 Extended critical
thinking and reasoning

| M copper(ll) chloride
Identical fresh nails
Test tube in test tube
racks

Stoppers

Spatula

PH sensor
Temperature sensor
Stands and clamps
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0.1 M silver nitrate

solution

50 ml Burettes

25 ml pipettes

250 ml conical flasks
100 ml beakers
White tiles

Copper powder

Zinc powder

Bromine water

0.1 M potassium iodide
solution

0.1 M potassium chloride
solution

Connecting wires and
clips
Clamps and stands
Cover slides
Wooden splint
Droppers

| M tetraoxosulphate
(V1) acid

| M sodium chloride
solution

Calcium chloride

Qil

Iron coated with zinc
Iron coated with tin
Iron filings

Salt



Subject CHEMISTRY

Strand 2. SYSTEMATIC CHEMISTRY OF THE ELEMENTS

Sub-Strand I. PERIODICITY

Learning Outcomes
3.2.1.LO.1

Predict and describe the physical

and chemical properties of the
transition elements as well as
their uses in everyday life.

21st Century Skills and Competencies

Communication and Collaboration:

Learners communicate as they discuss and write the
detailed electron configuration of the transition
elements.

Learners collaborate as they work together in
mixed-ability groups to list and explain the
characteristic properties of the transition elements.
Learners communicate as they deliberate on the
differences and similarities between transition metals
and representative metals based on their reactions

Digital Learning:

By watching videos via the internet or on a
computer.

Learners brainstorm, collaborate and communicate
as they draw and create shapes of complex
compounds.

Learners communicate and collaborate as they
deliberate in consolidating their work in groups and
with other groups.

GESI, SEL and Shared National Values

GESI:

e Encourage learners of different backgrounds or
abilities as they use digital tools for learning.

e Discourage misconceptions/myths about gender and
disabilities as they work together to explain the
characteristic properties of transition elements.

SEL: To enable learners to practice communication to
predict and describe the physical and chemical properties
of the transition elements

National Core Values:
e Tolerance

e Respect

e Appreciation

CHEMISTRY | 105



Content Standards
3.2.1.CS.

Demonstrate knowledge
and understanding of the
pattern of physical and
chemical properties of
the transition elements
as well as their uses.
Recognize the colour
production, catalytic
properties and many
applications of transition
elements.
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Learning Indicators and Pedagogical Exemplars with 215t Century and GESI
3.2.1.LL1

State and describe properties of transition elements and perform an experiment to
investigate some properties of transition elements.

Talk for Learning Approach:

e In mixed-ability groups, discuss and list the names of the first-row transition elements and
explain what transition elements are.

e Discuss the characteristic properties of transition elements under the following headings:
a. Variable oxidation states

Paramagnetism

Complex ion formation

Coloured compounds formation

Catalytic abilities

®oao0 o

Inquiry-Based Activity:
Perform simple experiment(s) to show the catalytic behaviour of transition elements using:
a. Decomposition of hydrogen peroxide using manganese (IV) oxide as Catalyst
b. Any other suitable reagents

Exploratory Learning:
Conduct an experiment to explain the applications of complex formation by causing water-
insoluble species to dissolve by converting them into soluble complexes. E.g., insoluble Cu2*
salt in excess dilute ammonia.

Collaborative Learning

e Discuss and use molecular models or materials from the environment to create shapes of
some common complex compounds (tetrahedral, square planar and octahedral) from given
formulae.

e Draw and name the complex compounds modelled.

Note: Systematic naming of complexes should be treated.

Assessment

3.2.1.AS.1

Level | Recall

Level 2 Skills of
conceptual understanding
Level 3 Strategic
reasoning:

Level 4 Extended critical
thinking and reasoning:



Teaching and
Learning Resources

3.2.1.L1.2 3.2.1.AS.2

Outline the similarities and differences between transition metals and main group Level | Recall
metals and everyday uses of transition metals. Level 2 Skills of
conceptual understanding
Collaborative Learning: Level 3 Strategic
e In mixed ability groups, brainstorm to come out with the similarities and differences between reasoning
transition metals and main group metals in terms of: Level 4 Extended critical
a. Hardness thinking and reasoning

b. Reaction with water and acids
c. Variable oxidation states
d. Complex ion formation
e. Coloured compounds formation
f. Catalytic properties
In mixed-ability groups, discuss the uses of transition metals in everyday life.

Periodic table e lron (Il) tetraoxosulphate (VI) e Potassium iodide solution
Worksheets catalyst e KOH

Samples of transition elements; e Cobalt (Il) tetraoxosulphate (VI) e NaOH

iron, copper, gold, etc. catalyst Timer/clock e Silver chloride and ammonia
Iron (lll) trioxonitrate (V) e Dropper solution

Sodium thiosulphate solution e Beakers o Water

Nickel () tetraoxosulphate (VI) e Reagent bottles containing the e Materials from the environment
catalyst solutions of the catalysts such as styrofoam, wire, paper,
Copper (Il) tetraoxosulphate (VI) e lodine beads

Catalyst
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Subject

Strand
Sub-Strand

CHEMISTRY

3 CHEMISTRY OF CARBON COMPOUNDS
2 ORGANIC FUNCTIONAL GROUPS

Learning Outcomes

21st Century Skills and Competencies

GESI, SEL and Shared National Values

3.3.2.L0.1

Explain structure, preparation,
properties of alkanoic acid
derivatives and lipids as well as their
uses in everyday life.

Communication and Collaboration:
Learners share ideas in planning and performing the
experiment.

Innovation and Creativity:

e The ability to model and name the various
structures of alkanoic acid derivatives.

e Learners share ideas in planning and producing soap
as well as discussing ways of improving the quality
of soap.

Critical Thinking and Problem Solving:
The ability of learners to think and represent
reaction mechanism of alkanoic acid derivatives,
suggest reaction pathways as well as use concept
map as a reflection tool.

GESI:

e Embrace diversity and practice inclusion as they
share ideas to plan and perform experiments.

¢ Interrogate their stereotypes and biases about
gender as they model and name alkanoic acid
derivatives.

e Examine and dispel misconceptions/myths about
gender and disabilities as they think critically to
represent reaction mechanisms of alkanoic acid
derivatives.

SEL: To enable learners to practice communication to
model and name the various structures of alkanoic acid
derivatives

National Core Values:
e Tolerance

properties of polymers and their
uses in everyday life.

e Learners will share ideas to discuss and describe
properties of amino acids and carbohydrates.

e Learners will have to give the uses of plastics in
everyday life as well as explain the differences
between condensation and addition polymerisation.

Critical Thinking and Problem Solving: e Discipline
Learners investigate ways of producing soap using e Honesty
various materials and modelling the structures of fats | 4 Integrity
and oils.
3.3.2L0.2
Explain the structure, preparation, Communication and Collaboration: GESI:

e Embrace diversity and practice inclusion as they
share ideas to discuss and describe properties of
amino acids and carbohydrates.
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Innovation and Creativity: e Examine and dispel misconceptions / myths about

e Learners will use molecular models to model gender and disabilities as they use molecular
different amino acids models to represent different amino acids.

e Learners will use chemicals to produce a nylon ¢ Interrogate their stereotypes and biases about
rope. gender as they explain differences between

condensation and addition polymerisation.
SEL: To enable learners to confidently use molecular
models to model different amino acids

National Core Values:
e Tolerance
e Discipline
e Honesty
e Integrity
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Content Standards
3.3.2.CS.

Demonstrate knowledge
and understanding of the
concepts of organic
chemistry to describe
the structure and
properties of alkanoic
acid derivatives and
lipids.
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Learning Indicators and Pedagogical Exemplars with 215t Century and GESI
3.3.2.LL1

Explain the structure, preparation and properties of alkanoic acid derivatives and
their uses in everyday life.

Digital Learning: Watch videos, PowerPoint presentations or research on the internet and
come out with the alkanoic acid derivatives (alkyl alkanoates, amides, acryl halide) and model
structures of each alkanoic acid derivative.

Collaborative Learning:
e  Write the structural formulae and give the IUPAC names of alkanoic acid derivatives
modelled.

e Discuss the formation of alkanoic acid derivative from alkanoic acids, given specific reagents

conditions.

Exploratory Learning: Design and perform experiment to prepare an alkyl alkanoate (ethyl

ethanoate).

Talk for Learning: In pairs, discuss the chemical properties of alkanoic acid derivatives given the

appropriate reagents and conditions.

Collaborative Learning:

e In small mixed gender or mixed ability groups, give PowerPoint presentations that focus on:

a. The mechanism for the reaction between alkanoic acid derivatives with nucleophilic
reagents.

b. Chemical equations for reduction of alkanoic acid derivatives

c.  Ways of testing for the presence of amide and alkyl alkanoate

e Discuss and suggest synthetic pathways suitable for the conversions of alkanol or carboxylic

acids to alkanoic acid derivatives.
e Discuss the major use of alkyl alkanoates as solvents, perfumes and flavours.

Assessment

3.3.2.AS.1

Level | Recall

Level 2 Skills of
conceptual understanding
Level 3 Strategic
reasoning

Level 4 Extended critical
thinking and reasoning



3.3.2.L1.2 3.3.2.A5.2

Explain structure, properties and uses of fats and oils in everyday life. Level | Recall
Level 2 Skills of

conceptual understanding

Collaborative Learning: Level 3 Strategic
e In gender-based groups where applicable, write general molecular formula for a fat molecule. = reasoning
e Model the structures of saturated and unsaturated fat and state the differences in structure Level 4 Extended critical

and physical properties between them. thinking and reasoning

e State some sources of fats and oils
e Explain why fats and oils are triglycerides and write an equation for the formation of a
generalized glyceride molecule from long chain fatty acid and glycerol.
e Apply the concept of iodine number to determine the unsaturation of a fat.
e Discuss the reactions of fats and oils under the following headings:
a. Hydrolysis using alkaline solution (saponification) or acidic
b. Conditions or using enzymes
c. Catalytic hydrogenation (margarine production)
d. Rancidity

Experiential Learning:

e In small mixed-ability groups, carry out experiments to prepare soap using local materials and
discuss ways of improving upon the quality of the soap prepared.

e  Write a generalized structure for soap and outline the processes used in soap production.

Talk for Learning:
e Distinguish between soapy detergent and soapless detergents and describe how they act as
grease-removing agents.
e State the advantages of a soapless detergent over soapy detergent.
Teaching and MATERIALS e Brine
Learning Resources e  Molecular models Heat source
e 250 ml beakers 500 ml beakers
e Concentrated tetraoxosulphate (VI) acid Test tube racks
e Ethanoic acid Test tubes
Heat source
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e  Ethanol Worksheets on synthetic pathways suitable for CHARTS
the conversions of alkanol or carboxylic acids to alkanoic e Charts showing major commercial use of esters
acid derivatives
e Worksheets with a variety of carboxylic acid derivatives
and scaffolding strategies for their reaction with
nucleophilic reagents
o Oil
e Caustic soda
Wood ash or plantain peel ashes
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Content Standards
3.3.2.CS.2

Demonstrate knowledge
and understanding of the
concepts of organic
chemistry to describe
the structure and
properties of polymers.

Learning Indicators and Pedagogical Exemplars with 21st Century and GESI
3.3.2.LL1

Explain polymers and describe proteins and carbohydrates as natural polymers of
amino acid and glucose respectively.

Collaborative Learning:

e In small groups, discuss, model and draw the molecular structures of amino acids such as
alanine, glycine, serine, cysteine and. lysine.

Apply IUPAC rule to name each amino acid modelled.

Describe how amino acids could be combined to form protein

Describe and explain the primary structure of proteins as natural polymer

Discuss hydrolysis of proteins.

Test for proteins

Discuss the composition and structural features of carbohydrates

Describe the properties of carbohydrates

Experiential Learning:

e Investigate sugar and other carbohydrates for reducing properties

e Test for reducing sugars using Fehling’s solution, Benedict’s solution and Tollen’s reagent.
e Explain the chemistry behind the observations made.

Talk for Learning:

o Classify carbohydrates into monosaccharide, disaccharide and polysaccharide giving examples
of each.

e Discuss starch as polymer of glucose and the test for starch.

e Discuss the hydrolysis of disaccharide and polysaccharide to form monosaccharide.

3.22.L1.2

Explain the formation, properties and uses of synthetic polymers as well as their

environmental impact.

Digital Learning: Through internet-based research, prepare and make PowerPoint
presentations (in groups) on

a. Polymerisation and types of polymerisation

b. Discuss synthetic and natural polymers

Assessment

3.3.2.AS.1

Level | Recall

Level 2 Skills of
conceptual understanding
Level 3 Strategic
reasoning

Level 4 Extended critical
thinking and reasoning

3.2.2.A5.2

Level | Recall

Level 2 Skills of
conceptual understanding
Level 3 Strategic
reasoning

Level 4 Extended critical
thinking and reasoning
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Teaching and
Learning Resources
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c. The structure of the polymer product from a given alkene (using polyethylene, polyvinyl

chloride, polytrafluoroethene as an example)

d. The formation of nylon (a polyamide) and Terylene (a polyester) by condensation

polymerisation

Collaborative Learning:

Brainstorm to come out with the meaning of plastics and discuss types of plastics

Describe the pollution problems caused by nonbiodegradable plastics in the environment.

Worksheets with scaffolding e lodine

strategies of various amino acid e Reducing sugar
structures ¢ Nylon made materials
Benedict’s solution e Animation/simulation
Test tube in test tube racks e Beaker

Droppers e Measuring cylinder
Tollen’s reagent

Starch

Glass rod
|,6-diaminohexane
Decanedioyl chloride
Cyclohexane
Fehling’s solution





